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he term biological control was first coined by Smith in 1919 to describe the “top-down”

regulatory action of natural enemies (viz., predators, parasitoids, and pathogens) in
suppressing pest populations. It refers to the ability of these biocontrol agents to keep pest
numbers at levels lower than they would naturally reach in the absence of such natural
enemies. “Biological control agents are living organisms such as parasites, predators, and
disease-causing microorganisms including fungi, bacteria, viruses, and protozoa. These
natural enemies suppress pest populations by disrupting their life cycles, thereby reducing
crop damage.” Compared to chemical pesticides, bio-control agents are generally less toxic,
more eco-friendly, and highly adaptable. Biological control strategies range from the use of
natural predators to biologically derived substances produced by microorganisms that infect
or intoxicate target pests through toxin production.

These bio-agents can be conserved, cultured, and mass-multiplied under laboratory
conditions for field release. Once released and established in sufficient numbers, they can
effectively reduce pest populations below the Economic Threshold Level (ETL). However,
their success largely depends on efficient mass production, proper formulation, and timely
application. Among various pest management approaches, microbial agents are particularly
effective against specific insect pests when applied appropriately.

Major Advantages of Bio-control Agents

Bio-control agents are preferred over chemical pesticides due to several advantages:

e They do not leave harmful residues on crops or in the environment.

e They are target-specific and safe for beneficial organisms such as pollinators, predators,
and parasitoids.

e They help conserve natural enemies, thereby reducing the need for repeated pesticide
applications.

e They are environmentally sustainable.

e They are cost-effective in the long term.

e They form an essential component of Integrated Pest Management (IPM), serving as the
first and second lines of defense, with chemical pesticides used only as a last resort.
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BIOCONTROL AGENT

Biological control can be implemented through ecological and applied strategies using three
principal methods, (1) Classical biological control (including new association), (2)
Augmentative biological control, and (3) Conservative biological control.

Classical Biological Control

Classical biological control refers to the deliberate introduction of an exotic, typically co-
evolved, natural enemy into a new area for its permanent establishment and long-term
suppression of a target pest (as defined by the Food and Agriculture Organization in 1996).
This approach is based on the “enemy release hypothesis,” which suggests that invasive
species become problematic in new environments because they escape the natural enemies
that regulate them in their native habitats. By reintroducing these natural enemies into the
invaded region, classical biological control restores natural top-down regulation and helps
maintain pest populations at manageable levels over the long term.

Augmentative Biological Control

Augmentative biological control involves the supplemental release of commercially mass-
produced natural enemies to reduce pest populations in greenhouses or open-field crops.
These natural enemies include predators and parasitoids, and the method is mainly applied
against insect and mite pests rather than weeds.

The effectiveness of this strategy depends on both the biological performance and the
economic feasibility of the released agents. It is particularly successful in protected
cultivation systems, such as greenhouses, where environmental conditions can be better
managed.

Conservative Biological Control

According to Paul DeBach (1974), conservative biological control involves modifying
environmental conditions or existing agricultural practices to protect and enhance populations
of natural enemies, thereby minimizing pest impact.

This strategy focuses on conserving and strengthening existing predators, parasitoids, and
pathogens by reducing factors that hinder their survival such as excessive or highly toxic
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pesticide applications. It may also involve providing essential resources like nectar, pollen,
alternative prey, and shelter (e.g., unsprayed refuges, mulches, or crop covers) to support
their populations.

Objectives of Commercial Production of Bio-control Agents

o To demonstrate the financial viability (bankability) of large-scale production of various
bio-agents.

e To provide guidance for financial institutions in extending assistance to entrepreneurs
interested in establishing bio-pesticide production units.

e To encourage the establishment of more bio-control production facilities.

o To widely disseminate bio-control production technologies and promote their adoption.

Status of Bio-control Agents / Bio-pesticide Usage in India

In India, significant progress has been made in the development and standardization of bio-

pesticide production technologies over the past decade. Several successful examples

demonstrate the effectiveness of biological control:

1. The invasive weed Lantana was managed using the bug Teleonemia scrupulosa.

2. Sugarcane pyrilla has been effectively controlled in various states through the
introduction of its natural enemies, Epiricania melanoleuca and Tetrastichus pyrillae.

3. Trichogramma, which parasitizes the eggs of sugarcane borers, has been widely used in
states such as Tamil Nadu, Rajasthan, Uttar Pradesh, Bihar, and Haryana.

4. Parasitoids and predators such as Bracon, Chelonus, and Chrysopa are used to manage
cotton bollworms. Trichogramma has also been employed against rice stem borer and leaf
folder.

5. Sugarcane scale insects have been controlled using predatory ladybird beetles
(coccinellids) in states like Uttar Pradesh, West Bengal, Gujarat, and Karnataka.

The growing popularity of bio-pesticides in India is largely due to systematic research
that has enhanced their efficiency. Improvements in mass production, storage, transportation,
and application techniques have further strengthened their adoption.

Scope for Commercial Production of Bio-control Agents

Currently, around 140 bio-pesticide production units operate in India, yet they cater to less
than 1% of the total cropped area. This highlights a substantial gap between supply and
demand, indicating significant opportunities for expanding production capacity. With rising
awareness and increasing demand for eco-friendly pest management solutions, there is
considerable scope for establishing additional production units. Achieving this will require
substantial investment and greater private sector participation.

Location of Commercial Bio-control Production Units

For optimal performance, bio-pesticide production units should be established in areas with
moderate climatic conditions to minimize temperature regulation costs. Proximity to target
markets is also important for efficient distribution. However, facilities should be located at
least a quarter mile away from agricultural fields to prevent contamination from chemical
insecticides. Additionally, production units should be situated away from industrial and urban
areas, as air pollution can adversely affect the quality and viability of bio-control agents.

Safety for Farmers

One of the major advantages of bio-control management is enhanced safety for farmers.
Chemical pesticides are associated with health risks such as skin irritation, respiratory
disorders, neurological complications, and chronic illnesses. In contrast, most bio-control
agents are non-toxic, non-carcinogenic, and safer to handle. Although initial implementation
may require planning, bio-control reduces repeated pesticide applications, lowers long-term
input costs, and prevents pest resistance. Farmers adopting biological control can also access
organic markets, receive premium prices, and reduce dependence on chemical inputs, thereby
supporting sustainable livelihoods.
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Safety for Food

Food safety has become a primary concern among modern consumers, especially due to the
widespread use of chemical pesticides in agriculture. Excessive application of synthetic
pesticides often results in harmful residues remaining on fruits, vegetables, and grains. These
residues not only pose health risks to consumers but also create challenges in meeting export
standards. Bio-control management offers a sustainable solution by producing clean and
residue-free agricultural produce. Since biological control agents are natural and target-
specific, they minimize chemical contamination, enhance export potential, and ensure
compliance with international food safety regulations. In addition to reducing residues, bio-
control practices contribute to improved nutritional quality of crops. Repeated exposure to
chemical pesticides can cause physiological stress in plants, reducing their vigor and
productivity. In contrast, beneficial microorganisms used in bio-control enhance nutrient
uptake, strengthen plant health, and improve overall crop quality, thereby contributing to
safer and more nutritious food production.

Safety for Environment

Environmental sustainability is central to modern agricultural development. Chemical
pesticides adversely affect soil health, water quality, air purity, and biodiversity. In soil
ecosystems, synthetic chemicals can eliminate beneficial microbes, reduce earthworm
populations, and disrupt natural nutrient cycles. Bio-control agents enhance microbial
activity, improve nutrient cycling, and maintain soil fertility. Pollinators such as honeybees
are highly vulnerable to pesticide exposure. Biological control methods are generally safe for
pollinators and non-target organisms, thereby supporting biodiversity and crop productivity.
Chemical residues may contaminate groundwater, rivers, and the atmosphere through spray
drift. Bio-control agents are biodegradable and environmentally friendly, reducing pollution
and safeguarding natural resources.

Role in Integrated Pest Management (IPM): Bio-control is a fundamental
component of Integrated Pest Management (IPM), an approach that combines cultural,
mechanical, biological, and need-based chemical methods to manage pests effectively.
Within IPM systems, biological control reduces reliance on synthetic pesticides and promotes
long-term pest regulation. By maintaining pest populations below economic threshold levels,
bio-control ensures sustainable and environmentally responsible crop protection.

Bio-Control in Horticultural Crops

Biological control is particularly important in fruit and vegetable production, where concerns
regarding pesticide residues are high. In fruit crops, Trichoderma species are widely used to
manage wilt and root rot diseases, Beauveria bassiana is applied against fruit borers, and
neem-based formulations effectively control sucking pests. In vegetable crops, Bacillus
thuringiensis (Bt) is commonly used against caterpillars, Nuclear Polyhedrosis Virus (NPV)
against Helicoverpa species, and various predators help control aphids and mites. Protected
cultivation systems also depend heavily on biological control strategies to maintain residue-
free production environments.

Challenges in Bio-Control Management:

Despite its numerous benefits, bio-control management faces certain limitations. Biological
agents often act more slowly compared to chemical pesticides and may be influenced by
environmental conditions such as temperature and humidity. Limited awareness among
farmers, storage and shelf-life constraints, and quality control issues in bio-agent production
further hinder large-scale adoption. Nevertheless, ongoing research and technological
advancements are gradually addressing these challenges.
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Government Initiatives and Promotion

Many governments actively promote bio-control practices through organic farming schemes,
subsidies on bio-agents, farmer training programs, and the establishment of bio-control
laboratories. In India, institutions such as the Indian Council of Agricultural Research (ICAR)
and various agricultural universities are engaged in the mass production, research, and
dissemination of bio-control agents, strengthening sustainable pest management systems
across the country.

Future Prospects

The future of agriculture depends on sustainable and climate-resilient farming systems, and
bio-control management is expected to play a crucial role in this transformation. With the
growing demand for organic and residue-free produce, biological control will strongly
support the expansion of organic farming worldwide. It also contributes to climate-smart
agriculture by promoting eco-friendly pest management practices that enhance ecosystem
stability and adaptability under changing climatic conditions. Bio-control is particularly
important for export-oriented horticulture, where strict international standards require
minimal pesticide residues. By reducing the use of synthetic chemicals, biological control
helps lower greenhouse gas emissions associated with agrochemical production and
application. Moreover, bio-control aligns with key Sustainable Development Goals (SDGS),
including Zero Hunger, Good Health and Well-being, and Life on Land, by ensuring safe
food production and conserving biodiversity. Advances in biotechnology, improved
microbial formulations, and nano-bio pesticides are expected to further strengthen the
efficiency and adoption of bio-control systems in modern agriculture

Conclusion

Bio-control management is more than merely an alternative method of pest control; it
represents a comprehensive and sustainable approach that safeguards farmers, consumers,
and the environment simultaneously. By minimizing dependence on synthetic chemicals,
conserving biodiversity, and promoting residue-free food production, bio-control contributes
significantly to the development of sustainable agricultural systems. It enhances ecological
balance while ensuring long-term productivity and environmental health. In an era marked by
growing public awareness of health risks and environmental degradation, bio-control emerges
as a reliable and forward-looking solution for modern farming. Strengthening research
initiatives, increasing farmer awareness, improving the quality and availability of bio-agents,
and providing institutional support are essential for wider adoption. Encouraging the
integration of bio-control practices into mainstream agriculture will play a crucial role in
building a safer, healthier, and more resilient agricultural ecosystem for present and future
generations.
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