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nsect pests constitute one of the most significant biotic constraints to global agricultural 

production. Crop losses caused by insect infestation not only reduce yield and quality but 

also threaten food security, economic stability, and sustainable agricultural development. 

According to estimates, insect pests are responsible for approximately 20-40% reduction in 

global crop productivity annually (Dhaliwal et al., 2015). In tropical and subtropical regions, 

where climatic conditions favour rapid insect multiplication and survival, the problem is 

particularly severe. The discipline of Agricultural Entomology focuses on the study of insect 

pests, their biology, ecology, behaviour, and management in agroecosystems (Pedigo and 

Rice, 2014). Agricultural entomology also examines beneficial insects such as pollinators and 

natural enemies that contribute positively to crop production. The increasing intensification 

of agriculture, monocropping practices, indiscriminate pesticide application, and climate 

variability have further aggravated pest outbreaks in recent decades (Norris et al., 2003). 

Historically, farmers relied primarily on traditional and cultural methods to suppress insect 

populations. However, advances in pest management science have introduced integrated and 

environmentally sustainable approaches involving biological control agents, host plant 

resistance, microbial pesticides, biotechnology, and precision agriculture. The contemporary 

objective of insect pest management is not complete eradication of insects, but the 

maintenance of pest populations below economic injury levels while conserving ecological 

integrity (Dent, 2000). 

Major Crop-Damaging Insects and Their Economic Importance 
Different categories of insect pests attack crops at various growth stages, causing direct and 

indirect damage. 

Aphids: Aphids (Family: Aphididae) are 

small hemipteran insects that damage crops 

through sap feeding using piercing-sucking 

mouthparts. They infest cereals, vegetables, 

pulses, and horticultural crops. Besides 

causing chlorosis, leaf curling, and stunted 

growth, aphids also serve as efficient 

vectors of plant viruses such as Potato virus 

and Barley yellow dwarf virus (Van Emden 

and Service, 2004). Their rapid 

parthenogenetic reproduction enables 

explosive population growth under favourable environmental conditions. 
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Stem Borers 

Stem borers, particularly species belonging to Lepidoptera, are major pests of rice, maize, 

and sugarcane. Larvae tunnel into stems, disrupting translocation of water and nutrients. In 

rice ecosystems, stem borer infestation produces symptoms known as “dead hearts” during 

vegetative stages and “white ears” during reproductive stages, ultimately reducing grain yield 

substantially (Hill, 2008). 

Bollworms 

Bollworms, especially Helicoverpa armigera, are destructive polyphagous pests affecting 

cotton, tomato, chickpea, and several other crops. Larvae feed on reproductive plant parts 

such as flower buds, fruits, and bolls, resulting in severe quantitative and qualitative losses. 

Due to their high reproductive capacity and insecticide resistance, bollworms remain among 

the most economically significant agricultural pests worldwide (Koul et al., 2004). 

Whiteflies 

Whiteflies (Bemisia tabaci) are highly destructive sap-sucking pests associated with cotton, 

vegetables, and ornamental crops. In addition to causing physiological stress through feeding, 

whiteflies excrete honeydew that promotes sooty-mold growth, reducing photosynthetic 

efficiency. More importantly, they act as vectors of devastating plant viruses such as Tomato 

yellow leaf curl virus (Dent, 2000). 

Locusts 

Locusts represent one of the most catastrophic migratory pest groups in agriculture. Swarms 

of desert locusts (Schistocerca gregaria) can travel long distances and consume enormous 

quantities of vegetation within a short period. A single swarm may contain billions of insects 

capable of destroying crops and pasturelands across extensive geographical regions (Hill, 

2008). 

Mechanisms of Crop Damage by Insect Pests 
Insect pests damage agricultural crops through diverse mechanisms depending upon feeding 

habits and ecological interactions. 

Direct Feeding Injury 

Chewing insects such as caterpillars, beetles, and grasshoppers consume leaves, stems, roots, 

fruits, and seeds, reducing photosynthetic area and weakening plant vigor. Sap-feeding 

insects remove plant nutrients and interfere with physiological processes, causing chlorosis, 

wilting, and growth retardation (Pedigo and Rice, 2014). 

Vectoring of Plant Pathogens 

Several insect species function as vectors of bacterial, viral and phytoplasmal diseases. 

Aphids, leafhoppers, thrips, and whiteflies transmit pathogens during feeding activities, often 

causing greater economic losses than direct feeding damage itself (Van Emden and Service, 

2004). 

Damage to Stored Commodities 

Post-harvest insect pests such as weevils (Sitophilus spp.), grain borers, and moth larvae 

attack stored grains and pulses, reducing market value, germination capacity, and nutritional 

quality. Inadequate storage infrastructure significantly enhances infestation risks in 

developing countries (Hill, 2008). 

Economic Consequences 

The economic impact of insect pests includes reduced yield, increased management costs, 

decreased product quality, trade restrictions, and instability in food supply systems. Crop 

losses due to insect pests impose substantial financial burdens on both subsistence and 

commercial farming systems (Dhaliwal et al., 2015). 

Conventional Methods of Insect Pest Management 
Prior to the development of synthetic insecticides, farmers employed various indigenous and 

cultural practices for pest suppression. 
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Cultural Control 

Cultural practices modify the crop environment to make it less favourable for pest 

establishment and multiplication. Crop rotation, deep ploughing, timely sowing, field 

sanitation, and intercropping disrupt pest life cycles and reduce population buildup (Dent, 

2000). 

Mechanical and Physical Control 

Mechanical control includes hand collection of insects, destruction of egg masses, installation 

of barriers, and use of traps. Physical methods such as heat treatment, solarization, and light 

traps are also employed for pest reduction. 

Botanical Insecticides 

Botanical products derived from plants such as neem (Azadirachta indica), tobacco, garlic, 

and pyrethrum possess insecticidal, repellent, antifeedant, and growth-regulating properties. 

Neem-based formulations containing azadirachtin are particularly important in eco-friendly 

pest management programs (Koul et al., 2004). 

Chemical Control and Its Limitations 
The discovery and widespread use of synthetic insecticides during the twentieth century 

revolutionized agricultural pest management. Organophosphates, carbamates, 

organochlorines, and pyrethroids provided rapid and effective suppression of pest populations 

(Pimentel, 2009). Chemical pesticides contributed significantly to increased crop productivity 

during the Green Revolution period. However, indiscriminate and repeated pesticide 

applications generated numerous ecological and health-related problems. 

Insecticide Resistance 

Continuous exposure to insecticides exerts selection pressure on pest populations, leading to 

the evolution of resistant biotypes. Resistance development in pests such as Helicoverpa 

armigera and Bemisia tabaci has reduced the efficacy of many conventional insecticides 

(Pedigo and Rice, 2014). 

Environmental Contamination 

Pesticide residues contaminate soil, groundwater, and aquatic ecosystems, adversely affecting 

non-target organisms including pollinators, birds, fish, and natural enemies (Pimentel, 2009). 

Human Health Hazards 

Occupational exposure to pesticides may result in acute poisoning, neurological disorders, 

respiratory complications, endocrine disruption, and carcinogenic effects among agricultural 

workers and consumers (Van Emden and Service, 2004). 

Pest Resurgence and Secondary Pest Outbreaks 

Broad-spectrum insecticides often eliminate beneficial arthropods, disrupting ecological 

balance and leading to resurgence of primary pests or emergence of secondary pests 

previously considered insignificant (Norris et al., 2003). 

Biological Control: Ecologically Sustainable Pest Suppression 
Biological control utilizes living organisms to suppress pest populations and represents a key 

component of sustainable agriculture. 

Predators  
Predatory insects and arachnids such as 

coccinellid beetles, lacewings, spiders, 

and praying mantids feed directly on crop 

pests. Ladybird beetles are particularly 

effective against aphids and mealybugs 

(Dent, 2000). 

Parasitoids 

Parasitoids are insects whose immature 

stages develop on or within host insects, 

eventually causing host death. Species of 

Trichogramma and Bracon are 



Kumar et al. (2026) Agri Articles, 06(03): 492-496 (MAY-JUNE, 2026)     

Agri Articles ISSN: 2582-9882 Page 495 

extensively used in biological control programs against lepidopteran pests (Koul et al., 2004). 

Entomopathogenic Microorganisms 

Microbial agents including bacteria, fungi, viruses, and nematodes infect and kill insect pests. 

Bacillus thuringiensis (Bt) produces crystalline toxins highly specific to certain insect groups 

and is widely used as a microbial insecticide (Pedigo and Rice, 2014). 

Biological control minimizes pesticide dependence, preserves biodiversity, and contributes to 

long-term ecological sustainability. 

Integrated Pest Management (IPM) 
Integrated Pest Management (IPM) is a holistic pest management strategy that integrates 

multiple compatible techniques to maintain pest populations below economic threshold levels 

while minimizing environmental risks (Norris et al., 2003). 

Core Principles of IPM 

1. Accurate pest identification 

2. Continuous monitoring and surveillance 

3. Determination of economic threshold levels 

4. Emphasis on preventive and non-chemical methods 

5. Judicious use of selective pesticides 

 

 

Components of IPM 

Host Plant Resistance 

Development and cultivation of pest-resistant crop varieties reduce insect damage and 

pesticide dependence. 

Biological and Cultural Practices 

Conservation of natural enemies, crop diversification, sanitation, and habitat management 

form essential IPM components (Dent, 2000). 

 

Behavioural Control 

Pheromones are used for monitoring, mass trapping, mating disruption, and attract-and-kill 

strategies. 

Rational Chemical Control 

Selective insecticides are applied only when pest populations exceed economic threshold 

levels, thereby reducing unnecessary pesticide applications (Pimentel, 2009). 

Advantages of IPM 

IPM enhances agricultural sustainability by reducing production costs, minimizing pesticide 

residues, delaying resistance development, and conserving ecological balance (Koul et al., 

2004). 

Modern Innovations in Insect Pest Management 
Technological advancements have transformed modern agricultural pest management 

systems. 

Genetically Modified Crops 

Bt crops engineered with genes from Bacillus thuringiensis produce insecticidal proteins 

effective against lepidopteran pests. Bt cotton has significantly reduced bollworm infestations 

and insecticide use in several countries (Pedigo and Rice, 2014). 

Precision Agriculture 

Remote sensing technologies, drones, satellite imagery, and Geographic Information Systems 

(GIS) facilitate early detection of pest outbreaks and site-specific pesticide applications. 

Artificial Intelligence and Digital Agriculture 

Artificial intelligence-based decision support systems analyse climatic variables, pest 

population dynamics, and crop conditions to predict pest outbreaks and recommend 

management interventions. 
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Climate Change and Emerging Pest Challenges 

Climate change significantly influences insect pest ecology, geographical distribution, and 

outbreak dynamics. Rising temperatures accelerate insect metabolism, reproduction, and 

migration, enabling pests to colonize new agroecological zones (Hill, 2008). Altered rainfall 

patterns and extreme climatic events may also disrupt predator-prey relationships and 

increase vulnerability of crops to pest infestation (Dhaliwal et al., 2015). Consequently, 

climate-resilient pest management strategies and predictive surveillance systems are 

becoming increasingly important. 

Conclusion 
The battle against crop-damaging insects remains one of the most critical challenges in 

modern agriculture. Insect pests threaten food security, economic stability, and environmental 

sustainability worldwide. Although synthetic pesticides initially revolutionized pest 

management, their ecological and health-related consequences necessitated the development 

of safer and more sustainable alternatives. Modern pest management emphasizes integrated 

approaches combining biological control, cultural practices, host plant resistance, precision 

agriculture, biotechnology, and judicious pesticide use. Integrated Pest Management has 

emerged as the most scientifically sound and ecologically sustainable strategy for long-term 

pest suppression. Future agricultural sustainability depends upon balancing effective crop 

protection with environmental conservation. Continued research in agricultural entomology, 

farmer education, climate-smart agriculture, and technological innovation will remain 

essential for ensuring global food security in the face of evolving insect pest challenges. 
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