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Introduction 

Agricultural production faces a continuing 

challenge: protecting crops from insects,  

 

pathogens, weeds, and other pests while 

reducing environmental damage. Conventional  
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Abstract 

Eco-friendly pest suppression is becoming increasingly important for sustainable agricultural 

production because excessive dependence on synthetic pesticides can cause resistance, residues, 

environmental contamination, and harm to beneficial organisms. Modern pest management 

integrates biological control, botanical pesticides, microbial agents, pheromone technologies, 

resistant crop varieties, habitat management, and precision agriculture. Beneficial predators and 

parasitoids provide natural pest regulation, while microbial biopesticides offer targeted alternatives 

to conventional chemicals. Pheromone traps and mating disruption can reduce pest reproduction, 

whereas push-pull systems and physical barriers provide additional non-chemical options. Emerging 

technologies such as artificial intelligence, smart insect traps, drones, RNA interference, and digital 

pest monitoring can improve early detection and precision intervention. Combining these 

innovations within integrated pest management can reduce pesticide dependence, delay resistance 

development, conserve biodiversity, improve resource-use efficiency, and support resilient 

agricultural ecosystems. 

Keywords: Eco-friendly pest management; Biological control; Biopesticides; Pheromones; 

Precision agriculture; RNA interference; Sustainable agriculture. 
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pest management has often depended 

heavily on synthetic pesticides because of their 

rapid action and convenience. However, 

excessive and repeated pesticide use can 

contribute to resistance, pesticide residues, 

harm to beneficial organisms, environmental 

contamination, and disruption of ecological  

processes. These concerns have encouraged the 

development of eco-friendly innovations for 

sustainable pest suppression. 

Eco-friendly pest management focuses on 

preventing pest outbreaks, reducing pest 

populations below economically damaging 

levels, and protecting natural resources. It 

combines biological control, botanical 

pesticides, microbial agents, pheromone 

technologies, resistant crop varieties, habitat 

management, precision agriculture, and digital 

monitoring. 

Modern innovations are making these 

approaches more accurate and practical. 

Artificial intelligence can identify pests from 

field images, smart traps can monitor insect 

populations, drones can detect crop stress, and 

precision sprayers can deliver treatments only 

where they are required. Biological products 

based on microorganisms and naturally 

occurring compounds are also expanding the 

range of alternatives to conventional pesticides. 

Sustainable pest suppression does not mean 

eliminating every pest from the agricultural 

ecosystem. Instead, it aims to maintain pest 

populations at manageable levels while 

conserving beneficial organisms and ecosystem 

functions. Combining traditional ecological 

knowledge with modern technology can 

therefore create crop-protection systems that 

are productive, economically viable, and 

environmentally responsible. 

Integrated Pest Management: The 

Foundation 

Integrated Pest Management (IPM) provides 

the foundation for eco-friendly pest 

suppression. IPM combines multiple pest-

management techniques rather than depending 

on a single method. 

The major principles include: 

• Correct pest identification. 

• Regular field monitoring. 

• Economic threshold-based decisions. 

• Cultural and mechanical control. 

• Biological control. 

• Host plant resistance. 

• Botanical and microbial pesticides. 

• Selective chemical intervention when 

necessary. 

The goal is to prevent pest populations from 

reaching economically damaging levels. 

Chemical pesticides remain one possible tool, 

but they are used carefully and preferably as 

part of a diversified management programme. 

Biological Control Innovations 

Biological control uses living organisms or 

their products to suppress pests. Predators, 

parasitoids, microorganisms, and microbial 

metabolites can provide effective alternatives 

or complements to conventional insecticides. 

 

Predatory Insects 

Ladybird beetles, lacewings, predatory bugs, 

and other natural enemies consume agricultural 

pests. Conservation of these organisms through 

habitat management can provide continuous 

pest suppression. 

Parasitoids 

Parasitoid wasps such as Trichogramma attack 

pest eggs, preventing damaging larvae from 

emerging. Other parasitoids target aphids, 

caterpillars, whiteflies, and other pests. 
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Microbial Control 

Microbial pesticides use microorganisms or 

their biological products to control pests. 

Important groups include: 

• Bacillus thuringiensis (Bt) 

• Beauveria bassiana 

• Metarhizium anisopliae 

• Isaria species 

• Baculoviruses 

These agents can offer targeted pest control 

and, when properly used, may have fewer 

effects on non-target organisms than many 

broad-spectrum insecticides. 

Botanical Pesticides 

Plants naturally produce compounds that 

defend them against herbivores and pathogens. 

Some of these compounds can be developed 

into botanical pest-management products. 

Neem is one of the most widely recognized 

examples. Azadirachtin and related compounds 

obtained from neem can affect insect feeding, 

growth, development, and reproduction. 

Other plants investigated for pest-management 

compounds include garlic, chilli, pyrethrum, 

eucalyptus, and several aromatic and medicinal 

plants. 

Botanical pesticides can provide useful 

alternatives to synthetic chemicals, but their 

effectiveness depends on concentration, 

formulation, pest species, environmental 

conditions, and application timing. 

Pheromone-Based Pest Management 

Pheromones are chemical signals used by 

insects for communication. Synthetic insect 

pheromones can be used in several 

environmentally friendly pest-management 

strategies. 

Monitoring 

Pheromone traps can detect the presence and 

abundance of specific pest species. This allows 

farmers to identify pest outbreaks before severe 

crop damage occurs. 

Mass Trapping 

Large numbers of traps can capture adult insects 

and reduce their reproductive population. 

Mating Disruption 

Synthetic pheromones can interfere with the 

ability of male insects to locate females. 

Reduced mating success can consequently 

reduce the next pest generation. Pheromone 

technologies are particularly useful for several 

moth and fruit-pest management programmes. 

Biopesticides 

Biopesticides are derived from 

microorganisms, natural substances, or certain 

biological processes. They may include 

microbial pesticides, plant-derived compounds, 

and biochemical substances. 

Compared with many conventional pesticides, 

properly selected biopesticides can provide 

more targeted pest management and may fit 

well within IPM programmes. 

However, biopesticides are not automatically 

risk-free. Their application should follow 

recommended doses, timing, storage 

conditions, and safety guidelines. Their 

effectiveness can also depend strongly on 

environmental conditions. 

Host Plant Resistance 

Developing crop varieties that naturally resist 

insect pests is one of the most sustainable pest-

management strategies. 

Plants can resist insects through: 

• Physical barriers. 

• Trichomes. 

• Tough or waxy leaves. 

• Antinutritional compounds. 

• Toxic or repellent metabolites. 

• Reduced suitability for pest 

reproduction. 
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• Induced defence responses. 

Host plant resistance reduces the need for 

pesticide applications and can provide 

continuous protection throughout the crop 

cycle. 

Modern plant breeding, marker-assisted 

selection, genomics, and gene-editing 

technologies are accelerating the development 

of pest-resistant varieties. 

RNA-Based Pest Management 

RNA interference (RNAi) is an emerging 

technology for highly targeted pest suppression. 

RNA molecules can be designed to interfere 

with the expression of genes that are essential 

for insect survival, development, or 

reproduction. 

The potential advantage of RNA-based 

approaches is their specificity. Instead of 

affecting many organisms broadly, carefully 

designed RNA molecules may target particular 

pest species or biological pathways. 

Research is continuing to improve RNA 

stability, delivery methods, field performance, 

and environmental safety. RNA-based 

technologies may become an important 

component of next-generation pest 

management. 

Precision Agriculture for Pest Suppression 

Precision agriculture allows farmers to manage 

crops according to spatial and temporal 

variation within fields. 

Sensors, drones, satellites, GPS technology, and 

artificial intelligence can identify areas affected 

by pests or crop stress. Instead of treating an 

entire field uniformly, farmers can potentially 

apply control measures only where required. 

This approach can: 

• Reduce pesticide use. 

• Lower production costs. 

• Reduce environmental exposure. 

• Improve application accuracy. 

• Detect pest outbreaks earlier. 

• Protect unaffected areas. 

Precision pest management therefore combines 

environmental sustainability with improved 

resource-use efficiency. 

Smart Insect Traps 

Smart traps represent an important innovation 

in pest monitoring. Conventional traps require 

farmers or technicians to inspect them 

manually. Smart traps can use cameras, sensors, 

communication systems, and automated image 

recognition to detect and count insects. 

Some systems can transmit information through 

mobile networks, allowing farmers to monitor 

pest populations remotely. 

Artificial intelligence can potentially 

distinguish target pests from non-target insects 

and provide early warnings when pest 

populations begin to increase. 

Artificial Intelligence and Pest Identification 

Correct identification is essential for effective 

pest management. Treating a crop without 

knowing the pest species may result in 

unnecessary pesticide use or ineffective control. 

AI-based image-recognition systems can 

analyze photographs of insects, leaves, and crop 

symptoms. Smartphone applications may allow 

farmers to obtain rapid identification assistance 

in the field. 

Future systems may combine insect 

identification with information about crop 

growth, weather, pest thresholds, and previous 

management practices to recommend 

appropriate interventions. 

Drone-Based Crop Monitoring 

Unmanned aerial vehicles, commonly known as 

drones, can survey large agricultural areas 

rapidly. High-resolution cameras and 

multispectral sensors can detect changes in 

plant health associated with pest attack. 

Drone monitoring can identify: 

• Pest hotspots. 

• Crop stress. 
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• Uneven crop growth. 

• Areas requiring field inspection. 

• Treatment effectiveness. 

When integrated with precision sprayers, drone 

technology may also support targeted pest-

management operations where regulations and 

appropriate technology permit. 

Habitat Management and Conservation 

Biological Control 

Eco-friendly pest suppression is not limited to 

direct pest-control products. Farmers can 

modify agricultural habitats to encourage 

natural enemies. 

Flowering strips, hedgerows, field margins, 

cover crops, and diversified cropping systems 

can provide nectar, pollen, shelter, and 

alternative prey for beneficial insects. 

Ladybird beetles, lacewings, hoverflies, 

parasitoid wasps, predatory bugs, and other 

natural enemies can then contribute to pest 

regulation. 

Flower Strips 

Flowering plants provide food resources for 

adult parasitoids and predators. They can also 

support pollinators and increase overall insect 

biodiversity. 

Field Margins 

Vegetated margins provide refuge and breeding 

habitats. Maintaining such areas can increase 

natural-enemy abundance and strengthen 

biological control. 

Push-Pull Pest Management 

Push-pull technology combines plants that 

repel pests from the main crop with plants that 

attract them toward a managed area. 

A typical system may involve: 

• Push plants: repel or deter pests from 

the main crop. 

• Pull plants: attract pests toward trap 

crops or border plants. 

This ecological approach can reduce pest 

pressure while providing additional benefits 

such as fodder, soil improvement, or 

biodiversity. 

Push-pull systems demonstrate how crop 

design itself can become a pest-management 

tool. 

Mechanical and Physical Innovations 

Physical methods can suppress pests without 

relying on chemical pesticides. 

Examples include: 

• Insect-proof nets. 

• Sticky traps. 

• Light traps. 

• Pheromone traps. 

 

• Solar-powered traps. 

• Mulches. 

• Reflective materials. 

• Mechanical weeders. 

• Physical barriers. 

These methods can be especially valuable in 

high-value vegetable, horticultural, 

greenhouse, and protected cultivation systems. 

Solar-Powered and Automated Pest Control 

Renewable energy is increasingly being 

incorporated into agricultural pest-management 

devices. Solar-powered traps and monitoring 

systems can operate in remote areas without 

requiring continuous grid electricity. 
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Automated systems can detect insect 

activity and activate control mechanisms when 

predefined conditions are reached. 

Combining solar energy, sensors, wireless 

communication, and automated decision-

making can produce low-energy pest-

management systems suitable for precision 

agriculture. 

Protected Cultivation and Eco-Friendly Pest 

Management 

Greenhouses, polyhouses, and insect-proof 

structures provide opportunities for highly 

targeted pest management. 

Beneficial insects and mites can be released 

inside protected structures to control pests such 

as whiteflies, aphids, thrips, and mites. 

Physical exclusion through insect nets can 

prevent pest entry. Environmental controls such 

as temperature, humidity, irrigation, and 

ventilation can also influence pest 

development. 

The combination of biological control and 

environmental management can substantially 

reduce pesticide dependence in protected 

cultivation. 

Role of Beneficial Microorganisms 

Microorganisms can suppress pests and 

improve plant health. Entomopathogenic fungi 

infect insects, while certain bacteria and viruses 

specifically affect pest species. Some beneficial 

microorganisms may also stimulate plant 

defence responses or improve plant vigour, 

indirectly reducing susceptibility to pests. The 

future of biological pest management is likely 

to involve combinations of microbial agents, 

beneficial insects, plant resistance, and 

precision application. 

Eco-Friendly Pest Suppression and 

Resistance Management 

Pest resistance is one of the major challenges 

associated with intensive pesticide use. Eco-

friendly innovations can help reduce selection 

pressure by diversifying pest-management 

strategies. For example, biological control, crop 

rotation, resistant varieties, pheromone 

disruption, mechanical control, and selective 

insecticides can be combined so that pests are 

not repeatedly exposed to a single control 

mechanism. Mode-of-action rotation remains 

important when chemical pesticides are 

required. Diversification increases the 

durability of available control technologies. 

Farmer Participation and Extension 

Support 

Successful adoption of eco-friendly 

technologies depends on farmer awareness, 

affordability, accessibility, and technical 

support. 

Extension workers can help farmers learn: 

• Pest identification. 

• Natural-enemy recognition. 

• Economic thresholds. 

• Biological-control techniques. 

• Biopesticide application. 

• Pheromone-trap use. 

• Digital monitoring. 

• Safe pesticide practices. 

Demonstration plots and farmer field schools 

can help show the practical benefits of 

sustainable pest suppression. 

Economic Benefits 

Eco-friendly pest management can provide 

economic benefits by reducing pesticide 

expenditure, protecting beneficial organisms, 

minimizing crop losses, and improving input-

use efficiency. Although some technologies 

may require initial investment, such as smart 

traps, sensors, or precision equipment, their 

long-term value may increase as technology 

becomes more affordable and widely 

accessible. The economic success of eco-

friendly pest management should therefore be 

evaluated over the entire production cycle 

rather than only by comparing the immediate 

cost of a single treatment. 
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Future 

The future of sustainable pest suppression will 

involve increasing integration of biological 

science, ecology, engineering, digital 

technology, and precision agriculture. 

Potential developments include: 

• AI-powered pest identification. 

• Autonomous insect-monitoring 

systems. 

• Smart pheromone traps. 

• RNA-based pest control. 

• Improved microbial pesticides. 

• Gene-edited resistant crops. 

• Drone-assisted monitoring. 

• Variable-rate pesticide application. 

• Digital pest forecasting. 

• Automated biological-control decision 

systems. 

These innovations can make pest management 

more targeted, preventive, and environmentally 

responsible. 

Table: Practical Eco-Friendly Pest 

Management Framework 

Innovation 
Primary 

function 

Environmental 

advantage 

Biological 

control 

Suppresses 

pests 

naturally 

Protects 

ecological 

balance 

Biopesticides 

Controls 

specific 

pests 

Can reduce 

synthetic 

pesticide 

dependence 

Botanical 

pesticides 

Plant-based 

pest 

suppression 

Provides 

alternative 

active 

compounds 

Pheromone 

traps 

Monitoring 

and trapping 
Highly targeted 

Mating 

disruption 

Reduces pest 

reproduction 

Minimizes 

direct pesticide 

exposure 

Resistant 

varieties 

Prevents 

pest damage 

Reduces 

chemical 

dependence 

AI 

monitoring 

Early pest 

detection 

Enables targeted 

intervention 

Smart traps 

Automated 

pest 

surveillance 

Reduces 

unnecessary 

treatments 

Drones 

Crop and 

pest 

monitoring 

Improves spatial 

precision 

Flower strips 

Supports 

natural 

enemies 

Enhances 

biodiversity 

Push-pull 

systems 

Alters pest 

behaviour 

Ecological pest 

management 

Physical 

barriers 

Prevents 

pest entry 

Chemical-free 

protection 

Conclusion 

Eco-friendly innovations are transforming pest 

management from a pesticide-dependent 

approach toward a diversified and ecologically 

based system. Biological control, microbial 

pesticides, botanical products, pheromone 

technologies, resistant crops, habitat 

management, physical methods, precision 

agriculture, artificial intelligence, and RNA-

based technologies provide multiple 

opportunities for sustainable pest suppression. 
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