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Challenges

INTRODUCTION

Crop production forms the backbone of global food security,
yet a wide range of insect pests, mites, plant pathogens and
weeds continuously threaten it. These pests are responsible
for significant yield losses every year, particularly in
developing countries where small and marginal farmers
depend heavily on agriculture for their livelihood. To protect
crops and ensure stable production, chemical pesticides have
traditionally been used as the primary method of pest control
due to their quick action and immediate visible results.

However, over time, the indiscriminate and
excessive use of chemical pesticides has created serious
ecological and socio-economic problems. Many pest species
have developed resistance to commonly used pesticides,
making chemical control increasingly ineffective. At the
same time, beneficial organisms such as pollinators, natural
enemies, soil microbes and aquatic life have been severely
affected. Pesticide residues in food, soil and water pose risks
to human health, leading to growing public concern about
food safety and environmental sustainability.

In response to these challenges, biological control
has gained renewed attention as a safe, environmentally
friendly and sustainable approach to pest management.
Biological control relies on the natural enemies of pests-
predators, parasitoids and pathogens suppress pest
populations rather than eliminate them. This method works
in harmony with natural ecosystems and helps maintain
ecological balance within agricultural landscapes.

Biological control is not a new concept; it has been
practised unknowingly by farmers for centuries through
traditional farming systems that supported natural
biodiversity. However, scientific research and technological
advancements have now transformed biological control into
a well-planned and effective pest management strategy. The
successful use of ladybird beetles against aphids,
Trichogramma wasps against caterpillar pests, and microbial
agents such as Bacillus thuringiensis and nuclear
polyhedrosis viruses has demonstrated the immense potential

of biological control in modern agriculture.
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With the increasing emphasis on organic
farming, residue-free food production and
climate-smart agriculture, biological control has
become an essential component of Integrated
Pest Management (IPM). Although biological
control offers numerous benefits, its adoption
also faces challenges related to awareness,
environmental dependency and large-scale
implementation.  Understanding  both  the
advantages and limitations of biological control
is therefore crucial for promoting its effective use
in sustainable crop protection systems.

1. What is Biological Control?

Biological control is a pest management
strategy that involves the use of natural enemies
to control harmful insects, mites, weeds and plant
pathogens. Instead of killing pests instantly like
chemical pesticides, biological control keeps pest
populations at manageable levels by restoring the
natural balance in the ecosystem.
Natural enemies used in biological

include:
< Predators that feed directly on pests
< Parasitoids that develop inside or on pest

insects
< Pathogens such as bacteria, fungi, viruses

and nematodes that cause diseases in pests
2. Types of Biological Control
2.1 Natural (Conservation) Biological Control

This type of biological control relies on
protecting and encouraging naturally occurring
beneficial organisms already present in the
ecosystem. Farmers can support these organisms
by:
» Reducing pesticide use
> Providing flowering plants for nectar and

pollen
< Maintaining hedgerows and refuges
For example, spiders, ladybird beetles, lacewings
and birds naturally reduce pest populations when
their habitats are protected.
2.2 Classical Biological Control

Classical biological control involves the

introduction of a natural enemy from the pest’s
native region into a new area where the pest has
become invasive. After careful testing, the
natural enemy is released to establish itself and
control the pest permanently.

control

D3

D3

Copyright © December., 2025; Agrospheres

Available online at
,,,,,,,,, http://agrospheresmagazine.vitalbiotech.org

ISSN (E): 2582 — 7022

A famous example is the control of cottony
cushion scale in citrus using the Vedalia beetle,
which successfully saved the citrus industry in
many countries.
2.3 Augmentative Biological Control
In this approach, beneficial organisms are
mass-produced and released into crop fields to
increase their population and effectiveness. It can
be:
< Inoculative release - small numbers released
early in the season
< Inundative release - large numbers released
for immediate control
Example: Release of Trichogramma wasps in
rice, maize, cotton and vegetables to control
caterpillar pests.
Figure: Biological Control in Action
¥ Crop Plant

— & Harmful Pest feeding on crop

L— Beneficial Insect
(Predator/Parasitoid)
!

Pest population reduced naturally
This illustration shows how natural enemies
suppress pests without harming crops, humans or
the environment.
3. Benefits of Biological Control

Biological control offers much more than
just pest reduction; it supports healthier crops,
safer food, and a balanced environment. Unlike
chemical pesticides that often create long-term
problems, biological control works in harmony
with natural ecosystems.

3.1 Eco-Friendly and Environmentally Safe

One of the greatest advantages of

biological control is its minimal impact on the
environment. Natural enemies such as predators,
parasitoids and microbial agents do not
contaminate soil, water bodies or air. This helps
maintain  ecological balance and protects
beneficial organisms like earthworms,
pollinators, birds and aquatic life.
By reducing pesticide runoff and chemical
residues, biological control contributes to cleaner
rivers, healthier soils and improved biodiversity
on farms.
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3.2 Safe for Human Health and Food Security

Chemical pesticides often leave residues
on fruits, vegetables and grains, raising serious
concerns about food safety. In contrast,
biological control agents are generally non-toxic
to humans and livestock. Farmers handling
biological agents face fewer health risks and
consumers benefit from safer, residue-free food.
This is especially important in the current era,
where demand for organic and chemical-free
produce is rapidly increasing.
3.3 Long-Term and Self-Sustaining Pest
Control

Once biological control agents become
established in the field, they can multiply and
regulate pest populations naturally. This creates a
self-sustaining system where pests are kept
below economic damage levels without repeated
human intervention.
For example, once parasitoid populations
stabilize, they continue suppressing pests season
after season, reducing the need for external
inputs.
3.4 Reduces Dependence on Chemical
Pesticides

Overuse of chemical pesticides leads to
resistance in pest populations, making control
increasingly difficult and expensive. Biological
control reduces this dependence by providing an
alternative control mechanism. Since natural
enemies attack pests in multiple ways, resistance
development is rare.

As a result, farmers can use chemicals only when
absolutely  necessary, preserving  their
effectiveness.
3.5 Economically Beneficial for Farmers

Although initial investment in biological
control programs may seem high, the long-term
economic benefits are substantial. Reduced
pesticide costs, fewer spray applications and
stable yields translate into higher net returns for
farmers.
Additionally, healthier ecosystems often lead to
improved soil fertility and crop resilience, further
lowering production costs.
3.6 Supports Sustainable and Organic
Farming

Biological control is a cornerstone of
organic farming and Integrated Pest Management
(IPM). It aligns perfectly with sustainability
goals by reducing chemical inputs and
encouraging natural processes. Governments and
international organizations increasingly promote
biological control as part of climate-smart
agriculture strategies.

3.7 Protects Beneficial Insects and Pollinators

Unlike broad-spectrum pesticides that
kill both pests and beneficial insects, biological
control targets specific pests. This selectivity
protects pollinators such as honey bees and
natural predators, ensuring better pollination and
natural pest suppression.

4. Table: Common Biological Control Agents Used in Agriculture

Biological Control Agent Type Target Pest Crops Protected
Ladybird beetle (Coccinella) Predator Aphids Vegetables, cereals
Green lacewing (Chrysoperla) Predator Aphids, thrips Horticultural crops
Trichogramma spp. Parasitoid | Caterpillar eggs Rice, cotton, maize
Bacillus thuringiensis (Bt) Bacterium | Caterpillars Vegetables, pulses
Beauveria bassiana Fungus Whiteflies, beetles | Fruits, vegetables
Nuclear Polyhedrosis Virus (NPV) | Virus Helicoverpa larvae | Cotton, chickpea

5. Challenges of Biological Control

5.1 Slow Action Compared to Chemicals
Biological control agents usually take

time to establish and multiply, making them less

effective during sudden pest outbreaks when

immediate control is required.
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5.2 Dependence on Environmental Conditions

Temperature, humidity, rainfall and
farming practices greatly influence the success of
biological agents. Unfavorable conditions can
reduce their effectiveness.

93



5.3 Limited Awareness and Training

Many farmers are not familiar with
beneficial insects and may mistakenly kill them
while spraying pesticides. Lack of proper
training limits adoption.
5.4 Production and Storage Constraints

Some biological agents have short shelf
lives and require careful storage and handling,
which can be challenging for small-scale
farmers.
5.5 Risk of Non-Target Effects

If not properly evaluated, introduced
biological control agents may affect non-target
organisms, highlighting the need for careful
research and regulation.

6. Biological Control in
Management (IPM)
Biological control is most effective when

used as part of Integrated Pest Management
(IPM). IPM combines biological, cultural,
mechanical and chemical methods to manage
pests economically and sustainably. In IPM,
chemical pesticides are used only when
necessary and in a targeted manner, protecting
beneficial organisms.

7. Future Prospects of Biological Control
With advancements in biotechnology,

mass-rearing  techniques and  microbial
formulations, biological control is becoming
more efficient and reliable. Improved extension
services, digital advisory tools and farmer
education programs will further enhance its
adoption. In the future, biological control is
expected to play a central role in climate-resilient
and sustainable agriculture.

Integrated Pest

CONCLUSION
Biological control offers a natural, safe and
sustainable solution to the growing problem of
crop pests. While it has certain limitations, its
environmental and long-term benefits far
outweigh the challenges. By reducing reliance on
chemical pesticides and promoting ecological
balance, biological control supports healthier
crops, safer food and a cleaner environment.
When  combined  with  integrated  pest
management practices, biological control can
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significantly contribute to sustainable farming
and global food security.
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