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Agriculture is not merely a profession; it is the foundation of food security, rural livelihoods,
environmental sustainability, and the future of our society. Yet, agricultural knowledge often
remains confined to research papers, laboratories, and academic discussions. Agri-Hub Jammu
is an effort to bridge this gap by bringing agricultural knowledge closer to farmers, students,
researchers, professionals, and society.

As an agriculture professional and researcher, I strongly believe that knowledge becomes truly
valuable when it reaches beyond the boundaries of academia and contributes to real-world
change. Agri-Hub Jammu therefore welcomes diverse voices—from scientists and educators
to students, farmers, entrepreneurs, and agricultural practitioners.

Starting as an online magazine, our journey begins with English-language articles, with a vision
to gradually embrace the diverse linguistic and agricultural communities of Jammu & Kashmir
and beyond. We aim to provide a platform for ideas, experiences, innovations, opportunities,
and conversations that can inspire the next generation of agriculture.

Agri-Hub Jammu is more than a magazine; it is a growing community built around agriculture,
knowledge, and innovation.

[ warmly welcome you to be a part of this journey. Share your knowledge, ideas, research,
experiences, and stories with us.
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@e Let us connect knowledge with the field,
ideas with innovation, and agriculture with
a sustainable future. 99
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Dr. Renuka
Founder & Editor-in-Chief
Agri-Hub Jammu

Connecting Agriculture, Knowledge, and Innovation.
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HYDROPONICS: FARMING

WITHOUT SOIL

Nargis Bano,

M.Sc. Scholar, Division of Soil Science and Agricultural Chemistry, Sher-e-Kashmir University of

Agricultural Sciences and Technology of Jammu

Imagine growing fresh lettuce on a rooftop,
herbs in a small indoor space, or tomatoes
in a greenhouse without preparing a
traditional field. It may sound unusual, but
plants do not actually need soil itself to
grow. What they need are water, nutrients,
oxygen, light, and suitable conditions.

Hydroponics is a method of growing plants
where their roots receive water and
essential nutrients without being grown in
conventional agricultural soil. It is one of
the interesting developments in modern
agriculture and is gaining attention as
farmers and entrepreneurs look for new
ways to produce food with limited land and
resources. But hydroponics is not simply
about placing plants in water. It is a
carefully managed growing system in
which the conditions around the roots are
controlled to support healthy plant growth.

Farming Without Soil:
Possible?

Is It Really

Soil performs several important functions
in conventional agriculture. It provides

physical support to plants and stores water
and nutrients around their roots. It also
provides a habitat for microorganisms and
other organisms.

Hydroponics takes a different approach.
Instead of depending on soil to supply
nutrients, the required nutrients are
provided directly through a nutrient
solution. The roots may grow directly in the
nutrient solution or may be supported by
materials such as cocopeat, perlite,
vermiculite, or other growing media. The
plant itself does not fundamentally change.
It still absorbs nutrients through its roots,
uses sunlight or artificial light for
photosynthesis, and produces the food
required for growth. The major difference is
simply where the roots obtain their water
and nutrients. This 1is
hydroponics fascinating.

what makes
It shows that
agriculture does not always have to depend
on conventional soil-based cultivation.

How Does Hydroponics Work?

A hydroponic system generally consists of
plants, a growing structure, water, nutrients,
and a method for delivering the nutrient
solution to the roots. Depending on the
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system, pumps, pipes, reservoirs, growing
trays, or supporting media may also be
used. The nutrient solution contains
essential plant nutrients such as nitrogen,
phosphorus,
magnesium, and micronutrients. These
nutrients must be supplied in appropriate

potassium, calcium,

amounts because plants have specific
nutritional requirements. Two
measurements are particularly important in
hydroponic production: pH and electrical
conductivity (EC) (Figure 1).

pH affects the availability of nutrients to
plants, while EC provides an indication of
the concentration of dissolved salts in the
nutrient solution. If the nutrient solution is
too concentrated or too weak, plants may
experience stress or nutrient deficiencies.

There are several types of hydroponic
systems.

Nutrient Film Technique (NFT), a thin
layer of nutrient solution flows through
channels containing plant roots.

Deep Water Culture, roots remain in a
nutrient solution while oxygen is supplied
to the water.

Drip systems, nutrient solution is delivered
directly to the growing medium around the
roots.

Ebb-and-flow systems, the growing area is
periodically flooded with nutrient solution
and then drained.

Although the systems differ, the basic
objective remains the same: provide the
roots with water, nutrients, and sufficient
oxygen in a controlled manner.

1. Nutrient Film Technique (NFT) 2. Deep Water Culture 3. Drip System 4. Ebb-and-Flow System
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S ‘Objective: Deliver water, nutrients, and oxygen to roots in a controlled manner.

Figure 1. Major hydroponic systems for
controlled nutrient and water delivery,
including nutrient film technique (NFT),
deep water culture (DWC), drip systems,
and ebb-and-flow systems, with monitoring
of pH and electrical conductivity (EC) to
optimize nutrient availability and root
growth.

Why Is Hydroponics Gaining Attention?

One of the major reasons for interest in
hydroponics is its potential for efficient
resource use. In well-designed systems,
water can be delivered directly to the root
zone, and some systems allow the nutrient
solution to be collected and reused. This can
reduce water losses compared with certain
conventional irrigation practices.
Hydroponics can also be useful where
agricultural land 1s limited. Production
systems can be established in greenhouses,
rooftops, urban spaces, and other locations
where conventional cultivation may not be
practical. Another attraction is greater
control over the growing environment.
Temperature, humidity, irrigation,
nutrients, and other factors can be
monitored and adjusted according to crop
requirements. This is particularly useful for
high-value crops and fresh produce that can
be grown close to consumers. However, it
1s important not to present hydroponics as a
replacement for conventional agriculture.
Soil-based farming remains essential for
global food production. Hydroponics is
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better viewed as another tool within the
wider agricultural system, especially for
specific crops and production
environments.

What Can We Grow Without Soil?

Hydroponics can be used for a variety of
crops, although some are more suitable than
others. Leafy vegetables and herbs are
particularly popular because they often
have relatively short production cycles.
Lettuce, spinach, coriander, basil, mint, and
other leafy crops can be grown in suitable
hydroponic systems. Fruit-bearing crops
such as tomato, cucumber, and strawberry
can also be cultivated, although they
generally require more careful management
and appropriate support systems.

The choice of crop depends on several
factors, including:

e Growing system

e Climate and environmental

conditions
e Available space
o Investment capacity
e Technical knowledge
e Local market demand

For someone considering hydroponics as a
business, crop selection should not be based
simply on what looks attractive. Market
demand and production economics are
equally important. A crop that grows
successfully may still fail as a business if
production costs are too high or there is
insufficient demand.

The Challenges: It’s Not Just Water and
Plants

Hydroponics offers exciting possibilities,
but it also has challenges.

The first is initial investment.

Commercial  systems may  require
structures, pumps, reservoirs, pipes,
growing media, sensors, climate-control

equipment, and other infrastructure.

The second is technical knowledge. A
hydroponic grower needs to understand
nutrient management, pH, EC, irrigation,
root health, environmental conditions, and
crop requirements.

Electricity can also become important
because many systems depend on pumps
and other equipment. A power failure
without adequate backup can quickly affect
the crop. Another challenge is disease
management. In recirculating systems,
certain root diseases can potentially spread
through shared nutrient solutions. Clean
equipment, proper sanitation, and regular
monitoring are therefore important.

And then there is the economic challenge.

Growing a crop is only one part of farming.
A successful hydroponic enterprise also
needs:

Production — Quality — Market —
Price — Profit

Before investing in a commercial system,
growers should calculate the cost of
infrastructure, electricity, nutrients, labour,
seeds, maintenance, packaging,
transportation, and marketing. Hydroponics
can be profitable in the right situation, but
it is not automatically profitable simply
because it is modern technology.

Hydroponics and the Future of Farming

The most exciting possibilities emerge
when hydroponics is combined with other
technologies.




Sensors can monitor environmental
conditions. Automated systems can control
irrigation and nutrient delivery. Digital
tools can help growers track crop growth
and resource use. In advanced systems,
artificial  intelligence and data-based
technologies may assist with crop
monitoring and decision-making.
Hydroponics also fits naturally into the
growing concept of urban and controlled-
environment agriculture.

As cities expand and consumers
increasingly demand fresh produce,
growing selected crops closer to markets
may become increasingly attractive. But the
future of agriculture will not be about
choosing between soil and hydroponics. It
will be about using the right production
system in the right place. Healthy soils will
remain  essential  for  agriculture,
ecosystems, carbon storage, and food
production. At the same time, hydroponics,
protected cultivation, vertical farming,
precision agriculture, and other
technologies can provide additional options
where they make economic and
environmental sense.

Beyond Soil, Towards Smarter Farming

Hydroponics challenges one of our most
basic ideas about farming: that growing
food must always begin with soil. It
reminds us that what plants fundamentally
require is not soil itself, but the resources
and conditions that soil normally provides.
The real strength of hydroponics lies in its
ability to give growers greater control over
those conditions. At the same time, control
comes with responsibility. Nutrients must
be balanced, water must be monitored,
equipment must function properly, and the
economics must make sense. Hydroponics
therefore should not be seen as a magical

solution to every agricultural challenge.
Instead, it is an innovative production
method with genuine potential when used
appropriately. As agriculture moves toward
a future shaped by resource constraints,
climate change, urbanization, technology,
and changing consumer needs, hydroponics
may become an increasingly valuable part
of the agricultural landscape.

The future may not be farming without soil.
It may be farming with more choices.



BEES AND
BEYOND:

WHY POLLINATORS
MATTER TO AGRICULTURE

Small Creatures, Big Contributions to
Food Security and Sustainable Farming

Harsh Angral

M.Sc. Scholar, Division of Plant Pathology, Sher-e-Kashmir University of Agricultural
Sciences and Technology of Kashmir, Shalimar, Srinagar

Pollination is one of the most important yet
often overlooked processes in agriculture.
Every day, countless flowers depend on
insects, birds, bats, wind, or other agents to
transfer pollen from one flower to another,
enabling plants to produce fruits, seeds, and
new generations. Among these pollinators,
bees are particularly important because of
their efficiency, diversity, and close
association with flowering crops. From
apples and almonds to mustard, cucurbits,
berries, and many vegetable crops,
pollinators ~ contribute  directly and
indirectly to agricultural production. Their
role, however, extends far beyond
increasing crop yields. Pollinators support
biodiversity,  strengthen  ecosystems,
contribute to nutritional security, and
provide livelihood opportunities for
farmers and rural communities. As
agriculture faces challenges from climate
change, habitat loss, excessive pesticide
use, and changing land-use patterns,
protecting pollinators has become an
essential part of building sustainable and
resilient farming systems.

What Is Pollination?

Pollination is the transfer of pollen grains
from the male reproductive part of a flower,
known as the anther, to the female
reproductive part, called the stigma. This
process enables fertilization and ultimately
leads to the development of seeds and, in
many crops, fruits.

Pollination can occur through different
mechanisms. Some plants are pollinated by
wind, while others depend on animals. In
agricultural ecosystems, insects are among
the most important biological agents of
pollination. When a bee visits a flower to
collect nectar or pollen, pollen grains attach
to its body. As the bee moves from one
flower to another, some of this pollen is
transferred to the stigma of another flower.
This simple interaction can determine
whether a flower develops into a healthy
fruit or fails to produce. Thus, a tiny bee
visiting a flower represents much more than
an insect collecting food it is participating
in a process that can influence the
productivity of an entire crop.



Bees: Nature’s Efficient Pollinators

Bees are particularly effective pollinators
because their feeding behaviour is closely
linked with flowers. While collecting nectar
and pollen for themselves and their
colonies, bees unintentionally transfer
pollen between flowers.

Honeybees are especially valuable in
agriculture because they live in colonies
and can visit large numbers of flowers
during the flowering period. Other bees,
including bumblebees, carpenter bees,
mason bees, sweat bees, and mining bees,
also contribute significantly to pollination.
Different bee species have different body
sizes, behaviours, nesting habits, and
flower preferences. This diversity is
valuable because different crops and
flowering plants may require different types
of pollinators. For example, some bees are
particularly effective at pollinating crops
whose flowers require specific movements
or vibrations to release pollen. Others may
be active under environmental conditions
when honeybees are less active. Therefore,
agricultural pollination should not be
viewed only through the lens of honey bees.
Protecting wild and native bee populations
is equally important.

Why Pollination Matters to Farmers

Pollination has a direct relationship with
crop production in many agricultural and
horticultural crops. Successful pollination
can influence:

e Fruit and seed formation
e Fruit size and shape

e Uniformity of produce

o Seed quality

e Crop yield

e Marketable produce

e Genetic
populations

diversity — of  plant

Crops such as apple, pear, almond, mustard,
sunflower, rapeseed, cucurbits, berries, and
several vegetable and seed crops can
benefit substantially from effective
pollination.

In fruit crops, inadequate pollination may
result in poor fruit set, misshapen fruits,
reduced yield, or uneven maturity. In seed-
producing crops, insufficient pollination
can directly reduce seed production. This
makes pollinator management particularly
important during the flowering period. For
farmers, the lesson is simple: a healthy
flowering field needs healthy pollinators.

Pollinators Beyond Bees

Although bees are among the most
important pollinators, they are not alone.

Butterflies and Moths

Butterflies are attracted to brightly coloured
flowers and generally feed on nectar. While
moving between flowers, they can transfer
pollen. Moths can also contribute to
pollination, particularly for flowers that
open or release strong scents at night.

Flies

Many fly species visit flowers for nectar
and pollen. Some plants have evolved
flowers that specifically attract flies
through their colour, scent, or shape.

Beetles

Beetles are among the oldest groups of
insect pollinators and can contribute to the
pollination of several plant species.
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Birds

Birds such as sunbirds and hummingbirds
in appropriate regions can act as pollinators
while feeding on nectar.

Bats

In tropical and subtropical ecosystems, bats
can play an important role in pollinating
certain flowers and supporting fruit
production. The diversity of pollinators
demonstrates an important ecological
principle: agricultural landscapes are more
resilient when they support a diversity of
species rather than depending on a single
pollinator.

Pollinators and Food Security

Pollination is closely connected with food
security and nutrition. Many crops that
depend on or benefit from animal
pollination provide foods rich in vitamins,
minerals, antioxidants, oils, and other
essential nutrients. Staple crops such as
cereals may rely heavily on wind or self-
pollination, but a diverse diet containing
fruits, vegetables, nuts, oilseeds, and other
crops 1s essential for nutritional security.
Therefore, pollinator conservation is not
simply an environmental concern. It is also
connected with the availability, diversity,
and quality of food. A decline in pollinator
populations can create challenges for
agricultural production, particularly for
crops that depend strongly on animal-
mediated pollination.

What Is Threatening Pollinators?

Pollinators face multiple pressures, many of
which are associated with changes in
agricultural landscapes.

1. Habitat Loss

The conversion of natural vegetation,
grasslands, hedgerows, and other habitats
into roads, buildings, and intensively
managed agricultural areas reduces nesting
and feeding opportunities. Pollinators need
more than crops. They require flowers
throughout different seasons, nesting sites,
shelter, water, and suitable overwintering
habitats.

2. Excessive and Improper Pesticide Use

Pesticides are important tools for managing
agricultural pests, but their inappropriate
use can negatively affect beneficial
organisms, including pollinators. Spraying
during flowering, using unnecessary
applications, applying excessive doses, or
ignoring label recommendations can
increase risks to bees and other beneficial
insects.

3. Loss of Floral Diversity

Large monocultures may provide abundant
flowers for a short period but may not
provide  continuous  food
throughout the year. Pollinators benefit
from landscapes containing different

resources

flowering plants with different flowering
periods.

4. Climate Change

Changes in temperature, rainfall, flowering
periods, and seasonal patterns can affect the
timing and availability of food resources for
pollinators. If flowering occurs earlier or
later than wusual, the synchronization
between plants and their pollinators may be
disturbed.

5. Diseases and Parasites

Managed honeybee colonies can be
affected by diseases, parasites, and other
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stresses. Healthy colonies require proper
management, nutrition, and monitoring.

How Can Farmers Help Pollinators?

Pollinator conservation does not always
require major changes to farming systems.
Several simple practices can make
agricultural landscapes more pollinator
friendly.

1. Plant Flowering Diversity:
Farmers can maintain flowering
plants along field boundaries, farm
roads, bunds, orchards, and other
suitable areas. Planting a mixture of
flowering species can provide food
resources over a longer period.

2. Maintain Field Margins: Field
margins containing
flowering plants, shrubs, and other
vegetation can provide habitat and
shelter for pollinators. Instead of
removing every plant that grows
around a field, farmers can identify
useful flowering vegetation and
manage it strategically.

3. Use Pesticides Responsibly:
Integrated Pest Management (IPM)
should be preferred wherever
possible.

grasses,

Farmers should:

e Apply pesticides only when
necessary.

e Follow recommended doses.

e Avoid spraying during peak
pollinator activity.

e Avoid spraying flowering crops
when pollinators are actively

visiting flowers whenever
alternative management options are
available.

e Follow product labels and

recommended safety practices.

e Prefer targeted pest management
rather than wunnecessary broad-
spectrum applications.

The objective should not simply be “less
pesticide”, but smarter and more
responsible pest management.

Pollination in Horticulture: A Special
Opportunity for Jammu & Kashmir

Pollination is particularly relevant to
horticulture in Jammu & Kashmir because
the region has a diverse range of fruit crops
and agro-ecological conditions. Fruit crops
such as apple, pear, cherry, plum, and other
temperate fruits can benefit from effective
pollination management. During flowering,
the presence and activity of suitable
pollinators can influence fruit set and
ultimately orchard productivity. For
orchardists, maintaining flowering plants
around suitable orchard areas, reducing
unnecessary pesticide exposure during
flowering, and encouraging pollinator-
friendly habitats can contribute to healthier
orchard ecosystems. The approach is
especially important in changing climatic
conditions, where flowering and insect
activity may not always occur according to
traditional seasonal patterns.

Beekeeping: From  Pollination to

Livelihood

Pollinators can also contribute directly to
rural livelihoods through beekeeping or
apiculture.

Honeybees provide products such as:
o Honey
e Beeswax

e Propolis
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e Royal jelly
e Other hive products

More importantly, managed bee colonies
can provide pollination services to
agricultural and horticultural crops. This
creates an opportunity to connect crop
production,  pollination, and  rural
entrepreneurship. For young people and
rural communities, beekeeping can become
a supplementary or complementary
enterprise when supported by appropriate
training, management, market access, and
suitable floral resources. Thus, bees are not
only ecological partners, they can also
become part of a diversified rural livelihood
system.

Building Pollinator-Friendly Farms

A pollinator-friendly farm does not mean
abandoning modern agriculture. Rather, it
means designing agricultural practices in a
way that supports productivity while
conserving beneficial organisms.

A farmer can begin with small steps:
Grow — Protect — Provide — Monitor

Grow diverse flowering plants.

@) Protect pollinators from unnecessary
pesticide exposure.

v~ Provide nesting and shelter habitats.

¢¢) Monitor pollinator activity and crop
flowering.

These practices can gradually transform
farms into more biologically diverse
landscapes.

From Bees to Biodiversity

The story of bees teaches us an important
lesson about agriculture: crop production

does not happen in isolation. A farm is an
ecosystem where plants, insects, soil
organisms, water, climate, and farmers
interact continuously. When agricultural
landscapes support pollinators, they can
also support other beneficial organisms and
ecological processes. Maintaining
biodiversity can improve the resilience of
farming systems and reduce dependence on
a narrow set of biological resources.
Pollinator conservation should therefore be
integrated into broader approaches such as
sustainable agroecology,
integrated pest management, climate-smart
agriculture, and biodiversity conservation.

agriculture,

The Way Forward

The future of agriculture will depend not
only on new machines, improved varieties,
artificial intelligence, drones, and digital
technologies. It will also depend on our
ability to protect the biological systems that
make agriculture possible.

A drone can monitor a field. A satellite can
map crop health. A sensor can measure soil
moisture. But a bee quietly visiting a flower
performs a biological service that
technology cannot simply replace.

Therefore, the goal should be to build
agricultural systems where technology and
nature work together.

Farmers, researchers, extension
professionals, policymakers, beekeepers,
and communities all have a role to play.
Pollinator conservation can begin at the
field level but its benefits extend far beyond
the farm to ecosystems, food systems, rural
livelihoods, and future generations.
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Key Takeaways

e Pollinators play an important role in
the production of many agricultural
and horticultural crops.

e Bees are among the most efficient
and valuable pollinators, but many
other insects and animals also
contribute.

o Habitat loss, inappropriate pesticide
use, climate change, and declining
floral diversity can threaten
pollinator populations.

e Flowering plants, field margins,
responsible pesticide management,
and suitable nesting habitats can
support pollinators.

o Beekeeping provides opportunities
for both pollination services and
rural entrepreneurship.

e Protecting pollinators is an
important component of sustainable
and resilient agriculture.

Conclusion

Bees may be small, but their contribution to
agriculture is enormous. Every flower
visited, every pollen grain transferred, and
every  successfully pollinated crop
represents a  connection  between
biodiversity and food production. As
agriculture moves toward a future shaped
by climate change, technological
innovation, and increasing food demand,
pollinators must remain part of the
conversation. The future of agriculture is
not only about producing more, but also
about producing sustainably  while
protecting the living systems that make
production possible. By creating pollinator-
friendly farms, using agricultural inputs
responsibly, conserving habitats, and

encouraging biodiversity, farmers can help
ensure that these essential partners continue
to thrive. Because when we protect
pollinators, we are not simply protecting
bees we are protecting the future of
agriculture.
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BIOPESTICIDES

AND THEIR ROLE IN

SUSTAINABLE AGRICULTURE 7 .

Protecting crops by working with nature

Harsh Angral
M.Sc. Scholar, Division of Plant Pathology, Sher-e-Kashmir University of Agricultural
Sciences and Technology of Kashmir, Shalimar, Srinagar

Walk through a crop field and you will find
a busy world of insects, microorganisms,
plants, and other living organisms. Some of
them damage crops, while others help
farmers by controlling pests naturally. The
challenge is to protect crops without
disturbing this balance more than
necessary. This is where biopesticides can
play an important role.

Biopesticides are pest-control products
derived from natural sources such as
microorganisms, plants, and naturally
occurring substances. They are becoming
increasingly important as farmers look for
safer, more sustainable, and more targeted
approaches to crop protection. However,
biopesticides are not a magic replacement
for conventional pesticides. Their real value
comes when they are used properly as part
of Integrated Pest Management (IPM).

What Are Biopesticides?

The word “biopesticide” covers a wide
range of products used to manage
agricultural pests.

They may be based on:
e Bacteria
o Fungi
e Viruses

e Plant-derived compounds
e Naturally occurring substances
e Other biological agents

One familiar example is Bacillus
thuringiensis (Bt), a bacterium used to
control certain insect pests. Some strains
produce substances that are toxic to groups
of insects. Certain fungi, such as Beauveria
bassiana and Metarhizium anisopliae, can
also be used against insect pests.

Plant-based products are another group.
Some plants contain natural compounds
that can repel insects, discourage feeding,
or interfere with pest development. So,
biopesticides are not one single product.
They are a diverse group of biological tools
for crop protection.
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Why Do We Need Them?

Conventional pesticides have made an
important  contribution to  modern
agriculture. They can protect crops from
insects, diseases, and weeds and help
prevent serious yield losses. The problem
arises when  pesticides are used
unnecessarily, excessively, or incorrectly.
Repeated and inappropriate use can
contribute to pesticide resistance, residues,
effects on beneficial organisms, and
environmental concerns. This does not
mean that conventional pesticides should
never be used. In many farming situations,
they remain important and sometimes
essential tools.

How Do They Work?

Biopesticides work in different ways
depending on the organism or natural
substance involved. Some microorganisms
can directly attack insect pests. Certain
fungi, for example, can attach to an insect,
penetrate its outer covering, and grow
inside it. Other biological products may
interfere with pest feeding, reproduction,
growth, or behaviour. Botanical products
may act as repellents or feeding deterrents,
while some can have direct effects on pests.

Biological products can also be used
against  plant  diseases. = Beneficial
microorganisms may compete with harmful
pathogens or produce substances that
suppress them. The important point is that
different biopesticides work differently. A
product effective against one pest may have
little or no effect on another. This is why
correct pest identification is the first step.

Benefits of Biopesticides

One major advantage of many biopesticides
is their potential for more targeted pest

management. Some biological products are
relatively specific to pests. This can help
reduce impacts on some non-target
organisms when the product is used
correctly. This is particularly important for
beneficial insects such as bees, predators,
and parasitoids, which contribute to healthy
agricultural ecosystems. Biopesticides can
also fit well into sustainable farming and
I[PM programmes. By combining different
approaches, farmers can reduce
unnecessary dependence on a single
pesticide or method.

Another advantage is that many biological
products may break down relatively quickly
under suitable conditions, reducing
persistence in the environment compared
with some conventional pesticides.
Biopesticides can also contribute to
resistance management when different
pest-control methods and modes of action
are used appropriately. But “natural” does
not automatically mean “completely
harmless.” A biological product can still
affect non-target organisms or cause
problems when misused. Therefore,
responsible application remains essential.

Challenges

Biopesticides also have limitations. Some
microbial products can be sensitive to
temperature, sunlight, humidity, and
storage conditions. Their performance may
therefore  vary depending on the
environment. Some products may also
work more slowly than conventional
pesticides. A farmer expecting immediate
pest death may mistakenly assume that a
biological product is ineffective.

Another challenge is product quality.
Biological products need to contain the
appropriate active organism or substance at
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the required quality and concentration.
Farmers should therefore purchase products
from reliable sources and use registered
products according to recommended
instructions. There can also be challenges
related to availability, farmer awareness,
application techniques, and cost. So,
biopesticides should not be promoted
simply because they are biological. Their
effectiveness depends on the right product,
the right pest, the right timing, and the right
method of application.

Using Biopesticides on the Farm

Using a biopesticide effectively begins with
observation. Farmers should regularly
monitor their crops and identify pest
problems before deciding on a control
measure.

A simple approach is:

Observe — Identify — Decide — Apply
— Monitor

e First, observe the crop and look for
signs of pest activity.

e Next, identify the pest correctly.
Insect damage, fungal disease,
nutrient deficiency, and
environmental stress can sometimes
look similar. Once the problem is
identified, select an appropriate
control method.

e If a biopesticide is suitable, follow
the recommended dose, application
method, timing, storage
instructions, and safety precautions.

e Timing can be particularly
important for biological products.
Some work best against a particular
life stage of the pest or under certain
environmental conditions.

e Farmers should also avoid the idea
that “more product means better

control.” Using more than the
recommended amount does not
necessarily improve results.

Biopesticides work best when they are part
of a broader Integrated Pest Management
approach, alongside crop rotation, resistant
varieties, field sanitation, biological
control, monitoring, mechanical methods,
and need-based chemical control where
appropriate (Figure 1).

Effective Use of Biopesticides in
Integrated Pest Management (IPM)
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Figure 1. Effective use of biopesticides in
integrated pest management (IPM),
illustrating the sequential steps of
observation, pest identification, decision-
making, appropriate application, and
monitoring, supported by crop rotation,
resistant  varieties, field sanitation,
biological control, mechanical methods,
and need-based chemical control

The Future of Biopesticides

Agriculture is changing rapidly. Farmers
are looking for ways to produce more
efficiently while protecting soil, water,
biodiversity, and  human health.
Biopesticides could become an increasingly
important part of this transition. Research is
exploring better microbial formulations,
improved botanical products, beneficial
microorganisms, biological control, and
more efficient application methods. At the
same time, technologies such as drones,
sensors, digital crop monitoring, and
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precision agriculture can help farmers
identify where and when pest-control
measures are needed. This combination
could make crop protection more targeted.
Imagine a farmer detecting an early pest
outbreak  through field monitoring,
identifying the pest correctly, and applying
a suitable biological product only where it
is required. That is a very different
approach from spraying an entire field
automatically on a fixed schedule. The
future of crop protection may therefore
depend less on simply choosing between
“chemical” and “biological” products and
more on using every appropriate tool
intelligently.

Conclusion

Biopesticides offer farmers an important
additional tool for protecting crops while
moving towards more  sustainable
agricultural practices. Their greatest
potential is not in completely replacing
conventional pesticides, but in becoming
part of a smarter and more balanced pest-
management system. Successful use
requires knowledge, good-quality products,
correct pest identification, proper timing,
and responsible application. Sustainable
agriculture is not about eliminating every
agricultural input. It is about using the right
input, in the right amount, at the right time,
and for the right purpose. As agriculture
moves towards a future where productivity
and environmental responsibility must go
together, biopesticides can become an
increasingly valuable part of the farmer's
toolbox.

Protecting crops does not always mean
fighting nature. Sometimes, the smarter
approach is to work with it.
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Agriculture is one of the sectors most
vulnerable to climate change because crop
and livestock production depend directly on
temperature, rainfall, soil moisture and
other environmental conditions. At the
same  time, contributes
significantly to greenhouse gas emissions

through activities such as intensive tillage,

agriculture

excessive use of nitrogen fertilizers,
livestock production, residue burning and
land-use change. Increasing temperatures,
irregular rainfall, prolonged droughts,
floods, heat waves, changing pest and
disease patterns and declining soil health
are  already  affecting  agricultural
productivity in many parts of the world.
These challenges are particularly serious
for small and marginal farmers whose
livelihoods depend heavily on natural
resources and who often have limited
capacity to cope with climatic shocks.

In this context, Climate-Smart Agriculture
(CSA) has emerged as an important
approach for making farming systems more

productive, resilient and environmentally
sustainable. CSA is not a single technology
or farming practice rather, it is an integrated
approach  that combines improved
productivity, adaptation to climate change
and reduction of greenhouse gas emissions
wherever possible. It aims to meet present
and future food requirements while
protecting  natural  resources and
strengthening the resilience of farming

communities.

Understanding Climate-Smart

Agriculture

Climate-Smart Agriculture was developed
as an approach to address the
interconnected challenges of food security,
climate change and sustainable agricultural
development. The approach is generally
based on three major objectives:
sustainably increasing agricultural
productivity and incomes, adapting and
building resilience to climate change, and
reducing or removing greenhouse gas
emissions from agriculture where feasible.
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The first objective focuses on producing
more food, fibre and livestock products
from available land and resources without
degrading the production base. The second
emphasizes the ability of farmers and
agricultural systems to withstand climate-
related stresses such as droughts, floods,
heat waves and unpredictable rainfall. The
third seeks to reduce agriculture's
contribution to climate change through
improved soil management, efficient
fertilizer use, better water management,
agroforestry, conservation of soil carbon
and other low-emission practices.

Importantly, climate-smart agriculture does
not imply that every farm must adopt the
same technology. The most appropriate
strategy depends on local climate, soil
conditions, cropping systems, available
resources, market opportunities and
farmers' socioeconomic circumstances.
Thus, CSA is essentially a location-specific
and knowledge-intensive approach.

Why Climate-Smart Agriculture is
Necessary

Climate change is altering the conditions
under which agriculture operates. Rising
temperatures can shorten crop duration,
increase evapotranspiration and reduce
grain formation in sensitive crops. Changes
in rainfall patterns can create periods of
water scarcity followed by intense rainfall
events, causing both drought and flood
risks. Extreme weather events can damage
crops within a few hours and reduce farm
income substantially.

Climate change can also affect the
distribution and severity of insects, diseases
and weeds. Warmer conditions may allow
some pests to survive during periods when
they were previously limited by low

temperatures.  Similarly, changes in
humidity and rainfall can alter disease
incidence. = These  factors  increase
production risks and may encourage greater
pesticide use, which can further affect

environmental sustainability.

Soil degradation is another major concern.
Continuous cultivation, excessive tillage,
erosion, declining organic matter and
imbalanced nutrient application can reduce
soil fertility and water-holding capacity. A
degraded soil is less capable of supporting
crops during climatic stress. Therefore,
improving soil health is fundamental to
building climate resilience.

For countries such as India, where
agriculture supports a large rural population
and where many farmers depend on rainfall,
climate-smart agriculture has particular
significance. Improving the efficiency of
water, nutrients, energy and land resources
can simultaneously strengthen farm
incomes and reduce environmental

pressure.

Major Components of Climate-Smart
Agriculture

1. Climate-Resilient Crop Varieties

The use of crop varieties capable of

tolerating  drought,  heat,  salinity,
waterlogging or emerging pests and
diseases is an important component of
CSA. Developing and adopting varieties
with suitable maturity duration and greater
stability under variable weather can reduce

production risks.

For example, drought-tolerant crops can
maintain better yields under limited
moisture, while heat-tolerant varieties can
perform comparatively better during high-

temperature  periods. Short-duration
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varieties may help farmers escape terminal
drought or fit additional crops into the
available growing period.

2. Conservation Agriculture

Conservation agriculture is based on
principles such as minimum soil
disturbance, permanent soil cover and crop
diversification. Practices such as zero or
reduced tillage, residue retention and crop
rotation can improve soil structure, reduce
erosion and conserve moisture.

Reduced tillage can lower fuel consumption
and minimize disturbance of soil organic
matter. Crop residues left on the soil surface
protect the soil against erosion and reduce
evaporation. Over time, these practices can
contribute to improved soil organic carbon
and biological activity.

3. Efficient Water Management

Water scarcity is likely to become one of the
most important constraints to agricultural
production under climate change. Climate-
smart water management therefore
emphasizes producing more crop per unit of
water.

Drip and sprinkler irrigation can improve
water-use  efficiency compared with
conventional surface irrigation in suitable
crops and conditions. Rainwater harvesting,
farm ponds, groundwater recharge,
mulching and  improved irrigation
scheduling can further enhance water
availability.

Alternate wetting and drying in rice, where
appropriate, can reduce unnecessary water
use and may decrease methane emissions
compared with continuous flooding.
Similarly, precision irrigation and soil-
moisture-based irrigation scheduling can
prevent over-irrigation.

4. Integrated Nutrient Management

Nutrient management plays an important
role in both productivity and climate
mitigation. Excessive and inefficient
application of nitrogen fertilizers can result
in nutrient losses and emissions of nitrous
oxide, a potent greenhouse gas.

Climate-smart  nutrient  management
combines organic and inorganic nutrient
sources according to crop requirements and
soil-test information. Practices such as
balanced fertilization, split application of
nitrogen, use of legumes, recycling of crop
residues and application of well-
decomposed organic manures can improve

nutrient-use efficiency.

Legume-based cropping systems are
particularly valuable because biological
nitrogen fixation can reduce dependence on
external nitrogen inputs while contributing
to soil fertility.

5. Crop Diversification and

Intercropping

Diversification 1s a key strategy for
managing climatic uncertainty. Growing
different crops rather than relying on a
single crop can distribute production risks.
If one crop performs poorly because of a
particular climatic event, another crop may
compensate to some extent.

Intercropping cereals with legumes can
improve resource utilization, enhance
biodiversity and provide both food and
fodder. Similarly, crop rotations involving
cereals, legumes and oilseeds can break
pest and disease cycles and improve soil
fertility.

In regions where livestock production is
important, integrating fodder crops into
cropping systems can strengthen the crop-
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livestock linkage. Fodder diversification
can improve feed availability and reduce
pressure on common grazing resources.

6. Agroforestry

Agroforestry combines trees with crops
and/or livestock. Trees can provide multiple
benefits, including carbon sequestration,
wind protection, soil conservation, shade,
fuelwood, fodder and additional farm
income.

Tree roots can stabilize soil and improve
nutrient cycling, while above-ground
biomass stores carbon. Properly selected
agroforestry systems can also create a more
favourable microclimate for crops and
livestock. However, tree-crop competition
for water, nutrients and sunlight must be
considered while designing such systems.

7. Integrated Pest and Disease
Management

Climate variability can change pest and
disease dynamics, making integrated pest
management  increasingly  important.
Instead of relying exclusively on chemical
pesticides, farmers can combine resistant
varieties, crop rotation, biological control,
mechanical methods, field sanitation and
need-based pesticide application.

Weather-based pest forecasting and digital
advisory services can help farmers identify
periods of high pest risk and apply control
measures at the appropriate time. This can
reduce unnecessary pesticide applications
and production costs.

Digital Agriculture and Climate-Smart
Farming

Digital technologies are creating new
opportunities for climate-smart agriculture.
Weather forecasting, satellite imagery,

remote sensing, geographic information
systems, drones, sensors and artificial
intelligence can  support farm-level
decision-making.

Mobile-based advisories can provide
information on sowing dates, irrigation,
fertilizer application, pest outbreaks and
weather risks. Satellite data can help
monitor crop health and drought conditions
over large areas. Soil sensors can support
nutrient

precision  irrigation  and

management.

However, digital agriculture must remain
accessible to smallholders. Technologies
should be affordable, user-friendly and
supported by reliable extension services.
Digital tools should complement rather than
replace farmers' local knowledge and
experience.

Livestock and Climate-Smart

Agriculture

Climate-smart agriculture must include
livestock because livestock systems are
closely linked with crops, feed resources,
water and greenhouse gas emissions. Heat
stress can reduce livestock feed intake,
growth, reproduction and milk production.
Therefore, providing shade, adequate
drinking water, heat-tolerant breeds and
improved housing can enhance livestock
resilience.

Improving feed quality and digestibility can
also increase livestock productivity while
reducing emissions intensity. Better manure
management can capture nutrients, produce
biogas and reduce greenhouse gas
emissions. Integration of fodder production
with crop systems can improve feed
security and nutrient recycling.
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Soil Health and Carbon Sequestration

Healthy soils are central to climate-smart
agriculture. Soil organic matter improves
aggregation, water retention, nutrient
availability and microbial activity. Practices
such as residue retention, reduced tillage,
cover cropping, compost application,
diversified crop rotations and agroforestry
can contribute to maintaining or increasing
soil organic carbon.

Carbon sequestration in agricultural soils
and vegetation provides an opportunity to
partially offset greenhouse gas emissions.
However, carbon sequestration should be
viewed as a complementary component of
climate action rather than a substitute for
reducing emissions.

Economic Benefits for Farmers

Climate-smart agriculture should not only
be environmentally sustainable; it must also
be economically viable. Farmers are more
likely to adopt practices that provide visible
economic benefits or reduce production
risks.

Efficient irrigation can lower water and
energy  costs.  Integrated  nutrient
management can improve fertilizer-use
efficiency. Crop diversification can
generate  additional income  sources.
Conservation agriculture can reduce tillage
and fuel requirements. Improved varieties
can provide more stable yields under

adverse weather conditions.

Access to markets, credit, insurance,
storage and value-addition facilities is
equally important. Climate-smart
technologies alone cannot ensure resilience
if farmers face severe financial and market
constraints.

Challenges in Adoption

Despite its potential, CSA faces several
challenges. Initial investment requirements
may be high for irrigation systems,
machinery, sensors and improved inputs.
Farmers may also lack adequate knowledge
about new technologies. Small and
fragmented landholdings can make
mechanization and precision agriculture
difficult.

There may also be uncertainty about the
long-term benefits of practices such as
conservation agriculture or agroforestry.
Some technologies may require changes in
traditional farming practices, creating a
need for demonstration and capacity
building.

Therefore, strong agricultural extension,
farmer training, participatory research,
institutional support, access to finance and
supportive  government  policies are
essential for successful adoption.

The Way Forward

The future of climate-smart agriculture lies
in combining scientific innovation with
farmers' knowledge and local adaptation.
Research institutions should develop
location-specific technologies that address
actual  climate  risks.  Agricultural
universities, extension agencies and farmer
organizations should work together to
demonstrate these technologies under real

farm conditions.

Climate information services should be
strengthened so that farmers can make
decisions based on seasonal forecasts and
short-term weather predictions. Breeding
programmes should prioritize climate
resilience alongside yield and quality. Soil
testing, efficient irrigation, integrated
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nutrient management and diversified
cropping systems should become integral
parts of sustainable farm planning.

Policies should also encourage practices
that generate environmental benefits
through suitable incentives, insurance
mechanisms and market opportunities.
Carbon-smart farming practices can
potentially create additional economic
opportunities for farmers when reliable
systems for measuring and rewarding
ecosystem services are developed.

Conclusion

Climate change presents agriculture with a
complex challenge: food production must
increase while natural resources are
conserved and greenhouse gas emissions
are reduced. Climate-Smart Agriculture
provides a practical framework for
addressing these interconnected objectives.
By combining resilient crop varieties,
conservation agriculture, efficient water
and nutrient management, crop
diversification, agroforestry, integrated pest
management, digital technologies and
improved livestock practices, farming
systems can become more productive and
better prepared for climatic uncertainty. The
transition to climate-smart agriculture
requires more than the adoption of
individual technologies. It demands an
integrated approach involving farmers,
scientists,

extension agencies,

policymakers, = markets and  rural
institutions. The most successful systems
will be those that are locally appropriate,
economically viable, socially inclusive and
environmentally sustainable. Ultimately,
climate-smart agriculture is not simply
about producing crops under a changing
climate; it is about transforming agriculture

so that it can remain productive, profitable

and resilient while protecting the resources
needed by future generations. With
appropriate technologies, policies,
knowledge and farmer participation,
agriculture can move from being highly
vulnerable to climate change toward

becoming an important part of the solution.
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Walk into a village and you will find
women involved in almost every part of
agriculture from sowing and transplanting
to livestock care, harvesting, processing,
and selling farm products. Yet, despite their
enormous contribution, women are often
less visible when we talk about business,
ownership, decision-making, and
entrepreneurship in agriculture. This is

where agripreneurship can create a
meaningful ~ change.  Agripreneurship
combines agriculture with

entrepreneurship. It means looking at
farming and allied activities not only as a

source of production, but also as
opportunities  for  value  addition,
processing, marketing, services, and
income  generation. For  women,

agripreneurship can open doors to greater
economic  independence, confidence,
employment, and leadership. It can also
transform the way rural families and
communities view women's contribution to
agriculture.

Women and Agriculture

Women have always been an important part
of agriculture. Their work extends far

beyond what is visible in the field. Women
participate in crop production, livestock
management, dairy activities, poultry, seed
selection, post-harvest handling, food
processing,  kitchen
household-level

gardening, and
management of
agricultural resources. In many rural
households, women also possess valuable
traditional knowledge about crops, seeds,
livestock, food preservation, and local
resources. However, participation does not
always mean ownership or control.

A woman may spend many hours working
on a farm while having limited access to
land, credit, technology, markets, training,
or major financial decisions.
Agripreneurship provides an opportunity to
change this situation by helping women
move from being primarily contributors to
becoming decision-makers and business
owners.

What Is Agripreneurship?

Agripreneurship is essentially
entrepreneurship connected with
agriculture and its allied sectors. It can
involve much more than owning a farm.
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A woman can become an agripreneur by
starting a business related to:

e Food processing

e Dairy and livestock

e Poultry

o Beekeeping

e Mushroom cultivation
e Nursery production

o Floriculture

e Vegetable production
e Seed production

e Vermicomposting

e Organic products

e Pickles, jams, and other value-
added products

e Farm-based tourism

e Agricultural inputs and services

o Digital agricultural services
The important idea is value addition.

Instead of selling a raw agricultural product
immediately after harvest, an entrepreneur
can explore ways to process, package,
brand, and market it. For example, milk can
become paneer or other dairy products.
Fruits can be processed into jams, juices, or
dried products. Vegetables can be preserved
or packaged. This can create additional
income while also reducing post-harvest
losses.

Why Women Matter in Agribusiness

Women bring unique experiences and skills
to agricultural enterprises. They are often
closely involved with household food
systems and local markets. Their

understanding of consumer preferences,
food preparation, traditional products, and
local resources can become a valuable
foundation for entrepreneurship. Women's
participation in agribusiness can also
generate  benefits beyond individual
income.

When women have greater control over
income, it can strengthen household
financial security and create opportunities
for investment in children's education,
nutrition, health, and farm activities.
Entrepreneurship can also build confidence
and leadership skills. A woman who begins
with a small enterprise may gradually learn
how to manage finances, negotiate with
buyers, communicate with customers, use
digital platforms, and make business
decisions. In this way, agripreneurship is
not only about earning money. It is also
about building agency and confidence.

From Farm Work to Business

One of the biggest opportunities lies in
converting existing agricultural skills into
marketable enterprises. A woman already
involved in dairy farming, for example,
may explore value-added dairy products.
Someone experienced in  vegetable
cultivation may develop a nursery or direct-
to-consumer vegetable business. A woman
who has knowledge of traditional food
products may turn that knowledge into a
small food-processing enterprise. Similarly,
skills in stitching, handicrafts, food
preservation,  packaging, or  local
agricultural products can become part of
rural businesses when linked with suitable
markets. The first step does not always have
to be a large investment. A small enterprise
can begin with a simple question:
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“What do I already have, what can I
produce, and what do people want to
buy?”

This approach can help women identify
opportunities based on their existing
resources and skills.

Opportunities for Women

The agricultural sector is changing, creating
opportunities beyond conventional

farming.
Food Processing

Processing agricultural products can
increase their shelf life and market value.
Products such as pickles, jams, dried fruits,
spices, snacks, and other processed foods
can provide opportunities for small
businesses.

Beekeeping

Beekeeping can provide income through
honey and other hive products while also
contributing to crop pollination.

Mushroom Production

Mushroom cultivation can be attractive
where space and land are limited, provided
suitable technical knowledge and markets
are available.

Nursery Business

Production  of  healthy  seedlings,
ornamental plants, fruit plants, and
vegetable seedlings can create
opportunities for women with suitable skills
and local demand.

Value Added Products

Farm products can be converted into
products  with  greater shelf life,
convenience, or market appeal.

Digital Agribusiness

Social media and online platforms have
created new possibilities for small
entrepreneurs to  display  products,
communicate with customers, and build a
brand without depending entirely on
traditional markets.

Challenges Women Face

The path to entrepreneurship is not always
easy. One major challenge is access to
finance. Starting even a small enterprise
requires money for equipment, raw
materials, packaging, transportation, and
marketing. Access to land and other
productive resources can also be limited.

Another challenge is training and
technical knowledge. Producing a good
product is not enough. An entrepreneur also
needs to understand quality control,
packaging, pricing, record keeping,
customer relations, and marketing. Market
access can be another major barrier. A
woman may produce an excellent product
but struggle to find reliable buyers or
receive a fair price. Time is also an
important issue. Many rural women
manage agricultural work alongside
household responsibilities. This can make it
difficult to dedicate sufficient time to a
growing business. Social attitudes can
create additional challenges when women
are  discouraged  from  travelling,
networking, managing finances, or making
independent business decisions. These
barriers cannot be solved by asking women
simply to “be more entrepreneurial.” They
require supportive systems and
opportunities.
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What Can Make a Difference?

Women agripreneurs need more than
motivation. They need access to the
resources that make entrepreneurship
possible.

Training

Practical training should cover not only
production techniques but also business
planning, accounting, packaging, branding,
digital marketing, and market management.

Access to Finance

Suitable credit, financial literacy, savings
opportunities, and entrepreneurship support
can help women start and expand
enterprises.

Market Linkages

Connecting women producers with farmers'
markets, cooperatives, farmer producer
organizations, retailers, institutions, and
online buyers can improve market
opportunities.

Technology

Appropriate technology can reduce labour
requirements, improve product quality, and
increase efficiency.

Self-Help Groups

Women working collectively can share
resources, knowledge, equipment, and
market opportunities. Group-based
enterprises can also strengthen bargaining
power.

Mentorship

A successful entrepreneur or agricultural
professional can provide practical guidance
that is often difficult to obtain from
textbooks alone.

The objective should be to create an
environment where women are not only
encouraged to start businesses but are also
supported in sustaining and scaling them.

The Way Forward

The future of agriculture needs women not
only as workers but also as entrepreneurs,
innovators, managers, and leaders.
Agripreneurship  can  help  create
employment within rural communities
while encouraging value addition and
diversification. It can also give younger
generations a different perspective on
agriculture. Instead of seeing agriculture
only as traditional farming, they can begin
to see it as a sector containing opportunities
in food technology, processing, marketing,
digital services, biotechnology, sustainable
production, and entrepreneurship.
Technology will further expand these
possibilities. A smartphone can become a
marketing tool. Social media can become a
storefront. Digital payments can make
transactions easier. Online learning can
provide access to knowledge. E-commerce
can connect small producers with
customers beyond their immediate
communities. But technology works best
when combined with skills, infrastructure,
finance, and market access.

Conclusion

Women have always been part of
agriculture. The opportunity now is to
ensure that they have a stronger role in
owning, managing, and shaping
agricultural businesses. Agripreneurship
can transform agricultural skills into
economic opportunities. It can encourage
value addition, create rural employment,
strengthen household incomes, and build

confidence among women. But
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empowerment is not simply about telling
women to start a business. It means creating
an environment where they have access to
knowledge, finance, technology, markets,
networks, and decision-making
opportunities. A woman who turns a farm
product into a business is not simply
earning an income. She is creating value,
building a livelihood, and demonstrating
that agriculture can be a space for
innovation and leadership. The future of
agriculture will be stronger when women
are not only working in agriculture but
leading it.

Empower a woman in agriculture, and
you do more than create an entrepreneur
you help create a stronger rural
economy.
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The tiny workers beneath our feet that
help keep soils alive

When we think about the important workers
on a farm, we usually imagine farmers
working in the fields, tractors preparing the
land, or machines harvesting crops. But
beneath our feet, another group of workers
is quietly active every day. They are small,
often unnoticed, and extremely valuable to
the soil earthworms.

Earthworms are  sometimes  called
“nature’s soil engineers” because their
movement and feeding activities influence
soil structure, organic matter
decomposition, nutrient cycling, and water
movement. They do not produce crops
directly, but their work helps create a better
environment in which crops can grow. A
field with healthy biological activity is
more than just soil containing nutrients. It is
system  where  roots,
insects, earthworms,

a living
microorganisms,
water, air, and organic matter constantly
interact. Earthworms are one of the most

visible signs of this hidden world beneath
the soil surface.

The Soil Engineers Beneath Our Feet

Earthworms are segmented organisms that
live in soil and feed mainly on organic
materials and soil particles. Different
species live in different parts of the soil.
Some remain close to the surface, feeding
on plant residues, while others move deeper
into the soil and create channels as they
burrow.

As an earthworm moves through the soil, it
creates small passages. These passages
become part of the soil's pore network and
can influence the movement of air and
water. Earthworms also consume organic
material and soil, process it through their
digestive system, and release it as casts.
These activities may look simply, but
together they contribute to several

important soil processes. An earthworm is
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therefore not simply a creature living in the
soil, it is actively modifying its
environment.

How Earthworms Improve Soil

One of the most important contributions of
earthworms is their effect on soil structure.
Good soil structure provides spaces through
which roots, air, and water can move.
Earthworm burrows can create pathways
through the soil, while their casts and
interactions with organic matter can
contribute to the formation and stabilization
of soil aggregates. This can help improve
conditions for plant roots. Earthworm
channels may also provide pathways for
water to enter and move through the soil.
Better infiltration can reduce the amount of
water remaining on the soil surface and may
help reduce surface runoff under suitable
conditions. Their burrows also improve
aeration by creating additional spaces in the
soil. Roots require oxygen for healthy
growth, and soil organisms also depend on
adequate air exchange. In this way,
earthworms influence several aspects of the
soil environment at the same time.

A L EARTHWORM /5L e
) e\ A worm =) \ /l %
BURROW =\ e« et :
) \ EARTHWORM——/' S NG S

solL AN P
CHANNELS " %) ) )

7
Y ( IMPROVED
2 * %\(s" AERATION

- DG
7] EARTHWORM
) - CASTINGS ,

Figure 1: Healthy soil ecosystem
illustrating the role of earthworms, soil

organisms, organic matter, soil aggregation,
moisture, aeration, and root activity in
improving soil structure, nutrient cycling,
and plant growth

Earthworms and Nutrient Cycling

Plants require nutrients to grow, but
nutrients do not simply appear in the soil.
They  are released,
transformed, absorbed, and recycled.
Earthworms contribute to this process by

continuously

feeding on organic residues and soil
materials. Their digestive activity breaks
down materials and changes the form in
which nutrients and organic compounds
occur. Their casts can contain organic
matter, microorganisms, and plant
nutrients. These casts may differ from the
surrounding soil in their physical and
chemical properties. Earthworms also help
bring organic materials into closer contact
with mineral soil. These mixing supports
decomposition and nutrient cycling.
However, earthworms do not work alone.
The soil contains a huge community of
microorganisms and other organisms that
participate in decomposition and nutrient
cycling. Bacteria and fungi break down
organic materials, while many other soil
organisms interact with roots and contribute
to the soil food web. Earthworms are
therefore best understood as one important
group within a much larger soil ecosystem.

What Are Earthworm Casts?

If you notice small, granular piles of soil on
the surface of a field or garden, they may be
earthworm casts. Casts are the material
passed through an earthworm's digestive
system. They may contain processed
organic  matter, mineral  particles,
microorganisms, and nutrients. These small
piles are a visible reminder that biological
activity is taking place beneath the surface.
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What Threatens Earthworms?

Earthworms need suitable conditions to
survive and reproduce. Their populations
can be influenced by soil management,
organic matter availability, moisture,
temperature, and other environmental
factors. One major concern is excessive soil
disturbance. Repeated and intensive tillage
can destroy burrows, disturb habitats, and
expose  organisms to  unfavourable
conditions. The loss of organic matter can
also reduce food resources. When crop
residues are consistently removed or soils
receive very little organic input, the
biological food supply may decline. Very
dry or excessively waterlogged conditions
can also be unsuitable for many earthworm
species. Agricultural chemicals require
careful management as well. Pesticides are
important tools for controlling agricultural
pests, but unnecessary or inappropriate use
can affect non-target organisms. Farmers
should always follow recommended doses,
application methods, safety precautions,
and label instructions. The objective is not
to eliminate agricultural inputs, but to use
them wisely and responsibly.

How Farmers Can
Earthworms

Encourage

The good news is that many practices that
benefit earthworms are also useful for
improving overall soil health.

Keep the Soil Covered

Crop residues and suitable mulches protect
the soil surface from extreme temperatures,
reduce moisture loss, and provide organic
material.

Add Organic Matter

Compost, well-decomposed farmyard
manure, crop residues, and other suitable

organic materials provide food resources
for soil organisms.

Reduce Unnecessary Soil Disturbance

Minimizing excessive tillage can help
preserve earthworm channels and soil
habitats.

Maintain Suitable Soil Moisture

Earthworms require moisture for their
activities. Good soil and water management
can help maintain conditions suitable for
biological activity.

Encourage Crop Diversity

A diverse cropping system can provide
different types of residues and organic
materials, supporting a more diverse soil
ecosystem.

Use Chemicals Responsibly

Integrated pest management and need-
based application of pesticides can help
reduce unnecessary exposure of beneficial
organisms.

These practices do not guarantee a
particular earthworm population, because
earthworm abundance depends on species,
soil type, climate, and management
conditions. However, they can create a
more favourable environment for soil
biological activity.

Vermicomposting: Turning Waste into
Wealth

Perhaps the most familiar agricultural
application of earthworms is
vermicomposting. Vermicomposting uses
earthworms along with microorganisms to
help convert suitable organic materials into
a stable organic amendment known as
vermicompost. Farm residues, plant
materials, and other suitable organic wastes
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can be managed through vermicomposting
instead of being treated simply as waste.

The basic idea is simple:

Organic residues — Earthworms +
microorganisms — Vermicompost

The resulting material can be used as an
organic amendment as part of an integrated
soil fertility management programme.

Vermicomposting  also  presents an
opportunity ~ for  small-scale  rural
entrepreneurship.  Farmers,  self-help
groups, students, and rural youth can
explore vermicomposting as a way of
converting locally available organic
materials into a useful agricultural product.
However, good quality vermicompost
depends on appropriate materials, moisture,
temperature, aeration, and management. It
should be prepared and used according to
recommended practices.

The Bigger Picture: Keep the Soil Alive

The story of earthworms is really a story
about how we understand soil. For a long
time, soil was often viewed mainly as a
medium that holds plant roots and supplies
nutrients. Today, we increasingly recognize
soil as a living ecosystem. Within a handful
of healthy soil, countless organisms are
interacting. Roots release compounds into
the soil. Microorganisms decompose
organic matter. Fungi interact with roots.
Small soil animals feed on microorganisms.
Earthworms move through the soil and
process organic materials. All these
interactions contribute to the functioning of
the soil ecosystem. This is why soil health
cannot be judged by a single factor alone.
Soil testing for nutrients and other
properties remains important, but biological
activity, organic matter, structure, water
movement, and biodiversity also matter.

Earthworms can therefore serve as a visible
reminder of the biological side of soil
health.

Conclusion

Earthworms may be small, but their
contribution to soil is far from insignificant.
Through burrowing, feeding, organic
matter processing, and casting, they
influence soil structure, water movement,
aeration, and nutrient cycling. They are not
a replacement for fertilizers, irrigation, soil
testing, or scientific crop management.
Instead, they are part of the natural
workforce that helps soil function as a
living system. The next time you see an
earthworm in a field, garden, or compost
unit, take a moment to appreciate what is
happening beneath your feet. While farmers
manage crops above the ground,
earthworms and countless other organisms
are quietly working below it.

Healthy soil is living soil, and
earthworms are among its most visible
workers.
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Connecting Agriculture, Knowledge, and Innovation.

Agri-Hub Jammu is a platform dedicated to sharing knowledge, innovations,
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N

/

WHAT WE OFFER .

- v | 7= |
( | ||/ @ \l l/ \} \ YN
\ IEEI/ \ng/ \i/ [® (\%/

RESEARCH & INSIGHTS & FARMER & FIELD STUDENT & COLLABORATION &
ARTICLES INNOVATIONS PERSPECTIVES CAREER ZONE COMMUNITY
In-depth articles on Updates on new Real stories, Resources, guidance, Bringing together
innovative research, technologies, experiences, and and opportunities experts, institutions,
advances, and practices, and field-level learning for students and and communities
emerging trends smart solutions from the farming young professionals. to create impact

in agriculture.

shaping agriculture, community.

BE A PART OF THE AGRI-HUB COMMUNITY!

Share your knowledge, ideas, research, experiences, and stories with us.
Together, let’s build a stronger and sustainable agricultural future.

through collaboration.

KNOWLEDGE

%7 LET’S CONNECT &¢

Email @ Magazine Audience
agrihubjammu@gmail.com Online Publication Farmers | Students | Researchers

Professionals | Agri- Entrepreneurs

INNOVATION SUSTAINABILITY COLLABORATION
Inspiring Knowledge. Empowering Agriculture. Enriching Lives.

afl

IMPACT




