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ustainable agriculture emphasizes environmentally sound, economically viable, and 

socially acceptable farming systems. Among the various ecological approaches, 

biological control using parasitoids and predators plays a pivotal role in reducing dependence 

on chemical pesticides and maintaining agro-ecosystem stability. Parasitoids and predators 

are natural enemies that regulate insect pest populations through direct predation or 

parasitism, thereby contributing to long-term pest suppression. This article reviews the role of 

parasitoids and predators in sustainable agriculture, their mechanisms of action, integration 

into Integrated Pest Management (IPM) programs, challenges in their utilization, and future 

prospects in the context of climate change and modern agricultural systems. 

Keywords: Biological control, parasitoids, predators, sustainable agriculture, IPM, agro-
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Introduction 
Agriculture worldwide faces the dual challenge of increasing food production while 

minimizing environmental degradation. Excessive and indiscriminate use of chemical 

pesticides has resulted in problems such as pesticide resistance, pest resurgence, secondary 

pest outbreaks, environmental pollution, and adverse effects on human health and non-target 

organisms. Sustainable agriculture seeks alternatives that are ecologically sound and 

economically feasible, among which biological control has emerged as a cornerstone. 

Parasitoids and predators are key components of biological control and constitute an 

important ecological service in agricultural systems. Their role in naturally regulating pest 

populations has been recognized for centuries, but scientific exploitation gained momentum 

in the twentieth century with the development of classical biological control programs. In 

sustainable agriculture, these natural enemies contribute to pest management while 

preserving biodiversity and ecosystem balance. 

Parasitoids in Sustainable Agriculture 
Concept and Types of Parasitoids 

Parasitoids are insects whose immature stages develop on or within a single host insect, 

eventually killing it. Most agriculturally important parasitoids belong to the orders 

Hymenoptera (e.g., Trichogramma, Braconidae, Ichneumonidae) and Diptera (Tachinidae). 

Parasitoids are broadly classified as: 

 Egg parasitoids (e.g., Trichogramma spp.) 

 Larval parasitoids (e.g., Cotesia spp., Bracon spp.) 

 Pupal parasitoids 

 Endoparasitoids and ectoparasitoids 
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Mechanism of Pest Suppression 

Parasitoids suppress pest populations by: 

 Reducing pest survival and reproduction 

 Synchronizing their life cycle with host availability 

 Exerting density-dependent mortality 

Egg parasitoids are particularly effective as they prevent crop damage by killing pests before 

larval feeding begins. For example, Trichogramma chilonis is widely used against 

lepidopteran pests such as Helicoverpa armigera and Chilo partellus. 

 Advantages of Parasitoids 

 High host specificity, minimizing non-target effects 

 Ability to locate hosts even at low pest densities 

 Compatibility with other IPM components 

 Self-perpetuating populations once established. 

Predators in Sustainable Agriculture 

Major Groups of Predators 

Predators are free-living organisms that consume multiple prey individuals during their 

lifetime. Common insect predators in agricultural ecosystems include: 

 Coccinellid beetles (Coccinella septempunctata) 

 Chrysopids (Chrysoperla carnea) 

 Syrphid flies 
 Predatory bugs (Orius, Nabis) 

 Spiders and predatory mites 

Role in Pest Regulation 

Predators provide rapid suppression of pest populations, especially during pest outbreaks. 

Unlike parasitoids, predators attack multiple prey species and stages, making them effective 

generalist natural enemies. For instance, ladybird beetles effectively control aphids, 

whiteflies, and scale insects across various crops. 

Ecological Importance 

Predators contribute to: 

 Stabilizing pest populations 

 Preventing pest resurgence 

 Enhancing biodiversity in agro-ecosystems 

Their presence often indicates a healthy and balanced agricultural ecosystem. 

Integration into Integrated Pest Management (IPM) 

Parasitoids and predators form the backbone of IPM programs. Sustainable agriculture relies 

on their integration with: 

 Cultural practices (crop rotation, intercropping) 

 Mechanical methods (light traps, pheromone traps) 

 Botanicals and biopesticides 

 Judicious use of selective insecticides 

Augmentative releases, such as mass release of Trichogramma or Chrysoperla, are widely 

practiced in crops like cotton, sugarcane, vegetables, and rice. Conservation biological 

control—enhancing habitats through flowering plants, refuges, and reduced pesticide use—

further improves the effectiveness of natural enemies. 

Environmental and Economic Benefits 
Environmental Benefits 

 Reduction in chemical pesticide use 

 Protection of pollinators and non-target organisms 

 Improvement of soil and water quality 

 Conservation of biodiversity 

Economic Benefits 
 Lower input costs for pesticides 



Sangwan et al. (2026) Agri Articles, 06(01): 823-825 (JAN-FEB, 2026)     

Agri Articles ISSN: 2582-9882 Page 825 

 Reduced risk of resistance development 

 Sustainable yield stability 

 Long-term profitability for farmers 

Studies have shown that biological control can provide cost–benefit ratios superior to 

chemical control in many cropping systems. 

Challenges in Utilization 
Despite their advantages, the use of parasitoids and predators faces several challenges: 

 Lack of farmer awareness and technical knowledge 

 Slow action compared to chemical pesticides 

 Sensitivity to broad-spectrum insecticides 

 Climatic factors affecting survival and efficacy 

 Limited availability of quality biocontrol agents 

Addressing these constraints requires capacity building, policy support, and research on mass 

production and field application. 

Future Prospect 
The future of parasitoids and predators in sustainable agriculture is promising, especially with 

advancements in: 

 Molecular tools for species identification and efficacy assessment 

 Habitat manipulation and landscape-level conservation 

 Climate-resilient biocontrol agents 

 Integration with digital pest monitoring systems 

In the context of climate change, understanding insect–natural enemy interactions will be 

critical for maintaining ecological balance and food security. 

Conclusion 
Parasitoids and predators play an indispensable role in sustainable agriculture by providing 

effective, eco-friendly, and economically viable pest control. Their integration into IPM 

programs reduces dependency on chemical pesticides and promotes agro-ecosystem 

resilience. Strengthening research, extension services, and farmer participation will be 

essential to fully harness their potential. Sustainable agriculture, therefore, cannot be 

achieved without recognizing and conserving these vital natural allies. 


