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Intermittent Fasting

Elizabeth Martin
Ph.D. Scholar
Department of Food and Nutrition, University of Agricultural Sciences,
Dharwad 580 005
Introduction 4. Eat-Stop-Eat: Involves fasting for 24 hours

once or twice a week (e.g., not eating from
dinner one day until dinner the next).

Potential Health Benefits

1. Weight Loss and Fat Loss: Intermittent
fasting can help reduce caloric intake and
increase metabolic rate, leading to weight
loss. It may also promote fat loss while
preserving lean muscle mass.

. Improved Insulin Sensitivity: Intermittent
fasting can enhance insulin sensitivity, which
may lower the risk of type 2 diabetes. Lower
insulin levels during fasting create a
favourable environment for fat burning.

3. Cellular Repair Processes: Fasting triggers
autophagy, a process where cells remove
damaged components, potentially reducing
the risk of various diseases and promoting
longevity.

4. Reduced Inflammation: Some studies
suggest that Intermittent fasting may lower
levels of inflammatory markers, potentially
reducing the risk of chronic diseases.

Intewmittent FASTING

I ntermittent fasting is an eating pattern that

alternates between periods of fasting and eating.

It does not prescribe specific foods to eat, but

rather emphasizes when to eat. Over recent

years, Intermittent fasting has gained popularity,
particularly as a potential strategy for weight
loss and health improvement.

Types of Intermittent Fasting: 5

1. Time-Restricted Eating (TRE): Involves
limiting eating to a certain time window each
day, for example, 16/8 (16 hours fasting, 8
hours eating) or 14/10.

2. Alternate-Day Fasting (ADF): Alternating
between days of regular eating and days of
fasting or significantly reduced calorie
intake.

3. 5:2 Diet: Eating normally for five days of the
week and reducing calorie intake to about
500-600 calories on two non-consecutive
days.
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Benefits of
Intermittent Fasting

BLOOD
Decreased insulin, IGF-1
and leptin. Increased ketones,
adiponectin and ghrelin.

LIVER
increased insulin sensitivity
Ketone body production

Decreased IGF-1 leveis

INTESTINES
Reduced energy uptake
Reduced inflammation
Reduces cell proliferation

TS BRAIN

| S HEART
% Reduced resting heart rate
. Reduced blood pressure

. Lipolysis

-

Improved cognitive function
Increased neurotrophic factors
Increased stress resistance
Reduced inflammation

Increased stress resistance

FAT CELLS

Reduced leptin
Increased adiponectin
‘c Reduced inflammation
¥ ~~muscLe
ol Iincreased insulin sensitivity

Increased efficiency
Reduced inflammation

5. Heart Health: Intermittent fasting may
improve several risk factors for heart disease,
including blood pressure, cholesterol levels,
triglycerides and inflammatory markers.

6. Brain Health: Intermittent fasting may
support brain health by enhancing the
production of brain-derived neurotrophic
factor (BDNF), which may improve
cognitive function and provide
neuroprotective effects.

7. Longevity: Animal studies have indicated
that Intermittent fasting may extend lifespan,
though more research is needed in humans to
draw definitive conclusions.

8. Metabolic Health: Some studies suggest
that Intermittent fasting can positively affect
metabolism, leading to improvements in lipid
profiles, blood glucose levels and hormonal
regulation.

Potential Health Risks

1. Nutrient Deficiencies: Restricting eating
windows may lead to inadequate intake of
essential nutrients, especially if food choices
are not well-planned. This is particularly
risky for children, pregnant women and
individuals with specific health conditions.

2. Unhealthy Eating Habits: Some may
overconsume unhealthy foods during eating
periods, negating potential health benefits
and contributing to weight gain or poor
health.

3. Disordered Eating: For some, Intermittent
fasting may exacerbate or contribute to
disordered eating patterns, such as binge
eating or an unhealthy preoccupation with
food.
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4. Hypoglycemia: People with diabetes or
those taking medications affecting blood
sugar levels should approach Intermittent
fasting with caution due to the risk of
hypoglycemia (low blood sugar).

5. Hormonal Disruption: In some individuals,
especially women, chronic caloric restriction
can disrupt hormonal balance, potentially
affecting reproductive health and
metabolism.

6. Physical Side Effects: Some individuals
may experience physical side effects,
including fatigue, headaches, irritability,
dizziness and digestive issues during fasting
periods.

7. Not Suitable for Everyone: Intermittent
fasting may not be appropriate for certain
populations, including individuals with a
history of eating disorders, pregnant or
breastfeeding women, children and those
with specific medical conditions or
nutritional needs.

Conclusion

Intermittent fasting can offer various health
benefits, particularly in weight management and
metabolic health. However, it may also present
risks, especially if not approached mindfully.

Individuals interested in Intermittent fasting

should consider  their unique health

circumstances, lifestyle and dietary preferences.

Consulting a healthcare professional or a

registered dietitian can help tailor an approach

that is both safe and beneficial for individual
health goals.
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Impact of Nanoparticle Materials on Crop Protection,

Soil Enhancement and Food Safety in Agriculture

Vikas Kumar Singhal?, Dr. Sarita Kumari?, Ashwini Yadav?, Haziq Shabir*

1Ph.D. Scholar, Division of Soil Science and Agricultural Chemistry, Rani Lakshmi Bai Central
Agricultural University, Jhansi, Uttar Pradesh
2Assistant Professor, Division of Plant Biotechnology, Agriculture University, Jodhpur
$M.Sc. Scholar, Division of Environmental Sciences, ICAR-Indian Agricultural Research
Institute, New Delhi 110012
4Ph.D. Scholar, Division of Soil Science and Agricultural Chemistry, SKUAST-Jammu

Nanotechnology has emerged as a transformative approach in agricultural practices, offering innovative
solutions to enhance crop protection, improve soil health and ensure food safety. By incorporating
nanoparticles into agricultural systems, it is possible to address some of the most pressing challenges
faced by modern farming, including pest control, soil degradation and contamination risks. This
research article explores the various applications of nanoparticle materials in agriculture, analyzing their
effects on crop protection, soil enhancement, and food safety. Additionally, the potential risks and
challenges associated with the widespread adoption of nanotechnology in agriculture are discussed.

Introduction

Agriculture is facing numerous challenges due

to the growing global population, changing
climate  conditions and  environmental
degradation. With the rising demand for food
production and sustainable farming practices,
the need for advanced technologies has never
been more critical. Nanotechnology, the
manipulation of materials at the atomic and
molecular scale, has emerged as a promising
solution. Nanotechnology in agriculture has
gained significant attention due to its potential to
increase crop yield, improve plant health, and
reduce the environmental impact of traditional
farming  practices. The integration of
nanoparticles into agricultural systems is
expected to bring about more efficient,
sustainable, and environmentally friendly
solutions. This article reviews the role of
nanoparticles in three major areas: crop
protection, soil enhancement, and food safety. It
examines the various types of nanoparticles used
in these applications, their mechanisms of
action, benefits and possible risks.
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Nanoparticles in Crop Protection

Crop protection is a major concern for
farmers around the world. Traditional methods
of pest control, such as chemical pesticides, have
numerous drawbacks, including environmental
pollution, toxicity to non-target organisms and
the development of pesticide-resistant pests.
Nanoparticles offer a promising alternative by
improving the efficacy of pesticides, herbicides
and fungicides while minimizing their
environmental footprint.
1. Nano-Encapsulation of Pesticides:

One of the key applications of nanoparticles
in crop protection is the nano-encapsulation of
pesticides. Nano-encapsulation involves
trapping active ingredients inside nanoparticles,
which can provide controlled release and
improve the stability and bioavailability of
pesticides. This method allows for more precise
delivery of pesticides, reducing the quantity
needed, and ensuring that pesticides are
delivered directly to the target pest or pathogen.
As a result, this technique reduces pesticide run-
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off and the environmental impact of chemical
usage.
2. Nanoparticles

Agents:
Nanoparticles, particularly —metal-based

nanoparticles like silver and copper, exhibit
antimicrobial properties that can be used to
control plant diseases. These nanoparticles
disrupt the cell membranes of pathogens,
leading to their inactivation or destruction. The
use of such nanoparticles in agriculture offers a
more sustainable and eco-friendly method of
disease control, reducing the need for harmful
chemical fungicides.
3. Nanoparticle-Based Insecticides:
Insecticides based on nanoparticles, such as
those made from carbon-based materials or bio-
derived nanoparticles, are showing promise in
controlling harmful insect populations. These
nanoparticles can disrupt the nervous systems of
insects, leading to more effective pest control
with lower toxicity to non-target species.
Moreover, the slow-release properties of
nanoparticle formulations ensure prolonged
protection.

Nanoparticles for Soil Enhancement

Soil degradation, caused by factors such as
erosion, over-farming, and contamination, poses
a significant threat to agricultural productivity.
Nanotechnology has the potential to address soil
health issues through various applications aimed
at soil enhancement.

Volume-01, Issue-04
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1. Nanoparticles as Soil Fertilizers:
Nanofertilizers are gaining popularity due to
their ability to deliver essential nutrients to
plants in a more efficient and targeted manner.
The use of nanoparticles in fertilizers improves
nutrient uptake by plants and reduces nutrient
loss due to leaching. For instance, nanocarriers
can be used to deliver nitrogen, phosphorus, and
potassium directly to the root zone, thereby
enhancing the soil's nutrient use efficiency and
promoting sustainable farming practices.
2. Soil Remediation with Nanoparticles:
Nanoparticles are also being used to
remediate polluted soils. Metal nanoparticles,
such as zero-valent iron, can be employed to
clean up heavy metals and organic pollutants in
the soil. These nanoparticles can interact with
contaminants, neutralizing or transforming them
into less harmful substances. This process,
known as  phytoremediation, is an
environmentally friendly way to restore soil
health and promote the sustainability of
agricultural land.
3. Nanoparticle-Based

Conditioners:
Nanoparticles can improve soil structure

and water retention by interacting with soil
particles and organic matter. For example,
nanoclay particles can be used to increase soil
aggregation, improving water retention and
reducing soil erosion. Additionally,
nanoparticles can be designed to improve the

Soil
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soil's capacity to hold nutrients, which enhances
soil fertility and promotes plant growth.

Nanotechnology and Food Safety
As food production increases, so does the

risk of contamination by pathogens, chemicals,
and toxins. Nanotechnology has the potential to
improve  food safety by addressing
contamination at various stages of the food
production and supply chain.

1. Nanomaterials for Food Packaging:
One of the most promising applications of

nanotechnology in food safety is the
development of nano-enabled food packaging
materials.  Nanocomposites made  from
biodegradable polymers and nanoparticles can
enhance the mechanical properties of food
packaging, improving its ability to prevent
contamination, preserve freshness, and extend
shelf life. For example, antimicrobial
nanoparticles incorporated into food packaging
materials can inhibit the growth of harmful
bacteria, preventing foodborne illnesses.

2. Nanodiagnostics for Food
Contamination Detection:
Nanotechnology can play a crucial role in

the rapid detection of pathogens and toxins in
food products. Nanosensors and nanobiosensors
are being developed to detect harmful
microorganisms, heavy metals, and pesticides in
food with high sensitivity and accuracy. These
diagnostic tools allow for faster and more
efficient food safety testing, ensuring that food
products are safe for consumption.

3. Nanotechnology in Food
Preservation:

Nanotechnology offers innovative
solutions for food preservation, such as the use
of nanoemulsions and nanocoatings. These
materials can enhance the shelf life of food
products by protecting them from spoilage due
to bacteria, fungi, and oxidation. Nanoemulsions
can also be used to encapsulate and deliver
natural preservatives, such as essential oils, to
improve food safety without relying on synthetic
chemicals.

Volume-01, Issue-04
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Challenges and Risks of

Nanotechnology in Agriculture

Despite the promising applications of
nanoparticles in agriculture, there are concerns
regarding their potential risks. One of the main
challenges is the lack of regulatory frameworks
that ensure the safe use of nanomaterials in
agriculture.  The long-term  effects of
nanoparticles on human health, the environment,
and biodiversity are not yet fully understood,
and more research is needed to assess these
risks.

1. Environmental Impact:

The environmental fate of nanoparticles
once they are released into the soil, water, or air
remains uncertain. There is a possibility that
nanoparticles could accumulate in ecosystems,
affecting soil microorganisms, aquatic life, and
other organisms. Therefore, careful monitoring
and regulation are essential to prevent
unintended ecological consequences.

2. Human Health Concerns:

While nanoparticles are designed to target
specific pests or pathogens, their potential
toxicity to humans remains a significant
concern. Inhalation, ingestion, or dermal
exposure to nanoparticles could pose health
risks, especially if these particles accumulate in
the human body. Research is needed to evaluate
the safety of nanoparticle exposure, particularly
in relation to food safety.
3. Ethical and

Implications:
The adoption of nanotechnology in

agriculture  could  exacerbate  existing
inequalities in the agricultural sector,
particularly in developing countries where
access to advanced technologies may be limited.
Moreover, the high cost of nanoparticle-based
products could place a financial burden on
small-scale farmers, limiting the widespread
adoption of these technologies.

Conclusion
Nanotechnology presents a promising
avenue for revolutionizing agriculture by

Socioeconomic
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improving crop protection, enhancing soil
quality, and ensuring food safety. The use of
nanoparticles in agricultural practices can lead
to more efficient pest control, sustainable
fertilization, and advanced food safety
measures. However, the integration of
nanotechnology into agriculture requires careful
consideration of its environmental, health, and
socioeconomic impacts. Ongoing research and
regulatory frameworks will be essential in
ensuring that the benefits of nanotechnology in
agriculture are realized while minimizing
potential risks. As nanotechnology continues to
evolve, its role in sustainable agriculture will
likely expand, offering new opportunities for
addressing the challenges of global food security
and environmental sustainability.
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The Role of Soil Microorganisms in Plant Health

and Soil Fertility

Rahul Rabiya?!, Vikas Kumar Singhal?, Aakash Kumar Saini®, Satyam Ranjan*

1Ph.D. Scholar, Division of Soil Science and Agricultural Chemistry, Rani Lakshmi Bai Central
Agricultural University, Jhansi, U.P.
2M.Sc. Scholar, Division of Soil Science and Agricultural Chemistry, Bundelkhand University,
Jhansi, U.P.
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Introduction

Soil is a dynamic ecosystem that supports a

wide range of life forms, the most important of
which are the microorganisms. These
microorganisms, including bacteria, fungi,
protozoa, and actinomycetes, play a critical role
in maintaining soil health and fertility. Their
activities form the foundation of soil nutrient
cycling, enabling the transformation of organic
matter into plant-available nutrients. This
intricate relationship between soil
microorganisms and plant health is vital for
sustaining agricultural productivity, promoting
environmental sustainability, and combating soil
degradation.

The presence and activity of soil
microorganisms affect the physical, chemical,
and biological properties of the soil. Soil health,
which is defined as the soil's ability to function
as a living ecosystem, is significantly influenced
by microbial activity. In this article, we will
explore the role of soil microorganisms,
particularly bacteria and fungi, in nutrient
cycling, soil fertility, and their contribution to
plant health.

Soil Microorganisms and Nutrient
Cycling

Nutrient cycling in the soil refers to the
processes by which essential elements like
nitrogen, phosphorus, sulphur and carbon are
converted into forms that are accessible to
plants. Soil microorganisms are pivotal in these
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cycles due to their ability to break down organic
matter, decompose dead plant and animal
material, and transform nutrients into forms that
plants can absorb.

Bacteria in Nutrient Cycling

Bacteria are one of the most abundant
microorganisms in soil, and their contribution to
nutrient cycling cannot be overstated. Nitrogen-
fixing bacteria, such as Rhizobium species, form
symbiotic relationships with leguminous plants,
converting atmospheric nitrogen into ammonia,
which is then made available to the plant. This
process is essential in enriching soil nitrogen
content without the need for synthetic fertilizers.

In addition to nitrogen fixation, nitrifying
bacteria, such as Nitrosomonas and Nitrobacter,
play a key role in the nitrogen cycle by
converting ammonia into nitrate, a form of
nitrogen that plants can readily absorb.
Denitrifying bacteria, on the other hand, reduce
nitrates into nitrogen gas, which is released into
the atmosphere, thus maintaining a balanced
nitrogen cycle. Bacteria also contribute to the
breakdown of organic materials through the
process of mineralization, converting complex
organic compounds into simpler, plant-available
forms. This transformation is vital for
replenishing the soil's nutrient pool, ensuring a
steady supply of essential nutrients like carbon,
phosphorus, and sulfur.

Page |7
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Fungi and Nutrient Cycling

Fungi, particularly mycorrhizal fungi, play
a crucial role in nutrient cycling, especially in
the mobilization of phosphorus and other
immobile nutrients. Mycorrhizal fungi form
symbiotic relationships with plant roots, where
they enhance nutrient absorption in exchange for
carbohydrates from the plants. This relationship
is especially beneficial for plants growing in
nutrient-poor soils, as fungi can access nutrients
that are otherwise unavailable to plant roots.

Mycorrhizal fungi have an extensive
hyphal network that extends beyond the root
zone, increasing the surface area for nutrient
absorption and facilitating the uptake of
phosphorus, nitrogen, and trace minerals. They
also help improve soil structure by binding soil
particles together, enhancing soil aggregation
and promoting water retention.

In addition to mycorrhizal fungi,
saprophytic fungi decompose organic matter,
breaking down lignin, cellulose, and other
complex organic compounds. This
decomposition process contributes to the release
of nutrients like nitrogen, phosphorus, and
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potassium, enriching the soil and making these
nutrients available for plant uptake.

Soil Health and Microbial Interactions

The overall health of the soil is largely
determined by the diversity and activity of its
microbial community. A balanced microbial
ecosystem promotes healthy soil structure,
nutrient availability, and plant growth, while
imbalances in microbial populations can lead to
soil degradation and reduced fertility.Microbial
diversity is essential for soil health, as different
microorganisms have specialized roles in
nutrient  cycling and organic  matter
decomposition. A diverse microbial community
can enhance resilience against soil-borne
pathogens, as beneficial microorganisms often
outcompete harmful ones for space and
resources.

For example, certain soil bacteria, such as
Bacillus and Pseudomonas species, are known
for their antagonistic effects on plant pathogens.
These  bacteria  produce  antimicrobial
compounds that can suppress the growth of
harmful microorganisms, thereby reducing the
risk of disease. Additionally, mycorrhizal fungi
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can help protect plants from root pathogens by
forming a physical barrier around the root zone
and enhancing plant immune responses.

The Role of Microorganisms in Soil

Fertility Management

Soil fertility is defined by the soil's capacity
to provide adequate nutrients for plant growth.
Microorganisms  are  indispensable in
maintaining soil fertility, as they facilitate
nutrient cycling and contribute to the formation
of humus, the stable organic component of soil
that holds essential nutrients. By promoting the
breakdown of organic matter and the release of
nutrients, soil microorganisms help reduce the
need for chemical fertilizers. The use of organic
farming practices, which rely on the activity of
soil microbes, is gaining recognition as a
sustainable  approach to soil fertility
management. Practices such as composting,
cover cropping and crop rotation are designed to
enhance microbial activity and promote nutrient
cycling, thereby improving soil health and
fertility.

Furthermore, the inoculation of soils with
beneficial microbes, such as nitrogen-fixing
bacteria and mycorrhizal fungi, is being
explored as a method to enhance soil fertility and
reduce the reliance on synthetic fertilizers.
These microbial inoculants can help increase
nutrient availability, improve soil structure, and
boost plant health.

Conclusion

Soil microorganisms, including bacteria,
fungi, and other microbes, are fundamental to
the processes that maintain soil health and
fertility. Through their roles in nutrient cycling,
organic matter decomposition, and plant
protection, microorganisms contribute to the
overall vitality of the soil ecosystem. By
supporting the transformation of organic matter
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into plant-available nutrients, they ensure that
plants have access to the essential elements
required for growth and development.

In a world increasingly focused on
sustainability, the role of soil microorganisms in
reducing the need for chemical fertilizers and
enhancing soil fertility is more important than
ever. Soil health is intimately connected to the
biodiversity and activity of its microbial
inhabitants, and maintaining a balanced and
thriving microbial community is key to
sustainable agricultural practices. As research
continues to uncover the full potential of soil
microorganisms, it is clear that these tiny
organisms are not just essential for plant health,
but for the long-term health of our planet’s
ecosystems.
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Amberjack aquaculture, focusing on species like Greater Amberjack (Seriola dumerili), Yellowtail
Amberjack (Seriola lalandi), and Almaco Jack (Seriola rivoliana), is becoming an important way to
meet the growing demand for high-quality seafood. These fish are popular for their firm, delicious flesh,
fast growth, and ability to thrive in different farming systems. However, there are still challenges, such
as producing enough young fish, managing high feed costs, dealing with diseases, and protecting the
environment. Improvements in breeding, feeding, and health management have helped make farming
more efficient, and developing sustainable fish feed is a key focus for the future. By tackling these
challenges with new ideas and better practices, amberjack farming has the potential to provide more
seafood, reduce pressure on wild fish populations, and support global food needs.

Key words: Biology, ecology, broodstock management, & hatchery technique

Introduction

Amberjacks, particularly species like greater

amberjack and yellowtail, hold significant
promise in global aquaculture due to their high
market value, rapid growth rates, and
adaptability to various aquaculture systems.
Their firm, flavorful flesh is highly prized in
markets worldwide, especially for sushi and
sashimi. While challenges such as seed
production and feed costs remain, amberjack
aquaculture offers a potential avenue for
sustainable production of a valuable seafood
resource, reducing pressure on wild populations
(Weiss et al., 2018). The global seafood market
is booming due to increased consumer demand
for healthy and sustainable protein. Aquaculture,
with its potential to meet this demand while
reducing pressure on wild stocks, is crucial.
Factors like growth rate, feed efficiency, and
disease resistance influence a species' suitability
for farming. However, challenges like
overfishing and environmental impacts persist.
Continued research and development in areas
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like feed efficiency and environmental
sustainability are essential for the long-term
success of the aquaculture industry (Delgado,
2003). Amberjack aquaculture focuses on
species like Greater Amberjack, Yellowtail, and
Almaco Jack, prized for their firm, white flesh
and mild flavor. These species are chosen for
their fast growth, adaptability to various culture
systems, and high market demand, especially for
sushi and sashimi. While offering significant
potential, challenges remain, including reliable
seed production, high feed costs, and potential
environmental impacts. Addressing these
challenges is crucial for the sustainable
development of amberjack aquaculture (Jerez,
2016).
Biology and Ecology

Amberjacks are widely distributed
throughout temperate, subtropical, and tropical
seas worldwide. They inhabit a variety of marine
environments, including pelagic waters, coastal
areas, and continental shelves. These fish are
often found in association with offshore
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structures like reefs, wrecks, and floating
objects. Specific habitat preferences may vary
among different amberjack species, with some
preferring deeper waters than others.
Understanding the habitat and distribution of
amberjacks is crucial for effective aquaculture
practices, such as site selection for culture
facilities and the development of sustainable
harvesting strategies. Amberjacks are fast-
growing carnivores that feed on fish, squid, and
crustaceans. They are pelagic spawners,
releasing large numbers of eggs into the water
column.  Understanding these biological
characteristics, such as their rapid growth and
dietary needs, is crucial for optimizing feeding
strategies and ensuring the successful cultivation
of these valuable fish in aquaculture settings
(Mammel et al., 2024). Amberjacks demonstrate
high suitability for aquaculture due to their
eurythermic nature, allowing for cultivation in
diverse climatic regions. Their adaptability
extends to various culture systems, including
offshore cages and land-based RAS, enhancing
their potential for sustainable and economically
viable production. This versatility, coupled with
their rapid growth and high market demand,
positions amberjacks as promising candidates
for the global aquaculture sector (Fakriadis et
al., 2020).
Broodstock Management

Successful amberjack aquaculture relies
heavily on effective broodstock management.
Careful selection of individuals with desirable
traits like rapid growth and disease resistance is
paramount. Maintaining optimal water quality,
providing a balanced and nutritious diet, and
implementing  robust disease  prevention
protocols are crucial for ensuring the health and
reproductive success of the broodstock,
ultimately leading to the production of high-
quality offspring. Optimal conditions for
amberjack broodstock reproduction require
careful consideration of several environmental
factors. Maintaining stable water quality
parameters, including dissolved oxygen,
temperature, and salinity, is crucial. Photoperiod
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manipulation, simulating natural day-night
cycles and seasonal changes, can induce
hormonal changes and trigger spawning. Water
temperature plays a significant role, with
specific temperature ranges often necessary to
stimulate gamete development and spawning
(Sarih et al., 2020). Hormonal induction is
crucial for triggering spawning in captive
amberjack broodstock. GnRHa administration,
often via injection or implants, stimulates the
release of hormones that initiate ovulation and
spermiation. Precise dose determination and
timing of hormone administration are critical for
optimizing spawning success and ensuring the
production of high-quality gametes (Cabrita et
al., 2008).
Hatchery Techniques

Egg collection in amberjack hatcheries
typically involves using nets or siphons.
Collected eggs are then transferred to incubation
systems, such as circular tanks or flow-through
systems, where optimal water quality
parameters are maintained to ensure high
hatching rates (Fakriadis et al., 2019).
Successful larval rearing relies on providing
appropriate live feeds. Rotifers, enriched with
essential fatty acids and vitamins, serve as the
initial feed, stimulating digestive development.
As larvae grow, they transition to larger prey
like Artemia nauplii, meeting their increasing
nutritional demands. Live feeds are crucial for
optimal growth and survival of amberjack larvae
(Hamasaki et al., 2009). A gradual transition
from live feeds to formulated feeds is crucial for
successful amberjack rearing. This involves a
stepwise process where the proportion of live
feeds is gradually reduced while simultaneously
increasing the inclusion of high-quality,
nutritionally balanced formulated diets. This
transition helps acclimate the fish to the new
feed source, minimizing stress and ensuring
optimal growth and development (Carter et al.,
2022).
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Grow-Out Systems

Amberjack grow-out systems encompass
marine cages, recirculating aquaculture systems
(RAS), and traditional ponds. Feeding regimes
vary across these systems, with automated
feeding common in marine cages and frequent,
smaller meals often employed in RAS.
Regardless of the system, formulated feeds play
a critical role, providing a balanced supply of
nutrients, including protein, lipids, vitamins, and
minerals, to support optimal growth, immune
function, and overall health of the cultured
amberjack (Watanabe et al., 2019). Effective
water quality management is crucial in
amberjack grow-out, requiring close monitoring
of parameters like dissolved oxygen,
temperature, and ammonia. Aeration systems
are essential to ensure adequate oxygen levels.
Regular monitoring of growth parameters, such
as size and weight, and health assessments,
including checks for disease and nutritional
deficiencies, are vital for early detection of
issues and minimizing losses in amberjack
aquaculture (Mozes et al., 2011).
Health and Disease Management

Amberjack aquaculture can be impacted by
various diseases, including bacterial infections
(Vibriosis, Photobacteriosis), viral diseases
(nodavirus, iridovirus), and parasitic infections
(monogeneans, digeneans). Effective disease
management strategies are crucial,
encompassing biosecurity measures such as
strict hygiene protocols and controlled access to
culture facilities, vaccination programs, and
regular health checks involving visual
inspections, water quality monitoring, and
laboratory diagnostics. Treatment options may
include  antibiotics, antiparasitics, and
immunostimulants, however, the use of
antibiotics should be carefully considered and
minimized to prevent the development of
antibiotic resistance (Ji & Roher, 2018).
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Environmental and Economic
Considerations

Amberjack farming holds economic
promise but also poses environmental
challenges. Aquaculture effluent can enrich
surrounding waters, leading to algal blooms and
oxygen depletion. Escaped farmed fish can
disrupt local ecosystems. To mitigate these
impacts, effluent management systems are
crucial to remove excess nutrients, and
containment measures like strong netting
prevent fish escapes. Sustainable feed practices,
reducing reliance on fishmeal, are essential. The
economic feasibility depends on market demand
and production efficiency, while factors like
fluctuating prices, disease outbreaks, and feed
costs pose challenges (Clarke & Bostock,
2017).
Challenges and Future Prospects

Amberjack aquaculture faces challenges,
including high mortality rates during early life
stages, necessitating high stocking densities that
increase disease risk. The high cost of feed,
heavily reliant on fishmeal and fish ail,
significantly impacts profitability. Developing
alternative, sustainable feed sources is crucial
for improving the economic and environmental
sustainability of amberjack aquaculture (Rigos
et al, 2021). Amberjack aquaculture is

advancing  through improved breeding,
nutrition, and disease management. Selective
breeding enhances growth and disease

resistance. Research focuses on developing
sustainable feeds to reduce reliance on fishmeal.
Advancements in disease diagnosis and
vaccination strategies are improving disease
control and reducing antibiotic use (Imtiaz et al.,
2024). The future of amberjack aquaculture
focuses on sustainability, genetic improvement,
and expanding production.  Sustainable
practices, like minimizing environmental impact
and reducing reliance on wild-caught fish for
feed, are crucial. Selective breeding will
improve growth and disease resistance.
Exploring new production regions and
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expanding offshore agquaculture will contribute

to sustainable growth in the industry
(Subasinghe, 2017).
Conclusion

Amberjack  aquaculture  presents a

promising avenue for sustainable seafood
production, offering high-value returns and
contributing to global food security. While
challenges such as high mortality rates, feed
costs, and potential environmental impacts
persist, ongoing research and technological
advancements are paving the way for a more
sustainable and profitable future. Continued
efforts in areas such as selective breeding, the
development of alternative, sustainable feed
sources, and the implementation of robust
biosecurity measures are crucial for overcoming
these challenges and realizing the full potential
of amberjack aquaculture. By embracing
sustainable practices, integrating innovative
technologies, and addressing the identified
challenges, the amberjack aquaculture sector
can contribute significantly to a more
sustainable and resilient global seafood supply.
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The present find is of Mr. Ramlal Mahato (age 33 years) of village 1 No. Niz Garuajhar, under Garuajhar of
Udalguri district, Assam. Mr. Mahato converted his farm from traditional agricultural cultivation practice in
crops to mechanized and improved crop cultivation incorporating animal components too. The integration
of Agri-Horti and Animal components in his Farm, determinant mind setup, hard work and timely planning
are the main factors that enabled him in achieving the success. His annual net income increases from
Rs.1,50,000 only year to Rs. 86,41,000/- where Rs. 12,95,000/-, Rs. 12,46,000/- and Rs. 61,00,000/- only
contributed from Field crops, Horticultural crops and Animal components respectively as well as generating
employment opportunity for other 40 numbers of Rural Youths in his farm.

Keywords: Integration, Agriculture, Horticulture, Farm, Economics, Employment

Introduction

Mr. Ramlal Mahato (age 33years) belongs to

village 1 No. Niz Garuajhar under post office
Garuajhar of Udalguri district, Assam. Mr.
Mahato is a progressive farmer having
qualification up to 10™ standard and doing
agricultural activities in 20 ha land area utilising
improved farm machineries. He is presently
cultivating improved field and horticultural
crops in combination with animal component
like Diary (Breed HF, Jersey and Sahiwal) and
Poultry (Var. BV380) units along with fodder
crops in his Farm. Mr. Ramlal Mahato was an
unemployed youth in 2014. Initially he started
his farm with only Bitter gourd cultivation in
2014 itself and had got a good production due to
his good effort on it which creates him interest
to go for agriculture.

Intervention Made By KVK, Udalguri:

Due to keen interest to go for agriculture,
accordingly Mr. Mahato communicated with
different departments under Udalguri District
and there by introduced with Krishi Vigyan
Kendra (KVK), Udalguri in the year 2020. From
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KVK, Udalguri, he received all technological
help from the Subject experts and started
cultivating improved field crop of Toria, Millet,
Wheat, Sorghum, Maize, Apple, Papaya,
Arecanut and Coconut in his farm with complete
guidance from KVK, Udalguri. In the meantime
simultaneously, he has also initiated planting of
animal fodder plant like Hybrid Napier, Sataria,
Congo signal with the aim to develop Diary
(Breed HF, Jersey and Sahiwal) unit and later on
a Poultry (Var. BV380) units has also
maintained at his Farm.

Mr. Mabhato is being a progressive farmer,
he uses to engage himself in different social
activities and dissemination of his agriculture
related activities to the nearby villagers through
awareness creation, motivating by showing his
field performances due to which more than 56
nos. of farmers are presently doing Toria and
Maize cultivation. Presently in his farm more
than 40 nos. of rural Youths are working thereby
he creates an opportunity for employment also.
More than 34 nos farm family accepting his
guidance and become self-reliable by increasing
their income through different farming system.
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Significant Achievement:

S| No. | Crop | Area(ha) Gross Cost | Gross Return Net Income
Agricultural crop
1 Toria 5.30 3,00,000.00 | 7,00,000.00 4,00,000.00
2 Millet 8.00 2,40,000.00 | 8,40,000.00 6,00,000.00
3 Wheat 2.67 55,000.00 | 2,00,000.00 1,45,000.00
4 Maize 2.67 1,25,000.00 | 2,75,000.00 1,50,000.00
Sub Total 12,95,000.00
Horticultural crop
5 Apple 250 Nos 60,000.00 ongoing Ongoing
6 Papaya 500 Nos 55,000.00 1,25,000.00 70,000.00
7 Areca nut 2.00 1,80,000.00 | 12,70,000.00 10,90,000.00
8 Coconut 70 Nos 44,000.00 1,30,000.00 86,000.00
Sub Total 1246000.00
Animal Components with fodder plant
9 Dairy 40 Nos. 1.28cr 1.89cr 61,00,000.00
10 Poultry dual 200 Nos. | 1,25,000.00 | Ongoing Ongoing
purpose
11 Apiculture | 40 Nos.colony | 70,000.00 Ongoing Ongoing
12 Fodder crop Ongoing Ongoing
Sub Total 61,00,000.00
Grand Total 86,41000

Application of Innovative Technology:
1. Comprehensive utilisation of land by
integration of different components and locally
available raw materials as mulching material in
his farm is becoming a model unit in that area.
2. Application of Solar System to reduce the
consumption of Electric Current is also another
way of resource utilization in this farm.

3. Manuring his field by mixing cow dung and
urine through irrigation system can be a way in
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organic cultivation which not only supply
nutrient to the crops but also saves labour cost
that may be required for application of Nutrients.

Conclusion:

The integration of Agri-Horti and Animal
components in any Farm, determinant mind
setup, hard work and timely planning are the
main factors that can enable farmers in
achieving the success as well as generating more
and more income from his available resources.
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Introduction

Soil is a fundamental component of Earth's

ecosystem, serving as the foundation for
agricultural production, water filtration, and
carbon sequestration. Recognizing its vital
importance, the United Nations declared 2015 as
the International Year of Soils, aiming to raise
global awareness about the significance of soil
health and to promote sustainable soil
management  practices.  This initiative
underscored the critical role that soils play in
ensuring food security, maintaining
biodiversity, and combating climate change.

A decade later, the focus on soil health
remains paramount. The Food and Agriculture
Organization (FAQ) is preparing to release the
next Status of the World's Soil Resources Report
on World Soil Day in December 2025. This
forthcoming report aims to provide updated
insights into global soil conditions, emphasizing
the need for continued attention to soil

conservation and sustainable management
practices.
In anticipation of this significant

publication, various events and initiatives are
being organized to highlight the importance of
soils. For instance, the Land Gardeners have
curated an exhibition titled "Soil: The World at
our Feet" at Somerset House in London, running
until April 13, 2025. This exhibition features
contemporary art and scientific contributions

This article delves into the anticipated impacts
of these initiatives on agriculture, focusing on
environmental, egconomic, and policy
dimensions. By examining the current state of
soil health, the importance of sustainable
agricultural practices, technological
advancements, and policy frameworks, we aim
to provide a comprehensive understanding of
how renewed global attention to soils can shape
the future of agriculture.

2. Current State of Soil Health

Soil health is a critical factor influencing
agricultural productivity, environmental
stability, and food security. However, global soil
conditions are deteriorating at an alarming rate
due to various human activities and climate
change. This section explores the current state of
soil health, its degradation causes, and its
implications.
2.1. Extent of Soil Degradation

According to the United Nations
Convention to Combat Desertification
(UNCCD), approximately 75% of global land
is already degraded, and this figure could rise to
90% by 2050 if no corrective actions are taken.
Soil degradation is particularly severe in arid
and semi-arid regions, affecting millions of
farmers worldwide. (UNCCD Report)
2.2. Causes of Soil Degradation

Several factors  contribute
degradation, including:

to soil

that explore soil's critical role in life and 1. Deforestation — The removal of forests for
civilization. agriculture, urbanization, and industrial use
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leads to loss of organic matter, reduced
water retention, and increased soil erosion.

2. Overgrazing — Excessive livestock grazing
damages vegetation cover, making the soil
more prone to erosion and compaction.

3. Intensive Agriculture — Overuse of

chemical fertilizers, monocropping, and
deep plowing disrupt soil structure, reduce
microbial diversity, and deplete nutrients.

4. Urbanization — Expanding cities reduce
arable land, while pollution from industrial
waste and construction contributes to soil
contamination.

5. Climate Change — Rising temperatures,
altered rainfall patterns, and extreme
weather events such as droughts and floods
exacerbate soil erosion, salinization, and
desertification.

2.3. Impacts of Soil Degradation
The decline in soil health has far-reaching

consequences, including:

e Reduced Agricultural Productivity —
Degraded soils produce lower Yyields,
leading to food insecurity, increased
farming costs, and reduced farmer incomes.

e Loss of Biodiversity — Healthy soils
support diverse microbial life and plant
species, which are essential for ecosystem
balance. Degradation leads to a decline in
soil organisms, reducing soil fertility.

e Water Scarcity — Poor soil structure
reduces water retention, making land more
susceptible to drought and increasing
reliance on irrigation.

e Increased Carbon Emissions — Soils store
vast amounts of carbon, but degradation
releases it into the atmosphere, contributing
to climate change.

2.4. Soil Erosion and Nutrient Loss
Soil erosion is one of the most significant

challenges facing agriculture today. Studies

indicate that 24 billion tons of fertile soil are
lost annually due to erosion, with the highest
rates occurring in Africa, South America, and

Asia. In addition, soils worldwide are losing
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essential nutrients like nitrogen, phosphorus,
and potassium, which are crucial for crop
growth. (FAQ Soil Report)
2.5. Urgency for Soil Restoration

Given the critical role of soils in sustaining
life, governments, environmental organizations,
and research institutions are calling for
immediate action. The UN Sustainable
Development Goal (SDG) Target 15.3 aims to
achieve land degradation neutrality by 2030.
Several initiatives, including regenerative
agriculture, agroforestry, and conservation
farming, are being promoted to restore soil
health and prevent further damage.

3. Importance of Soil Health in

Agriculture
Soil health is fundamental to agricultural
productivity and environmental sustainability.

Healthy soils provide essential nutrients, support

plant growth, and enhance water retention,

ensuring food security and ecosystem balance.

3.1. Key Functions of Healthy Soil

¢ Nutrient Cycling — Soils supply essential
nutrients (nitrogen, phosphorus, potassium)
required for plant growth.

e Water Retention & Filtration — Soil
regulates water supply by storing and
filtering rainwater, reducing the risk of
droughts and floods.

e Carbon Sequestration — Soils act as a
carbon sink, storing carbon and mitigating
climate change.

e Microbial Diversity — Healthy soils host
diverse microorganisms that decompose
organic matter and enhance soil fertility.

3.2. Impacts of Poor Soil Health

e Reduced Crop Yields — Depleted soils lead
to lower agricultural productivity.

e Increased Dependence on Fertilizers —
Farmers rely on synthetic fertilizers, which
can degrade soil over time.

e Soil Erosion —Weak soils are more prone to
wind and water erosion, leading to land
degradation.
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o Water Pollution — Runoff from degraded
soils carries pesticides and nutrients into
rivers and lakes.

4. Sustainable Agricultural Practices
Sustainable agricultural practices are

essential for maintaining soil health, improving
food security, and reducing environmental
degradation. These practices focus on using
natural resources efficiently while ensuring
long-term productivity and resilience against
climate change. This section outlines key
sustainable farming techniques and their
benefits.

4.1. Importance of
Agriculture
Modern industrial farming practices, such

as excessive tilling, monocropping, and overuse

of synthetic fertilizers, have contributed to soil
degradation, biodiversity loss, and water
pollution. Sustainable agriculture aims to
balance productivity with ecological health,
ensuring that farming remains viable for future
generations. The United Nations Sustainable

Development Goals (SDGs) emphasize

sustainable agriculture as a critical component

of addressing climate change and ending hunger.

(UN SDGs)

4.2. Key Sustainable
Practices

4.2.1. Conservation Tillage (No-Till and
Reduced Tillage)

e Traditional plowing disrupts soil structure
and increases erosion. No-till and reduced
tillage methods minimize soil disturbance,
helping to retain moisture, improve soil
organic matter, and reduce erosion.

e Studies show that no-till farming can
reduce soil erosion by up to 90%
compared to conventional tilling.

4.2.2. Crop Rotation and Diversification

e Rotating crops each season prevents soil
nutrient depletion and disrupts pest cycles.

e Intercropping (growing multiple crops
together) enhances biodiversity, improves
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soil fertility, and increases resilience to
climate change.

Example: Legume crops (like beans and
peas) naturally fix nitrogen in the soil,
reducing the need for synthetic fertilizers.

4.2.3. Cover Cropping

o Cover crops, such as clover, rye, and
alfalfa, are planted between cash crop cycles
to prevent soil erosion, retain nutrients, and
improve soil structure.

e These plants also increase organic matter,
enhance microbial activity, and reduce weed
growth.

4.2.4. Organic Farming

e Organic farming eliminates synthetic
fertilizers and pesticides, instead using
compost, manure, and natural pest control
methods.

e Organic soils have higher microbial
diversity, which improves nutrient cycling
and plant health.

o However, organic farming requires careful
management to maintain  productivity
without synthetic inputs.

4.2.5. Agroforestry

o Agroforestry integrates trees and shrubs
into farming systems to improve soil fertility,
enhance biodiversity, and provide additional
income sources for farmers.

o Trees help prevent soil erosion, sequester
carbon, and improve microclimates for
crops and livestock.

4.2.6. Integrated Pest Management (IPM)

o Instead of relying on chemical pesticides,
IPM combines biological, mechanical, and
cultural pest control methods to reduce
pest populations sustainably.

o Examples include using predatory insects
(like ladybugs for aphid control) and crop
rotation to break pest life cycles.

4.2.7. Precision Agriculture and Smart

Farming

e Advances in data analytics, Al, and loT
(Internet of Things) allow farmers to
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monitor soil health, optimize water usage,
and apply fertilizers more efficiently.
Precision irrigation systems help conserve
water by delivering moisture directly to plant
roots, reducing wastage.

4.3. Benefits of Sustainable Agriculture

e Improved Soil Health — Increases organic
matter, microbial activity, and soil
structure.

e Higher Resilience to Climate Change —
Sustainable practices help farms withstand
extreme weather, such as droughts and
floods.

e Reduced Environmental Impact -
Lowers water pollution, carbon emissions,
and biodiversity loss.

e Economic Benefits — Long-term soil
fertility reduces reliance on expensive
chemical inputs, improving farm
profitability.

4.4. Challenges in Implementing
Sustainable Practices

e High Initial Costs — Transitioning to
sustainable farming requires investment in
new technologies, training, and alternative
inputs.

e Knowledge and Awareness — Many
farmers lack information or resources to
adopt these methods.

e  Market Access — Organic and sustainable
products often require certification, which
can be costly for small farmers.

5. Technological Advancements in
Soil Management
Advancements in  technology are

revolutionizing soil management by improving

monitoring, conservation, and productivity.

5.1. Precision Agriculture

e  Uses satellite imagery, drones, and Al to
monitor soil moisture, nutrient levels, and
crop health.

e Smart irrigation systems deliver water
efficiently, reducing wastage.

5.2. Soil Sensors and Big Data

e  Soil sensors provide real-time data on pH,
moisture, and nutrient content, enabling
targeted fertilizer application.

e Al-driven analytics help farmers optimize
land use and detect soil degradation early.

5.3. Bioremediation and Soil
Regeneration

e Microbial inoculants (beneficial bacteria
and fungi) restore soil fertility.

e Biochar application improves water
retention and increases organic carbon in
soils.

5.4. Vertical Farming and Hydroponics

e Reduces pressure on degraded land by
growing crops in controlled, soil-free
environments.

6. Economic Implications of Soil
Degradation
Soil degradation has severe economic

consequences at both local and global levels.

6.1. Financial Losses for Farmers

o Lower Crop Yields — Poor soil reduces
productivity, affecting farmer incomes.

o Higher Input Costs — More fertilizers and
pesticides are required to compensate for
lost fertility.

6.2. Impact on Global Food Prices

o Soil degradation reduces food supply,
driving up global food prices and
increasing hunger risks.

6.3. Costs of Soil Restoration

e Governments and organizations spend
billions on soil restoration projects to
combat desertification and land
degradation.

Investing in soil health saves money in the
long run by ensuring sustainable food
production and reducing restoration costs.
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Policy Frameworks and

Recommendations

7.1. Government Initiatives for Soil
Conservation

e Subsidies & Incentives — Financial aid for
farmers adopting sustainable practices
(e.g., regenerative agriculture).

e Land Use Regulations — Policies to
prevent deforestation and overgrazing.

e Education & Research — Promoting soil
health awareness and investing in scientific
research.

7.2. International Collaboration

e United Nations Land Degradation
Neutrality (LDN) Program aims to
restore degraded lands by 2030.

e Agreements like the Paris Climate
Accord emphasize sustainable land
management.

7.3. Recommendations for Sustainable
Soil Management

o Encourage Agroecological Practices —
Crop rotation, no-till farming, and organic
inputs.
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e Invest in Soil Health Monitoring — Use
Al, remote sensing, and soil mapping tools.
e Promote Carbon Sequestration -
Incentives for farmers who adopt
regenerative agriculture.
A strong policy framework can reverse soil
degradation trends, ensuring food security and
environmental protection.

8. Conclusion

Soil health is the foundation of sustainable
agriculture and global food security. Degraded
soils threaten productivity, increase economic
costs, and contribute to climate change. By
adopting sustainable agricultural practices,
leveraging technology, and implementing
strong policies, we can restore soil health and
ensure a resilient agricultural system for
future generations.

The International Year of Soils 2025
provides a global platform to promote soil
conservation, raise awareness, and drive
impactful policies, securing the health of our
planet’s most vital resource—soil.
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Introduction

Eutrophication iS a process where excessive

nutrients, particularly nitrogen and phosphorus,
enrich water bodies, causing the overgrowth of
algae and plants. This leads to significant
environmental, ecological, and economic
challenges. Phosphorus and nitrogen are the
primary  nutrient  sources that  cause
eutrophication. Numerous sources, such as air
pollution, wastewater discharge, and
agricultural runoff, can provide these nutrients.
This can lead to a variety of issues, including
fish mortality, the creation of toxic algal blooms,
and oxygen depletion in the water. Biodiversity
can be destroyed as a result of eutrophication's
effects on aquatic ecosystems composition.
Furthermore, eutrophication can cause harm to
local community’s economy and water bodies,
making them undesirable for recreational use. In
general, aquatic habitats and the populations that
depend on them may be significantly impacted
by eutrophication, a severe environmental issue.

Causes of Eutrophication
Natural Activities

One of the main factors that carries more
nutrients from the land into the receiving water
bodies is the seasonal occurrence of rainfall and
storms that cause floods. Furthermore, the
accumulation of organic waste in aquatic
systems due to lake ageing causes cyanobacteria
blooms and phytoplankton to proliferate at a
rapid rate. Soil erosion and weather events can
wash excess nutrients into water bodies.
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Agricultural Activities

The effect of the over-reliance of the human
population on nitrate and phosphate fertilizer for
agricultural production is the enriching of water
bodies by runoff from farms. Humans are
therefore the primary source of eutrophication
due to the precipitation of phosphate and nitrate
brought on by human activities associated with
agriculture. Algal blooms and a dense growth of
aquatic plants, including hyacinths, have
reportedly been caused by the buildup of nitrate
and phosphate fertilizer in agricultural runoff.
Eutrophication has been linked to the increase in
nutrient levels in water bodies caused by the
transportation of animal manure and feeds via
runoff from agricultural land, phosphorus
mining, and the industrial manufacturing of
nitrate fertilizer. Agriculture, urbanization, and
inadequate wastewater treatment increase
nutrient loads in waterways.

Feed ingredient used in culture system

The presence of nitrate and phosphate in
wastewater released into the environment has
been seen to be influenced by the effluent from
aquaculture and other concentrated animal feed
industries. The main sources of nutrients that
escape into water bodies through floods during
rainy seasons are thought to be the nitrate and
phosphate content of aquaculture. Effluent,
concentrated animal feed, and animal dung are
used as organic manure in aquaculture. The
industrial manufacturing of concentrated animal
feeds contributes to the eutrophication of water
bodies and the ensuing effects; it is impossible
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to overlook the direct discharge of wastewater
from this process.

Effects of Eutrophication

Environmental Impacts

e Deoxygenation: Excess algae
decomposition depletes oxygen, creating
hypoxic zones harmful to aquatic life.
Deoxygenation also rises in regions where
the water is overfed with nutrients
(eutrophication). Microbes that consume
oxygen are able to break down the
consequent algal blooms, resulting in
hypoxia (a lack of oxygen) and the creation
of coastal dead zones, such as those found in
the Gulf of Mexico. During warm seasons,
this practice is typical. Numerous impacts of
deoxygenation on marine life include
decreasing growth rate, altering visual
function, interfering with reproduction,
increasing vulnerability to disease, and
decreasing the amount and quality of
acceptable habitat, commonly referred to as
habitat compression.

e Harmful Algal Blooms (HABs): Numerous
variables, such as high nutrient content,
warm water temperatures, and sunshine
exposure, can result in harmful algal blooms
(HABs). An excess of nutrients, especially
phosphate and nitrogen, in the water is the
other main cause of HABs. Air pollution,
sewage disposal, and agricultural effluent are
only a few of the numerous contributors of
these nutrients. When these essential
nutrients are present in large quantities, it
may promote the growth of algae and other
aquatic plants, which may result in
HABs.The potential risk of HABs may rise if
water temperatures rise as a result of climate
change or other causes. An excess of light
can cause HABs since algae require light to
photosynthesise. These blooms release
toxins, negatively affecting wildlife and
ecosystems. Human health may be affected
by exposure to polluted fish or water. HABs
may harm recreational and tourism activities,

change colour the water and produce
offensive odours. Red tides, brown tides and
cyanobacteria blooms are a few instances of
HAB:s.

Release of toxin: The breakdown of organic
matter can release harmful substances,
further degrading water quality. Many
harmful algal blooms produced by
eutrophication are poisonous to both plants
and animals. Neurotoxins and hepatotoxins,
which can harm animals and perhaps threaten
for people, are released when the algae die or
are consumed. Shellfish poisoning is a prime
example of how algal toxins may infect
people. Shellfish (oysters, mussels) absorb
the biotoxins produced by algal blooms,
which causes these foods to become
poisonous and harm to people. Paralytic,
neurotoxic and diarrhoeal shellfish poisoning
are a few examples. As in the case of
ciguatera, where the toxin is usually
accumulated by a predator fish before
poisoning people, other marine creatures can
act as vectors for these toxins.

Economic & Social Impacts
e Economic impacts of algal bloom: A major

influence on socioeconomic systems and
human health is due to the appearances of
harmful algal blooms (HABs), which are a
natural freshwater and marine hazard.
Incidents of toxic algae blooms (HABs) pose
a natural freshwater and marine hazard, and
they have a significant impact on
socioeconomic systems and human health.
Freshwater or marine water is essential to
millions of people worldwide for products
and services that are only available as long as
waterbodies are protected. Because of human
activity and climate change, the water
environment's  physical, chemical and
biological properties have changed. These
changes are primarily affecting the tourist,
recreational, commercial fishing, public
health, monitoring and management sectors
and they may have major socioeconomic
consequences. It is becoming more well
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acknowledged that one of the worst effects of
cultural eutrophication is HABs.

Impact on Fishing Industry: Harmful algal
blooms (HABs) are closely linked to
economic losses in the seafood industry.
Since it involves fish absorption of toxins
generated by algae, fish mortality from lack
of oxygen in waterbodies caused by algae
development may result in the closure of the
fish trade during HABs. Among the
economic effects of HABs on the
commercial fishing sector are the ensuing
rise in fish prices and the drop in consumer
demand based on by customers' reluctance to
pay a premium for fish, especially during
HAB manifestations. Stop commercial
fishing has an immediate effect on the
producers, and it's also necessary to consider
the cost of harvesting fish that are too toxic
to sell. Aquaculture facilities that need to
make significant financial expenditures to
protect the profitable industry may
potentially be impacted by HABs. The
economic effect of commercial and
fishing is crucial to
understanding how people will react to the

recreational

issues produced by HABs because of the high
degree of public interest in seafood safety.

Management of Eutrophication

To reduce the effects of cultural
eutrophication, water resource managers
frequently use a number of strategies, such as (1)
directing excess nutrients, (2) changing nutrient
ratios, (3) physical mixing, (4) shading water
bodies with opaque liners or water-based stains,
and (5) applying strong herbicides and
algaecides. = Reducing  nitrogen  and/or
phosphorus inputs into aquatic systems may
often improve water quality and there are several
well-known instances where bottom-up nutrient
control has significantly increased the visibility
of water. However, controlling nutrient
reduction can be challenging (and costly),
particularly in agricultural regions where
nonpoint sources provide the algae with their
nutrients. HABs can also be reduced for a while

Volume-01, Issue-04

FEBRUARY 2025

ISSN : 3048 - 989X

by using algaecides such as copper sulphate. It
is important that municipalities establish water
management strategies that protect water at its
source or treat it to preserve its best attributes
due to urbanisation and deteriorating water
quality. As a result, it is very useful to assess
public opinion and expertise on water and track
the impact on participation.

e Mechanical Methods or Dredging: The
objective of dredging, a frequently used and
well acknowledged effective strategy for
controlling cyanobacterial blooms, is to
remove the uppermost organic and nutrient-
rich  sediment. Sediment  dredging
significantly affects internal nutrient loading,
which results in an algal bloom, when paired
with external nutrient loading. Dredging also
significantly decreases the amount of
nutrients in the water column and modifies
the rate of nutrient release at the sediment-
water interface. The newly developed
sediment-water interface's physicochemical
and biological ecology may change as a
result of dredging. The main advantage of
dredging over other nutrient control
techniques is that it purges the lake of
contaminated nutrients.

e Nutrient removal and waste water
treatment: - In wastewater treatment, there
is a variety of technologies that are available
for removing nutrients, from the traditional
activated sludge method to more advanced
membrane systems. Numerous factors
influence the technology selection, such as
the wastewater's properties, the discharge
regulations, and the treatment plant's
resources. Conventional activated sludge
methods can remove nutrients by using
certain operating conditions that
influence the development of nitrifying and
denitrifying bacteria. In these procedures,
wastewater is combined with a colony of
microorganisms that absorb the nutrients in a
sequence of aeration tanks and clarifiers.

methods:

e Chemical and biological

Chemical or biological procedures can be
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used to remove phosphorus from wastewater.
Polyphosphate-accumulating organisms
(PAOs), which are bacteria that have the
capacity to accumulate huge amounts of
phosphorus, are used in biological
phosphorus removal. When phosphorus is
abundant, these bacteria absorb it, and when
it is scarce, they release it. On the other hand,
chemical phosphorus is removed by adding
substances that react with phosphorus to
produce insoluble molecules that may be
eliminated using filtration or sedimentation.
In actuality, the phosphorus level and the
intensity of the bloom in the water column
might be temporarily decreased by using
lanthanum-modified bentonite, often referred
to as Phoslock in the industry.
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Conclusion

Adding fertilizers to an environment can
cause macroalgae to grow significantly. When
such big regions of algal development are
present, access to rivers may be limited or
eliminated. Despite not being harmful to people,
seaweed makes the water less suitable for
aquatic activities like swimming, boating, and
fishing. In lakes, reservoirs, estuaries, and
coastal waterways, increased discharge of
nutrients elevates the quantity of toxin-
producing algal blooms, including
cyanobacteria and  dinoflagellates, and
encourages the growth of unwanted related
algae in streams and rivers. We can lessen the
effects of eutrophication by investing in water
management initiatives and implementing
sustainable practices.
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The advent of 3D printing technology has

revolutionized many industries, and one of the
most promising applications is the use of soil in
construction and environmental engineering.
Soil 3D printing harnesses local resources to
create durable, sustainable building materials
while minimizing the carbon footprint of
traditional construction practices. The ability to
print complex structures with soil-based
materials opens up innovative solutions for
construction on Earth, as well as space
exploration.

The Concept of Soil 3D Printing:

Soil 3D printing involves using soil-based
materials as a medium for additive
manufacturing. Unlike traditional 3D printing,
which typically uses plastics, metals, or
concrete, soil 3D printing relies on locally
sourced soil, often mixed with stabilizers or
binders to enhance its strength and printability.
The primary goal of soil 3D printing is to reduce
environmental impact by eliminating the need
for resource-intensive materials such as
concrete, while creating structures that are
efficient, cost-effective, and sustainable.

How It Works

The process begins with the selection of
appropriate soil and additives to create a
printable mix. The soil is often combined with
stabilizers such as cement, lime, or even natural
fibers to improve its structural properties. This
mixture is then loaded into a 3D printer, where
it is extruded layer by layer to build the desired
structure. One of the key advantages of this
method is the ability to create complex

Volume-01, Issue-04

FEBRUARY 2025

geometries and custom designs that are often
impossible or prohibitively expensive with
traditional construction methods. The 3D printer
used for soil typically operates in a way similar
to other additive manufacturing processes,
where material is deposited in successive layers.
However, the printability of soil is highly
dependent on its moisture content, grain size,
and the types of additives used. Achieving the
right balance in soil composition is essential to
ensure that the final product has the necessary
strength, durability, and printability.
Influence of Soil Composition in 3D
Printing:

The soil's physical properties, such as its
clay content, moisture retention, and grain size
distribution, play a pivotal role in its suitability
for 3D printing. Research has shown that a
higher clay content, particularly around 42.5%
to 49%, enhances the rheological properties of
soil mixtures, making them more suited for
extrusion and layer bonding. The addition of
binders such as Ordinary Portland Cement
(OPC) and ground granulated blast furnace slag
(GGBS) further strengthens the material,
providing the necessary compressive strength
for structural applications.

However, the composition of the soil must
be carefully balanced. While higher clay content
improves printability, it also increases the risk of
cracking and shrinkage. To mitigate this,
stabilizers and natural fibers are often added to
improve the soil’s flexibility and resistance to
environmental stresses. The properties of
specific clay minerals also influence the soil’s
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behavior. For example, kaolinite and nontronite
are known to enhance the mechanical properties
of soil mixes, making them ideal for 3D printing
applications.

Moisture content is another critical factor in
soil 3D printing. Too little moisture leads to
difficulty in extruding the material, while
excessive moisture can weaken the structure and
reduce its strength. The optimal moisture
content varies depending on the soil type, but
research suggests that a moisture content of
around 9% is ideal for many soil mixes.
Maintaining proper moisture balance not only
ensures successful printing but also plays a role
in the longevity and stability of the printed
structure.

Pioneering Sustainable Construction

Techniques:

Researchers at the University of Virginia
(UVA) have made significant strides in
developing soil-based materials for 3D printing.
Their work focuses on utilizing local soils,
combined with natural stabilizers and plant
seeds, to create 3D printed structures that are
both sustainable and ecologically beneficial.
These structures are designed to support plant
growth, transforming traditional building
materials into  green,  carbon-absorbing
components of the built environment. The UVA
team’s approach involves mixing soil with
water, seeds, and a small amount of stabilizing
agents to create a material that can be extruded
through 3D printers. The resulting structures not
only provide durable foundations but also
become living, self-sustaining ecosystems as
plants begin to grow over time. This innovation
has the potential to replace concrete and other
emissions-intensive  materials, helping to
mitigate the environmental impact of
construction.

Carbon Neutral and Carbon Negative

Potential

One of the most exciting prospects of soil
3D printing is its potential to create carbon-
neutral or even carbon-negative structures.
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Plants incorporated into 3D printed soil have the
ability to absorb carbon dioxide through
photosynthesis, effectively drawing down
atmospheric carbon and storing it in the form of
plant biomass. This process makes soil-based
construction a viable solution for reducing
global carbon emissions and mitigating climate
change. The ability to recycle printed materials
further enhances the sustainability of this
technology. When a printed piece is no longer
needed, it can be broken down and reused to
create new materials, contributing to a circular
economy in construction.

Extraterrestrial Soil 3D Printing
In-Situ Resource Utilization (ISRU)

In the context of space exploration, 3D
printing using local materials, known as In-Situ
Resource Utilization (ISRU), is essential for
creating self-sustaining habitats  and
infrastructure on celestial bodies like Mars and
the Moon. By utilizing Martian regolith or lunar
soil, 3D printing technology could allow
astronauts to construct essential structures
directly on-site, significantly reducing the need
for transporting materials from Earth. Martian
clay, known as JMSS-1, has been identified as a
suitable material for 3D printing. This artificial
Martian clay exhibits properties conducive to
additive manufacturing, making it a promising
candidate for building habitats and tools on
Mars. Similarly, lunar regolith, the layer of soil
and dust that covers the Moon’s surface, can be
processed into 3D printable materials for
constructing bases and other structures. These
advances in 3D printing are paving the way for
long-term human presence on other planets.
Advanced Material Development for Space
Construction

In addition to using native soils, the
development of advanced materials such as
composites filled with lunar regolith offers
further possibilities for space construction.
These materials exhibit excellent mechanical
properties and can withstand the harsh
conditions of extraterrestrial environments.
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Shape memory composites, for instance, can be
used to create materials that adapt to temperature
changes, enhancing the durability and
functionality of printed structures. Researchers
are also exploring 4D printing technologies,
which allow for the creation of self-assembling
modules that can respond to environmental
changes. This innovation could be crucial for
terraforming efforts and the establishment of
sustainable habitats on Mars or the Moon.
Environmental Benefits of Soil 3D
Printing
Erosion Control and Slope Reinforcement

Soil 3D printing offers effective solutions
for controlling erosion and reinforcing slopes in
disaster-prone areas. By using stabilized earth-
based materials, 3D printed structures can
provide greater resistance to environmental
stresses, including heavy rainfall and flooding.
For example, incorporating bio-engineering
techniques such as planting vegetation into 3D
printed soil can significantly enhance soil
cohesion and slope stability. The roots of plants
like vetiver grass have been shown to improve
the safety factor against landslides, potentially
reducing the risk of slope failure by up to 49%.
In addition to reinforcing slopes, 3D printed
structures can also be designed to mitigate soil
erosion. Reinforced mats and barriers made
from 3D printed soil have demonstrated
significant  improvements in  anti-scour
properties, making them ideal for use in
waterways and areas prone to erosion. By
tailoring the design of these structures to the
specific environmental conditions, 3D printing
offers a flexible and effective approach to
preventing soil loss.
Carbon Footprint Reduction

The environmental benefits of soil 3D
printing extend beyond erosion control. By
using locally sourced soil, this method reduces
the need for transportation, significantly cutting
down the carbon footprint associated with
construction. Traditional materials such as
concrete have high embodied carbon due to the
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energy-intensive manufacturing process. In
contrast, soil 3D printing requires minimal
energy input, with only basic machinery needed
to transport and extrude the material. This makes
it a much more sustainable option for building
structures, whether on Earth or in space.

Future Directions in Soil 3D Printing

As soil 3D printing technology continues to
evolve, the future holds exciting possibilities for
even broader applications. Researchers are
focusing on improving the durability and
strength of 3D printed soil materials, making
them more suitable for a wider range of
construction projects. Advances in material
science, such as the development of new
stabilizers, additives, and composites, will
enhance the versatility of soil-based materials,
allowing them to  withstand  diverse
environmental conditions. Furthermore, the
integration of artificial intelligence and machine
learning could streamline the design and
printing process, optimizing material properties
and printing techniques for specific applications.
In the realm of space exploration, future
breakthroughs may enable the construction of
large-scale habitats on Mars and the Moon,
using soil-based materials that are not only
functional but also sustainable in harsh
extraterrestrial environments. As the technology
matures, soil 3D printing has the potential to
transform  both  our  Earthbound and
interplanetary infrastructure, contributing to a
greener, more sustainable future.

Conclusion

Soil 3D printing is an innovative and
sustainable approach to construction and
environmental engineering, offering significant
advantages over traditional building materials.
By utilizing locally sourced soil and stabilizers,
this technology has the potential to reduce the
environmental impact of construction while
providing durable, functional structures. With
advancements in research from institutions like
the University of Virginia, as well as the
growing interest in extraterrestrial application
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using Martian and lunar soils, the future of 3D
printed soil structures looks promising. As
technology continues to evolve, it is crucial to
address challenges such as moisture sensitivity,
shrinkage, and the long-term durability of 3D
printed materials. However, with ongoing
research and development, soil 3D printing is
poised to play a significant role in shaping the
future of both terrestrial and space-based
architecture, offering sustainable solutions to
some of the most pressing challenges facing our
planet and beyond.
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Introduction

Artificial intelligence (Al) has become

increasingly relevant in aquaculture research
and production in recent years — with both
startups and established companies developing
new Al-based applications for the industry.

I was first exposed to the possibility of applying
artificial intelligence in aquaculture more than
two decades ago. Lee et al. (2000) at the
University of Texas Medical Branch in
Galveston published a summary of their use of a
fuzzy logic-based  control  system  for
denitrification in a closed recirculating system.
Their work focused on development of a
computer-controlled denitrifying bioreactor for
a system housing squid for biomedical research.
Fuzzy logic was used to process real-time inputs
from sensors measuring dissolved oxygen,
oxidation-reduction potential and pH, and in
turn to control pumping rates and carbon feed
additions to the bioreactor.

Al technology has developed rapidly over
the past two decades in many fields, often in
ways that can easily be adapted to aquaculture
production. Two advances that have particular
impacts are deep learning and convolutional
neural networks. Traditional machine learning
uses algorithms to perform functions with the
data being supplied, but in a way that becomes
more efficient over time through feedback and

particularly useful for image recognition and
interpretation.

At the same time, sensor technology has
advanced by leaps and bounds, as have
connectivity options through the Cloud, 5G
networks and the internet of things (IoT). As a
result, Al is currently being evaluated and
deployed in aquaculture for improving feeding
efficiency, biomass estimation, growth tracking,
early detection of diseases, environmental
monitoring and control (especially in RAS) and
reduction of labour costs. With modern sensor
and processing technologies, many of the
routine tasks of modern aquaculture can be
performed with much less labour and improved
animal welfare conditions.

Applications of Al in Aquaculture:

While aquaculture is a vast industry in itself
that has spread across the world like a wildfire,
it is not as simple as it may sound. With the
emergence of innovative technologies in
aquaculture, fish farming technology has fairly
progressed in a bid to advance itself and make
way for more technologies to invade its
arena. Aurtificial Intelligence in aquaculture is
one such technology that can be used and
applied for better outcomes and results in the
long run. Here are the following top 10 Al
applications in aquaculture that will be
discussed.

adjustments (partially from human input). Deep L. Automated Ffeed!ng System_

learning goes one step farther by layering 2. Remote Mor_utf)rmg and Maintenance
algorithms and self-evaluation and adjustment. 3. Growth StatIStICS. L

Deep learning systems learn through their own 4 Temperaturfe Optlmlzajuon

computing processes. Convolution neural > Wate_r Quality Rt_agulatlon

networks are deep learning algorithms that are 6. Consistent Aeration
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Smart Sensors
Human-less Filtration
Predictive Measures
10. Big Data Analytics
Automated Feeding System
The very first application of artificial
intelligence in fisheries is the automated feeding
system. Even though freshwater aquaculture
allows the cultivator to stay in the vicinity of the
farming location, feeding the fish can be a
tiresome process. Likewise, farmers can
sometimes forget or they may even remain
unavailable for some reason. This is where Al
can be extremely helpful and step into the
cultivators’ shoes using automation feeding
systems. Using the technology of an automated
feeding system, Al can facilitate automatic feeds
for the fish. This can happen with Alempowered
tools that release a registered amount of feed for
fish to intake and sustain. This is also a very
helpful way to minimize food wastage and
optimize food consumption among the
livestock. “Feeding represents the biggest cost to
fish farmers, so optimization in this area always
means better profitability.”
2. Remote Monitoring and

Maintenance

Al in aquaculture allows the cultivator to
remotely monitor and maintain the farming
location. This involved alarming the farmer
about any blockages, exhaustion of food
supplies, or any other concern that might be
important to resolve on an immediate basis. The
purpose of remote monitoring and maintenance
is that it allows the farmers to freely roam
around while being able to monitor their
aquaculture sites with accuracy. Thanks to Al,
the need to constantly remain present around the
field is no longer viable.
3. Growth Statistics

The third application for Al in Aquaculture
is that it provides the facility to monitor and
interpret growth statistics for your livestock so
that you can substantially evaluate the correct
strategies. This means that by using the power
of Al, farmers can not only identify the
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loopholes in their cultivation practice but also be
mindful of the upcoming steps and damage
control to ensure that their livestock turns out to
be just fine. The use of growth statistics is also
a major contribution to the collection of big data
and big data analytics to help others in analyzing
the correct practices and steps for the same.
4. Temperature Optimization

Freshwater aquaculture is a hub for
experimentation and adjusting the
circumstances so as to identify what affects the
culturing of the livestock. This calls for the need
to discuss the significance of temperature. In
aquaculture, temperature plays a big role in
keeping the thermal environment around the fish
optimal and ensuring that it remains balanced
throughout. Temperature optimization can be
performed through artificial intelligence and
machine learning algorithms that allow farmers
to set their preferences and extract customized
models for their farming site. For instance, Al
can help farmers to reduce the temperature in the
daytime under the presence of the sun while
increasing it at night.
5. Water Quality Regulation

Another advantage of wusing Al in
aquaculture is that it can easily detect water
quality and regulate it. Water quality is another
very important factor that determines the health
and survival of livestock throughout the process
of cultivation. If any foreign particle tends to
contaminate the quality of the water that the fish
are living in, Al-empowered sensors can easily
inform the farmer and lead to regulatory
measures. This involves filtering the water,
replacing the water, or even releasing antibodies
to nullify the effect of contaminated particles.
This particular application of Al makes the
industry of aquaculture very advanced yet
progressive.
6. Consistent Aeration

As mentioned earlier in this blog, oxygen is
a very important factor for the survival of
livestock. That said, consistent aeration and
release of oxygen help the fish to breathe and
survive easily as opposed to other environments
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where the lack of oxygen can easily lead to a
massacre of livestock. Thus, Al is again helpful
in managing and maintaining the oxygen level in
the water that the fish are being raised in. This
takes place through a machine learning model
that allows the release of oxygen at regular
intervals.
7. Smart Sensors

Imagine someone is trying to break into
your house in the absence of all your family
members. How will you get to know? Artificial
Intelligence. Smart sensors, a well-known
application of Al, have long been used to alarm
house owners, bank officials, and aquaculture
farmers. As soon as toxin levels go up, or
oxygen is too less, smart sensors with built-in Al
technology are capable of alarming the farmers
in no time. This real-time information travels
within a span of seconds so that the farmer can
get to know as soon as possible. The use of smart
sensors is more of an advantage than an
application for the farmers as it is very helpful
and insightful at the same time.
8. Human-less Filtration

As opposed to the earlier days when
aquaculture farmers had to manually filter the
water and maintain the water quality, the
contemporary era has become much more
advanced. Powered by Al, human-less water
filtration can be easily performed with the help
of pre-installed machinery. Hence, the use of Al
in aquaculture negates the need for farmers to
manually perform tedious activities and invest
long hours into the same. It is important to note
that all these functions can take place
simultaneously in order to keep up with the
demands of the livestock and lead to better
outcomes for the practice altogether.
9. Predictive Measures

Ever heard of predictive analytics? Well,
one of the biggest applications of artificial
intelligence, predictive analytics paves the way
for aquaculture practitioners to not only
strategize their upcoming actions but also work
along the lines of the forecasted notions so that
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they can do the best for their livestock. Using
predictive analytics, they can certainly procure
insights into possible future outcomes and
prepare against them. Like any other field,
aquaculture too can largely benefit from the sole
application of predictive measures alone. Based
on the past data and findings, Al can point you
in the right direction so as to produce better
results.
10. Big Data Analytics

The last application of Al in aquaculture is
that it employs big data analytics to accumulate
records of information and help others in taking
the right steps. With the help of big data,
farmers can very well comprehend the risks and
challenges that they might face in the process
and take appropriate steps to ensure that they are
on the right path. So, big data analytics not only
provides you with a summary of the practice but
also capitulates the dos and don'ts in order to
help farmers.

Future of Aquaculture

Aquaculture is a profession that emerged
more than 4000 years ago. With the increasing
dependency of humans on aquatic animals and
plants, the need for aquaculture is growing
rapidly. With a long history and an even longer
journey of innovation and evolution,
aquaculture still has a long way ahead. However,
with the use of Al, the scope and margins of
aquaculture as a profession and a cultivation
practice have become widened. In the wake of
advanced technology, aquaculture is moving
towards a more developed and evolved world of
technology and related advancements where one
day fish could even be cultivated in the
metaverse! To sum up, aquaculture is a distinct
field that could have possibly not been able to
apply Al in its aspects. However, with the
beneficial scope of the technology, aquaculture
has fairly seemed to grow in the day of light.
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INTRODUCTION

India's proposed river interlinking project aims

to connect rivers and transfer water from areas
with excess to those facing shortages.
Supporters believe this will boost agriculture by
expanding irrigation and reducing droughts.
However, critics worry about the environmental
and social costs. This article explores the
potential benefits and risks of the project for
Indian agriculture, considering existing research
on the ILR Project.

The concept of interlinking rivers was
started by Sir Arthur Cotton in 1919 to connect
the major Indian rivers. As Indian agriculture
relies on monsoon rainfall, flooding and drought
also occur in some regions of India. So, the
project's main aim is to transfer surplus water
from water-rich river basins to water-deficient
areas, which will help promote agricultural
productivity nationwide.

AGRICULTURAL GAINS

Irrigated Land Growth:

The Interlinking of Rivers (ILR) project
transfers water to drought-prone areas by
constructing storage dams and canals. These
dams and canals continuously irrigate the land
due to water flow throughout the year,
increasing the irrigated land area and the
productivity of agricultural commodities.
Reduction in Rainfall Dependence:

Connecting  rivers can  significantly
decrease farmers' reliance on unpredictable
rainfall. By moving surplus water from areas
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with abundant rainfall to drier regions, this
project can provide a more stable water supply
throughout the year, making agriculture less
dependent on seasonal rains.
Increase in Productivity:

As a result of the ILR project, most regions
became water-rich, and farmers used to grow
multiple crops annually, which increased
cropping intensity and overall agricultural
production. This also increased employment
opportunities in the agricultural sector.
Migration of Drought:

It aims to mitigate drought impacts by
transferring water to drought-prone areas,
ensuring water availability for agriculture during
dry periods, and reducing farmers' risks from
unreliable monsoons.

Flood Control:

The interlinking project may reduce crop
damage from floods by redirecting excess water
from flood-prone areas to water-scarce regions.

AGRICULTURAL RISKS

Environmental Consequences:

The ILR project poses significant
environmental risks, including disruptions to the
aquatic ecosystem, fish population, and
riverbank vegetation. The continuous flow of
water will decrease the groundwater level.
Inter-state Disputes:

When several states share water from the
same river, a big project changes how that water
flows; it could cause trouble. The river itself
might be affected — its natural flow and even the
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water quality could change, which some might
consider disrespectful or harmful. Who pays for
the project and gets the extra water can be a big
argument. States might disagree on how much
each should contribute and how much water
each should receive. States might feel like
they're losing control over their water, leading to
tension and disputes. So, these water disputes
can quickly become political, with politicians
using them to gain support or blame other states.
Displacement of Communities:

The National River Interlinking project will
comprise 30 links to connect 37 rivers
nationwide through a network of nearly 3000
storage dams. So, the dam and canal
construction significantly threaten
socioeconomic disruption. The tribals and
farmers are the ones who are badly affected,
which impacts their livelihoods, cultural
traditions, and economic hardship.

Cost and Implementation Challenges:

Building the interlinked rivers project is a
vast and complicated task. Big projects like this
in India often cost more than expected, take
longer than planned and run into problems. This
could mean the project might not help farmers as
much as it should.

Soil Salinisation:

Improper irrigation practices can cause
waterlogging and increased soil salinity,
decreasing soil fertility and negatively
impacting crops.

CASE STUDY

Ken-Betwa Link Project (KBLP)

The KBLP aims to transfer water from the
Ken River to the drought-prone Betwa basin in
Bundelkhand, India. While promising irrigation,
drinking water, and economic benefits, the
project faces significant  environmental
challenges. The Daudhan dam and a 231 km
canal will impact Panna National Park, causing
habitat loss and displacement. Proponents cite
the region's water scarcity, While critics
emphasise the environmental costs. The project,
though cleared by the government, faces legal
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challenges. KBLP highlights the tension
between development and Conservation,
underscoring the need for thorough impact
assessments and stakeholder engagement.

CONCLUSION

Like a coin with two sides, the Interlinking
of Rivers (ILR) project has advantages and
challenges. On one side, it is a visionary step
towards alleviating water scarcity, improving
irrigation, and mitigating floods. As Benjamin
Franklin rightly said, "When the well is dry, we
know the worth of water." This project ensures
that water is judiciously distributed, nurturing
agricultural growth and economic stability. On
the flip side, the large-scale modification of
natural river systems can disrupt ecosystems,
displace communities, and lead to unforeseen
environmental ~ consequences.  Moreover,
interlinking rivers can aggravate social problems
between states of India about water-sharing
rights, sparking  political unrest and
disagreements. The long-term consequences,
such as changes in rainfall patterns and climate
conditions, further question the project's
sustainability. In the words of Mahatma Gandbhi,
"Earth provides enough to satisfy every man's
needs, but not every man's greed." EXxcessive
human intervention in nature’s delicate balance
may lead to long-term repercussions. Thus,
while the interlinking of rivers has the potential
to benefit agriculture, it must be implemented
with careful planning, sustainable policies, and
respect for ecological integrity. Instead of large-
scale river interlinking, a more practical
approach would be localised water conservation
strategies, rainwater harvesting, and better water
management practices. The keystroke lies in
balancing progress and preservation so that
development does not result in irreversible
damage.

REFERENCE:

1. Triumph IAS. (n.d.). Interlinking of Rivers in
India. Triumph IAS Blog. Retrieved from
https://triumphias.com/blog/interlinking-of-

rivers-in-india/?amp=

Page | 36



https://triumphias.com/blog/interlinking-of-rivers-in-india/?amp=
https://triumphias.com/blog/interlinking-of-rivers-in-india/?amp=

¥ AGRICULTURE °

I\

2. Forum IAS. (n.d.). Interlinking of Indian
Rivers — Boon or Bane? Forum IAS Blog.
Retrieved from
https://forumias.com/blog/interlinking-of-
indian-rivers-boon-or-bane/

. Mid-Day. (n.d.). Interlinking of rivers in
India — is it a boon or a bane? Mid-Day.
Retrieved from
day.com/mumbai/mumbai-

https://www.mid-

news/article/interlinking-of-rivers-in-india--

Volume-01, Issue-04

/ INNOVATIVE AGRICULTURE \
\ NN /

FEBRUARY 2025

ISSN : 3048 - 989X

is-1t-a-boon-or-a-bane-national-news-
18584162

. Next IAS. (n.d.). Interlinking of Rivers. Next

IAS Blog. Retrieved from
https://www.nextias.comy/blog/interlinking-
of-rivers/

. Interlinking of Rivers in India: Advantages

and Challenges by Neha Sharma

. Interlinking of rivers in India: Issues &

Challenges by Dharmendra Mehta, Naveen
K.Mehta

Page | 37



https://forumias.com/blog/interlinking-of-indian-rivers-boon-or-bane/
https://forumias.com/blog/interlinking-of-indian-rivers-boon-or-bane/
https://www.mid-day.com/mumbai/mumbai-news/article/interlinking-of-rivers-in-india--is-it-a-boon-or-a-bane-national-news-18584162
https://www.mid-day.com/mumbai/mumbai-news/article/interlinking-of-rivers-in-india--is-it-a-boon-or-a-bane-national-news-18584162
https://www.mid-day.com/mumbai/mumbai-news/article/interlinking-of-rivers-in-india--is-it-a-boon-or-a-bane-national-news-18584162
https://www.mid-day.com/mumbai/mumbai-news/article/interlinking-of-rivers-in-india--is-it-a-boon-or-a-bane-national-news-18584162
https://www.mid-day.com/mumbai/mumbai-news/article/interlinking-of-rivers-in-india--is-it-a-boon-or-a-bane-national-news-18584162
https://www.nextias.com/blog/interlinking-of-rivers/
https://www.nextias.com/blog/interlinking-of-rivers/

F/ INNOVATIVE AGRICULTURE \Y
T/

-— ~—

ISSN : 3048 - 989X

Biochar: Turning Trash into Agricultural Treasure

Pooja and Sachin Kumar

Ph.D. Scholar, Department of Agronomy, CCS Haryana Agricultural University, Hisar

Introduction

Biochar is a carbon-rich, fine-grained and

porous substance that remains after the pyrolysis
of plant biomass by thermo-chemical conversion
process conducted at high temperatures (around
350-600°C) in an environment with minimal
oxygen (Amonette and Joseph, 2009). Rather
than being pure carbon, biochar consists of a
mixture of carbon (C), hydrogen (H), oxygen
(O), nitrogen (N), sulphur (S) and ash in various
proportions (Masek, 2009). It has highly porous
structure which makes biochar an attractive
option for soil enhancement, as it leads to better
water retention and an expanded soil surface
area. It's crucial to acknowledge the diverse char
products that are generated industrially. For
activated carbon, char is made at high
temperatures with extended heating and
managed oxygen supply. In contrast, traditional
charcoal methods such as clay kilns which
operate at lower temperatures with less control.
This  process is  accurately  termed
‘carbonization," involving burying biomass in
soil before ignition or burning it while moist.
The process of drying and roasting biomass at
lower temperatures is referred to as
'torrefaction.” Biochar produced through
pyrolysis, along with traditional charcoal and
char, possesses essential traits linked to carbon
sequestration (extended residence time) and
enhancing soil fertility (soil conditioning
benefits). In-depth research on biochar-enriched
dark earths in the Amazon, known as terra preta,
has increased recognition of biochar's distinctive
gualities as a soil amendment.
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Preparation of Biochar

The practice of heating or carbonizing
wood to produce biochar has been prevalent.
The process of carbonization dates back to the
dawn of civilization (Brown, 1917). Various
methods exist for creating biochar, all of which
involve heating biomass in an environment with
minimal or no oxygen, allowing volatile gases to
escape and leaving behind carbon. This
fundamental process, known as thermal
decomposition, is typically accomplished
through pyrolysis or gasification. Pyrolysis
refers to the chemical breakdown of biomass
driven by heat, occurring without combustion.
Commercial biochar pyrolysis occurs in three
stages: first, moisture and volatile compounds
are expelled; second, unreacted residues convert
into volatiles, gases and biochar and third, the
biochar undergoes chemical reorganization.
When biomass carbon is burned, it can either
remain unburned (least likely), convert to carbon
dioxide and minor gases, or transform into
biochar through pyrolysis (Graetz and
Skjemstad, 2003). These techniques generate
clean energy as gas, oil and produce biochar,
which can be used for various applications. They
are among the few cost-effective, widely
applicable technologies that can scale rapidly.

Method for Biochar Production:
Heap Method

Charcoal production is a traditional practice
of income generation in many regions of India.
It involves building a pyramid-shaped earth kiln,
where wood logs and plant roots are stacked,
with vents opened from the top to allow
combustion byproducts to escape. Once smoke
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generation stops, the cooling phase begins by
covering the stack with damp soil which lasts for
several days. Afterward, the soil is removed to
extract biochar from the carbonized materials.
Among the earth kilns, earth-mound kilns with a
chimney are the most advanced, as they can
adjust the chimney diameter for their oxygen
needs and manage the draft based on height,
improving pyrolysis regulation (Emrich, 1985).
Drum Method

Kilns that are constructed on-site, usually
made from local soil or materials are situated
near biomass resources and tend to be small in
size. Their economic feasibility is determined by
whether the expenses associated with building
and transporting biochar are less than those
incurred in transporting and processing biomass.
In an alternative approach, biochar is produced
using a pyrolysis kiln. Venkatesh et al. (2010)
developed a cost-effective charring kiln at
CRIDA, Hyderabad by modifying a 200-liter
metal oil drum. A 16 cm x 16 cm square opening
was cut into the top for inserting crop residues
and the bottom was fitted with 36 holes (4 cm?
each) in concentric circles, plus a central hole of
5 cmz?, allowing for efficient air circulation.

Biochar as a Strategy for Mitigating

Climate Change:
C Sequestration

Soil carbon  sequestration  captures
atmospheric CO, through photosynthesis,
forming organic matter that is stored in the soil
as stable carbon. The global carbon cycle
includes various reservoirs like terrestrial,
atmospheric, oceanic and geological each with
different carbon lifetimes and continuous
exchanges. To lower atmospheric carbon, it
must be moved to a passive pool of stable
carbon. Biochar aids this transition by
converting biomass into stable carbon pools
through  controlled carbonization, which
preserves carbon in the environment for
centuries.
Soil Quality and Fertility Improvement

Biochar is a carbon rich substance,
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containing over 50% carbon, produced by
pyrolyzing biomass in an oxygen free
environment. When added to soil, it interacts
with the soil matrix, microorganisms and plant
roots, influenced by factors like biomass
composition, production methods, physical
characteristics and soil conditions (temperature
and moisture). As a soil amendment, biochar
improves physical and biological properties,
enhances water retention and nutrient
availability to promote plant growth.
Crop Productivity

Biochar, a black carbon from biomass,
enhances crop yields through direct and indirect
effects. Directly, it has a higher nutrient content
due to the pyrolysis process. Indirectly, it
improves soil's physical, chemical and
biological properties.
Constraints of Biochar Use in India

A key factor affecting biochar production is
the competition for biomass feedstock, which
has various uses beyond biochar. Biomass is
historically utilized for animal feed, soil
mulching, bio-manure, thatching and fuel for
domestic and industrial purposes and these
applications may continue to grow in demand.
Integrating the environmental costs of carbon
emissions into the market will enhance the role
of market dynamics in allocating biomass
resources. However, biochar production faces
challenges, including methane and nitrous oxide
emissions, low yields from traditional methods
and potential health risks, which can diminish its
carbon-sequestration benefits. To promote
biochar as a soil enhancer and climate change
mitigation strategy, research and development
should be prioritized in its production and
application.

Conclusion

Crop residues in India pose management
challenges, with about 435.98 million tons
generated annually, of which 313.62 million
tons are surplus and often unutilized. A
promising solution is converting biomass into
biochar, which is a stable carbon compound that
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enhances soil health and fertility. Biochar can
improve carbon sequestration, reduce farm
waste and boost agricultural productivity while
lowering greenhouse gas emissions. Recent
initiatives by ICAR institutes and State
Agricultural Universities focus on producing
and applying biochar from agricultural residues,
showing positive effects on soil health and crop
yields. To promote biochar, it’s use for climate
change mitigation, investment in research and
development of cost-effective production
methods is essential, particularly for small
farmers. Additionally, interdisciplinary research
is needed to evaluate the long-term impacts of
biochar on soil properties and nutrient dynamics.
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Introduction

Poultry industry is  undergoing rapid
advancements driven by the need for sustainable
production, improved animal welfare, and
enhanced efficiency. Innovations in poultry
feeding, nutrition, management, and farming
practices are transforming how poultry is raised,
ensuring better health, higher production, and
overall welfare. With growing concerns over
environmental sustainability, antibiotic
resistance, and consumer preferences for
healthier poultry products, the industry is
increasingly adopting novel approaches to
optimize bird performance while maintaining
ethical and environmental responsibility.

One of the major areas of advancement is
poultry nutrition. Precision feeding
technologies, alternative protein sources, and
gut health optimization are reshaping poultry
diets. Precision feeding systems use artificial
intelligence (Al) and real-time monitoring to
provide individualized nutrition based on the
specific needs of birds, reducing feed wastage
and improving growth efficiency. The use of
alternative protein sources such as insect meal,
algae, and single-cell proteins is gaining traction
as sustainable replacements for conventional
soybean and fishmeal as well as locally available
tree leaf meal containing plant secondary
metabolites (PSMs) as natural source of
bioactive compounds having functional feed
potential and reducing the dependence on
synthetic drugs due to drug resistance. These
PSMs having antimicrobial, antiviral, anti-
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inflammatory, antioxidants, immune-modulator
and other health promoting properties and act as
alternatives to synthetic drugs for producing
organic animal products and improve the socio-
economic status and welfare.

Another breakthrough is the use of
postbiotics, probiotics, and prebiotics to enhance
gut health, thereby reducing dependence on
antibiotics  while  improving  digestion,
immunity, and nutrient absorption. Fermented
feed is also gaining attention, as it enhances
nutrient availability and promotes a beneficial
gut microbiota. Moreover, enzyme
supplementation, such as phytase and protease,
is increasingly used to improve nutrient
utilization and reduce anti-nutritional factors in
poultry feed.

Modern poultry management is integrating
automation, smart sensors, and data analytics to
monitor  bird  behaviour, health, and
environmental conditions in real time. Precision
livestock farming (PLF) utilizes machine
learning and internet of things (loT) based
systems to detect early signs of disease, optimize
environmental conditions, and minimize stress.
Wearable sensors and automated monitoring
systems help track activity levels, body weight,
and feeding patterns, enabling early
interventions and reducing mortality rates.

Another crucial aspect of welfare
improvement is the shift towards cage-free and
enriched housing systems. These systems
promote natural behaviours such as perching,
dust bathing, and foraging, which improve bird

Page | 41




Y/ INNOVATIVE AGRICULTURE \\
Ny /

- —

welfare and meet consumer expectations.
Additionally, innovations in lighting programs,
such as LED spectrum optimization, have been
shown to enhance bird growth, immune
function, and reproductive performance.

Sustainable and Smart Poultry Farming

Sustainability is a key driver of innovation
in poultry farming. The integration of vertical
farming, climate-controlled housing, and
renewable energy sources such as solar panels is
reducing the environmental footprint of poultry
production. Water recycling systems and
improved waste management strategies,
including the conversion of poultry manure into
bio-energy or organic fertilizers are enhancing
sustainability.

Furthermore,  genetic ~ advancements,
including genome editing techniques like
clustered  regulatory  interspaced  short
palindromic repeats (CRISPR), are being
explored to improve disease resistance, feed
efficiency, and meat quality in poultry breeds.
Acrtificial intelligence (Al) based disease
prediction models and automated vaccination
techniques are also reducing disease outbreaks
and improving flock health.

Precision Feeding and Nutrition
Precision feeding tailors the nutritional
intake of each bird based on its individual needs,
such as age, weight, and growth stage.
Advanced feeding systems equipped with
sensors and data analytics monitor consumption
patterns, adjusting nutrient composition in real-
time to optimize feed delivery, minimize waste,
and reduce costs. This approach ensures birds
receive the exact nutrients required at each
growth stage, improving feed conversion ratios
(FCR) and reducing environmental impact.
Incorporating alternative protein sources,
such as insects like black soldier fly larvae and
mealworms, offers sustainable and nutritious
options. These insects convert organic waste
into high-quality protein, rich in amino acids and
minerals, reducing reliance on traditional feed
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ingredients like soy and fish meal. This practice
supports circular economy principles and
provides locally available protein sources.

Probiotic feed supplements play a crucial
role in promoting digestive health and immune
support in poultry. By balancing the gut
microbiota, probiotics enhance  nutrient
absorption, improve growth rates, and reduce
the need for antibiotics. This approach leads to
better digestion, enhanced immunity, and
overall well-being of the flock.

Technological Integration in Poultry

Farming

The integration of smart technologies and
artificial intelligence (Al) is revolutionizing
poultry farming. Precision Livestock Farming
(PLF) utilizes digital tools to collect and analyze
data on feed consumption, waste, air quality, and
animal behavior. Real-time monitoring through
sensors enables farmers to make informed
decisions, optimizing resource allocation and
enhancing  efficiency.  Machine  vision
technology further aids in early detection of
health issues, contributing to improve flock
performance and profitability.

Robotics is emerging as a promising tool in
poultry farming, addressing sustainability and
animal welfare. Robots assist in environmental
monitoring, disease control, floor egg collection,
and overall welfare management. They offer
potential for ethological research on collective
and social behaviour, leading to better
integration in industrial farming and improved
productivity.

Sustainable and Ethical Practices

The industry is adopting sustainable
practices to reduce environmental impact and
enhance animal welfare. Vertical farming
techniques optimize space utilization, improve
hygiene, and reduce disease spread by housing
birds in vertically stacked layers. This method
allows for better control of environmental
conditions and efficient use of resources.
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Renewable energy integration, such as
solar panels and biogas systems, reduces
operating costs and environmental footprint.
Implementing waste management practices, like
composting chicken litter and recycling feed
bags, contributes to environmental sustainability
and a cleaner farm environment.

Efforts to eliminate inhumane practices,
such as male chick culling, are gaining
momentum. Technological advancements now
allow hatcheries to identify and process male
embryos before hatching, preventing the need
for culling. Machines like the Cheggy use light
and camera sensors to determine the sex of
embryos based on feather shade, marking a
significant improvement in animal welfare.
Health Management and Disease
Prevention

Farmers are advocating for the approval of
vaccinations to combat avian diseases, such as
bird flu, which have severely impacted the
poultry industry. Vaccination efforts aim to
reduce bird mortality and prevent the spread of
diseases to other animals and humans. While
challenges exist, including potential export
restrictions, there is growing support for animal
vaccines to enhance  biosecurity and
sustainability in poultry farming.

Integrated Pest Management (IPM)
combines biological, cultural, physical, and
chemical methods to manage pests sustainably.
This holistic approach reduces reliance on
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pesticides, promotes a healthier environment for
chickens, and mitigates the risk of pesticide
resistance. The farm replaced older sheds with
modern, climate-controlled ones, reducing dust
and odour through improved litter management
and manure extraction processes. These
upgrades not only increased capacity but also
mitigated environmental impacts, ensuring a
sustainable and community-friendly operation.

The poultry industry is also witnessing a
trend of professionals from  diverse
backgrounds, including former athletes,
transitioning into agriculture. These individuals
bring fresh perspectives and innovative
approaches to farming, contributing to the
industry's evolution and sustainability.
Conclusion

Poultry industry is rapidly evolving through
the adoption of advanced feeding strategies,
precision management, and sustainable farming
practices. These innovations contribute to
improved bird health, higher production
efficiency, and enhanced welfare, ensuring that
poultry farming remains economically viable
and environmentally responsible. As technology
continues to progress, the future of poultry
production will be driven by data-driven
decision-making, sustainability, and consumer-
driven demands for safe and ethical poultry
products. Thus, these advancements continue to
evolve, they promise a more efficient, humane,
and sustainable future for poultry farming.
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Advancements in crop genetics and biotechnology are transforming agriculture by enhancing crop
yield, resilience, and sustainability. Technologies like CRISPR gene editing, transcriptomics, and
synthetic biology are helping develop disease-resistant, drought-tolerant, and nutritionally enriched
crops. CRISPR allows precise DNA maodifications, while transcriptomics aids in identifying stress-
resilient genes. Synthetic biology is paving the way for self-fertilizing and pest-resistant crops, reducing
reliance on chemicals. Despite the regulatory and ethical challenges, these innovations are paving the
way for a more resilient, efficient, and sustainable agricultural system. As global food demand continues
to rise, integrating these biotechnological advancements into mainstream agriculture will be crucial for

ensuring food security and environmental sustainability in the coming decades.

Introduction

The global population is expected to reach 10
billion by 2050, raising concerns about food
security, environmental sustainability, and
climate change. Traditional farming methods
alone cannot meet this growing demand.
Fortunately, advancements in crop genetics and
biotechnology are offering revolutionary
solutions. Scientists are using cutting-edge tools
like CRISPR gene editing, transcriptomics, and
synthetic biology to develop crops that are high-
yielding, resilient to climate change, and
environmentally sustainable. These innovations
are transforming modern agriculture and paving
the way for a more secure and productive food
system.

CRISPR: The Magic Tool Behind Super
Crops

Gene editing is revolutionizing agriculture,
and CRISPR (Clustered Regularly Interspaced
Short Palindromic Repeats) is leading the
charge. This tool allows scientists to make
precise changes to plant DNA, enabling them to
enhance disease resistance, improve nutritional
value, and increase crop yield.
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One of the most remarkable applications of
CRISPR in agriculture is the development of
disease-resistant crops. Researchers have
successfully edited genes in rice and wheat to
make them resistant to fungal infections,
reducing the need for chemical pesticides (Wang
et al., 2016). Similarly, CRISPR has been used
to develop tomatoes enriched with antioxidants,
offering better health benefits. Another
groundbreaking application is drought-resistant
crops. Scientists have edited genes in maize to
help plants survive on less water, a crucial
advancement for regions suffering from water
scarcity (Shietal., 2017). Furthermore, CRISPR
has been used to enhance the nutritional profile
of food, such as Golden Rice, which has been
genetically modified to produce more vitamin A,
addressing malnutrition in developing countries
(Beyer et al., 2002).

Although CRISPR technology is still
subject to regulatory debates in many countries,
its potential for transforming agriculture is
immense and promising.
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Unraveling the Secrets of Plants with

Transcriptomics

Have you ever wondered how plants
respond to their environment? The answer lies in
transcriptomics, the study of gene expression.
This technology allows scientists to analyze
which genes are turned on or off when plants
face stress, such as drought, disease, or pests.
One key application of transcriptomics is the
development of climate-resilient crops. By
studying plant responses under extreme
conditions, researchers can identify genes
responsible  for drought tolerance, heat
resistance, and pest defense. For instance,
transcriptome analysis in wheat and rice has
helped identify genes that enhance water
retention and root development, leading to
improved drought resistance (Garg et al., 2016).
Transcriptomics is also playing a vital role in
boosting crop yields. Scientists are studying how
genes regulate flowering time and grain size,
which directly impact productivity. By selecting
plants with optimal gene expression patterns,
breeders can develop varieties that produce
higher yields with better quality grains (Zhang et
al., 2021). With rapid advancements in next-
generation sequencing (NGS), transcriptomics is
becoming a powerful tool in breeding programs,
helping scientists design crops that can thrive in
a rapidly changing climate.
Synthetic Biology: Designing the Crops
of Tomorrow

Synthetic biology is pushing the boundaries
of genetic engineering by creating entirely new
biological pathways in plants. This innovative
field is transforming agriculture by making
crops self-sufficient, pest-resistant, and more
efficient. One of the most promising
developments is self-fertilizing crops. Currently,
farmers rely on nitrogen fertilizers to boost
yields, but these fertilizers cause serious
environmental ~ damage, including  soil
degradation and water pollution. Scientists are
now using synthetic biology to engineer crops
like wheat and maize to fix atmospheric
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nitrogen, reducing the need for chemical
fertilizers (LOpez-Torrejon et al., 2016).
Another exciting application is the development
of pest-resistant plants. By introducing synthetic
defense mechanisms, crops can naturally repel
insects, reducing the need for harmful pesticides
(Jander et al., 2016). In addition, synthetic
biology is being used to improve photosynthesis
efficiency, enabling plants to convert more
sunlight into energy, resulting in higher yields
with less land and water (South et al., 2019). As
research progresses, synthetic biology is set to
revolutionize farming, making agriculture more
sustainable, efficient, and environmentally
friendly.

The Future of Agriculture

With climate change threatening food
production and increasing demand for
sustainable farming, biotechnology is playing a
crucial role in shaping the future of agriculture.
CRISPR, transcriptomics, and synthetic biology
are not only improving crop resilience but also
reducing dependence on harmful chemicals,
excessive fertilizers, and intensive land use.
However, challenges remain. Regulatory
policies, public perception, and ethical concerns
over genetically modified organisms (GMOs)
need to be addressed to ensure widespread
acceptance of these technologies. Governments
and research institutions must work together to
educate farmers and consumers about the
benefits of gene-edited crops and implement
regulations that promote safe and responsible
use. With continued scientific advancements
and policy support, biotechnology holds the key
to feeding the world sustainably, ensuring a
brighter and more food-secure future.

Conclusion

The future of farming isn’t just about
expanding agricultural land or increasing
mechanization—it’s about using smart science
to build a more resilient and sustainable food
system. The breakthroughs in CRISPR gene
editing, transcriptomics, and synthetic biology
are paving the way for crops that can withstand
climate change, resist diseases, and provide
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better nutrition. As these technologies continue
to evolve, they will help ensure global food
security while protecting our environment for
generations to come.
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Introduction

Development of novel approaches to

combat plant disease are a need of the hour for
developing a sustainable agriculture system.
One such strategyis to use mycorrhiza
(Aruscular mycorrhizal fungi), to increase plant
resistance  against certain  phytopathogens.
Myecorrhizal fungi are critical for increasing
nutrient uptake, boosting plant defenses, and
suppressing soilborne pathogens (Wang et al.,
2020). To increase agricultural sustainability
and productivity, it is important to understand
the complicated processes through which

mycorrhiza  helpsin the preventing plant
diseases.

Mycorrhizae:  Classification  and
Functions

Ectomycorrhizae (ECM)

o  Establishes a sheath around outer surface of
plant roots and do not penetrate the root
cells.

e Commonly found in woody plants like
pine, oak, and eucalyptus.

e Improve nutrient exchange between soil
and plants enhancing  particularly
phosphorus and nitrogen uptake.

Endomycorrhizae (AMF - Arbuscular

Mycorrhizae)

e Colonize the cortical cells of roots by
penetrating the root cells, forming
arbuscules that increases nutrient and water
uptake.
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e  Proves out to be beneficial for a wide range
of crops, like wheat, maize, and legumes
(Chen et al., 2019).

Mycorrhizal fungi increase the surface area
for nutrient absorption by expanding its root
system through a network of hyphae. Such type
of interaction promotes acquisition of
phosphorus and nitrogen , which are crucial for
plant's growth and development of resistance
against various phytopathogens (Jiang et al.,
2021).

Mechanisms of Mycorrhiza-Mediated

Disease Suppression
Myecorrhizae helps in management of plant

diseases though a variety of direct and indirect

methods.

1. Induced Systemic Resistance (ISR)
Colonization of mycorrhiza faciliates the

activation of induces systemic resistance in

plants, helping them to fight against various

phytopathogens. Such a response requires a

complicated signaling pathways, such as the

activation of jasmonic acid and ethylene-

dependent defenses (Li et al., 2022).

2. Nutrient Optimization and Plant Vigor
Enhancement of nutrient uptake via

mycorrhiza helps in boosting of metabolic

activities of plants making them robust and
strong enough to fight against pathogen-induced
stresses, thus reducing the prevalence of fungal

and bacterial diseases (Wu et al., 2020)

3.  Competitive Exclusion of Pathogens
Mycorrhizal hyphae compete against

soilborne pathogens for space and nutrition,
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therefore limiting their growth and proliferation
in the rhizosphere (Xie et al., 2019).
4. Production of Antimicrobial Metabolites

Certain  mycorrhizal fungi synthesize
biologically active compounds, such as
phenolics and terpenoids, which enables the
inhibition various phytopathogens. A natural
biocontrol mechanism like this helps to suppress
diseases like root rot and vascular wilts (Zhang
etal., 2023).
5. Regulation of Soil Microbiota

Colonization of mycorrhiza promotes the
growth of beneficial microbial consortia of soil,
creating an environment where antagonistic
microbes can suppress the activity of plant
pathogens (Chen & Zhou, 2021). Such a
dynamic balance contributes to long-term soil
health and disease resistance.Agricultural
Applications of Mycorrhizae in Disease
Management

Mycorrhizal ~fungi are now being
progressively  integrated  into  modern
agricultural practices for enhancing crop
resilience and sustainability:
« Mycorrhizal Biofertilizers: can be utilized
for improving soil fertility which would reduce
dependency on synthetic fertilizers (Liu et al.,
2019).
- Biological Control Agents: can be applied
along with mycorrzhizal spores as a sustainable
alternative to synthetic fungicides, reducing
pathogen infection (Zhou et al., 2022).
« Crop Rotation and Soil Management:
encouraging of mycorrhizal associations
through rotational cropping and organic
amendments helps in maintaining of healthy soil
microbiomes (Wang & Zhang, 2020).

Conclusion

The role of mycorrhizal fungi in plant
disease management is a promising avenue for
sustainable agriculture. One promising approach
to sustainable agriculture is the wuse of
mycorrhizal fungus in the control of plant
diseases. Mycorrhizae are natural biocontrol
agents that improve nutrient uptake, boost plant
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immunity, and promote beneficial microbial
interactions. The integration of mycorrhizal
technology into agricultural systems gives an
opportunity to reduce chemical inputs while
improving crop health and production. Future
research  should focus on  optimizing
mycorrhizal inoculants tailored to specific crops
and soil conditions to maximize their disease-
suppressive potential.
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Introduction

Biofertilizers are natural fertilizers that

contain living microorganisms, such as
bacteria, fungi, and algae, which enhance soil
fertility and promote plant growth. These
beneficial microbes colonize plant roots and
improve nutrient availability by fixing
atmospheric nitrogen, solubilizing phosphorus,
and decomposing organic matter to release
essential nutrients. Unlike chemical fertilizers,
biofertilizers are eco-friendly and sustainable,
making them a crucial component of modern
organic and sustainable agriculture. The
primary types of biofertilizers include
nitrogen-fixing bacteria (e.g., Rhizobium,
Azotobacter, and Azospirillum), phosphate-
solubilizing bacteria (Pseudomonas and
Bacillus species), and mycorrhizal fungi that
enhance nutrient absorption. Additionally,
cyanobacteria (blue-green algae) and plant
growth-promoting bacteria (PGPB) also
contribute to improved soil health and crop
productivity. One of the major advantages of
biofertilizers is their role in reducing the
dependency on chemical fertilizers, which can
lead to soil degradation, water pollution, and
environmental imbalances. By promoting
natural nutrient cycles, biofertilizers improve
soil structure, enhance water retention, and
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increase resistance to pests and diseases. They
also contribute to carbon sequestration, helping
mitigate climate change. The use of
biofertilizers is particularly beneficial in
organic farming, sustainable agriculture, and
integrated nutrient management systems. They
are cost-effective, easy to apply, and improve
long-term soil fertility. However, their
effectiveness depends on factors such as soil
conditions, microbial compatibility with
plants, and proper application techniques. With
increasing concerns about environmental
sustainability and soil health, biofertilizers
offer a promising alternative to chemical
fertilizers. Their adoption can contribute to
higher  agricultural  productivity — while
preserving natural ecosystems, making them a
vital tool for the future of global food security.

Types of Biofertilizers :

Biofertilizers are classified based on the
type of microorganisms they contain and their
function in enhancing soil fertility and plant
growth. The major types include:

1. Nitrogen-Fixing Biofertilizers

These biofertilizers contain
microorganisms that convert atmospheric
nitrogen into a form that plants can absorb.
They are essential for crops that require high
nitrogen levels.
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> Symbiotic Nitrogen-Fixers
(Rhizobium): Forms nodules on the roots of
leguminous plants (e.g., peas, beans, lentils)
and fixes nitrogen.

»  Free-Living Nitrogen-Fixers
(Azotobacter, Azospirillum): Independently
fix nitrogen in the soil, benefiting non-
leguminous crops like cereals.

» Cyanobacteria (Blue-Green Algae)
(Anabaena, Nostoc): Found in paddy fields,
they enhance nitrogen levels in flooded soils.
2. Phosphate-Solubilizing

Biofertilizers (PSB)

These microorganisms dissolve insoluble
phosphorus in the soil, making it available to
plants.

o Examples: Pseudomonas,
Aspergillus (fungus)

o Suitable for cereals, pulses, vegetables, and
fruit crops.

3. Potassium-Solubilizing

Biofertilizers (KSB)

These microbes release potassium from
soil minerals, increasing its availability to
plants.

o Example: Bacillus

Frateuria aurantia

4. Mycorrhizal Biofertilizers
(Vesicular Arbuscular Mycorrhiza -

VAM)
These fungi form symbiotic associations

with plant roots, improving water and nutrient
uptake, especially phosphorus.

o Examples: Glomus, Gigaspora

o Beneficial for trees, vegetables, and cereals.
5. Composting Biofertilizers

(Decomposers)

These microbes help in the decomposition
of organic matter, converting plant and animal
waste into nutrient-rich compost.

e Examples:  Trichoderma,  Aspergillus,
Cellulomonas
6. Sulfur-Oxidizing Biofertilizers

These microbes help convert sulfur into

sulfate, an essential plant nutrient.
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. Example: Thiobacillus

By using these biofertilizers, farmers can
improve soil fertility, reduce dependence on
chemical fertilizers, and promote sustainable
agriculture.

Role of Biofertilizers in Soil:
Biofertilizers play a crucial role in
enhancing soil health and fertility by
introducing beneficial microorganisms that
improve nutrient availability, promote plant
growth, and maintain ecological balance.
Unlike chemical fertilizers, which provide
direct nutrients but may degrade soil over time,
biofertilizers work naturally to sustain long-
term soil productivity.
1. Enhancing Soil Fertility: Biofertilizers
improve soil fertility by fixing atmospheric
nitrogen,  solubilizing  phosphorus  and
potassium, and decomposing organic matter.
Microbes like Rhizobium, Azotobacter, and
Azospirillum convert atmospheric nitrogen into
plant-usable forms, reducing the need for
synthetic nitrogen fertilizers. Phosphate-
solubilizing bacteria (Pseudomonas, Bacillus)
break down insoluble phosphorus, making it
available to plants, while potassium-
solubilizing bacteria release potassium from
minerals.
2. Improving Soil Structure and Organic
Matter: Biofertilizers enhance soil structure
by increasing organic matter content and
microbial activity. They promote the formation
of soil aggregates, which improve aeration,
water retention, and root penetration.
Mycorrhizal fungi form symbiotic
relationships with plant roots, enhancing
nutrient and water absorption while stabilizing
soil particles.
3. Boosting Microbial Diversity: The
introduction of beneficial microorganisms
through biofertilizers enhances microbial
diversity in the soil, leading to a more balanced
and resilient ecosystem. These microbes
outcompete harmful pathogens, reducing soil-
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borne diseases and increasing plant resistance
to stress.

4. Reducing Soil Degradation and Pollution:
Unlike chemical fertilizers, biofertilizers do
not contribute to soil degradation, water
contamination, or greenhouse gas emissions.
They maintain the natural nutrient cycle and
prevent issues like soil acidification,
salinization, and loss of biodiversity.

5. Supporting Sustainable Agriculture: By
reducing dependence on synthetic inputs,
biofertilizers promote eco-friendly and cost-
effective farming. Their use leads to healthier
soils, higher crop productivity, and long-term
sustainability, making them a key component
of organic and regenerative agriculture.

Application of Biofertilizers:
Biofertilizers can be applied to crops in
several ways, depending on the type of
microorganism used and the crop’s
requirements. Proper application ensures
maximum benefits in terms of soil fertility,
nutrient availability, and plant growth. Below
are the major methods of biofertilizer
application:
1. Seed Treatment (Seed Inoculation): Seeds
are coated with a biofertilizer solution before
planting. A mixture of biofertilizer (e.g.,
Rhizobium, Azotobacter, Azospirillum) and a
sticking agent (like jaggery or gum arabic) is
applied to the seeds. Treated seeds are dried in
shade before sowing. This method enhances
nitrogen fixation and promotes early seedling
establishment.
2. Soil Application: Biofertilizers are mixed
with compost or organic manure and applied to
the soil before or during planting. Phosphate-
solubilizing bacteria (PSB), potassium-
solubilizing bacteria (KSB), and decomposing
microbes (Trichoderma, Aspergillus) are
commonly used. This method improves soil
microbial activity and nutrient availability.
3. Root Dipping: Used mainly for transplanted
crops like rice, wvegetables, and fruits.
Seedlings are dipped in a biofertilizer slurry for
15-30  minutes  before  transplanting.
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Mycorrhizal biofertilizers and Azospirillum are
commonly used in this method.

4. Foliar Spray: Biofertilizers, particularly
plant growth-promoting bacteria (PGPB) and
phosphate-solubilizing microbes, can be
sprayed directly onto plant leaves. This method
enhances nutrient absorption and improves
plant resistance to diseases.

5. Drip Irrigation and Broadcasting:
Biofertilizers can be applied through drip
irrigation, ensuring direct delivery to plant
roots. In large-scale farming, biofertilizers can
be broadcast over fields along with organic
matter.

Constraints in Biofertilizers :

Despite their numerous benefits, the
widespread adoption of biofertilizers faces
several challenges and constraints. These
limitations can affect their efficiency, shelf life,
and overall impact on soil fertility and crop
productivity.

1. Limited Shelf Life and Storage Issues:
Biofertilizers contain living microorganisms
that require proper storage conditions (cool and
dry places). High temperatures, moisture, and
prolonged storage can reduce microbial
viability, affecting effectiveness.

2. Slow Nutrient Release: Unlike chemical
fertilizers, biofertilizers work gradually as
microorganisms establish themselves in the
soil. They may take longer to show results,
requiring patience and long-term use for
noticeable benefits.

3. Sensitivity to Environmental Conditions:
The effectiveness of biofertilizers depends on
soil type, pH, temperature, and moisture levels.
Unfavorable conditions, such as drought,
extreme temperatures, or poor soil quality, can
reduce microbial activity and survival.

4. Incompatibility with Chemical Inputs:
The excessive use of chemical fertilizers,
pesticides, and herbicides can harm beneficial
biofertilizer microbes. Farmers often rely on
agrochemicals, which may reduce the
effectiveness of biofertilizers when used
together.
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5. Lack of Awareness and Adoption: Many
farmers are unaware of the benefits of
biofertilizers or lack the technical knowledge for
proper application. Limited access to training
and demonstrations affects their adoption.

6. Quality Control and Standardization
Issues: Variability in the quality of biofertilizer
products due to inadequate regulations and
production standards. Contaminated or poor-
quality biofertilizers may fail to deliver expected
results.

7. Market and Distribution Challenges:
Limited availability of biofertilizers in rural
areas affects their accessibility for farmers. High
transportation costs and lack of incentives
discourage widespread use.

Conclusion:

Biofertilizers are a sustainable and eco-
friendly alternative to chemical fertilizers,
playing a vital role in improving soil fertility,
enhancing crop productivity, and promoting
environmental sustainability. They harness
beneficial microorganisms to fix nitrogen,
solubilize phosphorus and potassium, and
improve organic matter decomposition, ensuring
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long-term  soil health. Unlike chemical
fertilizers, biofertilizers do not degrade the soil
or cause environmental pollution, making them
essential for sustainable agriculture. Despite
their numerous benefits, biofertilizers face
challenges such as limited shelf life, slow
nutrient release, sensitivity to environmental
conditions, and lack of awareness among
farmers. Addressing these constraints through
improved storage methods, farmer education,
and quality control measures can boost their
adoption. With growing concerns about soil
degradation, climate change, and food security,
the use of biofertilizers presents a promising
solution for sustainable farming. Governments,
agricultural researchers, and farmers must work
together to promote biofertilizer usage through
awareness programs, subsidies, and improved
distribution  networks. By integrating
biofertilizers into modern agricultural practices,
we can achieve higher crop yields while
preserving soil health and protecting the
environment for future generations. Therefore,
biofertilizers are not just an alternative but a
necessity for achieving sustainable and eco-
friendly agriculture.
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Rhizobium: A Key Player in Nitrogen Fixation
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Introduction

A genus of soil bacteria called Rhizobium is

essential to the biological nitrogen fixing
process. In order to transform air nitrogen into a
form that plants may use for growth, these
bacteria and leguminous plants develop a
symbiotic interaction. Rhizobium is a crucial
part of sustainable agriculture because of this
natural process, which increases soil fertility and
lessens reliance on artificial fertilizers.

Classification and Characteristics
Rhizobium belongs to the phylum

Proteobacteria, class Alphaproteobacteria,
and family Rhizobiaceae. It is a Gram-negative,
rod-shaped bacterium that is motile due to the
presence of flagella. These bacteria thrive in soil
and associate primarily with legumes, where
they colonize root systems to form specialized
structures known as root nodules.

Symbiotic Relationship with

Leguminous Plants

Rhizobium establishes a mutualistic
relationship with leguminous plants, where both
organisms benefit:

1. Infection and Nodule Formation:
Rhizobium bacteria enter the root hairs of
leguminous plants and induce the formation
of nodules.

2. Biological Nitrogen Fixation: Inside these
nodules, the bacteria use the enzyme
nitrogenase to convert atmospheric
nitrogen (N2z) into ammonia (NHs), which is
assimilated into amino acids and proteins
by the plant.
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3. Plant Support: The fixed nitrogen is

utilized by the plant for growth, while the
plant provides the bacteria with
carbohydrates and a protective
environment.

Importance of Rhizobium in Agriculture

1. Enhanced Soil Fertility: Rhizobium
enriches the soil with nitrogen, benefiting
subsequent crops in crop rotation systems.

2. Reduction in Chemical Fertilizer Use: By
naturally fixing nitrogen, Rhizobium
reduces the need for nitrogen-based
fertilizers, lowering costs and
environmental pollution.

3. Sustainable Agriculture: It supports eco-
friendly farming practices by improving
soil health and minimizing chemical runoff.

4. Improved Crop Yield: Leguminous crops
inoculated with Rhizobium have better
growth, higher protein content, and
improved resistance to environmental
stress.

Rhizobium Inoculation and Application
To maximize benefits, farmers use

Rhizobium inoculants, which are artificially

cultured bacteria applied to seeds or soil. This

enhances nitrogen fixation, particularly in soils

lacking native Rhizobium strains. The

inoculation process includes:

e Seed Coating: Seeds are treated with a
Rhizobium suspension before planting.

e Soil Application: Rhizobium cultures are
directly introduced into the soil.

e Root Dipping: Seedlings are dipped in a
bacterial solution before transplantation.
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Factors Affecting Rhizobium 5. Presence of Soil Microbes: Competition
with other soil microbes can influence

Effectiveness hizobium effecti
Several factors influence the efficiency of Rhizo .|um effectiveness.
Rhizobium in nitrogen fixation: Conclusion
1. Soil pH: Optimal pH ranges from 6.0 to 7.0. Rhizobium plays a vital role in agricultural
2. Temperature: Best activity occurs between sustainability by naturally enriching soil
25-30°C. nitrogen levels. Its symbiotic relationship with
3. Moisture Levels: Sufficient soil moisture is legumes enhances crop productivity and reduces
essential for bacterial survival. the environmental impact of synthetic fertilizers.
4. Availability of Host Plants: Rhizobium By integrating Rhizobium-based biofertilizers
requires compatible leguminous plants for into farming practices, we can promote eco-
effective colonization. friendly agriculture, ensuring long-term soil

fertility and food security.
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T he use of blockchain technology in agriculture

has the potential to revolutionize the way food is
grown, distributed, and tracked. Blockchain is a
secure and transparent digital ledger that can be
used to record transactions and track the
movement of goods. In the context of
agriculture, blockchain can be used to improve
traceability, transparency, and security in the
food supply chain (Xiong et al., 2020).

One of the main benefits of using
blockchain technology in agriculture is that it
can help to increase transparency and
traceability in the food supply chain. Blockchain
can be used to record information about the
origin, movement, and quality of food products,
making it easy for consumers to know where
their food comes from and how it was produced.
This can help to improve food safety, reduce
fraud, and increase consumer trust in the food
system. Another benefit of using blockchain in
agriculture is that it can help to improve the
efficiency and transparency of agricultural
supply chains (Kamilaris et al., 2019) . By
recording information about the origin and
movement of agricultural products on the
blockchain, it becomes possible to quickly and
easily track the movement of goods, reducing
the need for paper-based documentation and
streamlining supply chain operations.

In addition, blockchain technology can be
used to improve the transparency and
traceability of agricultural inputs such as seed,
fertilizer, and chemical. Blockchain can also be
used to create a decentralized marketplace for
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agricultural inputs, allowing farmers to purchase
inputs directly from suppliers, increasing
transparency and reducing costs. Overall, the
use of blockchain technology in agriculture has
the potential to improve food safety, reduce
fraud, increase transparency, and streamline
supply chain operations. However, there are still
some challenges to be addressed such as
adoption, scalability and regulatory frameworks
before it can be widely adopted (Bermeo-

Almeida et al., 2018).

Here are a few more examples of how
blockchain = technology can be used in
agriculture:

1. Smart Contracts: Smart contracts are digital
contracts that can be automatically executed
when certain conditions are met. In
agriculture, smart contracts can be used to
automate payments and other transactions
between farmers, processors, and retailers.
For example, a smart contract could be set up
to automatically release payment to a farmer
once a shipment of produce has been
delivered to a retailer.

2. Traceability: Blockchain technology can be
used to create a tamper-proof record of the
origin and movement of food products. This
can help to improve food safety by making it
easier to trace the source of foodborne
illnesses. It also helps to increase consumer
trust by providing transparency into the food
supply chain.

3. Supply chain financing: Blockchain
technology can be used to enable supply
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chain financing, enabling farmers to access
financing based on the value of their
agricultural assets, such as crops and land.
Blockchain can also be used to create
decentralized marketplaces for agricultural
inputs, allowing farmers to purchase inputs
directly from suppliers, reducing costs.

4. Land registration: Blockchain technology
can be used to create a tamper-proof record
of land ownership, enabling farmers to secure
their property rights and access credit. It can
also be used to improve transparency and
reduce fraud in land transactions.

5. Carbon credits: Blockchain can be used to
create a transparent and verifiable system for
tracking and trading carbon credits. This can
help farmers to monetize the carbon
sequestration potential of their land, and help
to reduce greenhouse gas emissions.

6. Weather derivatives: Blockchain can be
used to create decentralized marketplaces for
weather derivatives, enabling farmers to
hedge against weather-related risks such as
drought and floods.

7. Livestock tracking: Blockchain technology
can be used to create a tamper-proof record
of the origin and movement of livestock,
enabling farmers to improve transparency
and traceability in the livestock supply chain.
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In conclusion, blockchain technology has
many potential applications in agriculture, from
increasing transparency and traceability to
improving efficiency and reducing costs.
However, it's important to note that blockchain
is still a relatively new technology and the full
extent of its potential applications in agriculture
has yet to be fully realized. Also, there are still
regulatory and technical challenges to be
addressed before it can be widely adopted.
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Pruning and training are essential for optimizing mulberry tree growth and productivity. Pruning
methods include bottom pruning (10-15 cm height) for bush development, middle pruning (60 cm
height) for growth control, top pruning (90 cm height) for height management, and the Kolar system
for intensive pruning in closely planted areas. These techniques enhance vegetative growth, facilitate
leaf production for silkworm rearing and improve tree health. Training methods, including Fist and
Non-fist form training, shape tree structure and productivity. Proper pruning and training ensure better
aeration, sunlight exposure and ease of cultural operations, leading to healthy foliage and increased

yield.
Introduction

Pruning and training are essential practices in

the cultivation of mulberry trees, aimed at
optimizing their growth and productivity.
Bottom pruning or annual pruning, involves
cutting shoots to a height of 10-15 cm above
ground during June-July. This method promotes
branching and bush development, particularly in
both irrigated and rain-fed planting systems.
Middle pruning occurs at a height of 60 cm
above ground during January's first shoot

ensure optimal growth. Fist form training
involves repeated pruning at the same branch
location, leading to an increase in trunk diameter
without height gain. In contrast, Non-fist form
training involves cutting above the branching
point, which allows the tree's height to increase
while preventing the development of a fist. Both
methods are crucial for managing tree form and
productivity in mulberry cultivation.

Objectives: Methodical cut off some branches
of the mulberry plant is called pruning

harvest in irrigated systems, focusing on » To maintain a convenient height for harvest
managing tree growth and fruit production. Top > To induce more vegetative growth

pruning, also known as high cut or stepwise > To maintain the shape & size of plant
pruning, entails cutting branches to 90 cm, > To adjust the leaf production period to
which helps in controlling the height and synchronize with leaf requirements for
ensuring a more manageable tree structure. The silkworm rearing

Kolar system or strip system involves severe > To extend the leaf production period with
pruning where branches are cut to ground level respect to season.

at 10-15 cm above the soil. This method, used in » To remove dead & deformed wood

closely planted areas, necessitates frequent > To make cultural operations easier
pruning-up to five times annually-and requires > To expose the plant to better sunlight
substantial fertilization and irrigation to support » To provide better aeration for the plant
the tree's health. Training techniques which ensures luxuriant & healthy growth
complement pruning by shaping the tree to of foliage
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Methods/Type of Pruning

Varies from place to place, according to
geographical locations, methods of silkworm
rearing, type of training, irrigated condition etc.

There are 4 Types of Pruning

1. Bottom pruning (Annual Pruning) (Low cut
pruning)

2. Middle pruning

3. Top pruning (High cut or stepwise pruning)
4. Kolar system of pruning (Strip system of
pruning)

1. Bottom Pruning (Annual Pruning)
(Low Cut Pruning):

» Shoots pruned at a height of 10-15 cm

above ground level during June- July

» To facilitate tree branching and maximum
bush development

» Followed for Irrigated & rain fed pit system
of planting

2. Middle Pruning: Shoots pruned at a height
of 60 cm above ground level at first shoot
harvest during January in Irrigated pit system of
planting

3. Top Pruning (High Cut or Stepwise
Pruning): Mulberry branches are cut at the top
or to the soft portion to the height of 90 cm

4. Kolar System of Pruning (Strip System
of Pruning)

» Branches are cut to the ground level where;
pruning & harvesting are done together at
10-15 cm above the ground level.

» In closely planted area, this type of pruning
is done.

» The branches are cut at ground level every
time.
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» Thus, it receives five pruning every year.
» This type of severe pruning requires heavy
fertilization and irrigation

Training: Pruning is done systematically to
give specific shape to the tree is called training
2 types of training 1. Fist form of training 2.
Non-Fist form of training

Fist Form of Training: Due to repeated
pruning of the same branches on the same place
every year, the top part of the trunk gradually
rises in diameter without an increase in height is
called fist form of training.

Non-Fist Form of Training: Branches are cut
at a level higher than the branching point every
year as a result the branching point of the shoot
increases in height every year Hence fist does
not develop called Non-fist form of training.

Conclusion

Effective pruning and training are vital for
enhancing the growth, structure, and
productivity of mulberry trees. Bottom, middle,
top and Kolar pruning techniques each address
specific growth aspects and planting conditions,
ensuring optimal development and fruit
production. Complementing these pruning
methods with appropriate training techniques-
whether Fist form for trunk thickening or Non-
fist form for height control-further refines tree
form and productivity. Together, these practices
enable growers to manage mulberry trees
efficiently, maximizing their health and yield

while adapting to varying cultivation
environments and needs.
FEBRUARY 2025 Page | 59




ISSN : 3048 - 989X

F/ INNOVATIVE AGRICULTURE \Y
T/

-— ~—

ACTINOMYCETES AS A BIOCONTROL AGENT FOR THE

MANAGEMENT OF PLANT PARASITIC NEMATODES

Mr. S. Naveen Kumar? and Dr. Jancy Rani, K.?

UG Student, Adhiyamaan College of Agriculture and Research, Athimugam, Hosur, Krishnagiri
(Dist.) Tamil Nadu 635 105
2Assistant Professor, Department of Nematology, Adhiyamaan College of Agriculture and
Research, Athimugam, Hosur, Krishnagiri (Dist.) Tamil Nadu 635 105

Plant parasitic nematodes pose a significant threat to agricultural and horticultural crop yields
worldwide. The conventional use of chemical nematicides for their management has adverse effects on
human health and the environment, and nematodes often develop resistance to these chemicals. This
paper explores the potential of actinomycetes, specifically the Streptomyces genus, as a natural and
environmentally safe alternative for nematode control. Actinomycetes, being gram-positive filamentous
bacteria, produce various secondary metabolites that exhibit nematicidal properties. They can directly
affect nematodes by producing nematicidal compounds and suppressing egg hatching or indirectly by
altering the soil microbial community and enhancing plant defense mechanisms. Actinomycetes-based
biocontrol agents have also garnered attention for their efficacy in managing plant parasitic nematodes.
Despite certain drawbacks, such as host specificity and strain variation, specific Streptomyces strains
have shown the potential to reduce nematode infestations and promote plant growth. The integration of
actinomycetes as biocontrol agents offers a sustainable and eco-friendly approach to managing plant
parasitic nematodes, reducing crop yield losses, and contributing to more resilient agricultural practices.

materials. ~ These  characteristics  make
actinomycetes effective biocontrol agents
against many soil-borne and foliar diseases, and
they also promote plant growth (Shimizu et al.,
2000). Moreover, actinomycetes have been used

Introduction

Plant parasitic nematodes cause significant

yield loss in most agricultural and horticultural
crops worldwide. The use of conventional

management techniques, such as chemical
nematicides, has adverse effects on human
health and the environment. Additionally,
nematodes can develop resistance to the
continuous application of these chemicals.
Therefore, it is crucial to explore safer
environmental methods for nematode control.
Consequently, natural alternatives need to be
investigated to  address  this  issue.
Actinomycetes, which are gram-positive,
filamentous bacteria that form a branched
filament network for spore production, show
promise as a natural alternative. These bacteria
are found in terrestrial or aquatic habitats and are
known for their biodegrading behavior. They
secrete various extracellular enzymes that
degrade chitin, lignin, and other organic
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to manage plant parasitic nematodes. Plant
parasitic nematodes are one of the most
important, yet commonly unnoticed, organisms
among farmers, causing considerable yield loss
in major agricultural and horticultural crops.
Recently, nanoparticles have gained attention
for managing plant parasitic nematodes.
Actinomycetes, too, have garnered interest as an
effective and environmentally safe method for
controlling these nematodes. This paper will
discuss the potential of actinomycetes as
biocontrol agents for the management of plant
parasitic nematodes.

Mechanism of Actinomycetes in Plant

Parasitic Nematode Management
The actinomycetes control the nematodes
directly or indirectly by secretion of secondary
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metabolites. The direct effects are (1) The
production of nematicidal compounds and (2)
Suppression of nematode's egg hatching. The
indirect effects are (1) altering the soil microbial
community and (2) Enhancing plant defense
mechanisms.

Actinomycetes
Compounds

Actinomycetes are utilized for managing
plant parasitic nematodes through the
production of various secondary metabolites that
possess nematicide properties. Among the
actinomycetes, Streptomyces spp. is a prominent
group exhibiting activity against plant-parasitic
nematodes. Some notable secondary metabolites
produced by Streptomyces sp. include
fervenulin  and  6,8-dihydroxy  3-methyl
isocoumarin. Additionally, benzenepropanoic
acid, produced by Micromonospora sp., has
been demonstrated to kill Meloidogyne
incognita (Ruanpanun et al., 2011; Ran et al.,
2022). These instances underscore the
effectiveness of actinomycetes in managing
plant parasitic nematodes.

Suppression of Nematode’s Egg Hatching

Natural products from actinomycetes,
especially Streptomyces spp., hold great promise
as chemical sources for managing plant-parasitic
nematodes (Samac and Kindel, 2001).
Fervenulin, also known as planomycin, is a
yellow crystalline solid isolated from
Streptomyces fervens and S. rubrireticuli. This
compound has been demonstrated to
significantly reduce the percentage of egg
hatching and increase the percentage of second-
stage juvenile mortality of Meloidogyne
incognita (Ruanpanun et al., 2010).

Altering the Soil Microbial Community:

Soil nematodes are extremely sensitive to
alterations in their habitat (Shen et al., 2005).
Actinomycetes impact nematodes indirectly by
influencing soil microbial communities. These
bacteria produce specific compounds that alter

Produce Nematicidal
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community creates an environment that is less
conducive to nematode survival and
development, ultimately reducing the nematode
population.

Enhancement of Plant

Mechanisms:

Actinomycetes can bolster the natural
defense mechanisms of plants against plant
parasitic nematodes. By inducing systemic
resistance, actinomycetes make plants more
resilient to nematode infestations. This is
achieved by prompting the production of
defense-related compounds within the plants
and activating specific signaling pathways that
enhance their defensive capabilities.
Chemotaxis Responses of PPN to
Streptomyces spp.:

Chemotaxis, which is the movement of
organisms in response to chemical stimuli, plays
a vital role in the interaction between plant
parasitic nematodes (PPN) and Streptomyces
spp. This species produces secondary
metabolites that either attract or repel
nematodes, thereby influencing their behavior
and ultimately affecting the nematode
population in the soil (Guo et al., 2020). The
chemotactic  mechanism is crucial, as
Streptomyces spp. strains produce volatile
organic compounds or excrete specific
chemicals that serve as attractants, drawing
nematodes towards the vicinity of Streptomyces
colonies.

Actinomycetes as Biological Control of
Plant Parasitic Nematodes:

Streptomyces, a genus within the
actinomycetes group, has been extensively
studied for its ability to produce diverse
antimicrobial compounds, including metabolites
and organic compounds, some of which have
nematicidal  properties. These  bioactive
compounds can disrupt nematode physiology,
resulting in paralysis, inhibition of feeding, and
ultimately the death of the nematode. Various
Streptomyces spp., such as S. vyatensis, S.

Defense

the microbial composition and activity in the pactum, S. rochei,
rhizosphere. As a result, the modified microbial
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Streptomyces spp- control against phytonematodes

Other plant-

parasitic nematodes

= M. incognita = M. javanica

= Meloidogyne spp.

Other plant-parasitic nematodes

Figure 1. The diagram represents the reported effectiveness of Streptomyces spp. against PPN
(Janani et al., 2024)

S. rubrogriseus, S. lincolnensis, S.
hygroscopicus, S. antibioticus strain M7, S.
albogriseolus ND41, and S. fimicarius D153,
have shown potential in controlling nematodes.
Streptomyces-derived compounds like
arenimycin, carboxamycin, fervenulin,
hygromycin, and lincomycin have demonstrated
nematicide potential. Additionally,
Streptomyces spp. act as elicitors of plant
defenses against nematode intruders by
displaying endophytic potential, promoting
plant growth, being compatible with other
antagonists, and being safe for non-target
organisms.

Yuan-yuan Ma et al. (2017) demonstrated
the efficacy of a 1:1 mixture of Streptomyces
pactum and S. rochei as a biocontrol agent
against root-knot nematodes in tomatoes. The
results showed a 37% decrease in root gall index
and a 14% and 35% increase in the fresh weight
of the plant shoot and root, respectively. Nimnoi
et al. (2017) reported that S. galilaeus strain
KPS-C004, sourced from nematode-infested
soil, suppressed up to 58% of root-knot
nematode-induced root galls in chili caused by
Meloidogyne  incognita in  greenhouse
experiments. The highest control efficiency was
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observed when inoculating spores near chili
roots before nematode invasion. Additionally, S.
galilaeus strain KPS-C004 was capable of
surviving and proliferating in nematode-infested
soils throughout the entire 45-day cultivation
period, with reinoculation recommended every
15 days to enhance control potential. S. yatensis
KRA-28 strain has the nematicidal effect in
Meloidogyne incognita which infects red
pepper. This will reduce the number of egg
masses and the number of nematode populations
in soil (Park et al., 2020). Abamectin, an
intracellular product of S. avermitilis, is also
used for the biological control of root-knot
nematodes (Meloidogyne incognita) (Radwan et
al., 2024).
Drawback of Streptomyces species as Plant
Parasitic Nematode Biocontrol
Streptomyces spp. are generally not as
efficient against nematodes compared to other
pathogens like fungi or bacteria due to the
following reasons viz., mode of action,
complexity of nematode biology, host
specificity, and strain variation are the
drawbacks of this species (Jaemin Seong et al.,
2021).
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Conclusion:

In conclusion, integrating actinomycetes as
a biocontrol agent offers a sustainable, eco-
friendly alternative to chemical nematicides,
potentially reducing crop yield losses and
contributing to more resilient agricultural
practices.
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Agro—tourism in India: Agro-tourism may be

described as the convergence of tourism and
agriculture. Agro-tourism in India involves
inviting tourists to visit farms in rural areas or
offering them stays on farms. This trend is
gaining popularity, bringing benefits to both
farmers and tourists. Agro-tourism is a type of
commercial operation. It combines agricultural
production and/or processing with tourism to
attract tourists to a farm, ranch, or other
agricultural  venture for the goal of
entertainment and education, and in return, it
provides revenue to the owner of a farm or
company. People appreciate learning about
goods and procedures in which they will not be
personally involved by having the tours on the
sites.

Agro-tourism is becoming a significant
tourist development opportunity for a country
like India, as more people relocate to the city
and lose touch with where their food is grown.

What is Agro-tourism?

Agricultural tourism refers to a range of
economic and social activities that occur in
conjunction with travel and involve agricultural
goods, services, and experiences. The Indian
economy’s primary sector is agriculture. A
little more than 65 percent of the population is
reliant on agriculture. About 13% of the overall
GDP is generated by the agricultural industry.
Agriculture’s contribution to the national GDP
would undoubtedly rise if more income-
generating industries were added to the
agricultural sector. Agro-tourism will do this.
Agricultural tourism is a newer form of tourism
that has grown in popularity in recent years. It
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allows guests to stay at fully operational farms

to see the daily work routines and activities that

occur in the agriculture industry.

Case Studies on Agro-tourism in India

1. Punjab: Farm Tourism

e Overview: Punjab, known as the “Granary
of India,” has successfully integrated farm
tourism. Tourists can experience life on a
working farm, participate in farming
activities, and enjoy traditional Punjabi
cuisine.

e Success Factors: The success is attributed
to the state’s robust agricultural practices,
rich culture, and the warmth of Punjabi
hospitality.

e Impact: This model has not only boosted
tourism but also helped in showcasing
sustainable farming practices.

2. Maharashtra: Agro-Tourism
Development Corporation (ATDC)

e Overview: ATDC in Maharashtra is a
pioneer in promoting Agro-tourism. It
connects tourists with farm owners,
offering experiences like fruit picking,
bullock cart rides, and a rural lifestyle.

e Success Factors: The initiative’s success
lies in its ability to provide an authentic
rural experience while ensuring benefits to
the local farming community.

e Impact: It has led to increased income for
farmers and greater awareness about
agriculture among urban visitors.

3. Kerala: Spice Plantation Tours

e Overview: Kerala’s spice plantations are
popular Agro-tourism spots. Tourists can
walk through aromatic spice gardens, learn

Page | 64




s INNOVATIVE
¥ AGRICULTURE ¥

about spice cultivation, and purchase
organic spices directly from the farms.

e Success Factors: The lush  green
landscapes and the opportunity to learn
about organic spice farming attract tourists.

e Impact: This model has helped in
preserving traditional farming methods and
promoting the sale of organic spices.

4. Kamataka: Coorg Coffee Plantation
Stays

e Overview: Coorg, known for its coffee
plantations, offers unique stays where
visitors can learn about coffee production,
from picking to brewing.

e Success Factors: The serene beauty of
coffee estates and the opportunity to
understand coffee making are major
attractions.

e Impact: This approach has helped in
promoting local coffee brands and
sustainable tourism.

5. Rajasthan: Dairy Farm Tourism

e Overview: In Rajasthan, some dairy farms
have opened their doors to tourists, offering
insights into dairy farming, animal care,
and traditional Rajasthan’s rural life.

e Success Factors: The model thrives on the
interest of visitors in rural lifestyles and
traditional dairy farming techniques.

e Impact: It has provided an additional
income stream for dairy farmers and
enhanced the understanding of dairy
production among tourists.

Challenges in Agro-tourism in India
There are a number of challenges that are

faced while increasing Agro-tourism:

e Many farmers and rural communities are
not aware of the potential benefits of Agro-
tourism

e Inadequate infrastructure and  poor
accessibility to rural areas can deter
tourists.

e Farmers and rural communities often lack
the skills needed to manage tourism
activities.
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e Complex regulations and bureaucratic
procedures can be a barrier for small-scale
farmers.

e Ensuring consistent quality and standards
in services offered can be challenging.

e Balancing tourism activities with the
sustainability of the agricultural ecosystem
is vital.

Solutions for Effective Agro-tourism in

India
The solutions to increase agro-tourism

development are as follows:

e Collaboration between the government,
private sector, and local communities can
lead to more effective development and
marketing of agro-tourism.

e Involving local communities in decision-
making ensures that agro-tourism
development benefits them and respects
local culture and traditions.

o Offering a variety of activities, from farm
work to cultural experiences, can attract a
broader range of tourists.

o Utilizing technology for bookings, virtual
tours, and marketing can enhance the reach
and efficiency of agro-tourism ventures.

o Creating networks among a agro-tourism
providers can facilitate knowledge sharing
and collaborative marketing efforts.

The Future of Agro-tourism in India
According to the 2019 Business

Economics study, India’s agro-tourism

industry is seeing a 20% annual growth rate.

The market for agro-tourism was estimated to

be worth $42.46 billion globally in 2019 and is

anticipated to grow to $62.98 billion by 2027,

with a CAGR of 13.4% between 2020 and

2027. In India, agro-tourism revenue is

increasing at a pace of 20% annually.

1. The Educational Benefits of Agro-
tourism: Agro-tourism may increase
urban schoolchildren’s awareness of rural
life and knowledge of agriculture science.
It is the finest substitute for urban-based
school picnics. It gives urban college
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students the chance to gain practical
experience in agriculture. It is a method of
educating aspiring farmers. It would be a
useful tool for teaching and training
agricultural and line department officers.
This offers a special chance for education
through enjoyment, where learning is
enjoyable, efficient, and simple. Doing is
learning, and seeing is believing.

Desire for Serenity and
Peace: Diversified thinking and activities
are products of modern existence. Each
person makes an effort to work harder in a
variety of ways to earn more money and
enjoy modern amenities. Peace is therefore
never in his system. It is possible to find a
quiet environment through tourism. Due to
its location distant from cities and close to
nature, agro-tourism naturally fosters
calm and peace.

A desire to learn more about the farming
sector and way of Life: The urban
population has long been curious about
learning about food supplies, plants,
animals, raw materials like wood,
handicrafts, languages, culture, tradition,
clothes, and rural lifestyles because many
of them have roots in villages. This
population segment’s curiosity can be sated
by agro-tourism, which centers on
farmers, villages, and agriculture.

An Affordable Entrance: In a agro-
tourism, lodging, meals, entertainment,
and travel costs are the lowest. The tourism
base is widened by this. With only a tiny
percentage of the population being urban
and wealthy, the current concept of travel
and tourism is restricted to these groups.
However, the idea of agro-tourism
expands the reach of travel and tourism to
a greater populace due to its affordability.

Health-Conscious Suburbanites Seek
Solace in Environmentally Responsible
Activities: Life has become more stressful
due to the modern lifestyle, and lifespans
have decreased. As a result, individuals are
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always looking for natural ways to improve
their quality of life. Villages are the origin
of the pro-nature medical system known as
Ayurveda. Villagers’ traditional medical
knowledge is valued. Urban areas and
overseas nations have more demand for
organic  foods. Overall, the urban
population that is concerned about their
health is going to the countryside for
solutions.

High Demand for Family-Friendly,
Healthy Recreational Activities: Villages
offer ~more affordable recreational
possibilities to people of all ages—
children, teenagers, adults, and seniors—as
well as to the entire family. The entire
family may enjoy a variety of amusement
thanks to rural games, festivals, food,
clothing, and nature.

An Interest in the Outdoors: The
population of busy cities is gravitating
toward nature. Because a natural setting is
constantly removed from a hurried
existence. Birds, animals, crops,
mountains, water bodies, and villages offer
urban residents a completely distinct
environment where they can escape the
hustle and bustle of city life.

Unhappiness with Crowded Cities and
Resorts: Overcrowded peacemakers upset
each other’s peace in cities and resorts.
Peace therefore extends outside of cities
and resorts. Despite efforts to establish a
village ambiance in the suburbs through
resorts and farm cottages, it appears to be a
pale imitation of the original.

Nostalgia for their Rural
Beginnings: Villages are disappearing as
cities expand. Those from rural areas are
moving to urban areas in quest of
employment and the conveniences of
contemporary living. As a result, today’s
suburbanites were yesterday’s villagers.
Urban dwellers harbor a deep love and
respect for their ancestral homes and rural
communities. Visits to communities so
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fulfill their goal. This is also demonstrated
by suburbanites’ enmity towards rural
areas outside of cities and their enthusiasm
for farms. Any suburbanite’s goal is to
travel to rural areas and spend time with
family. However, having even basic
amenities might be problematic agro-
tourism makes an effort to solve this issue.
10. Rural Leisure: Through festivals and
handicrafts, villages provide suburbanites a
variety of recreational opportunities.
Villagers’ or we can say the farmers,
manner of life, garb, dialects, and
cultures/traditions are always valuable
additions to the entertainment. Curiosity
among urban educators may be sparked by
the agricultural environment surrounding
farmers and the complete production
process. Places of agricultural significance,
such as the highest crop and animal
yielding farms, processing facilities, and
farms where innovations are being tested,
draw tourists. Agriculture-related goods
including processed foods, organic food,
and farm-gate fresh markets may entice
urban travelers. The agro-atmosphere in the
villages creates opportunities for the
development of agro-tourist  goods
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including agro-shopping, gastronomic
tourism, pick-and-own-your-tree, rural
games, and health (Ayurveda) tourism.

Conclusion

Agro-tourism offers a unique chance to
integrate components of the tourism and
agricultural sectors to give travelers, farmers,
and communities with a variety of financial,
educational, and social benefits. Agro-tourism
provides producers with an extra source of
income as well as a channel for direct
marketing to consumers. It boosts the tourist
business by boosting the number of visitors and
the length of their stay in a certain location.
Agro-tourism has the ability to improve local
tax bases and create new job possibilities for
communities. Agro-tourism also gives public
educational  opportunities, aids in the
preservation of agricultural areas, and allows
states to build corporate businesses. Agro-
tourism offers visitors ‘rural experiences,” with
the purpose of providing a source of income for
farmers and communities in the surrounding
area. The introduction and marketing of
community-based Agro-tourism goods would
be beneficial to the industry’s inclusive
growth.
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Introduction
Agriculture faces mounting challenges,
including  soil degradation,  declining

biodiversity, and the adverse effects of chemical
fertilizers and pesticides. To address these
issues, sustainable approaches are gaining
attention, with a focus on utilizing nature’s
inherent mechanisms. The phyllosphere, which
encompasses the above-ground surfaces of
plants, represents a vast and underexplored
habitat for microbial communities. These
communities include bacteria, fungi, yeasts, and
archaea that establish mutualistic or commensal
relationships with their host plants.

Phyllosphere  microbial communities,
consisting of bacteria, fungi, and other
microorganisms inhabiting the aerial surfaces of
plants, play critical roles in promoting plant
health and productivity. These microorganisms
act as natural allies by enhancing nutrient
availability, improving plant resilience to biotic
and abiotic stresses, and offering sustainable
alternatives to chemical inputs. This article
explores the potential of phyllosphere microbes
as biofertilizers and biocontrol agents, their
mechanisms of action, and their applications in
modern farming systems. The integration of
these microbial communities into agricultural
practices offers a promising pathway toward
sustainable and environmentally friendly
agriculture.

Phyllosphere microbes have emerged as
key players in sustainable agriculture due to
their ability to enhance nutrient availability,
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suppress pathogens, and improve plant
resilience. This article highlights the potential of
these microbes in modern farming and examines
strategies to harness their benefits effectively.

Composition and Diversity

The phyllosphere hosts a diverse array of
microbial taxa, with bacterial genera such as
Pseudomonas, Bacillus, and Streptomyces
dominating this habitat. Fungal species,
including Aspergillus and Trichoderma, also
contribute significantly to the microbiome. The
diversity and composition of these communities
are influenced by factors such as plant species,
environmental conditions, and agricultural
practices.

Ecological Roles

Phyllosphere microbes interact with their plant

hosts in various ways:

e Nutrient Cycling: Microorganisms
contribute to nitrogen fixation, phosphate
solubilization, and the production of plant-
growth-promoting hormones.

o Pathogen Suppression: Some microbes
produce antimicrobial compounds or
compete with pathogens for space and
nutrients.

e Stress Mitigation: Microbes can enhance
plant tolerance to abiotic stresses such as
drought, salinity, and UV radiation.

Mechanisms of Action
Biofertilization

Phyllosphere microbes enhance nutrient
availability through mechanisms such as
nitrogen fixation and phosphorus solubilization.
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For example, nitrogen-fixing bacteria like
Azotobacter and Rhizobium convert atmospheric
nitrogen into forms usable by plants. Similarly,
phosphate-solubilizing bacteria release
inorganic phosphates from soil minerals,
increasing their bioavailability.

Biocontrol
Microbes in the phyllosphere act as natural

biocontrol agents by:

e Producing antimicrobial compounds that
inhibit pathogens.

e Qutcompeting harmful organisms for
nutrients and space.

e Inducing systemic resistance in plants,
which primes the plant’s immune system
against future attacks.

Plant Stress Tolerance
Phyllosphere microbes can mitigate the

impacts of environmental stresses by:

e Producing stress-alleviating
phytohormones such as auxins and
cytokinins.

o Enhancing water retention and nutrient
uptake under drought conditions.

e Protecting plants from oxidative stress
through the production of antioxidant
enzymes.

Applications in Modern Agriculture
Biofertilizers

Phyllosphere microbial communities can
be harnessed as biofertilizers to reduce
dependence on synthetic fertilizers.
Formulations containing beneficial microbes are
applied as foliar sprays, seed treatments, or soil
amendments. These biofertilizers promote
sustainable crop production while minimizing
environmental harm.
Biocontrol Agents

Microbial-based  biocontrol ~ products
provide an eco-friendly alternative to chemical
pesticides. For instance, Bacillus subtilis and
Trichoderma species are widely used to control
fungal pathogens in crops such as tomatoes and
strawberries.
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Integrated Farming Systems

Integrating phyllosphere microbes into
precision agriculture practices can optimize
resource use and enhance crop vyields. For
example, microbial consortia tailored to specific
crops and environmental conditions can be
employed to maximize their efficacy.

Challenges
Despite their potential, several challenges
hinder the widespread adoption of phyllosphere
microbes in agriculture:
e Variability: Environmental factors and
plant-specific traits influence microbial

efficacy.
e Storage and Formulation: Developing
stable, easy-to-apply microbial

formulations remains a technical hurdle.

o Regulatory Issues:  Approvals for
microbial products can be time-consuming
and expensive.

Future Directions

To overcome these challenges, research should

focus on:

e ldentifying and engineering robust
microbial ~ strains  with  enhanced
performance under field conditions.

e Leveraging omics technologies to better
understand microbe-plant interactions.

o Developing cost-effective and scalable
production  methods for  microbial
formulations.

e Promoting farmer awareness and adoption
through education and incentive programs.

Conclusion

Phyllosphere microbial communities hold
immense promise as biofertilizers and
biocontrol agents, offering sustainable solutions
to the challenges of modern agriculture. By
enhancing nutrient availability, suppressing
pathogens, and improving plant resilience, these
microorganisms can significantly contribute to
achieving global food security while protecting
the environment. Future research and
technological advancements will be
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instrumental in unlocking the full potential of
these natural allies in agriculture.
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Seasonal Management of Honeybee

Seasonal Management:

e Pollen and nectar are available only during
certain period.

e When surplus food source are available it is
known as honey flow season. In contrast
during dearth period there will be scarcity
of food.

e During extremes in climate like summer,
winter and monsoon certain specific
management tactics are required.

Honey Flow Season Management

This season coincides with spring. During this

season

e Provide more space for honey storage by
giving comb foundation sheet or built
combs

e Confine queen to brood chamber using
gueen excluder

e Prevent swarming as explained in swarm
management

e  Prior to honey flow, provide sugar syrup
and build sufficient population

e Divide strong colonies into 2-3 new
colonies, if colony muitiplication is needed

e  Queen rearing technique may be followed
to produce new queens for new colonies

Summer Management
Bees have to survive intense heat and

dearth period by following means.

e Provide sufficient shade, under trees or
artificial structure

¢ Increase RH and reduce heat by Sprinkling
water twice a day on gunny bag or rice

e Increase ventilation by introducing a
splinter between brood and super chamber
e Provide sugar syrup, pollen supplement,
substitute and water
Winter Management
It includes the following
e Maintain strong and disease free colonies
e Provide new queen to the hives
e Provide winter packing in cooler areas
hilly regions
Management During Dearth Period
e Remove empty combs and store in air tight
container.
e Use dummy division board to confine bees
to small area
e Unite weak colonies
e Provide sugar syrup, pollen supplement
and substitute
Rainy Season and Monsoon Management
e Avoid dampness in apiary site. Provide
proper drainage
e Inrain when bees are confined to the hive,
provide sugar syrup feeding
Bee Pasturage or Bee Forage
Plants that yield pollen and nectar are
collectively called bee pasturage or bee forage.
e Plants which are good source of nectar are
tamarind, moringa, neem, Prosopis
Jjuliflora, Soapnut tree, Glyricidiamaculata,
eucalyptus, Tribulus terrestris and pungam.
e Plants which are good source of pollen are
sorghum, sweet potato, maize, tobacco,
millets like cumbu, tenai, varagu, ragi,
coconut, roses, castor, pomegranate and

straw put on hive date palm.
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e Plants which are good source of both pollen
and nectar are banana, peach, citrus, guava,
apple, Sunflower, berries, safflower, pear,
mango and plum.

Foraging: This refers to collection of nectar and
pollen by bees.

Nectar Foragers: These collect nectar from
flowers  using
lapping tongue
and pass the
nectar to hive
bees. Hive bees
repeatedly pass
the nectar ~¢ W

between pre oral cavity and tongue to ripen the
honey. Later they drop the ripened honey into
cells.

Pollen Foragers: They collect pollen by
passing through different flowers. Pollen
sticking to the body is removed by using pollen
comb. Then it is packed using pollen press into
corbicula or pollen basket. A single bee carries
10 to 30 mg of pollen which is 25 per cent of
bee's weight. Then the pollen is dislodged by
middle leg into cells. Pollen is mixed with honey
and stored.

Pollen Foraging

Floral fidelity: A bee visits same species of
plant for pollen and nectar collection until the
source is exhausted.

This is known as floral fidelity. Bees travel 2 to
3 km distance to collect pollen and nectar.

Diseases Management of Mulberry

Silkworm

Viral Diseases Management (Flacherie,

Grasserie)

e The larvae will
be sluggish
with  swollen
intersegmantal
region

o The integument of diseases larvae will be
fragile and brakes easily
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e On infury milky fluid containing many
polyhedral
inclusion
bodies o0o0zes
out from the
larval body

e  The diseases larvae do not settle for moult
and showshining integument

e  The larvae appear to be restless

e The dead larvae hand by hind legs head
downward

Management

1. Sun drying of rearing appliances for
one/two days

2. Disinfection of rearing room and
appliances with 5% bleaching powder

3. Disinfection of worms, trays and discarding
of diseased worms

4. Ensure proper
circulation

5. Provide proper bed spacing

6. Feed the larvae with nutritious mulberry
leaves

7. Collect and burn infected larvae, faecal
matter and bed refuses

8. Early diagnosis and rejection of infected
lots

9. Dust the bed disinfectant, Vijetha (or)
ReshamKeetOushadh on the larvae,
after each moult and %2 hr. before
resumption of feeding (3 kg/100 dfl).

10. Spray 1% of extract
of Psoraleacoryleifolia on mulberry
leaves, shade dry and feed worms once
during third instars.

Bacterial Diseases Management
Bacteria and viruses cause the disease

individually or in combination. Fluctuating

temperature and | ;
humidity and poor
quality mulberry
predispose _
the disease development.

ventilation and air
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The diseased larvae will be stunted in
growth, dill lethargic soft and appear
flaccid

The cephalothoracic
translucent

The larvae vomit gut juice, develop
dysentery and excrete chain type fecus.
The larvae on death putrefy, develop
different and emit foul smell

region may be

Management

4. Avoid

6. Feeding the

1. Maintenance of hygienic condition
2. Disinfection of rearing room and

appliances

3. Disinfection of worms, trace and

discarding of sick worms

injury to the worms,
overcrowding of trays and accumulation
of faeces in the rearing bed

5. Sound management, improving the

rearing environment and feed stuff
larvae  with healthy
nutritious leaves.

7. Early diagnosis and rejection of infected

lots
8. Avoid spraying commercial B.
t. insecticides in nearby mulberry field.
9. Apply antibiotics like

Streptomycin/Tetracyclin/Ampicillin

Fungal Diseases Management (Muscardine)

White muscadine is caused
by a fungus Beauveria
bassiana and the green
muscadine is caused by a
fungus Spicariaprasina.
Aspergillosis is common in
young age silkworms and
the infected larvae will be
lustrous and die. Dark green
(Aspergillus flavus) or rusty
brown ( Aspergillus
tamari)mycelial cluster are

seen on the dead body.
e The diseases larvae
prior to death will be

lethargic and on death are flaccid. |
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oil specks may be seen on the surface of
larvae

They gradually be fome hard, dry and
mummify into a white or green coloured
structure

The diseases pupae will be hard, lighter
and mummifies

Management

1. Sundry the rearing appliances.

2. Disinfect the rearing room and utensils
with 5 per cent bleaching powder

3. Avoid low temperature and high humidity
in the rearing room

4. Keep the rearing bed thin and dry

5. Early diagnosis and rejection of infected
lots

6. Apply Dithane M45 (3 kg/100 dfls) /
Vijetha supplement as disinfectant on the
larvae

7. Disinfect rearing rooms and trays with 4

per cent pentachlorophenol to control
Aspergillosis.

Protozoan Diseases management (Pebrine)

o Diseases larvae show slow growth,

undersized
body and
poor
appetite.
Diseases
larvae reveal pale and flaccid body. Tiny
black spots appear on larval integument.
Dead larvae remain rubbery and do not
undergo putrefaction shortly after death.

Management of Pebrine

1. Produce healthy eggs

2. Disinfection of rearing room and utensils

3. Maintain strict hygienic conditions during
rearing

4. Surface disinfect the layings in 2 per cent
formalin  for 10 minutes before
incubation. Collect and burn the diseased
eggs, larvae, pupae and moths, bed
refuses, faecal pellets, etc
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Insect Pest of Mulberry Silk Worm

Uzi fly
¢ Mature maggot causes reduction in yield
of cocoons  and cocoon quality. Causes
death of silkworm larva.
e Symptoms
e Presence of creamy white oval eggs on
the skin of larvae in the initial stage.
e Presence of black scar on the larval skin
o Silkworm larvae die before they reach the
spinning stage (if they are attacked in the
early stage).
e In later stage, pierced cocoon is noticed.
Period of Occurrence
= Throughout the year, severity is more in
winter months
= Maintain sanitary and hygienic conditions
in the rearing room.
= Provide physical barriers like wire mesh
in the doors and windows of the rearing
rooms.
= Spray 1 per cent benzoic acid over the
larvae to kill the eggs of uzi fly.
= Dissolve the uzicide tablets in the water
(2 tablets/I) to attract the adults.
= Release the gregarious, ectopupal
hyperparasitoid, Nesolynx
thymus (Eulophidae: Hymenoptera)
@ 1 lakh adults/100 dfls during night hours.
Release the hyperparasitoid in three split
doses @ 8000, 16,000 and 76,000/100 DFLs
during fourth and fifth instarsand after
cocoon harvest.

Management of Lac Enemies

The main enemies of lac crop are the
insects. These insects are serious and damaging
pests and can reduce up to 30-40% of lac yield.
The insects damage the lac crop is two ways:
a) As Parasites: Lac insects population up to 5-
10% are parasitized and killed by small winged
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eight species of insect belonging to family

chalcidoidae order Hymenoptera —

Paraecthrodryinus  clavicornis,  Erenyctrtus

dewitzi, Tachardiaephagus tachardiae,

Eupelmus tachardiae, Tetrasticus purpurens etc.

These insect pests lay eggs in lac cells. Their

grubs on hatching feed on lac insects within the

cells.

b) As Predators: The predators cause major

damage (up to 35%) to lac crop. There are

numerous predators on Lac insect but three main
are: (1) Chrysopa spp.: Commonly known as lac
wing fly, order Diptera

(2) Eublemma amabilis Moori: commonly

known as white lac moth, order Lepidoptera (3)

Holocerca pulverea Meyr : commonly known as

black lac moth, order lepidoptera The white lac

moth is more destructive on trees; while black
lac moth, on the stored lac. These predator moths
and fly lay their eggs on the lac encrusted twigs.

On hatching, their larvae make their way inside

the lac encrustation and feed on the lac insects
as well as on lac encrustations.

Management

e Before brood lac should be used for
inoculation it must be healthy and pest-free.

e Enclosing of broodlac for inoculation in 60-
80 mesh wire gauze baskets, ¢. 30 cm x 7
cm in size. This method is particularly used
for areas where lac cultivation is being
introduced for the first time.

o The baskets permit free exit to lac larvae
but exclude enemy insects. Proper
management of host plants with a view to
ensure their vitality and vigour helps to
reduce damage by parasites.

e The twigs for inoculation should be cut just
before swarming to get healthy brood.

e Avoiding cultivation of early and late
maturing varieties of lac, at least for brood

e Purposes, in the same locality to prevent the
spread of pests scrapping of encrusted lac
from twigs should be done as soon as
possible, and lac, thus obtained should be
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immediately converted into seed lac and
not left near the inoculated lac hosts.
Immersion of freshly harvested sticklac,
not wanted for brood, as well as phunki lac
(i.e., broodlac after larval emergence is
complete) in running or deep stagnant
water  Scraping of lac from twigs
immediately after harvesting and killing
larvae and pupae of the pests by burning,
crushing, drowning or by fumigation with
carbon bisulphide (1 oz./10cu.ft. of space)
before storage. Infected stick lac should be
destroyed along with predators and pests.

Vertebrate Enemies of Lac Insects

Some vertebrates also can cause damage to
lac crop some of the important vertebrate

enemies are squirrels and rats and they can
cause damage upto 50% of total lac yield.
Squirrels usually damage in daytime while
rats are nocturnal and the damage usually
occurs in night. When the crop is at
maturity stage, these pests gnaw the mature
lac encrustation on the tree and the brood
lac tied to trees for inoculation and
consumes the full grown lac female insects
with plenty of eggs inside them.

Besides these vertebrates monkeys also
cause some damage to lac encrustations.
Control It is very difficult to control the
squirrels and rats under the open field
conditions where lac is cultivated. However
scaring away of these animals or poisoning
them may be adopted to keep the rodents
under attack.
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Climate change presents a significant challenge to global food security, necessitating innovative
agricultural approaches. Climate-Smart Agriculture (CSA) emerges as a transformative solution,
integrating sustainable intensification, climate resilience, and greenhouse gas reduction. This review
systematically examines CSA strategies, focusing on recent advancements, implementation challenges,
and policy implications. Following PRISMA guidelines, 20 recent research articles were analysed to
assess CSA’s impact on agricultural productivity, sustainability, and climate adaptation. Key CSA
strategies include conservation agriculture, agroforestry, precision farming, and soil management
practices such as integrated nutrient management and biochar application. The findings highlight CSA’s
role in stabilizing yields, improving farmer livelihoods, and mitigating environmental degradation.
Technological innovations, such as mobile-based advisory services and precision agriculture tools,
enhance CSA adoption and effectiveness.

Despite its benefits, CSA faces challenges, including high initial investment costs, knowledge gaps,
policy inconsistencies, and market access barriers. Strengthening government support, integrating
digital tools, and enhancing farmer awareness are crucial for large-scale adoption. Future directions
emphasize leveraging artificial intelligence, remote sensing, and big data analytics to optimize CSA
implementation. CSA is pivotal for ensuring food security and ecological sustainability amidst climate
uncertainties. Scaling CSA requires a multidisciplinary approach involving policymakers, researchers,
and farmers. This review underscores the need for integrated policies, financial incentives, and
technology-driven solutions to accelerate CSA adoption, making agriculture more resilient and
sustainable.

Key Words: CSA, Global Food Security, Climate Resilience, Mitigation and Ecological Sustainability

Introduction integrated approach that focuses on three
primary objectives: enhancing agricultural
productivity, improving resilience to climate
change, and reducing greenhouse gas emissions.

CSA employs a combination of innovative
techniques, including precision farming,
conservation agriculture, agroforestry, and
improved soil and water management practices.
It also incorporates advanced technologies such
as climate forecasting, mobile-based advisory

The agricultural sector is highly vulnerable to
the adverse impacts of climate change, including
erratic weather patterns, prolonged droughts,
unseasonal rainfall, and increased pest
infestations. These factors significantly affect
crop vields, livestock productivity, and soil
health, posing a serious threat to global food
security. To address these challenges, Climate-
Smart Agriculture (CSA) has emerged as an
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services, and remote sensing for better decision-
making. However, the adoption of CSA varies
across regions due to factors like financial
constraints, lack of awareness, and policy gaps.

This review synthesizes recent research on
CSA, analyzing its effectiveness, challenges,
and future prospects. By evaluating scientific
advancements, policy frameworks, and
technological innovations, this study aims to
highlight strategies that can accelerate CSA
adoption and contribute to a more sustainable
and climate-resilient agricultural system.

Materials and Methods
Systematic Literature Review

A systematic literature review was
conducted following PRISMA guidelines to
ensure a comprehensive and unbiased analysis
of CSA practices. Twenty research articles from
the past ten years were selected based on
predefined inclusion criteria, ensuring relevance
and recent insights into CSA strategies.
Evaluation of CSA Practices

CSA incorporates multiple sustainable
techniques such as conservation agriculture,
crop diversification, agroforestry, and precision
farming. Soil and water management practices
like zero tillage and residue management were
also analysed for their role in improving
resilience.
Technological Integration

The study also reviewed the impact of
mobile technology and internet-based services
on CSA adoption, providing real-time
information to farmers and enhancing decision-
making support.

Results and Discussion
Impact of Climate Change on Agriculture
CSA research highlights the significant
disruptions caused by climate change, including
irregular precipitation, rising temperatures, and
extreme weather events. These challenges
threaten food security and necessitate adaptive
measures.
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Core CSA Principles
The review identifies three key principles

that define CSA:

1. Sustainable Intensification — Enhancing
productivity without degrading natural
resources.

2. Climate  Resilience -  Developing
agricultural systems that withstand climate
fluctuations.

3. Greenhouse Gas Reduction -
Implementing low-emission agricultural
practices.

Enhanced Agricultural Productivity
CSA practices have significantly increased

food production and improved economic

viability for farmers. Case studies demonstrate
how CSA enhances crop vyields, stabilizes
income, and mitigates climate risks.

Soil Management Strateqgies

Effective soil management is essential in CSA.

Key strategies include:

e Integrated Nutrient Management (INM)

e Organic Farming

e Conservation Agriculture

e Precision Fertilization

o Smart Fertilizers and Biochar Application

e Agroforestry

Role of Policy and Technological Innovations
Government policies and technological

advancements play a crucial role in CSA

adoption. Recommendations include:

o Enhancing internet-based agricultural
services.

o Providing agricultural weather index-based
insurance.

o Scaling precision farming techniques.
e Strengthening policy frameworks for
sustainable farming.
Challenges in Implementing CSA
Despite its benefits, CSA faces several
challenges, including:
e High Initial Investment — Adoption of CSA
technologies often require substantial
financial resources.
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o Knowledge Gaps — Limited awareness and
technical expertise among farmers hinder
effective implementation.

o Policy Inconsistencies — Lack of cohesive
policies and support mechanisms in many
regions.

o Market Barriers — Limited access to
markets for climate-smart products affects
farmers incentives to adopt CSA practices.

Conclusion

Strategic Solution for Climate Change

CSA is a vital approach to addressing the dual
challenges of climate change and food security.
Its integrated strategies help in ensuring
sustainability and resilience in agricultural
systems.

Need for Global Adoption

For CSA to be effective, global-scale
implementation is necessary. Governments,
researchers, and farmers must collaborate to
promote CSA adoption through technology,
policy support, and financial incentives.

Future Directions
e Leveraging digital innovations for real-
time agricultural decision-making.
e Strengthening interdisciplinary
collaboration in CSA research.
o Enhancing ecological conservation through
sustainable farming policies.
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1. Introduction to Al in Plant Breeding

Despite world populations on the rise and
the impact of climate change-related weather
events getting worse, increasing food output is
proving to be an enormous task. Genetic gain, a
measure of increasing crop yield over time,
depends on advances in selection intensity,
generation turnaround time, additive genetic
variance, and selection precision, according to
Breeder's equation. We have previously argued
that certain technologies in crop genomics,
phenomics, and speed-breeding can be used to
increase the rate of genetic gain Here, we argue
that the pervasive force of artificial intelligence
in the scientific community may one day help
speed up genetic advancement.

The current state of plant breeding is
marked by an overwhelming amount of data
generated by genomic advances, which is
outstripping the capacity to efficiently
organize, store, and analyze it. Artificial
intelligence techniques have the potential to
derive more valuable and unbiased conclusions
from high-throughput sequencing and imaging
data compared to conventional methods As an
example, ChatGPT, which is built on a large
language model (LLM), is a powerful chatbot
that can understand natural language and
produce intelligent text and graphics. In
initiatives like the "one hundred important
questions facing plant science" this technology
has helped to fill in gaps left by plant experts
and pose thought-provoking questions relevant
to plant research .

Acrtificial Intelligence (Al) is
revolutionizing plant breeding and genetics by
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enhancing precision, efficiency, and predictive
capabilities. The integration of Al with
advanced genomic tools is ushering in a new
era of agricultural innovation, often referred to
as "Breeding 5.0."

Traditional plant breeding has
significantly contributed to global food
security. However, it often involves lengthy
cycles of selection and crossing to achieve
desired traits. The advent of Al offers
transformative potential by enabling the
analysis of vast datasets, leading to more
informed decision-making and accelerated
breeding processes.

Plant Phenomics
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Figure 1. Techniques for plant phenotyping and
data analysis. (A) Advanced plant phenomics
platforms for digitalization of phenomics and
the acquisition of big phenomics datasets. (B)
Machine learning (ML)/deep learning (DL)
architectures to predict key plant traits by an
Al-based approach and a DL-based workflow
to identify spike numbers to narrow the
phenome-to-genome knowledge gap.
Abbreviations:  Chl., chlorophyll;  CNN,
convolutional neural network; CT, computed
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tomography; 10U, intersection over union;
lidar, light detection and ranging; NDVI,
normalized difference vegetation index; NMS,
non-maximum suppression; pE, ;
RGB, red- green-blue; ROI, region of interest;
RPN, region proposed network; SVI,
standardized vegetation index; TIR, thermal
IR; UAV, unmanned aerial vehicle (Farooq et
al., (2024)

2. Applications of Al in Plant Breeding
2.1. Genotype-to-Phenotype Predictions:
Predicting how genetic variations manifest as
observable traits is a complex challenge. Al
models, particularly  machine learning
algorithms, have been employed to predict
phenotypic outcomes based on genotypic data.
For instance, explainable Al approaches have
been applied to almond germplasm collections
to enhance genotype-to-phenotype predictions,
aiding in the selection of desirable traits.

2.2. Digital Phenotyping: Phenotypic data are
essential for crop breeding, but face significant
barriers that hinder full uti- lization. Traditional
plant phenotyping methods have long been
viewed as a bottleneck in crop breeding owing
to their limited data acquisition capacity.
However, the recent emergence of plant
phenomics represents a fundamental shift in
this paradigm. Plant phenomics, which
systematically studies phenotypes, holds
promise for overcoming these limitations.
High-throughput phenotyping generates large
volumes of image and sensor data. Al
facilitates the extraction of meaningful
information from these datasets. Deep learning
models have been utilized to estimate soybean
maturity from UAV imagery, providing
breeders with timely and accurate assessments.
2.3. Genomic Selection and Resource
Allocation: Plant ‘'omics' and high-throughput
remote sensing have provided scientists with
enormous multi-dimensional datasets to tackle
problems. Pre-breeding methods, adaptive
marker-assisted  selection, and regional
selection can all benefit from the use of
machine learning (ML) algorithms to boost
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genetic diversity and expedite the production of
climate-resilient cultivars. These algorithms
can be used to preserve and restore genetic
variation, which is essential for plants to adapt
to changing climates. Crops' immense
biological diversity offers genetic advantages.
The potential of more than 7 million germplasm
accessions, including cultivars, land-races, and
wild relatives, found in more than 1750
genebanks worldwide remains unrealized.
Genome-wide  genotyping  of  stored
germplasm, or genebank genomics, may
improve our comprehension and utilization of
these valuable resources. Genome-wide
genotyping information is available for over
80,000 wheat, maize, and barley accessions,
including 4,000 and 20,000. Al-driven
predictive genomics can use these datasets to
test and choose accessions in certain
settings.Al helps breeding programs allocate
resources as efficiently as possible. Algorithms
for reinforcement learning have been created to
maximize genetic gain by effectively
distributing resources among generations. This
method increases the efficacy of selection
cycles by empowering breeders to make well-
informed decisions on the allocation of
resources.

2.4. Prediction to Explain Genomic Data:
The potential uses of Al in analyzing
biochemical data to improve our knowledge of
plant stress biology have been shown in
numerous studies. To help identify genomic
areas with high mutation rates, Al has been
successfully applied to predict genomic
crossings in maternal and parental maize plants.
It has been demonstrated that crop production
predictions are improved by Al models that
incorporate environmental factors and genomic
data. For instance, soybean yields have been
predicted using deep learning frameworks that
combine meteorological and genotype data,
offering insights into the relationship between
genotype and environment.

2.5. Integration of Multi-omic Big Data
in Plant Breeding: At the biochemical
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level, the term "omics" encompasses a wide
range of molecular data sources, including
transcriptome, proteome, metabolomic,
epigenomic, and genomic data. The amount of
omic data generated has increased dramatically
over the past decade, flooding the internet with
transcriptomic, genomic, proteomic, and
metabolomic information Biology is now an
information-intensive science thanks to the
development of high-throughput sub-molecular
biological research in  areas like
transcriptomics, proteomics, metabolomics,
and genomics. The inventory of components
for the genome, transcriptome, proteome, and
metabolome is growing and is becoming more
useful to bioinformatics researchers . ML is a
perfect technique for evaluating large datasets
because of their size, complexity, and
requirement for unified interpretation.

2.6. Bridging of the Genotype-Phenotype
Gap: The use of Al for accurate, non-
destructive agricultural trait estimate and
genetic research has gained popularity. Genetic
advancements through the discovery of novel
alleles and genomic-assisted choices in crop
breeding are crucial to the creation of cultivars
with high yield potential that are climate
change adaptable. Numerous research have
effectively used Al-based techniques on RGB
and hyperspectral datasets to perform
guantitative genomic analysis, estimate early
wheat production, and find new alleles in
wheat.

2.7. Al Applications in Gene Editing:
Mutagenesis, hybridization, and genetic
engineering/transgenic breeding are examples
of traditional breeding techniques that have
significantly increased agricultural output and
quality. They have limitations, too, including
lengthy breeding cycles, high unpredictability,
poor precision, partial loss of gene function,
and time-consuming screening procedures.
Breeders now emphasize precise and effective
molecular breeding thanks to the development
of genome sequencing tools. Notably, the
development of CRISPR/Cas9 technology has
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greatly expanded studies on improving crop
quality and transformed breeding efforts.

3. Conclusion

Plant breeding initiatives in the public
sector, like those run by the One CGIAR
(Consultative ~ Group  for  International
Agricultural Research) program, could be
completely transformed by Al technology
These kinds of data-driven decentralized
breeding systems are more accurate at
predicting crop performance than traditional
GS . Al-enabled breeding systems are using
sophisticated  processing and  analysis
algorithms to speed up the breeding process. Al
has clearly shown promise in gene
identification and allele mining, but its real
potential lies in helping to biologically design
future agricultural cultivars that are well
adapted to anticipated settings. The fusion of
Al with plant breeding and genetics holds
transformative potential. By leveraging Al's
capabilities, breeders can accelerate the
development of crop varieties that are more
productive,  resilient, and  sustainable,
addressing the pressing challenges of global
food security and climate change. In summary,
Al is not merely a tool but a catalyst propelling
plant breeding into a new era of innovation and
efficiency.
4. Challenges and Future Directions

Despite the promising applications,
challenges remain in integrating Al into plant
breeding. The complexity of biological
systems, data heterogeneity, and the need for
explainable models are significant hurdles.
Future research should focus on developing
advanced Al algorithms capable of handling
high-dimensional and heterogeneous datasets,
bridging the gap between basic research and
practical breeding applications. In order to
introduce novel traits into cultivars without
linkage drag, it will be difficult to (i) model and
define the diversity from genebanks for
expected settings, (ii) build the capacity and
trained person.
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Reviving Muga Silk: A Heritage of Assam
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?Department of Environmental Science, TNAU, Coimbatore — 641 003

Introduction

|\/|uga silk, the pride of Assam, is a unique and

precious silk variety known for its golden hue
and exceptional durability. This indigenous silk,
exclusive to Assam, has been a symbol of
royalty and cultural heritage for centuries.
However, in recent times, the production and
preservation of Muga silk have faced significant
challenges, threatening its very existence.
Reviving Muga silk is not just about preserving
a fabric; it is about safeguarding the identity and
traditions of Assam.

The Legacy of Muga Silk

History of Muga silk dates back to the
Ahom dynasty, where it was extensively used to
weave garments for the royal families. This silk
is derived from the Antheraea assamensis
silkworm, which thrives in the Brahmaputra
Valley's lush green environment. Unlike other
silk varieties, Muga silk is known for its natural
golden sheen, which enhances with every wash,
making it more precious over time.

The traditional weaving techniques, passed
down through generations, involve intricate
handloom craftsmanship. The Mekhela Chador,
a traditional Assamese attire, is often woven
with Muga silk, symbolizing grace and heritage.
Due to its rarity and labour-intensive production
process, Muga silk is considered one of the most
expensive silk varieties in the world.
Challenges Facing Muga Silk Production

Despite its historical and cultural
significance, Muga silk production has been
facing several challenges:
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1. Climate Change — Rising temperatures
and erratic weather conditions have
disrupted the lifecycle of Muga silkworms,
affecting production.

2. Deforestation and Habitat Loss — The
depletion of Som and Soalu trees, the
primary food source for Muga silkworms,
has significantly impacted their population.

3. Industrialization and Urbanization —
Rapid urban expansion and pollution have
encroached upon the natural habitats of
Muga silkworms, making their survival
difficult.

4. Labour Shortage - The younger
generation is moving away from traditional
sericulture due to the time-consuming
nature of silk production and the lure of
better economic opportunities elsewhere.

5. Counterfeit Silk — The market is flooded
with fake or blended silk products,
affecting the authenticity and market value
of pure Muga silk.

Efforts to Revive Muga Silk

Recognizing the importance of Muga silk,
various government and private organizations
have taken initiatives to restore its production
and promote its usage:

1. Government Schemes and Policies — The
Indian government and Assam state
authorities have launched programs to
support Muga silk farmers through subsidies,
training programs, and financial aid.
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2. Scientific Research and Development —
Research institutes like the Central Silk
Board and Assam Agricultural University
are working on improving Muga silkworm

breeding  techniques  and  disease
management to  ensure  sustainable
production.

3. Community Involvement and Awareness
— NGOs and cultural organizations are
spreading awareness about Muga silk and
encouraging local artisans to continue the
tradition of handloom weaving.

4. Promoting Sustainable Sericulture —
Efforts are being made to plant more Som
and Soalu trees and develop eco-friendly
practices to support Muga silkworm
rearing.

5. Global Marketing and Branding — Muga
silk has been granted Geographical
Indication (GI) status, which helps in
distinguishing authentic Muga silk from
counterfeit products. Various online
platforms and international trade fairs are
being leveraged to expand its market reach.

The Future of Muga Silk
The revival of Muga silk is not just a
regional concern but a global movement to
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preserve arare and exquisite textile. By blending
traditional techniques with modern innovations,
Muga silk can be reintroduced as a luxury fabric
in the global market. Collaborations between
designers, weavers, and entrepreneurs can open
new avenues for this heritage silk.

Additionally, educating the younger
generation about the significance of Muga silk
and incentivizing them to take up sericulture as
a viable profession will ensure its continuity.
With concerted efforts from the government,
artisans, and consumers, Muga silk can once
again reclaim its rightful place as a symbol of
Assamese pride and global luxury.

Conclusion

Reviving Muga silk is an essential step
toward preserving Assam’s rich cultural
heritage. While challenges persist, dedicated
efforts in sustainable sericulture, innovation, and
global promotion can breathe new life into this
traditional art. The golden threads of Muga silk
are more than just fabric; they are a testament to
Assam’s history, craftsmanship, and resilience.
By supporting and promoting Muga silk, we
contribute to preserving an invaluable legacy for
future generations.
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Insect Pests Attacking in Cowpea and Their

Management Strategies
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Cowpea is a major pulse vegetable crop and in

India this is mainly grown for the purpose of
vegetable and pulses. Its long, green and soft
pods are used to make vegetables. Cowpea is a
nutritious and tasty vegetable, which is rich in
proteins and carbohydrates and many other
nutrients. That's why cowpea is called the meat
of vegetables. It is a crop of African origin and
its leaves are also used as a vegetable in the
Eastern and Western parts of this country as well
as in Asia. Cooked leaves contain protein, iron,
calcium, phosphorus, riboflavin, niacin,
ascorbic acid and vita-carotene. Cowpea grains
are dried and used as pulses. The amount of
protein in its grains is found more than the grains
of other pulse crops. This amount is 24.6 per
cent in Indian species, while 20.8 per cent is
found in American species. The acid called
methionine is present in 1.9 per cent of the total
protein in its grains, due to which the protein
standard of lobia grains is higher than that of
other pulses. Apart from having 23-25 per cent
protein, 3.9 per cent fat, 50-67 per cent
carbohydrate and 8-9 per cent moisture in dry
grains of cowpea, it is also the main source of
calcium and iron elements.

1.95 perc ent nitrogen, 0.2 per cent,
phosphorous acid and 1.47 per cent potash are
found in the dry plant of lobia. The fodder of this
crop is very tasty and nutritious. That's why this
crop is a source of excellent fodder. Silage is
also made from its dry grass, which is mainly fed
as fodder to animals. Cowpea being a
leguminous crop, its plants take nitrogen from
the atmosphere and transmit it with the help of
bacteria, which increases the fertility of the land.
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Cowpea is also grown as a green manure for
soil improvement. This crop covers the entire
land surface due to heavy vegetative growth and
development, which prevents soil erosion and is
later used as green manure by deep plowing. In
this way cowpea is also used as an anti-erosion
crop.

The crop is drought tolerant, early yielding
crop and prevents weeds from growing at an
early stage. Therefore, most of the small and
marginal farmers of the country earn maximum
income from the market by growing this crop
mostly in the form of green and fresh pods. But
there are many problems in growing this crop.
Among them, the outbreak of insects pest is the
main one, which damages the crops of lobia in
different stages.

About 150 insset pests species attack the
cowpea crop. But, out of them 25 species of
insect pests affect crops from germination to
maturity and about 47.23 to 62.91 per cent
damage is caused by these pests. Among these,
along with the identification and nature of
damage to the major pest insects, their
management measures practices are mentioned
below.

A. Field Insect Pests

1. Aphid

Identification: Aphid is a polyphagous and
major pest of cowpea. These insects are small in
size, about 2 mm long and round. The
mouthparts of this insect are stinging and
sucking. Adult insects turn dark yellow and later
turn black. The head is small and shiny. The
mouth is pointed and thin. This insect has two
small tubes at the end of the body, which are
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called vinyl (cornfill). In these the horns are half

of the length of the body and the eyes are of red

colour. Winged and wingless two stages are
found in this insect.

Nature of Damage: Both nymph and adult

stages of this pest cause damage to the crop by

sucking the sap of the leaves, tender stems, buds
and flowers of the crop.

As a result, infected plants become weak,
small, stunted and discoloured along with
stunted plant growth and do not produce pods.
The leaves shrivel up due to sucking of the sap
by this pest and in case of severe infestation, the
plant also dies.

This insect emits a type of fluid called
'‘Madhuras'.

This honeydew is sweet and attracts ants
and black fungus. In this way, black fungus also
grows on the leaves and it creates disturbances
in the process of photosynthesis. The amount of
damage done to the crop by this pest is up to 15-
20 perc ent.

Management

>  If aphid population is limited to only a few
leaves and twigs, pruning of infested parts
can be done to provide control.

» Transplant should be checked for Mahu
before planting and tolerant varieties
should be used if available.

»  Reflective mulches such as silver-coloured
plastic can prevent aphids from feeding on
plants.

» To control aphids, two groves/plants of
green lacewing bug should be left in the
crops.

» In case of excessive outbreak of aphid
insect in lobia crops, one of the following
insecticides should be used-

Dimethoate 30 EC - 500 ml/ha

Thiomthoaxam 25 WG - 200 g/ha
Imidacloprid 17.8 SL-100-125 ml/ha
2. Leaf Hopper
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Nature of damage: The nymphs and adults suck
the sap from the leaves, as a result of which the
leaves shrivel up and their edges turn red-
yellow. Later on, the size of the leaves of the
affected plants appear small and twisted, which
dry up and fall off after some time. The disease
is visible on the plant on which it is infested.
That insect secretes a type of toxic substance
which adversely affects the leaves. The attack of
this pest is more on the late sown crop. Due to
the outbreak of this pest in the initial stage of the
plants, the full development of the plants is not
possible and the yield is adversely affected.

Management:

»  Crop should be sown on time.

» Insect resistant varieties should be sown.

» Grubs of Chrysopa species are the
predators of  this insect and
Anagrusimpoeski and Stethiniumimpoeski
are parasites of this insect. Therefore, they
should be protected and promoted.

> In the event of excessive outbreak, the
details of insecticide use given in Mahu
insect have been presented.

3. Thrips
Identification: The adult insect is less than 1.0
mm long, soft and light yellow in colour. Its
wings are ruffled, which are clearly visible. Its
mouth parts are licking. The babies of this insect
are wingless. These insects remain hidden on the
lower surface of the plants in the form of herds
in _hundreds and are sometimes found on the
surface as well.

Nature of damage: Both nymphs and adults

damage the plants. This insect sucks the juice by

scraping the outer skin of the leaves with its
mouth parts. The spots on the leaves from which
it sucks the juice turn yellow, white and later
brown. In case of heavy infestation of this pest,
the leaves get shriveled and ultimately the

growth of the plants stops. Loss of up to 10-15

per cent has been found in cowpea from this

Identification: The adult of this insect has 3 pest.

sudden bites. Its colour is greenish to reddish Management:

and it has dark spots on its gills. There are two »  Balanced lose of fertilizers should be
black spots on the head of this insect. used.
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> Planting should be done at recommended

distance.

> Yellow coloured sticky trap (5-8

trap/hectare) should be used in the fields.
> If thrips outbreak is high, one of the below

mentioned insecticides should be used at

the rate of per hectare.

Dimethoat 30 EC - 1000-1200 ml

Thiacloprid 21.7 SC - 250-300 ml

Imedacloprid 17.8 SL-100-125 mi

4. White Fly
Identification: The nymphs of this pest are soft
and yellow in colour like lice, which stick on the
lower surface of the leaves. Adult insects are
winged 1.0 to 1.5 mm long and yellow in colour.
Their feet are of bright white colour. On which
sticky powder is covered. They immediately
start flying after getting the slightest sound.
Nature of damage: This pest damages the
plants by sucking the juice from the leaves. This
insect is harmful in both infant and adult stages.
Due to sucking the juice, the growth and
development of the plants stops and the leaves
turn yellow. Apart from this, this insect also
transmits viral diseases in cowpea. As a result of
this disease, the leaves of the plants remain small
and turn down wards. No pods are produced in
such affected plants.

Management:

> Sowing of the crop should be done on time.

> Adopt proper crop rotation (those crops
should be used in crop rotation which are
not affected by this pest).

»  Resistant varieties should be sown.

»  Yellow sticky trap should be used in the
fields (8-10 trap/hectare).

»  Parasites like Encrasia and Artimosirus and
predatory lady bird beetles, Chrysopa etc.
should be conserved.

» To control this pest, Acephate 75 SP 1.5
liters or Acetamiprid 20 SP, 250 to 300
grams or Imedacloprid 17.8 SL 125 ml per
hectare or neem based insecticides (Amrit
Guard and Neemgold 0.15 per cent 1.5 -2.0
liters per hectare) should be used.
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5. Maxicane Bean Beetle
Identification: The adult moth is an orange-
brown beetle with dark spots. The larva of this
pest is a thick bodied grub, which is narrow at
the end and remains hidden in the spine of the
leaves.
Nature of damage: The beetles feed on the
lower surface of the leaves and form irregularly
shaped spots, due to which the upper surface of
the leaves dry up and leaves have a ribbon-like
appearance. The insect causes damage by
feeding on the flowers and small pods. Infested
pods fall from the plants when badly damaged.

Management :

> At the time of initial attack of insects,
larvae and adults can be destroyed by
brushing them from the leaves.

» If the pest infestation is high, one of the
following insecticides can be sprayed on
the crops-

Chlorpyrithos 20 EC -1000 mi/ha
Thiodicarb 75 WP - 600-800 g/ha
Fipronil 5 SC - 1000-1200 mi/ha

6. Blister Beetle
There are about 7,500 species of bilster beetles
in the world, but Mylberis pustula and Mylberis
phalerata are commonly known as bilster
beetles. It is a polyphagous insect, which
damages crops like cotton, okra, cowpea,
pigeonpea throughout the year.
Identification: Adult beetles are medium to
large (2.5 cmin length). Usually black with large
yellow spots and a red stripe on the belly, which
sometimes turns into yellow spots. The young
larvae of this insect are white in colour.
Nature of Damage: Adult beetles feed
voraciously on buds, flowers and tender pods,
resulting in low pod formation. An adult beetle
damages about 20-30 flowers in a day by feeding
on them. Thus these beetles can feed on most of
the flowers and crop loss can be substantial.

Management :

> In case of initial outbreak of this beetle,
adults can be destroyed by catching them
by hand or by collecting them from insect
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nets and putting them in a solution of
kerosene oil and water.

»  If the beetle infestation is high, one of the
following insecticides should be sprayed at
the rate of per hectare.

Acephate 75 SP -500-600 gram
Chlorpyriphos 20 EC -1000-1200 m
Quinalphos 25 EC - 1000 ml

7. Pod Sucking Bug

Pod sucking bug is a polyphagous insect and it

damages many pulse crops. Many species of this

insect are found in the world, but two species

Anoplocnemis and Clavigalla are prominent in

India. These are very destructive pests of

cowpea and cause about 30-70 per cent damage.

Identification:  Adults of the species

Anoplocnemis are brown and black with

shoulder hemispheres, while adults of the

species Clavigarella are grayish to brownish.

Transversely curved with a length of about 2

mm.

Nature of damage: The female bug of this pest

lays eggs on pods and sometimes on leaves and

flowers. Both nymphs and adults suck the juice
of green beans. Light-yellow or yellow spot
appears on the affected pods and later this spot
turns black. As a result, green pods drop
prematurely. Poorly filled pods are visible along
with shriveling of seeds inside mature pods.

Seed germination capacity is afficted.

Management:

»  Crop residues, weeds and other nutritious
plants should be removed from the fields
and destroyed.

» Tolerant varieties/ cultivars should be
SOwn.

» Incase of high outbreak of pests, one of the
following insecticides should be sprayed at
the rate of per hectare.

Dimethoate 30 EC - 1000 ml
Imedacloprid 17.8 SL - 120-125 ml
Acetamiprid 20 SP - 125-150 gram
Thiometham 25 WG - 100 gram

8. Bean Pod Fly

The bean pod fly is a serious and destructive pest

of cowpea and other edible legumes in tropical
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and subtropical regions of Asia. Many species of
this insect are found. Apart from cowpea, they
damage moong, peas and other pulse crops.
About 30-50 per cent of cowpea crops are
damaged by this pest.
Identification: The adult fly is metallic green in
colour. Its size is small, eyes are triangular, big
and green in colour. The wingspan of the male
is 2.4 mm and that of the female is 2.8 mm. The
reproductive cone is longer in the female. The
maggot is white in colour with a thin brown
stripe on its upper part. The fully grown maggot
is 3.4-4.0 mm long and 1.25 to 1.5 mm wide.
Nature of damage: After hatching from the
eggs in the pod, the maggot attaches itself to the
silk thread and eats the seeds by scraping them.
The place, where the maggot eats, fungi and
bacteria are produced there. As a result, such
seeds become unfit for consumption. Initially
maggots feed by making holes in the stem of the
plant. As a result, the stem and branches of the
plant start drying up.

Management:

» Initially the affected pods should be
plucked and destroyed.

»  When the outbreak of this pest is seen in the
crops, one of the following insecticides
should be sprayed at the rate per hectare
which is described in the management of
gram pod borer.

9. Spotted Legume Pod Borer
It is the main pest of cowpea, but this pest
damages 37 types of pulse crops, in which
Arhar, Soyabean, Moong, Urad, Pea etc. are the
main ones. Apart from this, it has also been
found to damage castor, groundnut and tobacco
crops. This pest has been found to attack lobia
crops widely in tropical and sub-tropical regions
of the world. About 80 per cent of cowpea crops
are damaged by this pest.

Identification: Adults are brown with orange

coloured forewings. Its forewings are pale gray

with white markings, while the edge of the
hindwings is white with brown markings. The
adult insects are not active during the day. They
are usually hidden under the lower leaves of the
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host plants. The caterpillars of this insect have a
greenish-white body with a brown head. There
are two pairs of dark spots behind each segment
of the body.

Nature of damage: The pest damages tender
stems, flower buds, flowers, petioles, pods and
leaves by feeding on them. It is the caterpillars
of this insect that cause damage to the crops. The
female insect lays up to 200 eggs near the flower
buds. The small caterpillars that emerge from
the eggs make round holes in the bud, flower and
pod and go inside and eat. When it grows up, it
eats the grain (seed) inside the pod and leaves its
excreta near the entrance hole. Sometimes these
caterpillars also feed by making holes in the
stem. In this way, the pods appear deformed in
shape with round holes in the flowers and leaves
of the affected plants. It pupates near the crop
residue or soil surface. The adult moth lives on
an average for 6-10 days and 6-7 generations are
found in a year.

Management
»  Pest resistant varieties/ cultivars should be
sown.

» Appropriate crop rotation should be

adopted.

» After attracting adult insects using
pheromone trap, they should be destroyed.

» Parasitic and predatory insects should be

protected and promoted.

No chemical insecticide should be sprayed

when the adult beetle of coccinellid

predatory insect is active in the crops.

» Incase of high outbreak of pests, one of the
following insecticides should be sprayed at
the rate of per hectare.

Novaleuran 10 EC - 750ml

Chlorfenapyr 10 SC - 700-1000 ml
Indoxacarb 14.5 SC - 200-250 ml
10. Gram Pod Borer
Itis a polyphagous insect and feeds on chickpea,
pea, arhar, cotton, tomato,
Attacks tobacco etc. crops and causes heavy
damage. But sometimes cowpea also attacks and
damages the crop.
Identification: The adult insect is brown in
colour with distinctive markings on the
forewings. About two-thirds of the wing area is
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paler and kidney shaped spots are found in this
discoloured area. At the base of the wing there
are two black interstitial stripes. It is a high
flying insect and is shiny like grease. The young
larva is light in colour and becomes fully
developed after moulting four times in its life
time. The colour of fully developed caterpillar is
light green on the upper surface and shiny white
on the lower surface. There is a yellow stripe
each in the middle of the upper plane and on both
sides. The colour of this caterpillar varies
widely, ranging from light green to almost black.
Nature of damage: Initially, the larvae of this
pest come out of the egg and eat by scraping the
green matter of the leaves and later reach the
flowers and pods and eat by piercing them. A
single caterpillar bores into about 30-40 pods
and eats them. The developed and large
caterpillars eat half of the inside of the pod and
take out the other half outside. Pods affected by
this pest become hollow and turn yellow after
drying. The exereta of caterpillars is also found
in the pods. The outbreak of this pest remains
high from November to March.

Management :

In small farms, the grubs should be caught and
destroyed by hand.

»  Assoon as the crop of cowpea is harvested,
the field should be properly cleaned and
plowed, so that the pupa dies in the heat.

»  Proper crop rotation should be adopted.

»  With the help of light trap and pheromone
trap, adult insects can be collected and
destroyed.

»  Atthe beginning of the attack, the larvae of
the pest can be collected and destroyed.

» A 10 per cent solution of neem leaf or nem
oil extract should be sprayed on the crop
after 20 days of germination, at the time of
flowering and at the time of pod formation.

» NPV should be sprayed at the rate of 250
LE per hectare.

»  One of the following insecticides should be
sprayed at the rate of per hectare at the time
of flowering and pod setting.

Indoxacarv 14.5 SC - 200-250ml

Emamectinbenjoate 5S G 150-200ml
Spinosad 2.5 SC 600-700 ml
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Lufenuron 5.4 EC 600 ml
To control this pest, the following friendly
insects/parasites should be identified in the
fields and conserved and promoted.
Trichogrammaminutum - Egg parasite
Bracon and Chilonus - Grub parasites
11. Hairy Caterpillar
It is an omnivorous insect and causes more
damage to moong, urad and cowpea crops. This
insect is found in almost all the regions of the
country.
Identification: The adult moth is medium sized,
light brownish yellow in colour. There are black
spots on its wings. The upper part of the
abdomen of the insect is red in colour, on which
small black spots are found. Initially, the
caterpillars of this insect are green or yellowish
in colour and are found in groups. Small hairs
are found on its body. The entire body of full
grown caterpillars is covered with reddish-
brown hairs. The head turns dark brown. It has
yellowish orange and dark brown stripes on its
body.
Nature of damage: In the beginning, nymphs
are found in hundreds on a single leaf and feed
on the leaves simultaneously. These caterpillars
prefer to feed on the tender growing parts of the
plants. Whereas when they grow up, they eat any
part of the plants. When these maggots grow,
they eat and destroy all the soft parts of different
leaves and plants. If the number is high,
sometimes the entire crop is destroyed.
Management
»  Attracting and destroying adult insects with
the help of light trap in the field
» To prevent the arrival of caterpillars,
trenches (trunches) should be dug around
the field and methyl parathion 2 per cent
powder should be sprinkled in the trenches.
» In the initial stage of outbreak, collecting
the caterpillars in the fields and putting
them in a solution of water mixed with
kerosene (5 per cent) is beneficial.
» Methyl Parathion (2 per cent) or
Quinalphos (1.5 per cent) should be
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sprinkled in the crops at the rate of 25 kg
per hectare.

»  Spraying the crops by of Dichlorvos 76 EC
500 ml or Chlorpyriphos 25 EC per hectare
is beneficial.

12. Spiny Pod Borer
Identification: Adults are brown in colour with
orange coloured thorax. It has a white stripe
along the front edge of its forewings. Initially the
larva is green, but turns pink before pupation.
Nature of damage: The larva of this pest enters
inside by making holes in the flowers and tender
pods. Pods are eaten by caterpillars inside.
Flowers and pods fall prematurely in affected
plants. Brown spots appear on old pods, where
the larva enters.
13. Blue Butter Fly
Identification: The adult moth is grayish-blue
in colour with a long tail with prominent dark
spots on the wings. On the underside of the
wings there are brown spots with several stripes.
The caterpillars are flattened, slightly rounded
and green with pitted skin.
Nature of damage: The larvae of this pest
damage the buds, flowers and young pods by
making holes in them. Slug-shaped maggots are
seen in the pods. The affected pods turn yellow
after drying and grains are not formed in it,
which adversely affects the production.
14. Grass Blue Butter Fly
Identification: The adult butterfly is blue in
colour and medium in size with 5 dark spots on
the hindwings and two dark spots on the inner
edge. The body of the caterpillar is light green or
yellow in colour with a red line and small black
ones.

Nature of damage: Larvae of this pest bore

holes in buds, flowers and young pods. Enters

inside by making holes in the pods and eats the
seeds by remaining stable there. The caterpillars
also close the large holes on the pods with
excreta. In this way, after eating the seed, the
pod becomes hollow and turns yellow. In the
end, the pods are found dried on the plants.

There is a lot of damage to the crops due to the

outbreak of insects.
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Management
» Management of blue butterfly is described
in Management of pod sucking bug.

Other Important Pests of Cowpea

(1) Leaf miner

(2) Army worm

(3) Bihar hairy caterpillar

(4) Cydia pod borer

(5) Termite

(6) stem fly

Intergrated Management of Pod Borer

» Deep ploughing should be done at an
interval of 2-3 years to destroy the
hibernating pupae.

» Early sowing and short duration crop
varieties and cultivars should be planted.

» Tall sorghum crop should be planted as a
shelter crop to act as a bird shelter.

»  As for as possible, larvae and adults should
be collected and destroyed in the initial
stage of pest infestation.

»  For each insect, pheromone traps should be
installed at a distance of 50 meters at the
rate of 5 traps/hectare.

>  Bird shelters (8-10 shelters/ hectare) should
be established.

» Light trap (light trap/5 ha) should be
established to kill the population of adult
moths.

» Control is achieved by spraying
Trichogramma chilonis four times at
weekly intervals (1.5 lakh/ha/week).

»  Green lace wing, violent stink bugs, spiders
and ants should be conserved.

» NPV 250 L/ha with Tipol 0.1% and Jaggery
0.5% thrice at an interval of 10-15 days
interval starting from flowering stage
(Note: When caterpillars prevent by
Insecticide/NPV should be sprayed when it
is in initial stage).

» V.T. 600 gram/hectare and Neem
oil/Pungam oil should be sprayed with 2
ml/dl of water solution.

»  Quinalphos 4D or Chlorpyriphos 5D can be
dusted on crops at the rate of 25 kg/ha.
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» Incase of excessive outbreak of pests in the
crops, one of the following mentioned
insecticides can be sprayed alternately at an
interval of 10-15 days.

(1) Spinosad 45 SG - 150-200 ml

(2) Emamectin bezoate 5 SP - 100-150 ml
(3) Thiodx carb 75 WP 400-500 grams

(4) Difluvenzuran 25 WP - 300-350 grams

Intergrated Management of Sucking

Pests

> Infected leaves, flowers and fruits should
be plucked and destroyed.

» Balanced dose of fertilizers should be used.
Due to increase in chlorosis of leaves
excessive use of nitrogenous fertilizers and
outbreak of sucking insects (Aphid, jassid,
thrips, white fly and pod sucking bug) is
more.

» Plant should be sown at the recommended
distance.

» Seed treatment with Imedacloprid 70 WP
or Thiomethoxam 70 WP at the rate of 4-5
gm/kg seed provides protection from
sucking pests for about one month or
reduces pest infestation.

» If there is more out break of pests in the
crops, spraying of the following mentioned
insecticides should be sprayed alternately at
the rate of per hectare.

Dimethoate 30 EC - 1000-1200 ml
Imedacloprid 17.8 SL - 100-125 ml
Thiomethoxam 25 WG - 100-150 grams
Difenthuron 50 WP - 600 grams

Storage Insect Pests

Spotted Lobia Buchid

It is a major storage pest. About 50-60 per cent
damage occurs during storage in six months.
Apart from cowpea, it is a major pest of arhar,
moong, urad, masoor and other pulse crops.
Identification: The adult insect is small,
spherical and about 3.2 mm long. Its colour is
brown and the body is pointed towards the front
and wide towards the back. There is a small
white spot on its chest. It has two pairs of wings
in which the front pair is hard and the latural pair
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is membranous. The front pair of wings do not
cover the abdomen completely. The antennae of
the female are horned and those of the male are
combed. The body of the grub is white, soft,
cylindrical and shriveled. It has three pairs of
legs and there is a mark on the end of each leg.
The fully grown grub is 5 mm long.
Nature of damage: The outbreak of this pest
starts from the formation of pods in the fields till
the store-houses, but the maximum damage is
done in the store-houses. Both its grub and adult
are harmful, but more damage is done by grub.
The outbreak starts in the fields, when green
beans are planted in the plant. The female insect
lays eggs on green beans. After hatching from
the eggs, the grub penetrates inside the pod and
eats the grains. The place from, where it enters
inside the grain is closed and the grain appears
healthy from outside. In this way, the pest
reaches the store-houses inside the affected
grain. Here it emerges as an adult, which starts
the work of reproduction.

This pest hides in the crevices and sacks in
store-houses when pulses (seeds) are kept in store-
houses, the female lays eggs by sticking to their
surface. These eggs can be easily seen sticking on
the surface of the grains. After hatching from the
egg, the grub enters inside the grain and by eating
inside it makes the whole grain become hollow.
Many grubs live in large grains. These grubs
pupate inside the grains and later the adults come
out of the grains by cutting a round hole. The
grains affected by this pest are neither fit for eating
and nor for sowing. These types of grains emit a
special type of unwanted smell. The adult beetle is
usually harmless.

Management

» Healthy and certified seeds should be used.

» At the time of sowing, the seed should be
treated with Chlorpyriphos 20 EC at the
rate of 4-5 ml per kg of seed.

»  When the outbreak of this pest is seen in the
crops at the time of pod formation, then one
of the following insecticides should be
sprayed at the rate of per hectare.
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Diflubenzuron - 25 WP 300-350 gram
Emamectin benzoate - 5SG 150-200ml
Spinosad - 45 SC 150ml

The following preventive treatments

should be done before storage:

» Before collection, the pulses should be
dried thoroughly in the hot sun, because the
moisture content of the pulses is less than
10 per cent or less, so there is no insect
infestation.

»  Pulses should not be kept in very dark and
moist places, there are more outbreaks of
insects at such places. Air and light should
reach the place of storage. If pulses are to be
kept in the kothi, container it should be
airtight.

» The pulses should be dried in the sun by
putting old sacks in boiling water for some
time or they should be dried in strong
sunlight, so that the insects, larvae and eggs
present in the sacks die.

»  The pulses kept in sacks should not come in
direct contact with the ground. Drainage
should be done by placing wooden strips or
polythene sheets between pulses and the
floor.

»  The pulses kept in the form of sacks or heaps
should not be filled to the full capacity of the
store-houses, so that proper circulation of air
can take place.

»  Before storing pulses, the store house should
be thoroughly cleaned. Fumigation of store
rooms and closets is also good. Humming
agents (EDB) should be used for fumigation,
so that the pests can be completely destroyed.

»  Pesticides can also be prevented by mixing
pesticides in pulses. Pesticides are mixed
only for the protection of the seed. For this,
the use of Malathion (0.5%) is best, because
along with being less toxic, pulses do not
have any kind of smell. In this way pulses
can be preserved for about one year by
mixing Malathion powder at the rate of 250
grams/quintal.
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Miyawaki Forests in India: A Green Revolution for

Climate Change Mitigation and Soil Restoration in Cities

Sreelekshmi M.

Research Scholar, College of Agriculture, Vellayani, Kerala

In recent years, the Miyawaki forestation method has gained significant attention in India as a
revolutionary approach to urban afforestation and ecological restoration. Named after Japanese botanist
Dr. Akira Miyawaki, this technique involves planting native tree species densely in small areas to create
fast-growing, self-sustaining forests. As India grapples with climate change, deforestation, and soil
degradation, Miyawaki forests offer a promising solution. This article explores the importance of
Miyawaki forests in India, their role in climate change mitigation, and their benefits for soil health and

forestry.

Introduction

Miyawaki forests are dense, multi-layered
ecosystems created using native plant species,
designed to restore biodiversity and enhance the
ecological balance within a given area. This
innovative method involves planting saplings in
close proximity, typically at a density of 3 to 7
plants per square meter. Such competition for
sunlight and nutrients fosters rapid growth,
resulting in forests that can mature ten times
faster and achieve thirty times the density of
conventional plantations. Within a mere 20 to 30
years, these forests can develop into fully
functioning ecosystems, providing myriad
environmental benefits. In urban settings, the
establishment of Miyawaki forests holds
particular promise. As urban areas confront
issues like air pollution, heat islands, and
declining biodiversity, these dense urban forests
present an effective remedy. They not only

improve air quality by absorbing pollutants and
producing oxygen but also mitigate urban heat
through their cooling effects. Furthermore, the
introduction of native flora enhances local
biodiversity, providing habitats for various
species and fostering ecological resilience. By
integrating Miyawaki forests into urban
planning, cities can transform underutilized
spaces into vibrant green areas that promote
sustainability, improve residents' quality of life,
and contribute to the overall health of the urban
ecosystem.

The Importance of Miyawaki Forests in
Climate Change Mitigation

In India, the importance of Miyawaki forests
cannot be overstated. As one of the most
populous countries, India faces severe
environmental challenges, including
deforestation, urban air pollution, and habitat
loss. The Miyawaki method offers a pathway to
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restoring native biodiversity and improving
local ecosystems. By creating compact, dense
forests in urban areas, Miyawaki forests provide
essential green spaces that can enhance urban
resilience. They act as vital buffers against urban
heat islands, thereby improving local climates.

1. Carbon Sequestration: A Natural Solution
Miyawaki forests act as powerful carbon sinks,
absorbing significant amounts of carbon dioxide
from the atmosphere and storing it in both soil
and biomass. Their dense growth and rapid
development make them highly effective in
sequestering carbon, which is crucial for
mitigating global warming.

2. Urban Heat Island Effect: Cooling Cities

In urban areas, Miyawaki forests help combat
the heat island effect by providing shade and
releasing moisture through transpiration. This
natural cooling mechanism reduces the need for
energy-intensive air conditioning, indirectly
lowering greenhouse gas emissions. These
forests are effective in bringing the temperature
down to 3-6°C.

3. Biodiversity  Hotspots:
Ecosystems

These forests create microhabitats for birds,

insects, and small mammals, enhancing urban
biodiversity. It fosters a large group of
organisms which have lost its home in the
buzzling cities. A diverse ecosystem is more
resilient to climate change and contributes to the
overall health of the environment.

Why Miyawaki Forests Are Good for India
1. Addressing India’s Deforestation Crisis
India has lost significant forest cover over the
decades due to urbanization, agriculture, and
industrialization. Miyawaki forests offer a way
to restore green spaces in a short time, even in
densely populated urban areas.

2. Improving Air Quality in Polluted
Cities

Indian cities like Delhi, Mumbai, and Bangalore
are among the most polluted in the world.
Miyawaki forests can help improve air quality
by filtering pollutants and releasing oxygen,
making them a vital tool for public health.
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3. Water Conservation and Groundwater
Recharge
The dense root systems of Miyawaki forests

improve soil permeability, allowing rainwater to
percolate into the ground and recharge
groundwater levels. This is particularly
important in water-scarce regions of India.

4. Nature’s Sound Barrier: Reducing
Noise Pollution

Miyawaki forests are highly effective in
reducing noise pollution, especially in urban
areas. The dense foliage and multi-layered
structure of these forests act as natural sound
barriers, absorbing and deflecting noise from
traffic, construction, and other urban activities.
The leaves, branches, and trunks of the trees
scatter sound waves, reducing their intensity and
creating a quieter, more peaceful environment.
This makes Miyawaki forests an excellent
solution for cities struggling with high noise
levels, improving the quality of life for residents
while also contributing to ecological balance.

The Role of Miyawaki Forests in Soil

Restoration

1. Combating Soil Erosion

The dense root networks of Miyawaki forests
bind the soil, preventing erosion caused by wind
and water. This is especially beneficial in areas
prone to landslides or desertification.

2. Enhancing Soil Fertility

As the forest grows, fallen leaves and organic
matter decompose, enriching the soil with
nutrients. This natural process improves soil
fertility, making it suitable for other forms of
vegetation or agriculture.

3. Restoring Degraded Land

Miyawaki forests have the potential to revitalize
barren or degraded lands by reintroducing native
plant species, which restore the soil microbiome
and ecological balance. This method is
particularly effective for rehabilitating degraded
iron ore mines in India, as dense native
vegetation stabilizes the soil, prevents erosion,
and rebuilds ecosystems. Over time, these
forests enhance soil fertility, boost biodiversity,
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and convert mining sites into lush green spaces,
promoting environmental recovery and climate
resilience.

Case Studies: Miyawaki Forests in India

1. Chennai’s Urban Forest Initiative
Chennai has been a pioneer in adopting the
Miyawaki method, creating over 100 mini-
forests across the city. These forests have
transformed vacant plots into lush green spaces,
improving the city’s air quality and biodiversity.
2. Mumbai’s Fight Against Pollution

In Mumbai, Miyawaki forests have been planted
in schools, residential complexes, and public
spaces. These forests are helping the city combat
its severe air pollution problem while providing
residents with green oases.

3. Bangalore’s Community-Driven Efforts
Bangalore has seen a surge in community-led
Miyawaki forest projects. Local residents and
NGOs have come together to create these
forests, fostering a sense of environmental
stewardship.

4. Kerala Tourism’s Green Initiative

The Kerala Tourism Department, in
collaboration with the state government, has
actively promoted Miyawaki forests as part of its
sustainable tourism model. Several tourist spots,
including Kovalam and Wayanad, now feature
these dense urban forests, enhancing the natural
beauty of the region while promoting eco-
tourism. This initiative not only attracts
environmentally conscious travelers but also
educates locals and visitors about the
importance of afforestation.

5. Delhi’s Green Transformation

In Delhi, the government and NGOs have
partnered to create Miyawaki forests in schools,
residential areas, and public spaces. One notable
example is the forest planted in the Sarita Vihar
area, which has transformed a barren plot into a
lush green space. These forests are helping the
capital combat its severe air pollution crisis
while providing residents with much-needed
green lungs.
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6. Pune’s Community-Led Efforts

Pune has seen a surge in community-driven
Miyawaki forest projects. Local residents,
schools, and environmental groups have come
together to create mini-forests in urban spaces.
For instance, the forest planted by the NGO
*Green Yatra* in the Kothrud area has become
a model for urban afforestation, inspiring other
communities to adopt the Miyawaki method.

7. Hyderabad’s Corporate Participation
In Hyderabad, several IT companies and
corporate parks have adopted the Miyawaki
method to create green spaces within their
campuses. For example, a tech park in
Gachibowli has developed a Miyawaki forest
that not only enhances the aesthetic appeal of the
area but also provides employees with a serene
environment to relax and reconnect with nature.
Organizations Promoting Miyawaki Forests
in India

Here are some leading organizations and
individuals promoting the Miyawaki method in
India, along with their contributions:

1. Afforestt founded by Shubhendu Sharma is
one of the pioneers in bringing the Miyawaki
method to India. Shubhendu Sharma, an
engineer-turned-environmentalist, learned the
technique directly from Dr. Akira Miyawaki and
has since implemented it across India and
globally. Afforestt specializes in creating
natural, maintenance-free forests in urban and
rural areas.

2. Green Yatra, founded by Pradeep Tripathi, is
a non-governmental organization dedicated to
environmental conservation. This NGO focuses
on creating Miyawaki forests in urban areas by
collaborating with communities, schools, and
corporations to develop green spaces.

3. SayTrees, founded by Durgesh Agrahari.
Based in Bangalore, SayTrees has played a
crucial role in establishing Miyawaki forests
throughout  Karnataka.  Their initiatives
emphasize urban afforestation and encourage
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A five-year-old Miyawaki forest in Kerala

community participation in environmental
conservation efforts.

4. Thuvakkam, founded by K. R. Selvaraj and
based in Chennai, is also committed to urban
greening and raising environmental awareness.
This organization has successfully created
multiple Miyawaki forests in Chennai and its
surrounding regions, further advancing the
cause of sustainable urban development.

5. The Forest Way, founded by Dheeraj Arora,
is an organization dedicated to promoting the
Miyawaki method as an effective solution to
urban environmental challenges. The Forest
Way  collaborates  with  governments,
corporations, and communities to establish
dense urban forests that not only contribute to
environmental sustainability but also improve
the quality of life for urban residents.

6. Crowd Foresting, founded by M.R. Hari, has
collaborated closely with the Kerala government
to promote the Miyawaki afforestation method
across the state. Their partnership has enabled
the creation of numerous urban and rural forests,
aligning with the government's green initiatives
and environmental goals.

Challenges and the Way Forward

1. High Initial Costs

While Miyawaki forests offer long-term
benefits, the initial cost of planting and
maintaining them can be high. Government
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the Miyawaki forest he planted

support and public-private partnerships are
essential to scale up these efforts.

2. Land Availability in Urban Areas
Finding suitable land for Miyawaki forests in
densely populated cities can be challenging.
Creative solutions, such as rooftop gardens and
vertical forests, can help overcome this
limitation.

3. Public Awareness and Participation
Educating the public about the benefits of
Miyawaki forests is crucial for their success.
Community involvement can ensure the
sustainability of these projects.

4. Scalability

While Miyawaki forests are effective on small
scales, replicating them on a larger scale
requires strategic planning and resource
allocation. Collaboration with government
bodies and NGOs can help scale up efforts.

Conclusion: A Green Future for India
Miyawaki forests represent a powerful tool for
addressing some of India’s most pressing
environmental challenges. From mitigating
climate change and improving air quality to
restoring soil health and promoting biodiversity,
these forests offer a holistic solution. As India
continues to urbanize, the Miyawaki method
provides a blueprint for creating sustainable,
livable cities. By embracing this green
revolution, India can pave the way for a
healthier, more resilient future.
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Introduction
Recent advancements in  communication
technology and wireless sensor networks have
opened up new possibilities in agriculture.
Integrating  information  technology  with
agricultural science can lead to more efficient
and  environmentally  sustainable  crop
production. As the world's population is
expected to reach 9.7 billion by 2050, it's crucial
to improve crop yields while minimizing
environmental impact. Precision agriculture
offers a solution by allowing for precise
application of resources like water, fertilizers,
and pesticides, reducing waste and harm to the
environment (Nasir Mehmood Khan and Binish
Munawar, 2023). Unlike traditional agriculture,
precision agriculture customizes management
for small areas within fields, thanks to modern
technologies. This approach has long been a
goal, but recent technological developments
make it practical for use in actual production
settings.
Definition

Precision Agriculture, also known as
Precision Farming, involves leveraging modern
technologies and field data to implement precise
actions at the appropriate time and location. This
collected data enables more accurate
assessments of optimal planting densities,
estimation of fertilizer and other input
requirements, and improved predictions of crop
yields.

It's a novel farming approach that adjusts
the application of fertilizers, pesticides, and

within a field. This practice is referred to as
“Site-Specific Management”.

In other words, it's “Digital Agriculture”,
which entails creating extensive maps of farms,
compiling  comprehensive  databases on
necessary resources using satellite data and field
observations and devising detailed plans to
maximize yields and minimize input costs
through decision support systems.

Need of Precision Agriculture

Precision farming has the potential to bring
about economic and environmental benefits by
reducing the usage of water, fertilizers,
herbicides, pesticides, and farm equipment.
Instead of employing a one-size-fits-all
approach based on hypothetical average
conditions that may not accurately represent the
entire field, precision farming acknowledges the
specific differences within fields and adjusts
management strategies accordingly. Farmers
typically recognize that their fields exhibit
varying yields across different areas, stemming
from differences in management practices, soil
properties, and  environmental  factors.
Accumulating this knowledge about how to treat
different areas in a field has historically required
years of observation and trial-and-error
implementation. However, maintaining this
level of understanding of field conditions has
become increasingly challenging due to larger
farm sizes and annual shifts in leasing
arrangements. Precision agriculture presents an
opportunity to automate and streamline the
collection and analysis of information,

other inputs to match the varying conditions facilitating ~quicker  decision-making  and
Volume-01, Issue-04 FEBRUARY 2025 Page | 99




. INNOVATIVE
¥ AGRICULTURE ¥

implementation of management strategies on
smaller areas within larger fields.

Key Components of Precision Agriculture
(a) Data Gathering: Precision farming relies on
diverse data streams, encompassing satellite
images, soil analyses, weather updates and
sensor data. This thorough data collection
furnishes farmers with deeper insights into their
fields, pinpointing areas needing attention.

(b) Data Interpretation and Administration:
Leveraging advanced software and algorithms,
farmers can interpret collected data to uncover
insights into crop conditions, nutrient
deficiencies, pest outbreaks, and more. By
leveraging these insights, farmers can make
informed decisions and adapt their farming
techniques accordingly.

(c) Variable Rate Technology (VRT): VRT
empowers farmers to apply inputs like
fertilizers, pesticides, and water with precision.
By mapping field variability, VRT systems
enable tailored application rates, optimizing
resource usage and minimizing waste.

(d) Remote Sensing and Imaging: Utilizing
drones and satellite imagery, farmers gain high-
resolution views of their fields, facilitating crop
health monitoring, disease detection, and
assessment of plant stress. This real-time data
equips farmers to take timely measures, averting
potential yield losses.

Global Positioning
System (GPS)

Components
of Precision
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Remote Sensing
and GIS
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Cutting-edge Technologies in Precision

Farming

1. Self-driving vehicles: Self-driving tractors,
akin to airplanes on autopilot, have been present
for some time. These tractors handle most
agricultural tasks autonomously, with farmers
intervening  only  during  emergencies.
Technological progress is leading towards
unmanned machinery programmed by GPS to
execute tasks such as spreading manure or tilling
soil. Additional innovations include solar-
powered machines equipped with weed
detection technology, enabling targeted weed
elimination using herbicides or lasers. While
agricultural robots, referred to as Ag-Bots, are
already operational, researchers are pushing
boundaries with advanced harvesting robots
capable of identifying ripe fruit, adapting to their
varied shapes and sizes and delicately harvesting
them from branches.

2. Unmanned aerial vehicles and automated
systems: Drones have emerged as a crucial tool
in precision agriculture, offering a versatile
means to survey land, monitor crop health and
perform tasks like seeding, spraying, and
irrigation. They provide high-resolution imagery
that helps identify issues such as nutrient
deficiencies, water stress and disease outbreaks.
Agricultural robotic systems are progressing
rapidly, providing solutions for labour-intensive
tasks  like  weeding,
harvesting  and  fruit
picking. These systems
are not only efficient but

Data Analytics  also capable of
continuous operation,
thereby boosting

(((.))) Sensors productivity. As robotics
technology advances, it is

poised to play an even
Automated

£ more significant role in
Machinery

precision agriculture.
Core technologies such as
GPS and satellite imagery,

sensors and IoT, Al and

Figure 1. Key Components of Precision Agriculture
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machine learning, along with drones and robotic
systems, are essential for the functionality and
success of precision agriculture. They have not
only improved the efficiency and productivity of
agricultural practices but also promoted more
sustainable and environmentally friendly
farming methods.

3. Mobile Applications: Smartphone and
tablet apps are increasingly favoured in
precision agriculture. These devices come
equipped with built-in features like the camera,
GPS and accelerometer. Furthermore, there are
specialized apps tailored for agricultural needs,
such as field mapping, livestock management,
weather forecasting, crop data retrieval and
others. These apps are portable, cost-effective
and offer significant computational capabilities.
Some examples include Ag Guardian, Open
Scout, iISOYL scout, and ID Weeds.

4. Al (Artificial Intelligence) applications:
Al is frequently combined with drones, robots,
and Internet of Things (IoT) devices in
agriculture. It facilitates the amalgamation of
data from these sources, which is then analysed
by computers to determine suitable actions for
these devices. This capability enables robots to
apply the exact amount of fertilizer or allows [oT
devices to deliver precise water quantities
directly to the soil. The agricultural landscape is
progressively embracing machine learning
techniques, leading to more efficient and precise
farming methods while decreasing dependence
on human labour.

Advantages of Precision Agriculture

e Enhanced Efficiency and Productivity:
Precision farming optimizes resource
allocation, resulting in increased crop yields,
improved quality and higher profitability for
farmers

e Conservation of Resources: By precisely
applying inputs according to crop needs,
precision agriculture reduces the usage of
fertilizers, pesticides and water, leading to
less environmental pollution and

conservation of resources.
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e Cost-Efficiency: Precision farming helps cut
costs associated with excessive input usage,
unnecessary  labour and  equipment
expenditure. Through data-driven decision-
making, farmers can streamline operations
and achieve significant savings

o Sustainability
agriculture fosters sustainable farming
practices by reducing the environmental
footprint of agricultural activities, including
soil erosion, chemical runoff and greenhouse
gas emissions, thereby contributing to a more
sustainable food production system.

Promotion: Precision

e Enhanced Decision-Making: Real-time data
availability empowers farmers to make
timely proactive decisions, enabling them to
identify and address issues early, thus
minimizing crop losses and maximizing
yields.

Conclusion
Looking ahead, precision agriculture
emerges as a key solution to pressing global
challenges like food security and climate
change. The ongoing integration of technologies
such as Al, 10T, and blockchain holds immense
promise for revolutionizing food systems
worldwide. Yet, addressing challenges like
climate adaptation, accessibility, and data
privacy demands concerted research and policy
efforts. In essence, precision agriculture isn't just
about technological progress; it represents a
sustainable  farming future, harmonizing
productivity, environmental responsibility, and
economic viability. As we progress, it's vital that
the evolution of precision agriculture is guided
by a balanced consideration of technological
innovation, environmental preservation and
social equity.
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Introduction:

Once a concept confined to science fiction,

space agriculture the practice of growing crops
beyond Earth is rapidly becoming a reality. As
humanity ventures further into space, the need
for sustainable food systems grows increasingly
urgent. With plans for Mars colonies and long-
term lunar bases on the horizon, space farming
is not only vital for supporting astronauts but
also paves the way for agricultural innovations
that could transform farming on Earth.

Why Space Agriculture Matters:

Ensuring a reliable food supply for
astronauts on long-duration space missions is a
formidable challenge. Currently, food is
transported from Earth through resupply
missions, a method that is neither sustainable
nor practical for extended interplanetary travel.
For instance, a single astronaut aboard the
International Space Station (ISS) requires
around 1.8 kilograms of food and packaging
daily. Over the course of a three-year Mars
mission, this could amount to several tons of
supplies a logistical nightmare.

Space agriculture offers a solution by
providing a renewable source of fresh produce,
reducing reliance on Earth-based resupply
missions. This not only bolsters physical health
but also nurtures mental well-being, as tending
to plants and consuming freshly harvested
vegetables often called a "space salad" can be a
comforting and morale-boosting experience for
astronauts.
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Historical Milestones in Space Agriculture:
The evolution of space agriculture spans
several decades:

» 1960s-70s: The Soviet Union’s Salyut
space stations and NASA’s Skylab
conducted pioneering experiments to
observe plant growth in microgravity.

» 1980s-90s: The first complete plant life
cycle from germination to seed production
was achieved with Arabidopsis thaliana on
Salyut 7. The Mir space station also hosted
groundbreaking plant growth experiments.

>  2000-2017: NASA's Veggie Project and the
Advanced Plant Habitat (APH) on the ISS
allowed astronauts to successfully grow
crops like lettuce, radishes, and mustard
greens.

How Plants Support Space Sustainability:

Plants in space play crucial roles beyond
simply providing food:

» Oxygen Generation: A 10m? plant growth
area can generate about 25% of the oxygen
required by one person.

»  Air Purification: Plants absorb carbon
dioxide (CO2) and release oxygen through
photosynthesis, improving air quality.

»  Water Recycling: Advanced hydroponic
systems recycle water efficiently, ensuring
minimal waste.

»  Nutrient Recycling: Plants contribute to
closed-loop systems by cycling nutrients
back into their growing environment.

Innovations in Space Farming:

Modern space agriculture leverages
advanced technology to address the unique
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challenges posed by microgravity and limited
resources. Key innovations include:

» LED Lighting: Plants on the ISS grow
under red, blue, and green LED lights,
optimized to enhance photosynthesis.
Aeroponics and Hydroponics: These
soilless farming methods either mist plant

Y

roots with nutrient solutions or immerse
them in water enriched with nutrients.

» Artificial Gravity Generators: Rotational
systems simulate gravitational force,
helping plants develop normally despite
microgravity.

> Photobioreactors: These devices grow
algae, which produce oxygen, absorb COs,
and offer a nutrient-rich food source.

Space Breeding: Engineering Crops for the

Cosmos:

Space breeding accelerates genetic
mutations in seeds by exposing them to cosmic
radiation and microgravity, a process faster and
more unpredictable than traditional
mutagenesis.

Historical Breakthroughs:

1960s: The Soviet Union experimented with

Arabidopsis thaliana.

1987: China’s Dragon Pepper 2 achieved a

120% yield increase after high-altitude balloon

exposure.

Modern Advancements:

» China has developed 66 mutant plant
varieties through space breeding, including
Luyuan 502 wheat and "Rice from Heaven,"
both demonstrating improved growth and
resilience.

> Recent Projects: Paving the Path Forward

» Several cutting-edge projects are propelling
space agriculture into the future:

» EDEN ISS Project: Led by the German
Aerospace Center (DLR) and funded by the
European Union’s Horizon 2020 program,
EDEN ISS tests crop cultivation in extreme
environments to simulate space conditions.
The goal is to design plant systems for future
Mars and lunar habitats.
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» Veggie Project: Launched by NASA in
2014, Veggie focuses on growing fresh
vegetables on the ISS. Astronauts have
already harvested and consumed crops like
lettuce, radishes, and mustard greens.

» CROPS Mission: India’s Vikram Sarabhai
Space Centre (VSSC) spearheaded the
CROPS Mission, successfully sprouting
cowpea seeds in microgravity and observing
leaf emergence within days.

Challenges of Space Agriculture:

Despite  significant progress, space
farming faces numerous challenges:

» Microgravity: Disrupts root orientation
(gravitropism), complicating nutrient and
water absorption.

» Cosmic Radiation: High radiation levels
can damage plant DNA, necessitating the
development of radiation-resistant crops.

» Limited Resources: Space stations have
restricted access to space, water, and energy,
requiring ultra-efficient farming techniques.

» Crop Selection: Suitable plants must be
fast-growing, high-yielding, and adaptable
to microgravity — leafy greens, root crops,
and certain vegetables show the most
promise.

The Future of Space Farming:

The long-term vision for space agriculture
is to establish fully self-sustaining ecosystems
that support human life beyond Earth. Future
research focuses on:

» Artificial Intelligence: Al systems will
monitor plant growth, adjust environmental
conditions in real-time, and optimize
resource usage.

> Bioengineered Crops: Scientists are
exploring genetically modified crops
designed to withstand space’s harsh
conditions.

> Planetary Greenhouses: Projects like
NASA’s Martian Garden are developing
extraterrestrial greenhouses to test plant
growth in lunar and Martian soil analogs.
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Earthly Implications of Space Agriculture:

Innovations in space farming have far-
reaching benefits for Earth’s agriculture.
Technologies such as closed-loop systems,
precision farming, and stress-resilient crops
could help combat food security issues
exacerbated by climate change. Techniques like
aeroponics and hydroponics offer sustainable
solutions for urban farming, while Al-driven
monitoring systems maximize crop yields with
minimal resource input.
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Conclusion:
Space agriculture merges scientific

progress with human ambition, offering
solutions for both extraterrestrial survival and
Earth’s agricultural challenges. As research
advances, space farming holds the potential to
nourish astronauts on distant planets and secure
food resources for future generations. With
every experiment conducted in orbit, we take
another step closer to a sustainable, self-
sufficient future both in space and at home.
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Sustainable agriculture is crucial for maintaining agricultural productivity while minimizing negative
environmental impacts. Soil health plays a pivotal role in sustaining productivity and ensuring long-
term agricultural sustainability. This research article examines the key soil health indicators, their
importance, and how they can be effectively used to guide sustainable agricultural practices. We discuss
biological, physical, and chemical indicators of soil health and their role in assessing soil quality.
Emphasis is placed on how monitoring these indicators helps in managing soil fertility, water retention,
and carbon sequestration. Finally, the article discusses challenges in monitoring soil health and proposes
future directions for integrating soil health assessment into broader agricultural systems.

1. Introduction

Sustainable agriculture focuses on ensuring

agricultural practices meet the needs of the
present without compromising the ability of
future generations to meet their own needs. Soil
health is a cornerstone of this approach, as it is
directly linked to crop yields, water retention,
and ecosystem services. Soil degradation, driven
by unsustainable farming practices, has led to
the decline of soil quality, negatively impacting
food security and environmental sustainability.
Therefore, monitoring and managing soil health
through effective indicators is critical to
promoting sustainable agricultural practices.

Soil health is defined by its ability to function as
a vital living system that sustains plants,
animals, and humans. The use of soil health
indicators allows farmers and researchers to
assess the biological, physical, and chemical
properties of the soil, enabling them to make

and highlight their relevance in guiding soil

management practices.

2. Soil Health Indicators

Soil health indicators are measures that provide

insight into the soil’s overall condition and its

capacity to sustain agricultural productivity.

These indicators can be grouped into three main

categories: biological, physical, and chemical

indicators.

2.1. Biological Indicators

Biological indicators reflect the activity,

diversity, and health of the soil's microbial and

faunal communities. Healthy soils contain a

diverse range of microorganisms, including

bacteria, fungi, and protozoa, which contribute

to  nutrient  cycling, organic  matter

decomposition, and soil structure formation.

e Soil Microbial Biomass: The quantity of
microbial biomass present in the soil is an
essential indicator of soil health. High

informed decisions regarding land management. micrgbigl biomass indicates a  well-
This article aims to explore the indicators used functioning ~ ecosystem  capable  of
to monitor soil health in sustainable agriculture
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decomposing organic matter and recycling

nutrients, contributing to soil fertility.

Soil Enzyme Activity: Soil enzymes

catalyze biochemical reactions, playing a

critical role in nutrient cycling. The activity

of enzymes such as dehydrogenases,
phosphatases, and cellulases can indicate soil
fertility and microbial health.

e Soil Fauna: Soil fauna, including
earthworms and arthropods, contribute to the
soil structure and nutrient cycling. Their
presence and diversity are strong indicators
of soil biological health and its ability to
support plant growth.

2.2. Physical Indicators

Physical indicators assess the soil's ability to

support root growth, water retention, and

aeration, which are essential for plant health.

e Soil Texture and Structure: Soil texture
(the relative proportion of sand, silt, and
clay) affects its water-holding capacity,
nutrient availability, and root penetration.
Soil structure, or the arrangement of soil
particles, impacts porosity, permeability,
and aeration. Good soil structure is essential
for plant growth as it facilitates root
expansion and water infiltration.

e Bulk Density: Bulk density is the mass of
soil per unit volume. Low bulk density
typically indicates a well-structured soil
with good porosity, facilitating water
infiltration and root penetration. High bulk
density can lead to compaction, reducing
root growth and water retention.

e Water Holding Capacity: The soil's ability
to retain water is crucial in drought-prone
areas. Soils with high organic matter content
tend to have better water-holding capacity,
which helps crops withstand water stress.

2.3 Chemical Indicators

Chemical indicators are  crucial  for

understanding nutrient availability, acidity, and

salinity levels, all of which affect plant health
and soil fertility.

e Soil pH: Soil pH affects the solubility of
nutrients and their availability to plants.
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Most crops thrive in slightly acidic to
neutral pH conditions (6-7), while extreme
pH values can lead to nutrient imbalances.

e Nutrient Content: The levels of
macronutrients  (nitrogen,  phosphorus,
potassium) and micronutrients (zinc,
copper, iron) in the soil directly affect plant
growth. Soil nutrient tests help determine if
additional fertilizers or amendments are
required for optimal crop yields.

e Organic Matter Content: Organic matter
is a critical source of nutrients and improves
soil structure. Its decomposition by soil
microbes results in the release of plant-
available nutrients. Soils with higher
organic matter content generally have better
fertility and microbial activity.

3. Importance of Soil Health Indicators in
Sustainable Agriculture
Soil health indicators provide farmers and land
managers with essential information to manage
soil quality effectively. These indicators help in:
3.1. Improving Soil Fertility
Monitoring soil microbial biomass, nutrient
levels, and organic matter content allows
farmers to determine the soil's nutrient status. By
managing organic matter and nutrient cycles,
farmers can maintain or increase soil fertility,
thus improving crop vyields while reducing
dependency on chemical fertilizer.
3.2. Enhancing Water Retention
Soil texture, structure, and organic matter
content influence water retention and drainage.
Sustainable practices such as crop rotation,
organic mulching, and reduced tillage improve
these soil properties, leading to better water
infiltration and reduced runoff. Soil health
monitoring helps identify areas where water
retention can be optimized, particularly in
drought-prone regions.

3.3. Supporting Carbon Sequestration

Healthy soils act as carbon sinks, helping

mitigate climate change. Soils rich in organic

matter can store significant amounts of carbon,
preventing it from being released into the
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atmosphere. Monitoring organic matter and soil
microbial activity enables the evaluation of
carbon sequestration potential in agricultural
soils.

3.4. Preventing Soil Erosion

Physical indicators such as bulk density and soil
structure influence soil erosion. Erosion-prone
soils can be managed through practices like
cover cropping, reduced tillage, and
agroforestry. These practices improve soil
structure and reduce the risk of erosion while
maintaining soil health.

4. Challenges and Future Directions

Despite the importance of soil health indicators,
several challenges remain in their application in
sustainable agriculture.

4.1. Lack of Standardization

There is no universally accepted set of soil
health indicators, and different regions may
require tailored indicators based on local
conditions. More research is needed to
standardize soil health metrics and develop
region-specific guidelines.

4.2. Complexity and Cost of Monitoring
Comprehensive soil health assessment requires
sophisticated tools and techniques, which may
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be expensive for smallholder farmers.
Developing low-cost, easy-to-use soil health
testing Kits and digital platforms for real-time
monitoring can help overcome this barrier.

4.3. Integration with Agricultural Practices
Integrating soil health monitoring into broader
agricultural systems requires better training for
farmers and the adoption of best practices in soil
management. Policymakers should support
research and extension services that help
farmers understand the importance of soil health
in achieving sustainability.

5. Conclusion

Soil health is essential for the sustainability of
agricultural ecosystems. Monitoring biological,
physical, and chemical indicators of soil health
is vital for understanding soil quality and
ensuring long-term agricultural productivity.
While several challenges exist, the integration of
soil health indicators into sustainable farming
practices holds the key to ensuring food security
and environmental conservation. The future of
sustainable agriculture depends on widespread
adoption of soil health assessments to guide
effective land management decisions.
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Youth engagement in agriculture is crucial for ensuring the long-term sustainability of the sector and
its ability to address challenges such as food security, climate change, and rural development.
Agricultural extension services, which provide education, training, and support to farmers, play an
important role in fostering the involvement of youth in farming. This research evaluates the impact of
agricultural extension services on youth engagement in farming, exploring the various programs,
challenges, and opportunities. The findings suggest that while extension services have positive effects
on youth involvement in agriculture, there are significant barriers, including access to resources,
training, and the need for policy changes to further engage young people in the sector.

Introduction:

Agriculture is a vital sector for the global

economy, particularly in rural areas, where it
serves as the backbone of livelihoods. In many
developing countries, however, the sector is
often perceived as less attractive to youth due to
its demanding nature and limited economic
opportunities. Agricultural extension services
aim to bridge this gap by providing farmers with
the knowledge, skills, and resources to improve
productivity and sustainability. For young
people, these services are pivotal in shaping
their career choices and encouraging them to
pursue farming as a viable profession.

Youth engagement in agriculture is
essential for securing the future of food
production, as many countries face an aging
farmer population and declining interest in
farming among younger generations. This paper
aims to evaluate the role of agricultural
extension in facilitating youth participation in
farming, examining both its  positive
contributions and the challenges that need to be
addressed.
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Literature Review:

Agricultural extension services have long
been recognized as a key tool for improving
agricultural  productivity, enhancing the
livelihoods of farmers, and fostering rural
development. According to Anderson (2007),
extension services provide farmers with
technical knowledge, management practices,
and innovative solutions to farming challenges.
However, youth engagement in agriculture
through extension services has not been
extensively studied, particularly in developing
countries. Existing literature, such as the work
of Doss (2013), highlights the importance of
targeting youth for the sustainability of
agricultural systems. Additionally, a study by
Makhura and Kirsten (2002) suggests that
effective agricultural extension services can
increase young people's interest in farming,
especially if they address the technological and
economic needs of youth.

Youth engagement in agriculture is
hindered by factors such as limited access to
land, credit, and markets, as well as the outdated
perception that farming is a low-status
occupation. In contrast, extension services can
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play a significant role in mitigating these
barriers by offering training in modern farming
techniques, improving access to agricultural
inputs, and providing a platform for youth to
connect with mentors and other stakeholders in
the agricultural value chain. Furthermore,
extension services often focus on agricultural
diversification, which may make farming more
attractive to young people by offering
opportunities in areas such as agro-processing,
sustainable agriculture, and agribusiness.

Methodology:

This research adopts a mixed-methods
approach, combining both qualitative and
guantitative methods to evaluate the impact of
agricultural extension on youth engagement in
farming. The study is based on surveys,
interviews, and focus group discussions
conducted with youth involved in agricultural
activities in rural areas. The survey captures data
on the awareness, participation, and perceptions
of agricultural extension programs among young
people. In-depth interviews and focus groups
with agricultural extension workers, youth, and
policymakers provide qualitative insights into
the challenges and opportunities of engaging
youth in agriculture through extension services.
The study focuses on specific regions where
agricultural extension programs targeting youth
are actively implemented, such as Sub-Saharan
Africa, South Asia, and Latin America. Data
collection occurred over a period of six months,
with careful attention to ensuring that a
representative sample of youth from various
socio-economic backgrounds and agricultural
sectors was included.

Impact of Agricultural Extension Services:

The survey results indicate that youth who
have participated in agricultural extension
programs report higher levels of satisfaction
with their farming practices and have a greater
interest in pursuing agriculture as a career.
Approximately 75% of respondents in the study
areas stated that they had gained new farming
techniques through extension services, which
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had positively influenced their productivity and
income levels. Furthermore, 65% of participants
expressed an increased interest in modern
farming technologies such as drip irrigation,
organic farming, and agro-processing, which
were introduced through extension programs.

Qualitative data from interviews with
extension workers suggest that the focus on
training youth in innovative farming practices is
a key factor in sustaining their interest in
agriculture. Extension programs that incorporate
technology, environmental sustainability, and
value addition in agricultural products were
particularly appealing to youth. For example, a
youth participant in Kenya mentioned, "Through
the training, | learned how to grow vegetables
with fewer inputs, which made farming more
profitable and less stressful.”

Challenges Faced by Youth in Agriculture:

Despite the positive outcomes, the study
also identifies several challenges in youth
engagement  with  agricultural  extension
services. One of the most significant barriers is
the limited access to resources, including land
and financing. Youth often struggle to secure
land for farming due to traditional land tenure
systems, which favor older generations, and the
high cost of acquiring land. Moreover, access to
credit remains a major issue, with many youth
unable to obtain loans to invest in modern
agricultural technologies.

Another challenge is the perception that
agriculture is an unappealing profession.
According to focus group discussions, many
young people in rural areas view farming as hard
labor with low economic returns. This
perception is exacerbated by the lack of role
models and mentors in the farming community.
As one respondent in India noted, "Most of the
youth leave farming because they think it is a job
for the older generation, and there is no one to
encourage them."
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Opportunities  for
Engagement:

The findings suggest that agricultural
extension services can be significantly improved
by incorporating youth-specific strategies. First,
there is a need to address the issue of land access
for youth, possibly through policies that support
land redistribution or lease programs.
Additionally, extension  services should
emphasize the profitability and potential of
agriculture, particularly through the promotion
of agro-business models that integrate youth into
the broader agricultural value chain.

Extension services that focus on
technology adoption, sustainable farming
practices, and agribusiness entrepreneurship are
more likely to attract youth to the sector.
Moreover, building networks of youth in
agriculture, providing mentorship programs, and
fostering partnerships with local businesses and
agricultural institutions can create a supportive
environment that encourages youth to stay in
farming.

Enhancing Youth
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Conclusion:

Agricultural extension services play a
crucial role in engaging youth in farming, with
significant positive impacts on productivity,
career choices, and the overall perception of
agriculture. While extension services have
shown promise in encouraging Yyouth
involvement, there are still substantial barriers
that need to be addressed, including access to
resources and land, as well as shifting societal
perceptions of farming. The integration of
modern technologies, sustainable practices, and
agribusiness strategies within extension services
can further enhance their effectiveness in
attracting young people to agriculture.

The findings suggest that with targeted
policy interventions and a more inclusive
approach to youth, agricultural extension
services can become a key driver in revitalizing
the agricultural sector and ensuring its
sustainability for future generations. Future
research should explore the long-term impacts
of youth engagement in agriculture and the role
of digital extension services in enhancing access
to information and resources for young farmers.
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Black garlic (BG), the aged form of raw garlic, has gained significant attention for its unique flavor,
improved nutritional profile, and potential health benefits. BG produced through an aging process at
controlled temperature and relative humidity that leads to raw garlic being transformed into BG. This
process results in a product with a sweeter taste, softer texture, and higher antioxidant activity compared
to raw garlic. BG is a rich source of bioactive compounds, including S-allyl-cysteine
(SACQC), polyphenols, and flavonoids, which are responsible for its potent antioxidant and anti-
inflammatory properties. These compounds play a key role in its health-promoting effects. Additionally,
BG has shown promise in combating chronic diseases, such as cancer and cardiovascular diseases,

through various mechanisms of action.

Introduction

Black garlic, derived from the aging process of

raw garlic (Allium sativum), has garnered
considerable attention for its unique sensory
attributes, improved nutritional profile, and
potential health benefits. In contrast to raw
garlic, which is characterized by its strong flavor
and odor, BG is produced through a controlled
aging process. This process involves exposing
garlic to high temperatures and relative
humidity. It produces BG with a sweet taste, soft
texture, and dark color, accompanied by a
significant increase in bioactive compounds
such as S-allyl-cysteine (SAC), polyphenols,
and flavonoids (Kim et al., 2013; Zhang et al.,
2015). These compounds are key to the
enhanced antioxidant and anti-inflammatory
properties of BG, positioning it as a promising
functional food. The transformation during the
aging process is largely driven by the Maillard
reaction, which not only changes the sensory
gualities of garlic but also enhances its
therapeutic potential. BG offers a variety of
health benefits, including antioxidant, anti-
inflammatory, anticancer, and cardiovascular-
protective effects (Wang et al., 2010; Jung et al.,
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2011). SAC, a prominent bioactive compound in
BG, has been associated with neuroprotective
effects and the ability to lower cholesterol levels
(Kim et al., 2013). Moreover, the elevated levels
of polyphenols and flavonoids in BG contribute
to its capacity to reduce oxidative stress and
inflammation, both of which are critical factors
in the development of chronic diseases. Due to
its increasing popularity and potential health
benefits, BG has become an emerging processed
product for several medicines. The nutritional
composition and therapeutic properties of BG,
emphasize its role as a functional food with
significant potential for health promotion and
disease prevention. By investigating the
mechanisms of action and efficacy of BG in
managing chronic conditions such as cancer and
cardiovascular diseases, this article will provide
a thorough understanding of its value in
contemporary nutrition and healthcare.

Production Process of Black Garlic

The production of BG involves a
controlled aging process, where fresh garlic
bulbs are subjected to high temperatures (60—
80°C) and relative humidity (80-90%) for an
extended period, usually between 21 to 30 days.
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This process induces significant biochemical
changes in the garlic, including the breakdown
of sulfur-containing compounds and the
formation of new bioactive molecules. The key
mechanism driving the transformation of raw
garlic into BG is the Maillard reaction, a non-
enzymatic chemical reaction between reducing
sugars and amino acids. This reaction plays a
central role in developing the characteristic dark
color, soft texture, and complex flavor profile of
BG. In addition to the Maillard reaction,
enzymatic and non-enzymatic  browning
reactions also contribute to the overall
transformation. During the aging process,
several bioactive compounds are either formed
or enhanced, significantly boosting the
nutritional and therapeutic value of BG. These
compounds include S-allyl-cysteine (SAC), a
sulfur-containing compound known for its
potent antioxidant properties; fructans, which
are prebiotic fibers that support gut health;
and polyphenols, antioxidant compounds that
play a key role in the health benefits associated
with BG.

Nutritional and Bioactive Composition of
Black Garlic

BG retains many of the essential nutrients
found in fresh garlic, such as vitamins B and C,
calcium, iron, and magnesium. However, the
aging  process significantly alters the
composition of garlic, increasing the
concentrations of certain beneficial compounds.
One such compound is S-allylcysteine (SAC), a
sulfur-containing amino acid that has been
found to possess superior bioavailability in BG
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compared to raw garlic. SAC is believed to
contribute to various health benefits, including
antioxidant, anti-inflammatory, and anticancer
effects. Additionally, BG contains a variety of
antioxidants, including polyphenols and
flavonoids, which contribute to its high
antioxidant capacity. The antioxidant activity of
BG is significantly higher than that of fresh
garlic. The increased antioxidant content is
likely due to the aging process, which not only
enhances the concentration of antioxidant
compounds but also reduces oxidative stress.
Moreover, BG is rich in fructans, a type of
prebiotic fiber that promotes gut health by
stimulating the growth of beneficial intestinal
bacteria.

Therapeutic Benefits of Black Garlic

The therapeutic benefits of BG are
primarily attributed to its bioactive compounds.
Numerous studies have explored the potential
health benefits of BG, particularly its
antioxidant, anti-inflammatory, anticancer, and
cardioprotective effects.

Antioxidant Effects

BG is well known for its potent
antioxidant properties, which help neutralize
free radicals and reduce oxidative stress.
Oxidative stress is a major contributing factor
for the development of chronic diseases, such as
cardiovascular disease, diabetes, and cancer.
The polyphenols and flavonoids found in BG
have been shown to effectively combat
oxidative damage in cellular models, suggesting
a potential for the prevention of age-related
degenerative diseases.

Anti-inflammatory Effects

Inflammation plays a major role in the
pathogenesis of many chronic diseases,
including cardiovascular disease, cancer, and
autoimmune disorders. BG has been shown to
inhibit the production of pro-inflammatory
cytokines, thereby reducing inflammation in
both animals and humans. These effects are
mediated by the action of SAC and other
bioactive compounds present in BG.
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Anticancer Properties

The anticancer effects of BG, particularly
in relation to its ability to inhibit tumor growth
and induce apoptosis (programmed cell death) in
cancer cells. BG suppresses the growth of
various types of cancer, including liver, colon,
and breast cancer. The sulfur compounds,
particularly SAC, are believed to play a key role
in these anticancer effects by enhancing the
immune response and promoting the apoptosis
of cancer cells.

Cardiovascular Health

BG has potential benefits  for
cardiovascular health by lowering the blood
pressure, reducing cholesterol levels, and
improving endothelial function, which leads to
the prevention of atherosclerosis and other
cardiovascular diseases. The antioxidant and
anti-inflammatory properties of BG are
responsible for these protective effects on the
heart and blood vessels.

Conclusion

Black garlic, produced through the aging
process, offers a unique flavor, enhanced
nutritional profile, and significant health
benefits. Rich in bioactive compounds like SAC,
polyphenols, and flavonoids, it exhibits potent
antioxidant, anti-inflammatory, anticancer, and
cardiovascular-protective  properties. These
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attributes make it a promising functional food
for combating chronic diseases and promoting
overall health. The nutritional composition and
therapeutic properties of BG, emphasize its role
as a functional food with significant potential for
health promotion and disease prevention.
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Genetic diversity is a cornerstone of evolutionary biology, providing the raw material for adaptation to
changing environments. The advent of next-generation sequencing (NGS) and other genomic
technologies has significantly enhanced our understanding of the genetic mechanisms underlying
adaptation in natural populations. This paper explores the role of genetic diversity in adaptation,
emphasizing the latest genomic advancements that enable researchers to examine genetic variation at
unprecedented resolution. Through case studies and technological insights, we examine how genomic
data is transforming the study of adaptation and natural selection in populations. The implications for
conservation and the future of genomics are discussed, highlighting the importance of preserving
genetic diversity for the sustainability of species in an ever-changing world.

Introduction

Genetic diversity refers to the variation in

genetic makeup within and among populations
of organisms, and it is essential for the adaptive
capacity of species. In natural populations,
genetic diversity enables species to respond to
environmental challenges, such as climate
change, habitat destruction, and emerging
diseases. Understanding how genetic variation
contributes to adaptation is fundamental to
evolutionary biology. Adaptation, in this
context, refers to the process by which
populations evolve traits that enhance survival
and reproduction in a specific environment.
Recent advancements in genomics have
revolutionized our ability to study genetic
diversity and adaptation at a molecular level.
Tools such as next-generation sequencing
(NGS), genome-wide association studies
(GWAS), and CRISPR gene-editing
technologies have enabled scientists to identify
specific genetic variations associated with
adaptive traits. These innovations provide new
insights into the mechanisms of natural
selection, gene flow, and mutation, all of which
contribute to genetic variation in populations.
This article explores the intersection of genetic
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diversity, adaptation, and recent genomic
advancements, offering insights into how these
developments shape our understanding of
evolutionary processes.

Mechanisms of Genetic Diversity

Genetic diversity arises from several
evolutionary mechanisms that generate variation
within populations. Mutations, gene flow, and
recombination are key contributors to genetic
diversity. Mutations are random changes in the
DNA sequence that can introduce new alleles
into a population. While most mutations are
neutral or deleterious, beneficial mutations can
confer a selective advantage, contributing to
adaptive evolution. Gene flow, the transfer of
genetic material between populations through
migration, can introduce new alleles and
increase genetic diversity within a population.
Recombination during sexual reproduction also
plays a crucial role by shuffling genetic material,
creating novel combinations of alleles.

Genetic drift, the random fluctuation of
allele frequencies in small populations, can
reduce genetic diversity, especially in isolated or
endangered populations. Natural selection, on
the other hand, acts on genetic variation by
favoring individuals with traits that enhance
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survival and reproduction. Over time,
advantageous traits become more common in
the population, leading to adaptation.

Modern genomic tools have allowed for
high-resolution studies of these mechanisms.
For example, genome-wide sequencing can
reveal the frequency of specific mutations across
populations, providing insight into how
mutations and gene flow contribute to genetic
diversity. Studies of genetic drift and selection
have also been enhanced by the ability to track
allele frequencies over generations in large
populations.

Generation and Maintenance of Genetic
Variation

Mutations, arising from spontaneous
chemical changes or errors during DNA
replication and repair, are the primary source of
genetic variation. While it was once believed
that evolutionary change primarily stemmed
from shifts in the frequencies of existing alleles,
research now supports adaptation from both new
mutations and standing variation. The mutation
rate, which varies across organisms, influences
the supply of beneficial mutations and shapes
their evolutionary trajectory. Factors such as
DNA repair gene expression and loss of function
can lead to "mutator" phenotypes with elevated
mutation rates, thereby modifying mutational
supply rates.

Adaptation in Natural Populations

Adaptation in natural populations is the
process by which organisms develop genetic
traits that improve their fitness in a given
environment. The adaptive process is driven by
natural selection, which acts on phenotypic
variation that is heritable. However, adaptation
can also involve other mechanisms, such as
genetic drift, gene flow, and plasticity, which
influence how populations respond to
environmental challenges.

Recent genomic research has identified
specific genetic variations associated with
adaptive traits in natural populations. One
example is the study of Darwin’s finches in the
Galapagos Islands, where genomic analyses
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have revealed how changes in beak morphology
were linked to environmental pressures, such as
food availability and climate. These studies have
highlighted the role of genetic variation in
facilitating rapid adaptive evolution in response
to fluctuating ecological conditions. Another
notable example is the evolution of lactose
tolerance in human populations. In regions
where dairy farming has been prevalent for
thousands of years, individuals who could digest
lactose into adulthood had a reproductive
advantage. Genomic studies have identified
specific mutations in the lactase gene (LCT) that
confer lactose tolerance, demonstrating how
gene-culture interactions drive adaptation.
Adaptation is also becoming increasingly
important in the context of climate change. As
environmental ~ conditions  shift  rapidly,
populations must adapt to survive. Genomic
tools are helping scientists track the genetic
changes that enable populations to cope with
new stresses, such as higher temperatures or
altered food sources. However, not all
populations have the genetic variation needed to
adapt quickly, which poses a significant threat to
biodiversity.
Advances in Genomics and Their Role in
Studying Genetic Diversity and Adaptation
The advent of next-generation sequencing
(NGS) has revolutionized the study of genetic
diversity and adaptation. NGS enables the
sequencing of entire genomes with high
accuracy, providing a detailed map of genetic
variation within populations. Unlike traditional
sequencing methods, which were limited to
studying specific genes or regions of interest,
NGS can analyze the entire genome, allowing
researchers to identify both known and novel
genetic variants across the entire genome. This
ability to conduct high-throughput sequencing
has led to significant breakthroughs in
understanding the genetic basis of adaptation.
Genome-wide association studies
(GWAS) have become a powerful tool for
identifying genetic loci associated with adaptive
traits. By comparing the genomes of individuals
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Figurel: The importance of Genomic Variance for Biodiversity and Ecosystem

with and without a specific trait, GWAS can
pinpoint regions of the genome that are linked to
adaptation. For example, GWAS has been used
to identify genetic loci associated with drought
resistance in plants and cold tolerance in
animals. CRISPR technology has also opened
new frontiers in the study of adaptation. By
allowing precise edits to the genome, CRISPR
enables researchers to investigate the functional
role of specific genes in adaptation.
Experimental gene editing in model organisms
provides direct evidence of how particular genes
contribute to adaptive traits, facilitating a deeper
understanding of the molecular mechanisms of
adaptation.

Case Studies of Adaptation in Natural
Populations

Several case studies illustrate the power of
genomics in studying adaptation. One prominent
example is the evolution of Darwin’s finches.
Recent genomic studies have identified specific
genetic variants associated with beak size,
shape, and function in response to changes in
food availability. These studies demonstrate
how rapid evolutionary changes can occur in
response to ecological pressures and how
genomic tools can reveal the genetic basis of
such adaptations.

Another case study involves the evolution
of lactase persistence in humans. Genomic
analysis has shown that populations with a long
history of dairy farming have a higher frequency
of lactase persistence alleles. This adaptation has
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provided a nutritional advantage in regions
where milk is a significant dietary component,
highlighting the role of culture in shaping
genetic adaptation. Additionally, genomic
research on populations facing climate change is
increasingly crucial. For example, studies of
Arctic species such as the polar bear have used
genomic data to track genetic changes
associated with heat tolerance, dietary shifts,
and migration patterns. These studies provide
insights into how species might adapt (or fail to
adapt) to rapidly changing environments.
Conclusion

The integration of genomic technologies
has fundamentally transformed the study of
genetic diversity and adaptation in natural
populations. Through the use of next-generation
sequencing, genome-wide association studies,
and gene-editing tools like CRISPR, researchers
are uncovering the genetic mechanisms that
drive adaptation in natural populations. These
advancements have provided deep insights into
how species respond to environmental pressures
and have identified specific genetic variations
associated with adaptive traits. As climate
change accelerates, understanding genetic
adaptation is crucial for conservation efforts and
ensuring the survival of species in rapidly
changing environments. The future of genomic
research holds great promise for further
unraveling the complexities of adaptation and
genetic diversity, which are key to maintaining
biodiversity on Earth.
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Introduction

The global community, including governments

and organizations, increasingly prioritizes rural
development to achieve the Sustainable
Development Goals. Recent efforts focus on
reducing poverty, unemployment, education and
other key challenges in rural areas. Rural regions
which is characterized by low population
density and agricultural landscapes, often lack
extensive infrastructure and essential services
such as public transportation, high-speed
internet and specialized healthcare. In contrast,
urban areas have high population densities, well-
developed infrastructure and  abundant
economic,  educational ~and  healthcare
opportunities, serving as centers of commerce
and social services. To address the needs of rural
women, the Department of Science and
Technology (DST) serves as the key agency
implementing various schemes or projects.
These initiatives focus on strengthening science,
technology, and innovation, identifying gaps in
the S&T sector, formulating policies to address
societal needs, and promoting emerging
technologies to meet future demands. The DST-
SEED-sponsored project, "Economic
Empowerment of Rural Women through
Postharvest Handling and Value Addition of
High-Volume Vegetable Crops,” is being
implemented by the Department of
Postharvest Technology at the Horticultural
College and Research Institute, Periyakulam,
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Tamil Nadu Agricultural University. The
initiative focuses on the designated village of
Usilampatti, Madurai West, and Madurai.

This project aims to economically empower

rural women, particularly those from Scheduled

Caste (SC) and Scheduled Tribe (ST)

communities, by enhancing their skills in

postharvest handling of Horticultural crops aims
to leverage the area's prominence as a tomato-
growing region to enhance market opportunities.

Why We Need to Select Tomato as Major as

Source of Income

Among the vegetables, tomato is an ideal
choice for income generation due to its high
production and significant postharvest
wastage with nearly 30-40% losses caused by
perishability and inadequate storage. By
adopting value addition techniques such as
dehydration, pickling, powder and sauce-
making can reduce wastage, extend shelf life
and enhance profitability through these
creating sustainable livelihood opportunities.

Objective

v" Formation of cluster among rural women
for conducting training programmes.

v To set up the rural postharvest pack house
and low cost value addition unit for the
benefit of rural women

v' To demonstrate the postharvest handling
practices and value addition techniques on
tomato and small onion to reduce the
postharvest loss and for domestic and
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export market to rural farm women for
improving their livelihood.

v To guide the rural women to establishment
of commercial unit.
v' To create market linkage for selling the

produce at higher rate
Location of the Project: The layout of the
Project allotted village, Usilampatti near
omachikulam village, Madurai district are
shown in figure 1;
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the importance of value addition in preserving
perishable commodities, extending shelf life and
developing novel value-added products. This
initiative aims to generate employment and
alleviate poverty among rural women by
forming clusters of 7-10 members with a
target of 10-15 clusters to enhance livelihoods.
A hands-on training programme on value
addition of vegetables was held at the
Horticultural College and Research Institute,

Madurai District
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Figure 1. Village location

Target Beneficiaries (type of target
beneficiaries’ total size of target group(s), %
of SC/ST of total population in project area
etc.)

The project primarily targets
economically weaker Scheduled Caste (SC) and
Scheduled Tribe (ST) women in Usilampatti,

aiming to empower them through skill
development in postharvest handling of
tomatoes.

01. Target Beneficiaries 150
02. Total  Population in 806

Project Area
03. Number of beneficiaries 300

04. % of SC and ST of total 50
beneficiaries

Awareness Workshops/Trainings

To initiate the project, a workshop was
held at the Department of Postharvest
Technology, Horticultural College and
Research Institute, Periyakulam, emphasizing
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Periyakulam, for 25 selected beneficiaries to
highlight its role in improving marketability
and shelf life. Participants were trained in
making tomato pickle and cluster bean vathal,
actively exchanging knowledge and skills. The
session also emphasized market opportunities
and the importance of building effective
linkages for success full product sales.
Book: The business plan and project proposal
on tomato value addition

The business plan and project proposal on
tomato value addition focus on reducing
postharvest losses and enhancing farmers'
profitability by transforming raw tomatoes into
high-demand products such as sauces, ketchups,
purees, powders and Dehydrated flakes. Among
different value-added products, tomato powder
is our primary focus as it offers the best potential
for creating business opportunities for rural
women. This product is especially attractive
because it is easy and cost-effective to prepare,
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making it a low-investment project. This book
provides insights into the current state of tomato
production, detailed marketing strategies, and a
comprehensive DPR (Detailed Project Report).
By focusing on tomato powder production, aim
to achieve significant livelihood improvements
for rural women, providing them with a
sustainable source of income and empowering
them economically. The book was released by
the honorable Vice-Chancellor of TNAU, Dr. V.
Geethalakshmi, during the Semmai Madhar 3.0
program held at the Horticultural College and
Research Institute, Periyakulam. As part of the
event, for establishing the Science and
Technology Hub (STH) renovated building was
officially handed over to the Village President.
This book supports to rural women beneficiaries
by providing guidance on tomato processing.
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Conclusion

Agriculture plays a crucial role in rural
economies, with women constituting a
significant portion of the workforce. However,
rural women often face challenges such as
limited access to markets, inadequate
knowledge of postharvest handling and lack of
value addition opportunities. These constraints
lead to significant postharvest losses reducing
their income potential. Enhancing the economic
empowerment of rural women through
improved postharvest handling and value
addition of high-volume vegetable crops can
be a transformative approach. Vegetables such
as tomatoes, onions, cabbage and leafy greens
are highly perishable and improper handling
results in significant losses. By equipping rural
women with skills in postharvest management
techniques, processing, preservation and
value addition they can reduce losses, increase
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Fig 4: Business Plan on tomato value addition

shelf life and enhance the market value of their
produce. This approach not only strengthens
food security and nutrition but also creates
employment opportunities, enhances rural
livelihoods, and fosters entrepreneurship
among women. Moreover, promoting women-
led agribusinesses contributes to sustainable

e e Xy
Fig 5: Handing over the renovated building (STI
Hub) by honorable Vice-Chancellor Dr. V.
Geethalakshmi, TNAU, Coimbatore

economic resilience. This study explores the
potential of postharvest interventions and
value addition strategies as tools for economic
empowerment of rural women, highlighting
key challenges, opportunities, and sustainable
business models for their participation in the
vegetable value chain.

rural development, gender equality and
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Wax flower (Chamelaucium spp.) native to Australia, is a popular ornamental plant valued for its
attractive, long-lasting blooms and its role in the floral industry. Wax flowers thrive in well-drained,
acidic to neutral soils with low fertility, and require a warm, sunny climate with minimal humidity.
Effective propagation is primarily achieved through seeds and cuttings, with the latter being more
common for preserving cultivar characteristics. Proper irrigation management is crucial, as the plant is
drought-tolerant but sensitive to overwatering. Integrated pest management strategies are essential to
control common pests such as aphids and scale insects. The plant adaptability to various cultivation
systems, including container gardening and field production, makes it a versatile choice for floriculture.
Additionally, post-harvest care, including proper handling and storage conditions, is necessary to extend

the vase life of cut flowers.

Keywords: Wax flower, Flower arrangements, Container gardening, Pruning

Introduction:

Geraldton wax (Chamelaucium
Uncinatum) belongs to family Myrtaceae. Wax
flower originated from Western Australia. Wax
flower derived from Greek word, ‘Chamai’
means dwarf, ‘leucos’ means white and
uncinatum means hooked, refers to apices of the
leaves. Wax flowers are a popular choice for
bridal bouquets and flower arrangements
because they are long-lasting, have a mild
fragrance, and can create a natural look (Joyce
and Beasley, 2002). The aromatic leaves of the
wax flower can freshen up any space. The leaves
of the wax flower can be used in a variety of
ways, similar to rosemary. The leaves are
narrow up to 40 mm long and highly aromatic
when crushed. For example, you can blend the
leaves with oil and salt to make a salsa-verde
paste that can be used on fish, lamb, or prawns.
Wax flowers also have therapeutic properties
and are indigenous to Australia, where they
symbolize heritage and joy. It has many uses,
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including in floral design, as air fresheners, and

in food (Falsetto, 2014).

Cultivation Practices:

Soil: It grows in almost all type of soils, but

prefers well drained soils like sandy or sandy

loam soil with optimum pH of 5.5-6.5.

Climate: Hot, dry summers and warm, rainy

winters are the ideal growing conditions for wax

flower growth. While, it can withstand short
periods of light frost, the optimal temperature
range is 18°C to 30°C. For vigorous growth, full
sun availability is ideal. Frosts that fall between
mid-winter and spring, however, can damage
blossom quality and possibly make the crop
unprofitable. For ideal growing conditions,

annual rainfall should be between 400 and 750

mm.

Planting Method:

1. Soil Preparation: Wax flowers prefer well-
drained soil. Amend the soil with sand or
organic matter if necessary to improve
drainage.
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Species Name

Description

Chamelaucium
uncinatum
(Geraldton
wax)

It is the most widely cultivated of
the wax flowers. Long lasting bright
pink flowers and citrus tasting
needle like leaves.

Chamelaucium
megalopetalum
(Large  wax
flower)

Flowers white, large, aging to pink,
red or purple. Newer selections may
improve the commercial viability of
this species. The flowering season is
September to October.

Chamelaucium
ciliatum
(Stirling wax)

Flowers white to pink. Native to
a wide range of soil types, including
gravel and clay soil. The flowering
season is September to November.

Chamelaucium
floriferum
(Walpole wax)

Flowers pinkish-white with purple
center. The flowering season is
August to November.

Picture

Some Commercially Available Varieties of Wax Flower

Variety Flowering time Characteristics

Purple Pride Early to mid-season | Purple flowers. The most widely grown wax variety
CWA Pink Early season Pink flowers. Vigorous, untidy & early flowering plant
Alba Mid-season White flowers. Grows widely and very vigorous.
Grandiflora Mid-season Large mid-pink flowers. A vigorous, untidy plant.

Lady Mid to late season | A hybrid between C. uncinatum and C. floriferum with
Stephanie small pink flowers
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Planting Time: In mild winters, can be
grown in September to November or March
to April. In regions with cold winters,
planting should be done in spring (April to

May) after the last frost date. This timing

helps the plants avoid the risk of frost

damage and gives them a full growing season
to establish.

3. Planting Depth: Dig a hole that is twice as
wide as the root ball and slightly deeper.

Spacing:

e Row-to-Row Spacing: Space rows 3 to 4
feet apart. This spacing allows for easy
access and maintenance, and ensures good air
circulation to reduce the risk of disease.

o Plant-to-Plant Spacing: Within each row,
space the plants 2 to 3 feet apart. This spacing
allows each plant enough room to grow and
spread without competing too much for
resources.

e Recommended plant density of 300 — 700
plants per 1000m?.

Manures and Fertilizer Application:

Apply FYM @5 to 10 tons/ hectare/ year.
Application of NPK @ 80:10:80 kg/ ha/ year is
recommended dose for wax flower cultivation
(Seaton and Kevin, 2008).

Irrigation:

Wax flower requires careful management
of irrigation to ensure healthy growth. Water
every 7 to 10 days during the growing season,
especially if there has been little rainfall. This
interval ensures consistent moisture without
waterlogging. In cooler or winter months,
reduce the frequency of irrigation, as wax
flowers are more tolerant of drier conditions
during their dormant period.

The best time to irrigate wax flowers is
early in the morning. This timing allows the
water to be absorbed before the heat of the day
and reduces evaporation losses. It also
minimizes the risk of fungal diseases that can
thrive in wet conditions if plants are watered in
the evening. Drip Irrigation is also ideal for
delivering water directly to the root zone,
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reducing water wastage and keeping foliage dry,
which can help prevent fungal issues.
Intercultural Operations:

Training: In commercial setups, training the
plants to grow upright or within specific
frameworks can facilitate harvesting and
improve air circulation, reducing disease risk.
Pruning: Regular pruning encourages dense
growth and more prolific flowering. Cultural
practices can vary, with some growers practicing
heavy pruning after flowering to shape the plant,
while others might opt for light, selective
pruning. Pruning is done at height of 45cm.
Mulching: Organic mulches like bark or straw
are used to regulate soil temperature, maintain
moisture, and suppress weed growth.
Integrated Pest Management (IPM): In many
regions, an IPM approach is adopted, combining
biological controls (like beneficial insects) with
cultural practices (like crop rotation and
sanitation) to manage pests such as aphids and
mites.

Harvesting:

Partial Bloom Stage (50% to 80% Bloom):
Around 50% to 80% of the flowers on the stem
are fully open, with the remaining buds showing
color.

Full Bloom Stage (Over 80% Bloom):
More than 80% of the flowers on the stem are
fully open.

Spring Planting

First harvest at the following winter (about
6 — 8 months after planting), 10 to 15 branches
per plant.

Summer-Autumn Planting

First harvest at the next winter (about 15
months after planting) with 50 to 100 branches
per plant.
Full harvest from second season on — 100 to
200 branches per plant, depending on growth
rate and variety. Plants can be harvested for
about 5 — 6 years.

Yield:
Annual yield is 300,000-400,000 stems per
hectare.
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