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PREFACE

We are delighted to publish our book entitledResearch Trends in
Agricultural Science Volume II". This book ighe compilation of esteemed articles of

acknowledged experts in the fields of basic and applied agricultural science.

The Indian as well as world population is ever increasing. Hence, it is
imperative to boost up agriculture production. This problem can lerned into
opportunity by developing skilled manpower to utilize the available resources for food
security. Agricultural research can meet this challenge. New technologies have to be
evolved and taken from lab to land for sustained yield. The presenklmoagriculture
is to serve as a source of information covering maximum aspects, which can help
understand the topics with eagerness to study further research. We developed this

digital book with the goal of helping people achieve that feeling of accostpient.

The articles in the book have been contributed by eminent scientists,
academicians. Our special thanks and appreciation goes to experts and research
workers whose contributions have enriched this book. We thank our publisher Bhumi

Publishing, Indiafor taking pains in bringing out the book.

Finally, we will always remain a debtor to all our wellishers for their

blessings, without which this book would not have come into existence.

Editor s
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SAFEGUARDING CROPS: A COMPREHENSIVE GUIDE TO

MANAGING INSECT PEST IN PROTECTED CULTIVATION
Raja Reddy Gundreddy*!, Manikanta D.S.S, Shashikala M,
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IDivision of Entomology,
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Abstract:

Insectborne diseases pose the greatest threat to greenhouse agricultural output and
productvity worldwide. Because of the yeaound mild temperatures, relatively high humidity,
and ample food, the enclosed atmosphere of greenhouses is extremely favourdisEases
and insect pests. While much is known about disease epidemiology andbelsaciour, little
attention has been paid to greenhouse environment manipulation expressly to avoid disease
epidemics and insect infestations, which can easily account for 30% crop losses. According to
the pest and the season, arthropod pests cause vsoitsi®f damage to greenhouse crops. The
degree of damage that can be tolerated varies greatly depending on the crop. IPM is a systematic
approach to pest management that incorporates a number of approaches and strategies for eithel
reducing pest populaimns or lessening their economic impact. It is a form of pest management
that is sitespecific and relies on accurate pest identification and an understanding of pest
biology. Longterm, it is easier to understand how an investment in IPM will surely pats&if
in higher crop quality and a cleaner environment in greenhouse crop production.
Introduction :

Protected farming is the technique of cultivating crops in a controlled environment. This
means that temperature, humidity, light, and other factordbeaaltered to fit the crop's needs.
This promotes to larger and healthier produce. A range of agricultural practises are protected
(Rabbiet al.,2019). Some of the most common approaches are forced ventilated greenhouses,
naturally ventilategolyhouses, insect resistant net houses, shade net houses, plastic tunnel and
mulching, raised beds, trellising, and drip watering. In terms of protected cultivation area for
fruit and vegetable crops, China ranks first (27,60,000 ha), whereas Indicseaekgh (25,000
ha) worldwide (Nair and Barche, 2014).
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Crops cultivated under controlled conditions Higilue foods like tomato, cherry
tomato, colourful capsicum, parthenocarpy cucumbers, pole type french beans, winter
watermelon, muskmelon, and strawies can be grown effectively out of season in Northern
India under polyhouses/walk tunnels. The knowledge has also been proved valuable to
produce grafted fruit plants yeesund. Climate change is becoming an increasingly significant
global problem tht can no longer be ignored. The main underlying cause is anthropogenic, i.e.,
unsustainable use of fossil fuels, forest degradation for industrialization, and rapid urbanization
with an overpopulation (Mukherjest al.,2016).

Table 1: Crops Grownup UnderProtected Farming (Source:Pattnaik and Mohanty, 2021)

Flowers Carnation, Gerbera, Rose, Lilium, Orchid, Gladiol
Chrysanthemum, etc.

Vegetables Coloured Capsicum (Yellow and Red Bell Peppers), Tom
Cucumber.

Fruits Strawberry

Seedling andNurseries | Vegetables, Flowers, Tissue Culture, Clonal for Forestry,
Grafting (like Lemon, Citrus, Mango, Pomegranate, Gu

Litchi, etc.)

Leafy vegetables Lettuce, Kale, Argula, Celary, Parsley, Spinach, Gi
Amaranthus, Red Amaranths

Herbal Crops Basil, Mint, CorianderRosemaryThyme,Oregano

Micro greens Red Cabbage, Beet Root, Pink Radish, White Radish, Brocg

Rhizomes Turmeric

Tubers Potato

Edible flowers Nasturium Sweet William,chamomile

Under protected circumstances, the warm, humid weather and plenty of nourishment
provide a great, steady environment for pest development. Natural enemies that keep bugs in
check outsid are frequently absent in a protected environment. For these reasons, pest problems
typically grow faster and with more severity indoors than outdoors. Arthropod pest harm caused
to crops grown in greenhouses differs based on the pest and sgasitha,2018).Insects and
diseases are the major challenge to protected cultivation (glasshouses and plastic houses and
tunnels). It is estimated that, worldwide, the area of protected crops is 307,000 ha, with
vegetables occupying 65 % (200,000 ha) of this arehornamentals 35 % (107,000 ha). Year
round mild temperatures and relatively high humidity make greenhouses' sheltered habitat ideal
for arthropod pestsReddy and Reddy, 201pdn many countries, production from protected
cultivation is export oriente and therefore, the grower has to comply with the maximum residue
levels set by market regulatory bodies.

IPM is a systematic method to pest management that includes a variety of methods and
tactics designed to either reduce pest populations or redeiceettonomic effect. It is a sie
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specific pest control strategy that relies on accurate pest identification and an understanding of
pest biology. In the long run, it is simpler to understand how an investment in IPM can pay for

itself in greater crop quid&y and a more sustainable environment.
Table 2: Insectpest scenario in India's protected environment (SourceSood, 2010)

Common name | Scientific name Host
Sucking pest
A. gossypii Capsicum
M. sanborni Chrysanthemum
Aphids Macrosiphum luteum Orchid
Myzus escalonicus Strawberry
M. persicae Capsicum, Gerbera
Toxoptera aurantii Orchid
S. dorsalis Rose
Thrips Thrips palmi Gerbera
T. tabaci Gerbera
B. tabaci Gerbera, capsicum
Whiteflies T. vaporariorum Tomato, CucumbeCapsicum, Beans
Gerbera and more than 30 hosts
Aceria lycopersici Tomato
Polyphagotarsonemus latus | Capsicum
Mites Stenotarsonemus fragariae | Strawberry
Tetranychus cinnabarinus Carnation
Mealybugs Planococcus citri ,
Pseudococcus affinis,and |7 1
P. longispinus
polyphagous Coccus hesperidum and Orchids
scale Diaspis boisduvalii
Defoliators
Caterpillars H. armigera Capsicum, Tomato, Carnation
Adoxophyes orana They are mainly brown or gree
Cacoecimorpha pronubana, | caterpillars of tortricid leaf rollers
Leaf Rollers Clepsis spectrana, and like, which live between leaves sp
(Tortricidae) Epichoristodes acerbella together. They feed on leaves a
buds.
S. litura Rose, Tomato, Capsiosy Cucumber
Leaf miner L. trifolii Tomato, Cucumber, Chrysanthemu
Gerbera and many ornamentals
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Diamond black Plutella xylostella Cabbage, Cauliflower.
Moth
Nematodes
Rootknot Meloidogyne incognita, Capsicum (Bell-Pepper), Tomatg
nematodes M. javanica Chilli, Okra, Gherkins, Muskmelor]
Reniform Rotylenchulus reniformis Watermelon, Carnations, Ro0s¢
nematode Gerbera and Anthuriums
Slugs Arion spp., Deroceras spp

and Lehmannia spp. [

Mealy bug infestatiomaterpillar infestaSpodoptera

Figure 1. Insect pesinfestation in protected cultivation of crops (Photos: G Raja Reddy)

Mechanismsdriving pest and disease progression
i.  In protected farming@sground bed crops are rarely rotated, soilborne diseases and insects
that pupate in the ground build up if cultivated soil is not disinfested.

i. Disease propagation is aided by high host plant density and the accompanying
environment.

iii. Inside the greenhouséhe temperature is normally warm, humid, and windless. Most
crops grow rapidly under such conditions, but it is also suitable for the development of
bacterial and fungal diseases (Jarvis, 1992), insects transmitting viruses, and insects that
are herbivoous.
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iv.  Most greenhouse crops are labatensive and for long periods require daily routine
operations (such as tying, pruning, and harvesting). The risks of spreading pathogens
through workers and machinery are increased by the risks deriving from aatiden
wounds and from the exposure of large areas of tissues by pruning.

v. Greenhouses are intended to protect crops from a variety of adversities; however, most
infections and pests are impossible to exclude.

vi.  Windborne spores and aerosol containing bactenger entrances and ventilators;
soilborne pathogens enter through windblown dust and attach to the footwear and
equipment.

vii.  Aquatic fungi can be found in irrigation water, and insects that enter the greenhouse can
spread viruses as well as bacteria antgfuPathogens and pests are tough to remove
once inside a greenhouse.

Managerial Approaches
As greenhouse conditions allow pest populations to grow quickly, successful insect pest

control on greenhouse crops and ornamentals is dependent on a numbereoteldhe IPM

programmes for protected cultivation can be thought of as a pyramid with three important
components: problem avoidance, sampling and early detection, and curative measures.
1.Preventivemeasures

1.1 Utilisation of physical constraints

Physi@l exclusion of insects from the greenhouse should help reduce the incidence of direct
crop damage as well as insét@nsmitted virus diseases; theoretically, this exclusion can be
accomplished by fitting fabric screens with mesh apertures smaller thamsttts' body width

over ventilators and doorways or by insegpellent fabrics, but in practise, significant insect

penetration may still occur. Some of the unique mechanisms will be discussed more below.

1) Insect Screening
Pests cannot be controlled or removed by screens; they just keep the majority of them

out. As a result, they must be installed before they appear, and further pest management

procedures, such as biocontrol, are still required (Berliegei., 1988). Inset parasitoids and
predators that are smaller than their prey can still enter the greenhouse through pest screens, but
larger ones must be introduced. They must be protected since they provide an inexpensive
means of biological pest control, and damagimgecticides should be avoided. Insect netting
systems are used in greenhouses in order to control the movement of insects inside and outside

the greenhousén this way,harmful insectare kept out and useful insects are kept indoors in a

sustainable andnvironmendfriendly way. Insect fabrics come in many hole sizes based on the

size of the smallest insect (white fly, aphids, thrip) you are looking to comtreldenser the

insect screen the better the insect protection, and a proper design of tbhevarea needs to

consider ventilation requirements in order to provide enough surface area to enable adequate

airflow. The mesh size is determined by the insect being targeted (Table 3). For total thrips
exclusion, mesh with holes smaller than 200 microesets required; nevertheless, screening

with holes as large as 600 mm is sufficient for excludingreakrs (Sharmat al,2021).
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Table 3: Screen mesh sizes must be adequate to keep the primary greenhouse pests away

Insect-Pest Hole size Mesh (number of
(micron) threads per linear inch)
Leafminer (. trifoli) 610 34
Cotton whitefly B. tabac) 462 42
Aphid (M. persicag 340 52
Greenhouse whitefly (Twaporariorumn) 290 58
Thrips (Thrips spp.) 192 76

To protect crops fromnsects, various types of screens and plastic covers have been
developed; the problem for the producer is to match the appropriate type of screen to local insect
population.

Ee—aT
= W

Figure 2. Insect Screens for Greenhouses

2) UV-absorbent plastic sheets

According to unsubstantiated states, -bbsorbing plastic sheets protect crops from
insect pests and virus illnesses transmitted by insects by altering insect behaviour (Agttignus
al., 1996). Nonetheless, these tidsorbing plasc sheets are now commercially available.
Insects use their compound eyes to detect light signals. The compound eye's architecture and
physiology are designed to detect UV wavelengths alone or a combination of UV and visible
photons. The UV portion of theolar spectrum is vital in the ecological behaviour of insects,
including orientation, navigation, eating, and sex interaction. Commercially available spectrally
modified sheets are made by incorporating aadlgorbing additive into the raw material, whic
prevents the transmission of most UV wavelengths below 38 nm while not interfering
with the transmission of photosynthetically active energy (400 nm). The quantity of
whiteflies, aphids, and thrips trapped on sticky yellow cards covered with-abSorbing film
was 10 to 100 times lower than the number trapped on conventional films. The usefof UV
films also assisted in reducing the number of insecticide applications for the management of
Spodoptera lituralidy 50'80%. UV-absorbing plastic roofg had the most pronounced thrips
deterrence effect.
3) Use of metalized or reflective mulches

These are generally utilised for insect repellent properties. Metalized mulch was 90%
effective in limiting silverleaf whitefly entry. Screening and metalizagdam should be used
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combined to achieve the highest total decrease of whitefly invasion. Complete mulching of the
greenhouse floor to prevent weeds and to function as a mechanical barrier to some insect life
stages (leaf miners, thrips, and other lepid@ptgests) preventing them from migrating into the
soil for pupation Summers and Stapleton, 2002).
1.2. Sanitation and cultural practices
1) Sanitation
Sanitation is the removal of both contaminated materials and potential sources of
infestation, followe by surface and equipment disinfection. Quarantine, seed disinfestations, the
use of healthy mother plants for cuttings, micropropagation, removing and properly disposing of
all previous crop debris, pasteurising or solarizing soil and soilless medidjsamf@ésting the
greenhouse structure, benches, trays, stakes, and other materials all help to reduce inoculum
(Jarvis 1992). Formaldehyde (as formalin) and hypochlorite are disinfectants, but both are
hazardous to humans and their remains are phyto#persulfate oxidising agent, on the other
hand, kills viruses and bacteria without causing severe negative effects.
2) Cultural Practices
a) Preseason Cleaning
Sanitation is a fundamental component of cultural practises. Infestations are easier to
avoid than to treat. Insects can penetrate the protected structure in three ways, according to
observations:
1 Use of contaminated seedlings/planting material
1 Plant infestation within the protected structure
1 Infestation by host plants outside but close toguied structures
Before bringing in a new crop, it is necessary to eradicate pests from the preceding crop.
Remove any plant waste and weeds from the greenhouse. Many pests can be found on different
crops as well as broadleaf weeds. As a result, it istaitavoid growing other crops next to the
greenhouse and to keep broadleaf weeds at bay along the border of the greenhouse. In shelterec
areas, monoculture is preferred; nevertheless, if polyculture is essential, avoid staggered
planting. A two to fomiweek fallow interval reduces insect load dramatically. After watering,
place yellow sticky cards and indicator plants to identify the presence of thrips, whiteflies, leaf
miners, and other insects.
b) Spacing
Plants with close horizontal and vertical spacing, both on the bench and in the ground
bed, promote the rapid spread of walking insects from plant to plant. Viruses spread mostly via
water and soil splash, insects, and workers handling plants with coatathtools and fingers.
Because air movement is restricted in dense plantings, airborne propagule movement is
constrained, leading in a patchy distribution of diseases and insects (Rtalqh989).
c) Growing Medium
Organic matter, for example, rouly added to greenhouse soils, raises populations of
omnivorous Collembola and namyptostigmatic mites. Fungal parasites of insects and
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nematodes are also favoured in good tilth soils. Meloidogyne incognita,-&naobhematode,
can survive at-P2 m, mwch below soil disturbance levels.

Most substrates can be fumigated or heatsterilized, but pasteurisation at 70 °C (Baker
1957) or solarization at 485 °C are preferabl@atan, 1981) Because thermophilic biocontrol
organisms are kept, complete stesterilisation to 100 °C is preferred. The entire greenhouse
can be closed in bright sunlight to allow solarization of both the substrate and the roof structure.
High temperatures and a lack of vapour pressure in closed greenhouses can kill the western
flower thrips (F. occidentali}, but also its predatoNeoseiulus (Amblyseius) cucumeris
(Weintraub, 2003).

d) Inspection upon arrival

One of the most important parts of protected horticulture is starting with -ineect
planting material. When new plantgige at the greenhouse, inspect them thoroughly for signs
of pest infestation. Lower or damaged leaves should be removed as needed to avoid bug spread.
Determine whether therapy is needed at the first sign of bug or mite problems. Treating a group
of young plants (at seedling stage) rather than larger plants where the dense canopy makes
thorough coverage impossible simplifies pest management.

e) Nutrition

Plants can be predisposed to most insect pests due to deficiencies and excesses of macro
and micromitrients, as well as imbalances in fertiliser quantities. Nutrient balancing fertilisation
programmes should be observed. Nitrogen should only be provided when absolutely necessary
for optimal growth. Periodic heavy treatments generate nitrogen surplubesdy promote
excessive growth and insect population expansion. It has been established that using potassium
in the appropriate amounts minimises the occurrence of insect pests. Foliage overgrowth
encourages sagucking insects like aphids to wreak addiabdamageRalaet al,2018.

f) Pruning and Training

Pruning and training tall staked and wire supported crops like peppers, tomatoes, and
cucumbers not only changes the environment by modifying spacing and the disease
susceptibility of various tissueBest populations can be controlled by removing leaves carrying
pest prepupal and pupal stages, although premature removal of leaves carrying infested stages
can result in biocontrol loss. This strategy could help to reduce the pest population ofsall pest
targeted. Pruning lower leaves after harvesting lower fruit clusters is an excellent way to
eliminate a large number of developing leahers and whiteflies.

g) Trap crop/Indicator plants

Some of the preferred hosts of the target pests can be uséstdwed and catch the
target pests early. In a protected area, planting border rows of Portulaca oleracea in rose can be
used as a tobacco caterpillar trap crop.

h) Plant Quarantine

Greenhouse professionals and workers are one of the mechanismssfmetiee of insect
and mite pests. Plants with mites or thrips should not be moved, and they should not be touched
or moved immediately after touching clean and healthy plants.
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Scouting and early detection

Scouting and early detection are critical for efifeely managing the insect invasion.
Monitoring, also known as scouting, is the regular inspection of plants and exteriors to identify
and analyse pest threats. It includes visual inspection of foliage and blossoms, as well as the use
of sticky or light taps. Many insect infestations begin in small pockets of the greenhouse. Crop
monitoring in real time identifies situations in which pests are absent or at levels much below
economic impact, hence eliminating unnecessary control treatments and experiifiangs
2022)

Yell ow sticky <cards (4NjNx12NjNj or 8 NjNjx 1 2 N
protected environment for adults of whiteflies, aphids, thrips, andreadrs. Yellow cards, on
the other hand, will not allow monitoring of aphids witlthe crop because the majority of the
aphids will be wingless. Blueolored sticky traps can also be used to catch thrips. The traps are
laid up in a grid arrangement, with2lyellow sticky cards used for every 100 square metres of
floor surface. Diffeent aphid species prefer different sections of their host plants to infest.
Green peach aphids tend to congregate on the juicy early growth, whereas melon aphids are
normally scattered equally over the plant stems. Melon aphid populations had fewer winged
adults than green peach aphid populations. Monitoring adult moths by trapping can provide
information on the proper timing of application, when the pests' sensitive phases are exposed
(i.e., larvae before leaf rolling or flying adults)

Blue Sticky Trap

Funnel trap
Figure 3: Trap- To monitor and control of insect pests
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Managing the Crop Environment
1. Temperature

In broad terms, diseases and arthropods both have optimal temperatures for dispersal and
development (Jarvis 1992), although these cardinal points are the sum of the optima of various
pathogen growth phases as well as distinct host defence mechanisndisedses, insects and
mites have an optimal temperature for activity, dissemination, and development. In general,
greenhouse pests are thermophilic and thrive in temperatures ranging from 20 to 30 degrees
Celsius at night and day. Aphids and greenhouséefiibs require a little lower temperature,
15-25 °C. Shipp and Gillespie (1993) studied the effect of temperature and VPD on the survival
of western flower thrips. Temperature, of course, influences not only arthropod pests but also
their natural adveesies. Natural enemies may work poorly if temperatures are too high or too
low, which can occur in the Mediterranean region during summer and winter, respectively.
2. Humidity

While free water and low VPD should be avoided if pathogens are present, these
circumstances are required to generate epidemics of insect fungal infections ¥edcalkum
lecanii, Beauveria bassiana, and Paecilomyces fumosor@&euslan 1988). Similar divergent
proof has been found for arthropod pests and their predatorke $yider mites are most active
at relatively high temperatures and low VPD®, persimilisis inhibited at those same
temperatures and VPDs. Shipp and van Houten (1996) determined optimal humidity conditions
for N. cucumeripredatory activity.
5. Light

Light Low and high light intensities are major stresses in crops, resulting in physiologic
strains that predispose crops to disease (Schoenweiss, 1975). Light's effects on assimilate
partitioning and the relative susceptibility of different tissues andnerga disease are
especially important when combined with crop management procedures such as plant spacing,
row orientation, training and pruning systems, irrigation, and nutrition (Jarvis, 1992). In
contrast, the length of the day is important in deteimgiliapauses in both arthropod pests and
their predators. Early diapauses may be a considerable barrier to their utilisation. Non
diapausing strains can, to some extent, overcome this problem.
5. Air movement

The passive transport of spider mites on wibating through the air and becoming
caught on neighbouring plants is likewise affected by air movement. Despite some barriers,
forced airflows can move larger insects into the greenhouse. Airborne semiochemicals restrict
insect aggregation, however pherane diffusion on excessive air currents can interfere with
mating disruption as a biological control or attraction into sticky traps.
Curative measures
1. Biological control

Almost all agricultural pests have natural enemies in the form of parasitoids or predators.
Biological control entails largecale replication and release of such agents, or the creation of
conditions in which naturally existing agents can act effectifglyeno and Poletti, 2009). In

10
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field conditions, biocontrol agents have yielded some exceptional results, but the strategy has
suffered a setback due to the widespread and indiscriminate use of insecticides.
The utilisation of specific predators and paads in greenhouse environments is one of the
fundamentals of biological pest management. However, for biological control to be effective, it
must be well planned and implemented when the target populations are low. Bioagents are
commercially accessible Western Europe and North America and are successfully utilised to
address pest problems in controlled environments (Table 4 ).
However, while this approach has potential in Indian settings, it has the following limitations:

1 Temperature extremes and the impact of chemical pesticides on natural enemy

capabilities

1 Consumers have a low tolerance for pest damage, particularly in ornamentals.

1 Alack of a system for supplying higfuality natural enemies
Table 4: Major biocontrol agents of Greenhouse Pests

Pest Parasitoid Predator Entomopathogens
Mites Phytoseiulis persimilig
i Neoseiulis cucumeri i
Orius laevigatus
Whitefly Eretmocerus mundus | Orius laevigatug Verticillium lecanii Beauverig
Encarsia Formosa Chrysoperla spp bassiana
Erectmocerus eremicy (Delphastus catalinag
(Ercal), Amblyselug or D. pusillus)
swirskii (SwirskiMite)
Thrips i Orius laevigatug T
Neoseiulis cucumeris
Leaf miner | Diglyphus isaea Dacnus| i Bacillusthuringiensis
siberica
Aphids Aphidus coleman Orius laevigatug Beauveria bassiane
Aphidus matricarae Chrysoperla spp| Verticillium lecanii
Apidoletes aphidomyzg
Mealy bugs| Leptomastix dactylopii | Cryptolaemus Beauveria bassiang
montrouzieri Verticillium lecanii
Caterpillars | Trichogramma spp Chrysoperla carnea | Bacillus thuringiensis, SINP\
HaNPV,
Beauveria bassiana
DBM Diadegma semiclausm Bacillus
Cotesia plutellagplains) thuringiensisvar kurstak 2g/lit
Slugs T T Phasmarhabditis
hermaphrodita.
Nematodes| 1 T Paecilomyces lilacinus
Pachonia chlaydosporium an
Pasteuria penetrans
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There are a number of advantages to using biological control agents. Pestsoddnot
up resistance against biological agents as easily as they can with pesticides. The cost of
biological control is less than that of pesticides. There is no fear of phytotoxicity or persistence
of chemicals potentially hazardous to human health. Ginelaological control does not
completely eliminate the pest, as a certain level of pest population is necessary to sustain the
predator population. For this reason, emphasis is on integrated control, using biological control
agents with cultural and checal control measures. The objective is not complete pest
elimination, but pest management, whereby pest populations are maintained at a level below any
significant plant damage.

With an IPM program, only certain pesticides must be used, which do nottharm
predatory agents. However, highly infested areas may be spot treated by other more poisonous
pesticides if pest populations cannot be controlled by the biological agents. Once such
infestations are reduced, the use of these chemicals should bee®@stfesticides such as
insecticidal soaps, insect growth regulators or hormones, yellow sticky traps, and bacterial or
fungi insecticides may be used with the biological agents without harming them
2. Chemicalcontrol

Insecticides have curative properties and are a significant tool for controlling pest
populations. Insecticides of various types, such as botanical pesticides, microbiological
pesticides, insect growth regulators (IGRs), synthetic chemical pesticidesp amg are in use
(Reddy and Reddy, 2016). In recent years, several of the significant limitations of pesticides
have been highlighted. The problems of insecticide residues on crops have been disturbing the
minds of people in both developed and developiogntries around the world as a result of
pesticide indiscriminate use. However, the prudent and widely acknowledged approach is for
needbased judicious and safe insecticide use.

To avoid pesticide residue contamination of food in a protected environmeat
pesticides with lower persistence and adhere to the recommended waiting interval between last
insecticidal treatment and harvesting. Another problem for pest management is to limit the
development of chemical resistance in insect species. This cawomed or delayed by not
using the same insecticide from the same group more than once. In the pesticide resistance
management programme, including botanicals, microbials, and other agents in the management
schedule improves performance (IRMP).

Aside from that, the safety of the pesticide applicator should be considered, as chemical
pesticides become more volatile in the protected environment'stdngberature regimes. To
avoid pesticides having a direct effect on the applicator, pesticides shoulgllzel apth all
safety precautions, including a protective kit. Following pesticide treatmentrargetime of at
least 12 hours should be observed. Under protected structures, insecticides having fumigant
action should be avoided. The following are sqesticides approved for the control of insect
and mite infestations (Table 16.5).
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Table 5. Some of the key chemical formulations used for combating greenhouse insect
infestations

Insect pest Main insecticides Space Treatments
Thrips, Imidacloprid @ 0.4g/L, Acephate @ 1g/L | Diazinon, dichlorvos
Whiteflies, Acetamiprid @ 0.2g/L, Abamectin @ Oj nicotine, pirimicarb,
Aphids ml/L, Phosphomidan 0.2 mL an propoxur, or sulfotep.
Azadirachtin.
Mites Fenazate, Diafenthiuron, Fenpyroxima
Abamectin @ 0.5ml/L
Caterpillars Spinosad, Chlorantraniliprole @ 0.3ml/ Dichlorvos or pyrethroids
Flubendiamide @ 0.1ml/L
DBM Flubendiamide 19.92% + Thiaclopr
19.92% w/w SC (480 SC) or Spirotetran
150 OD

Leaf Miners Abamectin, Spinosad @ 0.3ml/L, | Dichlorvos or pyrethroids
Abamectin @ 0.5ml/L
Leaf Rollers Acephate, bifenthrin, cypermethrin, cy Dichlorvos or pyrethroids
uthrin, deltamethrin, difl  ubenzuro
fenpropathrin, lufenuron, methomy
permethrin, tefl ubenzuron, and trichlorfor]
Scale Insecty Acephate, buprofezin, bifenthrinmineral| i

and Mealybugs | oil, oxamyl, pirimiphosmethyl, and
propoxur

Slugs Mercaptodimethur pellets and metaldehy 1
pellets

Nematodes Carbofuran 10g/ m2, dazomet 40 g/ m2 ¢ i

Methyl Bromide 0.12 g/L.
3. Drip insectigation for insect pest control

Chemigation provides gardeners with a viable alternative to standard foliar pesticide
sprays for the control of certain pests of vegetables grown using a drip/trickle irrigation method.
The use of a drip/trickle irrigation system for pesticide applicatimables for precise delivery of
systemic insecticides into the root zone of vegetable crops, minimising the need for several
pesticide foliar sprays. Many growers presently utilise drip irrigation systems to manage water,
and the inclusion of an agricheraignjection system provides a caxftective pesticide delivery
strategy. It allows gardeners to apply a pesticide in nearly any weather condition to manage a
variety of pests such as whiteflies, aphids, leafhoppers, leaf miners, beetles, caterpdlars, an
others while reducing overall pesticide inputs when compared to foliar sprays. Many of the new
chemistry pesticides labelled for drip/trickle irrigation system administration are selective to
certain pests and, because they are sprayed to the planbnegtare generally less hazardous to
beneficial and nontarget organisms.
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Future thrusts:

Pest management techniques must be developed in a safe environment, with a focus on
pesticide aversion and selective application. Because this information is telynpleavailable,

safe waiting intervals for pesticide residues based on harvest time must be specified for crops

cultivated in a protected environment. Aside from that, boosting grower awareness of early

diagnosis and appropriate insecticide use shouldoro@itised. The recent availability of
innovative, systemic insecticides such as neonicotinoids and anthranilic diamides, as well as
more future pesticides in development, has increased the prospects for drip chemigation as an
effective and environmentglsound pest management strategy.

Conclusion

Based on the available research, it has been established that an integrated approach to
greenhouse pest management can be employed successfully. To deal with insect pests, Indian
greenhouse farmers must apply many IPM exclusion techniques as feasible. Once these pests
enter the greenhouse, growers have few options for controlling them. As a result, keeping pests

out of the greenhouse is vital. Biocontrol agents, botanicals, and microbial diseases, as well a

limited and environmentally safe pesticides to +t@mget organisms, must be developed and

widely employed. Because of their capacity to act as vector plant viruses, several key insect pests
of greenhouse crops, such as aphids, silverleaf whitefly, ,nares$ thrips, demand specific
control strategies.
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Abstract:

This chapter explores the significant role of agroforestry in promagimgtainable
agriculture. Agroforestry, the integration of trees and shrubs with agricultural crops and/or
livestock, offers a holistic approach that addresses various environmental, social, and economic
challenges faced by modern agricultural systems. difapter highlights the key principles,
benefits, and challenges of agroforestry systems and examines their potential to enhance
sustainability, resilience, and productivity in agriculture. It also discusses various agroforestry
practices and case studiggt demonstrate their effectiveness in mitigating climate change,
conserving natural resources, improving soil health, promoting biodiversity, and supporting local
communities. The chapter concludes with recommendations for policymakers, farmers, and
resarchers to further promote the adoption and expansion of agroforestry as a sustainable
agricultural practice.

Introduction :

Agroforestry is an innovative and sustainable approach to agricultural land management
that involves the intentionahtegration of trees and shrubs with agricultural crops and/or
livestock within the same land area. It is a practice deeply rooted in traditional farming systems
around the world and has gained increasing attention in recent years due to its potential to
address various challenges faced by modern agricultural systems.

The conventional agricultural practices, characterized by monoculture cropping and
extensive livestock production, have often led to detrimental environmental impacts, such as soill
degradationwater pollution, loss of biodiversity, and increased greenhouse gas emissions. These
practices also tend to be more vulnerable to climate change impacts, pests, and diseases.
Recognizing these limitations, the concept of sustainable agriculture emengelaasizing the
need to develop farming systems that are environmentally friendly, economically viable, and
socially responsible.

Agroforestry aligns closely with the principles of sustainable agriculture by integrating
trees and shrubs into agriculturahtiscapes. It offers a range of ecological, economic, and social
benefits that contribute to the overall sustainability of the farming systems. Agroforestry helps to
restore and enhance ecosystem services, improve soil health and fertility, conserve water
resources, enhance biodiversity, and reduce greenhouse gas emissions. It also provides farmers
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with diversified income streams, increased resilience to climate variability, and opportunities for
valueadded products.

The significance of agroforestry in samable agriculture is further underscored by its
potential to mitigate climate change. Trees and vegetation in agroforestry systems act as carbon
sinks, sequestering atmospheric carbon dioxide and reducing greenhouse gas emissions. The
increased biomasand organic matter in the soil contribute to carbon sequestration, thus playing
a crucial role in climate change mitigation and adaptation.

Moreover, agroforestry offers opportunities for rural development and poverty alleviation
by creating employment, ipnoving food security, and empowering local communities. It
enables smallholder farmers to maximize the productive use of limited land resources and
diversify their income through sustainable agroforestry products, such as fruits, nuts, timber,
fuelwood, ad medicinal plants.

Given its multifunctional nature and potential to address pressing agricultural and
environmental challenges, agroforestry has gained recognition at global, national, and local
levels. International organizations, governments, reseastiiutions, and farmers' networks
have increasingly acknowledged the importance of agroforestry in promoting sustainable
agriculture and have actively promoted its adoption and integration into agricultural policies and
practices.

In the subsequent sections of this chapter, we will delve into the principles, benefits, and
challenges of agroforestry systems, examining their potential to enhance sustainability,
resilience, and productivity in agriculture. We will explore various agroforgstgtices and
present case studies that demonstrate the effectiveness of agroforestry in mitigating climate
change, conserving natural resources, improving soil health, promoting biodiversity, and
supporting local communities. Finally, we will provide saumendations for policymakers,
farmers, and researchers to further promote the adoption and expansion of agroforestry as a
sustainable agricultural practice.

Agroforestry principles and concepts
1. Definition and Components of Agroforestry Systems

Agroforestry is a landise management approach that involves the deliberate integration
of trees and shrubs with agricultural crops and/or livestock within the same land area. It is
characterized by the simultaneous and interactive management of both woodynanoodg
components, creating a diverse and multifunctional system.

The key components of agroforestry systems include:

a) Trees or woody perennialsThese can be fruit trees, timber trees, shade trees, or nirogen
fixing trees, depending on the specificjetives of the agroforestry system. Trees provide a
range of ecosystem services, such as carbon sequestration, shade, windbreaks, erosion control
and habitat for wildlife.

b) Agricultural crops: These include annual or perennial crops that are growiodd; fodder,

fiber, or medicinal purposes. They can be intercropped with trees, planted in alleys between tree
rows, or grown in the understory of tree canopies.
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c) Livestock: Agroforestry systems can integrate livestock, such as cattle, sheep, goats, or
poultry, either by allowing them to graze in the tree areas (silvopasture) or by incorporating them
into a rotational grazing system within the agroforestry landscape.
d) Soil and ground cover:The management of the soil and ground cover, including hevbace
vegetation and mulch, is crucial in agroforestry systems. It helps to improve soil fertility,
moisture retention, and weed control.
2. Basicprinciples and design considerations

Agroforestry systems are designed based on certain principles to mattigirzeenefits
and overall sustainability. These principles include:
a) Biodiversity and ecological interactions:Agroforestry systems aim to enhance biodiversity
by creating diverse habitats for plants, animals, and microorganisms. The interactions betwee
different components, such as t@ep or tredivestock interactions, promote ecological
processes and improve system resilience.
b) Functional complementarity: Agroforestry components are selected and managed based on
their ability to complement eacbther functionally. For example, nitrogéiring trees can
enhance soil fertility, shade trees can protect crops from excessive sunlight, and windbreaks can
reduce wind erosion.
c) Resource cycling and nutrient managementAgroforestry systems promote efiient
resource cycling by utilizing organic matter, nutrients, and water within the system. Nritient
leaf litter from trees can be used as mulch or incorporated into the soil to enhance fertility.
d) Spatial and temporal managementAgroforestry systes require careful consideration of
spatial arrangement and timing of activities. Proper spacing between trees and crops, as well as
appropriate timing of planting, pruning, and harvesting, is essential for optimizing resource
utilization and minimizing cmpetition.
€) Adaptive management:Agroforestry systems should be designed and managed in a flexible
and adaptive manner to respond to changing environmental conditions, market demands, and
farmer needs. Continuous monitoring and evaluation allow for tadgnds and improvements
over time.
3. Classification of Agroforestry Practices

Agroforestry practices can be classified into different categories based on their spatial
arrangement and management strategies. Some common agroforestry practices include:
a) Alley cropping: In alley cropping, rows of trees are planted with wide alleys in between,
where annual or perennial crops are cultivated. The trees provide shade, wind protection, and
organic inputs to the soil while allowing for the production of croghénalley spaces.
b) Silvopasture: Silvopasture integrates trees, forage crops, and livestock in a mutually
beneficial manner. Trees provide shade, forage, and browse for livestock, while livestock
contribute to nutrient cycling and help manage vegetation.
c) Windbreaks and shelterbelts:These are linear plantings of trees and shrubs strategically
placed to reduce wind velocity, protect crops and livestock from wind damage, and control soil
erosion.
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d) Homegardens and multistrata systemsHomegardens are smaitale agroforestry systems

found around homes, where a diverse mix of trees, shrubs, and crops are cultivated for household
use. Multistrata systems involve the vertical layering of vegetation, including tall trees,
understory trees, shrubs, and ground cover plants.

e) Forest farming and agroforestry in forested landscapesforest farming involves the
cultivation of crops under the shade of existing forests, utilizing the natural forest ecosystem for
sustainable production. Agroforestry in forested landscapes focuses on integesfgctops,

and livestock within forested areas to enhance productivity and conservation objectives.
Understanding these principles and concepts of agroforestry systems helps in the design,
implementation, and management of sustainable and productiveragtof practices.

Environmental benefits of agroforestry.

Agroforestry systems offer a range of environmental benefits that contribute to the sustainability
and resilience of agricultural landscapes. These benefits include:

1. Climate changemitigation and carbon sequestration Agroforestry plays a crucial role in
mitigating climate change by sequestering carbon dioxide from the atmosphere and reducing
greenhouse gas emissions. Trees in agroforestry systems act as carbon sinks, capturing and
storing carbon in their biomass and soil. The increased biomass and organic matter in the soil
contribute to longerm carbon sequestration. Agroforestry practices, such as alley cropping and
silvopasture, have been found to have higher carbon sequestpatiential compared to
conventional agricultural systems, thereby helping to mitigate climate change.

2. Soil conservation and fertility improvement Agroforestry systems help prevent soil erosion

by providing effective windbreaks and reducing surface ffufidve presence of trees, shrubs,

and ground cover plants helps to stabilize the soil, reduce water erosion, and improve soil
structure. The leaf litter and organic matter from trees contribute to soil fertility by enhancing
nutrient cycling, improving db moisture retention, and promoting beneficial soil
microorganisms. Agroforestry also reduces the need for synthetic fertilizers and agrochemicals,
minimizing the associated environmental pollution risks.

3. Water resource management Agroforestry systemscontribute to improved water
management by reducing water loss through evaporation and runoff. The canopy cover provided
by trees helps to regulate soil moisture levels, reduce water stress in crops, and increase water
infiltration into the soil. Agroforstry practices, such as alley cropping and multistrata systems,
enhance water use efficiency by optimizing the distribution of water resources between trees and
crops. This is particularly important in regions prone to drought or with limited water
availablity.

4. Biodiversity conservation: Agroforestry systems promote biodiversity conservation by
providing habitats and ecological niches for a wide range of plants, animals, and
microorganisms. The diverse structure and composition of agroforestry larslstgygmort a

variety of species, including beneficial insects, pollinators, birds, and mammals. Agroforestry
helps to maintain ecological balance, protect native species, and enhance landscape connectivity,
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contributing to overall ecosystem resilience. Phesence of trees also enhances the provision of
ecosystem services, such as pollination and natural pest control.

5. Agrochemical reduction and pollution prevention: Agroforestry systems reduce the need

for synthetic fertilizers and pesticides due to ioyad nutrient cycling, pest regulation, and
enhanced soil health. The integration of trees and shrubs can create a more balanced
agroecosystem, reducing pest and disease pressures. This leads to a decreased reliance o
agrochemical inputs, reducing thekrigf water and soil pollution, and minimizing the negative
impacts on human health and A@anget organisms.

The environmental benefits of agroforestry contribute to the overall sustainability of
agricultural systems, ensuring the letegm viability and esilience of food production while
safeguarding natural resources and mitigating climate change impacts.

Economic andsocial benefits of agroforestry

Agroforestry systems provide a range of economic and social benefits that contribute to

thewell-being of farmers, rural communities, and society as a whole. These benefits include:

1. Diversified income dreams: Agroforestry allows farmers to diversify their income sources

by integrating multiple products and services within the same land BEneas in agroforestry
systems can provide a variety of products such as fruits, nuts, timber, fuelwood, medicinal
plants, and fodder. This diversification of income helps farmers reduce their dependency on a
single crop or livestock product, mitigating dincial risks associated with market fluctuations or
climate variability.

2. Improved livelihoods and rural development Agroforestry can contribute to improved
livelihoods and rural development by providing employment opportunities, particularly in
smallhdder farming communities. The management, maintenance, and harvesting of trees and
agroforestry products create jobs and incagaeerating activities, thus enhancing the economic
well-being of farmers and local communities. Agroforestry practices canstisalate local
entrepreneurship, valeeddition, and the development of rural industries.

3. Market opportunities and valueadded products Agroforestry systems offer market
opportunities for farmers by providing a diverse range of products with highetndeknand.

Fruits, nuts, specialty timber, and ntimber forest products from agroforestry systems often
command premium prices in local, regional, and international markets. Additionally; value
added products such as processed foods, herbal medicireshaadicrafts derived from
agroforestry resources can generate higher returns for farmers and stimulate rural enterprises.

4. Climate resilience and adaptation Agroforestry enhances climate resilience by providing
farmers with adaptive strategies to coph climate variability and change. The presence of
trees in agroforestry systems helps regulate microclimatic conditions, reducing temperature
extremes and providing shade and windbreaks for crops and livestock. This reduces the
vulnerability of agricultiral production to adverse weather conditions, including droughts and
storms. Agroforestry systems also contribute to the adaptive capacity of farming communities by
diversifying production and increasing system resilience.
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5. Food security and nutrition: Agroforestry systems contribute to food security and nutrition

by increasing the availability and diversity of food products. The integration of food crops, fruits,
and nuts in agroforestry systems provides a varied and nutritious diet for local comsnunitie
Agroforestry also helps address seasonal food scarcity by extending the availability of certain
crops throughout the year. Moreover, the cultivation of multipurpose trees in agroforestry
systems can provide a supplementary source of fodder for livessogiporting livestock
production and contributing to food security.

6. Cultural and social values Agroforestry practices often have cultural and social significance,
connecting communities to their traditional knowledge, values, and practices. Agryforest
systems can preserve cultural heritage, traditional farming systems, and indigenous knowledge
related to the management of trees, crops, and natural resources. Furthermore, agroforestry
landscapes provide aesthetic values, recreational spaces, anduwiipsr for community
engagement and social cohesion.

The economic and social benefits of agroforestry contribute to poverty alleviation, rural
development, food security, and the overall vibgling of farming communities. Agroforestry
provides a sustaile and resilient pathway for agricultural development that integrates
environmental conservation, economic prosperity, and social inclusiveness.

Challenges andimitations of agroforestry:

While agroforestry offers numerous benefits, its implementatidnatiespread adoption
face certain challenges and limitations. These challenges include:

1. Technical challenges:Agroforestry requires technical knowledge and expertise for successful
implementation. Farmers may lack the necessary understanding of agtgfgrinciples, tree
management techniques, and appropriate species selection. Inadequate access to training,
extension services, and technical support can hinder the adoption of agroforestry practices.
Additionally, the integration of trees with agritwdal crops or livestock requires careful
planning to ensure proper spacing, nutrient management, and pest control, which can pose
technical challenges for farmers.

2. Financial constraints: Establishing and managing agroforestry systems often involverupfr

costs, such as purchasing tree seedlings, implementing infrastructure (e.g., windbreaks, fencing),
and managing tree maintenance. Farmers may face financial constraints and limited access to
credit or investment capital, making it challenging to inwesigroforestry practices. The long

term nature of agroforestry systems, which may take several years to yield economic returns, can
also deter farmers from adopting these practices due tetehmrfinancial needs.

3. Land tenure and landuse policies Land tenure issues and lande policies can pose
challenges to agroforestry adoption. Insecure land tenure or unclear property rights may
discourage farmers from making letgym investments in agroforestry systems. Additionally,
conflicting landuse polcies, regulations, or zoning restrictions may limit the integration of trees
with agricultural practices, impeding the expansion of agroforestry at larger scales. Alignment
between landise policies and agroforestry promotion is essential to overcomectianges.
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4. Market access and value chaind.imited market access and inadequate value chains for
agroforestry products can hinder their commercial viability. Agroforestry products often face
challenges related to market demand, product standardizgbimtessing facilities, and
distribution networks. Developing effective market linkages, creating market incentives, and
supporting valueaddition and marketing strategies for agroforestry products are crucial to ensure
economic benefits for farmers anghance market opportunities.
5. Knowledge andawareness gp: There is a need to bridge the knowledge and awareness gap
surrounding agroforestry. Many farmers may not be aware of the potential benefits and technical
know-how of agroforestry practices. Lack of information dissemination, limited access to
research fidings, and inadequate extension services can impede the adoption of agroforestry.
Effective knowledge sharing, farm@-farmer learning, and capacibuilding initiatives are
essential to address this challenge.
6. Policy andinstitutional support: Inadequate policy support and institutional frameworks for
agroforestry can hinder its wider adoption. The lack of clear policies that promote and
incentivize agroforestry, and the absence of institutional arrangements for providing technical
assistanceral financial support, can discourage farmers from engaging in agroforestry practices.
Policy reforms, favorable regulations, and institutional support that recognize and reward the
multiple benefits of agroforestry are necessary to overcome these linstatio

Addressing these challenges and limitations requires a -stakeholder approach,
involving policymakers, researchers, extension services, financial institutions, and farming
communities. Collaborative efforts should focus on providing technicalt@sses improving
access to credit and markets, strengthening land tenure rights, enhancing knowledge transfer, and
creating supportive policy and institutional environments to facilitate the widespread adoption
and scaling up of agroforestry practices.
Agroforestry practices and case studies

Agroforestry encompasses a wide range of practices that can be adapted to different
ecological, socieconomic, and cultural contexts. Here are some examples of agroforestry
practices and case studies showcasing timgilementation and benefits:
1. Alley cropping: Alley cropping involves the integration of trees with agricultural crops in
rows or alleys. The trees provide multiple benefits such as shade, windbreaks, and nutrient
cycling. An example of alley cropping ke "Quesungual" system in Central America. Farmers
in Honduras and El Salvador have successfully implemented this system, planting maize or bean
crops in alleys between rows of nitrogiexing trees like Gliricidia sepium and Erythrina
poeppigiana. Therg¢es enrich the soil with nitrogen, enhance water infiltration, and provide
timber and firewood, while the crops provide food and income.
2. Silvopasture Silvopasture integrates trees, forage crops, and livestock, combining forestry
and livestock produatn. In the Brazilian Amazon, the "Sistema Agroflorestal” (SAF) is a
successful silvopastoral system. It involves planting-dastving leguminous trees like Acacia
mangium and Leucaena leucocephala in pastures to provide shade, fodder, and nitrogen fixatio
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for grasses. Livestock, such as cattle or goats, graze in the shade of the trees, benefiting from the
improved forage quality, reduced heat stress, and enhanced soil fertility.

3. Homegardens andmultistrata systems Homegardens are smaitale agroforésy systems

found around homes, combining trees, shrubs, and crops. One example is the "Kandyan Forest
Garden" in Sri Lanka. These gardens consist of multiple layers, including tall trees like jackfruit
and breadfruit, understory trees like coffee and pgpphrubs, herbs, and root crops. The
homegardens provide diverse food, medicinal plants, and timber products, contributing to
household food security, nutrition, and income generation.

4. Windbreaks and shelterbelts: Windbreaks are linear plantings oééis and shrubs designed

to reduce wind speed and protect crops, livestock, and soil. A case study in Australia
demonstrates the benefits of windbreaks for agricultural landscapes. Farmers in the wheatbelt
region have implemented shelterbelts composed divenaree species like Acacia and
Eucalyptus. These windbreaks reduce wind erosion, protect crops from wind damage, create
microclimatic conditions, and provide habitat for beneficial insects and birds.

5. Forest farming and agroforestry in forested landsapes Forest farming involves the
cultivation of crops under the shade of existing forests. An example is the cultivation of shade
tolerant crops like coffee, cacao, or medicinal plants in the understory of tropical forests in
countries like Brazil and Irahesia. Agroforestry in forested landscapes focuses on integrating
trees, crops, and livestock within forested areas. For instance, in the Philippines, the "Tubay
Agroforestry Project” promotes the integration of coconut trees, fruit trees, and roowifops
coconut plantations. This diversification enhances ecosystem services, improves farmer incomes,
and supports sustainable forest management.

These case studies highlight the diverse applications of agroforestry practices across
different regions andandscapes. They demonstrate the multiple benefits of agroforestry,
including increased productivity, improved soil fertility, enhanced biodiversity, climate
resilience, and socieconomic weHbeing. By showcasing successful implementations, these
case sidies serve as inspiration and learning opportunities for farmers, policymakers, and
practitioners interested in adopting agroforestry approaches.

Scalingup agroforestry adoption:

Scaling up agroforestry adoption is crucial to realizing its full poteimiaddressing
sustainability challenges and transforming agricultural landscapes. Here are some key strategies
and approaches for scaling up agroforestry:

1. Policy support and enabling environment Effective policy support is essential for scaling

up agoforestry adoption. Governments and policymakers should develop and implement
policies that recognize and incentivize agroforestry practices. This includes providing financial
incentives, such as subsidies or grants, for agroforestry establishment arnénaraie.
Additionally, supportive landise policies, langenure reforms, and clear regulations can
facilitate the integration of trees on farms and address barriers to adoption.

2. Capacity-building and extension services Enhancing the capacity and knedbe of
farmers, extension agents, and other stakeholders is crucial for scaling up agroforestry.-Capacity
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building programs should focus on providing training, technical assistance, and practical
knowledge on agroforestry design, management, and berefiEension services play a vital

role in disseminating information, conducting-tamm demonstrations, and facilitating farmer
to-farmer learning. Collaboration between research institutions, NGOs, and agricultural
extension agencies can strengthen capditlding efforts.

3. Financial mechanisms and access to credif\ccess to financial resources and credit is a key
factor in scaling up agroforestry. Governments, financial institutions, and development agencies
should develop financial mechanisms that specifically support agroforestry initiatives. This can
include proiding low-interest loans, establishing agroforestry investment funds, and creating
microfinance schemes tailored to agroforestry farmers. Additionally, innovative financial
mechanisms, such as payment for ecosystem services or carbon credit schemesyidan p
additional incentives for agroforestry adoption.

4. Market development and value chainsDeveloping robust market linkages and value chains

for agroforestry products is crucial for scaling up adoption. Governments and stakeholders
should support thalevelopment of markets for agroforestry products, including facilitating
market access, improving product certification, and promoting fair trade practices. Strengthening
value addition, processing, and marketing infrastructure can enhance the ecoradniity oif
agroforestry and create market opportunities for farmers.

5. Landscapelevel approaches and collaboration Scaling up agroforestry requires a
landscapdevel approach that considers the broader ecological and-scmmmmic context.
Collaboration between different stakeholders, including farmers, researchers, policymakers,
NGOs, and private sector actors, is essential. Landscape planning, participatory approaches, and
multi-stakeholder platforms can facilitate coordination, knowledge sharing;adiedtive action

for scaling up agroforestry adoption. Integrated landscape management approaches can help
identify suitable sites, optimize land use, and promote synergies between different land uses.

6. Monitoring, evaluation, and knowledge sharing Monitoring and evaluating the outcomes

and impacts of agroforestry initiatives are crucial for eviddrased decisiomaking and
learning. Longterm monitoring of agroforestry systems can provide data on ecological,
economic, and social benefits, supportihg scalingup process. Knowledge sharing platforms,
networks, and partnerships should be established to facilitate the exchange of experiences, best
practices, and lessons learned. This can include the creation of online repositories, farmer field
schoos, and regional or international conferences focused on agroforestry.

By implementing these strategies and approaches, agroforestry can be scaled up
effectively, fostering its widespread adoption and contributing to sustainable agriculture, climate
resilience, and rural development. The collaboration between various stakeholders and the
integration of agroforestry into policy frameworks and financial mechanisms are key drivers for
achieving largescale impact.

Conclusion andrecommendations

Agroforestry pays a crucial role in promoting sustainable agriculture by integrating trees,

crops, and livestock, and it offers a wide range of environmental, economic, and social benefits.
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However, the full potential of agroforestry is yet to be realized, and scahintg adoption is
necessary to address sustainability challenges and transform agricultural landscapes. Based on
the discussion presented in this chapter, the following conclusions and recommendations can be
made:

Conclusion

il

Agroforestrypractices provide multiple benefits, including improved soil fertility, enhanced
biodiversity, climate resilience, diversified income streams, and improved livelihoods.

T Agroforestry contributes to environmental conservation, sustainable land management, an
climate change mitigation and adaptation.

T Economic benefits of agroforestry include diversified income sources, market opportunities,
valueadded products, and increased resilience to market fluctuations.

1 Agroforestry enhances food security, nutritiongd @ultural values by providing diverse food
products, supplementary livestock feed, and preserving traditional knowledge and practices.

1  Agroforestry faces challenges and limitations related to technical knowledge, financial

constraints, land tenure, matleecess, knowledge gaps, and policy support.

Recommendations

T Governments and policymakers should develop and implement supportive policies,
including financial incentives, lanA@nure reforms, and regulations that promote
agroforestry adoption.

1 Capacitybuilding programs, farmer training, and extension services should be strengthened
to enhance the knowledge and skills of farmers and stakeholders in agroforestry.

T Access to credit and financial resources for agroforestry farmers should be improved
through he development of tailored financial mechanisms and investment funds.

T Market development and value chains for agroforestry products should be prioritized,
including improving market access, product certification, and processing infrastructure.

1 Landscapdevel approaches and collaboration between stakeholders should be encouraged
to facilitate coordinated agroforestry planning, knowledge sharing, and collective action.

T Monitoring, evaluation, and knowledge sharing platforms should be established to generate

evidencebased information, share best practices, and facilitate learning from successful
agroforestry initiatives.
By implementing these recommendations, stakeholders can work towards scaling up

agroforestry adoption and harnessing its full potentialstmtainable agriculture. Agroforestry

offers a promising pathway towards more resilient and environmentally friendly agricultural
systems, contributing to the wdilking of farmers, rural communities, and the planet as a whole.
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Abstract:

Nematode identification is essential to enhance our understanding the biodiversity. At
species level accurate identification is important to implement management strategies. About
~27,000 species have already been described, with one million speciesbgedigcovered.
Estimated annual loss by nematode ~$173 billion worldwide. Several approaches are available
for nematode identification, from the traditional morphold@ged techniques to the
sophisticated higithroughput sequencing technologies. Tradiélly, RKN species are
identified by the analysis of the perineal patterns and esterase phenotypes. Methods based on the
morphology of adults, isozymes phenotypes and DNA analysis have been used for the diagnosis
of RKN. Over the last few decades, acceramnd rapid molecular techniques have been validated
for nematode diagnosis, including eggs, juveniles and adults as DNA sources. Different DNA
based techniques used for nematode identification are -fR&Riction Fragment Length
Polymorphism (PCHRFLP), Amplified Fragment Length Polymorphism (AFLP), Random
Amplification of Polymorphic DNA (RAPD), MultiplesPCR, PCRDenaturing Gradient Gel
Electrophoresis (PCIRGGE)]. New emerging identification techniques [(Mifhaidic PCR
technique, Matribxassisted laxr desorptionionization timeof-flight (MALDI-TOF),
Microarrays, Loopmediated isothermal amplification (LAMP), Quantitative or Quantification
PCR (gPCR), DNA Metabarcoding/ Metagenomics and Recombinase polymerase amplification
(RPA)] (Cunhaet al.,2018) Molecular techniques in the field of biology have helped us to get
the accurate identification of nematode species and to detect the smallest variations within
species and even within individuals. Several parameters have to be taken in consideration when
selecting a method for the identification of nematodes. All nematode identification techniques
have advantages and limitations. Identification techniques depend on availability of resources.
Traditional methods are important but molecular techniques geogonfirmatory evidences
(Oliveira et al., 2011). Most of the nematode taxonomy remains unknown or unclear. A
combination of approaches is always better in identification. Molecular identification is useful to
meet regulatory demands or to enhance manegedecisions. It is necessary to utilize methods
that are robust, reliable and inexpensive.

Introduction :

Nematodes are the most abundant group of multicellular organisms on earth. Most of the
nematodes are frding and some of them are parasites @n$, insects, other invertebrates,
and vertebrate animals including humans and domestic animals. They live on feeding living
organisms like plants (plant parasites) and animals (animal parasites), preying other nematodes
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(predatory), associating with ings (insect associates), killing insects with their bacterial
symbionts (entomopathogenic nematodes), etc. It is considered that four out of every five
multicellular animals on this planet are nematodes. So far about ~27,000 species have been
described andnore than a million species have yet to be discovddegdtet al., 2001). The
plantfeeding nematodes are a potential threat to the crop causing crop losses, the global annual
loss in monetary terms amounting to the extent of ~$173 billding et al, 2013. In India,
plantparasitic nematodes cause crops loss to the extent of 10,204 crores per lknmame(
al., 2020. Nematodes Critical role in the flow of energy and cycling of nutrients.

Developing protocols and the use of molecidantification methods help to understand
the nematode problems and to investigate crop damage particularly for nematodes vectoring
viruses in crop plants. The protocols for rapid diagnosis techniques are essential to prevent and
spread of quarantine pestghich could be a potential biosecurity threat to Indian agriculture.
Morphological characterizations are essential for species identification and molecular tools
supplement the species information for a better understanding of species. @NANA
sequene-based techniques are most widely used for molecular characterization, identification of
nematodes, and phylogenetic analysis. Further, molecular methods are convenient to diagnose
the nematodes based on the DNA sequences of eggs, juveniles and dduksgiliencing of
diagnostic rRNA regions (IT6& Il of 18S and D2D3 of 28S) and COXof mtDNA have been
used successfully to identify and quantify many economically important -péaasitic
nematodes\(rainset al.,1992, Kanzaket al.,2002).
Why do we need to identify nematodes?

A To understand the biodiversity.

A Bio-security (rapid diagnosis techniques is essential to prevent and spread of quarantine
pest).

A To recover and represent evolutionary history.

A The clear ordering of organisms aredjistration of species diversity facilitates practical
work with the species.

A The accurate identification of nematode species is essential for implementing
management strategies. E@lobodera pallidais not controlled as effectively by
carbamates &S. rostochiensiss controlled.

Difference b/w Morphological and Molecular identification

Morphological Identification | Molecular Identification

Setup cost Low High
Long-term cost High low
Employee requirement Highly trained, experienced Minimal training
Length of process Slower Rapid
Morphological characters Variable NA
Females required Yes No

Mixed speciepopulations Difficult to distinguish No
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Different techniques are used for nematode identification:
A Morphological
A Biochemical and Molecular

Morphological identification :

Since the 19th century, the morphological and morphometric features allow to classify
nematodes within their respective genus. Sometimes, the species can be identified based on the
morptological features of the sexual organs of adult male nematode. The major advantage of this
method is that it is almost costless, but the drawback lies in the need for substantial expertise and
training and in the possible inability to identify specimethatspecies level when only eggs or
larvae are available to the taxonomist or when several specimens are needed to collect enough
morphometric data to confidently classify the studied nematodemidnphology of the eggs
(size, color, egghell aspect, efr collectedfrom feces together with the clinical symptoms is
usually sufficient taliagnose a human parasite infection.

Target Principles of Purpose Advantages Limitations
identification
Whole Juvenile Identification | Almost Need for substantia
nematodel morphological of known costless expertise and training
features; nerve ring| species Inability to identify
esophageal lumen, | Description specimen at  the
intestine, rectum| of new species level whel
excretory poréetc. species only eggs or larvae ar
Sexual organs o0 observed Lack of
adult male and distinctive
female nematodes morphological features
in some cases
(Juvenile) Individual
identification

Biochemical method:
A Multilocus enzymeelectrophoresis (MEE), Isoenzymes phenotypes
A Enzymelinked Immunosotbentassay (ELISA)
Isozyme phenotypes
Isoenzyme phenotyping is the routine diagnostic test for RKN in many laboratories
worldwide. It is based on the relative motyilof enzymes extracted from mature females on gel
electrophoresis. The whole procedure takes three to four hours, from sample processing to gel
revelation. Protein extract fromdl. javanicafemales is applied on the gel for use as reference
phenotype.
Ederase phenotypEST) analysis is usually enough to identieloidogynespecies.
Although, other enzymes can also provide complementary information, such as malate
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dehydrogenase (MDH), superoxide dismutase (SOD) and glutamate oxaloacetate transaminase
(GOT). In some cases, EST are similar between two species, sMcmaasiandM. exigua

Intraspecific variations may occur iNl. javanica, M. arenaria, M. exigua and M.
paranaensisand other species, limiting the accuracy of the diagnosis. In addition, the procedure
required the use of mature females and several individteise®ded in the case of species with
small specimens, such ik exigua
DNA based methods:

PCR Restriction Fragment Length Polymorphism (RRRLP)
Amplified Fragment Length Polymorphism (AFLP)
Random Amplification Of Polymorphic DNA (RAPD)
Multiplex-PCR

PCR Denaturing Gradient Gel Electrophoresis (RBRGE)

Several studies pointed out that the morphological identification was not efficient enough
at deciphering the nematode taxonomy. These authors suggested a revision of the nematode
classification bask on sequence homology at the 18S ribosomal RNA locus that was targeted
using the PCR method. The PCR is an in vitro amplification technique that reproduces a large
number of copies from a small number of targeted DNA sequence molecules. This method
required the reference taxa to be included at every run and necessitated specialized skills that did
not facilitate technology transfer between laboratories.

In 1993, a speciespecific PCR was designed for parasitic nematodes and allowed the
discrimination bet/een nematode species infecting sheep. Thereafter, the PCR method has been
applied to the identification of Anisakidae nematodes isolated from fish or mammalian samples
preserved in alcohol or formaldehyde or from frozen samples. Recently, the PCR Haeealso
used to identify nematodes isolated from soil. A2Red tools targeting satelHBENA were
developed for the identification Meloidogyne haplaa plantparasitic nematode.

PCR methods, based on ribosomal and mitochondrial DNA targets, combitted wi
Sanger sequencing and phylogenetic analyses. The identification and choice of a suitable DNA
region (genetic marker or locus) are key issues to the development of a reliable PCR. Several
genes were targeted for nematode identification such as the ontlr@d cytochrome b locus
(mtDNAcytb), the gene encoding the mitochondrial cytochrome oxidase 2 (COX2) and the
mitochondrial cytochrome oxidase 1 (COXI), the ribosomal RNA of the small (ssrRNA) and
large subunit (IsrRNA). Other nuclear genes were alsectsl such as the internal transcribed
spacer 1 (ITS1) of rDNA.

New emerging techniques used for nematodeéentification:
A Quantitative or Quantification PCR (qPCR)
A Loop-mediated isothermal amplification (LAMP)
A Recombinase polymerase amplification (RPA)
Quantitative or Quantification PCR (qPCR) or real i time PCR:
Conventional PCR is a qualitative method. A variation of this techniquetimeal
PCR or quantitative PCR (gPCR), allows the identification andtireal quantification of target

To To Do Io Do
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sequences. qPCR is faster and more sensitive than conventional PCR, toygaatith does not
require the preparation of gels. However, the high costs of equipment and reagents are still the
main disadvantages of g°PCR. Reéale PCR detects and quantifies DNA based on the emission

of fluorescence. The optical unit of the thermdeyamonitors fluorescence emitted during
cycling and the data is processed by a computer.

The cycle threshold, that is, the number of cycles required to initiate the amplification
of the target sequence, is then calculated. The two main systems us$ed groduction of
fluorescence in qPCR are hydrolysis probes (formerly Tagman®) and SYBR Green® dye. So
far, gPCRbased diagnostics are available fof. arenaria, M. incognita, M. hapla, M.
enterolobiiandM. minor detection. Despite its importance, no gP@iRgnostics is available for
M. javanica.

Loop-mediated isothermal amplification (LAMP):
LAMP amplifies DNA with high specificity.
Sensitivity (up to 10 times more sensitive than PCR).
Efficiency and speed under isothermal conditions.
This procedure reqres the use of four to six primers.
The whole procedure takes from 30 minutes to less than 2 hours, depending on the
protocol, and isothermal conditions (5685°C).
Amplification can be detected through visualization with naked eye, due to the formation
of a white precipitate of magnesium pyrophosphate or the change of color of the solution
by using dyes (SYBR Green, calcein, HNB, picogreen).
Principle of LAMP:
A This method employs a DNA polymerase and a set of four specially designed primers that
recogniz a total of six distinct sequences on the target DNA.
A An inner primer containing sequences of the sense and antisense strands of the target DNA
initiates LAMP.
A The following strand displacement DNA synthesis primed by an outer primer releases a
singlestranded DNA.
A This serves as template for DNA synthesis primed by the second inner and outer primers
that hybridize to the other end of the target, which produces alstgmDNA structure.
A In subsequent LAMP cycling one inner primer hybridizes to the loop on the product and
initiates displacement DNA synthesis, yielding the original steap DNA and a new
stem loop DNA with a stem twice as long.
A The cycling reaction continues with accuntida of 1¢ copies of target in less than an
hour (Niuet al.,2012).
Examples: Rapid detection of pecan rpndbt nematodeMeloidogyne partityla in
laboratory and field conditions using leopediated isothermal amplification.
Recombinase Polymerase Anification (RPA):
A Recombinase polymerase amplification (RPA) is a highly sensitive and selective
isothermal amplification technique

To To Do Io Do

T
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A It operates at 3A42°C, with minimal sample preparation and capable of amplifying as low
as 110 DNA target copies itess than 2onin.

A The detectable amount of DNA amplication can be achieved within 20 minutes

A With excellent sensitivity it is also possible to amplify DNA from a single worm.

Principle of RPA:

A In traditional approaches DNA polymerase is used for ampiificdiut here recombinase
enzyme is used for amplification.

A Recombinase enzyme form complexes with oligonucleotide primers and pair the primers
with their homologous sequences in duplex DNA.

A A singlestranded DNA binding (SSB) protein binds to the displaB&A strand and
stabilizes the resulting D loop.

A DNA amplification by polymerase is then initiated from the primer, but only if the target
sequence is present. The amplification can be detected by fluorescence, real time probes
and sandwich assay formats.

Examples: 1Recombinase polymerase amplification assay for rapid detection of the root
knot nematodeMeloidogyne enterolohii2. Pointof-care diagnostic (POCD) method for
detecting Bursaphelenchus xylophilusn pinewood using recombinase polymerase
amgification (RPA) with the portable optical isothermal device (POID).
Nematode databases
A NEMBASE (www.nematodes.org/nemba3e4
A WormBase yww.wormbase.ory
A WORMS database (World Register of Marine Spegiesy.marinespecies.ojg
A Nematol fttp://nematol.unh.edu/index.php
A Nemys http://nemys.ugent.be/
Conclusion
Identification techniques depend on availability of resources. Theaaecidentification
of nematode species is essential for implementing management strategies. Traditional methods
are important but modern techniques provide confirmatory evidence. Several parameters have to
be taken in consideration when selecting a neetfar the identification of nematodes
combination of approaches is always better for identification. All nematode identification
technigues have advantages and limitations. Molecular techniques in the field of biology have
helped us to get the accuratientification of nematode species and to detect the smallest
variations within species and even within individudlss necessary to utilize methods that are
easy, robust, reliable, and relatively cheap. Modern nematode identification techniquestare mos
useful to meet regulatory requirements and often it supports taking management decisions.
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Introduction:

John H. Davis of Harvard first used agribusiness term in 1955. Agribusiness is all
business enterprises that produsel], and distribute farm products, especially on a large scale.
The transaction maynéail an input, a product,service and other itesuch as:

1) Productive resources (seed, equipment, fertilizer, feed, pesticides, machinery, energy etc.)

2) Agriculturatrelated products (raw and processed commodities of food and fiber)

3) Supportive services(credit, insurance, marketing, storage, processing, distribution,
transportation, packing, soil testing, consultancy etc.).

Scope for agribusiness inndia

1 The diverse agralimate that India enjoys makes it possible to grow subtropical, tropical,
andagricultural products.

1 A wide range of agricultural biotechnology uses exist, including the creation of novel
seed varieties, biocontrol agents, and the industrial exploitation of microorganisms for
bakery products. Inputs used in agriculture, such agamic fertilisers, biofertilizers,
pesticides, feed, and fodder, are in greater demand.

1 Export can be used as a driver of economic expansion. India has enormous potential to
improve its current standing in the global trade of agricultural commoditiesthntHhoeir
raw and processed forms as a member of the World Trade Organization. Cereals, oilseeds
and oils, oil meal, pulsespices and condiments, flowers, fruits and vegetables,
medicinal plants, and essential oils are among the products offered. @thsriiit the
product line include milkmeatfish, and fish products, ornamental fish, and forest by
products. At present processing is done at primary level only and the rising standard of
living expands opportunities for secondary and tertiary processfn@gricultural
commodities.

1 The huge coastal line and internal waterways offer tremendous opportunities for the
production of marine and inland fish, as well as ornamental fish culture, which is
becoming more and more popular among Indians as theie@apon of aesthetics
grows.

1 The abundance of livestock provides tremendous opportunity for the productiahk of
and milk goods, meapoultry products, etc.

9 The resources found in forests can be used to make foregbrpdycts.

1 InIndia,apiaries and beekeeping can be practiced extensively.
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With advancements in production technology, mushroom production for domestic use
and export can be increased.

India has the best potential for organic farming because there are fewer pesticide and
inorganic fertiliser applications there than in other industrialised countries. It is possible
to educate and inspire farmers to transition to organic farming.

Bio-pesticides and bitoontrol agents can be produced and promoted in large quantities to
protect crs.

Seeds, hybrid, and genetically modified crops have the greatest promise in Fatlimen

as high yielding variety productivity has peaked.

Due to decreasing groundwater levels and a labour shortage for agricultural tasks like
weeding, transplantingind harvesting, labesaving farm equipment and mienwvigation
systems have a bright future.

To tap into the export market, greenhouse production of fruits, vegetables, and flowers
might be started.

Due to decreasing state financial resources and thetien of the current government
agricultural extension workforce, trained human resources in agriculture and allied
sciences will take over the agricultural extension system.

As agricultural production rises, job possibilities in marketing, cold stolaugk
warehousing, transportation, credit, insurance, and logistic support services become
available.

Scenario of agribusiness inndia

T

l

The previous two years have seen rapid expansion for the agriculture industry, with
growth rates of 3.6% in 202Q021 and3.9% in 20212022 being recorded. This became
possible due to favourable monsoons and several government initiatives to increase loan
availability, improve investments, build market facilities, encourage the development of
infrastructure in the agriculturgector, and raise the supply of highality inputs to the
industry.

Figure 1: Growth of Agriculture and Allied Sectors (per cent)
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Source: First Advance Estimates of National Income, 2021-22

It has been observed that fisheries and livestock have seen buoyant expansion, which has
aided the sector's success. For instance, even if the growth of GVA for crogk.69as
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in 2018 19, the performance of livestock and fisheries boosted the growth in agriculture.
Figure 2: Growth of GVA of Agriculture & Allied Sector (at 2011-12 prices)
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Source: Based on data received from Department of Agriculture & Farmers Welfare (DAFW).
*Third revised estimate, #sccond revised estimate, (@ First Revised Estimates released on 29th January, 2021.
1 The share of the agriculture and allied sector in total GVA of the economy has-a long
term trend of around 18 per cent. However, the sector's contribution to overall GVA
increased to 20.2% in 20281 and 18.8% in 20222.

Figure 3: Percentage Share of GVA of Agriculture
& Allied Sector to Total GVA (at current prices)
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Source: Based on data of DAFW.
*As per Ist Advance Estimates of National Income, 2021-22,

1 In the 201920 year, the proportion of livestodikshing and aquaculturie the overall
agricultural GVA increased. Recognising the increasing importance of allied sectors, the
Committee on Doubling Farer s 6 | ncome ( DFI , 2018) con
poultry, fisheries and horticulture as engines of high growth and has recommended a
focused policy with a concomitant support system.

1 The total food grain production of India was 297.50 MR@1920 and was estimated to
be 308.65 MT in 202@1 (Agricultural Statistics at a Glance 2021).

1 Total Horticulture production in 202P1 was estimated to 331.04 MT (Agricultural
Statistics at a Glance 2021).

1 As per fourth advance estimates, the eseahgiroduction of rice is 122.27 MT, Wheat is
109.52 MT & Nutri/Coarse Cereals is 51.15 MT for the year ZORQAgricultural
Statistics at a Glance 2021).
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Figure 4: Percentage Share of GVA of Crop & Allied Sectors
in Total Agriculture GVA (at current prices)
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Source: Based on data of DAFW.

1 The total agricultural export was 308830 crore during the year-2020hich shares
14.30% share in total national export whereas the agricultural import was 154510.72
crore in the same year sharing 5.30 percent share in total national import (Directorate
General of Commercial Intelligence and Statistics, Department of Commerce).

1 The CAGR for pises, oilseeds and cotton has been 7.9, 6.1 and 2.8%, respectively
during the same period.

1 Exports of Rice (Basmati and other rice) values at 45426.65 crore iR2Z20The export
of other cereals was 501.12 thousand tonnes in -2019Directorate Generabf
Commercial Intelligence and Statistics, Department of Commerce).

1 India ranks 1st in milk production and contributes 23% to global milk production
growing at a CAGR of about 6.286 reach 209.96 MT in 202R1. The all India per
capita availability of mik was 406 grams per day in 2020 and 427 grams per day in
202021 (provisionalYEconomic Survey 20201, Ministry of Finance, Gol)

1 India ranks 3rd in global egg production and produced at least 122.11 billion nos. in
202021 with per capita availabilitgf egg at 86 eggs per annum in 2®and 91 eggs
per annum in 202Q1(provisionalEconomic Survey 20201, Ministry of Finance,

Gol).

1 Indiais the 2nd largest fighroducing country in the world and accounts for 7.56% of the
global production. The tat fish production during FY 2@1 is estimated at 14.73 MMT.

1 Sugar exports from India stood at 8.6 Mitil May of the ongoing 20222 marketing
year ending September.

1 Online grocery retail in India has seen a CAGR of over 8@%projected to grow to $1
Bn to 12 Bn by 2025.

1 The marine products exports from India touched $7,740 mn during2D2espite the
heavy odds faced by the sector. It observed 30% higher growth as compared-to 2020

36



Researchlrends inAgriculture Science/olumell
(ISBN: 97893-88901-70-3)

21.The USA, China, and Japan are the top three favorite destigaifolndian marine
exports. Exports to these three countries contributed 63% of exports. India ranks 8th in
meat production in the world. Meat production in the country has increased from 6.69
MT in 201415 to 8.80 MTin 202021 (Provisional) (Economic usvey 202621,
Ministry of Finance, Gol).

The total consumption of fertilizer in India was 325.36 lakh tonnes in-2028nd the
production was 184.54 lakh tonnes. The country imported 108.46 lakhs tonnes of
fertilizers from other countries during the sayear (Agricultural Statistics at a Glance
2021).

India produced 91.16 thousand quintal of breeder seeds, 24.12 lakh quintals of foundation
seeds and distributed 421.09 lakh quintal of certified and quality seeds iR22020
(Agricultural Statistics at a @hce2021, MoA&FW).

During the last 5 years ending 2020, Food Processing sector has been growing at an
Average Annual Growth Rate (AAGR) of around 11.18 per cent as compared to around
4.19 per cent in Agriculture (at 2041P prices).

As per latest Annal Survey of Industries (ASI) 2018, the total output in food
processing sector was Rs.12,76,995 crores, which contributed 12.83% of total output in
the registered manufacturing sector in India.

The Gross Value added (GVA) in the food processing sedsrRs.2.24 lakh crore in
201920 contributing 1.69% of the total GVA in the country. The GVA in food
processing sector was 9.87% of GVA in Manufacturing and 11.38% of GVA in

Agriculture, Forestry and Fishing sectors respectively in 2209
India’s Share in Global Food Trade

Value in USS million

2016 2017 2018 2019 2020
World food export 13244043 | 1432272.3 | 1493758.6 | 1488060.0 | 1525621.1
World food import 1342585.9 | 1449095.6 | 1524012.3 | 15211614 | 15531194
India’s food export to world 29196.3 | 344189 | 340702 33617.8 | 35200.7
India’s food import from world 21938.0 | 250903 | 19603.5 | 19183.7 | 203656
% Share of India’s food export in 2.20% 2.40% 2.28% 2.26% 2.31%
world
% Share of India’s food import in 1.63% 1.73% 1.29% 1.26% 1.31%
world
Source: ITC trade Map ( 2021)

1 Thevalue of agrfood exports including processed food exports during 2220vas of

the order

of

us $

(total exports US $ 291.17 Billion).
1 The value of import of agifiood items inclding processed food during 20621 was US

$ 20.99
393.61 Billion).
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T The shar e ddodekportsiinghe svorldwgas 2.31% in 2020 and the share of
| ndi a-foed inapgts in the world was 1.31% in 2020 (Annual Report 2020
Ministry of Food Processing Industries)

1 Hundred percent FDI was permitted under the automatic route in food processing
industries. Hundred percent FDI was allowed through Government approval ooute f
trading, including through-eommerce in respect of food products manufactured and/or
produced in India. The sector has witnessed FDI equity inflow of USD 4.99 billion

during April 2014 to September 2021.
FDI Equity inflow to FPI

S.No Year (April-March) FDI (in Rs. Crore) FDI {in US$ Million)
1 2014-15 3,164.72 515.86

2 2015-16 3,312.00 505.88

3 2016-17 4,865.85 727.22

4 2017-18 5,835.62 904.90

5 2018-19 4,430.44 628.24

6 2019-20 6414.67 904.70

7 2020-21 1670.37 393.41

8. 2021-22 (Apr-Sept) 3047.44 410.62
Source: Department for Promotion of Industry and Internal Trade

1 The study conducted by CIPHET in 2015 leatimated that annual value of harvest and
postharvest losses of major agricultural produces at national level was 92,651 crore

rupees.
Percentage Loss of Major Agricultural Produce in India
Crops Cumulative wastage (percent)

as per report 2010 as per report 2015
Cereals 3.9-6.0 4.65-5.99
Pulses 4.3-6.1 6.36- 8.41
Oil seeds 2.8-10.1 3.08-9.96
Fruits &Vegetables 5.8-18.0 4.58-15.88
Milk 0.8 0.92
Fisheries (Inland) 6.9 5.23
Fisheries (Marine) 29 10.52
Meat 23 271
Poultry 3.7 6.74
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Percentage Losses in Key Horticultural and Cereal Crops

As per Report 2010
Guava 18.0% 15.88%
Mango 12.7% 9.16%
Apple 12.3% 10.39%
Grapes 8.3% 8.63%
Papaya 7.4% 6.70%
Banana 6.6% 7.76%
Cereal Crops As per Report 2010 As per Report 2015
Wheat 6.0% 4.93%
Paddy 5.2% 5.53%
Bajra 4.8% 5.23%
Maize 4.1% 4.65%

Government initiatives for agribusiness

l

The government declared in October 2020 that it was establishiagoawide shared

data infrastructure for farmers. Through the use of a shared database, information about
land records will be merged with the Pradhan Mantri Fasal Bima Yojana (PMFBY), PM
Kisan, and the Soil Health Card.

In September 2020, the governmamtaduced all the PM Matsya Sampada Yojana, the
e-Gopala App, and several programmes in agricultural, dairy, animal husbandry, and
fisheries production. In accordance with this plan, 21 states will get investments totaling
20,000 crore rupees ($2.7 billipduring the next¥5 years.

To increase agricultural exports, the Indian government introduced the Transport and
Marketing Assistance (TMA) initiative, which offers financial support for the marketing
and transportation of agricultural products.

Entrepreneurial Training institutes: There are three institutes engaged in training of
smallscale entrepreneurs. These are National Institute for Entrepreneurship and Small
Business Development (NIESBUD), New Delhi, Guwahati, National Institute of Small
Industry Extension Training (NISIET), Hyderabad and Indian Institute of
Entrepreneurship (I1IE).

Fragrance & Flavour Development Centre (FFDC), Kannauj The Government of

India established The Fragrance & Flavour Development Centre (FFDC) in 1991 with the
aid of UNDRUNIDO, and the Government of Uttar Pradesh/UNDP/UNIDO provided
technical expertise and imported equipments. The government of Uttar Pradesh donated
the land and the building, while the government of India paid for the indigenous
equipment and ongoing expees. The Center's primary goals are to support, uphold, and
improve the position of farmers and businesses involved in the cultivation and processing
of aromatic plants in order to increase their competitiveness on the domestic and
international markets.
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1 Export Processing Zones The purpose of the export zones (EPZ) established as
enclaves, fiscally isolated from the Domestic Tariff Areas, is to offer a competitive duty
free environment for export production. At Noida (Uttar Pradesh), Chennai (Tamil
Nadu),Palta (West Bengal), and Vishakhapatnam (Andhra Pradesh), the government has
established four EPZs.

1 Special Economic ZonesThe government unveiled a new plan for creating Special
Economic Zones (SEZs) in the nation on March 31, 2000, under the Expdrpod
Policy. The policy authorised the establishment of SEZs in the public, private, joint, or
state government sectors. Additionally, it was revealed that several of the current Export
Processing Zones would become SEZs. In light of this, the govetranaounced on
November 1st, 2000, that the existing Export Processing Zones at Kandla (Gujarat),
Santa Cruz (Maharashtra), and Cochin (Kerala) will be converted into SEZs. On the
promoters' request, notification has also been granted for the conversiba Stirat
(Gujarat) private sector EPZ into the SEZ.

1 Export Oriented Units (EOU): In the early 1981, introduction of the exportented
units (EOU) programme is an addition to the EPZ programme. It uses the same
production regime but provides a variefyoptions for locations based on things like the
availability of technological capabilities, source of matettad, existence of an industrial
base, ports of expoand the requirement for a sizable land area for the project. As of
March 2001, 1,536 uniterere running under the EPU system. Textiles and yarn, food
processing, electronics, chemicals, plastics, granites, and minerals/ores are the key
industries where EOUs are concentrated. Majority of units are located in Tamil Nadu,
Andhra Pradesh, Karnatgkdaharashtra and Guijarat.

1 Export Promotion Industrial Park (EPIP) Scheme: In order to include the State
Governments in the development of infrastructure facilities for exgrahted industry, a
centrally supported "Export Promotion Industrial PafkPIP) Scheme was created in
1993 1994. The plan stipulates that a central grant to the State Governments will cover
75% of the capital investment needed to create these facilities, which is typically limited
to 10 crores of rupees in each case.

T New Anna Marumalarchi Thittam: The State Government of Tamil Nadu has
introduced the New Anna Marumalarchi Thittam in April 2002 to set up agribusiness
units with a minimum investment of 35 lakh rupees at the rate of one unit in each block.
This scheme provides safor setting 385 agribusiness units in Tamil Nadu.

1 Agri-Clinic and Agribusiness Centres Small Farmers Agribusiness Consortium in co
operation with MANAGE has drawn plans to provide training on management capacity
building for those willing to set up Agclinics and Agribusiness Centres either as
individual or a group five (four agricultural and allied graduates and one management
graduate) with a maximum loan assistance of 10 lakh rupees for individuals and 50 lakh
rupees for a group of five entreprengu
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e-NAM: National Agriculture Market (@AM) is a panlindia electronic trading portal
which networks the existing APMC mandis to create a unified national market for
agricultural commodities

National Mission for Sustainable Agriculture (NMSA): It has ben formulated for
enhancing agricultural productivity especially in rainfed areas focusing on integrated
farming, water use efficiency, soil health management and synergizing resource
conservation.

As part of Aatmanirbhar Bharat Abhiyan, Ministry of Foododessing Industries
(MoFPI) has | aunched an all Il ndia central
processing Enterprises ( PMF ME) Schemeo
business support for upgradation of existing micro food processingpeseés. The
Scheme adopts One District One Product (ODOP) approach.

The NDA government in 2015 launched the Paramparagat Krishi Vikas Yojana (PKVY),
an initiative to promote organic farming in the country.

Pradhan Mantri Fasal Bima Yojana (PMFBY) is thevgrnment sponsored crop
insurance scheme that integrates multiple stakeholders on a single platform.

Mega Food Park: It is a scheme of the Ministry of Food Processing (part of the
Government of India) with the aim of establishing a "direct linkage fromm fto
processing and then to consumer markets" through a network of collection centres and
primary processing centres. The Ministry of food processing industry out of which 22
mega food parks are operational has sanctioned 42 Mega Food Parks so far.

Schemefor Cold chain and value addition: In order to minimize the postarvest losses

and enhance value addition in the agricultural produce, Ministry of Food Processing
Industries has been implementing the Scheme for Integrated Cold Chain and Value
Addition Infrastructure since 2008. Scheme provides for promoting integrated and
complete cold chain facilities without any break from the farm gate to the consumer, end
to end, to reduce losses by improving efficiency in collection of farmer produce, storage,
transmrtation and minimal processing. Both horticultural and-horticultural produce

are eligible for support under this scheme.

Legal regulations

T

= =4 =4 4

Decisions are strongly affected by laws pertaining to competition, price setting,
distribution arrangements, aghising, etc. It is necessary for a manager to understand the
legal environment of the country and the jurisdiction of its courts. The following laws
affecting business in India are important.

Indian Contract Act, 1872

Factories Act, 1948

Minimum Wages At 1948

Securities contracts Regulation Act, 1956 (Now replaced by SEBI Act)

The Companies Act, 1956
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Trade and merchandise Marks Act, 1958

Monopolies and Restrictive Trade Practices Act, 1969
The water (Prevention and Control of Pollution) Act, 1974
The Air (Prevention and Control of pollution) Act, 1981
Sick Industrial Companies (Special provision) act, 1985
Environment protection Act, 1986

Consumer protection Act, 1986

Securities and Exchange Board of India Act, 1992
Taxation laws coverin@orporate tax, indirect taxes like Excise, Customs, Sales tax and
Wealth tax)

Entrepreneurial opportunities in modern agriculture

=4 =4 =4 -4 4 45 A5 -5 -9

Crop Wholesale Fertilizer Milk R&D

Dairy/Poultry/ Retail Agrl. chemicals  Fruits Mktg. Info

Goat

Fish Commission Seeds Vegetables Quality
Agent control

Rabbit Transport Machineries Paddy Insurance

Vegetables Export Animal feed Sugarcane Energy

Flowers Finance Poultry hatchery = Cashew

Ornamental Storage Vetmedicines Coir

flowers

Palmrosa Consultancy Landscaping Poultry

Fodder Agrl.credit Cattle

Sericulture Custom service | tannery

Agro-forestry Bio-control units = Brewery

Beekeeping Bio-tech units

Mushroom

Key trends expected in future

Increases in food production

Changing Consumption Pattern:

Land Consolidation

Increase in Demand for Processed Food

Increase in Competitiveness

Agricultural Labour will move to more productive jobs
Crop Diversification
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1 TheNational Policy on Biofuels in 2018 targets a 5% blending of biodiesel in diesel by
2030

Use of Biotechnology

Prudent Use of Land and New Growing Medium

Hydroponic farming

Precision farming

Use of Drones in Agriculture

Use NaneTechnology

Use ofdigital technology tontegrate agricultural production from the paddock to the
consumer

Niche Marketing

Improved Storage and SuppBhain Facilities

Digitisation of Retail outlets

Automation in Agriculture

Organic Farming will prosper

Gene Editing Boomdr Climate Change in Agriculture

Insured Farming

Smart farming

Zero budget farming

The key driver of exponential growth in coming yearsCost, quality and reliability

1 Labour is becoming costlyand inaccessible, and so, is being replacetynology.

1 Inputs are becoming prohibitively expensivenecessitating more use that is efficient.

1 Precision technologyis becoming cheaper and more powerful

T Thefishar ed désdisruptinggxgensive outright ownership models for farm tech

Conclusion

1 Increasing population, increasing average incamaylobalisation effects India will
increase demand for quantity, quality and nutritious food, and variety of food. Therefore,
pressure on decreasing available cultivable land to produce quamtity, variety and
quality of food will keep on increasing.

1 Although the constraints in agriculture make the productivity and return complex but still
a highuntappedootentiali s t here in I ndiads agricultur
convertall the challenges in agriculture inbpportunitiesand this process is the future of
agriculture and agribusiness.

1 The understanding of agricultural business models helps to explain how agricultural
organizations increasingly collaborate with customerd suppliers to cope with the
demands of changes in the technological landscape, driving innovation and growth.
Several socioeconomic and technological trends influenced also by environmental
concerns delineate possible pathways for the consolidationriousaypes of business
models in Europe.
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The largescale agricultural enterprise model is associated with a rapid adoption of novel
technology to improve operational efficiency and is based on the reduction of fixed costs
allocated to unit products thrghh economies of scale and the increase of yields in the
production of food commodities.

The organic farming model, precision farming, zero budget farming, smart agriculture
constitutes a kind of differentiation tentative from the lasgale firms and itis
characterized by the focus on sustainable products and processes. The adoption of these
practices seems to be unrelated to farm size and a quest for innovation to increase
agricultural yields idoreseeable.

Family farming emerges in a context chareetsl by small possibility of achieving scale
economies. This model is associated to labtansive crops such as fruit, vegetables,
and perennial crops.

Government initiates also play a vital role in increasing the agribusiness by providing the
financid and technical aids in agriculture sector.

The use of latest technologies like artificial intelligence, nanotechnologadiag,

digitalization etc. wedre making a new pa
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Abstract:

Maximizing food production per unit cultivable area is necessary because a growing
world population is placing pressure on available agricultural land. The building industry will be
required to develop billions of new dwelling units inside urban cente205@, when there will
be an additional 3 billion people on the planet. Food being one of the basic needs, the agriculture
industry also needs to adapt to the expanding population. This has led to the development of
substitute methods of food productiomcluding urban farming and, in particular, vertical
hydroponic farming, in which food is grown indoors in a controlled environment with artificial
lighting, with a minimal amount of water, and without pesticides. The integration of vertical
farming to tradional agricultural methods would enhance the sustainability of food production
for the expanding global population under a more severe environment.

Keywords: Hydroponics, aguaponics, aeroponics, urban farming and indoor farming.
Introduction:

In order b address the main issues of population expansion, climate change, and resource
depletion, as well as calamities brought on by pandemics and conflicts, current agrifood systems
are being called into question. One of the most significant anthropogenitiextoausing
climate change is the food system. By 2050, it is predicted that we will need to produce 60%
more food than is currently produced. In order to safeguard these resources, it is crucial to
implement more efficient and effective solutions (Bggerand Adenaeuer, 2014). Thus, the
UN's 2030 Agenda for Sustainable Development places a strong emphasis on the problems of
food insecurity and malnutrition. The Covi® problem has brought to light the need for local
and circular food supply networks umban settings as well as the vulnerability of access to food.
One of the largest issues facing the globe today is how to meet the demand for food both now
and in the future. Despite the fact that there is a favorable association between urban food
demamnl and food production, urban food systems are still independent and unincorporated. Due
to the restricted availability of land for farming, it is necessary to continue farming operations in
order to expand the supply of food.

Many factors put pressure ohet food industry and processing, including: population
growth and its correspondingly growing needs; reduction of natural resources due to expanding
cities; earth erosion; various forms of contamination; the advent of biofuels; and restrictions
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placed on dod production techniques by consumers andmadgers that demand better quality,
|l ess chemical use, and many wusef ul eretva. r onm
2013).

The use of vertical farming has been suggested as a potential anshese@roblems.

The importance of space is only increasing as mankind expands. As a result, things like homes,
interior design, and even gardens, are getting taller. However, we are beginning to have larger
versions of farms and gardens. This option kdaepghile the field and greenhouse take their
place. Nowadays, indoor vertical farming is becoming prevalent in big cities, and artificial
intelligence is being used to remotely control the vegetation.

Vertical Farming (VF)

According to Sharatbt al. (2020)

"A multilayer indoor plant production system in which all growth factors, including light,
temperature, humidity, carbon dioxide concentration, water, and nutrients, are precisely
controlled to produce large amounts of fresh produce of the highedlygbhadiughout the year,
completely independent of solar light and other outdoor conditions."”

A more general definition of vertical farming is a type of commercial farming in which
living things are artificially stacked vertically on top of one anotherdeioto develop them for
use as food, fuel, fiber or other goods or services (Garg and Balodi 2014).

Need for Vertical Farming:
(a) Solution to Food Security

An increasingly critical concern is food security. Demographers predict that in the future
decades, the population of cities will grow significantly. Agronomists, ecologists, and other land
experts warn of a growing shortage of farmland at the same tinmen@ieret al. 2015). Due to
these factors, there may be a global famine if food demand grows exponentially faster than
supply. By 2050, the population of the globe is expected to exceed 9 billion people, according to
UN estimates. By this time, 80% of theorld's population, according to the UN, will live in
cities. Additionally, it projects that by 2050, we would require 70% more food to meet the needs
of an additional 3 billion people on the planet. To address this enormous global problem, we
urgently ned innovative answers (Mullet al.2017).

Produce more food on less land is the fundamental premise of vertical farming. The
vertical farm's proponents assert that it would develop compactusétient ecosystems that
serve a variety of purposes, ifniovaste management to food production. In addition to enabling
efficient and ecological food production, vertical farming has the potential to improve the
economy, reduce pollution, provide new job opportunities, rebuild ecosystems, and increase
access tovholesome foods. Indoor farming has the potential to produce higher yields and eternal
income because it is yeewund and weathendependent. Additionally, indoor farming offers a
low-impact approach that can drastically cut down on travel expensesH@deissions by
shortening trip distances between-ddir farms and the neighborhood market. (Katz and Bradley
2013).
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(b) Climate Change
The loss of arable land is a result of climate change. The loss of important agricultural
land due to flooding, hurricanes, storms, and drought has had a negative impact on the global
economy (Kalantaret al. 2017). Large expanses of agricultural landl we desecrated as a
result of these occurrences, making them unusable for farming. In comparison to conventional
agriculture, vertical farming may produce food while using less land and water and perhaps
emitting zero pesticides and fertilizers.
(c) Urban Density
According to Despommier (2010), vertical farming has advantages over "horizontal"
urban farming since it frees up space for more urban activities (i.e., more housing, services, and
amenities). According to research, converting urban space to farmdaolis in a decline in
population density and lengthier commutes. Living in a lower density area requires more energy
and produces more air and water pollution. According to the National Highway Travel Survey
(NHTS), households would need to buy an exdid@ gallons of petrol a year if urban density
were to be reduced by 50%.
(d) Health
Conventional agricultural methods frequently place a high priority on profit and
commercial benefit while paying insufficient attention to the harm they cause to the envitonme
and to human health (Touliates al. 2016). These methods consistently pollute the soil, induce
erosion, and produce an excessive amount of water waste. According to the World Health
Organization, more than half of all farms still use raw animal maasireertilizer, which may
attract flies and contain weed seeds or diseases that can spread to plants. This practice is harmful
to human health. Consequently, consuming such food has a negative impact on people's health.
In addition, growing crops indoorsowld have the advantage of decreasing the overuse
of pesticides and herbicides, which results in polluted agricultural runoff. A high concentration
of nutrients is produced (known as eutrophication) when too much fertilizers is washed into
water bodies (sth as rivers, streams, and oceans), which could upset the natural balance.
Furthermore, by providing precise irrigation and effective scheduling, indoor vertical
farming uses cuttingdge growing techniques that utilize less water (approximately 1/10th of
that used in traditional farming). As the urban population grows, there may be a large
ameliorative effect as a result of this. More than two thirds of the fresh water in the globe is used
for agricultural purposes, and farmers are struggling to find dneatger for their crops.
(e) The Ecosystem
Since ancient times, traditional agriculture has been intruding on natural habitats.
"Farming has upset more ecological processes than anythirdy ieisethe most destructive
process on earth,” claims Dickson Despaemm(2013). According to Despommier, the
destruction of these historic ecosystems is accelerating climate change. By restoring biodiversity
and mitigating the detrimental effects of climate change, indoor vertical farming can lessen the
agricultural impacbn the world's ecosystems. Cities might lower their CO2 emissions enough to
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create better technical advancements for the-teng improvement of the biosphere if they used
vertical farms to produce even 10% of the ground area they consume.
() Economics
The vertical farm's proponents also claim that it will offer affordable food prices. The
cost difference is rapidly closing due to traditional farming's escalating costs. For instance, it
would be able to sell product directly to the consumer if verticalSamere strategically placed
in metropolitan areas. This would cut transportation costs by eliminating the middleman, which
can account for up to 60% of expenditures-Kdidmany 2016). Advanced farming techniques
and intense farming practices are also usedertical farms to dramatically enhance output.
Additionally, vertical farming offers a chance to boost the regional economy. In urban areas with
a shortage of fresh produce, abandoned buildings can be transformed into vertical farms to
supply communitie with wholesome food.
General Structure and process of Vertical Farming:
Understanding the operation of vertical farming involves four key areas:
1. Physical layout Increasing food production per square meter is the main objective of vertical
farming.Crops are raised in a tower living structure in tiers to achieve this purpose.
V Selection of wall
V Preparation of framework
V Use of building materials such as PVC pipe, plastic sheets and fabric material
V Installation of irrigation and fertigatiosystem
V Selection and insertion of plants
2. Lighting - Any indoor garden's lighting setup, which gives plants the energy they require for
photosynthesis, is its beating heart. Beginner indoor gardeners on the correct track to building an
effective, profitate garden will already understand the concept of setting up a lighting system
and will be able to do the necessary calculations. To keep the room's lighting at the ideal level, a
precise blend of natural and artificial light is used. Lighting efficien@yaseased by using tools
like rotating beds. It is intended for the vertical farm to use only artificial light, or that both
artificial and natural light should be considered. There are two possibilities. HPSo(b&gure
sodium) or LED (light emittingliode).
3. Growing medium- Growing media such as aeroponic, aquaponic, or hydroponic systems are
utilized in place of soil. Both inorganic and organic plgrawing media are employed, and the
majority of them are blends of different components such peatpith, wood fiber, compost
bark, green waste compost, perlite, sand, and mineral wool (Gardile2015).
4. Sustainability features To reduce the energy cost of farming, the vertical farming technique
makes use of a number of sustainability aspe&ttually, 95% less water is used in vertical
farming.
Plants suitable for vertical garden:
The location and climate should be taken into consideration when choosing plants. Plants
should grow compactly so that they can create a thick, dense layeresf Btants with a short
growth habit should have a long life cycle and a shallow fibrous root structure. Depending on the
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region, plants should be able to tolerate either full sun or full shade. The most typical plants
utilized in vertical gardens are:

A Green Facades:Hedera helix, Parthenocissuspp., Hydrangea petiolaris, Lonicegapp,
Clematisspp Aristolochiaspp, Jasminumofficinale, Passifloracaerulesdg¢.

ALiving Wall: Dracaena, Phalaenopsispp, Asparagus sprengeri, Kalancho€prdylinspp,
Chlorophytumspp, Haworthia spp, Tradescantisspp., Fittonia spp., Nephrolepsis, Clematis
Gardenia spp., Aspleniumnidus Maranta spp., Cotoneaster Euonymus fortune Hedera
Hydrangea, Lonicera, Parthenocissus, Polygonum, Pyracantha, iBellag Wisteria, Rose,
Petunia, Nasturtiumsand even some vegetables like tomato, chilli, cucumber, peas and lettuce
etc

AExterior Wall: Lavendula, Thymus, Salviar full sunlight andBegonia, Arum, Davallia,
AspleniumandFuchsiafor shady locations

Alnterior Wall: Philodendron, EpipremnuyeschynanthysColumnea, SaintpauljaBegonia

and different ferns lik&lephrolepisPterisand many species &eperomia

Systems ofvertical farming:

(a) Hydroponics

In order to grow food without utilizing soil, hydroponics uses mineral nutrient solutions
in water. Hydroponics is described as "the cultivation of plants in nueiemnthed water, with
or without the mechanical support of an inert medium such as sagrdval" in Encyclopedia
Britannica. It is now accepted that hydroponics is a practical way to grow decorative crops like
herbs, roses, freesia, and foliage plants as well as vegetables. Hydroponics, which is the most
common growth method utilized in vexdil farms, involves growing plants in nutrient solutions
rather than actual soil. The nutrient solution, which is regularly checked for proper chemical
composition and circulated, is submerged with the plant roots. This method results in more
uniform and letter yields the optimum combination of nutrients can be provided to all plants.

In industrial agriculture nowadays, hydroponics is frequently used and offers a number of
benefits over conventional sdiased farming. This method's potential to removeatoleast
significantly lessen soilelated cultivation issues, such as the insects, fungus, and bacteria that
thrive in soil, is one of its main benefits. Insofar as weeding, tilling, kneeling, and dirt removal
are not difficulties, the hydroponic approach likewise reasonably lowmaintenance. The
hydroponic technique also offers a less tiooasuming alternative to handle greater production
areas. Furthermore, because no animal excrement is utilised, it might provide a cleaner
procedure. The hydroponicathod also makes it simpler to manage pH balance and fertilizers
levels. As soiffixed nutrients are being dissolved in water through erosion and mineralization, a
variety of elements in the soil, including temperature, oxygen content, moisture, andesyicrob
affect how accessible the nutrients are to plants. As a result, the hydroponic method may
generate more uniform [product] and higher yields since all plants can receive the ideal
combination of nutrients.
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(b) Aeroponics

Technologically speaking, aeroponis advancement above conventional hydroponics.

An enclosed ecosystem of air, water, and nutrients, known as an aeroponic system, promotes
rapid plant development while using little water, direct sunlight, and no soil or media. The
primary distinction bveen hydroponic and aeroponic systems is the use of water in the former
as the growing medium while none is present in the latter. Aeroponic does not need trays or
containers to hold water because it uses mist or nutrient solutions instead of wate. It is
successful and efficient method of cultivating plants since it uses little water (95 percent less
water than conventional farming techniques) and little land. Plant boxes can be piled in
practically any environment, including a warehouse or basement.

Plants can easily grow upward and downward because the stacking arrangement of the
plant boxes is designed to sustain the top and bottom of the plants in the air. A fine mist of a
nutrientrich, watermix solution feeds the plants. The fertilizers mix @mpletely recycled
because the system is enclosed, which results in significant water savings. Therefore, this
technique is especially useful in areas with a lack of water. The aeroponic approach also has the
benefit of not using pesticides or fertilizessdditionally, studies have shown that this high
density planting technique yields more and facilitates harvesting.

(c) Aquaponics

Aquaponics is a bigystem that combines hydroponic vegetable, flower, and herb
production with recirculate aquaculture (fishnfeng) to foster symbiotic connections between
the plants and the fish. In order to "fertigate" hydroponic production beds, it uses the nutrient
rich waste from fish tanks. In turn, the hydroponic beds serve d#dtbis that purge the water
of gases, ads, and substances like ammonia, nitrates, and phosphates. In addition, the gravel
beds serve as nitrifying bacteria's homes, which improve the nutrient cycle and water filtration.
As a result, the fish tanks can receive a fresh infusion of cleaned water.

Status andpotential of vertical farming in India:

India is one of the countries that produce the most fruits, vegetables, and other
agricultural products. Vertical farming has been adopted in India. Idessilsettings, ICAR
specialists are develogrthe idea of "vertical farming,” in which food crops can be produced
even on multistory buildings in major metropolitan cities without the use of soil or pesticides.
The productive effectiveness of vertical farming has been put to the test in Punjab, wher
researchers have had some initial success cultivating fruits, vegetables, and potato tubers in a
controlled setting without soil. Even though India's agriculture produces enough food to feed its
population, a fourth of the world's hungry people residaethThe excessive use of water,
fertilizers, and pesticides in Indian agriculture makes horizontal farming a resoigsive
practice. Land shortage is a problem because the nation is also undergoing desertification and
land degradation. Numerous ofeie problems that the Indian agriculture sector is presently
experiencing can be effectively and permanently resolved by vertical farming.
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Conclusion and future prescriptive:

A growing worldwide population is putting pressure on agricultural land, netess

the maximization of food output per cultivable area. Due to the technology's promise to address

one of the most important issdefood security vertical farming has experienced enormous

growth in several nations throughout the world. These vefacals might be set up in densely
populated locations where they could provide millions of people withrgesrd access to fresh,
wholesome food regardless of the weather.

For a variety of crops, new highch cultivation techniques including hydroponics,
aeroponics, and aquaponics are mainly challenging the requirement foased farming. In the

near future, improvements in greenhouse technology and its enabling technologies including

multi-racking automated systems, recycling systems, LED lightiagy,swind, and storage

batterie® as well as in computing power, software applications, databases, and the Internet of

Things® are likely to come together to form effective production systems. The government

would need to take the initiative and organizeasemessaising and skilldevelopment

programmes in order to make this new style of farming feasible for India. The government
institutions can implement skill development programmes to create skilled workers and
manufacturers.
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Abstract:

This book chapter explores the critical issue of sustainable water management in
agriculture, focusing on irrigation techniques and water conservation strategies. With the
growing global population and increasing water scarcity, finding innovative and efficient
approaches to irrigate crops while minimizing water consumption is of paramount importance.
The chapter begins by providing an overview of the current challenges and mendser
availability for agriculture. It then delves into various irrigation techniques, such as drip
irrigation, sprinkler systems, and precision agriculture, highlighting their advantages and
limitations. The discussion encompasses topics such as wsikbution uniformity, energy
requirements, and the potential for automation and remote sensing technologies in optimizing
irrigation practices. Furthermore, the chapter addresses the significance of water conservation
methods, including rainwater harviest, soil moisture monitoring, and crop selection. It
explores the benefits of implementing wasewing practices, such as crop rotation, mulching,
and deficit irrigation, to enhance water use efficiency. Ultimately, this chapter offers valuable
insightsand recommendations for sustainable water management in agriculture, promoting the
preservation of water resources and the development of resilient farming systems in the face of
increasing water scarcity.

Keywords: Agriculture, irrigation techniques, sastable water management, water
conservation and water scarcity.
Introduction:

Water is an essential resource for sustaining life and supporting various economic
activities, with agriculture being one of the largest consumers of water globally. As tliesworl
population continues to grow and climate change impacts become more pronounced, ensuring
sustainable water management in agriculture has become a pressing concern. This necessitates
the adoption of effective irrigation techniques and water conservatewtices to address the
challenges of water scarcity and environmental degradation.

Importance of water management in agriculture:

Water management in agriculture is of paramount importance due to several reasons.

Firstly, agriculture is heavily dependent on water for crop production, livestock farming, and
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aguaculture. Insufficient water supply or inefficient water usage can leaduoed crop yields,
compromised livestock health, and decreased food production, which can have severe
consequences on food security and the global economy. Secondly, water scarcity is a growing
concern in many regions around the world. Climate chamdieced droughts, overexploitation
of water resources, and competing demands from various sectors pose significant challenges to
water availability for agriculture. Without proper water management strategies, the agricultural
sector may face water shortag@gich can exacerbate food insecurity and s@uonomic
disparities. Thirdly, water management in agriculture is closely linked to environmental
sustainability. Excessive water extraction from rivers, lakes, and underground aquifers can
deplete water soues and lead to ecological imbalances. Moreover, inefficient irrigation
practices, such as flooding or ovaigation, can contribute to waterlogging, soil erosion, and
the contamination of water bodies with agricultural runoff, including fertilizers astigdes.
These negative environmental impacts further emphasize the need for sustainable water
management practices in agriculture.
Significance of sustainable practices for water conservation:
Sustainable practices for water conservation are crucialefsuring the longerm
viability of agriculture and protecting the environment. Adopting sustainable techniques and
strategies can help optimize water use, reduce wastage, and preserve water resources for future
generations. Here are some key reasondigiging the significance of sustainable practices:
Water efficiency: Sustainable irrigation techniques, such as drip irrigation, micro
sprinklers, and precision farming, enable precise water delivery to plants, minimizing
water loss through evaporation rmnoff. By improving water use efficiency, farmers can
maximize crop productivity while minimizing water consumption.
Soil health and productivity: Proper water management practices, such as regulated
irrigation schedules and soil moisture monitoring, npote healthier soil conditions.
Maintaining optimal soil moisture levels helps prevent water stress in plants, enhances
nutrient uptake, and fosters robust root systems. Healthy soils, in turn, contribute to
improved crop yields and lorigrm agriculturabustainability.
Water quality preservation: Sustainable water management practices focus not only on
efficient water use but also on preventing water pollution. Implementing measures like
integrated pest management, proper waste disposal, and erosiat cantminimize the
negative impacts of agricultural activities on water quality. This protects aquatic
ecosystems, preserves biodiversity, and ensures safe water supplies for both agriculture and
communities.
Climate change resilience:Climate change brigs uncertain weather patterns, including
more frequent and intense droughts and floods. Sustainable water management practices
help build resilience against these climegtated challenges. By adopting wasawving
technologies, implementing water storaggel harvesting systems, and diversifying water
sources, farmers can mitigate the impacts of water scarcity and extreme weather events on
agricultural production.
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Sustainable water management in agriculture is essential to address the challenges of
water €arcity, environmental degradation, and food security. By implementing efficient
irrigation techniques and adopting water conservation practices, farmers can optimize water use,
protect ecosystems, and build resilience to climate change. Collaboraticebejovernments,
agricultural stakeholders, and researchers is crucial to promote and support the widespread
adoption of sustainable water management strategies in agriculture.

Water use in agriculture
1. Overview of water requirements for crop production:

Water is essential for agriculture and plays a crucial role in crop production. The amount
of water required for crop cultivation varies depending on factors such as crop type, climate, soll
conditions, and farming practices. In general, crops requireri@tvarious purposes, including
seed germination, photosynthesis, nutrient uptake, and transportation of minerals within the
plant.

Irrigation: Irrigation is the primary source of water for crop production, especially in
areas with limited rainfall or unreliable water availability. Different irrigation methods are
used, including flood irrigation, sprinkler irrigation, and drip irrigation, eaith warying

levels of water efficiency.
Evapotranspiration: Evapotranspiration
refers to the combined process
evaporation from the soil surface ar
transpiration from the plant's leaves. s
represents the amount of water lost to it
atmosphere  during plant  growtHi
Evapotranspiration rates vary dependi
on factors such as temperature, humidi =
wind speed, and plant characteristics.

Crop Water Requirements: The water requirements of crops are often expressed as

crop evapotranspiratiofETc) or crop coefficient (Kc). ETc represents the total amount

of water needed to meet the crop's water demands, while Kc is a factor that relates the

actual crop water requirements to reference evapotranspiration (ETo) calculated from

weather data.
2. Challenges and issues associated with water scarcity in agriculture:

Water scarcity poses significant challenges to agriculture, affecting crop production, food
security, and livelihoods. Several issues arise due to water scarcity in agriculture:

Increased Competition: As water resources become scarcer, there is increased
competition among various sectors, including agriculture, industry, and domestic use.
Agriculture often faces tough competition for water, as it requires substantial amounts to
sustain crop growth.

Evapotranspiration = Evaporation + Transpiration
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Crop Yield Reduction: Water scarcity directly impacts crop yields, leading to reduced
agricultural productivity. Insufficient water supply during critical growth stages can stunt
crop growth, reduce crop quality, and even lead to cribpda
Depletion of Groundwater: In regions heavily reliant on groundwater for irrigation, water
scarcity can result in ovgrumping, leading to the depletion of aquifers. Once aquifers are
depleted, it becomes challenging to replenish them, further éxedicey the water scarcity
problem.
Increased CostsWhen water becomes scarce, its price tends to rise, increasing the cost of
irrigation for farmers. This additional financial burden can have a detrimental impact on
smallscale farmers who may struggleatdord the necessary water for their crops.
Socioeconomic ImpactsWater scarcity in agriculture can have profound socioeconomic
implications, particularly in rural areas where agriculture is a primary source of income.
Farmers may experience reduced mes, unemployment, and migration as a result of
crop failures and reduced agricultural activities.
3. Environmental impacts of inefficient water use in farming:
Inefficient water use in agriculture can have several negative environmental
consequences, impaatj ecosystems and natural resources:
Water Pollution: Excessive or improper use of water, such as-ovigation or inefficient
irrigation systems, can lead to water runoff. This runoff carries fertilizers, pesticides, and
other agrochemicals into nearbwater bodies, causing pollution and ecological
imbalances.
Soil Degradation: Overirrigation can lead to waterlogging and soil salinization, where
excessive salts accumulate in the soil. These conditions degrade soil fertility and render
land unsuitable focrop cultivation.
Biodiversity Loss: Inefficient water use can result in the depletion of water bodies and
wetlands, negatively impacting aquatic ecosystems and the biodiversity they support.
Reduced water availability can disrupt habitats and leadetéods of species that depend
on these ecosystems.
Energy Consumption: Inefficient irrigation practices, such as flood irrigation, require
significant amounts of water and energy. Pumping and transporting water for irrigation
purposes contribute to incredk energy consumption and greenhouse gas emissions,
exacerbating climate change.
Climate Change Impact: Inefficient water use contributes to the depletion of water
resources, exacerbating the impacts of climate change on water availability. As global
temperatures rise and weather patterns become more unpredictable, efficient water
management becomes incriegdy crucial in mitigating the effects of climate change on
agriculture.
Efforts to promote sustainable water use in agriculture include the adoption of water
efficient irrigation techniques, precision farming practices, and the development of drought
tolerant crop varieties. By addressing water scarcity challenges and improving water use
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efficiency, the agricultural sector can mitigate environmental impacts and ensuterionigpod
security.
Irrigation techniques for water efficiency
1. Overview of traditional irrigation methods and their limitations:
Traditional irrigation methods have been widely used for centuries to supply water to
agricultural fields. However, these methods often suffer from limitations that result in inefficient
water usage. Soe of the common traditional irrigation techniques include flood irrigation,
furrow irrigation, and overhead sprinklers.
Flood irrigation: This method involves flooding the entire field with water, allowing it to
spread across the surface. While floodhation is simple and inexpensive, it has several
drawbacks. One major limitation is the significant water loss due to evaporation and
runoff. The water may also accumulate in certain areas, leading to waterlogging and soil
erosion. Additionally, uniform w@ater distribution is challenging, which can result in uneven
plant growth and yield.
Furrow irrigation: Furrow irrigation involves creating small channels or furrows along
the rows of plants and allowing water to flow through them. While it improves water
distribution compared to flood irrigation, it still suffers from similar limitations. There is
still a risk of water loss through evaporation and runoff, and water distribution may not be
uniform. Soil erosion can also occur if the flow of water is noperty controlled.
Overhead sprinklers: This method involves using sprinklers mounted on algyeend
pipes or risers to distribute water over the field. While it provides better water distribution
than flood or furrow irrigation, it has its own set of ltations. Overhead sprinklers are
prone to significant water loss due to evaporation and wind drift. They may also result in
uneven water distribution, leading to overwatering in some areas and underwatering in
others. Additionally, certain crops may be &#ible to diseases caused by excessive leaf
wetness.

2. Introduction to modern irrigation techniques for water conservation:

To address the limitations of traditional irrigation methods and improve water efficiency,
modern irrigation techniques habeen developed. These techniques focus on delivering water
directly to the plant roots, minimizing water loss, and optimizing water distribution. Here are
some of the key modern irrigation techniques:

i. Drip irrigation: Drip irrigation is a precise and effemt method that delivers water
directly to the plant roots in small, frequent doses. It involves a network of tubes or pipes
with emitters placed near each plant or along the crop rows. The emitters release water
slowly, allowing it to soak into the so#&nd minimize evaporation and runoff. Drip
irrigation offers several benefits, including reduced water usage, improved water
distribution, and minimized weed growth. It also enables the application of fertilizers
directly to the root zone, enhancing nuttiefficiency.

ii.  Sprinkler irrigation: Sprinkler irrigation has evolved from traditional overhead sprinklers
to more advanced systems that maximize water distribution efficiency. Modern sprinkler
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systems use various types of nozzles, including-pgosgsure, igh-efficiency sprinkler
heads, and rotating sprinklers. These nozzles help minimize water loss through evaporation
and wind drift. Additionally, advanced technologies, such as weht#s=d controllers and
soil moisture sensors, can optimize irrigatiohestuling based on actual plant needs and
weather conditions. This allows for precise water application and reduces water waste.
Micro -irrigation systems: Micro-irrigation systems, including micisprinklers and
micro-sprayers, provide precision wateringndividual plants or small areas. They deliver
water in a controlled manner, minimizing runoff and ensuring efficient water uptake by the
plants. These systems are particularly suitable for orchards, vineyards, and other specialty
crops where targeted igation is crucial. Micrdrrigation systems also enable the
application of fertilizers and other inputs directly to the root zone, improving nutrient
efficiency and reducing environmental impact.
Subsurface irrigation: Subsurface irrigation involves dedising water directly to the root
zone through buried pipes or tubes. This method minimizes water loss through evaporation
and surface runoff. By placing the water source close to the roots, subsurface irrigation
maximizes water uptake by the plants anduced the risk of weed growth. It is especially
effective in arid or sandy soil conditions where surface evaporation rates are high.
Subsurface irrigation systems can be installed at various depths, depending on the specific
crop requirements.

Modern irrigdion techniques offer significant improvements in water efficiency

compared to traditional methods. Drip irrigation, sprinkler irrigation, ricigation systems,

and subsurface irrigation all contribute to minimizing water loss, optimizing water digirip
and enhancing plant growth. Implementing these techniques can help conserve water resources,
increase agricultural productivity, and promote sustainable farming practices.

Water conservation strategies in agriculture

1. Soil moisture management andvater retention techniques:

Soil moisture management plays a crucial role in water conservation in agriculture. By

implementing effective techniques, farmers can optimize water use and minimize waste. Some
strategies for soil moisture management include:

Irrigation scheduling: Farmers can use advanced tools and technologies to schedule
irrigation based on soil moisture levels, weather conditions, and crop water requirements.
This approach ensures that water is applied only when necessary, reducing wastage.

Drip irrigation: Drip irrigation is a highly efficient method that delivers water directly to
the plant's root zone. It minimizes water loss through evaporation or runoff and allows
precise control over the amount of water provided to each plant.

Rainwater harvesting: Farmers can collect and store rainwater in reservoirs or tanks to
supplement irrigation needs during dry periods. This practice helps reduce dependence on
groundwater or surface water sources.

Contour plowing and terracing: By contour plowing farmers create ridges and furrows
that follow the contour lines of the land. This technique helps retain water, allowing it to
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infiltrate into the soil rather than running off. Terracing involves constructing leveled
platforms on slopes, reducing watanoff and soil erosion.
2. Crop selection and rotation for reduced water demand:
Crop selection and rotation are essential factors in water conservation. Some crops have
higher water demands than others, and by choosing crops that are better sthiedotmal
climate and water availability, farmers can minimize water usage. Additionally, rotating crops
can improve soil health and reduce the risk of diseases and pests, optimizing water use. Some
strategies include:
Drought-tolerant crop varieties: Farners can select crop varieties that are naturally
adapted to the local climate and require less water to thrive. These varieties can withstand
periods of limited water availability without compromising yield or quality.
Crop diversification: Planting a divese range of crops can help optimize water usage.
Different crops have varying water demands, rooting depths, and growth cycles, which can
minimize overall water requirements and maximize water utilization.
Cover crops: Cover crops are grown between mainpcseasons to protect and improve
the soil. They help retain moisture, reduce soil erosion, and enhance soil structure,
ultimately benefiting subsequent crops by reducing water stress.
3. Mulching: Benefits in reducing evaporation and soil moisture retenbn:
Mulching involves covering the soil surface around plants with a layer of organic or
synthetic materials. It offers several benefits for water conservation in agriculture:
Reduces evaporation: Mulch acts as a protective barrier, reduciagaporation by
shielding the soil from direct sunlight and wind exposure. This helps retain soil moisture
and reduces the need for frequent irrigation.
Suppresses weed growthvulch inhibits the growth of weeds, which compete with crops
for water and nutents. By reducing weed pressure, mulching ensures that water resources
are utilized by crops more efficiently.
Improves soil moisture retention: Mulch helps maintain soil moisture levels by slowing
down water evaporation from the soil surface. It also sidsreventing soil compaction
and crusting, which can impede water infiltration.

4. Cover cropping and intercropping: Maximizing water use efficiency:

Cover cropping and intercropping are techniques that involve growing multiple crops

together in a specifipattern. These practices offer several advantages for water conservation:
Increased water use efficiencyCover crops and intercropping systems optimize water
use by creating a microclimate that reduces water evaporation from the soil surface. The
additioral plant canopy helps shade the soil, retaining moisture and reducing water loss.
Nutrient cycling and soil improvement: Cover crops add organic matter to the soil when
incorporated, improving its watérolding capacity and nutrient availability. Intercpopg
systems can also enhance nutrient cycling and reduce nutrient leaching, thereby
minimizing water pollution.
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Pest and disease managemenBy diversifying crops and incorporating cover crops,
farmers can disrupt pest and disease cycles. This reducesedt for chemical
interventions, minimizing potential water contamination and reducing water demand for
pest control measures.

5. Water-saving practices in livestock farming:

Water conservation in livestock farming is essential to minimize wasage and
maintain sustainable agricultural practices. Some strategies to save water include:

Efficient watering systems:Implementing technologies like automatic drinkers or nipple
waterers ensures that animals have access to clean water without exsastage. These
systems reduce spillage, evaporation, and contamination, conserving water resources.
Proper waste managementEfficient handling and management of animal waste can
reduce water pollution and conserve water. Properly designed systems terstoaage,
treatment, and recycling can minimize water usage in cleaning and processing waste.
Improved animal health and nutrition: Ensuring optimal animal health and nutrition
reduces water wastage indirectly. Healthy animals use water more effi@edtigroduce

less waste, minimizing overall water demand in livestock operations.

Rainwater collection for livestock watering: Collecting rainwater from roofs or
catchment areas can provide an additional source of water for livestock. Proper storage and
treatment systems should be in place to ensure water quality and availability during dry
periods.

By implementing these water conservation strategies in agriculture, farmers can enhance
their sustainability, reduce water usage, and mitigate the impacts @f searcity and climate
change on food production. These practices contribute to the overall resilience ateriong
viability of agricultural systems.

Precisionwater management technologies

Precision Water Management Technologies aim to optimize wasgeuin agricultural
practices by employing various advanced techniques and tools. This comprehensive approach
incorporates remote sensing, r@ale data collection and analysis, sernlsased irrigation
systems, and decision support tools to ensure eficivater management. Let's explore each
component in detail:

1. Remote sensing and satellite imagery for water monitoring:

Remote sensing involves the use of satellites and aerial platforms to gather information
about the Earth's surface. In the contektwater management, remote sensing technologies
provide valuable data on soil moisture, crop health, and water availability. Satellite imagery
allows for largescale monitoring, offering insights into water distribution, evapotranspiration
rates, and droud conditions. These observations help farmers and water managers make
informed decisions regarding irrigation planning and water allocation.

2. Reaktime data collection and analysis for optimal irrigation scheduling:

Realtime data collection systems, such as weather stations and soil moisture sensors,

provide continuous updates on environmental conditions and soil moisture levels. These sensors
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are strategically placed in fields to capture crucial information fogation scheduling. By
monitoring variables like rainfall, temperature, humidity, and soil moisture content, farmers can
determine the optimal timing and duration of irrigation, ensuring that crops receive the necessary
amount of water without wastage. Aanvad analytics and algorithms help process and interpret
this data, facilitating precise irrigation scheduling.

3. Sensorbased irrigation systems for precise water application:

Sensotbased irrigation systems employ various sensors, such as soil mgshs@s,
plant water status sensors, and weather sensors, to monitor and regulate water application. These
sensors provide rediime feedback on soil moisture levels, plant water needs, and environmental
conditions. With this information, automated irrigat systems can adjust water delivery to
match the precise requirements of each crop and field zone. By avoiding oovender
irrigation, these systems reduce water waste, improve crop yield and quality, and conserve water
resources.

4. Decision supporttools for water management in agriculture:

Decision support tools (DSTs) utilize advanced algorithms and models to assist farmers
and water managers in making informed decisions regarding water management. These tools
integrate data from various sourcescluding remote sensing, re#ine monitoring, and
historical records, to generate insights and recommendations. DSTs can predict crop water
requirements, optimize irrigation scheduling, and evaluate the impacts of different management
scenarios. By providg actionable information, DSTs enable stakeholders to enhanceusater
efficiency, conserve resources, and mitigate the risks associated with water scarcity.

Precision Water Management Technologies combine remote sensingmeealata
collection and malysis, sensdbased irrigation systems, and decision support tools to optimize
water usage in agriculture. By leveraging these technologies, farmers and water managers can
enhance irrigation efficiency, conserve water resources, and promote sustagrathliueal
practices.

Policy and economic perspectives
1. Government policies and regulations promoting sustainable water management:

Government policies and regulations play a crucial role in promoting sustainable water
management practices. Recognizthg importance of water as a finite and essential resource,
many governments worldwide have implemented various measures to ensure its efficient use and
conservation. These policies aim to strike a balance between meeting the growing water demands
of a naton while preserving the environment and protecting water resources for future
generations.

Water allocation and pricing: Governments can implement policies that allocate water
resources efficiently and ensure fair distribution. This can involve estalgjiglater rights
systems, setting up water markets, or implementing water allocation plans based on
priority and equity. Additionally, governments can introduce pricing mechanisms that
reflect the true value of water, encouraging its conservation and chgoog wasteful
practices.
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Water use efficiency standards:Governments can establish regulations and standards
that promote wateefficient technologies and practices across different sectors. For
example, in agriculture, governments can set benchmarksirrigation efficiency,
encourage the use of precision irrigation techniques, and promote the adoption of modern
irrigation systems that minimize water losses. These standards can also apply to industrial
and domestic sectors, encouraging the adoptioratérsaving technologies and practices.
Water conservation programs and incentivesGovernments can design and implement
water conservation programs that incentivize individuals, businesses, and communities to
adopt sustainable water managemnactices. This can involve offering financial
incentives, subsidies, or tax benefits to those who invest in-wHigient technologies or
implement water conservation measures. Governments can also support research and
development in watesaving technlogies and provide grants or funding opportunities for
innovative projects.
Integrated water resources management (IWRM): Governments can adopt an
integrated approach to water management, considering social, economic, and
environmental factors holisticallyIWRM emphasizes collaboration among various
stakeholders, such as government agencies, water users, and local communities, to develop
comprehensive water management plans. These plans can address issues like water
allocation, pollution control, watersheganagement, and the protection of ecosystems.

2. Economic incentives for farmers to adopt watetefficient practices:

Farmers play a vital role in water conservation efforts, as agriculture is one of the largest
consumers of freshwater globally. Governnsemnd organizations can provide economic
incentives to encourage farmers to adopt waffcient practices, thereby reducing water use
and improving sustainability in agriculture. Some of these incentives include:

Financial support and grants: Governments can offer financial support to farmers in the
form of grants, subsidies, or lemterest loans to invest in watefficient technologies and
infrastructure. This assistance can help farmers upgrade their irrigatsdems, install
efficient water pumps, or adopt precision agriculture techniques that optimize water use.
Water pricing mechanisms: Governments can implement pricing mechanisms that
provide economic incentives for farmers to conserve water. This cawenvered pricing
structures, where the cost of water increases as usage exceeds certain thresholds. Higher
prices for excessive water use can motivate farmers to adoptsaaiag practices and
technologies.

Research and extension servicessovernmentscan invest in research and extension
services to provide farmers with information, training, and technical support on water
efficient practices. This can include conducting research on crop varieties that require less
water, promoting soil moisture moniiog techniques, or offering guidance on optimal
irrigation scheduling. Access to such knowledge can empower farmers to make informed
decisions and adopt sustainable water management practices.

Market-based incentives:Governments can establish market medas that reward
farmers for sustainable practices. For example, certification programs can be introduced,
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where farmers adhering to certain water management standards receive premium prices for
their produce. Additionally, governments can collaboratéh pitivate sector entities or
certification bodies to create market opportunities for sustainably produced agricultural
products.

3. Collaborative efforts and partnerships for water conservation in agriculture:

Water conservation in agriculture requires l@obrative efforts among multiple
stakeholders, including government agencies, farmers, researchers, NGOs, and industry players.
Partnerships and collaborations enhance knowledge sharing, coordination, and the
implementation of effective strategies. Here some examples:

Public-private partnerships: Governments can form partnerships with private sector
entities, such as agricultural companies, technology providers, and financial institutions.
These collaborations can leverage the expertise and resodrties private sector to
promote sustainable water management practices in agriculture. For instance, companies
can offer technical assistance, access to innovative technologies, or financial support for
water conservation projects.

Farmer organizations and cooperatives: Supporting and strengthening farmer
organizations and cooperatives can facilitate collective action towards water conservation.
These organizations can provide a platform for sharing experiences, best practices, and
knowledge among farmer3hey can also negotiate with policymakers and engage in
dialogue to advocate for supportive policies and programs.

Research institutions and universities: Collaboration between research institutions,
universities, and farmers is crucial for developing afisseminating wateefficient
agricultural practices. Joint research projects can focus on improving crop varieties,
optimizing irrigation techniques, and developing innovative wsa®ing technologies.
Additionally, universities can provide education araning programs that equip farmers

with the skills and knowledge needed for sustainable water management.

Awareness campaigns and community engagementGovernments, NGOs, and
communitybased organizations can collaborate to raise awareness about ohunog of

water conservation in agriculture. Community engagement initiatives can involve
workshops, field demonstrations, and capabityiding programs to educate farmers about
waterefficient practices. Additionally, campaigns can target consumersrdamagpe
responsible water use and support sustainably produced agricultural products.

By combining policy measures, economic incentives, and collaborative efforts,
governments can foster sustainable water management practices in agriculture. These
comprehenive approaches are essential to address the challenges posed by water scarcity,
climate change, and the increasing global demand for food.

Casestudies and success stories

1. Examples of successful implementation of sustainable water managememnactices:
The Sujalam Sufalam Jal Sanchay Abhiyan (SSJSA) in Gujarat:This water
management initiative was launched by the Government of Gujarat in 2018. The aim was
to conserve rainwater and enhance groundwater levels in the state. Through the
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constructon of check dams, farm ponds, and recharge wells, the initiative successfully
increased water availability for irrigation and drinking purposes. As a result, farmers
experienced improved crop yields, and water scarcity issues were mitigated.
The Bhungroo System in Gujarat: Developed by Naireeta Services, the Bhungroo
system tackles water scarcity by harvesting and storing rainwater. This innovative
technology allows farmers to access groundwater during periods of low rainfall. The
system involves drilling avell with a perforated pipe, which is filled with layers of sand,
gravel, and charcoal. During the monsoon season, excess rainwater is collected and stored
in the system, replenishing groundwater. Farmers in Gujarat have reported significant
increases icrop productivity and reduced dependence on rainfall.
The Hirakud Dam in Odisha: The Hirakud Dam, built across the Mahanadi River, is a
noteworthy example of sustainable water management. Completed in 1957, it serves
multiple purposes, including irrigatiofiood control, and hydroelectric power generation.
The dam has significantly contributed to agricultural development in the region by
providing a reliable water supply for irrigation. Additionally, the reservoir created by the
dam supports fisheries, tasm, and recreational activities, leading to seswonomic
benefits for local communities.

2. Lessons learned and best practices from various regions and agricultural systems:
Drip Irrigation in Maharashtra: Maharashtra has successfully implemented drip
irrigation techniques, especially in watgrarce regions like Marathwada. Drip irrigation
delivers water directly to the plant roots, minimizing water wastage through evaporation
and ensuring efficient water usage. The adoption of drip irrigation hdsetesuimproved
crop yields, reduced water consumption, and enhanced farmer incomes. This practice
serves as a valuable lesson for other states facing similar water challenges.
Community-Based Water Management in Rajasthan: Rajasthan has effectively
implemented communitpased water management practices, such as comnhechityater
harvesting structures called "johads" and traditional water management systems like
"khadins" and "talabs." These practices involve local communities actively participating in
the planning, construction, and maintenance of water infrastructure. By empowering
communities to manage their water resources, Rajasthan has achieved sustainable water
management, leading to improved water availability for agriculture and domestic use.
Sydem of Rice Intensification (SRI) in Tamil Nadu: The System of Rice Intensification
(SRI) is a sustainable agricultural technique that promotes -efiteent paddy
cultivation. By modifying planting techniques, transplanting younger seedlings, and
adoptng alternate wetting and drying practices, SRI reduces water requirements while
improving crop productivity. Tamil Nadu has successfully implemented SRI, resulting in
reduced water consumption, increased rice yields, and enhanced farmer livelihoods. This
approach has the potential to address water scarcity issues in othgromgag regions
across India.
India has witnessed several successful case studies and implementation of sustainable

water management practices. These examples highlight the importz#ndanovative
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technologies, community participation, and adaptive agricultural techniques in addressing water
challenges. By adopting these lessons learned and best practices, India can continue to achieve
sustainable water management, ensuring watelaéwlay for various sectors and improving the
livelihoods of its people.
Future directions and research priorities
1. Emerging technologies and innovations in water management for agriculture:
Water management is crucial for sustainaddgiculture, and as we look towards the
future, emerging technologies and innovations are expected to play a significant role in
addressing water scarcity and improving water management practices. Some of the key emerging
technologies and innovations indtiield include:
Precision Agriculture: Precision agriculture utilizes advanced technologies such as
remote sensing, geographic information systems (GIS), and global positioning systems
(GPS) to optimize water usage in agriculture. By precisely analyzig needs and soil
conditions, farmers can apply water resources more efficiently and reduce wastage.
Sensor TechnologiesSensors can provide re@ine data on soil moisture, temperature,
and other important parameters. These sensors can be integtat@ditemated irrigation
systems, enabling farmers to irrigate their fields based on actual crop water requirements.
This helps in avoiding ovarrigation and ensures that plants receive adequate water.
Drip Irrigation and Micro -Irrigation: Drip irrigation and micreirrigation systems
deliver water directly to the root zone of plants, minimizing evaporation and reducing
water loss. These systems can be coupled with sensors and automation technologies to
optimize water delivery based on crop needs.
Desalinaion and Water Purification: With freshwater resources becoming increasingly
scarce, desalination technologies are gaining prominence. Desalination removes salt and
impurities from seawater or brackish water, making it suitable for irrigation. Additionally,
water purification technologies can help in treating wastewater and making it reusable for
agricultural purposes.
Hydroponics and Aeroponics: Hydroponics and aeroponics are soilless cultivation
techniques that involve growing plants in nutrigoh water or mist environments. These
systems can significantly reduce water consumption compared to traditionrbhsed
farming methods.

2. Areas d further research and development:

While significant progress has been made in water management for agriculture, there are
still several areas that require further research and development to ensure sustainable and
efficient water usage. Some of the kegas for future research include:

Crop-Specific Water Requirements: Understanding the water needs of different crops
and developing creppecific water management strategies can optimize water usage in
agriculture. Further research is needed to deternfieptecise water requirements of
various crops under different environmental conditions.

Water-Efficient Irrigation Techniques: Developing and improving irrigation techniques
that minimize water loss and maximize water use efficiency is crucial. Thisdexlu
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further research on improving the performance of drip irrigation, midgation, and
other watefsaving irrigation systems.
Water Storage and Rainwater Harvesting:Research on innovative methods of water
storage and rainwater harvesting can help mitigate water scarcity during dry periods. This
includes investigating the feasibility of underground water storage,-$aaje rainwater
harvesting systems, and improwsdter storage technologies.
Integrated Water Management: Integrating water management practices with other
agricultural systems, such as nutrient management and crop rotation, can lead to more
efficient water use. Further research is needed to exploresythergistic effects of
integrating different agricultural practices to optimize water usage.
Social and Economic Considerations:Effective water management in agriculture
involves addressing social and economic aspects. Research is required to undeestand t
socioeconomic impacts of water scarcity and develop policies and frameworks that
promote equitable access to water resources while incentivizing sustainable water
management practices.

3. The role of climate change adaptation in water management stratess:

Climate change poses significant challenges to water management in agriculture.
Changing precipitation patterns, increased frequency of extreme weather events, and rising
temperatures have direct impacts on water availability and agricultural pregucdapting
water management strategies to the changing climate is essential for the sustainability of
agricultural systems. Here are some key considerations:

Water Resource Assessmenttynderstanding the impacts of climate change on water
resources isracial for developing adaptation strategies. This involves assessing changes in
precipitation patterns, river flows, groundwater availability, and the vulnerability of water
supply systems to climate change.

Integrated Water Resources Managementimplemening integrated water resources
management approaches that consider climate change projections can help optimize water
allocation, storage, and distribution. This includes developing robust water allocation plans
that account for changing water availabibiyd demand.

Climate-Smart Agriculture: Climatesmart agricultural practices focus on sustainable
intensification while considering climate change impacts. Water management strategies
should integrate climatemart agriculture techniques such as consemwatillage,
agroforestry, and the use of drougblierant crop varieties to reduce water demand and
enhance resilience.

Water Governance and Policy:Strengthening water governance frameworks and policies
to account for climate change is crucial. This idelsi developing mechanisms for water
rights and allocation that consider changing water availability patterns and promote
adaptive water management practices.

Research on Climate Change ImpactsContinued research on the specific impacts of
climate change o water resources and agriculture is necessary. This research can help in
identifying vulnerabilities, assessing adaptation options, and informing policymakers and
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stakeholders about effective strategies to mitigate the impacts of climate change on water
management in agriculture.
Conclusion:

In conclusion, sustainable water management in agriculture is crucial for ensuring long
term food security, preserving natural resources, and mitigating the impacts of climate change.
This paper has exploragrious irrigation techniques and water conservation practices that can
contribute to sustainable water use in agriculture. Efficient irrigation techniques such as drip
irrigation, micrasprinklers, and precision irrigation systems have demonstratedcagmhivater
savings while maintaining crop productivity. These techniques minimize water loss due to
evaporation, runoff, and deep percolation, thereby maximizing water efficiency.
Additionally, implementing smart irrigation technologies that utilizesors and data analysis
can optimize irrigation scheduling based on +teéak weather conditions and plant water
requirements. Water conservation practices play a pivotal role in sustainable water management.
Measures such as rainwater harvesting, wagyaling, and water storage can supplement water
supplies and reduce reliance on freshwater sources. Implementing proper soil management
practices, including mulching and cover cropping, can enhance water infiltration and reduce soil
erosion, thereby impxang water availability and quality.

Furthermore, raising awareness among farmers and promoting education and training
programs on sustainable water management practices is essential for widespread adoption.
Government policies and regulations can provideentives and support for farmers to
implement watesaving techniques and invest in sustainable infrastructure. It is crucial to
acknowledge that sustainable water management in agriculture requires a multidisciplinary
approach involving farmers, policyakers, researchers, and communities. Collaboration and
knowledge sharing among stakeholders are crucial for implementing effective strategies and
addressing regional and local water challenges. By adopting efficient irrigation techniques,
implementing wate conservation practices, and fostering collaboration, the agricultural sector
can contribute to sustainable water management, protect ecosystems, and ensure a resilient anc
food-secure future. Embracing sustainable water practices in agriculture is mpt on
environmentally responsible but also economically beneficial, creating a more resilient and
prosperous agricultural sector for generations to come.

References:

1. Asif, Z., Chen, Z., Sadiq, R., & Zhu, Y. (2023). Climate change impacts on reatarrces
and sustainable water management strategies in North Améfatar Resources
Managementl-16.

2. Chartzoulakis, K., & Bertaki, M. (2015). Sustainable water management in agriculture
under climate chang@griculture and Agricultural Science Prodeg4, 88-98.

3. Fereres, E., & Connor, D. J. (2004). Sustainable water management in agriculture.
Challenges of the new water policies for the XXI century. Lisse, The Netherlands: AA
Balkema 157%170.

67



Bhumi Publishing, India

4.  Kumar, N., Kushwaha, R. R., Meena, N. R., Mishra, H., &av, A. P. S. (2023). A study
on costs and returns of paddy cultivation in Ambedkar Nagar district of Uttar Pradesh.
International Journal of Statistics and Applied Mathemat&28(3), 107111.

5. Mishra, D., Singh, K. K., Mishra, H., & Srivastava, A. BOR3). Resource Use Efficiency
(RUE) of Lentil Cultivation in Sultanpur District of Uttar Prade&mviron Ecol. 4{2B),
12091216.

6. Mishra, H., & Singh, M. (2023). Market Liberalization and Agricultural Sector
Transformation: Paving the Path to a Dynamigufe. The Agriculture Magazine,(2),
230-234.

7. Mishra, H., & Singh, M. (2023). SociBconomic impact of Climate Changagriallis,

5(6), 4954.

8. Mishra, H., & Singh, M. (2023). The Significance of Wildlife Sanctuaries for Indian
Agriculture.Indian Farmer,10(05), 243246.

9. Mishra, H., Neerugatti, M. P., Gautam, S., & Mishra, D. (2023). Economic Analysis of
Cucumber Market Performance and their Constraints in Sultanpur District of Uttar
PradeshAsian Journal of Agricultural Extension, Economics & Sociolddy4), 8295.

10. Petropoulos, G. P., Srivastava, P. K., Piles, M., & Pearson, S. (2018). Earth observation
based operational estimation of soil moisture and evapotranspiration for agricultural crops
in support of sustainable water managemguastainability 10(1), 181.

11. Rao, S. M., & Mamatha, P. (2004). Water quality in sustainable water management.
Current sciencg942947.

12. Russo, T., Alfredo, K., & Fisher, J. (2014). Sustainable water management in urban,
agricultural, and natural systenWater, 6(12), 393}-3956.

13. Sabale, R., Venkatesh, B., & Jose, M. (2023). Sustainable water resource management
through conjunctive use of groundwater and surface water: A reviemovative
Infrastructure Solutions3(1), 17.

14. Troy, T. J., Bowling, L. C., Jame, S. A., Lee, Cu, J., Perry, C., & Richter, B. D. (2023).
Envisioning a sustainable agricultural water future across spatial deal@éonmental
Research Letters

15. VelascoMufioz, J. F., AznaBanchez, J. A., Belmontérefia, L. J., & Roma$anchez, I.

M. (2018). Sustinable water use in agriculture: A review of worldwide research.
Sustainability 10(4), 1084.

16. Zhang, F., Guo, S., Liu, X., Wang, Y., Engel, B. A., & Guo, P. (2020). Towards
sustainable water management in an arid agricultural region: A-leneti multi-objective
stochastic approachAgricultural Systemsl82 102848.

68



Researchlrends inAgriculture Sciencé/olumell
(ISBN: 97893-88901-70-3)

ADOPTION OF MILLETS IN INDIAN DIETS FOR IMPROVED HEALTH:

CURRENT STATUS AND PHYSIOLOGICAL ROLE
Sunil Indrajit Warwate 1, C R Nagesh, Darasing Ramsing Rathod,
Dhiraj L. Wasule? and Prashant Raghunath Shingote*
IDivision of Biochemistry,
ICAR-Indian Agricultural Research Institute, Pusa Campus, New Delhi India 110012
2yvasantrao Naik College of Agricultural Biotechnology (BDKYV, Akola),
Waghapur Road Yavatmallaharashtra Indi#45001
*Corresponding authdt-mail: shingoteprashant@pdkv.ac.in

Introduction:

Millets, a group of smalteeded grains, have been a traditional stapléndia for
centuries. However, with the advent of modernization and changing dietary patterns, the
consumption of millets has declined. They belong to the Poaceae family and are characterized by
their resilience, adaptability, and ability to grow in deelgreclimatic conditions \ilson and
VanBuren, 202P Millets have gained considerable attention in recent years due to their
nutritional richness, health benefits, and potential for sustainable agriculture. The United Nations
General Assembly at itg85th session in March 2021 declared 2023 the International Year of
Millets (IYM, 2023).

There are several types of millets, each with its own unique characteristics and culinary
uses.

1. Pearl millet (Pennisetum glaucurjt Popularly known as Bajra, Pearl N&it is one of the

most widely cultivated millets in India. Grains are small and round, with a characteristic pale
yellow or whitish color. It is rich in protein, fiber, and minerals and is commonly used in
porridge, bread, and traditional flatbreads.

2. FAnger millet (Eleusine coracangt Also known as Ragi or African Millet, Finger Millet is
popular in India and Africa. Ragi is regarded as the nutrient powerhouse, providing substantial
amounts of dietary fiber, protein, calcium, iron, and antioxidantstijaet al.,2021) and is used

to make porridge, pancakes, and baked goods.

3. Foxtail millet (Setaria italicg: Foxtail millet gets its name due to the resemblance of its
seedheads to bushy fox tails, is native to China but is now cultivated in mangfgagsvorld.

It is glutenfree and used in various dishes such as pilaff, porridge, and desserts. When cooked,
foxtail millet exhibits a mild, nutty flavor and a texture similar to rice, used as a substitute for
rice in many dishes.

4. Prosomillet (Panicum miliaceun): Proso Millet, also known as Common Millet or White
Millet. With its small, round grain, proso millet is a versatile millet that offers a mildly sweet
flavor, primarily grown for bird feed but is also consumed by humans. It is usedein th
preparation of porridge, soups, and baked goods.

5. Barnyard millet (Echinochloa esculentg Barnyard Millet is a fasgrowing millet that is
commonly consumed in India and China. It is gldtex® (Bhattet al., 2022) and used in the
preparation of dosaipma, porridges, and rice dishes.
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6. Kodo millet (Paspalum scrobiculatumnn Kodo Millet is a droughtesistant millet that is
mainly grown in India. It is used in the preparation of porridges, pulao (rice dish), and fermented
foods.

7. Little millet (Panicum sumatrensg Little Millet is a smaligrained millet that is widely
grown in India and parts of Africa. It is used in the preparation of porridges, upma, and as a
substitute for rice in various dishes.

Current status of millet consumptionin India:

1. Decline inmillet consumption: Over the years, there has been a significant decline in millet
consumption in India, primarily due to factors such as urbanization, changing dietary
preferences, and limited availability and promotion of mitlased products. This decline has
had adverseffects on the overall health and nutrition of the population.

2. Regionalvariances: Millet consumption varies across different regions of India. Population

in some states, such as Karnataka and Andhra Pradesh, have maintained a higher millet
consumptionlevel in than others. However, there is a need to promote millet consumption
uniformly throughout the country.

Health benefits and physiological role of millets

1. Nutritional composition:

Millets are abundant in dietary fiber, proteins, vitamins, miserand antioxidants
making them a nutritious choice (Nithiyananthamal. 2019). Unlike refined grains, millets
maintain their bran and germ, qualifying them as whole grains with a high fiber content. The
presence of this fiber assists in digestion, l&gs blood sugar levels, and reduces the likelihood
of cardiovascular diseases. Furthermore, millets are gftgenserving as an excellent substitute
for individuals with gluten sensitivities or celiac disease.

2. Digestivehealth:

The high fiber corgnt in millets promotes healthy digestion, prevents constipation, and
supports gut health. The presence of resistant starch in millets acts as a prebiotic, nourishing
beneficial gut bacteria and contributing to overall gastrointestinallvegllg.

3. Diabetesmanagement

With the rising prevalence of diabetes, adopting a diet that stabilizes blood sugar levels is
crucial. Millets, with their low glycemic index, are digested and absorbed slowly, preventing
sudden spikes in blood sugar (Anitlkea al. 2021)). This makes millets an ideal grain for
individuals with diabetes or those at risk. Additionally, the complex carbohydrates in millets
provide sustained energy, promoting satiety and preventing overeating.

4. Cardiovascular health:

Millets are rich in antioxidants and micronutrients, such as magnesium and potassium,
which are beneficial for heart health. Their consumption has been associated with lower blood
pressure, reduced risk of heart disease, and improved lipid profiles. r-uhiie antioxidant
constituents combat oxidative stress and reduce inflammation, thereby promoting cardiovascular
health.

5. Weight management:

Obesity has become a global health concern, and maintaining a healthy weight is

essential for overall welbeing. In this context, millets have emerged as a valuable component of
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a weight management diet. One of the key factors contributing to their effectiveness is their high
fiber content, which promotes satiety and reduces calorie consumption. Moreovés, offide a
combination of essential nutrients and 4@t content, making them an ideal choice for
maintaining a balanced diet while supporting weight loss or weight maintenance endeavors.

6. Boosts immunity:

A strong immune system is crucial for deferglithe body against infections and
diseases. Millets are rich in various vitamins and minerals like zinc, iron, and vitamin C, which
are essential for bolstering the immune system. These nutrients play a crucial role in the
production and function of immuneells, enabling the body to effectively combat pathogens.
Including millets in one's diet can help strengthen the immune response and promote overall
health.

Promoting millet consumption in India:

1. Awareness andeducation: Creating awareness about thatritional benefits of millets

through nutrition education campaigns and public outreach programs is essential. Informing

consumers about easy and innovative ways to incorporate millet into their daily meals can
encourage adoption.

2. Product development and diversification: Developing a range of milldiased products,

such as millet flours, breakfast cereals, snacks, and bakery items, can increase their accessibility

and appeal. Collaboration between food manufacturers, researchers, and the government is

crucial in promoting product diversification.

3. Policy support and market linkages Formulating supportive policies that incentivize

farmers to cultivate millets, promoting millet value chains, and creating market linkages.
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Abstract:

The field of agriculture science has witnessed significant advancements in recent years,
driven by thegrowing need for sustainable food production, resource conservation, and climate
change mitigation. One prominent research trend in agriculture science is the integration of
precision agriculture techniques. Precision agriculture utilizes advanced tephaotoich as
remote sensing, geographic information systems (GIS), and global positioning systems (GPS) to
optimize crop management practices. This approach enables farmers to precisely apply
fertilizers, pesticides, and water, leading to increased priwdyctreduced environmental
impacts, and improved resource efficiency. Another key research area is the development of
genetically modified organisms (GMOs) and biotechnology in agriculture. Researchers are
exploring genetic engineering techniques to tigverop varieties with enhanced resistance to
pests, diseases, and environmental stresses. GMOs offer potential solutions to address food
security challenges by improving crop yield and nutritional content, while also reducing the need
for chemical inputsSustainable agriculture practices are gaining significant attention in current
research efforts. Scientists are investigating agro ecological approaches, such as organic farming,
agro forestry, and crop rotation, to minimize the use of synthetic inpdtgrzhance ecosystem
services. This research aims to improve soil health, conserve biodiversity, and promote
sustainable farming systems that ensure -k@ngn productivity and environmental stewardship.

This includes the development of climawsilient cop varieties, improved irrigation methods,

and the promotion of climatemart agricultural practices that enhance both productivity and
climate resilience. Lastly, datiiven and digital technologies are revolutionizing agriculture
research. The utilizain of big data, machine learning, and Internet of Things (loT) devices
enables realime monitoring and analysis of agricultural systems. This-dat@n approach
facilitates decisiomrmaking processes, such as precision farming, disease detection, land yie
prediction, leading to improved resource management and increased farm efficiency. These
research efforts strive to address the challenges faced by the agricultural sector and contribute to
the development of sustainable and resilient food systemsc#imaimeet the demands of a
growing global population while preserving the environment.

Keywords: GIS, GPS, GMOs, IoT, big data, machine learning, Precision agriculture.

Introduction :

In recent years, several research trends have emerged in the fielccolt@gl science.

These trends are driven by the need to address various challenges such as climate change,
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population growth, food security, and sustainable farming practices. Here are some prominent
research trends in agriculture science:
Climate-smart agriculture:

With climate change posing significant threats to agricultural productivity, there is a

growing focus on developing climasenart agricultural practices. This includes the development
of droughttolerant crops, precisioagriculture techniques, and the use of remote sensing and
data analytics for climate monitoring and prediction.

1.

Climate adaptation: CSA focuses on building the resilience of agricultural systems to
climate change impacts such as droughts, floods, andrextneeather events. It involves

the development and adoption of climagsilient crop varieties, diversification of crops

and livestock, and improved water management techniques to cope with changing climate
conditions.

Climate mitigation: CSA seeks to redte greenhouse gas emissions from agricultural
activities. It promotes the adoption of practices that sequester carbon in soils and
vegetation, such as agro forestry, conservation agriculture, and cover cropping.
Additionally, it encourages the efficiensel of resources, including energy and water, to
minimize emissions.

Sustainable intensification: CSA emphasizes the need to increase agricultural
productivity sustainably. It promotes the use of precision agriculture technologies, efficient
irrigation sysems, and optimized nutrient management practices to enhance yields while
minimizing resource use and environmental impacts.

Resilient farming systems:CSA recognizes the importance of integrated farming systems
that are resilient to climate variability.dhcourages the integration of crops, livestock, and
trees to diversify production, enhance ecosystem services, and provide multiple sources of
income. This can include practices like agro forestry, silvopastoral systems, and integrated
pest management.

Climate information and advisory services:CSA emphasizes the importance of climate
information and advisory services to enable farmers to make informed decisions. Access to
timely and accurate weather forecasts, climate projections, and agronomic adpge hel
farmers adapt their practices and make the most effective use of resources.

Policy and institutional support: CSA requires supportive policies, institutional
frameworks, and financing mechanisms to facilitate its adoption and implementation.
Governmentsinternational organizations, and stakeholders need to collaborate in creating
enabling environments, providing incentives, and supporting research and extension
services.

Knowledge sharing and capacity building: CSA emphasizes the need for knowledge
sharing and capacity building among farmers, researchers, policymakers, and other
stakeholders. Training programs, farmer field schools, and knowledge exchange platforms
play a crucial role in disseminating best piaed, innovations, and lessons learned in
climatesmart agriculture.
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Climatesmart agriculture represents a holistic and integrated approach to addressing

climate change challenges in the agricultural sector. By combining adaptation, mitigation, and
sustamnable intensification strategies, it aims to enhance the resilience, productivity, and
sustainability of farming systems in the face of a changing climate.

Sustainable and organic farming:

There is a strong emphasis on sustainable and organic farmirigcgsabat minimize

environmental impacts and promote soil health. Researchers are studying agro ecology,
integrated pest management, crop rotation, and other practices that reduce the reliance on
synthetic fertilizers and pesticides.

1.

Soil health and fertility: Sustainable and organic farming places a strong emphasis on
maintaining and improving soil health. It involves practices such as crop rotation, cover
cropping, and the use of organic amendments to enhance soil fertility, structure, and
microbial actvity. These practices help to reduce soil erosion, increase water holding
capacity, and promote loftgrm sustainability.

Elimination of synthetic inputs: Organic farming strictly prohibits the use of synthetic
pesticides, herbicides, and fertilizers. &, it relies on natural methods of pest and weed
control, such as crop rotation, biological control, and the use of compost, manure, and
other organic fertilizers. This reduces chemical pollution, protects biodiversity, and
minimizes the risk of harmfuksidues in food.

Water conservation and management:Sustainable and organic farming emphasizes
efficient water use and management. Techniques such as drip irrigation, mulching, and
agro forestry help to minimize water loss through evaporation and rukaditionally,
conservation practices such as contour plowing and terracing can help reduce soil erosion
and protect water quality.

Animal welfare: Organic farming standards typically include specific guidelines for the
welfare of livestock. These guidelsensure that animals are raised in humane conditions,
have access to outdoor areas, and are fed organic feed. Animal welfare in sustainable and
organic farming focuses on providing appropriate living conditions and minimizing stress.
Certification and labeling: Organic farming is often regulated and requires certification to
ensure compliance with specific standards. Certification bodies assess farms and food
processors to ensure that they meet the criteria for organic production. This allows
consumers tanake informed choices and ensures the integrity of organic products in the
market.

Local and community-oriented agriculture: Sustainable and organic farming often
promotes local and communityriented agriculture systems. This involves connecting
farmers drectly with consumers through farmers' markets, commsupported
agriculture (CSA) programs, and fatimrtable initiatives. These systems foster a sense of
community, reduce food miles, and support local economies.

Sustainable and organic farming practices strive to minimize environmental impacts,

promote biodiversity, and produce healthy and nutritious food. They offer an alternative
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approach to conventional agriculture by focusing on holistic systems that peidotigterm
sustainability and the webleing of ecosystems, farmers, and consulifigiamet, al., 2007)
Genetic engineering and biotechnology:

Advances in genetic engineering and biotechnology are being leveraged to improve crop
yields, enhance diseaaad pest resistance, and develop genetically modified organisms (GMOS)
with improved traits. Techniques such as gene editing using CRISPR/Cas9 are being explored
for precise genetic modifications.

1. Genetic modification of crops:Genetic engineering allowsientists to introduce specific
genes into the DNA of crop plants to confer desired traits. This includes traits such as
improved yield, enhanced nutritional content, resistance to pests, diseases, or herbicides,
and tolerance to environmental stresdes dirought or salinity. Genetically modified (GM)
crops, also known as genetically engineered (GE) crops, have been developed for various
purposes, such as insect resistance (e.g., Bt crops) and herbicide tolerance (e.g.,
glyphosateresistant crops).

2. Precision breeding: Genetic engineering techniques enable precise and targeted
modifications in the genetic makeup of crops, speeding up the breeding process compared
to traditional methods. Techniques like gene editing, using tools like CRCZBR, allow
resarchers to make specific changes in the DNA sequence of a plant without introducing
genes from other organisms. This precise breeding approach can help accelerate the
development of new crop varieties with desired traits.

3. Disease and pest resistanc&eneic engineering has played a crucial role in developing
crops with enhanced resistance to pests and diseases. For example, genetic modifications
have been introduced in crops to produce toxins that are toxic to specific pests, reducing
the need for synthetipesticides. This approach, seen in BT crops, has demonstrated
effective pest control while minimizing environmental harm.

4. Improved nutritional content: Biotechnology has been employed to enhance the
nutritional value of crops, addressing deficienciegssential nutrients in certain regions.

This includes biofortification, where crops are genetically modified to have increased
levels of vitamins, minerals, or other essential nutrients, helping to combat nutrient
deficiencies and improve human health.

5. Livestock improvement: Genetic engineering techniques have been applied to livestock
breeding as well. This includes the development of transgenic animals with desirable traits,
such as increased disease resistance, improved growth rates, or enhanceddottiopro
Additionally, biotechnology is used in assisted reproductive technologies, such as embryo
transfer and in vitro fertilization, to improve breeding efficiency and preserve valuable
genetic traits.

6. Biopharmaceutical production: Genetic engineering llaws for the production of
valuable pharmaceutical and industrial compounds in plants or animals. This approach,
known as molecular farming or biopharming, utilizes genetically modified organisms to
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produce proteins, vaccines, antibodies, and othervagre products. Plants like tobacco
and crops like corn have been used to produce pharmaceutical proteins.
Environmental sustainability: Genetic engineering and biotechnology can contribute to
environmental sustainability in agriculture. By developing cnwjth increased resistance
to pests and diseases, farmers can reduce the reliance on synthetic pesticides and
fungicides, leading to reduced chemical inputs and minimized environmental impacts.
Additionally, genetically modified crops can be engineeretblierate specific herbicides,
allowing for more targeted and efficient weed control.
Regulatory frameworks: The use of genetic engineering and biotechnology in agriculture
is subject to strict regulations and oversight in many countries. Regulatory freksewo
assess the safety, environmental impact, and potential risks associated with genetically
modified organisms (GMOs) and ensure that they meet established criteria before
commercial release.

Genetic engineering and biotechnology have transformed agriculture by providing tools

for precise and targeted crop improvement, enhancing crop productivity, improving nutritional
content, and reducing environmental impacts. However, debates surrounding & their
potential effects on human health, ecosystems, and-sooimomic factors continue to shape
the ongoing discussion about the use and regulation of these technologies in agfBingire
e, al.,2006)

Precision agriculture:

Precision agricilure involves the use of technology such as sensors, drones, satellite

imagery, and GPS to optimize farming practices. It enables farmers to makdridata
decisions regarding irrigation, fertilization, and crop protection, resulting in improved efficie
and resource management.

1.

2.

Precision planting: Precision agriculture enables farmers to precisely plant crops at
optimal spacing and depth, ensuring uniformity and maximizing yields.-gsiRied
planting equipment helps maintain accurate row spacing eed glacement, reducing
input wastage and promoting even crop emergence.

Variable rate application: Precision agriculture allows for variable rate application of
fertilizers, pesticides, and irrigation based on-sgecific needs. By mapping variations in

soil properties, nutrient levels, or pest infestations, farmers can apply inputs at customized
rates, optimizing resource use and minimizing environmental impacts.

Remote sensing and imagingRemote sensing technologies, such as aerial or satellite
imagery can provide valuable information about crop health, water stress, and nutrient
deficiencies. By malyzing these images, farmers can detect problem areas in their fields
and take corrective actions, such as targeted irrigation or fertilization, thereby improving
overall crop performance.

Soil and yield mapping: Precision agriculture utilizes soil sarmg and analysis to create
detailed soil maps, identifying variations in soil properties and nutrient levels across a
field. Yield monitoring systems coupled with GPS allow farmers to map crop yields,
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providing insights into productivity variations and piely optimize management practices

for different areas.

Data-driven decisionrmaking: Precision agriculture relies on data collection and analysis
to support decisioimaking. Farmers can integrate data from multiple sources, such as soil
sensors, weatheragtons, and machinery, to gain a comprehensive understanding of field
conditions. Data analytics tools help identify patterns, trends, and correlations, enabling
informed decisions regarding planting, irrigation, fertilization, and pest management.
Automated machinery and robotics:Precision agriculture involves the use of automated
machinery and robotics for various tasks. This includes autonomous tractors, robotic
weeders, and drones equipped with sensors for data collection. Automation improves
efficiency, reduces labor requirements, and allows for precise operations in the field.

Farm management software:Precision agriculture utilizes farm management software
systems that integrate data, facilitate decismaking, and provide redime monitoring

and ontrol. These software platforms enable farmers to manage and analyze data, track
resources, plan activities, and optimize inputs for improved productivity and profitability.
Sustainability and resource efficiency: Precision agriculture promotes sustaieabl
farming practices by optimizing resource use and minimizing waste. By applying inputs
only where and when they are needed, farmers can reduce fertilizer and pesticide runoff,
limits water usage, and minimizes environmental impacts. This approach enhances
resource efficiency and reduces the ecological footprint of agriculademaniet al.,

2007)

Big data and analytics:

The agriculture sector is increasingly adopting big data analytics to improve decision

making and optimize farm management. By cailer and analyzing large datasets related to
weather patterns, soil conditions, crop growth, and market trends, researchers can develop
models and tools that assist farmers in maximizing productivity and profitability.

1.

Data collection: Agriculture generate a massive amount of data from multiple sources.
This includes information on weather patterns, soil conditions, crop health, yield data,
machinery performance, and market trends. Advanced technologies, such as sensors,
drones, and satellite imagery, elekhe collection of reaime and highresolution data

across large areas.

Data integration and management: Big data in agriculture often comes from
heterogeneous sources and in various formats. Integrating and managing this data in a
centralized systensiessential for effective analysis. Data management tools and platforms
help aggregate, organize, and store data, making it accessible for analysis and-decision
making.

Predictive analytics: Big data analytics enables predictive modeling and forecasting in
agriculture. By analyzing historical and reghe data, predictive models can be developed

to forecast crop yields, identify disease outbreaks, predict weather patterns, optimize
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irrigation schedules, and estimate market demands. This helps farmersnicaikesd

decisions and plan their operations more efficiently.

4. Crop monitoring and management:Big data analytics allows for reime monitoring of
crop conditions and growth. By analyzing sensor data, satellite imagery, and weather
information, farmers @an detect early signs of stress, diseases, or nutrient deficiencies in
crops. This enables timely interventions and targeted management practices, such as
precision irrigation and fertilization, to optimize crop health and yields.

5. Market analysis and decigon-making: Big data analytics helps farmers and agricultural
businesses gain insights into market trends, consumer preferences, and supply chain
dynamics. By analyzing market data, including pricing, demand patterns, and competition,
farmers can make infmed decisions about crop selection, production planning, and
marketing strategies.

6. Disease and pest managemenBig data analytics can assist in early detection and
management of crop diseases and pests. By analyzing historical ahcheedhta on pest
populations, weather conditions, and crop phenology, predictive models can be developed
to identify potential disease outbreaks and optimize the timing of pest control
interventions. This can reduce the need for big@ettrum pesticide applications and
minimize environmental impacts.

7. Farm efficiency and optimization: Big data analytics helps improve overall farm
efficiency and optimization. By analyzing machinery data, such as fuel consumption,
equipment performance, and maintenance records, farmers eatifyidareas for
improvement, schedule maintenance tasks proactively, and optimize machinery operations.
This leads to cost savings, reduced downtime, and increased productivity.

Big data and analytics offer significant opportunities for dhteen decisbn-making,
increased productivity, and improved sustainability in agriculture. By harnessing the power of
data, farmers and agricultural businesses can gain valuable insights, optimize resource allocation,
enhance crop management practices, and make iefordecisions for more efficient and
sustainable agricultural operations.

Vertical farming and urban agriculture:

With urbanization and limited arable land, there is a growing interest in vertical farming
and urban agriculture. These approacineslve growing crops in vertically stacked layers or
within urban environments using hydroponics, aquaponics, or other controlled environment
systems.

1. Vertical farming systems: Vertical farming utilizes indoor environments, such as multi
level structuresor repurposed buildings, to grow crops vertically. These systems often
employ hydroponics, aeroponics, or aquaponics, which are soilless cultivation methods.
Artificial lighting, temperature control, and precise nutrient delivery systems are used to
createoptimal growing conditions. Vertical farming allows for y@aund production,
independent of climate and weather conditions.
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2. Efficient space utilization: Vertical farming maximizes land use by utilizing vertical
space, making it suitable for urban areas with limited available land. By growing crops in
vertical layers, the production capacity per unit area can be significantly increased
compared to traditimal horizontal farming methods. This enables higher yields and the
potential for local food production in densely populated cities.

3. Resource efficiency: Vertical farming systems are designed to optimize resource
efficiency. Water usage is minimized througbcycling and recalculating irrigation
systems. Controlled environments reduce the need for pesticides and herbicides, and
precise nutrient delivery systems minimize fertilizer use. Additionally, vertical farming
systems can be designed to utilize eneasfjicient LED lighting and advanced climate
control technologies, reducing energy consumption.

4. Local food production: Urban agriculture, including vertical farming, promotes local food
production, reducing the need for ledptance transportation and asised carbon
emissions. By growing food closer to consumers, urban agriculture can enhance food
security, improve freshness, and support local economies.

5. Food safety and traceability: Vertical farming systems offer enhanced food safety and
traceability. Wth controlled environments and reduced exposure to external contaminants,
the risk of crop contamination from pathogens or chemicals is minimized. Additionally, the
controlled and monitored production process allows for better traceability of food from
farm to table.

6. Community engagement and educationiJrban agriculture projects, including vertical
farming, often engage local communities, providing opportunities for education, skills
development, and community involvement. They can serve as platformsridan u
gardening initiatives, school programs, and social enterprises that promote food literacy
and sustainability.

7. Green building integration: Vertical farming can be integrated with green building
design principles, utilizing underutilized spaces or ipoeoaiting living walls and rooftop
gardens. This integration enhances building aesthetics, improves indoor air quality, and
provides additional ecosystem services such as urban heat island reduction and storm water
management.

8. Potential challenges:Vertical farming and urban agriculture face challenges such as high
initial investment costs, energy requirements for artificial lighting and climate control, and
technical expertise for efficient operation. Additionally, crop selection and optimization,
pest mangement, and achieving economic viability are areas that require careful
consideration and ongoing research.

Vertical farming and urban agriculture hold promise for sustainable food production in
urban areas. By maximizing space utilization, resource efitgi, and community engagement,
these approaches contribute to local food resilience, reduce environmental impacts, and promote
a closer connection between urban dwellers and their food sources.
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Agro forestry and sustainable land management:

Agro foresty integrates trees and shrubs into agricultural landscapes to provide multiple

benefits, such as improving soil fertility, enhancing biodiversity, and sequestering carbon.
Research in this area focuses on identifying suitable agro forestry systems amnuphei on
ecosystem services.

1.

Multiple benefits: Agro forestry systems offer a range of benefits compared to
conventional agriculture or monoculture forestry. These systems provide multiple products
and services, such as food, fuel wood, timber, fibmtdér, and ecosystem services like

soil conservation, water regulation, biodiversity conservation, and climate change
mitigation.

Soil conservation and improvementAgro forestry practices help prevent soil erosion by
providing vegetative cover and redugithe impact of wind and water. Tree roots stabilize

the soil, preventing nutrient leaching and improving soil structure. The leaf litter from trees
contributes organic matter, enhancing soil fertility and moisture retention.

Biodiversity conservation: Agro forestry systems promote biodiversity by creating
habitats for a variety of plant and animal species. The diverse vegetation structure and
plant species composition in agro forestry systems provide niches for a wide range of
organisms, including pollinats, birds, beneficial insects, and soil microorganisms.

Climate change mitigation: Agro forestry plays a role in mitigating climate change by
sequestering carbon dioxide (CO2) from the atmosphere. Trees in agro forestry systems
absorb and store carbon, reducing greenhouse gas emissions and contributing to carbon
sinks. Additionally, thepresence of trees can modify microclimates, reducing temperature
extremes and wind speeds, and thus improving crop productivity.

Water management: Agro forestry systems help manage water resources by reducing
water runoff and improving water infiltratiofirees intercept rainfall, reducing soil erosion

and surface runoff. Their deep root systems facilitate water absorption and increase water
storage capacity in the soil, contributing to improved water availability for crops and
reducing the risk of drought

Economic diversification and resilience: Agro forestry systems provide economic
diversification by integrating multiple products and income streams. Farmers can benefit
from selling timber, fruits, nuts, and other tree products, in addition to agrauttaps or
livestock. The combination of multiple income sources enhances the resilience of farming
systems to market fluctuations and environmental stresses.

Nutrient cycling and agro ecosystem productivity: Agro forestry systems promote
nutrient cyclingand enhance overall productivity. Trees with deep root systems can access
nutrients from deeper soil layers, making them available to crops. The diverse plant species
in agro forestry systems contribute to nutrient cycling through symbiotic nitrogeiofiixat
nutrient uptake, and cycling processes.

Agro forestry and sustainable land management offer a holistic approach to land use,

integrating trees, crops, and livestock to achieve multiple benefits. These systems contribute to
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environmental sustainabilitybiodiversity conservation, climate change mitigation, and socio
economic resilience. They provide a pathway towards more resilient and productive agricultural
systems that support both human livelihoods and the health of ecosy{stental et al.,2004)

Digital agriculture and farm automation:

Digital technologies are transforming agriculture through automation, robotics, and

artificial intelligence. Researchers are exploring the development of smart farming systems,
autonomous machinery, and farm magragnt software to streamline operations, reduce labor
requirements, and enhance productivity.

1.

Precision farming: Digital agriculture enables precision farming practices, where farmers
can make datdriven decisions based on detailed information about cmiditions,
weather patterns, and crop health. Sensors and remote sensing technologies previde real
time data on variables such as soil moisture, nutrient levels, and pest infestations. This
information helps optimize the application of inputs like feréits, pesticides, and water,
reducing waste and maximizing yields.

Internet of Things (IoT) and sensors:loT devices and sensors are deployed across farms
to collect and transmit data from various sources, including soil, plants, and machinery.
These sensors provide information on temperature, humidity, light intensity, plant growth,
equipment performancehd more. The data is sent to a central system for analysis,
allowing farmers to monitor and manage farm operations remotely and-timmeal

Data analytics and farm management software:Digital agriculture relies on data
analytics and farm management s@fte to process and analyze the vast amounts of data
collected from sensors and other sources. Advanced analytics tools and algorithms help
identify patterns, trends, and correlations in the data, enabling farmers to make informed
decisions about crop magement, resource allocation, and risk assessment.

Farm automation and robotics: Robotics and automation technologies are increasingly
being used in agriculture to streamline labdensive tasks. Robots can perform activities

like planting, harvesting, pning, and weed control with high precision and efficiency.
Automated systems can also manage irrigation, monitor livestock, and control
environmental conditions in livestock or greenhouse operations. This reduces labor
requirements, improves productivignd enhances operational efficiency.

Drones and aerial imaging: Drones equipped with cameras or sensors provide aerial
imaging and data collection capabilities. They can capture-regbiution imagery of
crops, identify problem areas, and monitor cropltfie Drones enable rapid and cost
effective field assessments, allowing farmers to detect issues such as nutrient deficiencies,
disease outbreaks, or irrigation problems early on.

Smart farming equipment: Digital agriculture incorporates smart farming gopent that
utilizes technology for improved efficiency and accuracy. This includes-@aiRigd
tractors and implements, which enable precise positioning, mapping, and variable rate
application of inputs. Smart equipment can optimize fuel consumption,aeseclap, and
enhance overall operational efficien¢Rajput T.B.S, et,al.,2006)
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Connectivity and cloud computing: Digital agriculture relies on reliable connectivity and
cloud computing infrastructure to transmit and store data securely.-Gésed Etforms

allow farmers to access and manage data, collaborate with experts, and integrate various
technologies and software systems. This connectivity facilitatesimealdecisioamaking

and enables remote monitoring and control of farm operations.

Sustanability and resource optimization: Digital agriculture contributes to sustainability

by optimizing resource use and reducing environmental impacts. By employing precision
farming techniques and automation, farmers can minimize the use of water, fertdizér
pesticides, reducing waste and runoff. Dditizen decisiormaking enables more efficient

use of resources, improving productivity while minimizing inputs and environmental harm.
Digital agriculture and farm automation offer significant potentiairforeasing efficiency,

productivity, and sustainability in agriculture. By leveraging technology andddiaen insights,

farmers can optimize their operations, reduce costs, and enhance environmental stewardship.
These approaches enable the developmiesitnarter and more resilient farming systems to meet

the challenges of food security and sustainability in the fifiamer et al.,2014).

Food safety and traceability:

Ensuring food safety and traceability is crucial for consumer confid®esearch efforts

are directed towards developing technologies and systems that enatileeeabnitoring, rapid
detection of contaminants, and accurate traceability of food products throughout the supply
chain.

1.

Hazard identification and risk assessment:Food safety begins with identifying and
assessing potential hazards that can occur at various stages of the food production process,
including production, processing, storage, distribution, and handling. Hazards may include
biological contaminants (such dmacteria or viruses), chemical residues, allergens, or
physical contaminants. Conducting risk assessments helps prioritize actions to mitigate
these hazards.

Good Agricultural Practices (GAPs): Good Agricultural Practices encompass a set of
guidelines angractices that promote safe and sustainable crop production. This includes
appropriate use of fertilizers and pesticides, proper irrigation and water management,
hygiene practices, and preventive measures to minimize microbial contamination. GAPs
aim to easure the safety and quality of agricultural products from the earliest stages of
production.

Good Manufacturing Practices (GMPs): Good Manufacturing Practices focus on
ensuring the safety and quality of processed food products. They involve proper hygiene
practices, employee training, sanitation procedures, facility design, equipment
maintenance, and process control to minimize risks of contamination;onaissnination,

and adulteration during processing and packaging.

Hazard Analysis and Critical Control Points (HACCP): HACCP is a systematic
approach used in the food industry to identify and control hazards at critical points in the
production process. It involves identifying critical control points, establishing critical
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limits, monitoring proceduresoorective actions, and verification to ensure that potential

hazards are effectively controlled. HACCP is widely recognized as an effective preventive

approach for ensuring food safety.

5. Quality control and testing: Quality control measures involve regulégsting and
monitoring of food products to ensure compliance with safety and quality standards. This
includes microbiological testing, chemical analysis, and sensory evaluation to detect
potential contaminants, adulterants, or quality deviations. Tesefgs hdentify issues
early on and enables appropriate actions to be taken to prevent unsafe or substandard
products from reaching consumers.

6. Food labeling and product information: Accurate and informative food labeling is
essential for consumer awarenessl a&hoice. Proper labeling provides information on
ingredients, allergens, nutritional content, country of origin, and storage instructions. It
also includes the use of appropriate labeling standards and regulatory requirements to
prevent misrepresentatiomislabeling, or fraudulent activities.

7. Traceability systems: Traceability involves the ability to track the movement of food
products and their ingredients throughout the supply chain. It enables the identification of
the origin, production, processingnd distribution history of a particular food item.
Traceability systems utilize various tools, such as batch numbers, barcodes, QR codes, or
RFID tags, to record and track information. This enables rapid and accurate tracing of food
products in the everdf a safety or quality issue, facilitating timely recalls and preventing
potential harm to consumers.

8. Regulatory compliance and certification:Food safety regulations and certifications play
a crucial role in ensuring compliance with standards and bestigg® Governments
establish regulatory frameworks and enforce standards to protect consumer health and
safety. Certifications, such as Global Food Safety Initiative (GFSI) recognized schemes,
provide independent verification of compliance with specibodf safety standards,
enhancing consumer confidence and market access.

Food safety and traceability are essential components of a robust food system that
prioritize consumer health and confidence. By implementing comprehensive food safety
management systeamadhering to best practices, and ensuring effective traceability, stakeholders
throughout the food supply chain can mitigate risks, prevent food borne illnesses, and maintain
the integrity of food products from farm to fof8agaret al.,2009)

Agricult ural waste management:

Proper management of agricultural waste is essential for environmental sustainability.
Research is focused on finding innovative ways to convert agricultural residues into biofuels,
bioplastics, and other vahkszlded products, as Was developing efficient waste management
practices to minimize environmental pollution.

These research trends reflect the growing need for sustainable, efficient, and resilient
agricultural systems in the face of evolving global challenges. By leveragpientific
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advancements and interdisciplinary approaches, researchers aim to enhance food production
while minimizing the environmental footprint of agriculture.

1.

Waste reduction and prevention: The first step in agricultural waste management is to
focus on waste reduction and prevention. This can be achieved through improved farm
management practices, such as precision farming techniques, efficient use of fertilizers and
pesticides, and proper inventory management of agricultural inputs. By minimizitg was
generation at the source, the need for subsequent waste management and disposal is
reduced.

Composting: Composting is a widely used technique for managing organic agricultural
waste, such as crop residues and animal manure. It involves the controtb@apdsition

of organic materials under aerobic conditions to produce compost, a nrttfersoil
amendment. Composting not only reduces waste volumes but also produces a valuable
product that can enhance soil fertility, improve water retention, and peosostainable

crop production.

Anaerobic digestion: Anaerobic digestion is a process that converts organic waste, such as
animal manure, into biogas and dig estate. Biogas, primarily composed of methane, can be
used as a renewable energy source for hgagtectricity generation, or fuel. The dig
estate, a byroduct of the process, can be used as a nuti@ntfertilizer. Anaerobic
digestion helps reduce greenhouse gas emissions from waste decomposition and provides
an alternative energy source.

Recycing and reuse: Agricultural waste materials can often be recycled or reused in
various ways. For example, crop residues can be used as animal feed, bedding, or mulch.
Packaging materials can be recycled or repurposed. Agrochemical containers can be
cleanedrecycled, or disposed of properly to prevent environmental contamination. Finding
innovative ways to reuse or recycle agricultural waste can reduce the need for disposal and
conserve resources.

Biomass utilization: Agricultural waste, particularly cropesidues, can be utilized as
biomass for energy generation. Biomass can be converted into solid biofuels, such as
pellets or briquettes, which can be used for heating or cooking. It can also be used in bio
energy production processes, such as bio etharmbgas production. Biomass utilization
provides an alternative to fossil fuels, reducing greenhouse gas emissions and dependence
on nonrrenewable energy sources.

Wasteto-value approaches: Agricultural waste management can involve exploring
wasteto-value approaches, where waste materials are transformed into valuable products.
For example, crop residues can be processed intbasied materials, such aspiastics

or bio-composites, for various applications. By extracting value from waste, these
approabes contribute to a circular economy and promote sustainability.

Regulatory compliance and best practicesAgricultural waste management should
comply with relevant regulations and best practices to protect human health and the
environment. Governments may establish guidelines and standards for waste handling,
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storage, transportation, and disposal. Adheringthiese regulations ensures safe and

responsible waste management practices, preventing environmental contamination and

potential health risks.

8. Education and awareness: Promoting education and awareness among farmers,
agricultural workers, and the publicasucial for effective agricultural waste management.
Training programs and outreach activities can raise awareness about proper waste
management practices, promote the adoption of sustainable waste management
technologies, and encourage behavioral chartgsancing knowledge and understanding
of agricultural waste management fosters a culture of environmental stewardship in the
agricultural community.

Proper agricultural waste management is essential for sustainable agriculture,
environmental protectioand resource conservation. By implementing effective waste reduction
strategies, utilizing waste as a resource, and adopting appropriate waste management
technologies, the agricultural sector can contribute to a more circular and sustainable economy
(Anonymous. GIS 2002)

Conclusion

In conclusion, the field of agriculture science is witnessing dynamic research trends that
are aimed at addressing the challenges faced by the agricultural sector and promoting sustainable
food production systems. Kepnclusions drawn from the research trends include:

1. Precision agriculture techniques are playing a vital role in optimizing crop management
practices, improving resource efficiency, and minimizing environmental impacts.

2. Genetically modified organisms (GMPand biotechnology offer potential solutions to
enhance crop productivity, improve nutritional content, and mitigate the impact of pests,
diseases, and environmental stresses.

3. Sustainable agriculture practices, such as organic farming and agro ecoéoggirang
recognition for their ability to conserve natural resources, promote biodiversity, and ensure
long-term productivity while minimizing the use of synthetic inputs.

4. Climate change mitigation and adaptation strategies are crucial in developingeclima
resilient agricultural systems. Efforts are focused on developing chlsnaadet practices,
resilient crop varieties, and innovative irrigation methods to address the challenges posed
by a changing climate.

5. The integration of datdriven and digital teaiologies, such as big data, machine learning,
and loT devices, is revolutionizing agriculture research and enablirgmeaimonitoring,
decisionmaking, and resource management for increased farm efficiency.

Overall, these research trends in agricultsceence demonstrate a strong emphasis on
sustainable practices, resource optimization, resilience to climate change, and the application of
cuttingedge technologies. These efforts are vital for ensuring food security, environmental
sustainability, and thevell-being of farmers and consumers in an exelving agricultural
landscape.
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Introduction :

In 1901, Beauverie and Ray independently realizedplsaits previously infected by a
pathogen could better resist further infection. Over the 30 years that followed these reports, many
studies suggested the existence of various induced disease resistance phenomena in plants. Thes
have been summarized by Gler in 1933. One prominent induced resistance phenomenon is
nowadays known as systemic acquired resistance (SAR). SAR refers to a distinct signal
transduction pathway that plays an important role in the ability of plants to defend themselves
against pathgens. SAR is induced by most pathogens that cause tissue necrosis, either as a part
of a hypersensitive response (HR) or as a symptom of disease. One characteristic of SAR is the
development of the enhanced resistance in the distal, uninoculated plans. ofgether
hallmark of SAR is its activity against a broad and distinctive spectrum of pathogens which
includes viruses, bacteria, oomycetes, and fungi. It can be induced by plant pathogens, chemicals
and bicagents and not induced after the onset of élomg & fruiting in host plant. In addition,

SAR confers a londpsting protection against a broad spectrum of microorganisms that can last
for weeks to month, and sometimes throughout an entire season. SAR requires the signal
molecule salicylic acid (SAj@and is associated with accumulation of pathogenetased
proteins, which are thought to contribute to resistance. SA is apparently not the translocated
signal but is involved in transducing the signal in target tissues.
Mechanism involved in systemic aguired resistance

1. Lignifications and other structural barriers

2. Pathogenesis Related proteins

3. Conditioning
1. Lignifications and other structural barriers

Deposition of lignin in cell wall is called as lignificatiol.observed in many plants. It is
an mportant mechanism for disease resistance. Lignin incorporation strengthen plant
mechanically. Lignified cell starved the pathogen and act as pre cursors may might exert toxic
effect. Mycelia ofColletotrichum lagenariunbecome lignifiedin vitro. Glycine rich proteins
accumulate systemically in cell wall of tobacco plants infected with TMV and virus infected rice
plants.

2. Pathogenesiselated proteins

Pathogenesis related protein (PRs) were first described in 1970 in tobacco leaves infected
with TMV. PRs proteins have been defined as plant proteins that accumulate after pathogen
attack or related situation. PRs proteins are assigned an important pidatirdefense against
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pathogenic constraints and in general adaptation to stressful environment. These proteins are
accumulated -10 days after infection and indicate the attainment of SAR. It is accumulated in
the intercellular spaces (first line of deée) and vacuole (second line of defence by lytic

enzyme).

Biochemical and structural characteristics of PR Proteins
1 Itis alow-molecular proteins (55 kDa).

= =4 4 A

It stable at low pH (< 3).
It is thermostable & Highly resistant to proteases.
|t

cont dien s cfeswrandsatdangbd antiparallel between helices.

It established in all plant orgaihdeaves, stems, roots, flowers.

1 Feature: Antifungal, Antibacterial, Insecticidal & #nral action.
Classification andproperties of families of PR proteins

Family | Properties Targeted Pathogen Site

PR1 Antifungal Active against Oomycetes

PR-2 b-1,3-Glucanase Cell wall Glucan of fungi

PR3 Chitinase (class I,II| Cell wall Chitin of fungi

IV,V,VI,VI)

PR4 Chitinase class |, 1l Cell wall Chitin of fungi

PR5 Thaumatinlike, Active against Oomycetes

PR-6 Proteinasenhibitor Active on Nematodes + Insect

PR7 Endoproteinase Microbial cell wall dissolution

PR-8 Chitinase class Il Cell wall Chitin of fungi + Mucopeptide
wall of bacteria

PR-9 Peroxidase Antimicrobial activity by catalyzingoxidative
crosslinking protein andphenolic in cell wall
leading to reinforcement of physical barrier

PR-10 Ribonuclease activity Viral-RNA

PR-11 Chitinase class | Cell wall chitin of fungi

PR-12 Defensin Antifungal and Antibacterial

PR-13 Thionin Antifungal and Antibacterial

PR-14 Lipid-transfer protein Antifungal and Antibacterial

PR15 Oxalate oxidase Produce HO:; that inhibite microbes and alg
stimulates host defense

PR16 Oxalate oxidasdike Produce HO: that inhibite microbes and alg
stimulates host defense

PR-17 Uncharacterized Unknown
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3. Conditioning

When plants are pretreated with necrotizing pathogen or a synthetic inducer of SAR, the
systemically protected leaves react more rapidly and more efficiently to challenge infection with
a virulent pathogen. This phenomenon is known as conditioning ortizegsi Skipp and
Daverall (1973) induced resistance in bean hypocotyls though localized HR caused by
Colletotrichum lindemathianum
Signal transduction in SAR

A primary local infection can trigger not only effectoiggered immunity (ETI), which
is often associated with programmed cell death (PCD) of the infected cells, but also production
of the immune signal salicylic acid (SA) in chloroplasts through thigitgcbf isochorismate
synthase ICS1. Mobile immune signals are also produced, including azelaic acid (AzA),
glycerol3-phosphate (G3P), methyl salicylic acid (MeSA), and dehydroabietinal amines (DA).
AzA regulates the expression 0A&ZI1, which encodes a redicted secreted protease
inhibitor/seedstorage/lipidtransfer family protein, and AzA, G3P, and DA all require DIR1, a
putative lipid transfer protein, for their functions. Accumulation of SA affects the cellular redox
and the NPR1 nuclear translocatithrough $nitrosoglutathione (GSNO) and thioredoxins
(TRXs). The nuclear NPR1 concentration is controlled by SA levels through the SA receptor
proteins NPR3 and NPR4. A high concentration of SA in the local infection site promotes NPR1
NPR3 interaction md NPR1 degradation to allow PCD and ETI to occur, whereas in the
neighboring cells, the intermediate level of SA disrupts NRIRR4 interaction, resulting in the
accumulation of NPR1. NPR1 can interact with transcription factors (TFs) to activate the
expression ofER genes to facilitate protein secretion; the expression of antimicrobial PR proteins
such as PR1, PR2, and PR5; and resistance to secondary infection.

The SAR primed state is associated with acetylation (Ac) of H3K9 and methylation (Me)
of H3K4 at SARassociated gene promoters. DNA methylation and proteins affecting chromatin
architecture (e.g., SNI1) and DNA repair (e.g., RAD51 and BRCA2) may function in priming
plant defense genes and protecting genome stability not only in the current garfauailso in
the progeny. An avirulent pathogen not only triggers defense responses locally but also induces
the production of signals such as salicylic acid (SA), methyl salicylic acid (MeSA), azelaic acid
(AzA), glycerol3-phosphate (G3P), and abietadierpenoid dehydroabietinal (DA). These
signals then lead to systemic expression of the antimicrBBdbathogenesiselated genes in
the un inoculated distal tissue to protect the rest of the plant from secondary infection. This
phenomenon is calledystemic acquired resistance (SAR). SAR can also be induced by
exogenous application of the defense hormone SA or its synthetic analogs 2,6
dichloroisonicotinic acid (INA) and benzothiadiazolensethyl ester (BTH) . In contrast to ETI,

SAR is not associatl with PCD, and instead promotes cell survival. The onset of SAR is
associated with massive transcriptional reprogramming, which is dependent on the transcription
cofactor NPR1 (nonexpresserBR genes 1) and its associated transcription factors (TE$) su

as TGAs . SAR is believed to be conferred by a battery of coordinately induced antimicrobial PR
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proteins whose secretion requires significant enhancement of endoplasmic reticulum (ER)
function.
Systemic signals in SAR for plant defense

( [0
{\/ o]
OH
O Q)
i )\/\/\/\/L
O HO OH
Methy! salicylate lasmonic acid (JA) Azelaic acid
O
/\/\/"
=
OH (E)-2-hexenal
\/—\/—( H
O H
Dehydroabietinal Indole-3-acetic acid (1AA) (-3 heoxeno!

rerd Opinson in Plant Beology

Thesemobile signals help in activation of SAR. Mostly metabolites function as systemic
signal, contributing to long distance signaling in plant defense.
Methyl Salicylate (MeSA)

It is a mobile signal, moves systemically, found in phloem exudates of infeetegs]e
and is required for SARSAR requires SABP2's MeSA esterase activity in the systemic tissue to
convert biologically inactive MeSA to active
Nicotiana tabaccuntcontains N resistance gene that governs @émel gene type resistance to
TMV, MeSA functions as enhance the resistance to subsequent infection by TMV.

Jasmonic acid

Jasmonic acid activates gene encoding protease inhibitor which protect plants against
insect attack.Oxylipns, synthesized from polpsaturated fatty acid. Methyl jasmonate (MJ)
function as volatile signal and also translocated through the vasculature. Treatment of potato
with jasmonate increase resistanc®hytophthora infestans.

Azelaic acid

It is a niné carbon dicaboxylic acid. Radgen infection induces the release of free carbon
18 fatty acids (C18 FA) from membrane lipids, these results in azelaic acid (AzA) production.
AZI1 (AZELAIC ACID INDUCED1pene, which is expressed at elevated level in azelaie acid
treated plant, wasequired for defence priming by azelaic acid.

Salicylic acid (SA)

SA/ orthohydroxy benzoic acid group of phenolics. S&Rdogenous signal produced by
infected leaf and translocate in the phloem to other plant parts. Vascular mobile signal that
moves throghout the plant after initial infection. It is reported in several plant speegs
Tomato, Potato, Rice, Sugarcane, Okra, Wheat, Carrot, Tobacco, Bean and Papaya. Salicylate
regulated defenses more active against biotropic pathogens. Salicylic peid of signaling
pathway involved in transmission of the defense response throughout the plant to produce SAR.
SA reported as the endogenously as well as exogenously signal of SAR. SA play role in
elicitation of PathogenesRelated proteins.
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The mode ofaction of SA

The search for a SAinding protein hased to catalase and ascorbate peroxidase. The
binding of SA to such enzymes might lead to the formation of a phenolic radical that in turn is
involved in lipid peroxidation. The products of lipid pemaiion can activate defense gene
expression. Whether such radicals form sufficient lipid peroxides at the right time and place for
the defense response to be induced remains to be showrnn@Ag proteins (SAPs) different
from catalase were identifiedahshow a higher affinity for SA and related functional analogues.
The biological importance of these SAPs remains to be determined, but they certainly offer
exciting perspectives toward an understanding of SA. The induction of gene transcription by SA
wasalso followed closely.

SA- and pathogeinducible protein kinase (SIPK) belonging to the MAP kinase family
was identified in tobacco. A number of studies have concentrated on the upstream regulatory
sequences (URS) of the PR gene promoter, one of tlmlminating responses in SAR. A
consensus sequence (TGACG) in the URS of1PR recognized specifically by TGA
transcription factors of the bZIP protein family. TGAs were also found to interact with the
NPRL1 protein, providing a direct link between NP&id SAinduced PRL expression. SNI1, a
negative regulator of SAR represdeR gene expression, presumably by direct binding to a
specific DNA sequence or via a transcription. Other reports have identified an8Aathogen
inducible WRKY DNA-binding facor. This factor specifically recognizes the elicitor response
element of the tobacco class | chitinase promoter. Protein phosphorylation is important for the
activity of WRKY DNA-binding factors; this emphasizes the role played by kinases in SA
signaling.

Salicylic acid biosynthesis

Genetic studies in Arabidopsis have shown that SA is synthesized mainly through the
pathway involving ICS1. Biochemically, SA can also be synthesized from cinnamate produced
by phenylalanine ammonia lyase (PAL) but thathway seems to play a minor role in SAR
associated SA synthesis. The chorismate pathway has similarities to the bacterial SA
biosynthesis pathway:

1. ICS1 converts chorismate to isochorismate

2. SA s generated from isochorismate catalyzegsbghorismate pyruvate lyase (IPL) .
Proteins whose roles in SA synthesis have been proposed but not specifically confirmed:

EDS5 (enhanced disease susceptibility Fg)pothesized to be involved in transporting
SA or a precursor of SA . PBS3 (avrPphB syible 3) belongs to the GH3 acyl adenylase
family of enzymes. The related JAR1protein is known to adenylate JA, leading to the
conjugation of isoleucine to JA to form the bioactive. EPS1 (enhaRsmilidomonas
susceptibility 1) provide the enzymatic #eity that is equivalent to IPL found in bacteria. The
rabidopsisNPR1 (nonexpresser &R genes 1) protein is a master regulator of SAR. Recent
study has shown tha salicylic acid directly binds to the NPR1 adaptor proteins NPR3 and NPR4,
regulates theinteractions with NPR1, and controls NPR1 protein stability.
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Conclusion
SAR is a widely observed phenomenon in plants and priming for potentiated activation of
defense responses has emerged as an important part of it. SAR is effective against adgoad ran

of pathogens and parasites, including fungi, bacteria and viruses. Salicylic acid is not a

translocated signal responsible for inducing SAR but is required in signal transduction. Methyl

salicylic acid, azelaic acid, glycer8tphosphate, and abietangedpenoid dehydroabietinal have
been identified as mobile signals for SAR. Azelaic acid, glyegquhosphate, and all require

DIR1, a lipid transport protein, for their functions. NPR1, as a transcription coactivator, is a

master regulator of plant defam required folER and PR gene induction, local defense, and

SAR. Besides inducing SAR, SA is known to inhibit the hypersensitive response during ETI and

trigger thermogenesis in plants and inhibit plant growth, chloroplast development, and

photosynthesis.
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Abstract:

Biofuels are among the most promising replacement forranewable fossil fuel energy
and are derived from living organisms or from metaboliepbyducts. Biomass (organic
material) can be converted directly into burnable fuel which becomes biofueleBa&Hn be
liquids or gases (Sugars, starch, vegetable oil or animal fats) or solid (wood, sawdust, grass
cuttings, domestic refuse, charcoal, agricultural waste, dried manure etc.). The two most widely
used biofuels are ethanol and biodiesel. In line Withrequirements for sustainable economies
and clean environments, insdxdsed biofuels have recently received tremendous attention both
in industry and academic communities worldwide. Alternative and renewable fuels derived from
insects offer the poteiaii to reduce our dependence on fossil fuels and mitigate global climate
changeBiodiesel is one promising approach to reduce the consumption of petroleum. Insect fat
has the great potential for biodiesel production. Insect could convert organic wagtsegtdat
which was further extracted as a novel feedstock for biodiesel production. Insects belonging to
the order Coleoptedasuch as the yellow meal worm (YMW) aménebrio molitor., and
Dipterad such as the black soldier fly (BSF) addrmetia illucesL. can efficiently degrade
organic matters, transforming wastes into larval biomias®ct enzymes which are present in
the gut play an important role in biofuel production. Lignocellulose can serve as a precursor for a
number of biorefinery processesich as cellulose/ hemicellulose hydrolysis, pyrolysis, and
gasification. For exampleln grasshoppers, termites and cutworm caterpillars a variety of
enzymes and symbionts are present in the gut which have the ability to break down plant
materials are liked to what the insects eat. These enzymes could be used in the biofuel industry.
The crane flyTipula abdominaligut are recognized as a natural biorefinery model.

Keywords: Biofuel, Insects, Biodiesel, Coleoptera, Diptera, Biorefinery
1. Introduction :

A biofuelis afuelthat is produced through contemporary biological processes, such as
agriculture anénaerobic digestion, rather than a fuel produced by geological processes such as
those involved in the formation @dssil fuels, such as coal ammktroleum, from prehistoric
biological matter.

Biofuels can be derived directly from plantse(energy crops), or indirectly from
agricultural, commercial, domestic, and/or industrial wastes. Renewable biofuels generally
involve contemporargarba fixation, such as those that occumplantsor microalgaghrough
the process gbhotosynthesis. Other renewable biofuels are made through the use or conversion
of biomasgqreferring to recently living organisms, most often referringlémtsor plantderived
materials). This biomass can be converted to convenient ecenggining substances in three
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different ways: thermal conversion, chemical conversion, and biochemical conversion. This
biomass conversion can result in fuebkolid, liquid, orgasform. This new biomass can also be
used directly for biofuels.
Biofuels are in theorgarbonneutralbecause the carbon dioxide that is absorbed by the plants
is equal to the carbon dioxide that is released when the fuel is burned.
2. History of biofuel:

Biofuels in the solid form has been in use ever since man discovered fire. Wood was the
first form of biofuel that was used even by the ancient people for cooking and heating. With the
discovery of electricity, man discovered another whwtdizing the biofuel. Biofuel had been
used since a very long time to produce electricity. This form of fuel was discovered even before
the discovery of the fossil fuels, but with the exploration of the fossil fuel like gas, coal, and oil
the productiorand use of biofuel suffered a severe impact. With the advantages placed by the
fossil fuels they gained a lot of popularity especially in the developed countries. Liquid biofuel
has been used in the automotive industry since its inception.

One of thefirst inventors to convince the people of the use of ethanol was a German
named Nikolaus August Otto. Rudolf Diesel is the German inventor of the diesel engine. He
designed his diesel engine to run in peanut oil and later Henry Ford designed the Madel T ¢
which was produced from 1903 to 1926. This car was completely designed to use hemp derived
biofuel as fuel. However, with the exploration of huge supplies of crude oil some of the parts of
Texas and Pennsylvania petroleum became very cheap and thts teadeduction of the use
of biofuels. Most of the vehicles like trucks and cars began using this form of fuel which was
much cheaper and efficient.

In the period of World War I, the high demand of biofuels was due to the increased use
as analternative for imported fuel. In this period, Germany was one of the countries that
underwent a serious shortage of fuel. It was during this period that various other inventions took
place like the use of gasoline along with alcohol that was deriveddodatoes. Britain was the
second country which came up with the concept of grain alcohol mixed with petrol. The wars
frames were the periods when the various major technological changes took place but, during the
period of peace, cheap oil from the gulluotries as well as the Middle East again eased off the
pressure.

With the increased supply the geopolitical and economic interest in biofuel faded away.
A serious fuel crisis again hit the various countries during the period of 1973 and 1979, because
of the geopolitical conflict. Thus (OPEC), organization of the petroleum Exporting countries
made a heavy cut in exports especially to the@BEC nations. The constant shortage of fuel
attracted the attention of the various academics and governments teui® a@$ energy crisis
and the use of biofuels. The twentieth century came with the attention of the people towards the
use of biofuels. Some of the main reasons for the people shifting their interest to biofuels were
the rising prices of oil, emission dfd greenhouse gases and interest like rural development.
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3. Generationsof biofuels

First-generation biofuels

Firstgeneration or conventional biofuels are biofuels made from food crops grown on
arable land. With this biofuel productigeneration, food crops are theplicitly grown for fuel
production. The sugar, starch, or vegetable oil obtained from the crops is converted into biodiesel
or ethanol, using transesterification, or yeast fermentation.
Secondgeneration biofuels

Second generation biofuels are fuels manufactured from various typeenasses.
Biomass is a wideanging term meaning any source of organic carbon that is renewed rapidly as
part of thecarbon cycle. Biomass is derived from plant materials, baotaiso include animal
materials.

Whereas first generation biofuels are made fromstilgarsaandvegetable oildound in
arable crops, second generation biofuels are madelifyoocellulosic biomassr woody crops,
agricultural residues, or waste plantteraal (from food crops that have already fulfilled their
food purpose)The feedstock used to generate seegeweration biofuels thus either grows
onarable lands, but are just byproducts of the actual harvest (main crop) or they are grown on
lands whichcannot be used to effectively grow food crapd, in some cases, neither extra water
or fertilizer is applied to them. Nemuman food second generation feedstock sources include
grasses, jatropha and other seed crops, waste vegetabiaradjpal solid waste and so forth.
Third -generation biofuels

From 1978 to 1996, thdS NRELexperimented with using algae as a biofuels source in
the "Aquatic Species Prograni.self-published article by Michael Briggs, at to&lH Biofuels
Group, offers estimates for the realistic replacement ofieliicularfuel with biofuels by using
algae that have a natural oil content greater than 50%, which Briggs suggests can be grown on
algae ponds avastewater treatmeptants. This oHrich alga can tbn be extracted from the
system and processed into biofuels, with the dried remainder further reprocessed to create
ethanol. The production of algae to harvest oil for biofuels has not yet been undertaken on a
commercial scale, bdasibility studiehave been conducted to arrive at the above yield
estimate. In addition to its projected high yield, alga cultuwelike crop-based biofuel$ does
not entail a decrease fiood production, since it requires neitti@mlandnor fresh water. Many
companies & pursuing algae bioreactors for various purposes, including scaling up biofuels
production to commercial levels.
Fourth-generation biofuels

Similarly, to thirdgeneration biofuels, fourtgeneration biofuels are made using non
arable landHowever, unlike thiregeneration biofuels, they do not require the destruction of
biomass. This class of biofuels incluadsctrofuelsandphotobiological solar fuelSome of
these fuels arearbonneutral. The conversion of crude oil from the plant saatb useful fuels
is calledtransesterification.
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4, Types of biofuels
Biofuels may be solid, liquid or gaseous in nature.

1. Solid-Wood, dried plant material, and manure

2. Liquid: Bioethanol and Biodiesel

3. GaseousBiogas

The two most widely used biofuels are ethanol and biodiesel. Others include butane,
methanol, Fischefropsch diesel and gasoline.

Bioethanol is an alcohol made by fermentation, mostly from carbohydrates produced in
sugar or starch crops such as corn,ascane, or sweet sorghum. Cellulosic biomass, derived
from nonfood sources, such as trees and grasses, is also being developed as a feedstock for
ethanol production. Ethanol can be used as a fuel for vehicles in its pure form (E100), but it is
usually usd as a gasoline additive to increase octane and improve vehicle emissions. Bioethanol
is widely used in the United States and in Brazil

At this plant the production of bioethanol from staodmtaining cereals takes place in
five steps:

1. Milling, i.e.the mechanical crushing of the cereal grains to release the starch components

2. Heating and addition of water and enzymes for conversion into fermentable sugar

3. Fermentation of the mash using yeast, whereby the sugar is converted into bicgtican
CO,

4. Distillation and rectification,i.e. concentration and cleaning the ethanol produced by
distillation

5. Drying (dehydration) of the bioethanol

Apart from fermentation Ethanol is also produced by the process called hydrolysis, where
material sich as lignocelluloses which are found in tissues of plant or other organic material are
used.

Biodiesel is made from algae, animal fats or vegetable oils or recycled cooking grease.
The process used to convert these oils to biodiesel is caliesgstarification.

There are three basic routes to biodiesel production from oils and fats:
1 Base catalysed transesterification of the oil.
1 Direct acid catalysed transesterification of the oil.
1 Conversion of the oil to its fatty acids and themimdiesel.

Almost all biodiesel is produced using base catalyzed transesterification as it is the most
economical process requiring only low temperatures and pressures and producing a 98%
conversion yield.

The transesterification process is thectea of a triglyceride (fat/oil) with an alcohol to
form esters and glycerol. A triglyceride has a glycerine molecule as its base with three long chain
fatty acids attached. The characteristics of the fat are determined by the nature of the fatty acids
atached to the glycerine. The nature of the fatty acids can in turn affect the characteristics of the
biodiesel. During the esterification process, the triglyceride is reacted with alcohol in the
presence of a catalyst, usually a strong alkaline like sotigomoxide. The alcohol reacts with
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the fatty acids to form the moradkyl ester, or biodiesel and crude glycerol. In most production
methanol or ethanol is the alcohol used (methanol produces methyl esters, ethanol produces ethyl
esters) and is base catsdd by either potassium or sodium hydroxide. Potassium hydroxide has
been found to be more suitable for the ethyl ester biodiesel production, either base can be used
for the methyl ester. A common product of the transesterification process is Rape EAgény|
(RME) produced from raw rapeseed oil reacted with methanol.

5. Applications of biofuels
Transportation

Nearly 30% of all energy consumed in the United States is used in transportation. To put
this into perspective, residential aosdmmercial uses combined only account for 10%. That
means that humans in industrial nations use, on average, three times more energy to get around
than they use to cook their food and heat their homes. This number does not include electricity
generation, \wich accounts for 40% of all energy used.

Globally, transportation accounts for 25% of energy demand and nearly 62% of oil
consumed. Most of this energy, tiurds in fact, is burned to operate vehicles with the rest
going to maintenance, manufacturimgfrastructure, and raw material harvesting.

Power generation

The generation of electricity is the single largest use of fuel in the world. In 2008, the
world produced about 20,261 TWh of electricity. About 41% of that energy came from coal,
another 2% came from natural gas, and the rest was covered by hydro, nuclear, and oil at 16%,
13%, and 5% respectively. Of the fuel burned, only 39% went into producing energy and rest
was lost as heat. Only 3% of the heat was then used fgemeration. Of the 2061 TWh
produced, 16,430 TWh were delivered to consumers and the rest was used by the plants
themselves.

A great deal of energy goes into producing electricity, which is not surprising given that
everything humans do in the industrialized worlaynirrunning water to surfing the internet,
requires electricity. Most estimates suggest that about 40% of all GHG emissions come from the
production of electricity, with transportation coming in a very close second. Coal is highly
problematic for its produmn of sulfur dioxide, which produces acid rain. Interestingly, nuclear
power is the least damaging in terms of pollutants produced, generating less carbon than any
form of power generation other than hydro and including solar (PV panel productionrgses la
amounts of water).

Heat production

The major use of natural gas from fossil fuels is heat, though a good deal of it also goes
to energy. In the United States, a boom in hydraulic fracturing (called Fracking) has led to a huge
surge in the production ofatural gas from shale (a fossil fuel) and to the prediction that this will
soon become the predominant form of energy, perhaps as soon as 2040. Of course, natural gas
need not come from fossilized plant material, it can also be produced from recemthy iamt
material.
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Of course, the majority of biofuel used in heating is solid. Wood is both an aesthetic and
a practical method of heating and may homes use wood burning stoves as supplements to other
heating systems like natural gas electricity. Renewed interest in solid biofuels, in part a
response to rising energy prices, as led to a surge in innovation in the industry with research
focusing on improved efficiency, reduced emissions, and enhanced convenience. Wood
gasification boiles can reach efficiencies as high as 91%.

6. Insects in biofuel production

In line with the requirements for sustainable economies and clean environments, insect
based biofuels have recently received tremendous attention both in industry and academic
communites worldwide. Alternative and renewable fuels derived from insects offer the potential
to reduce our dependence on fossil fuels and mitigate global climate change. The world,
therefore, is on the verge of an unprecedented increase in the productiore avfdbicfuels.
However, in industry, breakthrough technologies to overcome barriers to developing cost
effective processes for converting insect biomass to fuels and chemicals are not yet fully
realized.
Insects order involved in biofuelproduction

U Isoptera U Plecoptera

U Coleoptera U Dictyoptera

U Diptera U Hemiptera

U Orthoptera U Hymenoptera
U0 Thysanura

Figure 1: Insects under different order

7. Insects in biodiesel production
Biodiesel is one promising approach to reduce the consumption of petroleum. However,
biodiesel economy has been hampered by the production of oilseed plants. Therefore, alternative
feedstocks are urgently needed to enable biodiesel production from cheateeials. Insect
recourse which is rated as the most diverse animal group is rich and ubiquitous in the world.
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Main criteria for selecting insects for biodiesel production

Having seen the great potential for fat content in certain insect speciebegrabsibility
of feeding them in many ways, we are going to mention some criteria for selecting some species
over others:

U Fat content (of larvae). As previously mentioned, fat content can be very variable
throughout the life cycle of an insect. Particularly in holometabolous insects, large
variations can exist not only between different immature stages (larvae vs. pupalepbut
throughout the course of the larval development itself.

U Speed of completion of the life cycle. The life cycles of a large majority of insects are very
fast, particularly for species that feed from decaying organic matter (saprophagous,
necrophagousral

U coprophagous species). This is due to the ephemeral nature of this type of habitat. Even
species with other ways of life (e.g. phytophagous species) have very fast growth rates
compared, for example, to vertebrates. This is possible because of theatwnbof their
small size and high metabolic rates. Many insects can develop their complete life cycle in
just over a week, though at least 30 days are usually necessary to complete the cycle.

U Requirements of space and reproductive capacity. Space reqote of many insect
species are also reduced in comparison to other animal groups. Because of their small size,
a large number of specimens can be gathered in limited spaces for artificial rearing.

Biodiesel production from insects

The biodieseproduction from insects has been described by several authors. In a 100 ml
reactor equipped with a reflux condenser, a thermometer, a mechanical stirrer, and a sampling
outlet. Biodiesel production was accomplished using a-si®p process: acichtalyzed
esterification of free fatty acids (FFA) (to decrease the acidity of the crude fat), and alkaline
catalyzed transesterificatioMénzaneAgugliaroet al.,2012.
Acid-catalyzed esterification

The acidcatalyzed esterification step was a pretreatment iesednvert free fatty acids
in the crude fat into biodiesel, and to decrease the acidity of the crude fat. Specifically, 16 sets of
30 g of crude fat were pretreated to esterify the free fatty acid with methanol using 1% H2S04
(w/w) as the catalyst at tHellowing conditions: four sets were pretreated (methanol to fat ratio
8:1; time 1 h) at a temperature of B85, 65(C, 75(C or 85(C, respectively; four sets were
pretreated (temperature U6, time 1 h) with a methanol to fat ratio of 6:1, 8:1, 10:112x,
respectively; four sets were pretreated (methanol to fat ratio 8:1, temperatif Whth a
reaction time of 30 min, 60 min, 90 min, or 120 min, respectively. During esterification, 3 ml
samples were withdrawn periodically to determine the fraey facid conversion. After
pretreatment, the reaction mixture was poured into a funnel, and was allowed to separate by
gravity. The upper layer (crude fat and biodiesel) was then transferred to a reactor for-alkaline
catalyzed transesterification.
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Alkali ne-catalyzed transesterification

The upper layer (crude fat and biodiesel) obtained from the abovecateigzed
esterification was mixed with methanol (methanol to fat ratio of 6:1) and the catalyst NaOH
(0.8%, w/w). This mixture was placed in a 85 water bath for 30 min, with agitation by a
magnetic stirrer. After the reaction, the mixture was separated by gravity. The upper biodiesel
layer was then separated from the lower layer and purified by distilling @& 80 remove the
residual methanol.

Insect fat has been proposed as a promising resource for biodiesel production or Insect fat
has the great potential for biodiesel productibme insects, through the development of their life
cycle, can be fed with agricultural, industrial or urbarpbgducts in order to accumulate a large
amount of fat with potentially excellent quality (fatty acids CIi®), for conversion into energy
through biodiesel production.

Insect could convert organic waste into insect fat which was further extracted as a novel
feedstock for biodiesel production.

A more economically feasible and environmentally friendly approach is the use of insect
to convert crop residues into biomass and simple organic materials: a concept called
biotransformation. Insects belonging to theesroleopterd such as the yellow meal worm
(YMW) and Tenebrio molitoiL., and Dipteré such as the black soldier fly (BSF) addrmetia
illucensL. can efficiently degrade organic matters, transforming wastes into larval biomass. The
YMW larvae were reporteto contain 2847% fat and are an important scavenger of decayed
milled cereals and grains under humid and poor conditions (\&taadg2017).

YMW fed with decayed vegetable matter and BSFL fed with animal manure, rice straw,
restaurant wastes, and coob are used for biodiesel production. The BSF larvae (BSFL) contain

201 40% fat,
3 T“"“

Figure 2: Black fly Figure

Process to turn organic wastes into biodiesel by insect

Over the last ten years, biodiesel was produced from edible oil. It was soon found that
this way had many problems because it required oil seeds plants which occupy limited arable
lands. A biochemical process to turn organic wastes into biodiesel by BISfeba developed.
The research showed that BSF were potentially capable of converting most of the nutrients and
energy within organic wastes into BSF biomass. Firstly, BSF would secrete powerful digestive
enzymes into the organic waste, the complex orgamaterials were changed into soluble
organic molecules (sugar, amino acids, and fatty acids), and secondly soluble organic molecules
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were changed into the grease of BSF, and then the grease was extracted for biodiesel production.
The bioconversion processas shown in the Figure 4 (et al.,2011).

Lignocellulose

Animal manure

=,/ -
i ,,%‘_;
-
| Biowastes I B |Bioconvelsion by insect ]—>

Figure 4: Process to turn organic wastes into biodiesel by insect

There is no creature on the earth capable of disposing of putrescent waste more quickly
and efficiently than BSF. On the surface of theposal unit, there was a @ 4-inch layer of
actively feeding larvae in several stages of growth. Over 100,000 active larvae can be found in a
typical waste disposal unit. In an experiment conducted in Texas over a period of one year, the
results showe that BSF larvae could digest 15 kg/m2 restaurant food waste every day at least.
BSF had the ability to eat and digest all kinds of biowaste, including meat and dairy products.
Enviro-Group had developed and patented a unique BSF bioconversion protess @ftergy,
electricity, chemicals, even water. The bioconversion was ideal and easily constructed in the
same simple manner. Current business investments are marketing efforts on the promises of
producing biodiesel from organic wastes.
Bioconversion of bod waste to biodieselia insect farming

Compost
S A AN
BSF eggs
Food waste BSF rearing BSF prepupae

| Drying
e —
p— Nutrient -
@ M Pressed cake Mechanical extraction :
Animal feed _- = = i BF
I Da— prepupaea

1 Trans-
esterification &
— -—

Blodiesel ol Chemical extraction
Figure 5: Bioconversion of food waste to biodiesel and animal feeth insect farming

Black soldier fly (BSF) was grown in the food wastes by using specially designed reactor
for seltharvesting of prepupae. Tisehematic of bioconversion of food waste to biofuel and
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animal feed is presented in Fig. 5. Harvested larvae were dried using conveyer oven at 60°C to
the moisture content of around 5.8%. The dried BSF prepupae were fractionated into crude oll
using chental means. The extracted crude oil was collected, centrifuged, and the mass of the
supernatant oil was recorded. Then the oil was converted into biodiesel by transesterification
process (Surendet al.,2016).

8. Properties of insectbasedbiodiesel

The properties of biodiesel are determined by compositions of the various fatty esters,
such as cold flow, and viscosity. The viscosity of biodiesel derived from insect fat is high, which
is due to saturated fatty acid of insect fat. With theease of saturated fatty acid, the viscosity
of biodiesel would be increasing, such as animal fat, and palm oils. Compared tdigstip
biodiesel have a much narrower range of temperatures between the cloud point and the pour
point. The cold flow prop#ies of biodiesel are dependent on the feedstock from which they are
made. The cold filter plug point can be accomplished by blending biodiesels from several origins
with a variety of cold flow properties, or by adding cold filter plug point improversdiBsel
help to enhance the ignition quality of the diesel with no negative effect on its cold flow
properties when it mixes with diesel.

0. Insect in bioethanol production

The major steps involved in industrial bioethanol production from segendration
feedstocks are outlined as follo\ischarf and Boucias 2010).

Lignocellulose can serve as a precursor for a number of biorefinery processes such as
cellulose/ hemicellulose hydrolysis, pyrolysis, and gasification. However, all three processes
depend on bimass prareatment strategies that use chemicals and/or heat to delignify feedstocks
or to release the sugar polymers cellulose and hemicelluloses.

Lignocellulose processing

Biomass feedstock materials are first milled to reduce particle size for subkstppe
Essentially, this processing step is analogous to the mechanical degradation that wouwhoccur
the action of insect/termite mandibles and the gut proventriculus, in which particle siZe&eof
are achieved. Next, in the process known as pretreatment, the processed feedstocks are treated f«
disrupt lignin and to make hemicellulose/cellulose available for biologic degradation. Pre
treatment can take several forms, including biological, chemitgsigal and thermal (Yang
&Wyman, 2008 and references therein). After -ppeatment, hydrolysates usually contain
hemicelluloses and solids contain cellulose. Hydrolysates are neutralized and conditioned to
remove any lignin metabolites, value addedpbgducts, and other materials deleterious to the
fermentation process. Next, hemicellulose and/or cellulose are depolymerized inte dmeiréb
carbon monomer sugars, respectively, by enzymes secreted from different biological organisms
(Fungi, bacteria, isect etc.)

Current pretreatment strategies are both chemical and eretggsive, and they are the
costliest component of bioethanol production. Energy and cost inputs intcegtments and
hydrolysis can be greatly reduced with effective use of tresexyme.
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Insect enzymes which are present in the gut play an important role in biofuel production.
Enzymes from lignocellulosdigesting insects and their symbionts, especially termites, are
useful for pretreatment and for downstream carbohydrate pmoge$he digestion efficiency of
wood-feeding termites is 74¥89% for cellulose and 65P87% for hemicellulosevhich can be
achieved byTermite endogenousatalyst systemand @atalysts from a variety of gut symbiotic
microorganismsjncluding cellulolytic protozoa and bacteridhe Reticulitermes flavipegut
revealed over 175 genes encoding cellulases, hemicellulases, lignases and other potentially
relevant digestive enzyme3wo most important groups dR. flavipesgut enzymes with
potential relevance imndustrial lignocelluloses prgeatment arelignasesand Phenolic acid
esterases (Tartaet al., 2009) Insect order involved in cellulose digestion are Thysanura,
Plecoptera, Dictyoptera, Orthoptera, Isoptera, Coleoptera, Trichoptera, Hymenopteragd&hasm
and Diptera (Scharf and Boucias, 2010).

The enzymes of termite gut and symbionts are identified and make the synthetic version.
This is done by inserting the genes responsible for creating the enzymes into a virus and fed it to
caterpillars, which theproduced large amounts of the enzymes. Three synthetic enzymes act on
di fferent parts of the biomass. Two are res
pentose, while the third breaks down lignin, a complex chemical compound in the wadlatof p
cells that provides mechanical strength to the cell wall, and by extension the plant as a whole.
The synthetic versions of the host termite enzymes were shown to be very effective at breaking
down the woody biomass and releasing sugar.

Firebrats belong to a primitive group of insects which were first recorded on land during
the Devonian Period, approximately 240 million years ago can thrive on straw, paper and
cardboard, all of which contain crystallise cellulose. This forms the fibersupabrt cell walls
and has a high degree of structural order, rendering it tough. Inside their gut, the firebrats had a
group of uncharacterized proteins that make up 20 per cent of their carbohydrate digestive
enzymes. These proteins proved to be a n&sscof enzyme, called lytic polysaccharide
monooxygenases (LPMOs), which attack crystalline polysaccharides which are responsible for
cellulose digestion. These enzymes could be used to break down cellulose in biomass into
fermentable sugars to boost fheduction of renewable, lowarbon biofuels.

Grasshoppers show promise in the hunt for natural catalysts to turn tough plant waste into
fuel. Such catalysts may help cutting biofuel production costs and greenhouse gas erhissions.
example, grasshoppersght be a good target for biocatalyst discovery because their guts harbor
enzymes that can break down cellulose.

Another specific celluloseonsuming insect from the order Diptera is crane Tipula
abdominalis The crane fly gut are recognized as a natural biorefinery model. In the hind gut of
this insect dense and diverse microbial community are present. Aobgllubacterial isolate,
27C64, demonstrated enzymatic activity toward many model plant polymers and also produced a
bacterial antibiotic. The bacterial isolate, 27C64 isglured with yeast in fermentation of pine
to ethanol, which allowed for a 20%duction of commercial enzymEook and Peterson,
2010).
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10.  Advantages of insecbased biofuel
1 Easily available
Insects are easily available in nature.
1 Renewable source
Most of thefossil fuelswill expire and end up in smoke one day. Since insects are
renewable and are not likely to run out any time soon, making the use of biofuels efficient in
nature. These insect based biofuel will give continuous supply of energy.
1 Reduce our dependence on fossil fuel
Whil e Il ocally grown c¢rops ha\vossil fustssdnacye d t
experts believe that it will take a long time to solve our energy needs. As prices of crude oil is
touching sky high, we need some malernative energy solutions to reduce our dependence on
fossil fuels.
1 Energy and economic security
Not every country has large reserves of crude oil. For them, having to import the oil puts
a huge dent in the economy. If more people sfaifting towards biofuels, a country can reduce
its dependence on fossil fuels. More jobs will be created with a growing insect based biofuel
industry, which will keep our economy secure.
1 Reduce greenhouse gases
Because the carbon di oxide that enteraineduring combustion of insect based biofuel
will have been removed from the air earlier as growing plants engage in photosynthesis and such
material is said to be carbon neutral.
1 Lower level of pollution
Future prospects
There will be need of developnteaf low-cost enzymatic strategies for delignification
and cellulose/ hemicellulose solubilisatiofihere is a gap between investigations of insect
cellulolytic systems and their potential applications for biofuel refinery operations which leads to
a lackof integration between insect catalyst systems and advancing current biofuel technology.
Conclusion
Current world energy needs demand the development of indisstalkd processes for the
sustainable production of fuel from renewable biological resources as economic and
environmentally sound alternatives to finite fossil fuels. Biodiesel produced fiseatihiomass
(fat) which is converted from organic wastes and lignocellulosic ethanol has been suggested as a
desirable biofuel, mostly due to its sustainability, reduced competition as a food resource, net
energy production, and reduced input costs relaigroduction process.
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