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griculture has always faced one persistent challenge: pests, weeds, and plant diseases 

that reduce crop yield and quality. For decades, chemical pesticides were considered the 

quickest and most effective solution. However, overdependence on synthetic chemicals 

created many serious problems such as pesticide resistance, environmental pollution, 

destruction of beneficial organisms, contamination of food, and health hazards to humans and 

animals. Because of these concerns, the world has increasingly turned toward safer and 

sustainable alternatives. Among them, biological control has emerged as one of the most 

promising strategies. Biological control means the use of living organisms or their natural 

products to suppress populations of pests, weeds, or pathogens. These living organisms may 

include predators, parasitoids, parasites, insects, mites, fungi, bacteria, viruses, or nematodes. 

Instead of killing pests through toxic chemicals, biological control restores ecological balance 

by using natural enemies that already exist in nature or by introducing effective control 

agents where needed. The most fascinating feature of biological control is that it often works 

silently in the background, whether humans notice it or not. In natural ecosystems, predators, 

parasitoids, and pathogens continuously regulate pest populations. Human intervention 

simply enhances or directs this natural process for agricultural benefit. 

Concept and Types of Biological Control 
Biological control is generally divided into three major approaches: 

1. Classical Biological Control 

This involves introducing an exotic natural enemy from the pest’s native region into the 

invaded area where the pest lacks natural enemies. The objective is permanent establishment 

and long-term suppression. 

Main steps include: 

 Identification of pest 

 Foreign exploration for natural enemies 

 Importation 

 Quarantine testing 

 Mass multiplication 

 Field release 

 Monitoring establishment 

2. Augmentation Biological Control 

This involves increasing populations of beneficial organisms through mass rearing and 

release. 

Two forms are common: 

 Inoculative release -small numbers released early for seasonal control 

 Inundative release -large numbers released for immediate suppression 
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3. Conservation Biological Control 

This focuses on protecting and encouraging existing natural enemies by improving the 

environment. 

Methods include: 

1. Using selective pesticides 

2. Avoiding harmful cultural practices 

3. Providing nectar and pollen sources 

4. Conserving alternate hosts 

5. Growing suitable crop varieties 

6. Reducing unnecessary insecticide sprays 

Historical Development of Biological Control 

 
Fig. 1 History of biological control 

Important Institutions Supporting Biological Control in India 
1. Regional Station of Commonwealth Institute of Biological Control, Bangalore 

2. All India Coordinated Research Project (AICRP) on Biological Control of Crop Pests and 

Weeds 

3. Project Directorate of Biological Control (PDBC) 

4. ICAR-NBAIR 

These organizations have introduced, evaluated, mass-produced, and distributed beneficial 

organisms across India. 

Major Success Stories of Biological Control 
1. Control of Prickly Pear (Opuntia spp.) in India 

Prickly pear cactus Opuntia was introduced for edible fruits, ornamental value, drought 

tolerance, and cochineal dye production. Later it spread aggressively and became a serious 

weed over vast areas. India’s first classical biological control success came when cochineal 

insect Dactylopius colonics was introduced in 1795, leading to spectacular suppression of 

Opuntia vulgaris. Later, Dactylopius opuntiae successfully controlled O. stricta and O. 

elatior. 

2. Biological Control of Water Fern (Salvinia molesta) 

Salvinia molesta became a severe aquatic weed in Kerala, choking canals, rivers, paddy 

fields, and reservoirs. The exotic weevil Cyrtobagous salviniae was imported from Australia. 

Within one year of release, Salvinia mats collapsed. Within three years, abandoned 

waterways became navigable and paddy lands were reclaimed. 
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3. Cottony Cushion Scale Control 

Cottony cushion scale, Icerya purchasi attacked citrus and many host plants in 

India.Chemical control was ineffective. The predatory ladybird Rodolia cardinalis was 

introduced and released in several states. It established successfully and gave significant 

control. 

4. Use of Cryptolaemus montrouzieri against Mealybugs 

The predator Cryptolaemus montrouzieri has been widely mass-produced and released 

against mealybugs on fruits, ornamentals, coffee, and other crops. 

5. Papaya Mealybug Suppression in India 

Papaya mealybug Paracoccus marginatus invaded India in 2008 and spread rapidly across 

states including Tripura. Repeated chemical sprays failed. 

Three exotic parasitoids were imported: 

 Acerophagus papayae 

 Pseudleptomastix mexicana 

 Anagyrus loecki 

Within one year, pest populations were reduced below Economic Threshold Level. 

Economic Gain: Estimated benefits exceeded USD 1.34 billion over five years. 

6. Eucalyptus Gall Wasp Control 

Leptocybe invasa damaged eucalyptus plantations across India.The exotic parasitoid 

Quadrastichus mendeli was introduced and helped suppress the pest. Native parasitoids also 

contributed significantly. 

7. Cassava Mealybug Management 

Cassava mealybug Phenacoccus manihoti caused devastating yield losses in Africa and later 

Asia.The parasitoid Apoanagyrus lopezi became one of the most successful biological control 

agents in history. India imported it for evaluation after cassava mealybug invasion. 

8. Sugarcane Woolly Aphid Control Through Conservation 

Ceratovacuna lanigera outbreaks were managed by conserving indigenous enemies: 

 Dipha aphidivora 

 Micromus igorotus 

 Encarsia flavoscutellum 

Farmers were advised to avoid indiscriminate pesticide sprays. 

9. Rugose Spiralling Whitefly Control 

Aleurodicus rugioperculatus attacked coconut, banana, ornamentals, and fruit crops. 

Natural parasitism by Encarsia guadeloupae helped bring pest populations down under 

conservation strategies. 

10. Fall Armyworm Management in India 

Spodoptera frugiperda invaded India in 2018 and severely damaged maize. Researchers 

identified local parasitoids, predators, fungi, bacteria, viruses, and nematodes. 

Promising bioagents included: 

 Trichogramma chilonis 

 Telenomus remus 

 Beauveria bassiana 

 Metarhizium anisopliae 

 Bacillus thuringiensis 

Successes in Augmentation Biological Control 
1. Rice Ecosystem: Egg parasitoids like: 

 Trichogramma japonicum 

 Trichogramma chilonis 

 Kerala Adat Panchayat Model 

A biocontrol-based IPM program over thousands of hectares combined: Tricho-cards, 

Pseudomonas fluorescens, farmer participation, institutional support. Yield reached around 

6.5 t/ha. 

 Sugarcane Pyrilla Control: 
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Pyrilla perpusilla was effectively suppressed by releasing: Epiricania melanoleuca. 

Complete control was reported in several states. 

 Coconut Black Headed Caterpillar 

Opisina arenosella was controlled by releasing stage-specific parasitoids: 

 Goniozus nephantidis 

 Elasmus nephantidis 

 Brachymeria nosatoi 

Long-term suppression followed. 

Trends in Biological Control Projects 
Modern biological control is changing rapidly. 

1. Increasing Adoption: Consumers demand pesticide-free food. Governments support eco-

friendly agriculture. 

2. Integration with IPM: Biological control is now combined with: 

 Resistant varieties 

 Crop rotation 

 Trap crops 

 Selective pesticides 

 Monitoring systems 

3. Rise of Microbial Biocontrol: Products based on: 

 Bacillus thuringiensis 

 Beauveria bassiana 

 Metarhizium anisopliae. 

4. Precision Agriculture: Drones, sensors, GIS, and remote sensing now help monitor pest 

outbreaks and apply bioagents precisely. 

5. Climate Change Focus: Scientists are searching for heat-tolerant and climate-resilient 

natural enemies. 

Reason behind the success of Biological Control Project 
Not every biological control program becomes a success story. Some projects transform 

agriculture and provide long-term pest suppression, while others produce only limited results. 

Careful study of successful programs around the world shows that they usually share a few 

common principles. When these principles are followed, the chances of success rise 

dramatically. 

Sl. 

No. 

Key Success 

Factor 

Description & Strategic 

Considerations 
Impact on Outcome 

1 
Accurate Pest 

Identification 

Taxonomic verification 

(morphological and molecular) to 

distinguish between species 

complexes and look-alike pests. 

Prevents "mismatch" where 

bio-agents fail to recognize 

or parasitize the target. 

2 
Strategic Selection 

of Natural Enemies 

Prioritizing host-specific 

specialists over generalists; 

evaluating environmental 

adaptability and high searching 

efficiency. 

Ensures high efficacy 

without endangering non-

target organisms or local 

biodiversity. 

3 
Ecological 

Intelligence 

Understanding the interaction 

between climate, host-plant 

resistance, and seasonal synchrony 

between pest and parasitoid. 

Optimizes the "window of 

opportunity" for agent 

survival and peak 

performance. 

4 
Systematic Release 

Strategy 

Optimizing timing, location, and 

dosage (Inundative vs. 

Inoculative) followed by rigorous 

post-release monitoring. 

Facilitates successful 

colonization, establishment, 

and natural multiplication in 

the field. 

5 Chemical Strict use of selective insecticides Maintains a stable 
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Compatibility 

(IPM) 

and maintaining "refugia" to 

prevent the accidental decimation 

of beneficial populations. 

population of bio-agents, 

preventing pest resurgence 

and secondary outbreaks. 

6 
Stakeholder 

Engagement 

Educating farmers on identifying 

beneficial insects and fostering 

community-wide cooperation for 

invasive species management. 

Ensures long-term adoption 

and prevents localized 

failures from affecting 

broader area-wide control. 

7 
Institutional 

Infrastructure 

Robust support from quarantine 

labs, mass-production units (e.g., 

NBAIR, AICRP), and extension 

services. 

Provides the technical 

expertise and logistical 

backbone necessary to scale 

lab successes to the field. 

Future Possibilities of Biological Control 
Biological control has already achieved remarkable success, but its future is even more 

exciting. Advances in science and technology are opening new possibilities that may make 

pest management safer, smarter, and more efficient. 

1. Artificial Intelligence and Machine Learning 

Artificial intelligence can analyse weather data, crop conditions, and pest trends to predict 

outbreaks before they become serious. It may soon help farmers know: 

 when pests are likely to appear 

 when to release parasitoids or predators 

 where outbreaks may spread 

 how much intervention is needed 

2. Genomics and Biotechnology 

Modern DNA tools can identify pests and beneficial organisms with great precision. 

Scientists can also compare strains of parasitoids, fungi, or bacteria to select the most 

effective ones. Faster identification means quicker response to new invasive pests. 

3. Microbiome-Based Biological Control 

Plants and insects host communities of beneficial microbes. These hidden microbial partners 

may become the next generation of biological control agents. Useful microbes can: 

 improve plant immunity 

 suppress pathogens 

 reduce pest survival 

 enhance crop growth 

4. Nano-Formulations 

Many microbial bioagents lose effectiveness under sunlight, heat, or dry conditions. Nano-

formulations may improve their storage life, field persistence, and delivery. This can make 

microbial pesticides more reliable under practical farming conditions. 

5. Use in Urban and Protected Cultivation 

Greenhouses, rooftop gardens, polyhouses, and urban farms often require pesticide-free 

production. Biological control is ideal for these systems because it is safe, residue-free, and 

compatible with enclosed cultivation. 

6. Climate-Smart Agriculture 

As climate change alters pest behavior and distribution, agriculture must become more 

resilient. Biological control supports low-carbon, sustainable farming by reducing chemical 

inputs and protecting biodiversity. 

7. International Collaboration 

Many invasive insects spread rapidly from one country to another. Global cooperation in 

surveillance, quarantine, research, and safe movement of natural enemies will be increasingly 

important in the future. 

Challenges Ahead 
Although biological control offers great promise, some practical challenges still remain. 

a) Slower visible action compared with chemical pesticides in some cases 
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b) Need for trained personnel for monitoring and release 

c) Low awareness among farmers 

d) Difficulties in mass production of quality bioagents 

e) Problems in storage and transport 

f) Regulatory delays in approval and importation 

g) Climate unpredictability affecting establishment 

These challenges are real, but they are not barriers. With continued research, policy support, 

training programs, and better extension systems, they can be overcome. 

Conclusion 
The story of biological control is ultimately a story of learning to work with nature rather 

than against it. Across the world, and particularly in India, many successful examples from 

the suppression of prickly pear and Salvinia weeds to the management of papaya mealybug, 

cassava mealybug, fall armyworm, and sugarcane pests have clearly demonstrated the power 

of natural enemies in sustainable pest management. These achievements prove that biological 

control can save crops from severe pest damage, reduce dependence on chemical pesticides, 

conserve beneficial insects and biodiversity, restore ecological balance, provide long-term 

and economical solutions for farmers, and improve environmental as well as human health 

safety. 

 The lessons from successful biological control programs are equally important. 

Effective results depend on correct pest identification, proper selection of suitable natural 

enemies, understanding of crop ecology and local conditions, timely and strategic release 

methods, conservation of beneficial organisms, integration with Integrated Pest Management 

(IPM), and continuous monitoring with scientific support. At a time when agriculture faces 

climate change, pesticide resistance, rising production costs, residue concerns, and 

environmental degradation, biological control is no longer merely an alternative option. It is 

emerging as an essential pillar of modern sustainable agriculture. The future of farming will 

depend not only on advanced technology and higher productivity, but also on maintaining 

natural balance. In this direction, biological control offers one of the safest, smartest, and 

most sustainable pathways for protecting crops and ensuring food security for future 

generations. 
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