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Lactobionic Acid: Health Benefits and Techno-Functional Applications in

Food Industries
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Tanmay Hazral, Rohit G. Sindhav!, Manishkumar Pratapsinh Parmar!, Amitkumar
Prahaladbhai Patel!
1College of Dairy Science, Kamdhenu University, Gujarat-365601.

Introduction

Lactose is the unique and principal milk carbohydrate (disaccharide) that is composed of two
monosaccharide viz: glucose and galactose. Edible lactose has wide applications in food and pharma
industries. Apart from these, lactose derivatives, such as lactobionic acids, lactulose etc., are widely
applicable in food and pharm industries. The market of lactose derivatives is increasing very rapidly.

Lactobionic Acid

Lactobionic acid (4-0-8-D-galactopyranosyl-D-gluconic acid) is a unique lactose derivative with chemical
formula is C12H22012. It is made of galactose and gluconic acid, that are linked together with an ether
types of linkage. It is highly soluble in water although less soluble or in soluble in organic solvent like
glacial acetic acid, methanol and ethanol. Molecular weight of Lactobionic acid is 358.3 dalton; with melting
point ranges almost 128-130°C. It provides almost 2 kcal/g energy therefore it is used as a low-calorie
sweetener. Lactobionic acid and its salts are widely used in food and pharma industries as well as different
research purposes.

OH
OH
HO OH
DI‘||-| H H H DHD
H 0—0OH H =
H HO OH
H OH

Chemical structure of Lactobionic Acid

Table 1: Properties of Lactobionic Acid

Chemical structure 4-0-3-D-galactopyranosyl-D-gluconic acid
Chemical formula C12H22012

Molecular weight 358.3 dalton

Melting point 128-130°C

Energy contribution 2 kcall/g

Apparently density 0.66 gm/mL

Water solubility 100 mg/ mL

pH and PKa 2.37 and 3.6

Specific rotation 25.5°

Production of Lactobionic Acid
It was first synthesis by lactose oxidation in the year 1930. During oxidation of lactose to lactobionic acid
the free aldehyde group of glucose use to convert into carboxylic group.

However, different oxidation protocols are adopted for conversion of lactobionic acid from lactose. Different
processes are:

1. Microbial oxidation (Pseudomonas spp).

2. Enzymatic oxidation (cellobiose dehydrogenase, glucose-fructose dehydrogenase).
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3. Electrochemical oxidation (platinum, platinum-modified and gold electrodes).

CH,OH CH,0H
CH JOH CH;OH CO0H
: O“dntmn :
Lactose Lactobionic acid

Conversion of Lactobionic acid

Global Production

1. It is reported that growth of lactobionic acid production is only 5%/year.

2. The leading lactobionic acid producing countries are USA, Japan, China, Germany and India.

3. Reliable, Biopharmaceutical and Manus Aktteva Biopharma are the companies that are dominating in
lactobionic acid global market.

Health Effects

Numerous health effect of lactobionic acid have been acknowledged in different scientific studies and these
are:

1. Anticoagulant and Antithrombotic activity

2. Antioxidant

3. Wound healing

4. Prebiotic action

5. Enhancement of mineral absorption.

Applications: Food Industries

1. It is used as food additives as an antioxidant, stabilizer or gelling agent in different desserts.
2. Acidulant in different ferment milk products.

3. In bread it is used as age inhibitor.

4. Calcium lactobionate, a salt of this acid used as source of calcium for cheese making.

5. Flavour enhancer for foods or beverages.

6. It is also used as low calorie sweetner.

Lactobionic acids are also widely applied in cosmetic, pharma and chemical industries as well. Now, these
days it is also applied for Nanoparticle diagnosis, Tissue engineering and for development of new drug
delivery system as well. Calcium lactobionate, a calcium salt of lactobionic acid has been approved as USA—
FDA (2011) as food preservative. However, it has been reported that excess dose of this acid can cause
potent problem as bloating in colon.

Conclusion

Lactobionic acid is one the most valuable derivative of lactose. It can be synthesized from lactose by
chemical, enzymatic methods. The therapeutic effect or health benefits of Lactobionic acid have been well
acclaimed in scientific community through-out the world. However, application of lactobionic acid as an
artificial/low calorie sweetener is also attracting food researchers for developing anti-diabetic foods. The
possible application of lactobionic acid as nano/micro carrier for delivering bioactive components in food or
drugs; also opens a new horizon of targeted therapy technology.

Suggested Reading
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Edible Insects as Food
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Introduction

Insects have long been used as human food and animal feed in West Africa (Kenis and Hein, 2014; Riggi et
al., 2014). However, compared to Central and Southern Africa, only few species are reported as being
traditionally consumed by humans, the most common being grasshoppers and termites.

It is estimated that 1,900 species of insects are consumed by over two billion people in about 80 countries
across Asia, Africa, and the Americas. Edible species are eaten as immature (eggs, larvae, pupae, and
nymphs) and in some cases also as adults. Edible insects are obtained by three main strategies: wild
harvesting, semi-domestication of insects in the wild, and farming.

Firstly, insects are healthy and nutritious alternatives to mainstream staples such as chicken, pork, beef
and even fish because many insects contain more protein and are lower in fat than traditional meats, and
high in calcium, iron and zinc.

Entomophagy

Entomophagy defines to cover the eating of arthropods other than insects, including arachnids and
myriapods. Insects and arachnids eaten around the world include crickets, cicadas, grasshoppers, ants,
various beetle grubs (such as mealworms, the larvae of the darkling beetle), various species of caterpillar
(such as bamboo worms, mopani worms, silkworms and waxworms), scorpions and tarantulas. There are
over 1,900 known species of arthropods which are edible for humans.

Major Groups of Edible Insect Species Consumed Worldwide

Globally, the most common insects consumed are beetles (31%). The consumption of caterpillars, which is
especially popular in sub-Saharan Africa, is estimated at 18%. Bees, wasps and ants come in the third place
at 14% and are especially common in Latin America.

Following these are grasshoppers, locusts and crickets (13%); cicadas, leathoppers, plant-hoppers, scale
insects and true bugs (10%); termites (3%); dragonflies (3%); flies (2%); and others (5%) (van Huis et al.,
2013). Lepidoptera are consumed almost entirely as caterpillars and Hymenoptera are consumed mostly in
their larval or pupal stages. Both adults and larvae of the Coleoptera order are eaten, while the Orthoptera,
Homoptera, Isoptera and Hemiptera orders are mostly eaten in the mature stage.

Insects

Edible insects have the potential to become a major source of human nutrition, and can be produced more
efficiently than conventional livestock. They are high in fat, protein and micronutrients), and can be
produced with lower levels of GHG emissions and water consumption.

The efficiency of insects to convert feed into edible food is in part due to the higher fraction of insect
consumed (up to 100%), compared to conventional meat (e.g. 40% of live animal weight is consumed with
cattle). Insects are poikilothermic, so they do not use their metabolism to heat or cool themselves, reducing
energy usage.

They tend to have higher fecundity than conventional livestock, potentially producing thousands of
offspring. Efficiency is also increased by rapid growth rates and the ability of insects to reach maturity in
days rather than months or years.

Insects as Feed Ingredients
Insects can be used as a replacement for fish meal and fish oil in animal diets. Global industrial feed
production in 2011 was estimated at 870 million tons, worth approximately US$350 billion.
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The most promising insect species for industrial production are BSF, the common house fly, the yellow
mealworm, the lesser mealworm, silkworm (Bombyx mori), and several grasshopper species. BSF larvae
convert manure to body mass containing 42% protein and 35% fat, which makes them a suitable source of
feed for both livestock (Newton, 2005) and fish.

When fish offal was included in their diet, their lipid content increased, including omega-3 fatty acids,
making BSF larvae a suitable replacement for fish meal/oil in fish and livestock diets. Substituting 50% of
the fish meal by fish offal-enriched BSF allowed growth of rainbow trout similar to that of a fish meal—
based control diet.

House fly maggots have also been proposed as poultry feed in both Western and tropical countries. They
can convert poultry manure and at the same time produce pupae as a high-protein (61%) feed with a well-
balanced composition of the amino acids’ arginine, lysine, and methionine. Diets containing 10-15%
maggots (which appear during biodegradation of chicken droppings using house flies) improved carcass
quality and growth performance of broiler chickens.

The rearing technology for fly larvae needs to be further developed, as large volumes are required for
supplementing commercial poultry diets. An automated process for growing and harvesting the larvae will
be required for this technology to become commercially feasible. Acridids are an attractive and important
natural source of food for many kinds of vertebrate animals, including birds, lizards, snakes, amphibians,
and fish.

The Chinese grasshopper (Acrida cinerea) could replace 15% of chicken diets containing soybean meal and
fish meal from 8 to 20 days posthatching without any adverse effects on broiler weight gain, feed intake, or
FCR.The grasshopper Zonocerus variegatus can replace fish meal for rabbits. The yellow mealworm has
been shown to be an acceptable protein source for African catfish (Clarias gariepinus) and for broiler
chickens.

Silkworm (B. mori ) pupae mash was successfully used as a replacement for fish meal in poultry diets,
supporting both growth and egg production .Similar results were obtained with silkworm (Anaphe infracta)
caterpillar meal. In Italy, preimaginal stages of Spodoptera littoralis have been evaluated to replace fish
meal as possible feed for rainbow trout.

Controlling Insects by Using Them as Feed and Food
In the tropics there are numerous examples of pests that are also used as food and feed. Governments may

even encourage people to consume insects in order to control plagues, as was the case during a locust plague
in Thailand.

Control is often not intended; e.g., in Niger women can earn more money by marketing edible grasshoppers
caught in their millet fields and harmful to the crops than by trading the crop itself. There are very few
examples in which harvesting insects is considered a control method.

Example, in Vientiane Province, Laos, electric-light water traps were placed facing rice fields, but their
primary aim was to capture edible insects and not to control pests (A. van Huis, personal observation).
Grasshoppers such as Oxya chinensis, also edible but harmful to crops, were collected in rice fields in
Indochina by drawing nets or baskets over the young rice plants.

Conclusion

Insects are sustainable source of protein for use in animal feed and for human consumption. Entomophagy
is an age-old phenomenon dating back to pre-historic era and has served man for several millennia. The
development of new policies is inevitable.

It will be necessary to listen to regulators to determine what is expected, to be sensitive to consumers who
might demand specific regulations, and to collaborate with retailers.

We need to promote the establishment of appropriate international and national standards and legal
frameworks to facilitate the use of insects as food and feed and the development and formalization of the
sector.
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Finally, the potential effects of insect production and rearing on the environment, and the environmental
and trade implications of the international movement of insects, when drafting and implementing
regulatory frameworks for insect production and use must be considered.

This would oblige regulators to pay attention to a broad range of regulatory areas, including phytosanitary
legislation, biodiversity, disease control and environmental protection.

References

1. Adamolekun B. 1993. Anaphe venata entomophagy and seasonal ataxic syndrome in southwest Nigeria. Lancet. 341:629.

2. Bodenheimer FS. 1951. Insects as Human Food: A Chapter of the Ecology of Man. The Hague: Junk. 352 pp.

3. Kenis, M. and Hien, K. 2014. Prospects and constraints for the use of insects as human food and animal feed in West Africa.
Book of Abstracts of Conference on Insects to Feed the World, The Netherlands 14-17 May 2014.

4. Riggi LG, the World, The Netherlands 14-17 May 2014 van Huis A 2003b. Insects as food in sub- Saharan Africa. Insect Science
and its Application 23 (3): 163—185.

Volume 2 - Issue 8- Aug 2020 5| Page




o0 AGRICULTURE & FOOD: E-NEWSLETTER
O ) WWWAGRIFOODMAGAZINECOIN

ACRICUITURE

o haarn. ISSN: 2581 - 8317

Compost Making from Weeds
Article ID: 31002
Dr. Tulasi Lakshmi Thentu!
ISMS (Crop Production), Krishi Vigyan Kendra- Nellore, Acharya N. G. Ranga Agricultural University,
AP-524004.

The depletion of soil nutrients occurs to a greater degree leading to imbalance in availability of nutrients,
loss of soil fertility and drastic reduction in crop productivity because of intensive farming system
productivity of the soils cannot be sustained with the fertilizer alone.

Therefore, organic manures should also be included in schedule to maintain the productivity of the soils.
The concept of organic waste management and its use for plant nutrient recycle is becoming more essential
for sustaining soil-health through improvement of physic-chemical properties and microbial diversity of
soil.

Making composting from weeds may be a widely applicable process of handling biodegradable organic
wastes. Composting and vermicomposting from weeds at one hand give the option to utilize the waste for
enhancing soil nutrient availability while on the other hand provide direct relieve to stakeholder from the
weeds in their farm and places vermicomposting technology is an aspect of biotechnology involving the use
of earthworms for recycling of non-toxic organic waste to the soil. Composting from the weeds also required
proper and scientific knowledge so that seeds of weeds are killed completely.

Generally, weeds compete with crops for nutrients, space, energy and sunlight etc which eventually reflects
on the performance of the crop. Crop growth and yields are influenced by biotic and abiotic factors to effect
crop yield. It removes substantial amount of nutrients from the soil depending on the density and species
of weeds. The weed species locally available in large amounts like Ipomoca carnea, I. aquatic, Chromolaena
odorata, Eichhornia crassipes, Lantana camara, Calotropis gigantean, Parthenium hysterophorus, Hyptis
suaveolense, Indigofera tintoria, Phaseolus trilobus, Croton bonplandianum, Vernonia cineraria,melilotus
sp., Cannabis sativa, Xanthium strumarium etc could be easily converted in to compost.

Weeds like Chenopodium album contain more than 8% potassium (K) on dry weight basis. Further, weeds
also accumulate high amounts on other secondary and micronutrients e.g. 2.04 to 2.07% Calcium (Ca) in
Cirsium arverse and Polygonum hydropiperoides, 585 ppm Zinc (Zn) in Setaria lutescens, 32 ppm boron (B)
in and 39 ppm manganese (Mn) in Taraxacum sp., 0.71% magneseium Mg and 373 ppm iron (Fe) in
Polygonum hydropiperoides.

Preparation of Compost from Weeds

As a thumb rules, weeds biomass intended to be composted should be collected before seed setting or it
should be devoid of the vegetative propagates that help its regeneration. But in practical, it is not possible
because often farmer do uproot late when seeds are already in the plants. There are weeds, which
simultaneously have all the stages at a time including seed bearing plants, therefore, it is neither practical
nor possible to uproot or cut only those plants devoid of flowers.

Almost all the weeds possess huge number of seeds. Therefore, it has to be assured to follow proper methods
so that all the seeds are killed during number of seeds. Therefore, it has to be assured to follow proper
methods so that all the seeds are killed during composing process.

Herewith, scientific methods of compost making from Parthenium is given, which can be followed for almost
all the type of weeds.

Table 1. Nutrient Composition in Different Composts
Types of organic fertilizer Nutrients (%)

N P K Ca Mg
Parthenium compost 1.05 0.84 1.11 0.90 0.55
Vermicompost 1.61 0.68 1.31 0.65 0.43
Farmyard manure 0.45 0.30 0.54 0.59 0.28
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Compost Preparation from Parthenium Biomass

Parthenium hysterophorus is a menace to farmland, human being, animals, environment and bio-
diversity. During interaction with farmers, it was found that if they use the compost made from the weeds
in general and Parthenium in particular by recommended NADEP or open pit or heap methods (farmer
practice), there was more germination of that type of weeds in the field from which such compost was made.

Although, it is always recommended by the experts to collect the Parthenium and other weeds biomass
before flowering for making compost either by NADEP or open pit method. But it is not practically possible
to collect only flowerless weedy plants in general and Parthenium in particular.

Methods

Methods: Make a pit of 3 x 6 x 10 feet (depth X width X length) at a place where water dose not stagnate
during rainy season. Pit size can be increased or decreased on the availability of biomass but depth cannot
be compromised. If possible, cover the surface and side walls of the pit with stone chips. If stone cheap are
not available, make soil surface compact. Arrange about 100 kg dung, 10 kg urea or rock phosphate, soil (1
to 2 quintals) and one drum of water near pit.

Collect all the Parthenium and other uprooted weedy plants during process of weeding from the fields,
bunds, road side and nearby area. Spread about 50 to 100 kg of Parthenium on the surface of pit. Over this,
sprinkle 500 g urea or 3 kg rock phosphate. Make dung slurry by adding 5 to 10 kg dung in 25 litre water
and sprinkle over the weed biomass.

If possible, add Trichoderma viridi or Trichoderma harziana (kind of fungi cultured powder) in the amount
of 50 g/layer. All the above constituents will make one layer. Like first layer make several layers till the
pit is filled up to one fit above the ground surface. Fill the pit in dome shape. While making layers, apply
leg pressure to make weed biomass compact.

If there is no sufficient soil with weeds roots than add 10 to 12 kg of loamy soil on each layer. If pit is full
with above described layers, cover it with mixture of dung, soil and husk. After 3-4 months we can get well
decomposed compost. The 37 kg of compost can be obtained from 100 kg of raw Parthenium biomass.

In comparison to farmyard manure, NPK, Ca and Mg was found almost double in compost prepared from
Parthenium biomass, however, it was little less than the vermicompost (table).

Benefits

Weed compost including of Parthenium is a type of biofertilizer which has no harmful effects on crop,
human beings and environment. Weed compost is an eco-friendly biofertilizer that can be made by low cost
inputs and application of it in crop fields will increase the fertility of soil. During the process, the
temperature rises 60 to 70° C due to which seeds are killed.

Precautions

Pit should be in open and shady upland. If you find fresh germination of weeds near the pit where weeds
were collected to fill up the pit, destroy them otherwise they may contaminate the compost after flowering.
Check the moisture level of compost. If there is dryness in the pit, make a few holes and pour water in the
pit and close the holes. While it may take about 3 to 4 months to prepare the compost in a warm climate
but, in cold regions it can take more time.

Summary

Weeds can be utilized for making good quality compost by following scientific methods. Weeds often possess
large number of seeds, which should be killed during process of composting. Pit method is found suitable
for making compost from the weeds. Therefore, farmers are advised to use pit methods instead of NADEP
method to prepare compost from the weeds.
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Introduction

Entomoremediation is defined as a type of remediation in which insects are used in order to decontaminate
a degraded soil. The candidacy of collembolans, ants, beetles and termites in entomoremediation is
advocated because of their role as ecosystem engineers.

Entomoremediation - insects are used to decontaminate a degraded soil. Insects used for
entomoremediation are called as entomoremediators.

Insects Involved
1. Hermetia illucens

2. Chrysomya megacephala
3. Tenebrio molitor
4. Plodia interpunctella.

Black Soldier Fly - Hermetia illucens

Hermetia illucens, the black soldier fly belongs to family Stratiomyidae and native of Southern USA. The
adults of H. illucens measure about 16 millimetres long. These medium-sized flies have a predominantly
black body, with metallic reflections ranging from blue to green on the thorax and sometimes with a reddish
end of the abdomen.

An adult female lay between 206 and 639 eggs at a time. These eggs are typically deposited in crevices or
on surfaces above or adjacent to decaying matter such as manure or compost and hatch in about 4 days.

The larval stage lasts about 22 days, of which the post feeding (prepupal) stage lasts around 7 days. The
length of larval stage can be delayed by months due to low temperature or lack of food. The pupal stage
lasts from 1 to 2 weeks.

Adults can live typically 47 to 73 days when provided with water and food, such as sugar in captivity or
nectar in the wild, or survive for about 8 to 10 days on fat reserves gathered during larval stage when water
is provided.

Black Soldier Flies as Promising Entomoremidiator

Black soldier fly larvae are the essential decomposers. In addition, they are excellent source of sustainable
protein for aqua culture and as animal feed, and pet and human nutrition. They are also used for
composting household food scraps and agricultural waste products. Black soldier fly larvae (BSFL) are used
to compost waste or convert the waste into animal feed.

Fly larvae are among the most efficient animals at converting feed into biomass. Fly larvae also produce
another valuable resource called frass. Fly larval frass is a granulated and odourless residue that can be
used as organic fertilizer.

Mass Rearing of BSF (Black Soldier Fly)
Attract the insects.

!

Mating occurs reliably in a 2 x 2 x 4 m screen cage in a 7x 9 x5 m greenhouse.

1

Adults will be provided with water.
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Larvae will be provided with a moist mixture of 50% wheat bran, 20% corn meal, and 30% alfalfa meal.

BSFL Prospects

Wastes are fully recycled when subjected to one larval digestion cycle. Wastes that can be treated using
BSFL that includes:

1. Domestic kitchen waste.

. Organic municipal solid waste.
. Manure from cattle farm.

. Night soil.

. Wastes from fishery industries.
. Bio leachate.

. Persistent pollutants.

. Coffee pulp.

. Banana pulp.
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BSFL as Feed

Black soldier fly larvae are used as feed. The harvested pupae and prepupae are eaten by poultry, fish,
pigs, lizards, turtles, and even dogs. The insect is one of the few insect species approved to be used as feed
in aquaculture in the EU.

BSFL as Food for Human

Black soldier fly larvae are edible to humans. The larvae are highly efficient in converting proteins,
containing up to 42% of protein, much calcium, and many amino acids. In 432 hours, 1 gram (0.035 oz) of
black soldier fly eggs convert into 2.4 kilograms (5.3 1b) of protein, which means more than 45,000 eggs are
in 1 g of eggs.

v 'i;&baf‘.ﬁ A

Conventional vs BSFL. Composting

Phenomenon Conventional composting BSFL composting

Duration 4-5 weeks 12-15 days

Conversion agent Earthworm and microorganism Black soldier fly larvae

Optimal temperature 60°C to 75°C 30°C

Optimal moisture 40-60% 60-75%

Applicable feedstock Except persistent pollutants Almost everything
Conclusion

1. It is fast, efficient, and no hassle.

2. Soldier Flies are found almost everywhere but mostly in warm climates.
3. You can feed them anything biodegradable.

4. Meat and fermented waste are one of their favourite foods.

Volume 2 - Issue 8 - Aug 2020 9| Page




C'C‘“ AGRICULTURE & FOOD: E-NEWSLETTER
U ) WWWAGRIFOODMAGAZINECOIN

RGRICUITYI

"troos _J|ss: 2581-8317

5. No special conditions are required for them to thrive.

6. They love darkness when in their larval stage.

7. When used in a Compot they will reduce your council waste by over 50% because you can feed them all
your kitchen waste including meat, dairy, citrus, onions, oil, egg shells, fish, prawns, paper towels,
absolutely anything bio-degradable. If you find them in your garden be grateful. They are awesome.
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Fortification is the addition of essential micronutrients including vitamins and minerals to foods to improve
their quality. Food assistance programmes by WFP are in place using partially pre-cooked and milled
cereals and pulses fortified with micronutrients to overcome nutritional deficiencies and provide health
benefits with nominal risk.

For food fortification with iron, ferrous sulphate, ferrous fumarate, ferric pyrophosphate, and electrolytic
iron powder compounds are commonly used. Similarly, food can be fortified with folic acid to improve levels
of folates in diets. Salt iodization (fortification with iodine) was successfully achieved to reduce the
incidence of goitre.

Plant breeding

Genetic Agronomic
engineering approaches

BIOFORTIFICATION

Fig: Approaches of biofortification for improvement of nutritional profile

Biofortification is a process of improvement of nutritional profile of plant-based foods through agronomic
interventions, genetic engineering, and conventional plant breeding (Figure 1). Biofortification, the process
of integrating nutrients into food crops, provides a sustainable and economic way of increasing the density
of minerals/micronutrients in important staple crops.

Biofortification have multiple advantages that may complement other ways and techniques of improving
micro-nutrient nutrition in food crops including pulses.

Agronomic Approaches

It can be achieved by applying mineral fertilizers to the plant through:
1. Foliar fertilization

2. Seed priming

3. Soil application of fertilizers

4. Seed coating

5. Soil inoculation with beneficial microorganisms.
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Phytoavailability of minerals in the soil is often low; thus, to improve the concentration of minerals in the
edible plant tissues, the application of mineral fertilizers with improved solubility and mobility of the
minerals is required.

This method can be used to fortify plants with mineral elements, but not organic nutrients, such as
vitamins, which are synthesized by the plant itself. This method was successfully implemented for Se, I,
and Zn, as these elements had good mobility in the soil as well as in the plant.

For example, supplementation of inorganic fertilizers with sodium selenate significantly increased Se
concentration. Foliar fertilization is the application of fertilizers directly to the leaves. It could be successful
when mineral elements are not available immediately in the soil or not readily translocated to edible
tissues.

Pulse crops were biofortified with micronutrients, Fe, Zn, and Se, through foliar application. Various plant
growth-promoting (PGP) soil microorganisms including Enterobacter, Bacillus, and Pseudomonas can be
exploited to increase the phytoavailability of micronutrients. These are used mostly as seed inoculants and
enhance plant growth through the production of growth hormones, antibiotics, chitinases, and siderophores
and the induction of systemic resistance and mineralization.

PGP microorganisms chelate iron via the production of siderophore compounds, solubilize phosphorus, and
inhibit growth of pathogens, thus playing a significant role in soil fertility and iron fortification. Nutrient
uptake also increased by phytosiderophores.

Genetic Engineering

Biofortification through genetic engineering is an alternative approach when variation in the desired traits
1s not available naturally in the available germplasm, a specific micronutrient does not naturally exist in
crops, and/or modifications cannot be achieved by conventional breeding.

Along with increasing the concentration of micronutrients, this approach can also be targeted
simultaneously for removal of antinutrients or inclusion of promoters that can enhance the bioavailability
of micronutrients.

Recently, CRISPR/Cas9 and TALENSs technologies were used to generate mutant lines for genes involved
in small RNA processing of Glycine max and Medicago truncatula. Similarly, CRISPR/Cas9-mediated
genome editing technology was used in cowpeas to successfully disrupt symbiotic nitrogen fixation (SNF)
gene activation.

Plant Breeding

Biofortification through plant breeding is a cost-effective and sustainable approach that can improve the
health status of low-income people globally. This approach has been used to control deficiencies of
micronutrients including carotenoids, Fe, and Zn.

Conclusion

Micronutrients are essential for human growth and development, and their deficiency is a major concern
that affects one in three people worldwide. Among various strategies, biofortification through plant
breeding is considered the most economical and sustainable approach to tackle micronutrient deficiencies.

A greater micronutrient density and a high yield are prerequisites for effective biofortification, and these
crops must be adopted by farmers and consumed by the target population. For efficient biofortification, the
focus should be on increasing the bioavailability of micronutrients simultaneously with increase in their
concentration.

This can be achieved by increasing the concentration of promoters that stimulate the absorption of minerals
and by reducing the concentrations of antinutrients that interfere with absorption. Pulse crops are an
important source of protein and energy, so improvement in their nutritional profile will significantly
increase their consumption.
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Locust Outbreak: A Recent Threat to India
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Introduction

Locust are those species of grasshoppers (Acarididae) which under certain favourable conditions, multiply,
congregate, more together in their nymphal stages as bands. They swarm to distant areas in dense. Plagues
of locusts have devastated societies since the Pharaohs led ancient Egypt, and they still wreak havoc today.
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List of Locusts
S.No. Common name Scientific Name |
1. The Red Locust Nomadacris septemfaciata
2. The Brown Locust Locustana pardalina
3. The South American Locust Schistocerca paranensis
4, The Australian Locust Chortoicetes termenifera
5. The Tree Locust Anacridium Spp.
6. The Desert Locust Schistocerca gregaria
7. The Bombay Locust Nomadacris succincta
8. The Migratory Locust Locusts migratoria manilensis;
Locusta migratoria migratoria-oides
9. The Italian Locust Calliptamus italicus
10. The Moroccan Locust Dociostaurus morocannus

Phase Variation
Phase refers to different forms of insects. Uvarov (1921) proposed the “Phase theory of locusts” According
to Uvarov and Zolotarvesvsky (1929) species of locusts are phase polyphonic, existing in series of forms.

Sharing the same genotype individuals may display different genotypes that incorporate variationsin
morphology, colouration, reproductive features, and significantly in behaviour. From these two extreme
forms or phases are indistinct.

They are:
1. Solitary phase or Phasis solitaria
2. Gregarious phase or Migratory phase.
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Locust Swarm

Locusts are the swarming phase of certain species of short-horned grasshoppers in the family Acrididae.
These insects are usually solitary, but under certain circumstances become more abundant and change
their behaviour and habits, becoming gregarious.

Locust Plague

The attack of the desert locust used to occur earlier in a phases of plague cycles. A period of more than two
consecutive years of wide-spread breeding, swarm production and thereby damaging of crops is called a
plague period. Followed by a period of 1-8 years called as the recession period again to be followed by
another spell of plague.

Effects About Locust Plague

Around 2.25m ha land has already been affected as of April 2020. About 70,000 hectares (172,973 acres) of
land in Kenya alone are already infested. 20.2 million people facing severe acute food insecurity in Ethiopia,
Kenya, Somalia, South Sudan, Uganda and the United Republic of Tanzania. If left unchecked, the number
of locusts could grow by 500 times by June 2020, when drier weather will help bring the outbreak under
control. About 1 million ha of land has been targeted for rapid locust surveillance and control in the eight
East African countries. 110 000 households have been targeted for rapid livelihoods protection in seven of
the eight countries.

Effective control is estimated to be around $60m but, if an upsurge occurs, the cost will soar to $500m. WFP
estimates that long-term response and recovery costs could top US$1billion if swarm growth is not
controlled. The World Bank estimates that in Africa alone, more than 90 million hectares of cropland and
pasture are at risk and damages and losses could amount to as much as US$9 billion in coming years.

Locust Diet

Locusts consume leaves and the tender tissues of plants. They are strong fliers as adults and tenacious
hoppers as nymphs. Large swarms of locusts can completely strip the foliage and stems of plants such as
forbs and grasses. Some species consume a variety of plants, while others have a more specific diet. They
often eat dry plant matter on the ground and will forage for weak or dead grasshoppers when plant food is
scarce. As nymphs have a large appetite, they cause more damage than adults.

Recent Locust Outbreak
Recent locust infestation was recorded in Africa, the Arabian Peninsula and South Asia is an outbreak of
desert locusts which is threatening the food supply across the region.
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The outbreak is the worst in 70 years in Kenya and the worst in 25 years in Ethiopia, Somalia and India.
The plague began in June 2019 and has continued through 2020. The current outbreak began with heavy
rains in 2018 in the Rub' al Khali of the Arabian Peninsula; in Spring 2019, swarms spread from these
areas, and by June 2019, the locusts spread north to Iran, Pakistan, and India and south to East Africa,
particularly the Horn of Africa. By the end of 2019, there were swarms in Ethiopia, Eritrea, Somalia,
Kenya, Saudi Arabia, Yemen, Egypt, Oman, Iran, India, and Pakistan.

According to a recent report by the Food and Agriculture Organization (FAO), the locust swarm currently
affecting parts of India was responsible for crop infestation in 2,80,000 hectares across 13 countries prior
to arrival in India. It entered India through the western state of Rajasthan on 13 May 2020.

Conclusion

At present the primary method of controlling Desert Locust swarms and hopper bands is with mainly
organophosphate chemicals applied in small concentrated doses (referred to as ultra-low volume (ULV)
formulation) by vehicle-mounted and aerial sprayers and to a lesser extent by knapsack and hand-held
sprayers.

Mechanical methods — digging trenches, beating and burning, Baiting — scattering locust food impregnated
with insecticide, Dusting-applying, a fine dust impregnated with insecticide Spraying liquid insecticides.
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Endophytes: Potential Biocontrol Agents for the Plant Disease

Management
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Phytopathogens are the most significant reason for the losses in global food production. Many strategies
have been used in the plant disease management, but all of them have some drawbacks. Biological control
has come up as a very popular and attractive way to manage the plant diseases because of its eco-friendly
nature.

Endophytes living inside the plant tissues without causing any visible harm to the host. The antagonistic
effects shown by endophytic microorganisms make them strong candidate for the plant disease
management as bio control agents. Plants benefited by endophytes in many ways viz; by stimulating growth
of plant, inducing resistance to multiple stress, protection from various pests, etc.

Endophytes, colonize the tissues of healthy plants for their whole life or at least a part of their life cycle,
are able to protect plants against pathogens either directly by hyper parasitism, production of antibiotics,
Iytic enzymes production, competition for space and nutrients, or indirectly by inducing resistance, and
promoting plant growth.

Introduction

To safeguard the crop plants from pests and thereby sustainable food production for human consumption
is an ever-growing demand. The extensive use of pesticides has created various problems like; fungicide
resistance, insecticide resistance, health hazard for humans and animals, negative impact on environment,
etc.

To confront with these problems there is a need to develop and promote the ecologically safe and sound as
well as economically viable techniques for pest management. Biological control gained popularity in recent
years and become a very important tool for Integrated Pest Management (IPM). The antagonistic effects
shown by endophytic microorganisms make them strong candidate for the plant disease management as
bio control agents.

All plants are infested with microbes, either these micrbes are beneficial / not causing any visual harm to
plants; like endophytes, epiphytes, rhizobacterias, mycorrhizas, etc, or they are disease causing; like plant
pathogens.

All organisms reside in plant parts as whole or at least a part of their life cycle can colonize internal plant
tissues without causing any visible harm to their host, called as Endophytes. (Petrini, 1991).

Endophyte-Plant Relationship

The endophytes can establish various relationships with their host plant, ranging from symbiotic to slightly
pathogenic (Strobel and Daisy, 2003). In symbiotic/mutualistic relationship the endophytes and the plant
both are benefited, as the endophytes obtain nutrients and get protection within the plant while the plant
in return get various benefits via:

1. Availability of nitrogen by N2 fixation

2. Solubilization of immobilized nutrients

3. Phytohormones production

4. Sequestration of iron by siderophores

5. Oxidation of sulphur.

The plants also benefited indirectly by endophytes through various mechanisms, include
1. Induced systemic resistance (ISR).

2. Growth promotion of plants.

3. Anti-microbial activity.
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Mostly the genera or sometimes species also, of the endophytes and plant pathogens is same, so in certain
conditions endophytes can become parasites to the plants and vice-versa. Mutualistic interaction between
microbes and plant is defined as a balance, under physiological, environmental and genetic control, that
derive fitness benefits for both partners and disease is an exception in the plant—microbe interactions, it
can explain as an ‘unbalanced status’ of a symbiosis.

Different Mechanisms of Disease Control by Endophytes
Potential mechanisms of plant pathogen inhibition by endophytes are by various means; directly by

antibiosis and competition for nutrients/habitat or indirectly by induction of plant resistance response
(M'Piga et. al., 1997).

Direct Inhibition of Plant Pathogens
Hyper parasitism: In hyper parasitism, endophyte directly attacks the pathogen by various means as
penetrating the hyphae, twisting, and secreting lyase to decompose cell wall of pathogens.

Competition: Competition also play important role in the control of pathogens by endophytic
microorganisms, since both plant pathogens and endophytes colonize the similar niche and compete for the
same nutrients in the host plant. In this fight endophytic microorganisms wins and abolish growth of the
pathogen. In Siderophore mediated competition for Fe3+ the endophytic organisms win by making the iron
unavailable for the pathogen by sequestering it.

Antibiosis: Antibiosis is the ability of a microorganism to forbid growth of pathogen by the antibiotics
production. Secondary metabolites are produced by endophytes, some of these compounds are antifungal
and antibacterial and strongly suppress the pathogen (Gunatilaka, 2006). Polypeptides, Terpenoids,
aromatic compounds, alkaloids, etc., are the examples of antibiotics produced by the endophytic
microorganisms.

Table 1: Antibiotics Produced by Different Fungal Endophytes

Endophytes Antibiotics produced Target pathogens References
Acremonium zeae Pyrrocidines A, B Aspergillus flavus, Wicklow et al.,
Fusarium verticillioides (2005)
Verticillium sp. Massariphenone, ergosterol Pyricularia oryzae P-2b You et al., (2009
peroxide
Phomopis cassiae Cadinane sesquiterpenes Cladosporium Silva et al. ,(2006)
sphaerospermum
Muscodor albus Tetrohydofuran, 2-methyl Stachybotrys chartarum Atmosukarto et
furan,2-butanone al., (2005)

Lytic Enzyme Production

Iytic enzymes are the compounds that can hydrolyse a wide variety of biopolymers including proteins,
cellulose, chitin, hemicellulose, DNA, etc (Tripathi et. al., 2008) and hydrolyses the plant cell walls.
Chitinases, B-1,3-Glucanases, proteases, etc; are some lytic enzymes which play important role in inhibition
of the pathogens.

Indirect Effects
In this case plants get benefited and protected by plant pathogens indirectly as endophytes enhancing plant
resistance and promote the plant growth.

1. By enhancing plant resistance: Some endophytes induce resistance in plants thus indirectly protect
them from pathogens. Induced systemic resistance (ISR) and Systemic acquired resistance (SAR) are two
forms of induced resistances. Non-pathogenic rhizobacteria induce the ISR, jasmonic acid or ethylene acts
as the signalling molecules. SAR, induced by the pathogenic infection, associated with the accumulation of
pathogenesis-related (PR) proteins and signalling molecule is the salicylic acid (Vallad and Goodman, 2004;
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Tripathi et. al., 2008). Endophytic microorganisms generally induced ISR but sometimes also associated
with expression of pathogenesis-related genes.

2. By promoting plant growth and physiology: Through control in physiology of plants, endophytes
boost the defence against phytopathogenic organisms (Giménez et. al., 2007). The healthy plant avoids
variety of biotic and abiotic stresses. Phytohrmones are produced by some fugal endophytes, which
contribute towards the enhancement of plant growth. Indole acetic acid (IAA) produced by Colletotrichum
sp., an endophytic fungus in Artemisia annua, it influences the plant processes (Lu et. al., 2000).

Conclusion

Endophytes have great potential as biocontrol agent for plant protection, due to the antagonistic properties
they have. They are showing positive results in lab as well as in field conditions by inhibiting growth of
pathogen and by reducing disease severity, respectively. Although we already have eco-friendly biocontrol
agents but still endophytes have more potential to manage the plant diseases. The immense potential of
endophytic microorganisms to work as biocontrol agents against plant pathogens needs more research for
its use in future plant protection strategies.
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Need for Conservation Agriculture

Soil organic matter (SOM) is a fundamental attribute of soil quality. Optimum quantities of soil organic
matter in the soils influences physical, chemical as well as biological properties of soils. It modifies soil
fertility, shows positive effect on cohesive forces between minerals, contributed to improve water
infiltration and favourable soil structure and ultimately helps in maintaining soil quality and productivity.
It also plays a significant role to the plants to overcome different biotic (pest attack, disease infestation)
and abiotic stresses (drought, salinity, heat, erosion, acidity/alkalinity, etc). But, the conventional
agriculture practices which are generally followed by farmers involves intensive tillage, inappropriate soil
management, excessive use of chemical inputs (fertilizer, pesticides), etc. some recent studies have shown
that intensive ploughing of the soil exposes soil organic matter to the atmosphere and leads to rapid
mineralization, reduces soil fertility, destroys soil structure-aggregates, and deteriorates aeration and also
moisture status. Moreover, intensive tilling also enhances productive soil losses and soil erosion. For this
purpose, there is a need to adopt some strategy to protect natural resources for up-keeping agricultural
production system for obtaining profitable yield.

Conservation Agriculture: Future of Agriculture

FAO has elaborated a new approach of Conservation Agriculture which emphasises the need for a
productive and remunerative agricultural system that can conserve and enhance the natural resources and
environment, and also contributes to the ecosystem services for the betterment of the society. Sustainable
crop production intensification must minimise the impact of climate change on crop production and also be
part in mitigating the factors that cause global warming by reducing greenhouse gas emissions and by
contributing to carbon sequestration in the soil. Conserving and enhancing biodiversity in crop production
systems to improve ecosystem services leads to better productivity, a good environment and improved
resilience against biotic and abiotic stresses too.

According to FAQO, conservation agriculture is an approach to manage agroecosystems for sustained
productivity, considerable profits and food security and characterised by the application of three linked
principles, namely:

1. Continuous no or minimal mechanical soil disturbance (zero-tillage or reduced tillage).

2. Permanent soil cover or residue retention (retaining crop biomass, rootstocks and stubbles and cover).
3. Diversification of crop species (implemented by adopting a cropping system with crops in rotation,
including a balanced mix of legume and non-legume crops).

Adaptability of Conservation Agriculture

Conservation Agriculture systems are widely adaptable. Conservation Agriculture is practised on soils that
vary from 90% and to 80% clay. Established Conservation Agriculture systems obtain considerable yield in
initial years of adoption and even higher than conventional intensive tillage systems in long-term. Further,
the overall crop and biomass production within a season increase over time under Conservation Agriculture
management compared to tillage-based management practices and upkeep soil health. It has been reported
that the area planted with wheat adopting the zero-till drill has been increasing rapidly and presently 25%
- 30% of wheat is zero-tilled in rice-wheat growing areas of the indo-gangatic plains of India.

Conservation Agriculture - Towards a Sustainable Agricultural Production System
1. Conservation Agriculture increases soil organic matter content and contributes in minimising the effect
of global warming. It has been estimated that the global warming. It has been estimated that the total

Volume 2 - Issue 8 - Aug 2020 19| Page




C.f_‘ﬂ AGRICULTURE & FOOD: E-NEWSLETTER

" WWW.AGRIFOODMAGAZINE.CO.IN
oo ISSN: 2581- 8317

potential for soil carbon sequestration by agriculture can reduce about 40 % of the estimated annual
increase in CO2 emission (FAO, 2009)

2. Improves habitation and biodiversity of organism, from larger insects to soil-borne microorganisms,
which help to improve physical, chemical and biological properties of soils.

3. Improves water infiltration and enhance groundwater recharge.
4. Minimise cost of production (15-16%) by saving energy, labour and water.

5. Improving nutrient and water use efficiency through crop residue incorporation / retention and
decomposition increases recycling and availability of plant nutrients.

6. Use surface residues as mulch to control weeds, moderate soil temperature, reduce evaporation and
improve biological activity.

Constrains for the Adoption of Conservation Agriculture
1. Lack of appropriate seeders especially for small and medium scale farmers although efforts have been
taken to promote machinery for seeding in no-till systems.

2. The widespread use of crop residues for livestock feed and fuel, especially under rained situations
farmers face a scarcity of crop residue due to less biomass production.

3. Farmer generally prefer to sow the next crop in time by burning the residue of the previous crop, this
has become usual feature for the farmers in the rice-wheat system in north India.

4. Lack of knowledge about the potential of Conservation Agriculture to agriculture as well as to
environment.

5. Lack of skilled and scientific manpower for managing Conservation Agriculture systems.

Conclusion

Conservation Agriculture offers a new paradigm for agriculture research and development. The adoption
of Conservation Agriculture can be facilitated by locally identified and specially trained group leaders or
by promoters. There is also a need to strengthen the knowledge and information sharing mechanisms. So,
to get a sustainable agriculture production system maintaining good soil health by performing Corbon
sequestration, minimising the effect of global warming by curbing CO2 emission from soils, obtaining
profitable yield in cost-effective way, Conservation Agriculture is the only option in the present scenario.
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Introduction

Sorghum (Sorghum bicolor [L.] Moench) also called Indian millet, great millet, milo, durra, orshallu is a
C4 cereal grass and belongs to the family Gramineae. The crop is hypothesised to have originated in Africa
some 3000-5000 years ago. Sorghum is the fifth most produced grain globally in the world after maize, rice,
wheat and barley with world sorghum production at 63 million tons in the 2016/17 season.

In India, sorghum is grown during the rainy kharif (June—October) and post-rainy rabi (September—
January) seasons with over 90% of production purely rain-fed. Kharif sorghum, a yellow grain, is grown on
over 53% of the production area and it accounts for 63% of production. Sorghum cultivation is challenged
by several diseases caused by plant pathogens including fungi, bacteria and viruses.

In response to the climate change there are dramatic shift in diseased severity and pathogen behavior;
minor pathogen emergence as destructive one (Garrett et al., 2006). In particular Pokkah boeng (Fusarium
moniliforme var subglutinans), and bacterial stalk rot (Erwinia chrysanthemi) have emerged as potential
risk in certain sorghum growing areas during last few years.

Pokkah boeng is more or less regular in Maharashtara and northern Karnataka, while bacterial stalk rot
is restricted to terai regions in India. The bacterial stalk rot of sorghum caused by Erwinia chrysanthemi
Burkholder, McFadden, and Dimock is one of the most destructive diseases of sorghum crop. Saxena et al.
(1991), reported this bacterium causing stalk and top rot of sorghum under natural conditions in India
during 1987-88 crop season in sorghum field at Pantnagar, Uttarakhand.

The disease was wide spread affecting 60-80% of plants in different sorghum genotypes. Recently, Kharayat
and Singh (2013) have also recorded the occurrence of disease incidence ranging from 7.50 to 46.85 % in
Tarai region of Uttarakhand.

History

Dickeya dadantii (syn. Erwinia chrysanthemi, Pectobacterium chrysanthemi) (Samson et al., 2005) is a
plant pathogenic enterobacterium responsible for soft rot diseases in a wide range of plant species.
However, variable pathogenic and phenotypic properties were notice from strains of different host plants
have.

The genus Erwinia is named after Erwin Frank Smith and was established by Winslow et al. (1917) to
include in plant pathogenic entereobacteria. Erwinia are motile by peritrichous flagella, usually 8-11
flagellate (Dickey, 1981), gram-negative, non-spore forming, straight rod with rounded ends, and occurs
singly or in pairs. Size of Erwinia ranges from 0.8-3.2 X 0.5-0.8 ym (average 1.8 X 0.6 uym) depending on
carbon source present in the medium and growth conditions (Grula, 1970).

In India, Erwinia chrysanthemi causing stalk and top rot of sorghum under natural conditions was reported
during 1987-88 crop season in sorghum field at Pantnagar, Uttarakhand ( Saxena et al., 1991).

Symptomatology

The initial symptom is discoloration of the leaf sheath and stalk at a node. As the disease progresses, lesions
develop on the leaves and sheath. Disease then develops in the stalk and rapidly spreads up the stalk and
into the leaves. Lower leaves and leaf sheaths covering the internodes are chlorotic, and the rind is pale-
straw instead of green in color.

The disease mainly affects sorghum stem showing water-soaked symptoms that later turn reddish dark
brown colour. The infected stem pith is disintegrated and show slimy soft-rot symptoms with foul-smell
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and eventually the whole plant wilts (Hseu et al., 2008). The rot may involve only one or two internodes,
or the entire length of the stalk, which finally dries up and its interior turns into a shredded mass of fibrous
tissue.

Fig.1 Slimy soft rot on stem of sorghum infected by Dickeya dadantii.

Geographical Distribution and Economic Importance

E. chrysanthemi is pathogenic to a wide range of tropical and sub-tropical crops of diverse botanical families
including ornamentals, as well as on greenhouse-grown crops in temperate regions. Only one species of
bacteria, Erwinia chrysanthemi pv.zeae has been reported to cause stalk rot in sorghum (Saxena et al.,
1991).

It is a very aggressive pathogen that can cause death of the plant within two or three days after the
appearance of initial symptoms, a brownish lesion in the infected area. Stalk rot is one of the most prevalent
diseases of sorghum in most places where the crop is cultivated. The disease appears before the onset of
flowering. The conditions favourable for the development of disease are cloudy weather, frequent rainfall
and high temperature up to 30°C. Disease incidence ranging from 7.50 to 46.85% in Tarai region of
Uttarakhand has been also been reported by Kharayat and Singh (2013).

The economic, biomass and grain yield losses due to rapid progress of this bacterial soft rot disease is one
of the most destructive features in natural condition. Loss due to stalk rot varies from season to season
across the world and yield losses up to 60% have been reported in susceptible cultivars (Pande and
Karunakaz, 1992).

Disease Management

Early and accurate diagnoses of plant disease are necessary to predict outbreaks and allow time for
development and application of mitigation strategies. Clean cultural practices can be adopted to avoid the
spread of disease from infected plant to healthy plant.

Studies on antagonists found Trichoderma harzianum and Pseudomonas fluorescens effective in inhibiting
the mycelial growth of Erwinia chrysanthemi causing bacterial stalk rot of sorghum (Kharayat, 2013).
Moreover, biocontrol agents colonized vermicompost has shown considerable potential not only in
improving plant growth and suppression of stalk rot severity but also in increasing earthworm population
in soil when used as pre plant soil amendment.

T. harzianum isolate Th-2 colonized vermicompost reduced the disease severity of bacterial stalk rot and
increase of biomass yield of sorghum (Kharayat and Singh, 2016). Pre-plant soil application with antibiotic
oxytetracycline and pre-plant soil application with two foliar sprays of P. fluorescens strain Psf-173 was
found to reduce disease severity (Singh et al., 2018).

Conclusion
Bacterial stalk rot caused by Erwinia chrysanthemi is emerging as a serious disease of sorghum in Tarai
region of Uttarakhand. Due to the climate change there are dramatic shift in diseased severity and
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pathogen behavior where minor pathogen emergence as destructive one. High disease incidences (7.50 to
46.85%) recorded recently indicates threat to sorghum cultivation.

Some strains of Trichoderma, Pseudomonas and antibiotic oxytetracycline have been found effective
against the disease. More research can be focus on the host-pathogen interaction, virulence pattern,
variability and biochemical and molecular aspects of pathogenesis.

Integrated disease management practices including disease resistance, potential biocontrol agents and
biodegradable chemical molecules couple with decision support system is needed to formulate effective
management of the disease.
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Introduction

Pithecellobium dulce is a main member of the family Fabaceae and native to Mexico, South America, and
Central America. It is introduced in Indonesia and Philippines by Portuguese and Spaniards, respectively.
It is common in India, Malaysia and Thailand. In India, it is distributed throughout the country, however
the plantations have been made in northern states as forest species and in Andaman Island as food tree.

The plant growing naturally on the waste land or being planted at community lands are main source of
edible fruits. It is mainly grown as a hardy roadside tree or hedge plant. Its potential as a fruit has not
been utilized. Leaves are browsed by horses, cattle, goats and sheep. The plants are multipurpose and are
often planted as live fence or thorny hedge which is eventually thick and impenetrable. Plants when attain
full size, branches become potential source of lac cultivation.

It is a very hardy and thorny tree and is small to medium sized semi evergreen tree which can be grown
up to 20 m height. The crown is spreading but irregular and trunk is short (about 1 m height) with crooked
branches and somewhat shiny branchlets. Bark is grey and smooth in young trees, turning to slightly rough
and furrowed in old trees.

Bark exudes reddish brown gum when injured. Leaves are bipinnately compound with a pair of pinnate,
each with two leaflets that are kidney shaped and dark green in colour. Spines are present in pairs at the
base of the leaf. New leaf growth and shedding of old leaves occur almost simultaneously, giving the tree
an evergreen appearance. It is an acrid organic fruit with a novel taste and has a broad spectrum of health
benefits.

Health Benefits

1. Manages toothaches, sore gums and mouth ulcers.

2. Works as an antiseptic

3. The abundance of vitamin C in Manila tamarinds, boost the immune system immune system and reduces
phlegm.

4. The bark extract is used to cure dysentery and chronic diarrhoea.

5. Its high thiamine content, promote the body convert sugars into energy, which impacts the mood and
helps stabilize stress levels.

6. According to a study published in the Journal of Ethnopharmacology, Manila tamarind fruit exhibited
strong anti-ulcer activity comparable to the standard drug, omeprazole.

7. A study published in the Evidence Based Complementary and Alternative Medicine found that fruit
extracts protected the liver from oxidative.

8. Treats oily scalp and prevents hair loss.

9. Slow down the ageing - lightens the skin, removes dark spots, and cures acne.

Climate and Soil

In its native range, the climate is dry to semi-arid sub-tropical and tropical with mean rainfall ranging
from 500 to 1000 mm. It can tolerate shade and drought conditions but susceptible to severe frost. It has
been successfully planted in areas with a mean annual rainfall as low as 400 mm and with a maximum dry
season of 4 to 5 months. Sweet tamarind reportedly grows well in semiarid region of India characterized
by mean monthly temperature ranging from 7 to 8 0C in January and 40 to 42 0C in May and June.
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Sweet tamarind is a drought hardy plant which can be grown in waste land. It tolerates a wide range of
soil types including clays, rocky limestone soils, nutrient poor sand and soils with high, brackish water
table. In India, the tree is reported to grow well on saline sites and on severely eroded, Montana wastelands.

Propagation

1. Propagation by seed: It is commonly propagated by seed. Seed are sown in polythene bag containing
FYM, sand and Clay in equal proportion. Seed do not require scarification or other treatments for
germination. Freshly harvested seed germinate easily in 1 to 2 days after sowing while dried seeds take
30-35 days for germination. Seed remain viable in storage for approximately 6 months. Seedlings raised on
nursery are used for replanting after 4-6 months. Seedlings may be pricked out from the germination beds
to transplant beds or polythene bags after 6 months and young plants need the shelter from dry and hot
winds.

2. Propagation by vegetative method: It can be propagated through hardwood cuttings. The best time
for taking cutting is in July-August and treatment with 1000 ppm IBA improves rooting. Budding, grafting
and layering are also successful at limited scale.

Variety

PKM (MT) 1 (2008): It is an open pollinated seedling selection from Soolakkarai at Virudhunagar district.
The best season is June — September and can tolerate sewage water stagnation and grows well in sandy,
saline and alkaline soils. It is a regular bearer. The spirally twisted fruits with clear constrictions, pale
yellow pods, and white attractive aril are found in clusters (2-3). The skin of fruits turns yellow at maturity
and seeds turn black. It yields about 79 kg/tree/year which is 30.0% increase over local type. The highest
yield obtained from this variety is 125 kg / tree / year. It can be cultivated throughout Tamil Nadu especially
in the rainfed tracts of Southern districts.

Planting

It is multipurpose tree species. Its method of planting and after care differs with use. For hedge, seed are
sown in 2-3 rows at 15 cm distance which develops an impenetrable fence after regular training and
pruning. To develop a shelter belt, seedlings are transplanted at 3-4 m spacing around the orchard. For
fruit production seedlings of Inga are planted in square system at 8 x 8 m spacing. Vegetative multiplied
plants are planted at 6 x 6 m spacing. July - August is the best time for planting when the saplings are
planted in the well prepared and filled pits of 60 x 60 x 60 cm. In problematic soil, pits size can be enhanced
as per need.

Training and Pruning

Training is essential at initial stage to provide better frame work. As avenue plant, the tree trunk is kept
clean up to 3-4 m height and then branches are allowed in all directions. It does not require regular pruning
to produce fruits. Pithecellobium tree has fast growth rate and vigorous coppicing capacity and therefore
can withstand any amount of pruning, lopping or browsing by animals. For hedge regular pruning is
necessary.

Irrigation

It is hardy tree and grows very well even without irrigation. At initial stage, irrigation is required to
establish the young plant. Once established, irrigation is not mandatory to produce fruits. Irrigation during
summer improves fruit size and yield.

Orchard Management
Intercultural operation can be introduced at initial stage to control weeds and for better soil management.
One or two weeding can be done as per needs.

Mulching
Manila tamarind is hardy and drought tolerant plants, however, paddy straw, dry banana leaf etc. can be
used as mulch beneath the tree canopy. Black polythene mulch is very effective to conserve soil moisture.
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Intercropping
Inter crops such as coffee, tea, cacao, cardamom can be taken under humid tropical conditions and other
seasonal inter crops like cow pea, brinjal, can be grown at initial stage of manila tamarind.

Mineral Nutrition

The systemic information on nutritional requirement of manila tamarind is not available since the existing
plantations are mainly in shelter belts and road side plantations where nutrients are generally not applied.
However, application of 50 kg FYM during monsoon improves fruit set, fruit size and yield in a bearing
tree. Application of 40-50 kg FYM and 500 g phosphatic fertilizer per tree has been found beneficial.
Fertilizers should be applied during February-March and July-August and light irrigation should be given
after application of fertilizers.

Insect Pests

1. Shoot hole borer cause damage by making holes in the trunk which can be controlled by plugging cotton
swabs soaked in petrol/kerosene.

2. It is favourite host for thorn bug.

3. It has also been reported to be a host for lac insects.

Diseases

Plants are severely affected by leaf spot diseases. Fungi such as Fusarium semitechim var. majus,
Rhizoctonia spp., Colletrotrichum spp., have been found on the manila tamarind. These can be managed
by spray of fungicides. Trees are also affected by mosaic virus witches’ broom.

Harvesting, Yield, Post-Harvest Management and Storage

Ripe fruits are manually harvested when peel colour turns from green to pink or when pulp becomes
pinkish in colour. However, climbing on the tree is a risk because tree has thorny stem and branches. To
harvest the fruits from a tall (10-15 m) tree, thin and long bamboo poles having a sharp pruning knife
(skeel) fixed at the top of it, is used for harvesting. Harvested pods are separated from the twigs and
packed in bamboo baskets and wooden basket for marketing. Fruit can be stored for a few days at room
temperature. The pulp is extracted from the pods by removing the peel and seeds. Fresh fruits are eaten.
The fruits do not store for long and must be eaten within a few days. The yield is about 11.85 t/ha.
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Introduction

The genus citrus is one of the most important groups of fruit crops worldwide, belongs to the family
Rutaceae comprising 140 genera and 1300 species distributed throughout the world. Citrus occupies an
important place in the horticulture wealth and economy of India as the third largest fruit industry after
banana and mango. India ranks sixth in the production of citrus fruit in the world.

Citrus fruits originated in the tropical and subtropical regions of south East Asia particularly in India and
China. In 2015-16, total area under citrus in India was 923 thousand ha and production were 11,742
thousand metric tonnes respectively. In Maharashtra, total area was 108 thousand ha, with a production
of 904 thousand metric tonnes (Anonymous, 2016).

Gummosis
Phytophthora parasitica, P. palmivora,P. citrophthora

Pathogen: Aseptate, intercellular & intracellular hypha. Sporangia are ovoid or ellipsoid. Sporangium
attached with the sporangium at the right angles’ sporangia germinate to release zoospore.

Favourable conditions: Prolonged contact of trunk with water as in flood irrigation; water logged areas
and heavy soils.

Mode of Spread and Survival: Soil inhabitants, Sporangia spread by splashing rain water, irrigation
water and wind.

Management: Preventive measures like selection of proper site with adequate drainage, use of resistant
rootstocks and avoiding contact of water with the tree trunk by adopting ring method of irrigation are
effective. Alternatively, the disease portions are scraped-out with a sharp knife and the cut surface is
disinfected with Mercuric chloride (0.1%) or Potassium permanganate solution (1%) using a swab of cotton.
Painting 1 m of the stem above the ground level with Bordeaux helps in controlling the disease. Also
spraying and drenching with Ridomil MZ 72@ 2.75 g/l or Aliette (2.5 g/l) is effective in controlling the
disease.

Scab / Verucosis
Elsinoe fawcetti
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Symptoms: The lesions in early stages appear on the underside of the leaves as small semi-translucent
dots, which finally become sharply defined pustular elevations. In later stages, leaves often become
distorted, wrinkled, stunted and deformed. On the fruit, lesions consist of corky projections, which often
break into scabs. The opposite surface corresponding to the warty growth shows a circular depression with
a pink to red centre.

Pathogen: Ascostroma are simple, innate, intra or sub epidermal, partially erumpent at maturity, small
pulvinate to crustose. Asci are ovoid. Ascospares are 1-3 septate oblong to elliptical and hyaline to
yellowing conidia are produced in acervuli. Conidia are hyaline, ablong, elliptical with two-minute droplets
of their ends.

Mode of Spread and Survival: The pathogen survives in off season as ascospores and spreads through
Conidia.

Management: The diseased leaves, twigs and fruits should be collected and destroyed. Spraying of
Carbendazim 0.1% is quite effective.

Canker
Xanthomonas campestris pv citri

Symptoms: Acid lime, lemon and grapefruit are affected. Rare on sweet oranges and mandarins. Affects
leaf, twig and fruits. In canker, leaves are not distorted. Lesions are typically circular with yellow halo;
appear on both sides of leaf, severe in acid lime (difference from scab) When lesions are produced on twigs,
they are girdled and die. On fruits, canker lesions reduce market value.

Pathogen: It is Gram negative, non-spore forming, aerobic bacteria. It is rod shaped, forms chains and
capsules and is motile by one polar flagellum.

Favourable conditions: Free moisture for 20 minutes, 20-30°C. Mode of survival and spread Wind and
rain splashes. Survives in infected leaves for 6 months. Injury caused by leaf miner helps the entry of the
bacterium.

Management: Streptomycin sulphate 500-1000 ppm; or Phytomycin 2500 ppm or Copper oxychloride 0.2%
at fortnight intervals. Control leaf miner when young flush is produced. Prune badly infected twigs before
the onset of monsoon.

Tristeza or Quick Decline
Citrus tristeza virus (CTV)
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Symptoms: Lime is susceptible both as seedling or buddling on any root stock. But mandarin and sweet
orange seedlings or on rough lemon, trifoliate orange, citrange; Rangpur lime root stocks tolerant;
susceptible root stocks are grapefruit and sour orange. In sweet orange or mandarin on susceptible root
stocks, leaves develop deficiency symptoms and abscise. Roots decay, twigs die back. Fruit set diminishes;
only skeleton remains. Fine pitting of inner face of bark of sour orange stock. Grapefruit and acid lime are
susceptible irrespective of root stock. Acid lime leaves show large number of vein flecks (elongated
translucent area). Tree stunted and dies yield very much reduced. Fruits are small in size. Use of infected
bud wood and Toxoptera citricida (aphid) is the important vector.

Pathogen: Citrus tristeza virus is long, flexuous rod and measure 2000x 12nm in size. Three strains viz.,
mild, severe and seedling yellow are reported.

Mode of spread: Use of infected bud wood Toxoptera citricida (aphid) is the important vector.

Management: For sweet orange and mandarin, avoid susceptible root stocks. For acid lime, use seedling
preimmunised with mild strain of tristeza.

Exocortis of scaly butt: Viroid.

Symptoms: Affects only Rangpur lime, trifoliate orange and citrange root stocks. Vertical cracking and
scaling of bark in the entire, root stock. Extreme stunting of plant. Pathogen Viroid is free RTVA without
protein coat.

Mode of Spread and Survival: Transmission normally occurs through infected bud, wood, and
contaminated tools. Not through vector and seed.

Management: Spray with any one of the systemic insecticides to control the aphid vector. Use virus-free
certified bud wood; use tolerant stocks like rough lemon Periodically wash budding knife with disodium
Phosphate solution.

Greening
Liberobactor asiaticum (Phloem limited bacteria)

Symptoms: This disease affects almost all citrus varieties irrespective of root stock. Stunting of leaf, sparse
foliation, twig die back, poor crop of predominantly greened, worthless fruits. Sometimes only a portion of
tree is affected. A diversity of foliar chlorosis. A type of mottling resembling zinc deficiency often
predominates. Young leaves appear normal but soon assume on outright position, become leathery and
develop prominent veins and dull olive-green colour. Green circular dots on leaves. Many twigs become
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upright and produce smaller leaves. Fruits small, lopsided with curved columella. The side exposed to direct
sunlight develops full orange colour but the other side remain dull olive green. Low in juice and soluble
solids, high in acid. Worthless either as fresh fruit or for processing. Seeds poorly developed, dark coloured,
aborted.

Pathogen: Rickettsia like organism
Mode of spread: Infected budwood; psyllid vector-Diaphorina citri

Management: Control psyllids with insecticides. Use pathogen free bud wood for propagation. 500 ppm
tetracycline spray, requires fortnightly application.
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Introduction

Wheat is the chief staple food crop in several parts of the world in terms of the area cultivated as well as a
food source. The farming of wheat is geographically distributed in such a plentiful manner that the crop is
being reaped in one or another country all around the whole year.

It 1s a C3, self-pollinated crop belonging to the tribe Triticeae, under the family "Poaceae" of the plant
kingdom. In the year 2017, about 771 million tons of wheat was harvested worldwide. In India, over 98
million tons of production was recorded in 2017. About 40% of the global population is fed by wheat. The
Synthetic wheat is created by artificially hybridizing Durum wheat (T. turgidum ssp. durum; 2n=4x=28,
AABB) with accessions of Ae. tauschii (syn Ae. squarrosa, T.tauschii; 2n=2x=14, DD).

It offers new resources for the yield potential, tolerance to drought, resistance of diseases, and nutrient-use
efficiency. McFadden and Sears, in the year 1944, first reported about the artificial synthesis of hexaploid
wheat.

5 Reasons Why to Pick Synthetic Wheat?

1. To explore novel genes like the grain hardness gene or the high molecular weight glutenin subunits
(HMW-GS).

2. To establish genetic diversity into common wheat.

3. To use as bridge species to transfer major disease-resistance genes from tetraploid wheat and Ae. tauschii
to common wheat.

4. To develop introgression lines (ILs).

5. For further genetic studies.

Production of Synthetic Hexaploid Wheat

1. An interspecific cross between Ae. tauschii and T. turgidum: First, we have to cross Triticum
turgidum (AABB) and Aegilops tauschii (DD) to produce the F1 hybrid (2n=3x=21, ABD). Then through
chromosome doubling of this F1 hybrid, we get the SHW i.e. Synthetic hexaploid wheat (2n=6x=42,
AABBDD).

2. Direct cross for genetic transfer from diploid Ae. tauschii into hexaploid wheat: In this
approach, first, we have to cross Hexaploid wheat (2n=6x=42, AABBDD) with Ae. tauschii (2n=2x=14, DtDt
) to obtain F1 hybrid (ABDD?Y) utilizing embryo rescue technique. Now, we have to backcross Hexaploid
wheat with this F1 hybrid to get wheat with genome constitution AABBD/Dt). Then we have to backcross
it again with the Hexaploid wheat and self the resultant to obtain the final Synthetic hexaploid wheat
(2n=6x=42, AABBD/ D%). No colchicine treatment is essential in this approach. But, Segregating of the D
genome, and exhibiting instability as a consequence of aneuploidy, potentially make the genetic analysis
more difficult- which is a major disadvantage of this approach.

3. Direct Cross of Tetraploid Wheat to Common Wheat: In this strategy, we achieve the F1 hybrid by
crossing the Hexaploid wheat (2n=6x=42, AABBDD) and Triticum turgidum (2n=4x=28, AABB). Then we
backcross it with Hexaploid wheat (AABBDD) and self the obtained progeny for a few generations (BC1Fn)
to achieve the SHW (AABBDD).

Current Strategies for Utilizing Synthetic Hexaploid Wheat in Breeding Programs
1. Direct Phenotyping: For the genetic variation of insect or disease resistance and tolerance to an array
of abiotic and biotic stresses, SHWs are evaluated.
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2. Genetic Analysis via Crosses and Backcrossing: In this approach, 2 schemes are used:
a. The screening and identification of SHW with the characteristic features which are desired.
b. Backcrossing to elite cultivars for the aim of generating “Synthetic derived backcrossed bread
wheat lines (SBLs)”.

3. Advanced Backcross-Quantitative Trait Loci (AB-QTL) Analysis: It helps in the simultaneous
revealing of QTL and the development of improved breeding lines. To identify exotic alleles superior to the
elite alleles, unadapted germplasm is used from the wild species.

4. Development and Use of Introgression Lines (ILs) or Substitutions Lines: An IL set symbolizes
the whole or nearly complete genome of a wild species in the homogeneous background of an elite cultivar
(Zamir 2001). One major advantage of this is that it assesses the effect of introgressed segments in diverse
target recipient backgrounds.

Tablel. Impact of Synthetic Hexaploid in Wheat Improvement in Disease and Pests
Resistance
Biotic Stress Disease or Pest Source of Resistance |
Rust Leaf Rust Ae. tauschii
Synthetic Hexaploid
Ae. tauschii (Lr21, Lr39)
Stem Rust Synthetic Hexaploid
Ae. tauschii
Synthetic Hexaploid
Ae. tauschii
Synthetic Hexaploid

Stripe Rust Both parents of SH Synthetic Hexaploid
Nematodes Cereal Cyst Nematode Synthetic Hexaploid (Cre3)
Virus Barley Yellow Dwarf Synthetic Hexaploid
Leaf Spot Diseases Septoria tritici blotch Synthetic Hexaploid (stb5)
Insects Hessian Fly Synthetic Hexaploid

(H22, H23, H26, H32)

Table 2. Some Released Synthetic Wheat and Derived Cultivars for Breeding Along with

Country and Year.
Variety name Country Year

Shumai 830 China 2017
Tirgan Iran 2017
PBW 677 2016
India
Kenya Hornbill Kenya 2016
Bacorehuis F2015 Mexico 2015
Sarvar Tajikistan 2014
Conclusion

We can conclude that synthetic wheat is another light in the science of plant breeding with an immense
range of potential from exploring novel genes to develop introgression lines (ILs). It offers new resources
for the yield potential, tolerance to drought, resistance of diseases, and nutrient-use efficiency. Further
studies are recommended to dig up more potentiality of this approach.
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Introduction

Maize is known as the queen of cereals. In India, this is the third most important crop grown after rice and
wheat. Maize is primarily grown throughout the year, especially 85% of maize is grown in kharif season.
It 1s hampered by a numerous borers and sucking pests. Recently, there is an introduction of a lepidopteran
borer into our country which is a devastating pest native to America, which is causing severe Economic
damage. In India it is first observed in Shimogga, Karnataka.

Fall army worm: Spodoptera frugiperda (Noctuidae, Lepidoptera).
It is a polyphagous pest. Adult moth is a strong flier, can fly over 100 km in search of host plants.

Identification and Life Cycle

Males and females can be distinguished based on markings. Male moth has two characteristic marking
that is a fawn coloured spot towards the centre and a white patch at the apical margin of forewing. Female
is dull with faint markings. Usually a female moth lays over 100 eggs in single or multiple clusters covered
with hairs.

Newly borne larvae in groups disperse from hatching site and reach to feed on epidermal layers of lower
surfaces of young leaves. Larvae has 6 instars and then undergo pupation. Pupa is reddish brown in colour
and takes 7-8 days to emerge into adult moth. Adult moth can survive 3-6 days.

The total life cycle takes 30-34 days. FAW larvae appears in shades of green, olive, tan and grey colour with
four black spots in each abdomen segment. The head has a prominent white, Y inverted shape suture
between the eyes.

Damage Symptoms and Control
1. Stage of symptom progression indicate the stage of larval growth.
2. The stage of larval growth decides the choice of pesticide/ control measures.

Presence of elongated papery windows: Start observing the maize crop from seedling stage. This type of
damage is caused by 1st and 2nd instar FAW scraping on leaf surface.
At this stage,

1. Spray 5% NSKE or Azardiractin 1500 ppm @ 5 ml/ lit.
2. Application of Bt.var.kurstaki (Dipel 81 @ 2ml/lit of water.
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3. Entomopathogenic fungi Metarhizium anisopliae (1x 108 cfu/g) @ 5g/lit.

When there is 10% damage in the field, it is better to resort to chemical pesticides which are recommended
below for bigger larvae. Apart from pesticides sprays, put some sand/soil alone or mixed with lime/ash (9:1)
into plant whorl. Ragged-edged holes are formed when larvae enter 3rd instar larvae. Spray application of
Emamectin benzoate 5SG @0.4g/1it and Chlorantriniprole 18.5 SC @ 0.4 ml/lit proved effective against this
pest. When larvae enter 5th instars, loosing larger portions of leaves whereas 6th Instar extensively
defoliates leaves and produces faecal matter.

Hence, choosing a variety with tight husk and husk covering the tip offer some protection. Few other
control measures include:

1. Intercropping of maize with suitable pulse crops. E.g. Maize + Pigeon Pea.

2. Use of Napier grass as trap crop.

3. Erect bird perches @10/acre.

4. Hand picking of egg masses larvae.

5. FAW pheromone traps @ 5/acre.
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Technologies of Composting Organic Wastes
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1Department of Soil Science and Agricultural Chemistry, Mahatma Phule Krishi Vidyapeeth, Rahuri,
Maharashtra. (413722).

Composting is a process of allowing organic materials to decompose more or less controlled conditions to
produce stabilized product that can be used as a manure or soil amendment. Composting is basically a
microbial process, which change the property of the organic material or mixtures.

Crop Residue Composting

1. Collect the available crop residues and weeds.

. Shred them to a size of 2 to 2.5 cm length.

. Mix these wastes with green residues (freshly collected), if available.

. Form the compost heap ( 4 feet height).

. Add the bio-inoculants (2 kg of bio-mineralizer or 40 kg of cow dung for 1 tonne of waste).

. Properly aerate the compost either by providing perforated PVC pipes or by mechanical turning.
. Maintain the moisture at 60 % by regular watering.

. The compost will mature in 60 days.

0 30 Ul W

Vermi-Composting

Vermicomposting is a process of degradation of organic wastes by earthworms. The species like Eisenia
foetida and Eudrilus eugeniae are effective in converting the agricultural wastes into compost. The various
steps involved in making vermicompost are as follows.

Methods followed:

1. Heap method.

2. Pit method — aboveground and belowground.
3. Belowground method pit size : 10 X 1 X 0.3 m.
4. Each layer : 6-7cm thick.

5. Sprinkle water once in 8-10 days.

6. Release : 2-2.5 kg worms / pit.

Steps: Collect the predigested wastes and mix cattle dung @ 30 %. Place it in the pit/container layer by
layer. Moist the residues at 60 % moisture Allow the verms in to the feed material / residues @ 1 kg/ tonne
of residue Protect the pit or container from ants and rats (which are the enemies of verms). The residue
will be composted in 30 to 40 days Remove the composted materials layer by layer at a weekly interval so
as to avoid any damage /disturbance to the feeding verms.

Coirpith Composting
Coirpith is an agricultural waste produced from the coir industry. Approximately 180 grams of coirpith is
obtained from the husk of one coconut.

Coirpith contains Carbon: Nitrogen in the ratio of 112:1 and contains 75 per cent lignin which does not
permit natural composting as in other agricultural wastes. Mushroom Pleurotus has the capacity to
degrade part of the lignin present in coirpith by production of enzymes like cellulases and lactases. The
carbon: nitrogen ratio of coirpith is reduced from 112:1 to 24:1 as a result of composting.

Composting of Crop Residues and Weeds

Composting is one of the useful ways for utilizing the some of the weeds and noncommercial plants like
Parthenium, Water hyacinth, lpomoea etc. instead of their eradication. The plants can be composted using
Trichoderma viridi and Pleurotus sajorcaju as a microbial consortium with supplementation of urea. Select
an elevated shady area of a thatched shed and mark an area of 5x1.5 meter. Cut the composting materials
into 10 — 15 cm size. Spread 100 kg of these materials over the marked area. Sprinkle 1 bottle of microbial
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consortia over this layer. Again, spread another 100 kg of composting materials over this layer. Spread 1
kg of urea uniformly over this layer. Likewise repeat these processes of spreading composting materials,
until a minimum of 1-meter height is reached. Sprinkle water to attain a moisture level of 50% to 60%. The
surface of the heap is covered with a thin layer of soil. Water should be sprinkled depending upon the
necessity to maintain the moisture around 50%. The bio-converted compost will be ready in about 40-days’
time.

Method of Composting the Municipal Solid Wastes

Biodegradable municipal solid waste should be separated and collected for composting. Five hundred kg of
material should be heaped in the compost yard. In that heaped waste, 1 kg of TNAU microbial consortium
should be applied in the form of slurry to cover the full waste material. This 1 kg microbial consortium can
be mixed with 5 litres of water to make slurry. This slurry is sufficient to cover 0.5 tonne of material Then,
50 kg of cow dung should be mixed with 30 litres of water to form cow dung slurry. This cow dung slurry
should be sprayed over the heap of municipal solid waste Then, 1 kg of urea should be mixed with solid
waste. 60% moisture should be maintained throughout the period of composting. Compost should be turned
up once in 15 days to create good aeration, and for thorough mixing. Because of this practice, a uniform
composted material will be obtained. Solid waste can be composted within 90 days wanted and partially
composted material.

Value Addition of Poultry Waste

A known quantity of poultry droppings and coir pith @ 4:5 ratio should be mixed well to attain a C/N ratio
of 25:1 to 30:1 which is considered to be the optimum C/N ratio for compositing. Pleurotus sajor-caju, a
lignocellulolytic organism, should be inoculated into the mix @ 2 packets per tonne of waste in order to
speed up the composting process. The mix should be heaped under the shade. The moisture content of the
mix should be maintained within 40 — 50%. Periodical turning should be given on 21st, 28th and 35th day
of composting. Another two packets of Pleurotus sajor — caju is to be added when turning is given on the
28th day of composting. A good quality compost will be obtained in 45 days.

Enriched Farm Yard Manure (EFYM) / Reinforced FYM

Phosphorus content in FYM is relatively low and complete utilization of nitrogen and potassium in the
manure is seldom realized. Hence, heavy quantities intended to supply the needed quantity of phosphorus
will result in wastage of nitrogen in most soils. To overcome this P insufficiency, addition of superphosphate
to the manure is recommended and the process is called reinforcing / enriching and the resultant material
is called “enriched farmyard manure”. The Single Super Phosphate (SSP) can be sprinkled either in the
cattle shed or on the manure heap. Rock phosphate can also be recommended for this purpose.
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Introduction

Kodaikanal hills located on a plateau above the southern escarpment of the upper Palani Hills at 2,133
metre, between the Parappar and Gundar Valleys. This region farmers were cultivating temperate fruits
and this region was consider as one of the highest productions of warm temperate fruit crops viz., Apple,
Peach, Pear, Plum, Avocado and Kiwi in Tamil Nadu. In the hills of kodaikanal, the passion fruit tree
tenders’ leaves are used for medicinal purpose.

This fruit is mainly consumed as a juice rather than fresh table fruit. Unfortunately, there are so many
hurdles like biotic and a biotic factor for the farmers which who are all cultivating passion fruits. Among
biotic factors, insect pests pose a challenge to the efficient horticultural fruit production especially in
temperate region. Recently, the coleopteran pest stem weevil, Philonis spp. causing damage to the passion
fruits and farmers facing hardship due this pest.

Passion Fruit
The passion fruit is one of the oldest fruits grown since centuries and this fruit belongs to the family of
"Passifloraceae". The passion fruit is native to Brazil and in India, it is grown in the parts of Western Ghats
(Coorg, Nilgiris, Kodaikanal, Malabar, Wynad and Shevroys). This fruit is commercially cultivated in
Kodaikanal hills.

Due to its aroma and flavouring property, this fruit is used to produce a quality squash along with excellent
nutritious juice. The passion fruit juice is used in preparation of ice creams, cakes and pies. The passion
fruits are nearly round to oval shape and this tree vines are perennial, shallow rooted, woody and climbing
by means of tendrils

Varieties and Climate

The most popular cultivated varieties are yellow, purple and giant granadilla. The flowers are single and
fragrant, 5-7.5 cm wide and borne at a node on the new growth. Fruits are dark-purple or yellow, rounded
or egg shaped and contain numerous small, black wedge-shaped seeds that are individually surrounded by
deep orange coloured sacs that contain the juice, the edible part of the fruit.

Passion fruit develops well in tropical and subtropical regions, where the climate is hot and humid.
Temperature, relative humidity, light intensity and precipitation have important influence on the longevity
and the yield of the plants, but also favour the incidence of pests and diseases.

Insect Pests of Passion Fruit

Passion fruit is attacked by several pest species of insects and mites that feed upon all parts of the plant.
A limited number of species are clearly of major economic importance. Few have key pest status, while
some species are secondary pests because they are sporadic or occur at low population levels and therefore
do not require control strategies:

1. Aphids: Myzus persicae (Sulzer), Aphis gossypii (Glover) and Macrosiphum solanifolii Thomas
(Hemiptera: Aphidae.

2. Mealy bugs: Planococcus citri Risso, Planococcus pacificus Cox (Homoptera: Pseudococcidae).

3. Fruit flies: Bactrocera latifrons, B. dorsalis, B. cucurbitae (Diptera: Tephritidae).

4. Scales: Coccus hesperidum Linnaeus (Hemiptera: Coccidae), Aonidiella aurantiit (Maskell) (Hemiptera:
Diaspididae).
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5. Mites: Brevipalpus phoenicis (Geijskes) (Trombidiformes :Tenuipalpidae), Tetranychus mexicanus
(McGregor) and T. desertorum Banks (Acari: Tetranychidae).

Even though sucking pests are dominating defoliators in passion fruit. In the case of kodai region the
defoliators attack was more in passion fruit particularly stem weevil causing high damage level damage to
the farmers of kodai region.

Stem Weevil

The stem weevil, (Philonis spp.) is included in the Curculionidae family. They are nocturnal. Adults of P.
passiflorae are about 7 mm in length, brown with whitish elytra with two brown stripes. Adults of P.
crucifer are 4 mm in length, brown with black markings.

Damage Symptoms

1. Grub of Philonis spp. feed within the stems, opening longitudinal galleries inside stems that prevent
plant development.

2. The attacked stems are easily identified by the presence of excrement and sawdust (Santos and Costa,
1983).

3. As the grubs develops, infested stems become weak, frail and die. Simultaneously attack of several larvae
is characteristic of weevil infestations, which causes hypertrophy in stems where the pupal cell will be
constructed.

4. Attack by the stem weevil also causes fruit drop before maturation.

Due to stem weevil
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Stem holes treated with insecticide

Management

1. Periodic inspection of the crop is essential for an early detection of weevil-infested stems.

2. Infestation symptoms are detected on the crop, affected stems should be pruned and burned from the
garden.

3. Basal application of FYM 25 t/ha and 250 kg/ha of neem cake and contact insecticide should be applied
during early afternoon hours for stem weevil control, at the time of adult emergence.

4. After 4-5 days, systemic insecticides for control of future stem infestations should be used. Direct spray
into foliage and vines with sufficient volume and pressure to wet the plant thoroughly. Do not apply sprays
3 days before harvest.
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Rural women are not only engaged in routine household work as wives and mothers but also significantly
contribute to family income through their productive family labour of looking after the dairying part of the
mixed agricultural farming enterprise round the year. They can enhance their day-to-day family income
by increasing the productivity of their milch animals through the optimum use of technical inputs and
services made available at their doorstep at a reasonable cost through their own village cooperative.

By adopting modern tools and technologies they can reduce drudgery and save time. This further enhances
the working capacity, saves a lot of energy, increases work efficiency and income of the farm women

Introduction

Woman empowerment is the process of building a woman’s capacity to be self-reliant and to develop her
sense of inner strength. Dairying in India is a female dominated enterprise. It is established beyond doubt
that women always participated in dairy and animal husbandry activities in addition to their daily
household chores.

Women spent more time than men in dairy production activities. Women spent about 294.34 min. daily in
different dairy farm activities like feeding, watering, milking, housing, breeding, animal health care and
marketing (John Christy and Thirunavukkarasu, 2002). The time spent by women was maximum in case
of collection of fodder (254.68 hr/year), because cutting and collecting activity was performed only
fortnightly and the amount of fodder required for the cattle was brought twice a week (Kishtwaria et al.,
2009).

Women spend 2.2 hours/day/household in animal care activities. Men contributed about 50 per cent of the
labour involved in grazing activity only. All other activities such as cleaning shed, milking, harvest and
transport of grass for livestock was performed exclusively by women (Johnson et al., 2013). Rural women
spent more time in most of dairy activities as compared to men.

Women Empowerment

Rural women are not only engaged in routine household work as wives and mothers but also significantly
contribute to family income through their productive family labor of looking after the dairying part of the
mixed agricultural farming enterprise round the year. They can enhance their day-to-day family income
by increasing the productivity of their milch animals through the optimum use of technical inputs and
services made available at their doorstep at a reasonable cost through their own village cooperative.

A study indicates that 71 percent households (92 percent of milk producing households), utilizes the
technical inputs provided by the cooperatives. They are also apprised of the various aspects of scientific
animal husbandry and indirectly become conscious of their own social welfare regarding family health,
nutrition, family planning etc., which leads to the technical modernization of rural society.

Suitable Technologies Used by Rural Women in Dairy Enterprises

In dairy, most of the activities are performed by women. So, it is necessary to make use of such modern
technologies that reduce drudgery, are less time consuming, and pose no ill effect on the health of cattle or
even women.

Such as use of butter churner, production of compost instead of making dug cakes, use of wiper for lipai of
cow dung instead of doing it by hand, use of pumps instead of manual milking, administration of urea
molasses mixture in the cattle feed, use of solar water heaters for cleaning of animals and animal shed,
knowledge and awareness about cattle vaccination and home remedies in case the cattle is suffering from
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any disease from experts and also have knowledge about high breeds of cattle. Lastly, women should use
the milk and milk products for not only household consumption but also do marketing to increase their
socio-economic status and hence contribute to the national economy.

These are some tools and technologies by which women can save their time and energy. It can improve
cattle health and can increase the production also. These are following.

Name of the Technologies

. Milk collection accessories.

. Stainless steel milk funnel.

. Stainless steel milk measures.
. Stainless steel milk samplers.
. Laminar air flow cabinet.

. Water baths.

. Milk analyser.

. Milk cans.

. Butter churner.

10. Lacto meter.

11. Cream separator.

12. Chalff cutter.

13. Milk pasteurizer.

14. Milking machine.

15. Revolving stool.

16. Trolley for disposing of animal dung.
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Conclusion

In today’s world almost all agriculture, dairy and household equipment that are being designed and
developed are based on the end user whether the male or the female will use it. Such technologies are being
adopted that are familiar to the user, easy to adopt, reduce drudgery and are also time saving.

This further enhances the working capacity, saves lot of time and energy and increases working efficiency
of the farm women. Reduced time taken to do a particular work gives the home maker some time for leisure
and this entire time she can use to improve her mental and physical health. Farm women have to play a
dual role in agriculture and dairy along with caring of children and household chores.

She is so occupied in all these activities that she cannot afford to think of her own self. She does not have
time to do any other activity for her personal earning. But, on the contrary, women in urban areas live a
completely different life just because they use modern technologies and drudgery reducing equipment. It
can be said that if women start using modern drudgery reducing technologies in dairy sector, they can run
it as a profitable enterprise.
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Therefore, it is necessary that women become technologically empowered in animal husbandry. It is
possible to achieve this by up gradation of their knowledge and skills in technologies. Government is
encouraging dairy farmers to use technology in their process and to make digital environment the National
Dairy Development Board (NDDB) launched a mobile app, ‘Pashu Poshan’, to educate the dairy farmers
about balanced diet for the cows and buffaloes.
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Biological control is defined as the reduction of inoculum density or disease producing activities of a
pathogen or parasite in its active or dormant stage by one or more organisms accomplished either naturally

or through manipulation of the host, environment, or by mass introduction of one or more antagonists
(Baker and Cook, 1983).

The fungus, Trichoderma viride is a bio control agent, mainly used for the control of root rot diseases of
pulses and oil seeds in Tamil Nadu. A mass production technology for T. viride has been developed by Tamil
Nadu Agricultural University, Coimbatore.

Trichoderma is a very effective biological mean for plant disease management especially the soil born. It is
a free-living fungus which is common in soil and root ecosystems. It is highly interactive in root, soil and
foliar environments. It reduces growth, survival or infections caused by pathogens by different mechanisms
like competition, antibiosis, my coparasitism, hyphal interactions and enzyme secretion.

The four main mechanisms involved in the biocontrol are:

1. Antagonist may parasite the other organism (Parasitism).

2. Antagonist may secrete metabolites (antibiotics) harmful to the pathogens (Antibiosis).
3. Antagonist may compete with the pathogens for nutrients or space (Competition).

4. Antagonist may cause death of the parasite by producing enzymes (Lysis).

Benefits of Trichoderma

1. Disease Control: Trichoderma is a potent biocontrol agent and used extensively for soil borne diseases.
It has been used successfully against pathogenic fungi belonging to various genera, viz. Fusarium,
Phytopthara, Scelerotia etc.

2. Plant Growth Promoter: Trichoderma strains solubilize phosphates and micronutrients. The
application of Trichoderma strains with plants increases the number of deep roots, thereby increasing the
plant's ability to resist drought.

3. Biochemical Elicitors of Disease: Trichoderma strains are known to induce resistance in plants.
Three classes of compounds that are produced by Trichoderma and induce resistance in plants are now
known. These compounds induce ethylene production, hypersensitive responses and other defence related
reactions in plant cultivars.

4. Transgenic Plants: Introduction of endochitinase gene from Trichoderma into plants such as tobacco
and potato plants has increased their resistance to fungal growth. Selected transgenic lines are highly
tolerant to foliar pathogens such as Alternaria alternata, A. solani, and Botrytis cirerea as well as to the
soil-borne pathogen, Rhizectonia spp.

5. Bioremediation: Trichoderma strains play an important role in the bioremediation of soil that are
contaminated with pesticides and herbicides. They have the ability to degrade a wide range of insecticides:
organochlorines, organophosphates and carbonates.

Advantages

. Environmentally safe.

. Economically cheaper, Easy to use.

. No residual toxicity.

. No development of resistant by pathogens.

. It is multiplying in soil and protect the crops.
. Broad spectrum of action.

. It enhances the plant growth.

O Ul W+
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8. Compatible with other Bio fertilizers.
9. Not harmful to beneficial microbes.

Uses

Used in Damping off caused by Pythium sp. Phytophthora sp., Root rot caused by Pellicularis filamentosa,
Seedling blight caused by Pythium, Collar rot caused by Pellicularia rolfsii, Dry rot caused
by Macrophomina phaseoli, Charcoal rot caused by Macrophomina phaseoli, Loose smut caused by
Ustilago segetum, Karnal bunt diseases, Black scurf caused by Rhizoctonia solani, Foot rots of Pepper and
betel vine and Capsule rot of several crops.

Effective against silver leaf on plum, peach & nectarine, Dutch elm disease on elm's honey fungus
(Armillaria mellea) on a range of tree species, Botrytis caused by Botrytis cinerea, Effective against rots on
a wide range of crops, caused by fusarium, Rhizoctonia, and pythium, and sclerotium forming pathogens
such as Sclerotinia & Sclerotium.

Recommended for

Trichoderma is most useful for all types of plants and vegetables such as cauliflower, cotton, tobacco,
soybean, sugarcane, sugar beet, eggplant, pulses, tomato, banana, potato, citrus, onion, groundnut, peas,
sunflower, brinjal, coffee, tea, ginger, turmeric, pepper, betel vine, cardamom etc.

Methods of Application
1. Seed Treatment: Mix seeds with talc formulation of Trichoderma viride @ 4g/kg of seed.

2. Soil application: Apply the talc product of 7. viride @ 2.5kg/ha mixed with 50 Kg of well decomposed
farmyard manure (FYM) or sand at 30 days.

Precautions

1. Don't use chemical fungicide after application of Trichoderma for 4-5 days.

2. Don't use Trichoderma in dry soil. Moisture is an essential factor for its growth and survivability.
3. Don't put the treated seeds in direct sun rays.

4. Don't keep the treated FYM for longer duration.

5. It should be used within four months from the date of manufacture.

Compatibility

1. Trichoderma is compatible with Organic manure Trichoderma is compatible with biofertilizers like
Rhizobium, Azospirillum, Bacillus Subtilis and Phosphobacteria.

2. Trichoderma can be applied to seeds treated with metalaxyl or thiram but not mercurials. It can be
mixed with chemical fungicides as tank mix.
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Introduction

Agriculture is the basic activity by which humans live and survive on the earth. Assessing the impacts of
climate change on agriculture is a vital task. In both developed and developing countries, the influence of
climate on crops and livestock persists despite irrigation, improved plant and animal hybrids and the
growing use of chemical fertilizers.

The continued dependence of agricultural production on light, heat, water and other climatic factors, the
dependence of much of the world's population on agricultural activities, and the significant magnitude and
rapid rates of possible climate changes all combine to create the need for a comprehensive consideration of
the potential impacts of climate on global agriculture.

Global Changes in Climate Will Influence
1. Activity, diversity and abundance of insect-pests.
2. Geographical distribution of insect-pests.

3. Development.

4. Expression of host-plant resistance to insects.

5. Pest outbreaks and invasion.

6. Effectiveness of crop protection technologies.

Direct Impacts of Climate Change on Population Dynamics
1. Development & Reproduction

2. Diapauses

3. Mortality

4. Flight & dispersal.

Impact of Climate on Insect Pest Scenario

Climate change driven global warming is affecting the distribution, demography and life history of many
species, particularly insects. It is also influencing the phenology of insects including arrival times and
emergence time of a range of insects. These changes are having, and will have, consequences for human
livelihoods, including an increased spread of pest and diseases of important crops. Following are the notable
effects of climate change on insect pest scenario and pest population dynamics.

1. Expansion of geographic ranges: Altered temperature and rainfall regimes with the predictable
changes in climate will determine the future distribution, survival and reproduction of the species. With
rise in temperature, the insect-pests are expected to extend their geographic range from tropics and
subtropics to temperate regions at higher altitudes along with shifts in cultivation areas of their host
plants. This may lead to increased abundance of tropical insect species and sudden outbreaks of insect-
pests can wipe out certain crop species, entirely. At the same time; warming in temperate region may lead
to decrease in relative abundance of temperature sensitive insect population. In future, projected climate
warming and increased drought incidence is expected to cause more frequent insect outbreaks in temperate
regions also.

Range extension in migratory species like Helicoverpaarmigera (Hubner), a major pest of cotton, pulses
and vegetables in North India is predicted with global climate warming. Subsequently, these ongoing shifts
in insect-pest distribution and range due to changing climate may alter regional structure, diversity and
functioning of ecosystems.
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2. Increase in number of generations: As temperature being the single most important regulating
factor for insects. Global increase in temperature within certain favourable range may accelerate the rates
of development, reproduction and survival in tropical and subtropical insects. Consequently, insects will be
capable of completing a greater number of generations per year and ultimately it will result in more crop
damage.

3. Risk of introducing invasive alien species: According to the Convention on Biological Diversity
(CBD), invasive alien species are the greatest threat to loss of biodiversity in the world and impose high
costs to agriculture, forestry and aquatic ecosystems by altering their regional structure, diversity and
functioning.

It is expected that global warming may exacerbate ecological consequences like introduction of new pests
by altering phenological events like flowering times especially in temperate plant species as several tropical
plants can withstand the phenological changes. Invasion of new insect-pests will be the major problem with
changing climate favouring the introduction of insect susceptible cultivars or crops.

4. Impact on pest population dynamics and outbreaks: Changes in climatic variables have led to
increased frequency and intensity of outbreaks of insect-pests. It may result in upsetting ecological balance
because of unpredictable changes in the population of insect-pests along with their existing and potential
natural enemies. Outbreak of sugarcane woolly aphid Ceratovacunalanigera Zehntner in sugarcane belt
of Karnataka and Maharashtra states during 2002-03 resulted in 30% yield losses. These situations of
increased and frequent pest damage to the crops have made another big hole in the pockets of already
distressed farmers by increasing the cost of plant protection and reducing the margin of profit.

5. Breakdown of host plant resistance: Expression of the host plant resistance is greatly influenced by
environmental factors like temperature, sunlight, soil moisture, air pollution, etc. Under stressful
environment, plant becomes more susceptible to attack by insect-pests because of weakening of their own
defensive system resulting in pest outbreaks and more crop damage. Thermal and drought stress associated
breakdown of plant resistance have been widely reported. With global temperature rise and increased
water stress, tropical countries like India may face the problem of severe yield loss in sorghum due to
breakdown of resistance against midge Stenodiplosissorghicola (Coq.) and spotted stem
borer Chilopartellus Swinhoe.

The environmental factors like high temperature have been found affecting transgene expression in Bt
cotton resulting in reduced production of Bt toxins, this led to enhanced susceptibility of the crops to insect-
pests like bollworms viz., Heliothisvirescens (F.), Helicoverpaarmigera (Hubner) and
Helicoverpapunctigera (Wallen).

6. Increased incidence of insect vectored plant diseases: Climate change may lead to more incidence
of insect transmitted plant diseases through range expansion and rapid multiplication of insect vectors.
Increased temperatures, particularly in early season, have been reported to increase the incidence of viral
diseases in potato due to early colonization of virus-bearing aphids, the major vectors for potato viruses in
Northern Europe.

Pest Management Adaptations to Changing Pest

1. Breeding climate-resilient varieties: To minimize the impacts of climate and other environmental
changes, it will be crucial to breed new varieties for improved resistance to abiotic and biotic stresses.
Considering late onset and/ or shorter duration of winter, there is chance of delaying and shortening the
growing seasons for certain Rabi/ cold season crops. Hence, we should concentrate on breeding varieties
suitable for late planting and those can sustain adverse climatic conditions and pest and disease incidences.

2. Alternation in sowing dates of crops: Global climate change would cause alternation in sowing dates
of crops which alter host-pest synchrony. There is need to explore changes in host plant interaction under
early, normal and late sown conditions in order to recommend optimum sowing dates for reduced pest
pressure and increased yield.

3. Rescheduling of crop calendars: As such, certain effective cultural practices like crop rotation and
planting dates will be less or non-effective in controlling crop pests with changed climate. Hence there is
need to change the crop calendars according to the changing crop environment. The growers of the crops
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have to change insect management strategies in accordance with the projected changes in pest incidence
and extent of crop losses in view of the changing climate.

4. GIS based risk mapping of crop pests: Geographic Information System (GIS) is an enabling
technology for entomologists, which help in relating insect-pest outbreaks to biographic and physiographic
features of the landscape, hence can best be utilized in area wide pest management programmes. How
climatic changes will affect development, incidence, and population dynamics of insect-pests can be studied
through GIS by predicting and mapping trends of potential changes in geographical distribution of agro-
ecological hotspots and future areas of pest risk.

5. Screening of pesticides with novel mode of actions: It has been reported that, application of
neonicotinoid insecticides for controlling sucking pests induces salicylic acid associated plant defence
responses which enhance plant vigour and abiotic stress tolerance, independent of their insecticidal action.
This gives an insight into investigating role of insecticides in enhancing stress tolerance in plants. Such
more compounds need to be identified for use in future crop pest management.

In addition to the strategies discussed above, we need to decide the future line of research and devise
policies for combating the pest problems under climate change regimes. Some of these are:

1. Evolve temperature tolerance strains of natural enemies.

. Development of Weather and pest forecasting models.

. Developing early warning systems/decision support systems.

. Awareness regarding impacts of climate change.

. Adoption of mitigation and adaptation measures.

. Sensitization of stakeholders about climate change and its impacts.

. Farmers’ participatory research for enhancing adaptive capacity.

. Promotion of resource conservation technologies.
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Conclusion

In India, pest damage varies in different agro-climatic regions across the country mainly due to differential
impacts of abiotic factors such as temperature, humidity and rainfall. This entails the intensification of
yield losses due to potential changes in crop diversity and increased incidence of insect-pests due to
changing climate. It will have serious environmental and socio-economic impacts on rural farmers whose
livelihoods depend directly on the agriculture and other climate sensitive sectors.

Dealing with the climate change is really tedious task owing to its complexity, uncertainty, unpredictability
and differential impacts over time and place. Understanding abiotic stress responses in crop plants, insect-
pests and their natural enemies is an important and challenging topic ahead in agricultural research.
Impacts of climate change on crop production mediated through changes in populations of serious insect-
pests need to be given careful attention for planning and devising adaptation and mitigation strategies for
future pest management programmes.
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Abstract

Antibacterial foods are natural consumable, which contain natural antibiotic properties working to
stimulate the immune function, increase the resistance to infections and prevent pathogens, antibiotic-
resistant bugs from developing within the body. Antibacterial foods also help to keep our body healthy as
immune system boosters and provide valuable nutrients to our overall health.

Keywords: antibiotics, natural foods, health benefits.

Introduction

In the ancient times, it is believed that antibiotics were the chemicals released by microorganisms, causing
prompt deleterious effect on humans. However, later this notion was reversed, i.e., these compounds were
used against microbes instead of isolating from them.

Antibiotics are generally of two types, bactericidal which kill the bacterial cell and bacteriostatic which
inhibit the bacterial growth and may kill the bacteria. The first antibiotic was discovered by Alexander
Fleming in 1928 from Penicillium notatum, a soil-inhabiting fungus, and the clinical trials on humans are
conducted in 1940.

There are five generations of different classes of antibiotics, up till now, which have been discovered and
are in clinical practice. Some of the natural antibiotics are garlic, turmeric, ginger, black pepper, honey and
cabbage. Natural antibiotics help to kills gram-positive and gram-negative bacteria. They are also powerful
antiviral and antifungal formula, increases blood circulation and lymph flow in all parts of the body.

Garlic
Garlic can rightfully be called one of nature’s wonderful plants with healing power. It can inhibit and kill
bacteria, fungi, lower (blood pressure, blood cholesterol and blood sugar), prevent blood clotting, and

contains anti-tumour properties. It can also boost the immune system to fight off potential disease and
maintain health (Abdullah et al., 1988).

It has the ability to stimulate the lymphatic system which expedites the removal of waste products from
the body. It is also considered an effective antioxidant to protect cells against free radical damage. It can
help to prevent some forms of cancer, heart disease, strokes and viral infections.

Garlic alone can provide us with over two hundred unusual chemicals that have the capability of protecting
the human body from a wide variety of diseases. The sulphur containing compounds found in garlic afford
the human body with protection by stimulating the production of certain beneficial enzymes.

Turmeric

Turmeric is one of the best natural antibiotic foods used in Ayurvedic and ancient Chinese medicine for
thousands of years in order to treat various ranges of infections. The anti-inflammatory and antibacterial
agents in turmeric have been proven to inhibit bacterial infections. Extensive researches have proven that
most of the turmeric activities of the turmeric are due to curcumin.

Curcumin, as a spice, exhibits great promise as a therapeutic agent. It has very low toxicity, too. It has
various useful properties with antioxidant activities and is useful in conditions such as inflammation, ulcer
and cancer. It also has antifungal, antimicrobial renal and hepatoprotective activities. Therefore, it has the
potential against various cancer, diabetes, allergies, arthritis, Alzheimer’s disease and other chronic and
hard curable diseases.
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Recent studies have authenticated the use of turmeric for various diseases especially oxidative stress
induced ones such as cancer, diabetes mellitus and inflammatory disorders. It also is used as
hepatoprotective, nephroprotective, anticoagulant and anti-HIV to combat AIDS (Hamid et al., 2014).

Ginger

Ginger is a potential herb used worldwide for its immense phytotherapeutic properties. In Ayurveda it is
known as Mahaaushdi which means use of this herb improves body functions and helps to eliminates toxins
from the body.

Modern scientific research has revealed that ginger possesses numerous therapeutic properties including
antibiotic, antimicrobial, and antioxidant effects, an ability to inhibit the formation of inflammatory
compounds, and direct anti-inflammatory effects. Besides this, ginger is also effective against some kinds
of cancers, stimulates blood circulation, controls blood pressure and hypertension, helps in lowering
cholesterol, and is associated with combating heart problems.

Ginger is consumed worldwide as spice, flavouring agent, garnish, medicine, and food preservative and is
used either fresh, in a fresh paste, or dry, in a dry powder. Fresh ginger can be substituted for dried ground
ginger, although the flavours of fresh and dried ginger are somewhat different.

Black Pepper

Black pepper is one of the important spice rich in aromatic and medicinal components along with
appreciable levels of several other functional components having health promoting properties. Black pepper
contains lignans, alkaloids, flavonoids, aromatic compounds and amides (Agbor et al., 2006).

It also contains essential oil up to 3.5% and this oil constitutes sabinene, pinene, phellandrene, linalool and
limonene. Pepper is described as a drug which increases digestive power, improves appetite, cures cold,
cough, diseases of the throat, intermittent fever, colic, dysentery, worms and piles. It stimulates circulatory
system.

It possesses a broad-spectrum antimicrobial activity. Analgesic (alleviate pain), antipyretic (reduces fever)
and anti-inflammatory actions are described, with piperine having been shown to be one of the active
compounds in such cases. Black pepper and its volatile oil are used in food and food items to aid:

. Digestion.

. Relieve gas.

. Treat food poisoning.

. Stomach chills.

. Cholera

. Dysentery.

. Vomiting caused by hypothermia.
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The uses of black pepper in various fields such as food processing, pharmaceutical industry etc, is
increasing steadily due to its recognition as an important source of natural antioxidant having
anticarcinogenic activity. It also has bioavailability enhancement nature, carminative property, anti-
inflammatory action, cholesterol lowering capacity, immune enhancer ability, anti-pyretic, anti-periodic,
antimicrobial and rubefacient activity (Murlidhar and Goswami, 2012).

Honey

Over 4000 years ago, honey was used as a traditional Ayurveda medicine, where it was thought to be
effective to balance the three humors of the body. Honey has been used as medicine in many cultures for a
long time.

In recent days, honey is becoming acceptable as a reputable and effective therapeutic agent. Honey has
antimicrobial, anti-inflammatory, antioxidant activities, wound healing property and boosting of the
immune system. Much of the therapeutic properties of honey are due to the high sugar concentration and
the resulting osmotic effect (Allsop and Miller, 1996).

Studies have shown that honey has lower glycemic and incremental indices in type I diabetic patients
(Abdulrhman et al., 2011) compared to glucose and sucrose. Honey is a potent inhibitor of the causing agent
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of peptic ulcers and gastritis, Helicobacter pylori. Honey is natural and will not raise blood-sugar levels; a
mix of honey and water is a good cure for colic.

Cabbage

Cabbage (Brassica oleracea L. var. capitata) is one of the most important vegetables grown worldwide. It
belongs to the family Cruciferae, which includes broccoli, cauliflower, and kale. Chemical components
analysis has shown that the main constituents of cabbage are carbohydrates, comprising nearly 90% of the
dry weight, where approximately one third is dietary fiber and two thirds are low-molecularweight
carbohydrates (LMWC).

Other characteristic components are glucosinolates. Recent scientific studies have shown that cabbage and
other vegetables in the cruciferous family include cancer-fighting compounds so that it’s good for cancer
patients. In addition, cabbage is rich in vitamin C — a natural antibiotic, so it can help boost immunity.
Cabbage juice is also recommended in treating stomach ulcers. Fresh cabbage juice, prepared either
separately or mixed with other vegetables such as carrot and celery, is often included in many commercial
weight-loss diets, diets that improve the bioavailable content of nonheme iron, as well as alternative
therapies for cancer patients.

Clinical research has shown positive effects of cabbage consumption in healing peptic ulcers, and
facilitating the reduction of serum LDL levels. Cabbage is consumed either raw or processed in different
ways, e.g., boiled or, fermented or, used in salads. Due to its antioxidant, anti-inflammatory and
antibacterial properties, cabbage has widespread use in traditional medicine, in alleviation of symptoms
associated with gastrointestinal disorders (gastritis, peptic and duodenal ulcers, irritable bowel syndrome)
as well as in treatment of minor cuts and wounds and mastitis.

Cabbage leaves have been used for centuries to treat mastitis (breast infection), which typically occurs in
nursing mothers. Patients are instructed to apply the leaf directly to the breast as needed to fight infection.
It may be slightly stinky, but it's effective.
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Introduction

Botnical pesticides have proven to be suitable for the control of agricultural diseases and insects. Natural
products and micro-organisms have been used as biopesticides worldwide as they can be sourced from the
environment, they are generally safe to non-target organisms including humans, they have reduced
persistence in the environment, and they are potentially acceptable for use in organic agriculture.

Botanicals are extracted from various plant parts (leaves, stems, seeds, roots, bulbs, rhizomes, unripe
fruits, and flower heads etc.) of different plant species. Plant extracts are also called as Green Pesticides,
Botanical Pesticides, Plant Pesticides, Botanicals, Ecological pesticides and the method which utilizes
botanicals in insect pest management is called as Indigenous Integrated Pest Management or Ethno-
Botanical Crop Protection.

Botanical pesticides possess an array of properties including toxicity to the pest, repellent, anti-feedant,
insect growth regulatory activities against pests of agricultural importance. These have broad spectrum
activity, are less expensive and easily available because of their natural occurrence, have high specificity
to target pests, and no or little adverse effect on beneficial insects, resistance development to them is slow
or less common, poses least or no health hazards and environmental pollution, have less residual activity
and are effective against insecticide resistance species of insects, and have no adverse effect on plant growth
parameters.

More than 2500 plant species belonging to 235 families have been found to possess the characteristics
required for an ideal botanical insecticide. About 350 insecticidal compounds, more than 800 insect feeding
deterrents, and a good number of insect growth inhibitors and growth regulators have been isolated from
various plant species.

Botanical as Biopesticides

Phytochemicals are classified as either primary or secondary plant metabolites. of the estimated 3,08,800
plant species very, few have been surveyed and most remained unexploited and unutilized for pesticidal
active principles.

Till date, about 2400 plant species have been reported to possess pesticidal properties belonging to 189
families among which about 22 families contain more than 10 plant species in each family with anti-insect
properties.

Approximately, more than 350 insecticidal compounds, >800 insect feeding deterrents and quite a good
number of insect growth inhibitors and growth regulators have been isolated from various plant species
but, apparently only few have achieved the commercial status.

1. Neem (Azadirachta indica) leaf extract: Materials required: Neem leaves (80kg/ha). The fresh neem
leaves were collected and soaked overnight in water. Next day, soaked leaves were taken out and ground
and the extract obtained was filtered. The filtered extract was diluted @ 2.5-3 L in 50 L water and sprayed.

2. Pyrethrum: From the flowers of Chrysanthemum cinerariaefolium, two formulations of Pyrethrum i.e.
Pyrethrum 0.2% dust and Pyrethrum 1% EC are registered for use against insect pests in vegetables and
Pyrethrum is also used in combination with other insecticides as synergists for the control of household
pests.

3. Niotine Sulphate: Nicotine is the extract from tobacco. Two formulations i.e. nicotine 40% solution
and 10% DP are registered in India for export only.

4. Parthenium hysterophorous: The extract of this plant contains parthenin, pyroparthenin,
anhydroparthenin and photoparthenin.These are sesquiterpene lactones which exercise cytotoxic,
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antitumour, allergic, antimicrobial, antifeedant, phytotoxic, insecticidal actions. The ovicidal action has
also been demonstratd in Dysdercus koenigi.

5. Garlic (Allium sativum) extract: Materials required: Garlic bulbs (30gm). 30g of garlic bulbs were
ground thoroughly in grinder with 50ml water. Ground mixture was soaked in little quantity of water over
night and squeezed through muslin cloth and the volume was made up to 1L by adding water and sprayed.

6. Garlic-Chilli (Capsicum annum) extract: Materials required: Green Chilli 30g, and Garlic 30g.
Garlic bulbs and green chilli (30g each) were ground separately in a grinder with little water. Grinded
material was soaked in water overnight separately and the extract was squeezed using muslin cloth, both
were mixed and the volume was made up to 1 L to obtain 3 per cent concentration.

7. Lantana (Lantana camera) plant powder: Materials required: Lantana branches with leaves and
immature fruits (5kg). Lantana branches with leaves and immature fruits were chopped and dried. The
dried material was grinded to prepare powder and the powder was mixed with 100L water and sprayed.

8. Lantana (L. camera) leaf extract: Materials required: Lantana leaves (1kg). Lantana leaves (1kg)
were chopped and ground with little water and filtered. This filtrate was diluted in 30L of water and
sprayed.

9. Chilli-Neem-Garlic extract: Materials required: Chilli, Neem leaves, and Garlic. Chilli, Neem leaves
and fresh Garlic paste was taken in 1:4:1 proportion and boiled with 15 times water for 45 minutes to one
hour in low flame and filltered the solution and mix it with 50L of water and sprayed.

10. Adhatoda (Adhatoda vesica) leaf extract: Materials required: Adhatoda leaves (1kg). Leaves (1kg)
of Adhatoda were ground and mixed with 10L water and kept undisturbed for 24h and then filtered through
a muslin cloth and sprayed.

11. Datura (Datura stramonium) plant extract: Materials required: Datura leaves (1kg), and Datura
pods (1kg). Leaves and pods of Datura were dried and powdered by pounding. This powder was soaked in
40L water and kept for 24h and then filtered through a muslin cloth and sprayed.

12. Vitex negundo(Begunia): The alcoholic, methanol and petroleum ether extracts of leaf (5 and 10%)
are reported to be effective against 2nd and 3rd instar larvae of S. litura. The leaf and branch extract

caused repellence against paddy pests. The petroleum leaf extract caused malformed pupae in rice leaf
folder.

13. Acorus calamus L. (Bacha): Powdered rhizome used for destruction of fleas, bed bugs, moths, lice
etc. It is effective in killing insect pests of stored rice without any residual effect. Ether extract of rhizome
shows ovicidal and mutagenic properties. The rhizome yields oil (1.5-3.5%, dry weight) containing asarone
up to 82% and its beta isomer and other ingredients which is believed to be insecticidal.

14. Adhatoda zeylanica (Basanga): Leaves contain an essential oil (0.075%) chiefly containing limonene
and an alkaloid vasicine. An infusion of leaves used against white ants and red spiders of tea. Leaf extract
controls Callosobruchus chinensis (pulse beetles), petroleum ether extract works against C. maculatus and
methanol extract against Spodoptera litura. All these extracts exercised antifeedant action.

15. Anacardium occidentale (Cashew nut): Cashew shell liquid contains phenolic constituents (2.7%
of total oil). Several new pesticides have been prepared from cashew nut shell liquid. The shell oil is used
to kill mosquito larvae.

16. Catharanthus roseus (Sadabihari): Leaf extract in water is a phagodeterrent against S.litura and
aqueous leaf extract has toxicant action against YSB. The root extract acts as antifeedant against S .litura.

17. Clerodendron inermi(Genguti): Leaf extract in petroleum ether caused ovipositional deterrent
effect in C. chinensis and toxicant effect on A. moorei.

18. Plumbago zeylanica (Dhalachita): The bark and root extract in alcohol caused toxic effect in L.
erysimi.

19. Melia azadirach (Maha Nimba): It is a close relative of neem. The active principle is tetraterpenoid
(limonoids). Plant extracts have behavioural, physiological and toxic effects which have been tested on E.
varivestis, N. lugens, M. separata and P. xylostella.
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20. Pongamia glabra (Karanja): The oil extracts have been reported to be repellent for BPH, WBPH,
Epilachna beetle, maize borer, citrus butterfly etc.

Some Plant Products Used as Biopesticides

Plant product used as biopesticide Target pests

Limonene and
Linalool
Neem

Pyrethrum /
Pyrethrins
Rotenone

Ryania
Sabadilla
Garlic extract

Garlic-Chilli-extract

Fermented botanical spray

Adathoda vesica leaf extract
Datura plant extract

Ekka leaf extract

Lantana leaf powder
Lantana leaf extract

Mixed leaves extract
Panchapatre

Nilgiri leaf extract
Chilli-Neem-Garlic exract
Multiple plants leaf extract

Conclusion

Fleas, aphids and mites, also kill fire ants, several types of
flies, paper wasps and house crickets.

A variety of sucking and chewing insect

Ants, aphids, roaches, fleas, flies, and ticks

Leaf-feeding insects, such as aphids, certain beetles
(asparagus beetle, bean leaf beetle, Colorado potato beetle,
cucumber beetle, flea beetle, strawberry leaf beetle, and
others) and caterpillars, as well as fleas and lice on animals

Caterpillars (European corn borer, corn earworm, and others)
and thrips

Squash bugs, harlequin bugs, thrips, caterpillars, leaf hoppers,
and stink bugs

Spodoptera litura (leaf eating caterpillar), Helicoverpa
armigera (fruit borer), and other lepidopteran pests

Helicoverpa armigera (fruit borer), Spodoptera litura (leaf
eating caterpillar), Leucinodes arbonalis (Brinjal fruit & shoot
borer), Amsacta albistriga (red headed hairy caterpillar)

Leucinodes orbonalis (Brinjal fruit and shoot borer), Pod
borers of pulses,

Tobacco caterpillar (Spodoptera litura)
Defoliators and Sucking pests

Tea mosquito bug, Thrips, Jassids, Aphids
Termites

Aphids

Beetles, Leaf miners, Defol

Defoliators like Spodoptera litura, semi loopers

Defoliators, Fruit borers, Sucking pests like Aphids and
Whitellies

Jassids, Aphids, Scales
Lepidopteran pests in Pigeon pea
Major pests and diseases

Overall study indicated that farmers used locally available natural resources for the management of insect
pests. There were many types of indigenous botanical sprays used by the farmers in different crops against
different insect pests like Helicoverpa armigera (fruit borer), Spodoptera litura (Leaf eating caterpillar),
Leucinodes orbonalis (Brinjal fruit and shoot borer), Amsacta albistriga (Red headed hairy caterpillar), pod
borers of pulses, tobacco caterpillar, Tea mosquito bug, Thrips, Jassids, Aphids, Termites, Spider mites,
Beetles , leafminers, defoliators , whiteflies, scales etc.

All these sprays have been used since ancestral period. The information on methods of preparation of these
botanical sprays was also collected from the farmers.
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Introduction

The occurrence of different psychological disorders along with depression is on a perpetual increase. It has
been assessed that about 4.4% (322 million) of the universal population are engulfed by depression and
about 3.6% (264 million) are grieved from anxiety syndromes (WHO 2017).

The currently accessible pharmacological and psychosomatic treatments are not found to be much effective
in terms of modest short-term reimbursements, austere ill effects and age restrictions, which has put a dire
need to develop new alternatives. It is a well-established fact that the microbiota inhabits a wide variety
of niches in the human body.

However, their abundance as well as diversity is more pronounced in the gastrointestinal (GI) tract. The
most valuable attribute of the intestinal microbiota that has raised recent concerns is particularly in
reference to the neurological, endocrinological, and immunological viewpoint where the gut microbiota uses
ancient, evolutionarily conserved, biomolecular “languages” to interconnect with the host organism
(Oleskin and Shenderov 2019).

However, the growing recognition of the role played by the gut microbes in human health has already been
an established fact, but, the extension of this role, to encompass brain health, has come into focus in recent
years. The 1014 microbial inhabitants of human gut are known to possess unique physiological roles in
maintaining human health. These roles include immunomodulation, energy balance and activation of the
enteric nervous system (ENS).

Microbial Communication to Brain

Microbes, by recruiting the bidirectional communication network of the gut-brain axis, exert an influence
over many processes involved in brain development and function. Therefore, the disturbance in the human
microbiome can account for various disorders. Since the communication is bidirectional, the alteration in
microbial community is always experienced in case of any disease.

Surprisingly, the state of depression results in a decreased count of Bifidobacterium and/or Lactobacillus.
The term ‘psychobiotics’ has been newly devised to designate another evolving class of probiotics which find
their significance towards psychiatry. These microbes are endowed with “mind-altering” traits and they
have got the unique ability of producing numerous biologically active composites, for instance, peptides,
neurotransmitters, short chain fatty acids, immunomodulators and mediators which are usually allied with
neurotransmission in mammals.

Such neuroactive compounds grant these microbes with the unique ability of imparting health benefit to
the patients experiencing psychiatric illness. Therefore, the communication between the gut and brain has
been known to impact the emotional state via GI tract. The dysregulation of microbiota-gut-brain axis
affects the psychological functions (Dinan et al. 2013).

Microbially Contributed Psychobiotics

Psychobiotics may regulate level of neurotransmitters and proteins, including gamma-aminobutyric acid
(GABA), serotonin, glutamate and brain-derived neurotrophic factor (BDNF), which play important roles
in controlling the neural excitatory-inhibitory balance, mood, cognitive functions, learning and memory
processes.

It has also been observed that the administration of probiotics like Lactobacillus, Bifidobacterium,
and Enterococcus can decrease the levels of inflammatory cytokines. The anti-immunoregulatory effects of
probiotics have been reported to activate the population of T regulatory cell as well as the secretion of IL-
10.
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In addition, probiotics contact  with gut epithelium enteroendocrine  cells and
produce neuropeptides and neurotransmitter. Further, it has also been found that serotonin synthesis in
gut can be regulated by microbes and the spore former members of gut microbiome are known to induce
serotonin synthesis from gut enterochromaffin cells.

Approximately 95% of serotonin is derived from gut enterochromaffin cells and ENS neurons, which is
associated with the regulation of GI secretion and motility. In addition, the brain serotonin pathways are
involved in regulating cognition and mood.

Some strains of Lactobacillus spp. and Bifidobacterium spp., such as Lactobacillus brevis, Bifidobacterium
dentium and Lactobacillus plantarum are known to produce GABA and serotonin.Additionally, several
other strains like L. plantarum and L. odontolyticus are also known to produce dopamine and acetylcholine
whereas Lactobacillus helveticus is known to increase the levels of serotonin and norepinephrine in the
hippocampus.

The other microbial metabolites like short chain fatty acids and long chain fatty acids are also known to
lay an explicit effect on the psychological health. Bacteria like Clostridium, Bifidobacterium, Bacteroides,
Eubacterium, Propionibacterium, Lactobacillus etc. produces short chain fatty acids while Bifidobacterium
1s mainly involved in production of long chain fatty acids.

The administration of B. longum is responsible for reducing stress, depression and anxiety behaviors
(Cheng et al. 2019).

Probiotics and Sleep Disorders

The microbes also help to treat the brain related disorders in an indirect manner, for instance, sleep deficit
has also been found to induce depression, memory impairment and allergy. Several reports have also
claimed that the administration of different fermented products containing probiotic microorganisms have
the potential of improving the quality of sleep.

The effect of several psychobiotic strains on mental health has been proved in animal models. The
administration foods rich in probiotic microflora, like, yoghurt is also known to significantly improve the
status of mental health.

The relative level of noradrenaline increases in the gut lumen during the state of stress, and this may also
account for the alterations in the microbial composition. Such chemical substances are acknowledged to
modify the gene expression in some bacteria, which ultimately ends up in favoured progression of definite
microbial communities.

The administration of psychobiotic microflora results in an altered microbial community and is also known
to replace the microbes that were dominating during the state of depression and improves the mental
health by secreting numerous bioactive compounds.

Therefore, it can be concluded that probiotics play a crucial role to regulate the aggregation of a-synuclein
in enteroendocrine cells, production of microbial metabolites and activation of the vagus nerve in
neurodegenerative and neurodevelopmental disorders. The vagus nerve plays an essential and wide-
ranging role in coordinating parasympathetic activity, including regulation of heart rate and gut motility.

It possesses an abundance of sensory fibres, and is able to convey rich information on organ function
throughout the body to the brain. Furthermore, vagal activity is found to be sensitive to nutrition, exercise
and stress.

The stimulation of vagus nerve exerts anti-inflammatory effects and is used therapeutically for refractory
depression, pain, and epilepsy. There is also evidence of both antidepressants and anxiolytics exerting vagal
effects.

Conclusion

Several animal studies have found that the vagus nerve mediates the relationship between psychobiotics
and their psychophysiological effects, as severing the vagus nerve (vagotomy) abolishes responses to
psychobiotic administration.
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Therefore, it has been proved by several researchers that microbes significantly affect the mental health in
a direct as well as indirect way and the psychobiotic treatments could be a promising strategy to improve
the quality of life for people who suffer from neurodegenerative and neurodevelopmental disorders.
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Introduction
Plant Tissue Culture broadly refers to the in-vitro cultivation of plants, seeds and various parts of the
plants like organs, tissues, embryos, organs, protoplasts.

Plant Tissue Culture is a collection of techniques used to maintain or grow plant cells, tissues or organs
under sterile conditions on a nutrient culture medium of Known composition. Plant Tissue Culture is
widely used to produce clones of plants in a method Known as micro propagation.

Term Used in Tissue Culture
1. Explants: An excised piece of differentiated tissue or organ is regarded as an explant. The explants may
be taken from any part of the plant body e.g., leaf, stem, root.

2. Callus: The unorganized and undifferentiated mass of plant cells is referred to as callus. Generally,
when plant cells are cultured in a suitable medium, they divide to from callus (a mass of parenchymatous
cells).

3. De-differentiation: The Phenomenon of mature cells reverting to meristematic state to produce callus
is dedifferentiation.

4. Re- differentiation: The ability of the callus cells to differentiate into a plant organ or a whole plant is
regarded as re-differentiation.

5. Totipotency: The ability of an individual cell to develop into a whole plant is regarded as re-
differentiation.

The Basic Steps Followed in the Plant Tissue Culture Techniques are

1. Selection of explants such as shoot tip.

2. Surface sterilization of the explants by disinfectants and then washing the explants with sterile distilled
water.

3. Transfer of the explants on to the suitable nutrient media in culture vessels under sterile conditions (In
laminar flow cabinet).

4. Growing the cultures in the growth chamber or plant tissue culture room, having the appropriate
physical conditions.

6. Regeneration of plants from cultured plant tissues.

7. Transfer of plants to the greenhouse or field conditions following the acclimatization of the regenerated
plants.
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The Technique of In Vitro Cultivation of Plants Cells or Organs is Primarily Devoted to
Solve Two Basic Problems

1. To keep the plant cells and organs free from microbes. This problem can be eliminated by using modern
equipment’s and careful handling during various operations.

2. To ensure the desired development in the cells and organs by providing suitable nutrient media and
other environmental conditions. This problem remains in the area of active research and is likely to do so
for quite some time in the future.

Sterilization Methods Used in Tissue Culture Laboratory

The materials, e.g., vessels, instruments, medium, plant material, etc, used in culture work must be freed
from microbes. This is achieved by one of the following approaches:

1. Dry heat treatment.

2. Flame sterilization.

3. Autoclaving.

4. Filter sterilization.

5. Wiping with 70% ethanol.

6. Surface sterilization.

Media Preparation

1. Chemicals are dissolved in distilled water. the stock solution of vitamins, micro-nutrients and growth
regulators and hormones are added and pH adjusted to 5.5-6.5 .

2. The solution is made to volume 50 to 100 ml quantities distributed in to 250 ml Erlenmeyer flask.

3. Flasks are supported with cotton plug and autoclaved at 1200C 15 min, all media are stored at 100C.

Generally nutrient consist of:

1. Inorganic salts (both micro & macro elements).
2. A carbon source (usually sucrose).

3. Vitamins ( nicotinic acid, thiamine, pyridoxine).
4. Amino acids (eg. arginine).

5. Growth regulators ( eg. Auxins).

Element and their Function

1. Nitrogen (N): Component of proteins , nucleic acids and some coenzymes Element required in greatest
amount.

2. Potassium (P): Regulates osmotic potential, principal inorganic cation.

3. Calcium (Ca): Cell wall synthesis, membrane function, cell signalling.

4. Magnesium (Mg): Enzyme cofactor, component of chlorophyll.

5. Phosphorus (P): Component of nucleic acids, energy transfer, component of intermediates in
respiration and photosynthesis.

6. Sulphur (S): Components of some amino acids (methionine, cysteine) and some cofactors.

7. Iron (Fe): Electron transfer as a component of cytochromes.

8. Manganese (Mn): Enzyme cofactor.

9. Cobalt (Co): Component of some vitamins.

10. Copper (Cu): Enzyme cofactor, electron-transfer reactions.

11. Zinc (Zn): Enzyme cofactor, chlorophyll biosynthesis.
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12. Molybdenum (Mo): Enzyme cofactor, component of nitrate reductase.

Methods of Plant Tissue Culture

1. Type of in vitro growth-callus and suspension cultures.

2. Type of explants- single cell culture, shoot and root cultures, somatic embryo culture, meristem culture,
another culture and haploid production, protoplast culture and somatic hybridization, embryo culture,
ovule culture, ovary culture, etc.

Advantages of Plant Tissue Culture

1. The production of exact copies of plants that produce particularly good flowers, fruits.

2. To quickly produce mature plants.

3. The production of multiples of plants in the absence of seeds.

4. The regeneration of whole plants from plant cells that have been genetically modified.

5. The production of plants from seeds that otherwise have very low chances of germinating and growing,
1.e.: orchids and Nepenthes.

6. To clear particular plants of viral and other infections and to quickly multiply these plants as ‘cleaned
stock’ for horticulture and agriculture.
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The recent COVID-19 events and realities are unprecedented. We are truly seeing history being made
which will have an effect on the dairy industry and society as a whole. Corona virus Disease 2019 (COVID-
19) 1s a new type of corona virus that was first detected among citizens of Wuhan, Hubei Province, China
in December 2019.

The condition that can spread from person to person. The outbreak of corona virus that causes serious
respiratory disease and may be especially deadly for older people and those with weakened immune
systems. Individuals can fight corona virus by taking steps to prevent its transmission the spread of the
virus has raised concerns about how it may affect public health as well as dairy production.

Dairy farms are 24-hour, 7-day per week business and operations must continue. Following precautions
will minimize the risk to dairy farmers, family and service providers to be on the farm.

Introduction

Women mainly participate in all operations related to livestock management. Livestock management has
always been considered to be the sole responsibility of women. Women take responsibility for cutting fodder,
cleaning sheds, milking dairy animals, processing animal and milk products and looking after the health
of the herd. Livestock rearing is an important means of income generations in village for all categories of
farmers including small, marginal and even landless farmer in rural India.

Dairy former can follow simple steps to minimize the spread of COVID-19 and other respiratory viruses:
1. Limit access by non-essential persons

2. Wash your hands regularly with soap and water for at least 20 seconds.

3. Avoid touching your eyes, nose and mouth with unwashed hands.

4. Always wear milking gloves.

5. Shower when you get home after working in the dairy and wash your work clothes.

6. Clean and disinfect frequently touched surfaces and objects in the dairy.

7. Practice social distancing by reducing the number of close physical contacts you have with others, only
leaving your home/dairy to get necessary supplies.

It’s always a best practice to thoroughly wash your hands with warm soapy water and maintain proper
hygiene when in contact with livestock, including changes clothes and shoes prior to visiting the next farm.
This ensures any zoonotic diseases, which are diseases caused by germs that spread from animals to people,
are not transmitted. COVID-19 is known to spread through aerosol transmission and close human contact,
not through food products. There is no evidence to suggest that dairy products can transmit COVID-19 and
there is no evidence that this strain of corona virus is present in domestic livestock also heat treatment
kills corona viruses, making pasteurization an effective safeguard against this virus.

The dairy farmers in Kanpur nagar are facing losses due to the lockdown. Nationwide lockdown has been
imposed in backdrop of COVID-19 outbreak. Milk price dipped to almost half amid pandemic and farmers
are forced to sell the milk at low prices. now we have to sell it at Rs 30-35 per kg. The demand is low as
hotels and tea stalls are closed. It is becoming difficult to manage expenses. Despite strong demand for
basic foods like dairy products during the corona virus pandemic, the milk supply chain has seen a host of
disruptions that are preventing dairy farmers from getting their products to market. Mass closures of
restaurants and schools have forced a sudden shift from those wholesale food-service markets to retail
grocery stores, creating logistical and packaging nightmares for plants processing milk, butter and cheese.
The sale of dairy products has been hit during the lockdown period as the uptake by the organized industry
players has been affected due to shortage of workforce and transport issues. However, people living on
agriculture and allied activities, mostly those losing their income from informal employment at this
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lockdown period, have to be provided with alternative avenues (cash transfers) till the economy bounces
back (when this health crisis is successfully overcome).

Immediately after the nation-wide lockdown was announced, the Government of india declared an INR 1.7
trillion package, mostly to protect the vulnerable sections (including farmers) from any adverse impacts of
the Corona pandemic. The announcement, among a slew of benefits, contained advance release of INR 2000
to bank accounts of farmers as income support under PM-KISAN scheme. The Government also raised the
wage rate for workers engaged under the NREGS, world’s largest wage guarantee scheme. Under the
special scheme to take care of the vulnerable population, Pradhan Mantri Garib Kalyan Yojana (Prime
Minister’s scheme for welfare of the poor), has been announced. Additional grain allotments to registered
beneficiaries were also announced for the next three months.

In spite of all these measures and in view of continuing restrictions on movements of people and vehicular
traffic, concerns have been raised regarding negative implications of COVID19 pandemic on the farm
economy.

Conclusion

The most positive things for the dairy farmers are that COVID-19 infection is expected to have no direct
health hazard on the dairy cows and its products. So, consumption of milk might be unaffected, the farmers
can even use this as an opportunity for utilising the milk production to increase the demand. In contrast,
due to the limited movement of the people there could be short term effect on milk marketing and price
might be lowered. The production could be decreased as well if the sufficient measures are not taken in due
time. it is highly recommended that the government, main dairy processors and other input suppliers and
policymakers might take responsible actions to minimise the economic loss by the farmers due to the
current corona virus infections. Finally, the government, at this stage, has taken right decision to make all
efforts for ensuring the safety of humans first but in the long run, it needs to make judicious decisions
targeting the ways to overcome the current and anticipated future loss.
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Collembola are commonly known, as springtails represent one of the most abundant and widespread group
of soil arthropod. The Collembolans or the springtails are characterized by a six segmented abdomen
bearing median appendages ventrally, i.e., ventral tube, the tenaculum, and the furcula. The furcula and
tenaculum may be reduced or absent in some families like Onychiuridae and Neanuridae. They formerly
classified as primitively wingless insects, but now widely recognized as a lineage closely related to, but
distinct from, the Insecta (Giribet and Edgecombe, 2012). The common name of the group derives from the
ability to jump quite appreciable distance when disturbed and such mechanism is facilitated by the
possession of springing organ carried on the fourth abdominal segment.

Springtails are colonizing in the soil habitats that provide enough humidity and food, such as organic
matter, pH, or microorganisms. Some researcher regarded them as key indicator soil fertility and health
but sometimes agricultural intensification tends to reduce collembo diversity. About 6500 species in 18
families have been described by different authors (Hopkin, 1997; Toldan et al. 2016). Like the oribatids,
they also are extremely abundant in soil and leaf litter, with densities typically on the order of 104-105
individuals /m—2 and, again, higher in coniferous forests (Petersen and Luxton, 1982), but are more
numerous than oribatids in many soils. Agricultural soils may be rich in Collembola. Edaphic species tend
to be parthenogenetic (Hopkin, 1997), life-history trait characteristic of animals living in stable
environments. Average fecundity typically ranges between 50 and 100 eggs per female; depending on
climate, there may be one to four generations annually.

Life spans of species living within the soil-litter system range between 2 and 12 months or more. Like soil-
dwelling oribatids, Collembola require a soil atmosphere approaching saturation. The diet of Collembola is
of considerable variation, including moss protonema, bacteria, fungal hyphae and spores, algae, protozoans,
arthropod feces, pollen, decaying plant materials and humus, other Collembola (living or dead), and stored
products. Species are divided between those that masticate their food and those that are fluid feeders.
Majority of species are fungivorous (Hopkin, 1997).

Economic Benefits

Soil biological management reduces input costs by enhancing resource use efficiency (especially
decomposition and nutrient cycling, nitrogen fixation and water storage and movement). Less fertilizer
may be needed if nutrient cycling becomes more efficient and less fertilizer is leached from the rooting zone.
Fewer pesticides are needed where a diverse set of pest-control organisms is active. As soil structure
improves, the availability of water and nutrients to plants also improves. It is estimated that the value of
"ecosystem services" (e.g. organic waste disposal, soil formation, bioremediation, N2 fixation and bio
control) provided each year by soil biota in agricultural systems worldwide may exceed US$ 1,542 billion.

Environmental Protection

Soil organisms filter and detoxify chemicals and absorb the excess nutrients that would otherwise become
pollutants when they reach groundwater or surface water. The conservation and management of soil biota
help to prevent pollution and land degradation, especially through minimizing the use of agro-chemicals
and maintaining/enhancing soil structure and cation exchange capacity (CEC). Excessive reduction in soil
biodiversity, especially the loss of keystone species or species with unique functions, for example, as a result
of excess chemicals, compaction or disturbance, may have catastrophic ecological effects leading to loss of
agricultural productive capacity.

Food Security
Soil biological management can improve soil health, crop yield and quality, especially through controlling
pests and diseases and enhancing plant growth. Below-ground biodiversity determines resource use
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efficiency, as well as the sustainability and resilience of low-input agro-ecological systems, which ensure
the food security of much of the world’s population. In addition, some soil organisms are consumed as an
important source of protein by different cultures and others are used for medicinal purposes. At least 32
Amerindian groups in the Amazon basin use terrestrial invertebrates as food, and especially, as sources of
animal protein - a strategy that takes advantage of the abundance of these highly renewable elements of
the rainforest ecosystem.
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Introduction

Nursery raising is one of the highly economic enterprise and commercial venture in horticulture sector. As
the demand for high quality planting material is steadily increasing there is need of setting up plant
nurseries by small and marginal farmers as well as by gardeners and farmhouse owners. Also, there is
profound scope for starting the small nurseries, which will serve to augment the income of needy section of
rural society.

A nursery is a starting point for successful production. Nursery has emerged in this country as an important
sector for diversification of agriculture with view to improve economic condition of farming community. It
has established its credibility through increased productivity, generating employment for rural and urban
people and enhancing export to a considerable level.

The history of civilization is rich with verses pertaining to agriculture. Almost all of them candidly connote
the nature of agriculture as a food obtaining activity and nothing more, but with the advent of civilization,
agriculture has grown in length and breadth. It’'s now a diversified activity. The demand of time has
transformed agriculture from a subsistence-tool to an economic activity. It has become an enterprise now.
The rapid growth of market economy has expedited the commercialization of agriculture sector which is
gradually attaining the status of an enterprise.

Nursery raising is one of the highly economic enterprise in horticulture sector. The nursery management
gained status of commercial venture as the demand for high quality planting material is steadily increasing
due to interest in vegetable gardening, fruit tree cultivation, social forestry, agro-forestry and plantation
Crops.

The need of setting up plant nurseries to meet the demands of the people has been felt by small and
marginal farmers as well as by gardeners and farmhouse owners. There is wide scope for agriculture
graduates to become successful entrepreneurs in nursery business. To be a successful entrepreneur it
requires certain characteristics viz. innovativeness, achievement motivation, economic motivation, risk
taking ability, management orientation, decision making ability, market orientation and leadership ability
etc. They are mean with a will to act, to assume risk and to bring about a change through organization of
human efforts.

Now it is felt that, the economic growth and development of advanced countries is largely due to
entrepreneurship among their community rather than capital. In today’s changing scenario, skill
entrepreneurial developments have become more important. Many entrepreneurial opportunities are
emerging in various fields such as computer, electronics, medicine, agriculture, food technology etc.

Entrepreneurship development is an art and science which requires skills of communication, management
and marketing to any entrepreneur. During 1970°s entrepreneurship was recognized as a vehicle for
economic growth and industrial development and a potential solution to the problems of underemployment
and unemployment

India has immense potential for entrepreneurship development in terms of diversity of rural occupations.
Development of entrepreneurship ensures optimal utilization of resources, facilities and services. It also
helps in developing capability to cope up with the impact of globalization. There are many factors that
influence the entrepreneurial behaviour of human beings. The emergence of entrepreneurs in a society
depends upon closely interlinked social, religious, cultural, psychological and economic factors.
Understanding the role of these factors is essential for creating an environment which can facilitate the
development of entrepreneurial attributes.
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Development of economy of any nation depends primarily on the important role played by entrepreneurs.
The entrepreneur is an economic man, who tries to maximize his profits by innovations. However, the
entrepreneurs are not simply innovators, but they are the persons with a will to act, to assume risk and to
bring about a change through organization of human efforts. The part played by such entrepreneurs in
agriculture is of vital importance in developing country like India, where there are enormous opportunities
for using innovations to exploit the available resources. In the present scenario of increasing demand for
organic agriculture and with the limitations in proper arrangements for backward and forward linkages,
it is the entrepreneurial characteristics which play a major role.

With the launching of horticulture development programme as a part of the Employment Guarantee
Scheme (EGS), by the government of Maharashtra, the nursery industry has received new impetus. The
added emphasis on ‘Food and Nutrition Security’ has increased the awareness about the protective foods
namely fruits and vegetables. The growing urbanization and enhanced sense of aesthetics has created large
demand for the ornamental plants. Collectively, the horticultural plants are in more demand than they
were before. To cater the needs of saplings, the nursery units are being run on large scale. There are around
15,000 nurseries in India, with more than 50,000 technical personnel involved in their commercial
operations.

The setting up of a target of 4 per cent annual growth rate in agriculture in Agricultural Policy, 2000, the
liberalization of trade regime, the establishment of Agricultural Export Zones (AEZs), the influx of Foreign
Direct Investment (FDI) along with foreign technology and entrepreneurship in the field of nursery
management technology will see a rapid growth of nursery industry. This is why; nursery is indeed
prospective agro-industry.

Conclusion

Entrepreneurship is most needed component for the agriculture development. Considering these facts, it
felt necessary to conduct the study on entrepreneurial attributes of nursery growers with objectives to know
the entrepreneurial attributes, relationship between socio-economic characteristics with entrepreneurial
attributes and reason for practicing nursery which will help to come out with the suitable policies and
programmes for nursery production. The study will also help in developing good entrepreneurs in nursery
business.
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Introduction

Agritourism has been a buzzword among the growing agripreneurs in India. The last few years have seen
the concept of agritourism gaining impetus as an allied area of income generation in agriculture.
Agritourism has branched out as an offshoot of rural tourism and has immense scope in India. Since
agriculture is the main occupation of the people in India and other developing countries, there is a need for
these countries to think of allied income generation strategies with agriculture, one of which is agritourism.

Agritourism is considered as one of the fastest growing sectors in the tourism industry. The concept has
been successfully implemented in states like Maharashtra, Kerala, Rajasthan, Jharkhand, Gujarat,
Punjab, Tamil Nadu and Himachal Pradesh. It has become a new avenue for earning income for the rural
farmers. Realizing this, the government is encouraging active agritourism to augment income generating
options for the rural section (Pal, 2016).

Origin and Status of Agritourism in Indian States

The Ministry of tourism in 2002-03 came out with the proposal of “Rural Tourism” to showcase, art, culture
and heritage through rural life in villages. It also gave an option for inclusion of the natural environment
as in natural Flora and Fauna along with art & craft, handloom, and textiles. The promotion of village
tourism is also aimed at generating revenue for the rural communities through tourists’ visits, thereby
stopping or at least reducing the exodus from rural to urban areas (secretariat, 2013)

The state of Maharashtra is the pioneer state to develop and endorse Agri Tourism in the country. Agri
Tourism Development Corporation (ATDC) established in 2005 and started the pilot Agri tourism project
of 28 acres in Palshiwadi, Tal Baramati Dist Pune, 70 km from Pune city. The main activities include
operating its Agri tourism centre of its own along with encouraging other potential and desiring farmers to
take up Agri tourism venture. ATDC conducts training and research programs in the state. This is an
umbrella platform wherein most of the agritourism sites are listed along with their contact details and
price package.

Tourism is one of the key areas which can strengthen socio-economic activities of Himachal Pradesh
besides attracting tourists to the land of enthralling beauty. The Himachal Pradesh Government has
recently launched a scheme known as “Har Gaon Ki Kahani” (story of every village), in addition to “Home
Stay Scheme”, which is attracting a large number of tourists to lesser known and remote destinations of
the State from few years. Under “Har Gaon Ki Kahani” scheme, the fascinating tales, folklore and
anecdotes related to remote villages in Himachal Pradesh are set to attract tourists. This novel scheme
aims at developing villages of historic importance as tourism villages by providing basic amenities that will
provide tourists a glance into rustic life of the hill State.

The Rajasthan government has decided to promote agri-tourism vigorously. The convergence of tourism
and agriculture will not only support the farmers with additional revenue and better sustainability but
also create a multiplier effect on employment generation, says a report on agri-tourism in Rajasthan
prepared by the FICCI and Yes Bank. It includes a mega food park at Roopnagar in Ajmer, which facilitates
for visiting the organic farms and learn about different agriculture practices and produce. Government is
considering developing similar kind of visits to orange orchards of Jhalawar and Sri Ganganagar, where
tourists can see citrus fruits plants, taste them and understand the processing of fruits. Agritourism
venture is also being promoted in upcoming Global Rajasthan Agritech Meet (GRAM).

In order to promote agri tourism concept, Govt. of Karnataka has come up with “Agri Tourism” in its
Tourism Policy 2015 as one of its tourism products. Set guidelines to be followed are issued to the
agritourism centres for maintaining authenticity and approval from government. Bringing regulation to
tourists’ visit can enhance the opportunities in agri tourism. This will not only help in increase in income
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of the farm, but also creates an atmosphere of entrepreneurship in agriculture. Agri-tourist involvement
in basic agriculture activities such as milching, harvesting competitions, tree climbing, bullock cart race,
buffalo race in wet fields namely “Kambala” in Karnataka, shooting a coconut target, fishing etc. could
generate enormous joy at least cost. There is enough scope to expend this venture into core agricultural
production belts such as northern Karnataka and central Karnataka apart from present area of Western
Ghats and coastal area.

Villages in Kerala have made a concoction of its hospitality with the traditional way of farming to attract
more tourists, creating a novel concept called “Farm Tourism/niche tourism”. Kerala is undoubtedly India’s
most important plantation state with nearly half of the plantation area in the country and a major interest
in all the four crops-tea, coffee, rubber and cardamom. Pathanamthitta is a spot-on farm tourism
destination housing tropical diversity with fertile agricultural land where plantations, paddy, tapioca,
varieties of vegetables and spices like cardamom, pepper etc. are extensively cultivated. The other famous
destinations include Idulkki, Trishur, Kottayam, Mattupetty in Munnar, Palakkad, Wayanad and many
others. Kerala has the pride of starting a rural tourism project at Kumbalangi near Kochi with support
from the Department of Tourism, Government of India. Kumbalanghi is a perfect farm tourism village
destination in central Kerala, close to the port town of Cochin which has a vast stretch of backwaters
connected by interlocking waterways to the whole of Kerala. Thus, it creates a benchmark for Ecotourism
in the country.

The Uttar Pradesh (UP) arm of the Confederation of Indian Industry (CII) has approved this agribusiness
concept, agri-tourism, to attract tourists and also help the farmers and the rural community of the state
make money. The Uttar Pradesh CII has joined hands with the Strategic Initiative and Advisory
Government (SIG), an initiative of Delhi-based Yes Bank, to conduct a research on the same. The research
aims to find out if the concept of agri-tourism is viable and beneficial for the state. The basic idea is to
promote rural tourism and attract visitors to come and see the countryside, handicrafts, taste traditional
food and enjoy folk music. State govt has plans to finance the interested farmers to start initiative of such
kind. The CII is in talks with the tourism and agriculture department of Uttar Pradesh to promote this
concept. It is necessary to adopt these types of new concepts to develop the economy of the state (Karjigi,
2019).

The concept of agritourism venture is not new to Goa which has wide experience in hosting the ecotourism
and niche tourism but not pure agritourism. It is expected that by the year 2020, about 28 lakhs tourists
may be visiting Goa and this number might go up by the year 2030 (Department of Tourism , Goa) taking
into account the expected rise in number of tourists, it therefore offers a immense scope of economic
opportunities for people of Goa. Having the direct and indirect linkages with other sectors of the economy
of the State, agritourism has a bright future. Paradigm shift from “on shore tourism” to “off shore tourism”
is a key turning point in Goa Tourism industry that has envisaged a tremendous potential. It has become
imperative to shift the attention of tourists to the hinterlands which have been blessed with enchanting
scenic beauty of natural forest as the carrying capacity of most of the famous beaches has reached
maximum threshold level. The coastal agricultural research institute is promoting agro-eco-tourism in the
backdrop of main stream tourism in Goa and adjoining regions (Bhandare, 2013).

Notable Institutions Facilitating Growth of Agritourism in India

1. Krishi Vigyan Kendra of Baramati, Pune, Maharashtra: Krishi Vigyan Kendra is a district level
farm science centre established by the Indian Council of Agricultural Research (ICAR) at Baramati; district
Pune for transfer of technologies to the farmers' fields. The aim of Krishi Vigyan Kendra is to reduce the
time lag between generation of technologies at the research institutions and its transfer to the farmers'
fields for increasing production/productivity and income from agriculture and allied sectors on a sustained
basis. Four mandates have been envisaged in the design of the Krishi Vigyan Kendra. There are about 55
such centres established all over Maharashtra. Usually centres are run by NGOs are funded by
Government. Pertaining to the agritourism venture, KVK itself is an agritourism centre with a vast land
of 110 acres. It comprises of diverse the components of agriculture such as horticulture, fisheries, diary,
core agricultural crops, apiculture, silviculture, and many more. A separate building is established under
this project which hosts the tourists and trains the farmers who wish to start this venture.
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2. MART - Maharashtra State Agri Tourism and Rural Tourism Co-operative Federation Ltd:
According to its managing director, the federation would help farmers to supplement their income from
farm produce by initiating tourism related activities on their farm. MART in partnership with NABARD
has undertaken training and certification programmes for farmers. The society is mainly working for
expansion of Agritourism in Western Maharashtra. The society encourages formation of farmers in tourism
development. Till now 13 such co-operative societies are formed in various districts. MART has classified
Maharashtra into six agritourism belts namely: Konkan, Pune, Nashik, Aurangabad, Amaravati and
Nagpur. A complete list of operational farms affiliated to MART is given in the appendix.

3. Konkan Bhumi Krushi Paryatan Sanstha: It is a Mumbai based NGO working for overall
development of Konkan region. Beautiful sea shores, coconut plantations, mangoes and cashewnut, fruit
orchids, Sahayadri forests, rivers and backwaters all have the potential to attract tourists. Rural and
agritourism development was considered as major issue and “Konkan Bhumi Krushi Paryatan Sanstha”
was formed in 2010. The NGO is trying to consolidate funds from government to develop tourism in Konkan
region. Farmers interested in developing Agritourism are given 3 days training in a work shop. Project
feasibility is assessed and necessary help for promotion is given by MART. The members have advantage
of strong marketing network through MART. Currently these sites are developed at Murud, Dapoli and
Sindhudurg districts.

ATDC: Agri Tourism Development Corporation (Pune)
ATDC was established on 16th May 2006. Its aim is to Promote Agri tourism to help Indian Rural Social
Economy to flourish and help rural youth to earn good respectable living in the villages and farming itself.

Objectives

1. To develop and promote agricultural tourism (Agri-tourism) as a potential vehicle for diversifying and
stabilizing rural economies.

2. Creating jobs, increasing community income, providing a broader market base for local business.

3. Attracting tourists to the rural area, thereby supporting the growth of small tourism industries.

4. Through ATDC’s projects, training and support, farmers benefit from the development of tourism.

In the last 4 years more than 500 farmers are trained under ATDC’s Agritourism Training Programme and
in 2007 there were about 52 farmers from Maharashtra started Agritourism activity on their farms to
supplement the agriculture income. ATDC has published a directory of farmers in 2017 in its 1st edition
and in 2017 being its latest edition which enlist all Agritourism centres registered under it for promotion
and contact.

To guide and acquaint farmers about Agritourism, it started their first model project in Baramati
“Malegaon Sheti Farm” on 110 acres. Later, Mr.Pandurang Taware started on his own in Palshiwadi
village, 30 km away from Baramati. He has been involved in training the farmers and is pioneer in
spreading the awareness of agritourism in the country wherever he gets an opportunity. He has got various
awards from department of tourism as well as agricultural institutions for his noble work.

ICAR-Central Coastal Agricultural Research Institute - [CCARI], North Goa, Goa

A detailed survey of the existing agroeco-tourism was carried by the institute recently. Almost all
agritourism centres were visited and information on various aspects including the facilities available, type
of tourists visiting, type of cropping system, services offered, constraints and expectations from the
government and ICAR institutes was collected.

Since Goa has carved a niche as internationally renowned tourist destination, the Agricultural Technology
Dissemination Centre (ATDC) of this institute has taken up the promotion/publicity of agro-eco-tourism on
top most priority. It is the endeavour of this institute to promote agro-eco-tourism in the backdrop of main
stream tourism in Goa and adjoining regions.

Conclusion

1. Institutional interventions such as policy and research backstopping must include Government
strategies and suggestions for agritourism development. Reduction of high initial investment through
introducing low cost construction materials through extensive research and case studies would bring the
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establishment cost to minimum level so that even the semi-medium and small farmers can also take up the
venture.

2. Provision of loan through PACS/ Commercial banks under MUDRA or start-up scheme will encourage
the young and interested farmers to take this venture. Provision of subsidy for low cost agritourism farms
would strengthen as an agritourism.

3. The government needs to come up with the price policy mechanism with respect to tour packages in order
to prevent loss to farmers. Market survey in the urban areas needs to be done to identify potential
consumers for agritourism and agri-products.
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Introduction

Extension is a service or system which assists farm people, through educational procedures, in improving
farming methods and techniques, increasing production efficiency and income, bettering their standard of
living and lifting social and educational standards. The extension system of India has witnessed paradigm
shift from ‘production led’ to ‘farmers led’ system which in turn has transformed the researches in
extension. (Girish, 2017). Effective extension involves adequate and timely access by farmers to relevant
advice, with appropriate incentives to adopt the new technology if it suits their socioeconomic and
agroecological circumstances. Critical to adoption are the availability of improved technology, access to
modern inputs and resources, and profitability at an acceptable level of risk. Farmers get information from
many sources. Public extension is one source, but not necessarily the most efficient. Thus, although
extension can improve the productive efficiency of the agricultural sector, the virtues and limitations of
alternative mechanisms need to be considered in assessing the cost-effectiveness of delivering information.
The modern extension system includes

Decentralization

Agricultural extension systems in developing countries are struggling to prove their importance and
relevance to agricultural and rural development. In order to solve complex development problems, national
extension systems need to encourage the active participation of rural people in planning, implementing,
and monitoring extension programs, especially at the regional, district, and county level.

Decentralization is a major undertaking that requires the full understanding of all parties involved,
systematic capacity building at the lower system levels, and careful coordination to ensure successful
implementation.

Privatization

Privatization of extension services can take different forms. Of the various types of decentralization
categorized/defined by Rondinelli (1987), the most is a complete withdrawal of government from providing
extension programs to farmers.

This option is sometimes known as total privatization. It can be of a partial nature, involving such
strategies as cost-recovery, fee-based services, agricultural taxes for use in funding agricultural extension,
and contracting with outside organizations for specific services.

Pluralistic Extension and Agricultural Innovation Systems

Faster the advancement of knowledge and its transfer through advisory systems (whether public, private
or pluralistic), Coordinate agricultural development organizations, including knowledge systems, and
promote agricultural innovation systems with a view to contributing to agricultural development and more
particularly to the effectiveness of the agricultural extension system.

Public-Private Partnership

A public-private partnership is a contractual agreement between a public agency (federal, state or local)
and a private sector entity. Through this agreement, skills and assets of each sector (public and private)
are shared in delivering a service or a facility for the use of the general public. Each party shares risks and
rewards potential in the delivery of the service and/or the facility.
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Unified Extension Service

The extension services are being unified in the interest of optimum utilisation of resources and an efficient
bureaucracy. Indeed, the farmer's time cannot and should not be wasted through individual visits of so
many extension agents, each representing a different agricultural discipline.

Application of Electronic Information Technology

The advanced information technology is already making headway in the area of rural and agricultural
development. A number of countries such as Laos, Vietnam and Mali, are experimenting with telecentres,
which have already exhibited their benefits in several West European countries.

Client-Orientation
The old practice of delivering the same technical messages to all farmers using the same extension
methodology is gradually being replaced by client-focused approaches.

Conclusion

1. Agricultural extension is an essential part in technology transfer.

2. The trend was the birth of unique and a better, effective and support extension systems.

3. It should be dynamic, location and time specific, updated and facilitate change enabling a better
educational and social status for a rural community.
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Type Hardy deciduous shrub

Common name Magnolia

Family MAGNOLIACEAE

Flowering season Mid to late spring (march to late spring)

Planting date Late autumn to mid spring (October - march) for bare rooted; anytime from
containers

Mature size/ shape Height 2.5 — 3 m (8-10 ft.), spread up to 2m (7 ft).

The magnolia is native to Japan, where it grows wild in certain areas, but has long been cultivated in
gardens there. It was named after the 18t century French botanist, Pierre Magnol Professor of Botany and
Director of the Botanic Garden at Montpellier. Introduced into American gardens in 1862, it reached the
British Isles some 15 years later.

Magnolia stellata is a deciduous shrub of rather rounded shape, reaching 3m (10 ft) or occasionally more,
although  being slow growing it 1is often seen at little more than 125 m
(4 ft.). It is usually much wider than high and a plant 1.25 m (4 ft.) tall may have a spread of 2m (over 6
ft.). The starry white flowers, which have 12- 18 petals, open before the leaves in mid spring (March or
early April). One of the advantages of this magnolia is the fact that is flowers while still a very small plant;
indeed, plants under 30 cm (12 in) high will produce flowers. There is a so called ‘pink’ variety known as
Rosea, whose buds are indeed pink, but whose open flowers are white as in the usual form. However, plants
of Rosea are quite liable to set seed, which the ordinary type of magnolia practically never does. After the
flowers have gone the plant produces narrow oblong leaves up to 10cm (4 in) long.

So far as winter frost is concerned it is perfectly hardy, but the opening flowers are liable to be damaged
by frost or by the wind. This is a risk that you will have to take with all the early flowering magnolias.
Such frosting of the flowers, although infuriating, does no harm to the shrub itself.

Magnolia stellata requires full light and a good soil, and is suited to a small garden. It is unsatisfactory on
chalky soils, although it seems not to resent some alkalinity. However, it does rather better on neutral or
slightly acid soil such as rhododendrons enjoy.

When planting young magnolias remember that they require a lightener such as well rotted manure or
peat in the soil immediately around the roots. Mix it in with the garden soil to give a rather light mixture
into which the new roots can run easily. All magnolias have rather thick fleshy roots and it is usually
advisable to defer any planning until late spring (April).

If you plant in spring, the shrub must be thoroughly watered in and then a mulch of straw, dried bracken,
or farmyard manure place around its base to prevent the soil drying out at this crucial time. If your soil is
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rather poor, much may be done by digging a hole 45cm

(18 in.) deep and up to 2cm (6 ft.) across and filling this with a special mixture. This will ensure the plant
getting off to a good start and, since it should remain in the garden forever, there is every reason for you to
take a little trouble to help it get started successfully.

The plant is closely allied to Magnolia kobus, a quite rapid grower which reaches upto 12m (40 ft.) tall, but
often takes a very long time before it begins to flower freely. Magnolia stellata is frequently grafted on this
plant, although Magnolia stellata is one of the few magnolias that can be raised fairly easily from cuttings;
choose firm but not yet woody growths. Magnolia stellata and Magnolia kobus have been hybridized to give
Magnolia x loebneri which combines the early flowering of stellata with the larger dimensions of kobus;
some grow to 7.5 m (25 ft.) and are slightly more across.

Magnolia spectrum Magnolia kobus

s B

’h. ‘ .
Magnolia macrophylla

Magnolia hypoleuca Magnolia guatemalensis Magnolia fraseri
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Salvia — Half Hardy Annual
Article ID: 31028
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Type Half — hardy annual, hardy and half- hardy perennials; half- hardy sub-
shrubs

Common name Salvia

Family LABIATAE

Flowering season Summer

Sowing date Late winter to early spring (January — February)

Mature size/ shape 15 cm- 1.5 m (6 in- 5 ft.)

Special uses Some species are used as dried flowers.

The name salvia is derived from Salvus, the Latin word for safe or well. Salvias were once thought to have
medicinal and curative properties. The half- hardy exotic salvias from the New World first appeared in
Europe in 1744, when seeds were sent from Florida and Mexico.

The familiar red Salvia splendens used for summer bedding came from Brazil in 1822. Salvia fulgens of
Mexican origin did not arrive in Britain until 1827, although it was grown on the Continent before this.
Also, from Mexico came the brilliant blue Salvia patens in 1838. Salvias are well behaved garden plants,
even though they have not been extensively bred or developed since their introduction.

Salvias are a very diverse group, comprising 700 species of hardy, half — hardy and tender annuals,
perennials and mainly evergreen sub shrubs. The most popular species are the familiar half hardy annuals,
including the fiery summer bedding plant S. splendens. The Victorians loved bedding plants and used this
species to make a splash of colour wherever they could.

S. splendens and the bright red Blaze of Fire still bring colour into the garden every summer. It is best to
treat it as a half hardy annual, starting from fresh seed each year. An attractive variation is the similar
Purple Blaze, which grows in the same habitat and produces violet purple flowers. S. patens, a perennial,
bears clear blue flowers during the summer and early autumn.

Although it is still not well known, S. horminum is becoming more popular. This true annual is a native of
Southern Europe and grows to 45 cm (18 in). During the summer, tiny pink or purple flowers appear, but
it is the brightly coloured 4 cm (1 % in) long bracts (flower bearing leaves) that make the most show.
Monarch Bouquet, which produces a splendid mixture of white, rose, red, blue and purple bracts, is an
excellent variety.
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All half-hardy annual salvias are usually raised in heat under glass during the late winter and early spring.
They should be planted out during late spring and early summer. The hardy and half-hardy perennial
salvias are very attractive garden plants.

S. argentea, originally from the Mediterranean, is short- lived and often grown as a biennial. It has delicate
rosettes of triangular shaped leaves covered in silvery white hairs. The white flowers flushed with mauve
are 4 cm (1 1/2 in) long and appear in late summer and early autumn (July and August).

Salvia of garden origin is S. virgata nemorosa, which grows to a height of 60cm (24 in). The profusion of
blue purple flowers makes a welcome display during the summer. Hardy perennial salvias should be
planted in late autumn and mid spring (October and March) in well drained garden soil.

They should be cut down to ground level every year during November. Once popular as conservatory plants,
the half-hardy sub shrubs are no longer as well known as the other groups. An interesting variety, S.
fulgens, produces a wonderful show of red flowers during the summer. The leaves are white and woolly on
the undersides.

This plant will spread about 45 cm (18 in) and reach 60-90 cm (2-3 ft.) in height. Sub shrubs are equally
happy planted in pots or in greenhouse soil. Gross feeders, they appreciate liquid feeds every week during
the growing season; and they should never be allowed to dry out. It is advisable to ventilate the greenhouse
when temperatures exceed 13°c 5° F), as these plants are not lovers of heat.

S.neurepia and S.rutilans, two summer flowering half hardy sub shrubs, will thrive inside. They may be
encouraging to grow at the base of a south facing wall outdoors, provided they are protected with straw or
other litter during the winter. Most salvia are propagated from seed, but the half hardy sub shrubs are
increased by taking cuttings from the non-flowered lateral shoots in late spring or early autumn.

Salvias are rarely bothered by pests and diseases, so they should grow quite well, provided they are
adequately fed and watered. S.officinalis is the common herb sage, which is available in green or decorative
leaved form.

e

Salvia horminum Salvia argentea Salvia virgata nemorosa
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Salvia microphylla Var. Salvia rutilans Salvia officinalis
Neurepia
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RNA Interference — A Key Tool for Crop Improvement
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Introduction

RNA interference (RNAIi) is a method of blocking gene characteristics through inserting short sequences of
ribonucleic acid (RNA) that match part of the target genes sequence, as a result no proteins are produced.
RNAIi has the capacity to turn out to be a powerful therapeutic approach in the direction of focused and
personalized medicine.

Even more exciting is the use of RNAi in agriculture. RNAi has supplied a manner to control pests and
diseases, introduce novel plant traits and increase crop yield. Plant biologists found out that introducing
multiple copies of a gene that codes for purple petunia flowers led, not as expected to a deeper purple hue,
but rather to plants with white or variegated flowers.

Through an unknown mechanism, the delivered transgenes have been silenced in addition to the plant’s
‘crimson-flower’ gene (Novina and Sharp., 2004 and Napoli et al., 1990). Andrew Fire and Craig Mello
observed that injecting double stranded ribonucleic acids (dsRNA) into the worm Caenorhabditis elegans
caused the silencing of genes with sequences identical to that of the dsRNA. They called the phenomenon
RNA interference.

Fire and Mello had been awarded the 2006 Nobel Prize for Physiology or Medicine for their discovery. In
addition to its roles in regulating gene expression, RNAI is used as an immune response to infection and as
a natural protection mechanism towards molecular parasites inclusive of jumping genes that affect genome
stability.

General Metabolic Pathway of RNA Interference
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Figure 1. General metabolic pathway of RNA interference
(Source:https://www.frontiersin.org/files/Articles/245287/fpls-08-00200-HTML/image_m/fpls-08-00200-

g001.jpg)

The entry of long double stranded RNA triggers the RNAi pathway of cells. This results in the recruitment
of the enzyme Dicer. Dicer cleaves the dsRNA into short, 20-25 basepairs long, fragments, called small

Volume 2 - Issue 8 - Aug 2020 78 | Page




CF‘“ AGRICULTURE & FOOD: E-NEWSLETTER

" WWW.AGRIFOODMAGAZINE.CO.IN
oo ISSN: 2581- 8317

interfering RNA (siRNA). An RNA-induced silencing complex (RISC) then distinguishes between the two
siRNA strands as either sense or antisense. The sense strands are degraded. The antisense strands on the
other hand are incorporated to the RISC. These are used as guide to target messenger RNAs (mRNA) in a
sequence-specific manner. Messenger RNAs (mRNA), which codes for amino acids, are cleaved by RISC.
The activated RISC can repeatedly participate in mRNA degradation, inhibiting protein synthesis (Figure
1).

RNA Interference for Disease Resistance Strategies in Crop Plants

Gene silencing become first used to expand plant varieties immune to viruses. Engineered antiviral
strategies in plants mimic natural RNA silencing mechanisms. This turned into first demonstrated while
scientists developed Potato virus Y- resistant plants expressing RNA transcripts of a viral proteinase gene.
Immunity has on account that been shown to different viruses which include the Cucumber and Tobacco
Mosaic Virus, Tomato Spotted Wilt Virus, Bean Golden Mosaic Virus and Banana Bract Mosaic Virus. In
addition, plant life also can be modified to produce dsRNAs that silence essential genes in insect pests and
parasitic nematodes. This approach was used to develop root-knot nematode, corn rootworm and cotton
bollworm resistant varieties.

RNA Interference for Male Sterility in Crop Plants

RNAIi has also been used to generate male sterility, which is valuable inside the hybrid seed industry.
Genes which can be expressed solely in tissues involved in pollen production can be cantered through RNAI.
For instance, scientists have developed male sterile tobacco lines through inhibiting the expression of TA29,
a gene important for pollen development. RNA1 was extensively utilized to disrupt the expression of Msh1l
gene in tobacco and tomato ensuing to rearrangements within the mitochondrial DNA associated with
naturally occurring cytoplasmic male sterility. Some other target traits and genes are described in Table 1
precisely through RNAi technology in crop plants.

Table 1. Crop Metabolic Pathway Engineering through RNAi Technology (Source —
ISAAA)

Target trait Host crop plant Gene targeted Application

Nutrient content Tomato Lyc lycopene concentration increased
Increment Tomato DET1I Higher flavonoid contents
Wheat, Maize SBEII Increased levels of amylose
Canola, Cotton FAD2 Increased oleic acid content
Cotton SADI Increased stearic acid content
Maize ZLKR/SDH Lysine-fortified maize
Reduced alkaloid Coffee CaMXMT1 Decaffeinated coffee
production Opium poppy COR Production of non-narcotic alkaloid
Tobacco CYPS82E4 Reduced levels of nor-nicotine in
leaves
Heavy metal reserve Arabidopsis ACR2 Arsenic hyper-accumulation
Reduced polyphenol Cotton s-cadinene Lower gossypol levels in cottonseeds
synthase
Ethylene Tomato LeETR4 Early ripening tomatoes
sensitivity Tomato ACC oxidase Longer shelf life
Reduced Peanut Arah?2 Allergen-free peanuts
allergenicity Ryegrass Lolpl, Lolp2 Hypo-allergenic ryegrass

Plant Functional Genomics and RNA Interference

An essential challenge in the post-genomic generation of plant biology is to determine the functions of all
genes in the plant genome. Compared to other techniques, RNAIi offers specificity and efficacy in silencing
contributors of a gene or more than one gene family.
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In addition, the expression of dsRNAs with inducible promoters can manipulate the volume and timing of
gene silencing, such that essential genes are only silenced at chosen growth stages or plant organs. There
are several approaches of activating the RNAi1 pathway in plant life.

The numerous RNAIi techniques have blessings and disadvantages with recognize to how persistent their
results are and the variety of plants to which they can be applied. These include the usage of hairpin RNA-
expressing vectors, particle bombardment, Agrobacterium- mediated transformation and virus-triggered
gene silencing (VIGS).

Conclusion

With RNAj, it would be viable to target more than one gene for silencing using a thoroughly-designed single
transformation construct. Moreover, RNAIi can also offer broad-spectrum resistance against pathogens with
excessive degree of variability, like viruses. Recent studies have hinted feasible roles of RNAi-related
approaches in plant biotic and abiotic stress adaptation. The complexities of RNAi pathway, the molecular
machineries, and how it pertains to plant development are still to be elucidated.
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Linkage of Plant Genetic Resources, Plant Breeding and Seed System
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There is a huge difference in what we produce today and what is needed to feed a projected 10 billion world
population by 2050 which is expected to increase anywhere between 59% and 98% (FAO, 2009; WRI, 2018).
Better conservation and utilization of food plant diversity have potential to address this issue effectively.

The plant genetic resources refer to the genetic diversity of actual or potential value that exists in grains,
legumes, vegetables and fruits. This PGR diversity is the chief biological basis for food security. However,
this potential can only utilize in amalgamation with plant breeding and seed systems.

The present-day advances in yield potential, quality, pest resistance and other important traits have
resulted because of breeding involving crosses from diverse genetic material. Farmers as well as breeders
who rely on yield as seed depend on crop genetic resources. The diverse PGR available from seed and
planting material of modern and traditional cultivars, landraces from farmers’ fields and wild relatives can
be utilised to identify elite donors of favourable alleles and incorporated into breeding program bringing
the alleles into practical uses to develop a novel genotype combination which is tested for stability and
worth followed by multiplication by seed production pipeline and distributed to seed growers and farmers
after identification and release.

Therefore, conservation and sustainable use of PGR is necessary as they ensure crop production meeting
environmental challenges and climate change. Their erosion is a long-term serious threat to the world’s
food security. The breeders are fully dependent on PGR, be it from farmers’ field and sometimes on
‘domesticated elsewhere’ to subsequently develop elite breeding material through prebreeding.

The process of prebreeding the initial link in the chain connecting PGR, plant breeding practices and seed
system. The crop wild relatives or collections are evaluated and identified for favourable traits deciding
further scope as they are pure wealth of alleles for several traits like stress hardiness, quality and pest
tolerance and resistance. Molecular marker techniques can be implemented to accelerate identification and
transfer of useful alleles.

The diagram depicting linkage between PGRs, plant breeding and seed system is shown in Fig. 1. The
efficiency is increased by the art of enhancement of genetic variability in the germplasm for its further use
in regular breeding program, resetting the genetic diversity of crops by reintroducing genetic variability
left behind and using genetic diversity that was not previously accessible due to genetic in-compatibilities
or non-overlapping geographic range.

However, low utilization of PGRs may be due to lack of documentation and adequate description of
collections, lack of proper evaluation and low seed availability due to inadequate seed regeneration.
Moreover, the techniques of tissue culture such as ovary culture and embryo rescue are promising in trait
transfer in cross incompatible species. Systematically developed advanced backcross populations derived
from wild Cajanus species provide valuable resource for genomic studies to identify QTLs for important
agronomic traits.

Backcross populations derived from complex interspecific crosses will help to improve levels of pest
resistance by combining different components from different species into cultivated types. Varieties
developed aiming yield and other traits are adopted by farmers as per consumer preference and market
demand.

Participatory plant breeding is a demand driven approach where the farmers are almost equally involved
as breeders in selections among variations in breeding program. This increases farmer skills to in selection
and seed production efforts through participatory varietal selection. The result is a line or a population of
genotypes ready to be adopted and suitable for farmers as per their criteria. The seed production and supply
system involve an integrated approach to sustainable use of plant genetic resources for increasing
production and achieving food security.
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Seed is not just a carrier of genetic diversity, but also a primary input for food security. The good quality
seed is ‘physically pure, genetically sound and physiologically viable’, suits the efficient utilization of PGRs.
The network should include several seed growers, testing and timely procurement. Restoration of PGRs
also depends on sound regeneration systems. Seed systems provide framework for PGR and varietal
multiplication, usage, availability and quality. Therefore, the linkage between Plant Genetic Resources,
Plant Breeding and Seed System is quite inevitable and efficient in conserve, discover, utilize and make
available the novel qualities in PGR.

Farmers/
Agro-ecosystem

New Cultivars

Fig. 1. Linkage relationship between plant genetic resources, plant breeding and seed systems
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Introduction

The production and use of nanomaterials, which continue to grow, have given rise to many concerns and
debates among public, scientific and regulatory authorities regarding their fate in biological systems. Soils
contain many kinds of inorganic and organic nanoparticles, namely clay minerals, metal oxides and
hydroxides, humic substances, allophane, and imogolite (Theng, B. K., & Yuan, G. (2008).

Organic nanoparticles can also be found in natural vegetation (Xia et at., 2010). Anthropogenic
nanoparticles can be further divided into two categories: incidental, which are nanoparticles produced
unintentionally in manmade processes (e.g., carbon black, carbon nanotubes and fullerenes, platinum- and
rhodium-containing nanoparticles from combustion byproducts (Nowack B and Bucheli TD 2007) and
engineered/manufactured, which are nanoparticles that are produced intentionally due to their nano-
specific properties.

The main focus of current nanomaterial toxicity research is engineered nanoparticles, such as metals, metal
oxides, single-walled and multiwalled carbon nanotubes, C-60, polymeric nanoparticles used as drug
carriers, and quantum dots. The increase in relative surface area that occurs as particle size decreases
down to the nanoscale gives rise to novel and enhanced material properties, but it also renders them more
biologically reactive (Nel et al., 2006 and Kahru et al., 2010).

The release of nanoparticles into the environment can occur through many processes, such as spilling and
washing consumer products incorporating nanoparticles; during synthesis and production; as an accidental
release during transport or use; from industries that exploit nanotechnology, for example wastewater
treatment and drug delivery Nanoparticles have been shown to produce cytotoxic, genotoxic, inflammatory
and oxidative stress responses in different mammalian cells in vitro.

The International Organization for Standardization defines Engineered Nanomaterials, or ENMS, as
materials with external dimensions between 1 and 100 nm, the nanoscale, or having an internal surface
structure at these dimensions. (Jeevanandam et al., 2018) Nanoparticles can be both incidental and
engineered. Incidental nanoparticles include particles from dust storms, volcanic eruptions, forest fires,
and ocean water evaporation. Engineered nanoparticles (EMMs) are nanoparticles that are made for use
in cosmetics or pharmaceuticals like ZnO and TiO2. They are also found from sources such as cigarette
smoke and building demolition.

Engineered nanoparticles have become increasingly important for many applications in consumer and
industrial products, which has resulted in an increased presence in the environment. This proliferation has
instigated a growing body of research into the effects of nanoparticles in the environment. The properties
of NPs and their impact in inhibiting challenges and toxicity risks are summarized in Table 1.

Table 1. Summary of Five Basic Nanomaterial Properties and their Potential Risks and

Challenges
Nanomaterial properties Risk description
agglomeration or aggregation Weakly bound (agglomeration) and fused particles are significant

risk criteria as they lead to poor corrosion resistance, high solubility
and phase change of NMs. This further leads to deterioration and the
structure maintenance becomes challenging.

reactivity or charge NPs can be charged either by functionalization or spontaneous
degradative reactions. Chemical species and their charge-related
critical functional groups will be a significant factor for specific
functionality and bioavailability of NMs.
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impurity Inherently, NPs interact with impurities due to their high reactivity.
Due to this reason, encapsulation becomes a prime necessity for
solution-based NP synthesis (chemical route). In the encapsulation
process, the reactive nano-entities are encapsulated by nonreactive
species to provide stability to the NPs.

contaminant dissociation The contamination of residual impurities in the NP is considered as
a major risk factor. For example, sulfur impurities may present in
iron oxide NPs depending on the precursor used for their production
(FeCl3 or Fe2(S04)3. Similarly, nickel, yttrium, or rubidium metal
impurities may be present in the carbon nanotubes (CNTs) that are
adsorbed on the CNT surface.

size Reactivity and agglomeration of NPs is mostly dependent on their
particle size. It is well known that the process of agglomeration will
happen at slower rates in smaller particles. After the synthesis of the
NPs, it i1s impossible to retain their original size. Hence,
encapsulation becomes highly inevitable in NP synthesis. The
exceptional size-dependent chemistry of NPs is distinguished from
classical colloid chemistry by categorizing NPs according to their
particle size.

recycling and disposal NMs are not bound to any hard-and-fast safe disposal policies. The
experimental results of NP exposure are not available and their
potential toxicity issues are still under question. Hence, the
uncertainty of a nanomaterial’s effect is yet to be developed for
permanent disposal and recycling policies.

Nanomaterial Regulations

Nanomaterials possess characteristics such as high chemical bioactivity and reactivity, cellular as well as
tissue and organ penetration ability, and greater bioavailability. These unique properties of NMs make
them superior in biomedical applications. However, these merits are also avenues for potential toxicity.
Thus, regulations via legislation, laws, and rules have been implemented by several government
organizations to minimize or avoid risks associated with NMs. However, there is no specific international
regulation, no internationally agreed upon protocols or legal definitions for production, handling or
labelling, testing toxicity and evaluating the environmental impact of NPs.

Medical standards related to ethics, environmental safety, and medical governance have been modifed to
cover the introduction of NMs into the biomedical field. Currently, the USA and the European Union (EU)
have strong regulatory bodies and guideline legislation to control the potential risks of NMs. The European
Commission has developed several pieces of EU legislation and technical guidance, with specific references
to NMs.

This legislation has been employed inside EU countries to ensure conformity across legislative areas and
to guarantee that a NM in one sector will also be treated as such when it is used in another sector. According
to the European Commission the term nanomaterial means "a natural, incidental or manufactured
material containing particles, in an unbound state or as an aggregate or as an agglomerate, and where for
50% or more of the particles in the number size distribution, one or more external dimensions is in the size
range of 1 nm to 100 nm". As the specifications of the materials and products meet the substance definitions
of the European chemical agency (REACH) and the European Classification and Labelling of Chemicals
(CLP), the provisions in these regulations apply. In addition, the EU has formed the Scientific Committee
on Emerging and Newly Identified Health Risks (SCENIHR), to estimate risks associated with NMs. In
2013, EU cosmetics regulation 1223/2009 was replaced by Directive 76/768/EEC.

The regulation defines the term nanomaterial as “an insoluble or bio-persistent and intentionally
manufactured material with one or more external dimensions, or an internal structure in the range of 1 to
100 nm which includes man-made fullerene, single-walled carbon nanotubes, and graphene flakes”. It can
be noted that cosmetics face regulations and moderations from USFDA’s Federal Food, Drug, and Cosmetic
Act (FFDCA), Personal Care Products Council (PCPC), Voluntary Cosmetic Registration Program (VCRP),
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EU cosmetics product notification portal (CPNP), REACH, Scientific Committee on Consumer Safety
(SCCS) and International Cooperation on Cosmetic Regulation (ICCR).

These regulations from the US and EU, as well as other countries such as Japan and Canada, reveal that
nanotoxicity via cosmetics are of major concern for both scientific policymakers and industries producing
consumer products. In the US, regulatory agencies such as the Food and Drug Administration (FDA), the
United States Environmental Protection Agency (USEPA) and the Institute for Food and Agricultural
Standards (IFAS) have initiated protocols to deal with the possible risks of NMs and nanoproducts. Since
2006, the FDA has been working on identifying sources of NMs, estimating the environmental impact of
NMs and their risks on people, animals and plants, and how these risks could be avoided or mitigated
(Thomas, et al., 2006). The European Medicines Agency (EMEA) and United States Food and Drug
Administration (USFDA) help in regulating the medical usage of hazardous NMs. Apart from this, a book
entitled “Principles for the Oversight of Nanotechnologies and Nanomaterials” was published by a coalition
of US domestic and international advocacy groups and was endorsed by 70 groups on six continents. This
article demands for a strong and comprehensive oversight of products generated from NMs.

This encompasses a precautionary foundation for specific nanomaterial regulations, health, and safety of
the public and workers, transparency, public participation, environmental protection, as well as the
inclusion of broader impacts and manufacturer liability. Similarly, the Nanomaterials Policy
Recommendations report covers ways to avoid or reduce the risk of NMs in food-related industries. This
report also advises companies to adopt a detailed public policy for NMs usage, publish safety analyses of
NMs, issue supplier standards, label NPs below 500 nm and adopt a hazard control approach to prevent
exposure to NPs.

Organic suppliers including the UK Soil Association, the Biological Farmers of Australia and the Canada
General Standards Board have already banned the use of engineered NPs in food. Researchers and
manufacturers should be educated on the regulatory laws and legislations prior to nanomaterial production
to avoid these types of bans against NMs. It is currently agreed that NMs are not intrinsically hazardous
per se and many of them seem to be nontoxic, while others have beneficial health effects. However, the risk
assessment in the future will determine whether the NMs and their products are hazardous or any further
actions are needed.

Conclusion

The toxicity profiling of NMs is a highly demanded research area worldwide in recent times. Natural NMs
have been present in the ecosystem for years, and they possess some mechanisms to cause less harmful
effects among living organisms. However, research advancements have found some acute toxic effects of
nanosized particles in living systems. NMs from anthropogenic activities and engineered NMs in consumer
products are able to cause toxic effects in living creatures. Additionally, emerging NPs, such as viral NPs
and nanozymes, should be subjected to rigorous cytotoxicity tests to establish benign mechanisms of
application and dosage levels. In order to minimize or avoid the potential hazards of engineered NMs in
consumer products, regulations and laws have been implemented in many countries. Extensive research
in the field of nanotoxicology and strict laws by government agencies are essential to identify and avoid
toxic NPs.
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Agricultural production systems are always under the confluence of biotic and abiotic stresses. In the
present scenario, the scope to increase food and agricultural production through area expansion is limited.

Conservation Agriculture been perceived by practitioners as an effective tool for Sustainable Land
Management, as it is based on augmenting yields and profits, to attain a balance of agricultural, economic
and environmental benefits. Thus, in many parts of the world, it is gaining acceptance as a potential
alternative to both conventional agriculture and organic agriculture. The principles on which conservation
agriculture is based on are rebuilding the soil, optimizing crop production inputs, including labour and
boosting profits. Although, it possesses tremendous potential for all sizes of farms and agro-ecological
systems; But, conceivably, smallholder farmers, especially those facing acute labour shortages would be
profited by its adoption unswervingly. This concept combines profitable agricultural production with
environmental concerns and sustainability that successfully works under various Agro-ecological zones and
farming systems. CA is a holistic, resource-conserving and productive approach to agriculture which can
possibly address the challenges to food security. This concept can make the most of available water while
addressing labor shortage, adapting to climate change by enhancing ecological functions, and responding
to demands for sustainable value chains and quality food products. It can satisfy the demand for food
through sustainable land management by reducing tillage and improving soil cover, moisture conservation,
carbon sequestration and microbial life on soil. By means of this distinctive concept, farming communities
turn out to be providers of more healthy living environments for the wider community through reduced use
of fossil fuels, pesticides, and other pollutants, at the same time sustaining environmental integrity and
services.

Furthermore, CA considerably reduces the cost of cultivation by saving in labour, time and farm power and
reduces pollution for environment. Farm litter which is considered harmful, if left as such, can serve as a
good source of crop nutrition, with proper utilization by adopting suitable conservation practices under
organic farming. The concept believes that collective social and economic benefits from both production and
environment protection, including reduced input and labour costs, are greater than those from production
alone.

In the present context of climate change conservation agriculture has its prominence since it improves soil
health through positive soil carbon budget with co-benefits of resource conservation and environmental
safety. In order to ensure benefits, all the three principles of CA are implemented simultaneously to
promise the yield advantage. On long term basis, Conservation Agriculture in organic farming is believed
to sustain and conserve the natural resources and sustaining the livelihood security of resources poor
farmers of mountain region. This concept deserves a serious consideration as it promises to address global
food security challenges through effective management of agro-ecosystems for improved and sustained
productivity, increased profits and food security concurrently preserving the resource base and
environment for the humanity in 21st century.
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Introduction

The World Health Organization (WHO) states that in developing nations, there are three million cases of
agrochemical poisoning. The prolonged intensive and indiscriminate use of agrochemicals adversely
affected the soil biodiversity, agricultural sustainability, and food safety, bringing in long-term harmful
effects on nutritional security, human and animal health. Most of the agrochemicals negatively affect soil
microbial functions and biochemical processes.

The alteration in diversity and composition of the beneficial microbial community can be unfavourable to
plant growth and development either by reducing nutrient availability or by increasing disease incidence.
Currently, there is a need for qualitative, innovative, and demand-driven research in soil science, especially
in developing countries for facilitating of high-quality eco-friendly research by creating a conducive and
trustworthy work atmosphere, thereby rewarding productivity and merits.

Soil receives the bulk of complex agrochemical compounds, several of which are poisonous to the activity of
non-target beneficial soil micro-organisms. More than 95% of the applied herbicides and 98% of insecticides
reach non-target soil micro-organisms than their target pest, as they are sprayed proportionately across
the entire field, irrespective of the affected areas.

Hence, of the total quantity of applied pesticides, about 0.1% reaches the target organisms while the
remaining quantity pollutes the soil and environment. This indiscriminate use of pesticides not only
disturbs the soil biodiversity but also adversely affects soil microcosms comprising of soil micro-fauna in
field communities and soil ecosystem. Large quantities of pesticides reaching to the soil have a direct effect
on soil microbiota, which is a biological indicator of soil fertility influencing plant growth and development.
Similarly, several studies have reported the impact of numerous pesticides on subduing soil enzyme
activity(s) which affects the nutrient status of soil and include hydrolyzes, nitrate reductase, urease,
oxidoreductases, nitrogenase, and dehydrogenase activities.

Further, biological nitrogen fixation (BNF) and their associated biotransformation (i.e., ammonification,
nitrification, denitrification, phosphorus solubilization and S-oxidation) are also affected by pesticide
applications. In addition, reduced microbial carbon biomass (MCB) and functional diversities of many non-
target soil microbial populations are affected because of intensive applications of pesticide in contemporary
agriculture.

Elaine Ingham, American microbiologist and founder of Soil Foodweb, stated, “If we lose both bacteria and
fungi, then the soil degrades”. Microorganisms in the soil are exclusively important because they impact
soil structure, functions, and fertility. These organisms are primarily decomposers of organic matter, but
also perform many other functions such as provide nitrogen (N), phosphorus (P), potassium (K), etc.,
through fixation and mineralization.

Thereby helping plants grow, detoxify harmful chemicals, suppress disease-causing organisms, and
produce substances that may stimulate plant growth. Soil microbes also mineralize the essential plant
nutrients in the soil to improve crop productivity, produce plant hormones that stimulate plant immune
system, encourage growth, and activate stress responses. For example, Rhizobium converts the
atmospheric elemental N into biology.
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Factors comprising both above and below-ground biodiversity and population dynamics drive soil health.
On a global scale, renewed efforts and focus on management strategies for food supply and security,
nutrition, health, and soil sustainability are mandated for understanding the impact of agrochemicals on
soil microbiota.

Impacts of Agrochemicals on Soil Microbiota and Agrobiology

Herbicides show a reduction in the total microbial population within 7 to 30 days after application
depending on the type of herbicidal molecules and adversely affect the microbial biodiversity indirectly by
altering the physiology or biosynthetic mechanisms. This, in turn, affects soil enzymatic activity, cellular
membrane composition, protein biosynthesis, and the amount of plant growth regulators (gibberellins
synthesis, transportation of Indoleacetic Acid (IAA), ethylene concentration, etc.).

The application of excessive and higher doses of herbicides has also been reported to result in the death of
many sensitive microbes. The detrimental effects of applied chemical herbicides on soil microbial diversity
depend on the degradability, adsorption and desorption, bioavailability, bioactivity, persistence,
concentration, and toxicity of agrochemicals along with soil factors such as texture, vegetation, tillage
system, and organic matter. The reduction in soil microbial functionaries is more under conventional tillage
than in no-till (NT) system.

Under conventional till (CT) system, the soil microbial biomass carbon (MBC) and mycorrhizal colonization
decrease after 12 days of application of herbicide fomesafen and mixtures of fluazifop- butyl + fomesafen.
Some microbial communities are more sensitive to the interaction effect of herbicides with other compounds
than the use of a single herbicide, as is the case with butachlor when applied in combination with cadmium.
Other herbicides in combination with inorganic fertilizers and heavy metals suppress the functions of soil
microbes. Following the application, herbicides undergo physical and biochemical transformations and
produce several secondary metabolites which are more lethal or persistent to non-target microbial
communities.

This is exemplified by the effect of 2,4-D and its metabolites on Burkholderia cepacia-a group of gram-
negative bacteria. The herbicidal action also depends on the type of formulation being used in addition to
the active ingredient such as surfactant and solvent. The addition of surfactant polyoxyethylene amine in
glyphosate makes herbicide more toxic to the bacterium as compared to glyphosate acid alone. The use of
biochar as a soil amendment may counter the negative effects of herbicides on soil biota. The soil type can
also play a critical role in the herbicidal effect.

The effect can be more severe in coarse-textured soils. The herbicidal molecules belonging to the triazines
group are more hazardous when applied over a long time due to their residual effect and persistence in soil.
The repeated applications of atrazine can significantly reduce the intensity of soil microbes. Similarly,
atrazine and metolachlor can alter the biodiversity of different species of actinomycetes and bacteria in
soil. Glyphosate, a nonselective herbicide belonging to organophosphate group, can decrease the activity of
phosphate enzyme up to 98%; inhibit growth and activity of soil biota, and have toxic effects on mycorrhizal
fungi when tested under laboratory conditions.

Fungicide bavistin has an inhibitory effect on several soil microbial populations, but the impact is non-
significant. AMF can be sensitive to some molecules of fungicides but not to all. Benzoyl is responsible for
the long-term reduction in mycorrhizal associations with many fungicides being toxic to hyphal growth and
thus root colonization of AMF associations of pea. Emisan (holding 6% 2-methoxyethylmercury chloride)
and carbendazim (benzimidazole fungicide and a metabolite of benomyl) both have a damaging effect on
AMF in groundnut. However, applications of Cu can provide a stimulus to mycorrhizae in groundnut.
Applications of metalaxyl favor AM colonization in roots of soybeans and maize.

There is a significant impact of pesticide contamination in soil ecosystem. The repeated use of such complex
chemicals (fertilizers, weedicides, insecticides, etc.) inevitably kill the microbial life that is invaluable for
the healthy soil ecosystem. Soil-dwelling microbes can be genetically modified using insecticides in a
manner that is no longer helpful to the soil ecosystem and may eventually become resistant to the
chemicals, intended to exterminate them. Insecticides have a higher effect on soil microbes compared to
herbicides, albeit less than that of fungicides. Some insecticides are detrimental to the growth and survival
of beneficial microbes, but others may have stimulating or no effects.
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For example, insecticides of the carbamate group (e.g., carbofuran, methiocarb, and carbaryl) have a wide
range of negative impact on soil microbial environment and enzymatic activity. Similarly, insecticides
belonging to the chemical group of organophosphates (i.e., dimethoate, diazinon, chlorpyrifos, quinalphos,
and malathion) inhibit the growth and population of soil bacteria, fungi, and enzymes. Arsenic, DDT, and
lindane also have a negative effect on the microbial biomass, microbial processes, and enzymatic activities
that are attributable to their long-standing residual effect and persistence in soil.

Conclusion

The mandate for agriculture development is to feed and provide adequate nutrition and surplus to the
mounting human population without compromising on ecology and environment of the biosphere.
Pesticides and their use are considered as magic bullets in developing nations. Pesticides cause serious
hazards to soil environment and human health because a lot of pesticides and their derivatives remain in
the soil system for a considerable period. Most pesticides negatively affect the biological functionaries of
microbes, their diversity, composition, and biochemical processes. Pesticides cause imbalance of soil
fertility which directly affects crop yield.
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Entrepreneurship plays a vital role in the growth of any economy. Development of entrepreneurship culture
and qualitative business development services are the major requirements for industrial growth in India.
The economic development of India is sparking largely by the enterprising spirits of the people of the nation.
The characteristic of enterprising, emerges from the inter play of behaviour and activity of special segment
of the population known as entrepreneurs.

India is moving towards a flourishing entrepreneurial activity to give us the benefits of economic growth,
employment, new products, services etc. The small savings of rural areas are contributed more in
establishing the small and micro enterprises in India. In the light demise of rural artisanship,
entrepreneurship has gained more focus as an empowerment too and in this process role of women cannot
be ignored.

The women are blessed with innate power that can make them as successful entrepreneurs. Women
entrepreneurship is inherent and also natural process. 48 percent of the total population is women in India
while their share in participation in the economic activities is only 34 percent. Women entrepreneurship
has been recognized during the last decade as an untapped source of economic growth. Apart from creating
jobs for themselves and others by being different women entrepreneurs also provide the society with the
different solutions to management, organization and business problems as well as to the exploitation of
entrepreneurial opportunities.

The topic of women in entrepreneurship has not gain its importance both in society in general and in the
social sciences. In the wake of this rapid entrepreneurial development, women entrepreneurship is gaining
importance in developing economies like India but with social and stereotypical roles women are expected
to play their entrepreneurial journey is full of hurdles.

Concept of Women Entrepreneurship and Status of Women Entrepreneurs in India
According to Lall & Sahai (2008),Women Entrepreneurs may be defined as the women or a group of women
who initiate, organize and operate a business enterprise. As per Government of India women entrepreneurs
are those who have enterprises controlled by them with minimum financial interest of 1% of capital
employed and at least 51% employment is given to women.

Khokhar & Singh (2016) stated that being almost half of India's population women entrepreneurship is
very important. The study of 20 Indian states has revealed that the status of women entrepreneurship in
India is under developed. Women entrepreneurship is less than one third of total. Vinay & Singh(2015)
stated that every woman has some entrepreneurial traits, but this capital has been underutilized in India.
A women entrepreneur is a woman who can face demanding role of business leader while balancing family
and social life and can be economically independent as well. They can be strong contributors to nation’s
economy.

Despite many success stories women entrepreneurs are still constrained by gender roles and stereotypes.
Due to their reproductive role women have to devote more time to their families and thus can contribute
less to business. For the same reasons they are less mobile.

Therefore, problems faced by women entrepreneurs are different from those of a male entrepreneur. Singh
(2008) explains the reasons behind entry of women in entrepreneurship. Some of the major reasons are:

1. Lack of exposure to successful entrepreneurs.

2. Social constraints and stereotypes.

3. Lesser network

4. Low priority by banks.

Volume 2 - Issue 8 - Aug 2020 9 | Page




C(‘ﬁ AGRICULTURE & FOOD: E-NEWSLETTER

PRFESOL,. WWW.AGRIFOODMAGAZINE.COIN
o-Ratetener ISSN: 2581- 8317

Goyal & Prakash (2011) have stated that women have a plethora of skills. They are quick learners,
persuasive, have open style of problem solving, ability to lose gracefully are among a few of their qualities.
Jalbert (2008) studied the role of women entrepreneurs in global economies. He found that women
entrepreneurs contribute towards the economic strength of the country and to improve national
competitiveness by bringing in new ideas and assets. They perform exceptionally well in

maintaining long term business relations, good organizational skills, better money management skills and
are sensitive to people and cultures. Goyal & Prakash (2011) mentioned in his study about the changing
role of women. Early Indian women entrepreneurs begin their journey by initially extending their kitchen
activities, the 3Ps: Powder, Pappad and Pickles. But with improvement in skills and training, proper
ecosystem India is witnessing a paradigm shift from 3Ps to 3Es that is electronics, engineering and energy.

Role of an Entrepreneur in Economic Development

From the literature review it can be seen that entrepreneurs play crucial role in economic growth and
development. The major contributions of entrepreneurs to the economic development are as follows:
1. Creation and distribution of wealth.

. Reduces Concentration of Economic Power

. Creates Large-Scale Employment Opportunities

. Promotes Balanced Regional Development

. Promotes Country's Export Trade

. Increasing Gross National Product and Per Capita Income

. Improvement in the Standard of Living

. Induces Backward and Forward Linkages

O 30 Ul W

Gender issues in Entrepreneurship:
1. A gender-based stereotype that financing women led venture is riskier.

2. Biased attitudes of banks and informal lending groups putting unrealistic and unreasonable securities
to get loan to women entrepreneurs.

3. Inadequate financial resources and working capital of women entrepreneurs as well as their inability to
provide tangible security for getting the load are serious issues. High investment in certain sectors
discourages women from venturing into new areas.

4. Family obligations of women entrepreneurs discourages the financial institutions due to the belief that
they can at any time leave their business and become housewives again. The result is that they are forced
to rely on their own savings, and loan from relatives and family friends. The interest of the family members
1s a detriment factor in the realization of women folk business aspirations.

5. The literacy rate of women in India is found at low level compared to male population. Although great
advances are being made in technology, many women’s literacy, structural difficulties, and lack of access
to technical training prevent the technology from being beneficial or even available to females.

6. Though the risk tolerance ability of the women folk in day-to-day life is high compared to male members,
while in business it is found opposite to that. Investing money, maintaining the operations and ploughing
back money for surplus generation requires high risk-taking attitude, courage and confidence.

7. Low-level management skills among women entrepreneurs are exploited by intermediaries who take
major profit.

8. Women entrepreneur’s business adventures are often affected due to lack of knowledge of availability of
raw materials and low-level of negotiation and bargaining skills are the factors.

Women entrepreneurs are the main actresses in changing the culture of the society. In India, women are
workaholics and participate outside the house and develop the sense of independence. Majority of women
operate medium and small enterprise under difficult conditions. It is difficult for them to find premises,
find markets for their products, access information, training and credit especially in the rural areas.

Their low level of education and multiple responsibilities both at home and business prohibit them to travel
for trade fair and training. Women entrepreneurs need to be better organized into women entrepreneur’s
association which helps identify higher potential business opportunities, develop markets for their
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products, improve product quality and marketing skills, practice good financial management and secure
better premises.
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Government of India with a vision to transform India into a digitally empowered society and knowledge
economy and launched a major programme called “The Digital India programme” on 2nd July 2015 by
prime minister Narendra Modi .The focus is on being transformative i.e. to realize IT + IT = IT. The motive
1s to transform the entire ecosystem of public services through the use of Information technology (IT). The
focus is on making technology central to enable change.

The Government of India aims to achieve growth on multiple fronts with the Digital India Programme
more specifically, the government aims to target nine Pillars of the Digital India' that they identify as
being:

1. Broadband Highways.

2. Universal access to phones.

3. Public internet access Programme: under this programme the post offices become multi service centers.
4. e-Governance reforming government through technology.

5. e-kranti electronic delivery of services.

6. Information for all.

7. Electronic manufacturing target net zero import.

8. IT for jobs (ix)Early harvest programmes.

Ongoing Services Under Digital India Programme

Digi locker Centre of Excellence on Internet of Things (IoT)
MyGov National scholarship portal:

eSign framework Digitize India Platform

Swach Bharat Mission Mobile App Wi-Fi hotpots

Bharat Net Next generation network

e-Hospital Electronics Development

Use of Information and Communication Technology (ICT) and data ecosystems to support the process of
development and delivery of timely, localized information and services to make farming profitable and
sustainable enterprise as digital agriculture. ICT as a tool in agriculture has the potential to change the
face of Indian agriculture in terms of crop productivity and profitability.

Government has, among others, initiated several measures viz.
1. e-Governance portals viz. farmer portal, kisan call centre and mkisan portal to benefit farmers to get
right information’s for efficient farming under varying agro-climatic conditions

2. Soil health card software has been standardized e-Governance program, to provide integrated nutrient
management recommendations using soil test crop response method.

3. Information on weather; soil health; seeds, nutrients, pests; irrigation; crops, good agricultural practices,
farm machinery; marketing infrastructure; farm commodity prices, arrivals, procurement points; electronic
certification for export & import; drought relief & management; livestock, fisheries management; training;
monitoring implementation and evaluation of schemes are being provided to farmers through multiple
channels including Common Service Centres, Internet Kiosks and SMSs Under National e-Governance
Plan in Agriculture.

4. eNAM: National Agriculture Market is an electronic trading portal which links all the existing APMC
markets to create unified national market for different agricultural commodities.
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5. National mission on agricultural extension and Technology is aiming at strengthening of agricultural
extension to enable delivery of appropriate technology and improved agronomic practices to farmers
through different interactive methods of information dissemination, use of ICT, popularization of modern
technologies, capacity building etc.

6. AgriMarket app is a mobile application has been developed with an aim to keep farmers updated with
the crop prices in markets within 50km of their own device location. In case person does not want to use
GPS location, there is another option available to get the price of any market and any crop. This app also
helps farmers to avoid of distress sales.

Other ICT Attempts for Indian Agriculture

Internet/PC with net access: ikisan Portal, ITC e- Choupal, Mahindra kisan mitra Currently available apps
for Indian agriculture are: Agriplaza, Rallis Mitr, Shriram Smart Kisan, Shriram Farm Connect, Yara
Check IT, Cropalyser, Citrus Diseases Key, Plant Health from APS, My IPM, Fertilizer 2.0, Deficiencies
AG PHD,BASF Disease ID, Farming’s Future, IFFCO kisan, Agri app, My Agri Guru, Kisan Suvidha etc..
IFFCO kisan App is the currently available no. 1 app for farmers.

It is an individual farmer suvidha app, which help the Indian farmers/kisan to take informed decisions by
accessing customized agricultural information related to their need. “Mridaparikshan digital lab” in
collaboration with Southampton University based on Britain will help farmers to assess the fertility of soil
and elements required boost the productivity. This information will be transferred to Mobile based
application in farmers mobile. Therefore, it gives all relevant information without any field survey.

How Can the Digital India Programme Help Farmers?

1. Better prices realization: Digital India is helping farmers to get better market price of produce and
reducing transaction costs. It has potential to connect each farmer to anywhere in the country. This would
help farmers to cut the role of middleman and would help to realize better profits.

2. Digital India has created a virtual ecosystem for the farmers to get timely, localized information and
services to farmers, making agriculture profitable and sustainable. It can help in providing data regarding
soil variability, moisture and nutrient levels, rainfall variability, timing of planting and harvesting and
market price volatility to farmers.

3. With the help of digital technology there is a provision of tailor-made recommendations to farmers based
on crop sown, real time observed weather and projected market prices.

4. Digital India Programme is helping the government to reach the needy and poor farmers for the direct
cash transfers system replacing agricultural subsidies.

5. Digital India will also support social media platforms to build human capacity. One of the best examples
of this is Digital Green, a platform that uses videos that have farmers explain best management practices
to other farmers.

6. Mobile money initiatives like Bhim (Bharat interface for money), PM Jan Dhan Yojana, etc. can allow
farmers to bypass poor banking infrastructure and support savings and access credit digitally.

Indian agriculture needs to be made more market-oriented through reform in existing policies and digital
technologies. There is a need of easy access to information regarding availability and knowledge needed for
use of those technologies. Rural connectivity is also important for providing low cost data .It would help
rural youth to realize their full potential and farmers to increase their profitability by accessing equitable
markets.

Volume 2 - Issue 8 - Aug 2020 94 | Page




Cﬁ‘ﬁ AGRICULTURE & FOOD: E-NEWSLETTER

i WWW.AGRIFOODMAGAZINE.CO.IN
oo ISSN: 2581- 8317

Strategies for Doubling Farmer’s Income

Article ID: 31036
Dipankar Saikia!, Rajeswari Das!, Subhra Sahoo?
1Ph.D. Scholar, Dr. Rajendra Prasad Central Agricultural University, Pusa,Samastipur-848125, Bihar,
India.

Food security was the prime focus of the country during the past planned development era. Farmers have
adopted Various Green Revolution technology through which India achieved a commendable position in
food production, but overtime farming itself turned non-profitable due to rising costs and uneconomical
holdings.

The strategy didn’t actually recognize the need to increase farmers income results in farmers’ distress
across the country over time has shocked the entire agrarian foundations. Unless farmers’ income increases
substantially, distress cannot be tackled (Chand, 2016). The Hon’ble Prime Minister of India in an address
to farmers in District Sheopur in Madhya Pradesh exhorted to double the incomes of farmers by 2022.
Subsequently, the announcement was formalized in the Union Budget 2016-17 stating that an important
objective of the Government is to double the income of farmers by the year 2022.

Ever since the announcement was made, several scholars expressed their views in support of the
possibilities of achieving double farmers income while some notable scholars expressed their reservations
too.

Why We Need to Care About Farmers?

263 million Indians are farmers and agricultural worker and 430 million (agricultural statistics at a glance,
2014) depends on farming. If so, many Indians do not have the basic financial security, India cannot be
considered as prosperous country.

Trend in Farmers’ Income: All India

As per Chand et al.(2015), the real income grew at the compounded rate of 3.94 per cent per annum during
2004-05 to 2011-12 which is the fastest compared to previous two decades. Chand et al. (2015) reveals that
total income per an average agricultural household grew annually at 11.75 per cent from to Rs.77,112
during 2012-13 from Rs.25,380 during 2002-03. That is, it doubled in about 6 years. However, when
measured in real terms (after neutralizing the effect of inflation), the income growth was 5.24 per cent and
doubling of income would take 14 years at this rate. Large farmers took a smaller number of years to double
their incomes compared to lower marginal farmers.

There are several ways for increasing the income of farmers. Some can be realized within a year or so and
others may be realized over the years depending on the process involved. Also, the strategies and the plan
should be different for different states/regions and the clientele groups. Due to the varied geographical
diversity of the country, we must understand that strategies to doubling farmer’s income will be different
for each state and, we should not forget that marginal and small farmers constitute 85% of the operational
holdings in the country. Each state needs to start by drawing up a plan stating what it is and what would
it take to double incomes say in a specified time span, say from 2020-21 up to 2028-29.

Some of common strategies we should focus upon are:
1. Enhancing Production through Yield increase.

2. Cost reduction possibilities:
a. Smart nutrient management
b. Low input agriculture( Promotion of organic farming)
c. Farming system approach /Integrated farming system
3. Big focus on irrigation with large budgets and integrated policies, with the aim of per drop more crop.

4. Diversification towards high value crops is required to improve income and improve resource use
efficiency:
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a. Staple crops ( Cereal, Pulse, Oilseed) occupied 77% of Gross cropped area but contribute only
44% of output of the crop sector.

b. High value crops like fruits vegetables condiments spices etc occupy 19% of Gross cropped area
and contribute the same 44% of output of the crop sector

c. Focus on Agro forestry.

5. Promotion of ancillary activities Poultry, Beekeeping and Fisheries etc.

6. Promotion of dairy sector: India is the largest milk producing country in the world, producing 50 million
metric tonnes of milk. India is also the world's largest and fastest growing market for milk and milk
products

7. Promoting Agri-preneurship.

8. Land holdings have halved in last 2 decades, which has a detrimental impact on farming which can be
resolved by creating a greater number of non- farming jobs

9. Easy access to affordable crop insurance with quick settlement so that a farmer is no longer one
environmental disaster away from ruination

10. Easy access for basic services likes health and education, so that farmers should not afraid of this debt.

11. Research institutes should result in technological breakthroughs for shifting production frontiers along
with increase in input use efficiency.

12. Policy and reforms:
a. Enable Healthy Credit Environment:
1. Bank regulatory reforms.
1. Improving access to credit.
b. Marketing reforms for improving terms of trade of farmers.
c. Land on lease.
d. Forestry on private land.
e. Promoting Value chain.
f. Promoting producers’ alliances.
g. Linking production to processing.
h. Coordination and involvement of states.
1. Infrastructure Support.

If collaborative efforts are made by the Centre and all the States and UTs, the Country can achieve the
goal of doubling farmers' income in near future.
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Azospirillum was isolated by Beijerinck (1922) in Brazil from the roots of Paspalum and named it as
Azotobacter paspali and later named as Spirillum lipoferum. Dobereiner and Day (1976) reported the
nitrogen fixing potential of some forage grasses due to the activity of S. lipoferum in their roots. Dobereiner
coined the term "Associative symbiosis" to denote the occurrence of N2 fixing spirillum in plants. Taxonomy
was re-examined and Tarrand et al. (1978) designated this organism as Azospirillum.

It 1s an aerobic or micro aerophilic, motile, gram negative bacterium. Non spore former and spiral shaped
bacterium, inhabiting the plant roots both externally and internally. Being a micro aerophilic organism, it
can be isolated on a semi solid malate medium by enrichment procedures.

Classification
Species: (7). Family — Spirillaceae
1. A. brasilense

2. A. lipoferum
3. A. amazonense
4. A. halopraeferens
5. A. irkense
6. A. dobereinerae
7. A. largimobilis
Morphology
1 Cell size Curved rods, 1 mm dia, size and shape vary
2 Accumulate PHB
3. | Gram reaction Negative
4 Development of white pellicles 2-4 mm below the surface of NFB medium
4 Azospirillum
aggregate - =
Physiology
1. Nature Chemoheterotrophic, associative
2. Sole carbon source Organic acids, L-arabinose, D-gluconate, D-fructose, D-glucose, Sucrose,
Pectin
3. N source N2z through fixation, amino acids, N2, NH4*, NOs
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4. | Respiration Aerobic, Microaerophilic
5. Growth media NFBTB (NFB) medium
6. | Doubling time 1 hr in ammonia containing medium 5.5 — 7.0 hrs in malate

containing semisolid medium

Mechanism of Action
1. Contribution by BNF
2. Production of PGP substances by bacteria:
a. Increases root hair development, biomass.
3. Production of PGP substances by plant:
a. Morphological changes in root cells.
b. Increased activity of IAA oxidase
c. Increase in endogenous IAA
d. Increased mineral and water uptake, root development, vegetative growth and crop yield.
4. Competition in the rhizosphere with another harmful microorganism.
5. Polyamines and amino acids production.
6. Increased extrusion of protons and organic acids in plants.

Benefits

1. Promotes plant growth.

2. Increased mineral and water uptake, root development, vegetative growth and crop yield.

3. Inoculation reduced the use of chemical fertilizers (20-50%, 20-40 kg N/ha)

4. Increases cost benefit ratio.

5. Reduces pathogen damage.

6. Inhibit germination of parasitic weeds.

7. Restoration of arid zone, margine mangrove ecosystem.

8. Reduces humic acid toxicity in compost. - Recommended for rice, millets, maize, wheat, sorghum,
sugarcane and co-inoculant for legumes.

References
1. Naveen Kumar, Arora (2014). Plant Microbes Symbiosis: Applied Facets. Springer. ISBN 978-81-322-2068-8.
2. "Azospirillum". www.uniprot.org.
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Summary of Article

Conventional breeding takes minimum 8 — 10 years of breeding cycles to develop a new variety. The biggest
problem of conventional breeding to achieve high yielding and more vigorous crop is it require more
generation to develop. Speed Breeding is a next generation advance technology where plants can be grown
in an artificial environment with enhanced light duration to create longer daylight condition to speed up
the breeding cycles of photo-insensitive crop. So, let’s have some basic knowledge about it.

Introduction

Generally, conventional breeding takes minimum 8 — 10 years of breeding cycles to develop a new variety.
Speed Breeding is a next generation advance technology where plants can be grown in an artificial
environment with enhanced light duration to create longer daylight condition to speed up the breeding
cycles of photo-insensitive crop.

The speed breeding experiments in wheat revealed that the quality and yield of the plants grown under
controlled climate with extended daylight were the same as those of crops grown in regular glass house
conditions (kumar et al., 2018).

Speed breeding or Shuttle breeding is inspired from extra-terrestrial experiments by NASA (USA), to grow

crop seeds in space, using an enclosed chamber and an extended photoperiod inspired the scientist in the

University of Queensland and University of Sydney in Australia to develop a speed breeding platform.

(Kumar et al., 2018). The key scientist involved in the development of speed breeding and protocol was Dr.

Lee Hicky, Brande Wuff, Amy watson and Sreya Ghosh. (Watson & Ghosh., 2018).
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Need of Speed Breeding

The biggest problem of conventional breeding to achieve high yielding and more vigorous crop is it require
more generation to develop, but the speed breeding sorted out that problem. Farmers will have to produce
60 — 80 % more food by 2050 to feed 9 billion people and speed breeding is a potential technique to achieve
it. Speed breeding, greatly shortens the generation time and accelerates breeding and research
programmes. We can produce wheat generation from seed to seed in just a six week, which means we can
do harvest of six generations per year. Plant pathogen interactions, plant anatomy and flowering time can
be studied in detail and repeated using this technology (Kumar et al., 2018).

Importance of Speed Breeding

1. Ultimately reduce the crop duration and increase the generation advancement throughout the year.

2. Rapid increase in the genetic gain of the favourable traits which lacks in double haploid breeding.

3. Development under speed breeding was normal although accelerated, and the harvested seeds from
speed-bred plants were completely viable.
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4. Approach have been demonstrated to be an efficient system for rapid screening of wheat germplasm for
adult plant resistance to various diseases.

5. Speed breeding in fully controlled environment growth chambers can accelerate plant development for
research purposes like rapid trait introgression.

6. It can be used for phenotyping of adult plant traits, mutant studies and transformation (Watson & Ghosh
et al., 2018).

7. Speed breeding as a platform can be combined with several other  technological such as marker
assisted selection, genomic selection, CRISPR gene editing, etc. to get to the end result faster (Kumar et
al., 2018).

8. In wheat crosses, to achieve 98.438 % of homozygosity through selfing requires 6 years in conventional
breeding (1 generation/year), 3 years in shuttle breeding (2 generation/year), 2 years in glass house control
(3 generation/year) while speed breeding require only 1 year (6 generation/year) (Watson & Ghosh et al.,
2018).

So far speed breeding was reported in Photo insensitive crops (Watson & Ghosh et al., 2018) viz. Bread
wheat, Durum wheat, Barley, Chickpea, Oat, Canola, Pea, Quinoa, Grass pea, Peanuts, Lentils and
Potatoes.

Speed Breeding Set Up

1. Light: In the PAR region (400-700 nm), particularly blue, red and far-red ranges, are suitable. This can
be achieved through LEDs and other lighting sources (e.g., halogen lamps), sodium vapor lamps. PPFD of
~450-500 nmol/m2/s at plant canopy height is recommended. (Watson & Ghosh et al., 2018)

2. Photoperiod: Photoperiod of 22 h with 2 h of darkness in a 24 h diurnal cycle is recommended. Reports
says 18 h photoperiod was sufficient to achieve faster generation for wheat, barley, oat and triticale.

3. Temperature: A higher temperature of 22°C for 22 h should be maintained during the photoperiod,
whereas a fall in temperature of 17°C for 2 h during the dark period can aid in stress recovery.

4. Humidity: Most controlled environment chambers with a range of 60-70% is ideal.

Limitations
1. Short day plants require the photoperiod to be less than the critical day length to flower, so speed
breeding is an odd one in case short day plants

2. The Speed Breeding procedures take place in an artificial environment. This is acceptable for many
activities, such as crossing, SSD and screening for some simple traits but selection for adaptation in the
target environment couldn’t be carried out.

3. The initial investment to build a glasshouse or purchase a growth chamber with appropriate
supplementary lighting and temperature control capabilities is high.

4. Ability to shorten generation time further through early harvest of immature seed can interfere with the
phenotyping of some seed traits.

5. Technologies, determining the optimal way to integrate Speed Breeding into a crop improvement
program needs careful consideration and may require significant redesign or restructure to the overall
program (Watson & Ghosh et al., 2018).

Shuttle Breeding

In early 20th century there was no such innovative technology was invented to increase the generation
advancement. Dr. Norman E. Borlaug, father of green revolution, who hardly worked to feed the emerging
population founded the new method called shuttle breeding in CIMMYT, Mexico, 1968. Shuttle breeding
denotes the growing of breeding population at two or more locations in alternate manner. i.e., they shuttle
between the two or more contrasting locations involving in regard to latitude, altitude and rainfall has
proven a most efficient way to introduce and select genes for photoperiod insensitivity (Kumar et al., 2011).
Shuttle breeding combines the features of pedigree and bulk methods and simply it is similar to modified
pedigree-bulk method. First shuttle breeding has been implemented by Dr. N. E. Borlaug in wheat crop at
Mexico of two different locations viz., Cd. Obregon and Toluca city.
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Importance of Shuttle Breeding
1. Ultimately increase the generation advancement from 1 generation/year to 2 generations/year of wheat.

2. Shuttle breeding has been responsible for the production of photoperiod insensitive and widely adapted
germplasm.

3. The photoperiod insensitive genes, Ppd1l and Ppd2, abound in CIMMYT’s spring wheats and along with
the dwarfing genes, Rhtl and Rht2 resulted in lodging tolerant with higher yielding was obtained.
(Hoogendoorn et al., 1988).

4. This is superimposed with rust resistance (Borlaug, 1968), the new genetic combination provided
adaptation to most irrigated wheat growing areas of the subtropics and lead to the green revolution.

Shuttle Breeding in INDIA

IARI, Regional station, Wellington, Tamil Nadu played a historically role in introduction of high yielding
wheat varieties namely Lerma Rojo 64A, Sonora 63, Sonora 64, Mayo 64 along with 630 selected samples
of superior semi dwarf wheat lines from Mexico by noble laureate Dr. N. E. Borlaug.

Reason behind of Indian green revolution were first multiplied at this station during summer season of
1964. The seeds thus harvested during wheat off-season (summer) of 1964 were distributed count. Indian
wheat breeders of all ICAR institutes and SAU’s in reducing the varietal development period to half i.e.,
from eight years to four years.

This important research activity cannot be undertaken elsewhere in the country as reliably as at
Wellington. Regional research station, Dalang Maidan, Himachal Pradesh, was established in 1947. This
station is mainly meant for the screening of yellow rust and powdery mildew resistant of wheat and barley
variety.

Nearly more than 30,000 lines are grown and screened every year under natural epiphytotic conditions.
Generation advancement of wheat, barley, chickpea, mustard and lentil are carried out during off season.

Conclusion

Both speed breeding and shuttle breeding is a very powerful tool to accelerate the crop research and
breeding programmes. The study has clearly shown that generation time can be reduced substantially
within a speed breeding/SSD system, and hence new varieties could be developed up to two years quicker
compared to using conventional field-based pedigree breeding strategies.

The study has demonstrated that speed breeding technologies previously developed for wheat and barley
can be successfully transferred to the cultivated peanut and other crops, offers breeders a new tool to
develop improved cultivars more quickly. To meet the ongoing demand in food production and to feed a
global population of 9-10 billion by 2050, speed breeding is considered as the most innovative way of
approach, followed by shuttle breeding.

Future Thrust

To respond faster to the changing climate, evolving pathogens a breakthrough technology in genetics and
plant breeding programme should be needed and speed breeding will definitely full fill that in future.
Shuttle breeding paves the way for screening of any diseases newly emerged across the countries like Ug99.

NASA is looking at ways to provide astronauts with nutrients in a long-lasting, easily absorbed form freshly
grown fresh fruits and vegetables through speed breeding technology. As it increases the breeding
generation per year, a greater number of researches will be carried out and documented. A key question to
answer is the relationship between microgravity and plant lignin content. Lignins in plants have functions
whose closest analogy is that of bones in humans.

They give structure and rigidity to plants and the means to stand upright against gravity. We already know
that space causes bone and muscle loss in humans because the physical demands are lower in space. So
what about lignins? NASA’s idea of growing plants in space do validate most of the theories and will become
the reason for the evolution of more new theories.
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Introduction

Many countries in the world are facing malnutrition by means of protein deficiency in human and animal
food. Hence, biologists have directed their attention to the use of microbial proteins in animal and human
diet.

Biomass production has played a significant role in our attempts to make good protein component of world
food shortages. It is vital to produce protein in large quantities in all available methods. Single Cell Protein
(SCP) refers to sources of mixed protein extracted from pure or mixed cultures of algae, yeasts, fungi or
bacteria that are grown from agricultural wastes.

The microbial biomass contains about 45 to 55 % protein on an average. In some bacteria, the protein
content is as high as 80%. Along with protein, the biomass also contains other essential nutrients so that
it 1s an ideal supplement to conventional food supply.

Production Process

SCPs are produced, when the waste materials including wood, straw, cannery and food processing wastes,
hydrocarbons, residues from alcohol production, human and animal excreta are subjected to fermentation
by microbes.

SCPs are found in very low concentrations and thus extracting SCPs from the waste remains a challenge.
Precipitation, centrifugation, floatation, coagulation and the use of semi-permeable membrane are the
alternate ways developed by the engineers to increase the SCP yield (Vrati, 1983).

Choice of Microorganism for SCP Production

The criteria used in choosing appropriate strains for SCP production includes, substrate must be used as
carbon and nitrogen source with high specific growth rates and productivity. It should be able to show
tolerance towards pH and temperature, non-pathogenicity and absence of toxins.

The microorganism must be easily available for harvesting with high protein yield (Table 1).

Bacteria Algae Yeast Fungi
Brevibacterium Chlorella pyrenoidosa  Candida utilis Chaetomium
celluloliticum

Bacillus megaterium Scenedus musacutus Candida Aspergillus niger
intermedia

Lactobacillus species Porphyrium sp Saccharomyces Rhizopus chinensis
cerevisiae

Cellulomonas species Sprulina maxima Tricoderma viridae

Table 1. A variety of bacteria, mould, yeast and algae are being employed in SCP production.

Potential Substrates for SCP Production

1. Sulphite waste liquor — Candida utilis biomass has been produced as a protein supplement by
fermentation of sulphite waste liquor.

2. Cellulose — cellulose from wood waste and natural sources are the starting material for SCP production.
3. Whey.

4. Glucose.

The carbon source present in the medium must be able to cultivate heterotrophic organisms. Examples of
those carbon sources includes fossil carbon like n-alkanes, gaseous hydrocarbon, methanol, ethanol,
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renewable sources like carbon dioxide molasses, polysaccharides, distilleries, confectionaries and canning
industries. Solid substrates like salts of potassium, manganese, zinc, iron and ammonia are also included
in the medium to facilitate cultivation of many microorganisms (Anupama and Ravindra, 2000).

Types of Fermentation

Microbial cells are produced:

1. As a source of protein for animal or human food.

2. For use as a commercial inoculum in fermentation of food, agriculture products and in waste water
treatment.

SCPs are produced generally by two types of fermentations:
1. Submerged fermentation.
2. Semisolid state fermentation.

Submerged fermentation is the one, where the substrate to be fermented is necessarily placed always in a
liquid that containing nutrients needed for the growth. The substrate is held in fermentor that is operated
continuously and simultaneously biomass product is continuously harvested.

The obtained product is further filtered/centrifuged and dried. This process has higher operating cost. In
semisolid fermentation, the substrate preparation is a simple solid waste (Ex. Cassava waste).

The basic steps involved in SCP production are:

1. Production of suitable medium containing proper carbon source.
2. Prevention of contamination of medium and fermenter.

3. Production of appropriate microorganism.

4. Separation of microbial biomass and processing.

The process of SCP production involves some engineering operations likely stirring, mixing of multiphase
system, heat transfer from liquid phase to surroundings and transport of oxygen (Fig.1).

Substrate
[ Fermentor eg—- . Nutrient
|
' \
I Filtration
|
| y
L — - Drying

Single-cell protein
[SCP)

Submerged fermentation
cem— — — Semisclid fermentation
Fig.1.Flowchart for SCP production

Advantages of SCP

As compared with traditional methods of producing proteins for feed or human foods, large scale production
of the microbial biomass includes the following advantages:

1. Microorganisms have high rate of multiplication.

2. Microbes possess high protein content.

3. They can utilize large number of carbon sources.

4. Strains with high yield and good composition are produced easily.

5. Microbial biomass does not depend on seasonal and climatic variation.
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Conclusion

Single cell protein (SCPs) with rich protein (60-70%) with a high concentration of vitamins B complex and
low-fat values are suitable for human and animal consumption. The use of SCP as food ingredient is still
in stages of development.

There are a lot of prospects concerning improvement of using SCP in various means. Genetic engineering
could enhance the synthesis of SCP with huge yield with no toxic by-products produced with the SCP. The
application of agro-industrial waste in bio-processes such as cultivation of SCP provides a solution to the
pollution problems.

Further research and development will facilitate the usage of SCP as a supplement in diet in developing
and underdeveloped countries to fight against malnutrition.
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Phosphate Solubilising Microorganisms: Introduction

Though most soils contain appreciable amounts of inorganic P, most of it being insoluble forms, cannot be
utilized by crops unless they are solubilized. Soils also contain organic P that could not be utilized by plants
only when it is mineralized.

Phosphate solubilizing microorganisms not only able to solubilize insoluble forms of inorganic P but are
also capable to mineralize organic forms of P, thus improving the availability of native soil P making their
P available to plants.

PSM can also solubilize P from rock phosphate (RP), slag or bone meal making their P available to plants.
Thus, PSM biofertilizer being economical and environmentally safe offers a viable alternative to chemical
fertilizers.

Microorganisms Involved

Many microorganisms can solubilize inorganic phosphates, which are largely unavailable to plants.
Microbial involvement in solubilization of inorganic phosphate was first shown by Stalstron (1903) and
Sacket et al.

(1908) gave conclusive evidence for bacterial solubilization of RP, bonemeal and TCP. Various bacteria and
fungi reported to solubilize different types of insoluble phosphates. Not only solubilizes but also mineralize
organic P compounds and release orthophosphates.

In general, PSM constitute 0.5 — 1.0% of soil microbial population with bacteria and out numbers the fungi
by 2 — 150 folds. But bacteria may lose the P solubilizing ability while sub culturing and fungi do not lose.
Among bacteria, aerobic spore forming bacteria are more effective P solubilizers.

Mechanism of PO+ Solubilization

Different mechanisms were suggested for the solubilization of inorganic phosphates
1. Production of organic acids.

. Chelating effect.

. Production of inorganic acids.

. Hydrogen sulphide production (H2S).

. Effect of carbon dioxide.

. Proton extrusion.

. Siderophore production.

1 O O~ W

Mycorrhizae

Mycorrhiza (fungus root) is the mutualistic association between plant roots and fungal mycelia. Frank
(1885) gave the name "mycorrhiza" to the peculiar association between tree roots and ectomycorrhizal
fungi. 95% of the plant species form mycorrhizae. It can act as a critical linkage between plant roots and
soil. This association is characterized by the movement of plant produced carbon to fungus and fungal
acquired nutrients to plants. Mycorrhizal fungi are the key components of the rhizosphere are considered
to have important roles in natural and managed ecosystems.

Types of Mycorrhiza

Mycorrhizal associations vary widely in structure and function. Two main groups of mycorrhizae are
recognized; the ectomycorrhizae and endomycorrhizae, although the rare group with intermediate
properties, the ectendotrophic mycorrhizae.
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1. Ectomycorrhiza: The fungal hyphae form a mantle both outside the root and within the root in the
intercellular spaces of the epidermis and cortex. No intracellular penetration into epidermal or cortical
cells occurs, but an extensive network called the Hartignet is formed between these cells. Sheath or Mantle
increases the surface area of absorbing roots and offers protection to the roots. Hartignet can act as storage
and transport organ for P.

Ectomycorrhizae are common on trees, including members of the families pinaceae (Pin, Fir, Spruce, Larch,
Semlock), Fagaceae (Willow, Poplar, Chesnut), Betulaceae (Birch, Alder), Salicaceae (Willow, Poplar) and
Myrtaceae.

The fungi forming Ectomycorrhizal association are coming under Basidiomycotina and Ascomycotina. eg:
Laccaria laccata, Suillus, Rhizopogan, Amanita

2. Endomycorrhizae: Endomycorrhizae consist of three sub groups, but by far the most common are the
Arbuscular Mycorrhizal fungi. Fungi under AM are the members of Endogonaceae and they produce an
internal network of hyphae between cortical cells that extends out into the soil, where the hyphae absorb
mineral salts and water. This fungus does not form an external mantle but lives within the root.

In all forms, hyphae run between and inside the root cells which includes:

Ericoid mycorrhiza Associated with some species of Ericaceous plants
Orchid mycorrhiza Associated with orchid plants
Arbuscular mycorrhiza Associated with most of the plant families

Arbuscular Mycorrhizal Fungi
The most important one is AM: AM, an endomorphic mycorrhiza formed by the aseptate phycomycetous
fungi are associated with majority of agricultural crops, growing under broad ecological range.

Class Zygomycotina
Order Endogonales
Family Endogonaceae

150 species of AMF are known.

Colonization Process

Roots do not show visual morphological changes due to AM colonization. AM fungal infection into a host
occurs by germination of spore, hyphal growth through soil to host roots, penetration of host roots and
spread of infection inter and intracellularly in the root cortex.

Colonization occurs under two phases:
1. Extra metrical phase
2. Intra radical phase.

Extra Metrical Phase

Events occurring outside the root after the germination of chlamydospores. Mycelium explores larger soil
volume. Fungal growth can be 80-130 times the length of root. Extra metrical hyphae (EMH) are larger in
diameter than inner hyphae. Once the fungus recognises the plant, appressorium is formed in the host
roots and penetration occurs via the appressorium. EMH ends with resting spores in soil.

Intra Radical Phase

Events occurring inside the root cortex. After penetrating the cortex, the fungus may produce intercellular
as well as intracellular hyphae in the cortical cells. Forms two morphological structures namely arbuscules
and vesicles inside the cortical cells.

Arbuscules

Arbuscules are the first formed structures after the hyphal entry into the cortical cells. Arbuscules are the
fine dichotomously branched hyphal filaments look like little trees. Arbuscules start to form approximately
2 days after penetration. They are considered as the major site of exchange between the fungus and host
root. They are short lived (4-13 days) and degenerate.
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Vesicles

Following the formation of arbuscules, some species of fungi also form vesicles in the roots. Terminal or
intercalary hyphal swellings of the hyphae called vesicles. Vesicles contain lipids and cytoplasm. They act
as P storage organ and they ever be present in the root. Size of the vesicles is about 30-100 pm. In vesicles
P can be accumulated as polyphosphates. EMH, vesicles and Arbuscules play a key role in nutrient transfer
particularly in mobilisation of phosphorus.

Mechanism of Action

The beneficial effect on plant growth and yields following inoculation with VAM is attributed to
1. Improved mineral nutrition, especially P (P, Zn, Cu, K, S, NH,).

2. Mobilization of nutrients through greater soil exploration.

3. Protection of host roots against pathogen infection.

4. Improved water relation

5. Better tolerance to stress like salinity, heavy metal pollution

6. Protection against transplantation shock.
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Introduction

India ranks first in livestock population in world. Generally, cow and buffaloes breed specially use for dairy
purpose. Mastitis is considered as one of the costliest diseases affecting dairy cows. Mastitis is a complex
disease that occurs in clinical and subclinical forms in Buffaloes and Cows.

The mastitis is characterized by biochemical changes in composition of milk. These compositional changes
reflecting the degree of physical damage are well marked and can be used as a basic indicator for diagnosis
of subclinical mastitis. These changes not only alter the nutritional quality of milk but also preservation
quality.

Mastitis is characterized by physical, chemical and bacteriological changes in the milk and pathological
changes in the glandular tissue of the udder and affects the quality and quantity of milk. The bacterial
contamination of milk from the affected cows render it unfit for human consumption and provides a
mechanism of spread of diseases like tuberculosis, sore-throat, fever, brucellosis, leptospirosis etc. and has
zoonotic importance. (Sharma 2011). Many studies conducted previously to estimate the economic loss due
to mastitis in India were based on the data collected from organize dairy farms.

Materials and Methods
The present experiment was based on the survey made during the year 2013-14 in four villages in Bhandara
district. Total 100cow, 25cow from each village viz., Palandur, Dighori, Kolari and Kharashi around

Bhandara were screened against subclinical mastitis by Modified California Mastitis Test (MCMT) as per
method of Schalmand Noorlandure (1957).

Out of 100 cows, 400 halves were tested and35 cow 1.e., 10, 09, 09 and 07 (35 %cow) and 65 quarters i.e.,
18, 17, 16 and 14 (16.25 quarters) in Palandur, Dighori, Kolari and Kharashivillages were found positive
for presence of subclinical mastitis. The milk samples were collected in sterilized glass bottles. Milk
samples from all four quarters were collected separately at the time of milking in morning.

Total 25 milk samples obtained from subclinical mastitis quarters and 25 samples from normal quarters of
same cow (5 cow from each village) subjected to chemical analysis viz., fat by Gerber’s method as described
in BIS: 1224 (Anonymous, 1958) Solids not fat percentage was determined according standard procedure
as described in SP: 18, Part-XI of BIS (Anonymous, 1981) Total solids determined according to Gravimetric
method described in SP: 18 Part-XI of BIS (Anonymous, 1981) [3] and pH was determined by using indicator
strip described in SP: 18 Part-XI of BIS (Anonymous, 1981) and digital pH meter.

Analysis of the milk samples were done at Animal Husbandry and Dairy Science Section, College of
Agriculture, Nagpur. A student't’ test was used to test the significance between normal and subclinical
mastitis milk of cow described by Snedecor and Cochran (1994).

Results and Discussion

The fat percentage of normal milk was range between 3.80 to 4.40 per cent than that of subclinical mastitis
milk range between 3.2 to 3.70 per cent. The average fat percentage in normal milk and subclinical mastitis
milk was observed as 4.16 = 0.040 and 3.48 + 0.026 per cent respectively (Table 1). The average percentage
of fat significantly (P<0.01) decreased in subclinical mastitis milk samples.

Mohamed etal. (2001) and Sonea (2009) [11] also reported that the composition of milk was significantly
decreased in infected halves of mastitis udder in cow. Present results are in agreement with their results.
The solid not fat percentage of normal milk was rent between 9.00 to 10.10 per cent than that of sub clinical
mastitis milk range between 7.40 to 8.40 per cent.
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The average solids not fat content in normal milk 9.73 + 0.053 per cent and that of subclinical mastitis milk
was 8.03 = 0.059 per cent. Thus, it decreased significantly in all subclinical mastitis samples. Antre (2011).
noticed decreased solid not fat content of cow milk affected by subclinical mastitis. The total solids
percentage of normal milk was rent between 13.60 to 14.10 per cent than that of sub clinical mastitis milk
range between 11.25 to 12.00 per cent.

The average total solids percentage in normal milk and subclinical mastitis was observed as 13.86 + 0.030
and 11.68 + 0.047 per cent, respectively. The average total solids per cent of subclinical mastitis milk
deceased significantly (P<0.01). Sung (2001) observed that, the total solids content of milk was positively
correlated with milk somatic cell count (SCC). The pH percentage of normal milk was rent between 6.35 to
6.80 per cent than that of sub clinical mastitis milk range between 6.69 to 7.15 per cent.

The average pH content in normal milk and subclinical mastatis milk was 6.60 + 0.025 and 6.95 + 0.027
respectively. Thus, pH increased significantly (P<0.01) by 0.35 unit in subclinical mastitis as compared to
normal milk. More or less Similar results were reported by Boechat and Favarin (1992) and Antre et al.
(2011). They also observed increase in pH values of cow milk affected with subclinical mastitis. Increased
in pH of subclinical mastitis milk in the experiment could be due to increased permeability of the gland
tissue to blood components which results in higher values in milk.

This might be partially due to increased movement of bicarbonate ions into milk, since the lactose
production decreased and the alkaline salts from the blood entered the milk which becomes more alkaline
showing pH above 7.0 as indicated by Rao (1990).

Conclusions
1. The prevalence of subclinical mastitis in Lakhani tahsil was 33 per cent by Modified California Mastitis
Test MCMT) and 38 per cent by Draminski Mastitis Detector (DMD) in crossbred cows.

2. The subclinical mastitis can be well detected by Modified California Mastitis Test (MCMT) and
Draminski Mastitis Detector (DMD). But the Draminski Mastitis Detector was 5 per cent more efficient
and easier to test subclinical mastitis milk.

3. The pH in subclinical mastitis milk increased whereas fat, solids not fat, and total solids gets decreased
significantly which hampered the milk quality.

Effect of Subclinical Mastitis on Quality of Cow Milk

Samples Normal Milk Subclinical Mastitic Milk
Fat Solids  Total pH Fat Solids not Total pH
not fat solids fat solids

1 4.35 9.80 13.70 6.63 3.40 7.85 11.90 6.95
2 4.00 10 14.00 6.75 3.20 8.20 11.85 7.05
3 3.95 9.60 13.80 6.38 3.60 7.65 11.80 7.1
4 4.30 10.10 14.10 6.65 3.50 8.20 11.50 6.99
5 4.40 9.70 13.80 6.48 3.70 7.75 11.60 6.98
6 4.15 9.80 14.00 6.63 3.40 8.31 12.00 6.70
7 4.35 9.60 13.90 6.78 3.40 7.40 11.70 7.00
8 4.25 9.30 14.10 6.65 3.50 8.15 11.26 6.85
9 3.85 9.90 13.85 6.72 3.70 7.80 11.40 6.99
10 3.90 10.05 14.00 6.80 3.30 8.25 11.55 6.82
11 4.25 10.10 13.75 6.48 3.50 7.55 11.25 6.79
12 4.00 10.00 13.60 6.57 3.30 7.65 11.80 7.03
13 4.25 9.80 13.95 6.55 3.70 8.30 11.66 6.99
14 4.25 9.40 14.10 6.75 3.60 8.40 11.90 7.00
15 3.80 9.00 13.85 6.58 3.50 8.20 11.61 6.74
16 4.20 9.60 13.70 6.35 3.40 8.15 11.90 7.04
17 3.90 9.90 13.95 6.62 3.50 8.25 11.65 7.13
18 4.40 9.50 13.60 6.42 3.30 8.30 11.95 7.15
19 4.30 9.65 13.95 6.52 3.50 8.20 12.00 6.69
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20 435  9.60 13.65  6.70  3.60 8.10 11.40 6.80
21 440  9.80 1370  6.65  3.40 8.40 11.85 6.98
22 420 955 13.90  6.75  3.50 7.55 11.35 7.03
23 420  9.60 13.90 655  3.40 8.30 11.50 7.05
24 3.80  9.90 13.75 646  3.60 8.05 12.00 6.80
25 430 1005  13.90  6.62  3.50 8.00 11.80 7.10
Av. 416 973  13.86  6.60  3.48 8.03 11.68 6.95
SE(m)+ 0.040 0053  0.030  0.025  0.026 0.059 0.047 0.027

‘t’ ‘t’ ‘t’ ‘t’
cal=14.24** cal=20.11** cal=38.64** cal=9.42%*
** Significant at 1% level (P<0.01)\
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Fertilizer is one of the significant supporters of expanded harvest creation. As of late, concern has been
communicated that over-dependence on mineral composts may cause unreasonable ecological punishments
like eutrophication of surface water, nitrate (NOs-) contamination of groundwater, Heavy metal pollution
of soil, atmospheric pollution because of emission of nitrous oxide and ammonia, acid rain, etc. Despite the
fact that there are rates of these issues in a few pieces of the world, not many of such issues in India can
be connected to compost use.

Major environmental consequences related to fertilizer use.

Nitrate Pollution of Groundwater

Pollution of groundwater from fertilizer N is caused by leaching. The magnitude of loss depends upon soil
conditions, agricultural practices, agro-climatic. conditions, and type of fertilizers and methods of
application. The time taken by nitrate "to move from the root zone to the water table, therefore, varies
considerably.

In sandy soils with high water table and high rate of fertilizer application, it may reach the water table in
matter of days whereas in heavy soils, low rainfall and low rate of application' with deep water table, it
may take years.

Eutrophication

Another major problem associated with excess fertilizer use is the eutrophication of surface water causing
several diseases. Arable soils leak considerable amounts of nitrate, phosphate, potassium and other
nutrients mainly through run-off and erosion, which enrich the water body in terms of nutrients leading to
luxurious growth of algae and other organisms and resultant eutrophication problems in ponds

Ammonia Volatilization

Volatilization of NH3 is not only a major loss of N but also a cause of environmental pollution. From the
atmosphere NHs, is washed out by clouds and redeposit' on the terrestrial ecosystem in the atmosphere it
1s oxidized to N20, which acts as a greenhouse gas and is responsible for the destruction of ozone layer.

It also forms salts with acidic gases and these salt particles can be transported long distances especially in
the absence of clouds. The deposition close to the source is substantial, but hard to estimate due to
interaction with other pollutants. In northern Europe, it has been estimated that 94% of the NHs, released
from agricultural sources is redeposited into surrounding ecosystems.

Acid Rain

The effect of acid rain on ecosystems is gradually being documented, particularly in temperate region
Nitrogenous fertilizers contribute substantially towards emissions of ammonia, one of the agents causing
acid rain.

A high atmospheric concentration of ammonia can result in acidification of land and water surfaces, cause
plant damage and reduce plant bio-diversity in natural systems. Excess of ammonia deposited causes
eutrophication effect of N. Deposition of NH3 contributes to acidification of soils if nitrified.

Greenhouse Gases

Greenhouse gases (GHGs) are atmospheric compounds that store energy, thus influencing the climate.
Each of the GHGs has a different global warming potential that takes into account the effectiveness of each
gas in trapping heat radiation and its longevity in the atmosphere.
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For instance, one kilogram of methane (CH.) is estimated to have the same warming potential as 21
kilograms of carbon dioxide (COz), and one kilogram of nitrous oxide (N20) has an equivalent impact to
approximately 310 kilograms of COs.

Nitrogen Gas (N32)

Large amounts of nitrogen gas are emitted to the atmosphere via denitrification, including that of nitrogen
fertilizers. Nitrogen gas constitutes 78 per cent of the atmosphere and it has no direct greenhouse effect.
Release of N2 reduces nitrogen (N) available to crops, but is not otherwise detrimental to the environment.

Nitrogen Oxides (NO and NOzg2)

Nitrogen oxides are not GHGs. Nitrogen fertilizer input accounts for only 0.5 per cent of NO emissions.
Both nitric oxide (NO) and nitrogen dioxide (NO2) react in sunlight with volatile organic compounds to
form tropospheric ozone (O3). Ozone is toxic to crops, even at low concentrations, and detrimental to the
health of sensitive individuals.

Nitrous Oxide (N20)

Nitrous oxide has a greenhouse effect and is considered to be detrimental to the ozone layer. According to
experts of the Intergovernmental Panel on Climate Change (IPCC), N20 is responsible for 7.5 per cent of
the calculated greenhouse effect caused by human activity. The concentration in the atmosphere is
increasing at a rate of about 0.2 per cent per year.

Although nitrogen fertilizers can be a direct or indirect source, they account for only 0.8 per cent of the
N20 emissions. Moreover, new, more efficient nitrogen fertilizers coupled with site-specific fertilization
practices reduce N20 emissions.

Methane (CH4)

Methane i1s a GHG. Within agriculture, CH4 is emitted mostly by ruminant digestive process and from
livestock wastes. Rice paddy fields are also a major source of CH4 that is formed by the anaerobic
decomposition of organic matter. The addition of readily decomposable organic matter significantly
increases CH4 emissions. The impact of mineral fertilizers on CH4 emissions is not clear, but seems minor.

Fertilizers and Gas Emissions

The use of phosphate and potash fertilizers does not contribute directly to GHG emissions, but all forms of
nitrogen fertilizers may lead to N20 emissions. Since there is no significant uptake mechanism for N20 in
agricultural systems, mitigation focuses on emission reduction.

In general, agricultural practices that increase nutrient use efficiency and diminish nitrogen leaching are
also appropriate for minimizing N20 emissions. Best management practices, which match the nitrogen
supply to crop requirements and integrate animal manure and crop residue management into crop
production, result in a net reduction in N20 emissions.

The proper balance of nutrients optimizes the efficiency of applied and residual soil nitrogen. Other
agricultural practices that minimize nitrogen losses include the adoption of reduced tillage practices, the
prevention of water-logging through improved drainage and the treatment of sodic soils.

Trace Element and Heavy Metals Contamination

There is an increasing concern about the occurrence 'of trace elements in the environment in
concentrations which can be harmful for animal health. Many fertilizers. phosphatic fertilizers in
particular, contain varying amounts of trace elements such as F, As, Cd, Co, Cr, Hg. Mo, Ni and Pb (Table).
The main issues concerning these potentially harmful elements are:

1. Soil accumulation and possibility of the long-term effects on crop yields and quality.

2. Plant uptake and the content of the element in animal feed and human diet.

3. Potentially damage to the soil micro flora. and iv) direct exposure to humans through contact and
ingestion. The famous incidences of "itai-itai" and "minamata" diseases due to Cd and Hg toxicity
respectively are the examples of potential threat of heavy metal pollution.
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Fertilizer

Single super phosphate 26 115 150 3.3
Diammonium phosphate -- -- -- 109
Muriate of potash 3 3 8 0.2
Ca-ammonium nitrate 0.2 6 11 --
Urea 0.4 0.5 0.5 0.2
Ammonium sulphate 0.5 0.5 70 0.1
Triple super phosphate 7 75 200 0.1
Ammonium 'phosphate 3 80 160 2
Complex fertilizer 22 276

Rock phosphate 100 200 0.5

Volume 2 - Issue 8 - Aug 2020

114 | Page




Cﬁ‘ﬁ AGRICULTURE & FOOD: E-NEWSLETTER

i WWW.AGRIFOODMAGAZINE.CO.IN
oo ISSN: 2581- 8317
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Introduction

Agriculture is one of the most vital sectors for India’s socio-economic stability where more than 70 per cent
Indian population depend directly or indirectly for employment than on any other sector. It holds a key in
reducing Indian’s malnutrition issue and has the potential to spur India’s overall gross domestic product
growth. 4 per cent of agricultural growth would add at least a per centage point to GDP which can boost
exports and improve India’s trade deficit.

In addition, economic transformation in developing countries is propelled by increases in agricultural
incomes underpinning industrial growth. However, in the present scenario of terrorism, religious violence
and economic competition, the risk of malicious attempt to sabotage agriculture is increasing.
Agroterrorism is a deliberate or intentional introduction of a disease/pest agent either against livestock or
plants with an aim to generate fear, create serious economic insecurity and undermine social stability.

Agroterrorism which is the subset of bioterrorism not only affects the animals, plants or plant food chain
but it has also psychological impact on the public’s trust on government to provide satisfactory quality
control over the foodstuffs. And ultimately it could cause the trade embargo of agricultural products with
the rest of the world.

Countries like India, where economy is largely dependent on agriculture, such attacks that too on major
crops, for instance one of the recent examples of outbreak of cotton leaf curl disease in Northwest India can
lead to potential threat to economic security, leading to disruption that could have catastrophic
consequences.

History and Potential Economic Impacts
It is very important to understand the risks and threats of agroterrorism for a given country by conducting
historical study in order to be prepared for any such situation or circumstances.

1. Mau Mau: It was a nationalist liberation movement in Kenya whose sole aim was to end the British
colonial rule. For that the Mau Mau used a local plant toxin, the African milk bush plant botanically known
as Synadenium grantii to poison the cattle at the British mission station in 1952.

2. Contract Workers: In 1985, USDA claimed that Mexican contract workers were involved in
deliberately spreading screwworm (Cochliomyia hominivorax) to introduce sterility among livestock in
Mexico close to the border of the United States.

3. Sewer Water: In 2000, reports from Palestinian news sources claimed that Israeli settlers in the West
bank had released contaminated and sewer water into Palestinian agricultural fields. This act was
occurring again and again and was done in order to make the Palestinian farmers leave their land.

4. FMD threat: Similarly, a person in 2011 was arrested after threatening US and UK livestock with the
deliberate spread of foot-and-mouth disease virus which would have caused the destruction of property and
resulted in major economic loss.

Various other examples of biological and toxic weapons that has been used by countries for centuries to
destroy and weaken the enemy has been presented in tablel. Moreover, even disease outbreaks that fall
short of worst-case scenarios could quickly become trade and economic issue as illustrated in table 2.

Wisconsin Department of Agriculture, Trade and Consumer Protection has estimated that any disease
outbreak that play havoc with the transportation of dairy products will cost the state $10 million a day.
Similarly, USDA Economic Research report estimated loss in costs to range from $200 million to $2.0 billion
for future years, depending on the particular severity of the outbreak.
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Table 1

Country
Germany

Biological warfare agents used Motive Reference(s)

Bacillus anthracis (anthrax) and
Burkholderia mallei (glanders)

Germany and France Agricultural pathogens like

UK

USA

Japan

Russia

Iraq

rinderpest, wheat rust, late blight
pest and several beetle pests of
crops

5 million cattle cakes filled with
Bacillus anthracis spores

Spores of wheat rust and rice blast;
hog cholera and Newcastle disease
virus

Fomites, vectors like fleas,
contaminated food and water
supplies

Various agroterrorism agents and
diseases studied like Brucella spp.
(causing brucellosis), Mycoplasma
mycoides (causing contagious
bovine pleuropneumonia), Orf
virus (causing contagious ecthyma
in sheep) as well as potato mosaic
virus, wheat stem rust, maize rust
and many more

Wheat smut fungus dispensed
through canister devices;
another bioweapon used T-2
mycotoxin from a naturally
occurring plant fungus

To attack draft
horses in several
countries

To destroy the
livestock and staple
crops of their
enemies

To be dropped on
Germany to destroy
livestock and plants
To attack the staple
crops of China and
USSR; to attack
livestock

To cause
widespread
epidemics among
Chinese civilians.
(However,
techniques proved
unreliable, caused
Japanese casualties
as well )

To launch a
biological weapon
organisation whose
purpose was to
apply advances in
biotechnology to
create new and
lethal biological
weapons that could
be mobilized during
wartime.

To destroy Iran’s
wheat fields.

However, it not only

destroyed the crop
yields but also

caused explosions in

grain elevators,
freight cars, storage
silos etc;

infected wheat,
peanuts, grains
besides potentially
lethal to humans

and killed one out of

every 10
inhabitants in
Orenburg Russia.

Casagrande etal.
(2011); Wheelis
(1999)
Casagrande etal.
(2011); Geissler
and Moon (1999)

Kohnen (2000)

Whitby (2006);
Suffert etal. (2009)

Harris (2002)

Leitenberg and
Zilinskas (2012)

Crossette (2000);
Koblentz (2009)
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Table 2
Countr Trade and Economic loss Reference (s

Britain In 1996, due to ‘mad cow’ Booth (1998)
outbreak about 10,000 jobs in the
UK’s wholesale and retail meat
industry were lost, with domestic
beef purchases decreased by
17.5% and exports declined by
78.8%

Pennsylvania In 1983, poultry industry Dunn (1999); Knowles (2002)
suffered a virulent avian
influenza that resulted in about
$60 million in 1its complete
eradication and almost $250
million in increased consumer
costs

Hong Kong In 1988, avian influenza became Dunn (1999); Brown (1999)
zoonotic, caused economy
breakdown as influenza type
diseases are the most financially
costly

New York In a study of the economic impact American Society of Tropical
of west Nile virus (1999), medicine and Hygiene (2014)
hospitalized cases of WNV
disease have cost a $778 million
in health care expenditures and
lost productivity

Democratic Republic of the Monkey pox outbreaks (2003) WHO (2019)

Congo resulted in economy collapse

Japan The  economic  impact of Abe, Yamamoto and Shinagawa
EcoliO157:H7 outbreak (1996) (2002)
was estimated to be about
82,686,000 yen

Consequences of Agroterrorism in Indian Scenario

India is the second most populous country of the world having more than a billion population and is still
increasing. It has extreme poverty in many areas with huge public health deficiencies and many of its cities
are extraordinarily dense which make it vulnerable to such attacks. A major outbreak in such a country
where more than half population is dependent upon agriculture is likely to have devastating and far-
reaching consequences.

Also, Indian agriculture is heavily dependent upon cattle, possibilities of such incidences like danger of
illegal trade of diseased livestock or other agricultural products from one country to another, can lead to
massive outbreak of an epizootic disease as cattle are very prone to transcontinental spread of diseases.
The best documented example being African horse sickness in India.

This disease crossed Sahara and reached India via neighbouring countries. It caused the death of more
than 2 million animals which was absolutely gut-wrenching. Similarly, Bengal famine of India caused due
to brown spot disease of rice during 1942-43, serves as an illustration of how similar and devastated an
Agro terror could be if it were to be unleased.

Conclusion

Agroterrorism is a high-impact worrisome event because even though the disease outbreak is limited, costs
of a disease outbreak can be great. Such an attack could undermine physiological, political, social and
economic importance of a country.
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We can take steps to combat agroterrorism by the development of counter-measures focussed on
surveillance as India has a really weak surveillance system for reporting diseases even in the best of times,
technology of early detection, increase biodiversity, public awareness, sharing information and intelligence
as well as increasing research are essential components of threat mitigation. This will help our country to
increase emergency preparedness and response to turn it into a resilient society.
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Introduction

Organic dairy farming signifies rearing dairy animals on organic feed (i.e. pastures developed with no
composts or pesticides), have access to pasture or outside, along with the limited utilization anti-toxins and
hormones. Products obtained from organic dairy farm are the organic dairy products. Organic farming is a
system of production, a set of goal-based regulations that permit farmers to deal with their own particular
situations individually, while maintaining organic integrity (Oruganti, 2011).

In this system livestock must be fed with organic feed except under very unusual situations like national,
state or local weather emergency or a fire or flood on an organic farm. Among the allowed materials are:
feeds produced through organic production practices, natural vitamin and mineral supplements, and fresh
water from non-contaminated sources.

In organic dairy farms breeding targets should not be at discrepancy with the animal’s natural behaviour
and should be directed towards good health. The organic approach to animal health care focuses on
prevention of disease through diet, shelter, breeding and husbandry practices, rather than treatment
(Harisha et al., 2014).

At the moment, India is the largest producer of milk in world supported by a surprising growth rate in
dairy sector. Dairy farming has the potential for providing added income to the farmers together with
achieving major goal of organic farming i.e. diversified production and sustaining biological cycle within
farming method (Maji et al., 2017).

Changing to organic dairy production requires commitment and awareness of what’s involved. Becoming
organic can lower cost of production for grassroot people (smallholder dairy farmers) while at the same
time raise their profits. However financial returns shall depend greatly on the demand generated. Due to
rich heritage of dairy farming traditions suitable for organic production systems with good returns, India
1s in a unique position to utilize this opportunity.

However, for this purpose, several policy issues require immediate attention. Creating awareness among
farmers and their training through dairy field functionaries, capacity building through participatory
research network and incentives for interested farmers (like subsidized inputs and supply of market
information) shall be the priorities. Therefore, the following study was conducted to judge awareness of
dairy farmers about organic milk production and their concerns about transition to organic dairy farming.

Objectives of Organic Dairy Farming (Harisha Et Al., 2014)

1. To raise animals in a system that takes into consideration, the wider issues of environmental pollution,
human health on consumption of animal products allowing them to meet their basic behavioural needs and
reduce the stress.

2. To produce healthy animal products which are free from toxic chemical residues.

3. Exploit the natural behaviour of animals in their production systems to reduce stress.

4. Use of low external input which lessens the cost of production and allows for a sustainable system of
production since most materials can be recycled in the farm and also made locally available.

5. Bridging the nutrients gap in soil, crops and animals i.e. animals feeding on crops and cultivated crops
by products.

6. To promote animal welfare by using humane methods of production and utilization of farm animals.

Benefits of Organic Milk

Organic milk has more beneficial Omega-3 (Lairon and Huber, 2014), less damaging Omega-6 (Benbrook
et al., 2013). Omega-3 is an essential fatty acid which is required for healthy growth and its deficiency leads
to various health problems.
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Regular intake of omega 3 fatty acids protects from various diseases and helps to reduce the incidence of
heart disease, inflammation (in skin diseases like eczema), cancer, and arthritis (Annon, 2014).

The organic milk also contains greater amounts of conjugated linoleic acid (CLA) (Mercola, 2014).
Conjugated linoleic acid (CLA) increases the body’s metabolic rate, immunity to disease, and muscle
growth.

It also reduces abdominal fat, cholesterol, and allergic reactions (Annon, 2014). Organic cows are grazed
on pastures that are grown through organic means. Therefore, their milk is not contaminated with harmful
chemicals such as the residues of pesticides, fertilizers and hormones (Singh et al., 2011).

Furthermore, this nutrient-rich organic milk does not contain traces of antibiotics, urea, or fertility
hormones, as these are not fed to the cows to increase their milk production.

Organic milk has a two to three times higher concentration of antioxidants like lutein and zeaxanthin than
non-organic milk (Mercola, 2014). Lutein is extremely important for eye health and is effective in
preventing numerous eye diseases such as macular degeneration and cataracts. Zeaxanthin is also
important for good eye health. It protects the eye from UV damage and the impact of free radicals. It is
very helpful in preventing cataracts, diabetic retinopathy, glaucoma and macular degeneration.

Organic milk has a higher concentration of vitamins such as Vitamin A and Vitamin E than conventional
milk. Since organic cows’ graze on fresh grass and clover, the milk they produce has about 50% higher
Vitamin E and 75% higher beta carotene (Nielsen and Nielsen, 2004).

Constraints in Organic Dairy Farming

Some of the constraints in the development of organic dairy farming have been enlisted by Kamboj and
Prasad (2013) include lack of knowledge and awareness, around 70 per cent of milk produced in country
came from small holders, incidence of diseases, restriction on landless organic dairy farming not permitted
as per the National Standards of Organic Production (NSOP), limited availability of organic feed
ingredients for formulating compound organic feed, problem of maintenance of proper records, limited
reach of certification services and lack of proper procurement, processing and marketing infrastructure and
network.

Opportunities

Native breeds of livestock, which predominate in tropical countries, are less susceptible to stress and
disease, and so the need for allopathic medicines and antibiotics is much lower. Grass-based, extensive
production systems and forest-based, animal production systems that are prevalent in many areas of these
countries have considerable potential for conversion into organic animal husbandry.

Literacy is on the rise and the media are making consumers more aware of and concerned about animal
welfare issues and healthy foods. This may well boost the domestic consumption of organic foods (Hamadani
and Khan, 2015).

Conclusion

Organic dairy farming offers numerous opportunities for a developing country like India to increase the
income of farmers and earn valuable foreign exchange through quality organic products. India has some
excellent breeds of indigenous cattle and buffaloes possessing natural resistance against many diseases.

These breeds are well adapted to Indian climate and food availability situations. Most of the dairy
husbandry practices are traditional with a close resemblance to prescribed organic practices.
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Guava is commonly called a poor man’s apple in the tropics and known for its delicious, pleasant aroma
and outstanding nutritional values throughout the world. Due to various constraints, guava production is
severely affected. Among all the known factors, insect pests are of prime importance.

The guava is subjected to attack by several kinds of pests and about 80 species of insects have been recorded
on guava, but only a few of them have been recognized as a pest of regular occurrence and causing
significant damage. Among insect pest, the fruit fly is the major limiting factor in obtaining a good quality
of fruits to cause considerable losses.

Fruit fly, Bactrocera correcta are one of the most diversified and noxious pests on a wide range of tropical
and sub-tropical fruits and vegetables. Bactrocera correcta is a species of tephritid fruit flies that is widely
distributed in Southeast Asia. It is a serious pest species with a broad host range. Crop loss varies from a
few per cent to 100 per cent depending on fruit fly population, locality, variety and season (Kumar et al.,
2011). The female fruit fly punctures the fruits by its ovipositor and lays six or more banana shaped eggs
into healthy, ripening fruits just beneath the skin.

Management

Fruit flies are very difficult to manage because they are polyphagous, multivoltine, high fecundity and
adults are high mobility. Only adults are exposed while eggs and maggots remain protected in the host
tissue. Sanitation, summer ploughing to expose pupa, poison food trap, bagging of fruits, use of hydrolysed
protein, pheromone trap, spraying of botanicals and chemical insecticides are the management of practices
for fruit fly.

Bagging or wrapping the fruits has been found more practicable in guava (Mitra et al., 2008). Bagging is a
superior option of fruit fly management over conventional practice of pesticide spray for its efficacy and
zero pesticide residues in the fruit. The use of pheromone trap (methyl eugenol) @ 25/ha stands as the most
outstanding alternative among the various alternate strategies available for the management of fruit flies.

Methyl eugenol, when used together with an insecticide impregnated into a suitable substrate, forms the
basis of male annihilation technique (MAT). Use chemical insecticides such as malathion 50 EC @ 2 ml/lit
or dimethoate 30 EC @ 1ml/lit, two rounds at fortnight interval before ripening of fruits. Field releasing of
parasitoids such as Opius compensates, Spalangia philippinensis, parasitoid wasp, Diachasmimorpha
kraussi.
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Nutrition is a central issue in biology at a variety of levels — much of organismal and evolutionary biology
1s concerned with how organisms extract nutrients from their environment, allocate nutrients to different
goals, or avoid becoming food for other organisms, ecologists study how elements move through the
landscape and food webs, and metabolism is a central process for cellular biology.

The term ‘puddling’ stems from the mud-puddling which is one of the most conspicuous behaviour seen in
insects like butterflies. Butterflies and moths regularly congregate around mud, dung and even blood,
tears or decaying flesh. As this behaviour very little known, but there are a couple of interesting
observations that may help explain the icky phenomenon.

Although this behaviour is known from temperate-zone as well as tropical habitats, it is far more common
in tropical regions. Butterflies get most of their nutrition from flower nectar. Though rich in sugar and
nectar but lacks some important nutrients that need for reproduction. For those, butterflies visit puddles.
By sipping moisture from mud puddles, butterflies take salts and minerals from the soil. This behaviour is
called puddling, and is mostly seen in male butterflies. That's because males incorporate those extra salts
and minerals into their sperm.

When butterflies mate, the nutrients are transferred to the female through the spermatophore. These extra
salts and minerals improve the viability of the female's eggs, increasing the couple's chances of passing on
their genes to another generation. In fact, it is believed that butterflies congregate on mud and other such
substances primarily for salts. The salts and amino acids absorbed during mud-puddling play various roles
in butterfly ecology, ethology and physiology. Males seem to benefit more from the sodium uptake as it aids
in reproductive success, with the precious nutrients often transferred to the female during mating. This
extra nutrition helps ensure that the eggs survive.

Mudpuddling by butterflies catches our attention because they often form large aggregations, with dozens
of brilliantly coloured butterflies gathered in one location. Puddling aggregations occur frequently among
swallowtails and pierids. A slightly strange experiment can be performed to test the 'salt theory' (it's best
performed when no one else is around). Firstly, find a sandy bank or a muddy patch situated in direct
sunlight where there are plenty of butterflies.

Next, pour a salt mixture over a wet, but butterfly-free, patch (in the less civilised version of this experiment
you can replace salt with urine — butterflies are attracted to the sodium and ammonium ions). You can
return to the spot later and observe the butterflies on your newly created “mud-puddling” spot.

Herbivorous Insects Need Sodium

Herbivorous insects like butterflies and moths don't get enough dietary sodium from plants alone, so they
actively seek other sources of sodium and other minerals. While mineral-rich mud is a common source for
sodium-seeking butterflies, they can also procure salt from animal dung, urine, and sweat, as well as from
carcasses. Butterflies and other insects that get nutrients from dung tend to prefer the dung of carnivores,
which contains more sodium than that of herbivores.

Butterflies Lose Sodium During Reproduction

Sodium is important for both male and female butterflies. Females lose sodium when they lay eggs, and
males lose sodium in the spermatophore, which they transfer to the female during mating. Sodium loss is
much more severe, it seems, for the males than for the females. The first time it mates, a male butterfly
may give away a third of its sodium to its reproductive partner.

Since the females receive sodium from their male partners during mating, their sodium procurement needs
aren't as great. Because males need sodium, but give so much of it away during mating, puddling behaviour
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1s much more common in males than in females. In one 1982 study of cabbage white butterflies
(Pierisrapae), researchers counted only two females among the 983 cabbage whites observed puddling.

A 1987 study of European skipper butterflies (Thymelicuslineola) found no females puddling at all,
although 143 males were observed at the mud puddle site. The researchers studying European skippers
also reported the area population consisted of 20-25% females, so their absence from the mud puddles didn't
mean females weren't in the vicinity. They simply didn't engage in puddling behaviour the way the males
did.

In most lepidopterans, the males pass complex spermatophores to their mates which are used to transfer,
besides sperm, various types of nuptial gifts. These gifts may consist of minerals such as sodium or calcium
phosphate they may contain toxic secondary plant metabolites or they contribute nutrients such as amino
acids.

Due to the low sodium content of land plants, many terrestrial herbivores are expected to crave sodium.
Among the Lepidoptera with their herbivorous caterpillar stages, mineral reserves assembled during the
larval phase may often be limiting, and there should be strong selection for strategies to replenish mineral
stocks.

Toxic plant metabolites which serve as pheromone precursors and nuptial gifts by male butterflies are
collected through a special, sexually selected behavioural repertoire. Mudpuddling might be seen as the
analogous case with regard to minerals. This idea is supported by the fact that most individuals engaged
in puddling behaviour are males (Adler 1982).

Other Insects that Drink from Puddles

Butterflies aren't the only insects you'll find gathering in mud puddles. Many moths use mud to make up
their sodium deficits, too. Mud puddling behaviour is common among leafthoppers, too. Moths and
leathoppers tend to visit mud puddles at night, when we are less likely to observe their behaviour. Most
puddling observations have been made in Lepidoptera (various butterfly and moth species), but they
include other insect orders.

Among the Hymenoptera there are some records of honey bees puddling (Butler, 1940) and feeding on sweat
or tears is common among sweat bees (Halictidae) and stingless bees (Bamziger 2007). Ants may also
puddle as they readily visited salt baits (Kaspari et al., 2008). Flies (Diptera) are among the most common
groups found on excrements, carrion, sweat and mammalian eyes (Banziger et al., 2009), but this is rarely
considered puddling, even though such substrates may only be primary resources for a subset of fly species.

For example, tephritid fruit-flies feed on bird droppings, but fruits, yeasts, honey dew, and substances
grazed from the surface of leaves are probably their main resources.
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Introduction

Nanotechnology has become one of the fastest growing branches of science that has successfully solved
problems in medicine, industry, pharmacy and agriculture. The preparation, characterization and
applications have drawn the attention of researchers worldwide to contribute with new ideas and come up
with unique new material.

However, the same unique characteristics of engineered nanoparticles including small size, ability to cross
cell membranes, and toxicity to cancer and microbial cells are indeed the same reasons they are categorized
as hazardous pollutants when they finally reach open water systems through excretion into sewers or
mishandling and improper disposal. Examples of such pollutants are metal nanoparticles, printer ink
nanoparticles, and antineoplastic cyclophosphamides. Accumulation of mineral-based plastics, including
microplastics, is becoming a very a serious global problem. Plastics are widely used, they are produced in
millions of tons each year, studies report that only 10% of plastics are recovered and that by 2050, landfills
will be filled with an estimate of 12 billion tons of plastic waste.

The term microplastics refer to plastic particles of size less than 5 mm, they originate from incomplete
degradation of plastics, weathering of plastics in the environment as well as microbeads used for drug
delivery process and cosmetic products. Their danger lies in their runoff to marine environment
compromising aquatic life, and finding their way to algae and mussels, they get incorporated with sea salt
eventually reaching human beings through either the food chain or through direct contact. This in turn
leads to cellular toxicity.

Moreover, microplastics have been identified as carrying vectors for other pollutants in the environment.
Due to their hydrophobic nature, the particles carry chemical pollutants via sorption, and transport them
rendering toxicity assessment more complicated. Currently, the global community considers microplastics
as a marine pollutant of emerging concern. To mitigate the oceanic microplastic pollution, it is necessary
to reduce inputs from inland.

Plastics are highly versatile materials that have brought huge societal benefits. They can be manufactured
at low cost and their lightweight and adaptable nature has a myriad of applications in all aspects of
everyday life, including food packaging, consumer products, medical devices and construction. By 2050,
however, it is anticipated that an extra 33 billion tonnes of plastic will be added to the planet. Given that
most currently used plastic polymers are highly resistant to degradation, this influx of persistent, complex
materials is a risk to human and environmental health.

Continuous daily interaction with plastic items allows oral, dermal and inhalation exposure to chemical
components, leading to the widespread presence in the human body of chemicals associated with plastics.
Indiscriminate disposal places a huge burden on waste management systems, allowing plastic wastes to
infiltrate ecosystems, with the potential to contaminate the food chain.

Of particular concern has been the reported presence of microscopic plastic debris, or microplastics (debris
<1 mm in size), in aquatic, terrestrial and marine habitats. Yet, the potential for microplastics and
nanoplastics of environmental origin to cause harm to human health remains understudied.

Occurrence of Micro- and Nano-Plastics in the Environment

In addition to larger items of plastic litter, concern has been raised that microscopic plastic debris
(microplastic) (<1 mm) may also be detrimental to the environment and to human health (Thompson et al.
2004; Cole et al. 2011).

Microplastics have been studied mostly in the context of the marine environment, and have been found to
be a major constituent of anthropogenic marine debris. There is sparse information available on the
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presence of microplastics in environments other than the oceans, for example in terrestrial soils or
freshwater environments. The presence of microplastic particles (Dubaish and Liebezeit 2013) and
synthetic polymer fibres (Zubris and Richards 2005) has been reported in sewage sludge and in the soils to
which they had been applied (Zubris and Richards 2005), where they were still detectable five years after
application.

Micro- and Nano-Plastics and Human Health

In terms of human health risks, microplastics as contaminants in the wider environment represent a
concern because it has been shown that they can be ingested by a wide range of aquatic organisms, both
marine and freshwater, and thus have the potential to accumulate through the food chain.

Aquatic organisms for which ingestion of microplastics has been documented in the field include those from
across the marine food web, including turtles, seabirds, fish, crustaceans and worms (reviewed by Wright
et al. 2013).

Ingestion of Micro- and Nano-Plastics and Uptake Across the Gut

Whilst the potential clearly exists for microplastics to be present in food items, there is currently no
evidence for the unintentional ingestion or subsequent translocation and uptake of microplastics into the
human body through the diet. There is, however, a huge interest worldwide in the use of micro- and
nanospheres as pharmaceutical drug delivery systems through oral, intravenous and transcutaneous
routes (Kim et al. 2010), and in the migration of nanopolymers from packaging materials into food (EFSA
2011; Lagaron and Lopez-Rubio 2011). Based on these growing and fast-moving fields, an enhanced
understanding of the mechanistic pathways by which micro- and nanoparticles could enter the human body
1s starting to emerge, although many aspects of this field remain to be elucidated.

Pancreas

[Gall Bladder

Intestinal lumen

Particle — M cell

0 RIS

B cell Q . T cell
Macrophage

Lymph and blood vessels

Fig. 1: A diagram illustrating a proposed recirculation pathway for polymer nanoparticles
(ammonium palmitoyl glycol chitosan) after oral administration. The nanoparticles are taken
up into the blood from the gut through M cells, and from there through the lymphatic system

(shown in yellow) and into the liver and gall bladder. Particles are then re-released into the
gut together with bile (shown in green) before excretion in faeces and urine. Adapted from
Garrett et al. (2012).
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Garrett et al. (2012) used a novel bio-imaging technique, multimodal nonlinear optical microscopy, to
document uptake of polymeric nanoparticles by enterocytes in the mouse gut in vivo. They studied a novel
amphipathic polymer specifically designed for drug delivery, ammonium palmitoyl glycol chitosan (GCPQ)
of 30—50 nm in diameter and showed that after uptake by enterocytes, particles accumulated at the base
of the villi.

From there, they passed into the blood stream and were transported to the liver, where they were detectable
in the hepatocytes and intracellular spaces, before recirculating through the bile to the small intestine
(Garrett et al. 2012) to be excreted with faecal matter. This is similar to previous results for larger micron-
scale polystyrene and latex particles, suggesting that both micron and nano-scale polymers are treated in
a similar manner (Jani et al. 1996), with uptake across the gut, recirculation and eventual elimination
through faecal matter and urine (Fig. 1).

This information is of high interest in terms of drug delivery, yet it also suggests that ample opportunity
exists, following ingestion, for micro- and nanoplastics in food or water to enter, circulate and
bioaccumulate within the body.

Conclusions

This short account has identified some of the most widely encountered plastics in everyday use and
illustrated some of the attempts that have been made to assess their potential hazards to human health.
Different routes of exposure to human populations, both of plastic additives, micro- and nanoplastics from
food items and from discarded debris are discussed in relation to the existing literature for nanomedicines
and nanocomposite packaging materials, for which an increasing body of knowledge exists.
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Introduction

Jamun, Syzygium cumini is a constituent member of the family of Myrtaceae. Jamun is a popular
indigenous fruit of India. It has got very valuable place in Ayurvedic medicines. It is believed to be a boon
for diabetic patients. But in India, its organised orcharding is still lacking mainly because of lack of proper
information on cultivation practices and non-availability of dwarf and high yielding varieties. In this
booklet all the information on jamun cultivation has been collected and presented in a simple and
interesting form.

It is also known as black plum, Indian black cherry, Ram jamun etc. in different parts of India. The tree is
tall and handsome, evergreen, generally grown for shade and windbreak on roads and avenues. The original
home of jamun is India or the East Indies. It is also found in Thailand, Philippines, Madagascar and some
other countries. The jamun has successfully been introduced into many other subtropical regions including
Florida, California, Algeria, Israel, etc.

In India, the maximum number of jamun trees are found scattered throughout the tropical and subtropical
regions. It also occurs in the lower range of the Himalayas up to an elevation of 1,300 meters and in the
Kumaon hills up to 1,600 meters. It is widely grown in the larger parts of India from the Indo-Gangetic
plains in the North to Tamil Nadu in the South. The data about its total acreage in India are not available.

Uses and Composition

Sl. No Nutrient Percentage
1 Moisture 28.2

2 Protein 0.7

3 Fat 0.1

4 Mineral 0.4

5 Fibre 0.9

6 Carbohydrate 19.7

7 Calcium 0.02

8 Phosphorus 0.01

9 Iron 1.0

10 Calorific value 83/100 g

The tasty and pleasantly flavoured fruit is mostly used for dessert purposes. The fruit is usually eaten with
salt. The jamun fruit has sub-acid spicy flavour. Apart from eating fresh, it can be used for making delicious
beverages, jellies, jam, squash wine, vinegar and pickles. A little quantity of fruit syrup is very useful for
curing diarrhoea.

A mixture of jamun juice and mango juice in equal quantity is very useful for quenching thirst for diabetic
patient. Jamun is used for preparation of wine particularly in Goa. The vinegar prepared from juice
extracted from slightly ripe fruits is stomachic, carminative and diuretic, apart from having cooling and
digestive properties.

Powdered seeds are also very useful for the cure of diabetes. Seed powder is used as a lotion for the cure of
ring worm. Jamun seeds can be used as a concentrate for animals because it is rich in protein, carbohydrate
and calcium. Its wood is used for manufacturing railway sleepers. It is not attacked by wood decaying
insects or fungi. There are a lot of other uses of jamun fruits too.

Soil
The jamun tree can be grown on a wide range of soils. However, for high yield potential and good plant
growth, deep loam and a well-drained soil are needed. Such soils also retain sufficient soil moisture which
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is beneficial for optimum growth and good fruiting. Jamun can grow well under salinity and waterlogged
conditions too. However, it is not economical to grow jamun on very heavy or light sandy soils.

Climate

Jarnun prefers to grow under tropical and subtropical climate. It is also found growing in lower ranges of the
Himalayas up to an altitude of 1300 meters. The jamun requires dry weather at the time off towering and fruit
setting. In subtropical areas, early rain is considered to be beneficial for ripening of fruits and proper development
of its size, colour and taste.

Species

The genus Eugenia comprises of 1,000 species of evergreen trees and shrubs, most of them being tropical
in origin. Some of the old-world Eugenia species are now placed in the genus Syzygium. It belongs to the
family Myrtaceae. Many of these species yield edible fruits and some of these are of ornamental and
medicinal value.

A wild species S. frniticosum with small edible fruits is grown as windbreaks. The large evergreen tree has
small dark purple fruits with prominent elongated seeds. The fruit is an astringent (causing contraction of
body tissue) even when ripe. A popular fruit is the rose apple or gulab-jamun (S. jambos). It is found in
South India and West Bengal. The tree is very ornamental. The fruit is yellow in colour, generally insipid
in taste and has high pectin content.

S. zeylanica, small tree with edible fruits, is found on the Western Ghats and S. malaccensis (Malay rose
apple) found in South India. Another related fruit found in South India is Surinam cherry (S. uniflora). It
1s a small tree with blight red aromatic fruits. S. javanicum (water apple) is also found in South India and
West Bengal. S.densiflora is used as rootstock in jamun (S. cumini) and is resistant to the attack of
termites.

Varieties

There are no standard varieties of this fruit under cultivation. The common variety grown under North
Indian conditions is "Ram Jamun". It produces big sized, oblong fruits, deep purple or bluish-black in colour
at full ripe stage.

The pulp of the ripe fruit is purple pink and the fruit is juicy and sweet. The stone is small in size. The
variety ripens in the month of June- July and it is very common both in rural as well as in urban. Jambo
type, Kongan Bagaduli and Seedless are popular varieties ruling the major jamun cultivable area.

Propagation

The jamun is propagated both by seed and vegetative methods. Due to existence of polyembryony, it comes
true to parent through seed. Though vegetative methods followed in most cases have attained some success,
seed propagation is still preferred. However, seed propagation is not advisable as it results in late bearing.

The seeds have no dormancy. Fresh seeds can be sown. Germination takes place in about 10 to 15 days.
Seedlings are ready for transplanting for the use as rootstock in the following spring (February to March)
or monsoon i.e. August to September.

Propagation of jamun is economical and convenient. Budding is practiced on one-year old seedling stocks,
having 10 to 14 mm thickness. The best time for budding is July to August in low rainfall areas. In the
areas where rains start easily and are heavy, budding operations are attempted early in May-June. Shield,
patch and forkert methods of budding have proved very successful. The possibility of better success has
been reported in forkert method compared to shield or "T" budding.

Jamun is also propagated through soft wood and inarching but it is not adopted commercially. In this
method one-year old seedlings raised in pots are inarched with mother jamun trees with the help of wooden
stands during June-July. About 60% air layers are obtained with 500 ppm IBA in lanolin paste, provided
air layering is done in spring and not in the rainy season.

Better rooting through cutting is obtained in Jamun under intermittent mist. Semi-hardwood cuttings of
both S. jambos and S.javanica, 20-25 cm long, taken from the spring flush and planted in July treated with
2000 ppm IBA (Indole Butyric Acid) give better results.
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Planting

Jamun is an evergreen tree and can be planted both in spring i.e. February -March and the monsoon season
1.e. July-August. The latter season is considered better as the trees planted in February- March have to
pass through a very hot and dry period in May and June soon after planting and generally suffer from
mortalities from the unfavourable weather conditions.

Prior to planting, the field is properly cleared and ploughed. Pits of 1 x 1 x 1 m size are dug at the distance
of 10m both ways. In fertile soils even 7 x 7m a little closer spacing is also followed for grafted plants.
Usually, work of digging of pits is completed before the onset of monsoon.

The pits are filled with mixture of 75% top soil and 25% well rotten farmyard manure or compost. Another
common way of growing jamun trees is to plant them as shade trees near the farm dwellings and wells.
Here they provide a welcome shadow besides fruit.

Fertilizer Application

The jamun trees are generally not manured. This is not because they do not require manuring or fail to
respond to it but because they can stand a good deal of neglect. An annual dose of about 19 kg farmyard
manure during the pre-bearing period and 75 kg per tree bearing trees is considered.

Normally, seedling jamun trees start bearing at the age of 8 to 10 years while grafted or budded trees come
into bearing in 6 to 7 years. On very rich soils, the trees have a tendency to put on more vegetative growth
with the result that fruiting is delayed. When the trees show such a tendency, they should not be supplied
with any manure and fertilizer and irrigation should be given sparingly and withheld in September-October
and again in February-March.

This helps in fruit bud formation, blossoming and in fruit setting. Sometimes this may not prove effective
and even more drastic treatments such as ringing and root pruning may have to be resorted to. A fruit
grower has, therefore, to be cautious in manuring and fertilizing jamun trees and hence, has to adjust the
doses according to the growth and fruiting of trees.

Irrigation

In early stages, the jamun tree requires frequent irrigations but aflcr the trees get established, the interval
between irrigations can be greatly decreased. Young trees require 8 to 10 irrigations in a year. The mature
trees require only about half the number, which should be applied during May and June when the fruit is
ripening. During autumn and winter months, just an occasional irrigation may be applied when the soil is
dry. This will also save the trees from the ill effects of frost in winter.

Intercropping
In the initial years of planting, when a lot of interspace is available in the orchard, appropriate intercrop
especially legumes crops and vegetables can be taken dunng rainy season.

Training and Pruning

Regular pruning in jamun is not required. However, in later years the dry twigs and crossed branches are
removed. While training the plants, the framework of branches is allowed to develop above 60 to 100 cm
from the ground level.

Insect Pests
Among the pests, white fly and leaf eating caterpillar cause great damage to the tree.

White fly (Dialeurodes eugenia)

It damages jamun tree in all parts of India. Affected fruits get wormy appearance on the surface. White fly
can be controlled in the following ways:

1. Maintain sanitary conditions around the tree.

2. Pluck all affected fruits and destroy them.

3. Dig up the soil around the tree trunk so that the maggots in the affected fruits and pupae hibernating
in the soil are destroyed.
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Leaf Eating Caterpillar (Carea subtillis)
This caterpillar is only found in Coimbatore. The insect infests the leaves and may defoliate the tree. It can
be controlled by spraying Rogor 30 EC or Malathion @ 0.1 per cent.

Other Pests
Besides the above insects, the jamun crop is seriously damaged by pests like squirrels and birds like parrots
and crows. These have to be frightened away by beating the drums or flinging stones.

Disease: Anthracnose (Glomerella cingulata)

The fungus incites leaf spots and fruit rot. Affected leaves show small scattered spots, light brown or
reddish brown in colour. Affected fruits show small water soaked, circular and depressed lesions.
Ultimately, the fruits rot and shrivel. Spraying with Dithane Z- 78 @ 0.2% or Bordeaux mixture at : 4:4:50
concentration shall check the disease.

Flowering and Fruiting

Flowers are borne in the axils of leaves on branchlets. In North Indian conditions, flowering starts in the
first week of March and continues up to the end of April. The pollen fertility is higher in the beginning of
the season. The maximum receptivity of stigma is one day after anthesis. The jamun is a cross-pollinated
and the pollination is done by honey bees, houseflies and wind.

The maximum fruit set can be obtained by hand pollination when it is done after one day of anthesis.
Thereafter, a sharp decline is observed in fruit set. There is heavy drop of flowers and fruits within 3 to 4
weeks after blooming. Later natural fruit drop can be reduced with two sprays of GA3 60 ppm, one at full
bloom and another 15 days after initial setting of fruits.

The pattern of growth and fruit development of jamun can be divided into three phases: the first phase
from 15-52 days after fruit set having slow growth of fruit, the second phase from 52 to 58 days after fruit
set having fast growth and the third and last phase from 58 to 60 days after fruit set having slow growth
and very little addition in fruit weight.

Harvesting and Yield

The seedling jamun plants start bearing after 8 to 10 years of planting, while grafted ones bear after 6 to
7 years. However, commercial bearing starts after 8 to 10 years of planting and continues till the tree
becomes 50 to 60 years old. The fruit ripens in the month of June -July. The main characteristic of ripe
fruit at full size is deep purple or black colour.

The fruit should be picked immediately when it is ripe, because it cannot be retained on the tree in ripe
stage. The ripe fruits are handpicked singly by climbing the tree with bags slung on the shoulder. In some
areas, plastic tarpaulins are spread below the canopy and by manually the branches are shaken and the
fallen fruits are collected. Care should be taken to avoid all possible damage to fruits. The average yield of
fruits from a full-grown seedling tree is about 80 to 100 kg and from a grafted one 60 to 70 kg per year.

Storage and Marketing

The fruits are highly perishable in nature. They cannot be stored for more than 3 to 4 days under ordinary
conditions. However, pre cooled fruits packed in polythene bags can be stored well up to three weeks at low
temperatures of 8 to 10°C and 85 to 90% relative humidity.

The fruit is packed and sent to the market almost daily. For marketing, well ripe and healthy fruits are
selected. Damaged, diseased and unripe fruits are discarded. These selected fruits are then carefully packed
in wooden baskets and sent to the local markets. At present, the fruits are sold @ Rs. 200-250/Kg.
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Introduction

Agathi, Sesbania grandiflora L. is a constituent member of the family of Fabaceae and native to South East
Asia. Mainly used for culinary, fodder, fuel, soil improvement, fibre, gum or resin, Ornamental, boundary
or barrier or support, Health benefits and therapeutic uses. Leaves are very nutritious. 100 gram of leaves
contain protein 8.4 g, fat 1.4 g, carbohydrate 11.8 mg, Vitamin A 15.44 g, Thiamine (Vitamin B1) 0.21 mg,
riboflavin (Vitamin B2) 0.09 mg, niacin 1.2 mg (Vitamin B3), Vitamin C 169 mg, Calcium 1130 mg,
Phosphorus 80 mg and iron 3.9 mg. the flowers are also edible. Because of its Vitamin A rich nature, regular
inclusion in food helps to avoid eye defects like evening blindness.

It is a perennial tall lanky tree which can be grown as a bush also. It is a well-known small, loosely
branching, legume plant of the Tropical Asia including, India, Indonesia, Malaysia, Myanmar and
Philippines. Leaves, seeds, pods and flowers of S. grandiflora are edible.

Flowers are the most widely used part, and white flowers are preferred to the red. In the Philippines,
unopened white flowers are a common vegetable, steamed or cooked in soups and stews after the stamen
and calyx have been removed. The raw flowers are eaten as salad in Thailand. Young leaves are also eaten,
usually chopped fine and steamed, cooked or fried. Tender pods are eaten like string beans. Agathi leaves
taste bitter, sour, and mildly tart.

Most cooks counteract this bitterness with coconut milk, and some swear by the addition of garlic to combat
the stomach pain arising from consuming too much agathi. The flowers are also bitter and astringent, but
the white is less so than the red.

Climate and Soil

It is best adapted to regions with annual rainfall of 2,000-4,000mm and is also grown successfully in semi-
arid areas with 800mm annual rainfall and up to 9 months dry season. It is adapted to the lowland tropics
up to 800m, occasionally to 1,000m MSL and the environments with mean annual temperatures of 22-30°C.
It is frost sensitive and intolerant to extended periods of cool temperatures.

Poor shade tolerance, less than that of S. sesban. S. grandiflora is more suitable for the wetter/humid sites.
It can be grown on a wide range of soils including those that are poor and waterlogged. It tolerates saline
and alkaline soils and has some tolerance to acidic soils. Agathi may grow in alkaline, poorly drained,
saline, low fertility soils. It is well adapted to heavy clay soils.

Sesbenia grandiflora is often maintained in gardens and around crop fields for its nitrogen contribution to
the soil. The light shade cast by its canopy does not block much light, allowing the growth of companion
plants. Falling leaflets and flowers recycle nutrients to the ground. Due to its fast-growing habit, seedlings
are used for green manuring similar to annual green manure crops.

Fruits, falling leaflets and flowers make excellent green manure or mulch and improve soil fertility. It is a
well-suited annual for dense planting, growing for short periods and ploughing under to improve soil before
planting food crops. S. grandiflora is ideal for rehabilitating eroded soils.

Varieties

In agathi, no varieties have been identified till now through systematic breeding programme. But based on
the flower colour, agathi can be classified in to four distinct groups, which are as follows:

1. Sita: This group produce white colour flower.

2. Peeta: It is a yellow flowered strain.

3. Neela: This group of plant produce blue colour flower.

4. Lohita: It is a red flowered strain.
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Among these four groups, white and red flowered groups are used as vegetable and other two groups are
more popular for their medicinal uses. Red flowered strain is more nutritious than white flowered one due
to their high content of phenolic compound.

Field Preparation
Two to three times deep ploughing, 15 tonnes of FYM incorporated during last plough.

Propagation

It is propagated through seeds. After ten days seeds are started to germinate. It may also be easily
propagated by stem and branch hardwood cuttings. Sesbania species tend to seed prolifically from early
age. It is thought that Sesbania sesban is pollinated by bees, whilst the larger flowers of S. grandiflora are
pollinated by birds.

The seed can be easily harvested and can be grown without problems of dormancy. It is able to produce ripe
pods within nine months of planting. The seeds are collected from the best trees in May and sown for raising
of seedlings in nursery. Scarification may improve uniformity of establishment but is not considered
essential. The viability of seed is about six months and 1 kg seed contain about 16000 seeds.

The seeds are sown during May- June in polythene bags or in nursery beds. The seeds germinate in a week.
The seedlings become ready for transplanting after 30-45 days of sowing. The seedlings are planted in
30cm3 size pits.

Spacing
1m x1m. Usually it is used as a shade crop for chillies, and standard for betelvine.

Sowing and Spacing

One should wait for warm weather for sowing. A soil temperature of at least 25°C is needed for proper
germination. In subtropical areas it is sown during November — December, while in tropical areas sowing
should be done from October to January. Seedlings are planted at 1.5m X 2 m spacing.

Establishment of Plantation

Planting pits of adequate dimensions should be dug in advance of planting. For biomass production the
spacing will, be done in proper manner. Where Sesbania is being established along with another crop in
agro forestry or mixed cropping management system, then the planting design will vary with the overall
management objectives.

It is popular as an agro forestry crop with field crops such as cotton, maize and vegetable crops as it provides
green manure and useful shade and wind protection. It is also grown as an alley crop. Generally, it is much
faster to establish compared to other common tree legumes like Leucaena, Gliricidia and Calliandra.
Commonly planted as individual trees or in rows, spaced 1-2m apart along fence lines, field borders and
the bunds of rice fields.

In fertile sites, it will attain a height of 5-6m in nine months. Height increments are greatly reduced in the
second year of growth. It can be planted at high densities (up to 3,000 stems/ha) to produce pole timber, or
sparsely planted to produce dry-season forage and food. The leaf canopy is open and casts only light shade,
making it popular in gardens.

Sesbenia grandiflora cannot be coppiced or pollarded. The structure of the tree is shaped by pruning so
that the canopy remains low, within reach for convenient harvesting. Agathi is tolerant to low fertility level
of soils.

Irrigation
Irrigation requires weekly interval. Whenever necessary irrigate the field.

Manures
Twenty days after sowing apply any complex fertilizers. No need to apply urea separately.
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Weeding

Monthly once manual weeding is essential.

Pest
Weevil (attack leaves and stems), Stem borer, Larvae damage tender stem.

Disease
Collar seedling blight, Fungus leaf spot, Gray leaf spot, Mosaic symptom on leaf, Root rot and wilt, Powdery
mildew and Fungus causing gall.

Harvest
Leaves are started to harvest 70 days after sowing. Next harvest is every 40 days once. We can maintain
the plant up to 10 years.
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Introduction

Wolbachia is a gram-negative, obligatory bacterial endosymbiont that is extremely widespread among
arthropod organisms, and has attracted significant attention due to its potential for insect control and
vector-borne disease suppression. With the resurgence of vector-borne disease, some have been pessimistic
about the effectiveness of conventional control measures, such as long-term insecticides. In addition,
increased use of insecticides has given rise to questions about adverse environmental impacts. Therefore,
the need for innovative environmentally friendly management methods to supplement existing insect
control initiatives has been suggested.

For these reasons, there is increasing interest in the possible application of Wolbachia in biocontrol
programmes, either to increase biocontrol agent populations or to reduce pest species populations.
Wolbachia manipulate host reproduction to promote their own spread and maintenance in host’s
populations by a number of phenotypes.

Incompatible Insect Technique (IIT)

Another tactic applied using cytoplasmic incompatibility (CI) is similar to the sterile insect technique (SIT),
where sterile male mass inundative releases are used to reduce and/or destroy natural populations. One
big prerequisite for any SIT strategy effectiveness is the ability to deliver significant numbers of sexually
active fit males to the field population. However, the equipment used to create sterile males (e.g.,
irradiation and chemosterilization) also leads to loss of release male fitness. In an Incompatible Insect
Technology (IIT) strategy based in Wolbachia, female sterility is artificially maintained by regular releases
of cytoplasmic incompatible males. Since Wolbachia is not transmitted paternally, the form of infection
present in the release strain is not identified in the region.

When the size of the field population is declining due to incompatible matings, the proportion of release
strain males is increasing. As with traditional SIT, the increasing ratio of incompatible matings over time
will lead to population depletion and likely extinction of the population. SIT and IIT can be combined with
traditional biological monitoring using parasitoids, predators and pathogens. SIT requires the release of
both sexes while only males should be released in the case of IIT. The release of females infected with
Wolbachia can result in the development of viable offsprings if the females released are compatible with
either wild or males released.

Wolbachia infects several genera of tephritid fruit flies such as Anastrepha, Bactrocera, Rhagoletis, Dacus,
Ceratitis, Carypomya and others. Wolbachia can cause complete cytoplasmic incompatibility in novel hosts
resulting in complete suppression of laboratory populations by single releases of infected males, potentially
making it a valuable tool for the management of pests.

Parthenogenesis Induction

Wolbachia-induced female parthenogenesis (thelytoky) is less common than CI, and has been documented
so far only in species with arhenotokous development (in which males develop from unfertilized eggs), such
as mites, hymenopterans (for example, wasps) and thrips. Instead of producing sons from unfertilized eggs,
infected females produce daughters who, unlike males, can transmit the bacteria to their offspring like CI,
Wolbachia-induced parthenogenesis is caused by cell cycle disruption during early embryonic development,
leading to the development of diploids in unfertilized eggs (thelytoky).

In both Trichogramma sp. and Leptopilina clavipes, anaphase during the first embryonic division is
abortive, resulting in one diploid nucleus instead of two haploid nuclei. The first mitotic division is complete
in the wasp Muscidifurax uniraptor, and diploid females are formed after two cell nuclei are fused.
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Feminization

Feminization caused by Wolbachia was first described in isopods, and was more recently described in
insects where it occurs through various mechanisms. Wolbachia has been shown to proliferate within the
androgenic gland in several isopod species from the order oniscidea, leading to androgenic gland
hypertrophy and impaired activity.

The genetic males thus evolve as females. Feminisation in insects is currently known in two distinct host
species, Eurema hecabe and Zyginidia pullula. The exact feminization mechanism is unclear at the
moment, although in E. hecabe, Wolbachia tends to interfere with the process of sex-determination and
must work constantly for full feminisation during development.

Removal of the Wolbachia results in intersexual activity during activity. It has been postulated that
feminizing Wolbachia will lead to the evolution of new systems of sex-determination, such as shifts from
female heterogamety to male heterogamety48, although there has been no definitive evidence for this.

Male Killing

Male killings induced by Wolbachia have been described in four different arthropod orders: Coleoptera,
Diptera, Pseudoscorpiones and Lepidoptera. Wolbachia killing of males occurs mainly during
embryogenesis in each of the mentioned infections, which can lead to more food for the surviving female
progeny.

Insight into the mechanism of killing males comes from Ostrinia scapulalis, the lepidopteran host. The all-
female broods found at O infected with Wolbachia. The first diagnosis of scapulalis was the result of
feminisation caused by Wolbachia. When the mothers were treated to remove Wolbachia with tetracycline,
all-male broods were produced.

Application of Wolbachia in Biocontrol

The use of Wolbachia in biocontrol work would be influenced by simple manipulation. Manipulations
involve the elimination, transfer, or modification of genes. Infections may be removed by applying
antibiotics (e.g. rifampicin, tetracycline) to an arthropod host's larval diet or adult feeding stages. In a
changed method, Wolbachia was removed by adding rifampicin in the diet of the Drosophila host wasp in
a parasitoid wasp.

Elimination can also be accomplished by rearing hosts at high temperatures, or rearing hosts under
crowded conditions. Yet therapies to remove Wolbachia can also kill bacteria other than Wolbachia. The
loss of these latter species, depending on their position in the host arthropod, may or may not be of concern;
for example, nutritional symbiont versus pathogen. (Robert et al., 2012) Field populations of major crop
insect, African army worm (Spodoptera exempta), showing a positive correlation between the prevalence
and severity of nucleopolydrovirus (SpexNPV) infection and three strains of Wolbachia.

Laboratory bioassays have shown that infection with one of these strains, a male-killer, increases SpexNPV
host mortality by 6-14 times. Instead of protecting their lepidopteran host from viral infection, these
studies have shown that Wolbachia makes them more vulnerable and potentially has consequences for the
biological control of other insect pests.

Conclusion

Wolbachia infects taxa of various arthropods. Its hosts include economically important pest species and
beneficial species being studied to combat these pests. Our haphazard survey indicates that one or more
Wolbachia strains are infected with at least 46 per cent of these pest and beneficial species.

Many biocontrol research programs therefore include Wolbachia as a component although their presence
may be unsuspecting. Arthropod monitoring for infection can be done readily using PCR techniques and
specific primers of Wolbachia.

References
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Introduction

Huanglongbing (HLB), already citrus greening illness, is the most damaging of citrus species making
significant danger the world citrus industry. The sickness was accounted for from China in 1919 and now
known to happen in excess of 40 distinct nations of Asia. Three types of gram-negative bacterium in
particular Candidatus Liberibacter asiaticus, Candidatus Liberibacter africanus and Candidatus
Liberibacter americanus are the easygoing living beings of HLB.

Citrus in India has been known to experience the ill effects of specific issue bringing about low creation,
twig dieback, slow passing and even abrupt shriveling ascribed to "dieback", a sickness that was first seen
in the eighteenth Century in focal India. Evidence for the nearness of HLLB in India was in the long run
acquired at the infection Research Centre, when transmitting the HLLB pathogen by the Asian psylla, D.
citri by exhibiting those trees with dieback indications perpetually demonstrated positive for HLB. From
that point, citrus developing areas of India and was viewed as chief reason for citrus dieback illness From
a few studies led alongside atomic test (constant PCR) in 16 conditions of India affirmed its appropriation
in completely examined states (with the exception of Arunachal Pradesh): Andhra Pradesh, Assam,
Karnataka, Madhya Pradesh, Maharashtra, Manipur, Meghalaya, Mizoram, Nagaland, Punjab,
Rajasthan, Sikkim, Tamil Nadu, Tripura and West Bengal.

Citrus greening infection or HLB Rein ruler while assessing maladies of financial plants in southern China
and utilized English term "yellow shoot" of citrus in the report, nonetheless, for an extensive stretch it
(around then the name "HLB" was not utilized) was believed to be available in India. Around then it was
accepted that the HLB was brought about by abiotic factors like Zn insufficiency/harmfulness and poor
seepage framework. it became built up that greening was uniting and creepy crawly transmissible with
end brought about by infection, mycoplasm like living beings (MLOs) were accepted to be related with plant
ailments for the most part with "yellow" side effects looking like with greening indications. On close
assessment, these life forms supposedly had bacterial cell divider notwithstanding cytoplasmic layer,
recommending that they were gram negative genuine microscopic organisms .Thus, it was inferred that
the HLB specialist was gram negative bacterium. Later on, it was affirmed by Electron Microscopy that
South African "greening", Indian "dieback".

Materials and Methods

Three field overviews will be done in the fundamental citrus forests in the nation. The primary goals of the
study were to consider the symptomatology of the normally happening citrus greening in the different citrus
species and to gather agent tests for additional etiological work.

For field determination, a sum of a thousand citrus trees were deliberately inspected (10 trees/plantation)
for the nearness of citrus greening sickness. The plantations were haphazardly picked however the test
trees were chosen based on an unmistakable general decrease and articulated foliage side effects
demonstrative for citrus greening.

The field analysis was performed by intently inspecting the outer foliage side effects which are regularly
found related with citrus greening. So as to watch the trade mark. Photos of agent indications were taken.

The disease incidence of each location was evaluated according to the following formula:

Total Number of infected trees in each location
Incidence (%) = @ cssmrmrmmm x 100
Total number of trees inspected.
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Detection of Huanglongbing

1. For the conclusion of HLB, two atomic methods have been utilized: traditional Polymerase Chain
Reaction (PCR) and constant PCR (RT-PCR).

2. Quantitative. Organic ordering strategies are additionally accessible. Because of low pace of join
transmission of the bacterium related with HLB, the achievement rate for natural ordering of HLB is
variable.

3. Scratch technique for HLB recognition in citrus leaves utilizing iodine-starch response.

Results: Management Strategies

1. Inoculums Reduction and Vector Control: General agreement all through the world on three
general administration rehearses for the administration of the malady; the planting of ensured clean
planting materials, compelling control of its vector psyllid populaces and expulsion of contaminated trees
that fill in as an inoculums hotspot for psyllid securing. The general control system has been to annihilate
every single existing wellspring of HLB inside a region, at that point replant with sans hlb trees developed
from clean budwood. Psyllid populaces should likewise be decreased however much as could be expected.
Organic control of the psyllid vector is just conceivable in areas that don't support develop of psyllid
populaces and is frequently undermined when hyper-parasites are available. Forestalling HLB from
entering to sound region is a lot simpler than attempting to kill or control it. It is essential to abstain from
bringing engendering materials from HLB-contaminated regions to non-tainted zone.

2. Chemical Control: Through Chemical control we will be used combination of penicillin and
streptomycin (PS) was effective in eliminating or suppressing the Las bacterium and provided a
therapeutically effective level of control for a much longer period of time than when administering either
antibiotic separately using a propagation test system with Las-infected periwinkle and citrus plants.

Nutrition
The utilization of nourishing applications to control or balance the malicious impacts of HLB.

Use of Tolerant Rootstocks

Rootstocks to be specific two Rangpur limes (FCAV and Limeira), three trifoliate oranges [Rubidoux, FCAV,
and Flying Dragon (FD)], Swingle citrumelo, Sunki, and Sun Chu Sha Kat mandarins, Orlando tangelo,
Carrizo citrange, utilized for tried HLB.

Conclusion

HLB is the most wrecking infection of citrus natural product crops. Most business citrus types of Nepal like
mandarin and sweet orange are truly defenceless to the infection while corrosive lime is somewhat lenient,
yet it 1s transporter of HLB bacterium filling in as concealed wellspring of inoculums. The illness is
available in India last earlier years and has spread numerous business citrus pockets of the nation
throughout the years. Research endeavours is found predominantly centred around recognized and malady
ordering leaving insufficient consideration regarding its drawn-out administration. It has come about to
enormous decrease of citrus plantations particularly situated underneath 1000 m height where populace
of vector — psyllid is plenteous. Thusly, effective HLB the executive’s techniques will be embraced in India
to spare nation's citriculture.
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Agriculture is a major economic sector of the country, providing employment opportunities to more than
50% of the working population of the country. It is therefore clear that agriculture has been the main driver
for the Indian remote sensing program. With the help of remote sensing and GIS, we can observe the earth
for agricultural monitoring. Various national level agricultural applications have been developed which
demonstrate the use of remote sensing data provided by sensors / satellites launched by the space agency
of the countries, the Indian Space Research Organization (ISRO), some of which crop in Harvesting and
production are included. Assessment, crop acreage, production estimation, cropping system analysis,
agricultural water management, drought management, and monitoring, horticultural development,
precision farming, accurate formation, soil resource mapping, potential fishing area forecast, water
development, climate impact on agriculture and so on.

The main and important application in agriculture through remote sensing is crop production forecasting.
This is reliable and timely information of the area under each crop grown in the country at different
aggregate scales like tehsil, district, state and country and the potential production forecasts long before
the crop to take a policy dimension on many issues before export. Are very important -Port, MSP, storage
facilities for transportation requirements etc. Distant time intervals in the number of remote sensing data
and spectral bands provided in spatial format at different resolutions are ideally suited to make these
estimates.

Seasonal agricultural operations are also monitored with the help of remote sensing. For this, remote
sensing images obtained during the early stages of the crop sowing season are used to detect sowing
progress, although individual crop growth may not occur. The area where the transplant has taken place
can be seen differently than in the places where it is yet to begin. After a few weeks, it will be possible to
estimate the total cropped area in the country, although how low each crop is is not possible at this stage.
As crops reach maximum growth levels, such estimates are made possible by similar logic, it is possible to
monitor harvesting operations using satellite data.

Agriculture provides humanity with food, fibers, fuel, and raw materials that are paramount for human
livelihood. Today, this role must be satisfied within a context of environmental sustainability and climate
change, combined with an unprecedented and still-expanding human population size, while maintaining
the viability of agricultural activities to ensure both subsistence and livelihoods. Remote sensing has the
capacity to assist the adaptive evolution of agricultural practices in order to face this major challenge, by
providing repetitive information on crop status throughout the season at different scales and for different
actors. We start this review by making an overview of the current remote sensing techniques relevant for
the agricultural context. We present the agronomical variables and plant traits that can be estimated by
remote sensing, and we describe the empirical and deterministic approaches to retrieve them. A second
part of this review illustrates recent research developments that permit to strengthen applicative
capabilities in remote sensing according to specific requirements for different types of stakeholders. Such
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agricultural applications include crop breeding, agricultural land use monitoring, crop yield forecasting, as
well as ecosystem services in relation to soil and water resources or biodiversity loss.
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Precision Agriculture

GIS-GPS-RS technologies are used in combination for precision farming and site-specific crop management.
Precision farming techniques are employed to increase yield, reduce production costs, and minimize
negative impacts to the environment. Using GIS analytical capabilities, variable parameters that can affect
agricultural production can be evaluated.

These parameters include yield variability, physical parameters of the field, soil chemical and physical
properties, crop variability (e.g., density, height, nutrient stress, water stress, chlorophyll content),
anomalous factors (e.g., weed, insect, and disease infestation, wind damage), and variations in management
practices (e.g., tillage practices, crop seeding rate, fertilizer and pesticide application, irrigation patterns
and frequency).

Finally, we provide a synthesis of the emerging opportunities that should strengthen the role of remote
sensing in providing operational, efficient and long-term services for agricultural applications.

1. Crop production forecasting: Remote sensing is used to forecast the expected crop production and
yield over a given area and determine how much of the crop will be harvested under specific conditions.
Researchers can be able to predict the quantity of crop that will be produced in a given farmland over a
given period of time.

2. Assessment of crop damage and crop progress: In the event of crop damage or crop progress, remote
sensing technology can be used to penetrate the farmland and determine exactly how much of a given crop
has been damaged and the progress of the remaining crop in the farm.

3. Horticulture, Cropping Systems Analysis: Remote sensing technology has also been instrumental
in the analysis of various crop planting systems. This technology has mainly been in use in the horticulture
industry where flower growth patterns can be analysed and a prediction made out of the analysis.

4. Crop Identification: Remote sensing has also played an important role in crop identification especially
in cases where the crop under observation is mysterious or shows some mysterious characteristics. The
data from the crop is collected and taken to the labs where various aspects of the crop including the crop
culture are studied.

5. Crop acreage estimation: Remote sensing has also played a very important role in the estimation of
the farmland on which a crop has been planted. This is usually a cumbersome procedure if it is carried out
manually because of the vast sizes of the lands being estimated.

6. Crop condition assessment and stress detection: Remote sensing technology plays an important
role in the assessment of the health condition of each crop and the extent to which the crop has withstood
stress. This data is then used to determine the quality of the crop.

7. Identification of planting and harvesting dates: Because of the predictive nature of the remote
sensing technology, farmers can now use remote sensing to observe a variety of factors including the
weather patterns and the soil types to predict the planting and harvesting seasons of each crop.

8. Crop yield modelling and estimation: Remote sensing also allows farmers and experts to predict the
expected crop yield from a given farmland by estimating the quality of the crop and the extent of the
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farmland. This is then used to determine the overall expected yield of the crop. GPS plays an important
role in the creation of yield maps for specific types of crops. For instance, during harvests, GPS can be used
to map out expected yields of a given crop from one piece of land based on the land characteristics and the
seed characteristics.

9. Identification of pests and disease infestation: Remote sensing technology also plays a significant
role in the identification of pests in farmland and gives data on the right pests control mechanism to be
used to get rid of the pests and diseases on the farm.

10. Soil moisture estimation: Soil moisture can be difficult to measure without the help of remote sensing
technology. Remote sensing gives the soil moisture data and helps in determining the quantity of moisture
in the soil and hence the type of crop that can be grown in the soil.

11. Accurate planting: GPS also comes in handy when planning the planting of a given crop. Each seed
has specific spacing and depth required depending on the soil type. Using GPS, it is easier to tell what
spacing a given seed requires and to what depth the seed should be planted in order to return maximum
yields.

12. Irrigation monitoring and management: Remote sensing gives information on the moisture
quantity of soils. This information is used to determine whether a particular soil is moisture deficient or
not and helps in planning the irrigation needs of the soil.

13. Soil mapping: Soil mapping is one of the most common yet most important uses of remote sensing.
Through soil mapping, farmers are able to tell what soils are ideal for which crops and what soil require
irrigation and which ones do not. This information helps in precision agriculture.

14. Soil sampling: Soil sampling is one of the most important uses of GPS in agriculture. It is important
to know what type of soil is available on a given farmland as this will help in determining the type of crop
to be planted on that farm.

15. Monitoring of droughts: Remote sensing technology is used to monitor the weather patterns
including the drought patterns over a given area. The information can be used to predict the rainfall
patterns of an area and also tell the time difference between the current rainfall and the next rainfall which
helps to keep track of the drought.

16. Land cover and land degradation mapping: Remote sensing has been used by experts to map out
the land cover of a given area. Experts can now tell what areas of the land have been degraded and which
areas are still intact. This also helps them in implementing measures to curb land degradation.

17. Identification of problematic soils: Remote sensing has also played a very important role in the
identification of problematic soils that have a problem in sustaining optimum crop yield throughout a
planting season.

18. Crop nutrient deficiency detection: Remote sensing technology has also helped farmers and other
agricultural experts to determine the extent of crop nutrients deficiency and come up with remedies that
would increase the nutrients level in crops hence increasing the overall crop yield.

19. Reflectance modelling: Remote sensing technology is just about the only technology that can provide
data on crop reflectance. Crop reflectance will depend on the amount of moisture in the soil and the
nutrients in the crop which may also have a significant impact on the overall crop yield.

20. Determination of water content of field crops: Apart from determining the soil moisture content,
remote sensing also plays an important role in the estimation of the water content in the field crops.

21. Crop yield forecasting: Remote sensing technology can give accurate estimates of the expected crop
yield in a planting season using various crop information such as the crop quality, the moisture level in the
soil and in the crop and the crop cover of the land. When all of this data is combined it gives almost accurate
estimates of the crop yield.

22. Flood mapping and monitoring: Using remote sensing technology, farmers and agricultural experts
can be able to map out the areas that are likely to be hit by floods and the areas that lack proper drainage.
This data can then be used to avert any flood disaster in future.
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Introduction

Plants are sessile organism which is easily exposed to various abiotic and biotic stresses, such as high or
low temperature, drought, salinity and pests and diseases (Bita and Gerats, 2013). These stresses can
hamper directly or indirectly the growth, development, and plant productivity. Plants possess numerous
adaptive, avoidance, or acclimation mechanisms in order to cope with different stress conditions.

However, this stress tolerance mainly depends upon how signals are perceived and transduced in plants.
Plants generally had four well developed sensor mechanism which trigger stress responses, when exposed
to any sort of stress.

Mechanism

The primary sensor found in plants for perception of any stress conditions can be plasma membrane,
histone sensor of nucleus, cytosol and two unfolded protein sensors present in endoplasmic reticulum of
plants (Mittler et al., 2012).

These signals are then further decoded by many secondary messengers such as reactive oxygen species
(ROS), MAP kinase, calcium ions and inositol phosphates and phytohormones which then results in
different signalling pathways (Liu et al., 2016).

1. Ca?* signalling pathways: Plasma membrane is the most common and easily available target for any
such changes occurring in plant’s surroundings. These changes adversely affect both composition as well
as physical state of plasma membrane, influencing the membrane fluidity and further affecting the transfer
of calcium ions across the membrane (Saidi et al., 2009).

This change in inward flux of calcium acts as sensors of plants to predict the change in its surroundings
(Goraya et al., 2017). Ca?* ions further initiate the phospho - protein cascades thereby targeting the major
stress responsive genes or transcription factors resulting in tolerance against stress situations (Sajid et al.,
2018).

2. G protein-mediated signalling: G-proteins are another very crucial secondary messenger which had
a direct role in providing stress tolerance in plants. The coupling of G-proteins leads to the release of
secondary messengers via effectors such as ion channels or enzymes (Wang et al., 2017).

G protein subunits along with phospholipases (PLCs and PLDs) results in cascade of many phospho -
protein reactions further their expression shows modifications during severe dehydration, high salt, and
during cold acclimation and ABA signalling (Tuteja, 2009).

3. Kinase signalling pathways: Mitogen-activated protein kinases (MAPKSs) are located mainly in cytosol
and nuclear region of plants and are directly involved in the signalling of multiple environmental stresses
(Jean and Heribert, 2018).

After the detection of environmental changes at the cell surface, MAPKs causes phosphorylation and
dephosphorylation of substrates resulting in transcriptional reprogramming and post-translational
modification (PTM) which finally results in the regulation of proteins and providing tolerance against
stress.
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Introduction

The coronavirus disease (COVID-19) is caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which is also known as the COVID-19 virus. In January 2020, the WHO declared the outbreak a
Public Health Emergency of International Concern, and by March 2020, the WHO characterized the
outbreak as a global pandemic. The COVID-19 virus has zoonotic importance, which means it is
transmitted from animals to humans and has since spread between humans. It is primarily spread through
saliva droplets or discharge from the nose.

What is Genetic Material of COVID-19?
Coronavirus (SARS-CoV-2), which causes COVID-19, the genetic material is only RNA. Once the virus,
goes inside cell, the virus uses its genetic material — RNA to grow and multiply inside the cells.

Epidemiology and Pathogenesis
All ages are susceptible. Infection is transmitted through droplets by coughing and sneezing by
symptomatic patients. Asymptomatic patients can also spread the disease.

The virus can remain viable on surfaces for days in favourable atmospheric conditions but are destroyed in
less than a minute by common disinfectants like sodium hypochlorite, hydrogen peroxide etc. Infection is
acquired either by inhalation of these droplets or touching surfaces contaminated by them and then
touching the nose, mouth and eyes. Studies have identified angiotensin receptor 2 (ACEz) as the receptor
through which the virus enters the respiratory mucosa.

The presence of this virus is also found in human faecal matter and contaminated water supply and
subsequent transmission via aerosolization/feco-oral route is also hypothesized. As per current information,
transplacental transmission from pregnant women to their foetus has not been described. However,
neonatal disease due to post-natal transmission is described. The incubation period varies from 2 to 14 d
[median 5 d].

Clinical Features

The common clinical features are fever (not in all), cough, sore throat, headache, fatigue, myalgia and
breathlessness. Conjunctivitis has also been described. In a subset of patients, by the end of the first week
the disease can progress to pneumonia, respiratory failure and death. This progression is associated with
extreme rise in inflammatory cytokines including IL2, IL7, IL10, GCSF, IP10, MCP1, MIP1A, and TNFa.
The median time from onset of symptoms to dyspnoea was 5 d, hospitalization 7 d and acute respiratory
distress syndrome (ARDS) 8 d.

Recovery started in the 2nd or 3rd wk. The median duration of hospital stays in those who recovered was
10 d. Adverse outcomes and death are more common in the elderly and those with underlying co-morbidities
(50-75% of fatal cases). Fatality rate in hospitalized adult patients ranged from 4 to 11%.

Different Diagnostic Testing for COVID-19

A key part of containing the outbreak caused by diseases, such as COVID-19, is diagnostic testing. One of
the fastest and most accurate detection methods is real time reverse transcription—polymerase chain
reaction (real time RT-PCR).

RT-PCR
Reverse transcription polymerase chain reaction (RT-PCR) is a laboratory technique combining reverse
transcription of RNA into DNA (in this context called complementary DNA or cDNA) and amplification of
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specific DNA targets using polymerase chain reaction (PCR). It is primarily used to measure the amount
of a specific RNA.

For RT-PCR test, a simple swab taken from inside a person’s throat or nose. The coronaviruses have RNA,
and this RNA present in swabs from patients contain a minute quantity of RNA, which is not adequate for
the testing process.

The RNA is reverse transcribed to DNA using a specific enzyme. Then additional short fragments of DNA
are added that are complementary to specific parts of the transcribed viral DNA. If the virus is present in
a sample, these fragments attach themselves to target sections of the viral DNA. Some of the added genetic
fragments are used for building DNA strands during amplification, while the others are used for building
the DNA and adding marker labels to the strands, which are then used to detect the virus. The RT-PCR
test is also the most expensive of all those used for Covid-19. Initially, the cost of the test was capped at Rs
4,500 by the ICMR.

Antigen Testing

It is the ‘spike protein’ present on the surface of the coronavirus that facilitates its penetrance into the
human cell. Nasal swab is collected for this test, which is then immersed in a solution that deactivates the
virus.

On a test strip, a few drops of this solution are then put on. This has to be done within an hour of the
immersion of the swab in the solution. The test strips contain artificial antibodies, which binds to
coronavirus proteins. If a person is infected with coronavirus, the test lines will appear on the paper strips
within 15 minutes. If a person tests negative through antigen testing, they still need to get an RT-PCR test
done for confirmation. If a person tests positive, however, a confirmation RT-PCR is not required. Antigen
tests are much cheaper than the RT-PCR, and cost Rs 450 each.

Antibody Tests

Antibody tests are also known as serological tests. Antibodies are naturally produced by the body’s immune
system to fight off infections. Antibody tests cannot be used to diagnose Covid-19, but can reveal whether
a person was recently exposed to the virus.

For the antibody test, a few drops of blood are placed on a cassette or cartridge that contains the SARS-
CoV-2 proteins. If the blood samples contain antibodies, they will immediately bind to the viral proteins.
The positive result is indicated in the form of lines, like a home pregnancy test. Antibody tests can be useful
to carry out surveys to check whether a population has been exposed to the virus.

Preventive Measures for COVID-19

1. Clean your hands with soap and water, or an alcohol-based hand rub. Cover nose and mouth with bent
elbow or a tissue while coughing or sneezing.

2. Don’t touch your eyes, nose or mouth.

3. Stay home if you feel unwell.

4. Wear a mask and Maintain a safe distance from anyone who is coughing or sneezing.

Treatments

There is still no specific antiviral treatment for COVID-19 similar to MERS-CoV and SARS-CoV. Isolation
and supportive care including oxygen therapy, fluid management, and antibiotics treatment for secondary
bacterial infections is recommended . Currently, no vaccination is available for this disease.

Conclusion

The current COVID-19 pandemic is clearly an international public health problem. Due to rapid
transmission, countries around the world should increase attention into disease surveillance systems.
There is no anti corona virus vaccine to prevent or treatment, but some supporting therapy work. More
research in to this area is needed to fight with this global pandemic. Till then, social distancing and other
preventive measures are best to combat this disease.
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Introduction

Paddy (Oryza sativa L.) is one of the most important staple food crops, feeding more than half of the world
population. To feed present population, we need to improve the production per unit area. Even though high
yielding and input responsive varieties are available, a large yield gap exists between the farmers’ fields
and research stations in developing countries. In addition to adequate irrigation water and macro nutrients
balanced supply of micronutrients is vital for overcome this yield gap. After nitrogen (N), phosphorus (P)
and potassium (K), widespread zinc (Zn) deficiency has been found responsible for yield reduction in paddy.
Globally, more than 30 per cent of soils are low in plant-available Zn. Compared with legumes; cereals are
generally more prone to Zn deficiency leading to a significant reduction in grain yield and nutritional
quality. Besides, frequency of Zn deficiency is greater in paddy than other crops. Hence, khaira disease due
to Zn deficiency is considered one of the most important nutritional stresses limiting irrigated paddy
production in Asia at present.

Zinc

Zn is one of the eight essential micronutrients. It is needed by plants in small amounts, but yet crucial to
plant development. In plants, zinc is a key constituent of many enzymes and proteins. It plays an important
role in a wide range of processes, such as chlorophyll production and membrane integrity. Thus, Zn
deficiencies affect plant colour and turgor. Zn is only slightly mobile in the plant and quite immobile in soil.

Soil Conditions that Can Result in Zinc Deficiency Include
1. Low availability of Zn in the soil.

. Low or organic matter content of the soil.

. Restricted root growth due to hardpan, high water table etc.,

. High soil pH.

. Calcareous soils or limed soils.

. Low soil temperature.

. Anaerobic and waterlogged conditions.

. High phosphorus level in the soil.

0 30 Ut~ W

The Important Symptoms of Khaira Disease Due to Zn Deficiency

1. Burning appearance of plants.

2. Reduction in growth.

3. Reduction in yields.

4. Symptoms appear between 2 to 4 weeks after transplanting in case of paddy.

5. Dusty brown spots on upper leaves of stunted plants.

6. Uneven plant growth and patches of poorly established hills in the field, but the crop may recover without
intervention.

7. Tillering in paddy decreases and can stop completely and time to crop maturity increases under severe
Zn deficiency.

8. Increase spikelet sterility in rice.

9. Chlorotic midribs, particularly near the leaf base of younger leaves.

10. Leaves lose turgidity and turn brown as brown blotches and streaks appear on lower leaves, enlarge,
and coalesce.

11. White line sometimes appears along the leaf midrib.
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12. Leaf blade size is reduced.

Management

1. Spread zinc sulphate (ZnS04) fertilizer uniformly all over the nursery seedbed.

2. Drench seedlings or pre-soak seeds in 2-4% ZnSO4 suspension.

3. Apply 12.5 kg ZnSO4/ha, if green manure (6.25 t/ha) or enriched Farm yard manure.

4. Apply 25 kg of ZnSO4along with 50 kg sand as a basal before transplanting.

5. Apply 5-10 kg Zn/ha as Zn sulphate, apply 0.5 — 1.5 % ZnSO4/ha as a foliar spray at tillering (25-30
DAT), 2-3 repeated applications at intervals of 10-14 days.

6. Zn chelates (e.g., Zn-EDTA) can be used for foliar application.

Conclusion

Zn is very essential plant nutrient for paddy. It is deficient in all parts of the globe with different types of
soils. Under these conditions application of Zn fertilizer is necessary for healthy crop growth and higher
yields. Soil and foliar applications of Zn fertilizers are recommended for correcting paddy khaira disease.

Reference
Hafeez B., Khanif YM. and Saleem M., (2013) Role of Zinc in Plant Nutrition- A Review. American Journal of Experimental
Agriculture, 3(2): 374-391.
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Introduction

New pathotypes develop with the presentation of new kind of assortment and mixtures to our yields. Fast
and exact recognition of new harmfulness will help plan technique for creating safe cultivars specifically
area and will likewise give a base to reproducing cultivars with sturdy obstruction or planning
methodologies for the drawn-out administration of significant ailments. Understanding the job pathogens
play in forming the hereditary structure of plant populaces and networks requires a comprehension of the
pathogens 'decent variety, their starting points, and the developmental exchange that happens among
pathogens and their hosts.

Bacterial Conjugation

Bacterial conjugation is the exchange of hereditary material between microscopic organisms through direct
cell to cell contact, or through an extension like association between the two cells. Bacterial conjugation is
frequently mistakenly viewed as what might be compared to sexual propagation or mating since it includes
some hereditary trade. So as to perform conjugation, one of the microscopic organisms, the benefactor, must
play host to a conjugative or mobilizable hereditary component, regularly a conjugative or mobilizable
plasmid or transposon (Ryan and Ray, 2004). Most conjugative plasmids have frameworks guaranteeing
that the beneficiary cell doesn't as of now contain a comparative component.

Conjugation
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There are two classes of conjugative plasmids as for move:

1. Self-transmissible plasmids, which encode all the qualities important to elevate cell-to-cell contact and
move of DNA

2. Mobilizable plasmids, which don't advance conjugation, yet can be productively moved when present in
a cell that contains a self-transmissible plasmid.

The self-transmissible plasmids are typically enormous. They code for 2030 proteins explicitly required for
bacterial cells to shape a mating pair, build up a little pore, and move plasmid DNA through the pore from
one cell to the next. The hereditary data moved is frequently useful to the beneficiary cell. Advantages may
incorporate anti-infection opposition, other xenobiotic resistance, or the capacity to use another metabolite.
Such advantageous plasmids might be viewed as bacterial endosymbionts. Some conjugative components
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may likewise be seen as hereditary parasites on the bacterium, and conjugation as a system that was
advanced by the versatile component to spread itself into new has.

Transformation

The take-up of bare DNA atoms and their steady upkeep in microscopic organisms is called change. The
marvel was found in 1928 by Griffith. Microscopic organisms have grown profoundly concentrated
capacities that will tie DNA pieces and transport them into the cell. Skill alludes to the condition of having
the option to take up exogenous DNA from the earth. There are two distinct types of capability:
characteristic and fake. A few microorganisms (around 1% everything being equal) are normally fit for
taking up DNA under research center. Such species convey sets of qualities indicating the reason for the
hardware for bringing DNA over the phone's layer or films. Fake fitness isn't encoded in the cell's qualities.
Rather it is instigated by research facility methodology in which cells are latently made porous to DNA,
utilizing conditions that don't typically happen in nature (Kunik et al., 2001).

.
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Transduction

Bacteriophages can move qualities starting with one bacterial cell then onto the next, a procedure known
as transduction. There are two assortments of bacteriophage-interceded quality exchange: summed up
transduction and particular transduction.
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Summed up transduction happens because of the lytic cycle. During the time spent bundling bacteriophage
DNA, the head structures of certain bacteriophages will bundle irregular parts of the bacterial chromosome.
In this manner, the lysate contains two sorts of particles that contrast just in the sort of DNA they contain.
The majority of the particles contain viral DNA. When these infuse their DNA, the lytic cycle will rehash
and new bacteriophage particles will be delivered. A little division of the particles, perhaps as high as 1%,
contain sections of the bacterial chromosome instead of the bacteriophage DNA. At the point when one of
these particles infuses its DNA into the cell, the cell isn't murdered.
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The recently presented DNA contains just bacterial qualities and is allowed to recombine with the
chromosome. Some transducing bacteriophages can present 100-200 kilobases of DNA. Since the bacterial
sections that are bundled are basically arbitrary, for all intents and purposes any bacterial quality of the
bacterial chromosome can be transduced (subsequently, the expression "summed up" transduction). Whole
plasmids can be transduced by phages. A few plasmids, strikingly those encoding anti-infection obstruction
in staphylococci have advanced signs to permit proficient bundling by phage particles and resulting move
by transduction. Studies on spread of anti-microbial opposition have uncovered summed up transduction
to be a noteworthy instrument of quality exchange in nature. Specific transduction requires a mild
bacteriophage. In this class of transduction, a bacterial quality becomes related with the bacteriophage
genome (for example by recombination). At the point when such a bacteriophage lysogenizes another
bacterial host, it carries with it the related bacterial quality.
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Ergonomics (also known as Human Engineering) is still a new concept in Indian agriculture. It is necessary
to create greater awareness about its contribution in improving the quality of life of workers and operators.
The development of more complex machines and the increasing awareness about occupational health and
safety aspect have made ergonomics and product safety the dominant consideration in design of tractors
and farm equipment. It is important to know how to increase the efficiency of human power application in
agricultural operation by utilizing ergonomic principles without jeopardizing the health and safety of the
workers so as to get maximum benefits.

Ergonomics is defined as the study of the design of a workplace, equipment, machine, tool, product,
environment, and system which takes into consideration human being's physical, physiological,
biomechanical, and psychological capabilities and optimizes the effectiveness and productivity of work
systems while assuring the safety, health, and wellbeing of the workers (Fernandez and Marley, 1998). In
simple way, the aim of ergonomics is to fit the job to the worker, not the worker to the job.

A large percentage of the work force in the world is associated with agriculture and related trades.
Agriculture has undergone many changes throughout the ages with rapid industrialization and increased
population. The farming system continues to utilize manual power, animal power and mechanical power
but the utilization of power operated agricultural machinery and implement increased day by day and is
capable for doing better quality of field operation. With high degree of mechanization of farm machinery, a
safe comfortable environment for the operators is important consideration for getting productivity and
customer satisfaction are to be enhanced. Farm mechanisation in India is in the initial stages, with the
mechanisation level ranging from 40-45%, which is very low compared to that in developed economies,
where mechanization has reached beyond 90% (World Bank Open Data 2019, Feder Unacoma, PwC)
analysis India’s farm equipment market is 7% of the global market, with more than 80% of the value
contribution coming from tractors. Even though the growth of mechanization has been slow, the overall
food-grain production in India grew from over 50 million tonnes in 1950-51 to 283 million tonnes in 2018—
19. The adoption rates of farm equipment have increased as indicated by the sales of tractors sale and the
rise in farm power availability (FPA) in the recent past. Domestic sales of tractors have increased from 3
lakh units in FY09 to 7.8 lakh units in FY19, registering a phenomenal CAGR of 10%.4 In addition to the
impressive domestic sales volumes, India has exported 92,095 units of tractors during FY19. Average FPA
in India has also risen from 1.1 kW/ha in 1995-96 to 2.02 kW/ha in 2017-18. India is also one of the largest
manufacturers of equipment such as tractors, harvesters and tillers (Anon, 2019).

Need of Comfort

Tractor is the main prime mower in the agriculture works. Operating a tractor imposes lots of physical and
mental stress upon the operator. The operator needs more comfort during various agricultural operations
because they have to bear more noise, dust, and vibration hazards as compare to other peoples. With
constant need to improve operator’s comfort and safety, progress have been made in subsidizing noise, dust
and the emphasis is being diverted to reduce the ride vibration levels. Farm workers functioning as the
drivers of agricultural tractors are exposed to noise, dust and whole body vibration which may be extremely
severe depending upon such factors as attached farm equipment, speed of travel, condition of fields etc.
working under such an environment results in human fatigue, which contributes driving related accidents
and others health hazards. Physical agents are forms of energy that can harm the body when exposure
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takes place. It includes mechanical energy, which impact on the body from noise, vibration and also from
dust when working under field’s conditions. Others physical agents include hot and cold temperatures
which can affect the body’s normal internal temperature. They may be specific part of production process
or an unwanted by products. Exposure to excessive noise, dust, vibration, extreme temperature and
radiation can lead to acute or chronic health effect. Physical working capacity diminishes with age and sex.
In the same age and sex group also, there are individual variations due to the weight, nutrition etc. When
a person dose physical work, he has to stop the work either due to cardio-respiratory limitations, muscular
fatigue or others kinds of problems on his body parts (Saha et al.,1979).

Status of Noise, Dust and Vibration

Noise: Noise is unwanted sound. Sound is a form of mechanical energy caused by the vibration of the air.
The ear is a remarkable organ. The normal range of hearing begins at approximately O decibel, a level at
which a person with excellent hearing is able to detect a sound. Typically, a person begins to identify sounds
when a level of 10 to 15 dB is reached; this is the threshold of hearing. The other end of scale is known as
the threshold of pain (140dB), or the point at which the average person experiences pain. In assessing noise,
a special measure called “dBA” indicates damage to hearing. The dBA rating is provided for many pieces
of agricultural equipment. The higher the dBA number, the greater the risk of damage to hearing.

Effects of noise on health: Excessive noise has the potential to impair hearing, or even destroy it. Noise
may also put stress on other parts of the body causing the abnormal secretion of hormones, the tensing of
muscles and other health effect. Sleepleness and fatigue are among the symptoms. Noise also interferes
with communication, which can affect normal function including job performance and safety. The specific
health effect depends on the types of noise involved and the duration of exposure (Solecki, 1998).

Dust: Modern agriculture is based on highly efficient equipment, especially high-speed, powerful tractors
and agricultural machines. Tractors with mounted and trailed implements allow the mechanization of
many agricultural operations. Use of tractors allows farmers to accomplish the main tillage and care of
plants in the optimum time without major manual labour. Dust is often unavoidable in agricultural work.
As a rule, loosening of the soil results in the formation of dust. The nature of the dust in the air is variable,
and depends on meteorological conditions, season, kind of work, type of soil and so on. Dust concentration
due to tractor operator can vary from a few mg/ma3 to hundreds of mg/m3 (Kundiev, 1983). Dust may contain
dried fecal material, fertilizers, fungal spores, mold, pesticides, and herbicides. During land development
and tillage operation, soil dust causes a lot of irritation to the tractor operator. The exposure limit as
prescribed by the Swedish National Board of Occupational Safety and Health are 10 mg/m3 and 5 mg/m3
for normal dust and organic dust, respectively.

Effects of dust on health: There is a strong need to generate data and then to take corrective measures
to safeguard the health of worker engaged in agricultural activities. Exacerbation of asthma by specific
allergens and nonspecific causes has been associated with airborne dust. Several farm antigen exposures
can trigger asthma, and they include pollen, storage mites and grain dust. Mucous membrane inflammation
1s a common reaction to airborne dust in individuals with allergic rhini