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Abstract 

The excessive use of chemical pesticides in modern agriculture has led to 

multiple challenges, including resistance development, resurgence of 

secondary pests and ecological imbalance. In this context, pheromone 

traps have emerged as one of the most promising tools for eco-friendly 

and species-specific pest management. Pheromones, the natural chemical 

signals used by insects for communication, can be synthesized and 

applied to manipulate pest behaviour in the field. Their applications 

range from population monitoring and mass trapping to mating 

disruption and attract-and-kill strategies. By combining scientific 

understanding with field practicality, pheromone traps have become 

indispensable in integrated pest management (IPM) programs. Continued 

research and farmer-oriented extension will be key to expanding their 

role in sustainable crop protection. 
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Introduction 

Agricultural ecosystems are constantly 

threatened by insect pests that cause significant 

yield losses and economic damage. Over the past 

several decades, pest control has largely 

depended on synthetic pesticides, which, 

although initially effective, have created serious 

problems such as pesticide resistance, residues 

in food products and adverse effects on beneficial 

organisms (Koul, 2008). These issues highlight 

the urgent need for alternative, environmentally 

safe pest management methods. 

Among the various eco-friendly approaches 

developed under the framework of integrated 

pest management (IPM), the use of pheromone 

traps stands out as a precise and biologically 

sound technology. Pheromones chemical 

messengers secreted by insects to communicate 

with members of the same species can be 

harnessed to disrupt pest behaviour, suppress 

populations, or monitor pest occurrence in the 

field (Witzgall et	 al., 2010). Their ability to 

attract only target species, without harming 

natural enemies, makes them a valuable 

component of sustainable agriculture (Reddy & 

Guerrero, 2010). 

Understanding	Insect	Pheromones	

Nature	and	Types	of	Pheromones	

The term “pheromone” was introduced by 

Karlson and Lüscher (1959) to describe chemical 

substances that influence behaviour or 

physiology among members of the same species. 

In insects, several types of pheromones serve 

distinct purposes: 

• Sex	 pheromones: Usually released by 

females to attract males for mating; 

widely used in pest management (Cardé 

& Minks, 1995). 

• Aggregation	pheromones: Attract both 

sexes to feeding or breeding sites, 

common among bark beetles. 

• Alarm	pheromones: Warn conspecifics 

of danger, as seen in aphids and ants. 

• Trail	 pheromones: Used by social 

insects like ants and termites to mark 

paths. 

Of these, sex pheromones have found the 

broadest application in agriculture due to their 

strong specificity and potency (Howse et	 al., 

2013). 

How	Pheromones	Work	

Pheromones operate through the insect’s finely 

tuned olfactory system. Molecules released into 

the air are detected by sensory receptors on the 

antennae, allowing insects to follow the odour 

plume to its source (Cardé & Willis, 2008). In 
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pest management, synthetic pheromone 

formulations mimic these natural signals, luring 

target insects into traps or confusing males so 

they fail to locate females for mating. 

Pheromone	Traps:	Design	and	Function	

A pheromone trap typically includes three main 

components: a lure containing synthetic 

pheromone, a trap body to capture insects and a 

killing or retention medium. The lure releases 

pheromones gradually over time from a rubber 

septum, vial, or polymer dispenser. Trap designs 

vary depending on the target pest, 

environmental conditions and crop canopy 

(Witzgall et	al., 2010). 

Types	of	Traps	

Commonly used pheromone traps include: 

• Delta	traps: Triangular traps with sticky 

inserts, suitable for small moths such as 

Helicoverpa	armigera. 

• Funnel	traps: Effective for large noctuid 

moths like Spodoptera	litura. 

• Water	 traps: Attract and drown flying 

insects using soapy water. 

• Bucket	 traps: Economical and durable 

for field use, particularly against 

Leucinodes	 orbonalis and Spodoptera	

litura (Rao et	al., 1991). 

The trap’s height, spacing and orientation 

relative to wind direction strongly influence 

catch efficiency. 

Applications	in	Pest	Management	

Monitoring	and	Forecasting	

Pheromone traps are most widely used for 

monitoring pest populations. By recording the 

number of insects caught, farmers and 

researchers can assess pest emergence, seasonal 

activity and peak infestation periods. This 

information guides timely interventions with 

biological or chemical control measures, thus 

preventing unnecessary pesticide sprays. 

Mass	Trapping	

When deployed in large numbers, pheromone 

traps can significantly reduce pest populations 

by capturing a high proportion of males, which 

limits mating opportunities (Cardé & Minks, 

1995). Mass trapping has been effectively used 

against Spodoptera	 litura in groundnut and 

Leucinodes	 orbonalis in brinjal fields in India 

(Rao et	 al., 1991). The technique is especially 

effective for pests with low dispersal ability and 

high pheromone sensitivity. 

Mating	Disruption	

In mating disruption, pheromones are released 

over the crop area in concentrations sufficient to 

mask natural female signals, preventing males 

from locating mates (Witzgall et	 al., 2010). This 

approach has been successfully used against 

codling moth (Cydia	 pomonella), pink bollworm 

(Pectinophora	gossypiella) and tomato fruit borer 

(Helicoverpa	 armigera). The technique works 

best in large, uniform crop areas and at moderate 

pest densities. 

Attract-and-Kill	Strategy	

Combining pheromones with insecticides or 

microbial agents offers an efficient “attract-and-

kill” solution. Here, the pheromone lures pests to 

a limited number of treated spots, reducing 

overall pesticide use. For example, formulations 

for Helicoverpa	armigera have shown promise in 

several cropping systems (Reddy & Guerrero, 

2010). 

Advantages	 of	 Pheromone-Based	 Pest	

Management	

Pheromone traps offer numerous ecological and 

practical advantages: 

• Species specificity ensures that only 

target pests are affected. 

• Safety for natural enemies supports 

biological control programs. 

• Minimal chemical residue, contributing 

to safer food production. 

• Resistance management, as behavioural 

control differs from toxic mechanisms. 

• Cost-effectiveness over long-term use. 

• Integration with IPM, reducing 

dependence on synthetic insecticides. 

The technology also helps in preserving 

pollinators and beneficial arthropods, 

contributing to ecological balance in the field. 

Limitations	and	Challenges	

Despite their many benefits, pheromone traps 

are not without challenges. Limited availability of 

pheromone formulations for all pest species 

restricts their broader adoption. The active 

compounds are sensitive to sunlight and 

temperature, leading to reduced longevity under 

tropical conditions (Koul, 2008). The cost of 

lures and the need for periodic replacement may 

discourage smallholder farmers. Moreover, 

accurate monitoring requires proper trap density 

and placement, which need technical knowledge 

and farmer training. 

Integration	into	Integrated	Pest	Management	

The real strength of pheromone traps lies in their 

compatibility with other IPM components. They 

serve as early warning tools for pest outbreaks 

and guide decisions on when to implement 

biological or chemical control (Reddy & 
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Guerrero, 2010). By reducing unnecessary 

pesticide applications, pheromone-based 

monitoring helps conserve natural enemies and 

prevents secondary pest resurgence. Integration 

with light traps and weather-based forecasting 

models can further improve pest prediction 

accuracy (Witzgall et	al., 2010). 

Future	Perspectives	

The potential of pheromone technology 

continues to expand with advances in chemistry, 

material science and digital monitoring. Nano-

formulated pheromone dispensers promise 

longer field life and controlled release. Multi-

species pheromone blends may enable 

simultaneous trapping of several pests. Smart 

traps integrated with IoT and image recognition 

are being developed to record and transmit pest 

data in real time. Genomic research is uncovering 

new pheromone components that could be 

synthetically produced at lower costs (Cardé & 

Minks, 1995). As these innovations mature, 

pheromone-based pest management could 

become a cornerstone of precision agriculture. 

Conclusion	

Pheromone traps represent a blend of natural 

principles and modern science, offering farmers 

a cleaner, safer and more sustainable way to 

manage insect pests. Their use for monitoring, 

mass trapping and mating disruption reduces 

pesticide dependence and promotes ecological 

balance. Wider adoption will depend on 

improved formulations, farmer education and 

supportive extension systems. As agriculture 

moves toward sustainability, pheromone-based 

approaches will play a vital role in building 

resilient and environmentally sound pest 

management strategies. 
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