
 

~ 33 ~ 

Journal of Entomology and Zoology Studies 2025; 13(4): 33-36

 
 
 
 
 
 
 
 
 
 
 
 
E-ISSN: 2320-7078 

P-ISSN: 2349-6800 

www.entomoljournal.com 

JEZS 2025; 13(4): 33-36 

© 2025 JEZS 

Received: 22-04-2025 

Accepted: 26-05-2025 
 

Udaya Sree M 

Department of Entomology, 

College of Horticulture, Dr. 

YSRHU, Andhra Pradesh, India 

 

Nandini B 

Department of Entomology, 

College of Agriculture, 

Rajendranagar, PJTAU, 

Hyderabad, Telangana, India 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Corresponding Author: 

Udaya Sree M 

Department of Entomology, 

College of Horticulture, Dr. 

YSRHU, Andhra Prades, India 

 

 

 

 

 

 
 

 

 

 

 

Semiochemicals: Role in IPM 

 
Udaya Sree M and Nandini B 

 

DOI: https://www.doi.org/10.22271/j.ento.2025.v13.i4a.9537  

 
Abstract 
Insect pests communicate and interact with their surroundings through a diverse array of chemical 

signals. Semiochemicals particularly pheromones have emerged as critical tools in environmentally 

sound Integrated Pest Management (IPM). Plants and insects have coevolved for over 350 million years, 

relying on intricate chemical signaling-including insect semiochemicals (e.g., pheromones) and plant 

defense compounds-to communicate, defend, and thrive. Insects leverage semiochemicals for behaviors 

like mating, host-finding, and predator avoidance, enabling precise, species-specific pest management 

strategies such as mating disruption, mass trapping, and attract-and-kill. Meanwhile, plants utilize 

constitutive and induced defenses-ranging from structural traits and stored toxins to herbivore-induced 

volatiles (HIPVs)-to deter herbivores and recruit natural enemies. Constitutive defenses include barriers 

like thorns and trichomes, and toxin storage strategies exemplified by the glucosinolate-myrosinase 

“mustard oil bomb,” which rapidly generates toxic isothiocyanates upon tissue damage. Induced 

mechanisms, triggered by insect attack, activate internal signaling cascades that lead to secondary 

metabolite production, proteinase inhibitors, and volatile emissions-both at the local site and 

systemically-to deter attackers and alert neighboring plants. These volatiles, derived from pathways like 

terpenoids and fatty acids, have been shown in multiple species (e.g., maize, cotton, tobacco) to modulate 

herbivore behavior and attract parasitoids and predators. Modern IPM integrates these biochemical 

insights with advanced delivery technologies-such as controlled-release dispensers (e.g., SPLAT), smart 

traps, and genetically engineered volatile production in plants-to optimize pest control while preserving 

beneficial organisms and reducing pesticide reliance. However, realizing the full potential of 

semiochemical-based strategies requires enhanced formulation, deployment methods, ecological 

understanding, and interdisciplinary innovation spanning chemistry, molecular biology, and field 

ecology. As global agriculture seeks sustainable alternatives to synthetic pesticides, semiochemicals offer 

smart, precise, and environmentally friendly tools for future pest management. 

 

Keywords: Semiochemicals, pheromones, IPM, mating disruption, mass trapping, push-pull strategy, 

chemical ecology 

 

Introduction 

Chemical signaling explains a wide range of insect behaviors, from mate and food finding to 

predator defense. Because insects are small and rely less on visual or auditory cues, they 

depend heavily on semiochemicals like pheromones for communication. Discoveries in these 

signals have led to sustainable, species-specific pest control strategies (e.g., mating disruption, 

mass trapping) that form the bedrock of modern chemical ecology and integrated pest 

management. Plants and insects have coexisted for over 350 million years, evolving a complex 

web of interactions. Some are mutually beneficial-such as pollination and seed dispersal, while 

others, like herbivory, are detrimental to plants. To defend themselves, plants have evolved 

diverse chemical defenses at all trophic levels, producing toxic or unpalatable compounds that 

significantly inhibit insect feeding. 

 

These defenses begin with precise detection: plants recognize insect-derived molecules, 

triggering internal signaling cascades that activate responses ranging from physical barriers to 

the synthesis of secondary metabolites-such as phenylpropanoids, alkaloids, terpenoids, and 

fatty acid derivatives. Many compounds are volatile, allowing plants to engage in tritrophic 

communication-attracting predators or parasitoids of herbivores and facilitating inter-plant 

signaling. Building on this natural chemical ecology, researchers are now engineering plants or 

microbes to produce insect pheromones or herbivore-induced plant volatiles (HIPVs), enabling 

innovations like push-pull cropping systems, mating disruption, and attract-and-kill strategies.  
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These tactics reduce reliance on broad-spectrum pesticides 

and enhance natural pest resistance in crops. Through millions 

of years of coevolution, plants and insects have developed 

intricate chemical communications-plants using chemical 

detection and defense, and insects responding via 

semiochemicals. By harnessing these natural signaling 

systems (e.g., pheromones, HIPVs), modern agriculture is 

embracing environmentally friendly, targeted pest control-

pioneering a sustainable future in crop protection. 

 

Defence strategies: As primary producers, plants are 

consumed by a diverse array of herbivores-including 

nematodes, arthropods, molluscs, and mammals. They have 

evolved a broad spectrum of physicochemical defenses to 

protect themselves. These defenses fall into two categories: 

constitutive (always present) and induced (activated after 

attack). Constitutive defenses encompass structural and 

morphological traits, as well as innate chemical compounds 

that provide constant protection. Induced defenses activate 

upon herbivore or pathogen assault, and can be further 

divided into: Direct defenses, which impair the herbivore’s 

survival or performance-such as accumulation of toxins or 

deterrents, cell wall reinforcement, and hypersensitive 

responses. Indirect defenses, which enlist a third trophic level 

by modifying the behaviors of predators or parasitoids to 

defend the plant. These may include the production of 

extrafloral nectar, food bodies, or domatia to provide food and 

shelter for carnivores. Both direct and indirect defenses can be 

either constitutive or induced, allowing plants to balance 

ongoing protection with resource-efficient responses to 

environmental threats. 

 

Constitutive physical defenses: Constitutive physical 

defenses in plants range from visible deterrents to 

microscopic barriers: thorns and prickles ward off larger 

herbivores, while thick cell walls, robust cuticles, high lignin 

content, and resin accumulation impede pathogens and small 

herbivores. Trichomes-plant hairs-serve as mechanical 

defenses, and certain glandular types secrete antimicrobial 

substances, feeding deterrents, or toxins. Additionally, plants 

produce digestibility-reducing compounds such as tannins, 

resins, proteinase inhibitors, and silica; these anti-nutritional 

chemicals impair herbivore digestion, slowing growth, 

reducing fecundity, and increasing disease susceptibility. The 

effectiveness of toxic compounds is often linked to their 

storage and deployment: many species sequester toxins in 

specialized structures like resin ducts or glandular trichomes, 

which release defensive chemicals when physically damaged. 

To prevent self-harm, plants typically avoid storing active 

toxins. Instead, they accumulate inactive precursors-such as 

glycosides-separated from their activating enzymes. Upon 

tissue damage, enzymes like myrosinase mix with the 

precursors (e.g., glucosinolates), triggering the release of 

toxic compounds such as isothiocyanates or nitriles, in a well-

documented defense mechanism known as the “mustard oil 

bomb.” Individual toxins further exhibit unique modes of 

action: saponins disrupt cellular membranes, cyanogenic 

glycosides release hydrogen cyanide that inhibits respiration, 

cardenolides target the Na⁺/K⁺-ATPase pump, and certain 

polyacetylenes, like cicutoxin, interfere with neuronal 

potassium channels. Together, these layered structural and 

chemical defenses form a robust and comprehensive 

protective system against a wide range of herbivores and 

pathogens. 

Induced defenses: In contrast to constitutive defenses, 

induced defenses require early detection of an insect attack 

and activation of alarm signaling to mount a fast and effective 

response. These plant strategies-which may be constitutive, 

inducible, or a combination-frequently produce systemic 

effects, extending beyond the initial damage site to the rest of 

the plant. Such responses involve the synthesis and 

accumulation of defensive secondary metabolites that deter 

insect feeding and disrupt development. Additionally, proteins 

like proteinase inhibitors (PIs), polyphenol oxidases (PPOs), 

and threonine deaminase (TD) inhibit insect digestive 

enzymes or reduce the nutritional quality of plant tissues, 

acting as direct inducible defenses. When attacked by 

herbivores, many plants emit volatile organic compounds 

(VOCs) that serve multiple functions: guiding herbivores to 

their hosts, recruiting predators or parasitoids (an indirect 

defense involving a third trophic level), and signaling other 

parts of the same or neighboring plants to bolster their 

defenses. These volatiles-comprising terpenoids (mono-, di-, 

sesqui-, and homoterpenoids), C6 fatty acid derivatives (e.g., 

(3Z)-hex-3-enal, (3Z)-hex-3-enyl acetate), aromatic molecules 

like methyl salicylate and indole, plus various alkanes, 

alkenes, and alcohols-form a dynamic “volatilome” shaped by 

complex biosynthetic pathways responsive to environmental 

cues. 

Numerous plants, such as maize (Zea mays), cotton 

(Gossypium hirsutum), lima bean (Phaseolus lunatus), Lotus 

japonicus, tobacco (Nicotiana attenuata), and Medicago 

truncatula, have been shown to emit herbivore-induced 

volatiles (HIVs). These compounds influence plant-insect 

community interactions by modifying herbivore behavior and 

attracting natural enemies. 

Recent research has revealed novel roles for these HIVs 

beyond long-range attraction. For example, after visiting 

aphid-infested cucumber (Cucumis sativus) plants, parasitoids 

(Lysiphlebus testaceipes) spend less time on and attack fewer 

aphids in subsequent patches-not due to the presence of 

aphids, but because of plant-emitted volatiles, indicating that 

parasitoids adapt their foraging based on previously 

encountered cues. As a result, plants emitting stronger volatile 

signals may attract and retain more parasitoids, creating 

positive selection pressure for high emission rates. Volatile 

emissions often correlate with herbivore density, helping 

predators and parasitoids preferentially target plants under 

heavier attack. By identifying electrophysiologically-and 

behaviorally-active compounds through techniques like gas 

chromatography-electroantennography, scientists can pinpoint 

specific molecules (often from the isoprenoid and 

lipoxygenase pathways, such as (E)-ocimene and (-)-

germacrene D) that repel herbivores or attract their enemies. 

Below ground, volatiles are equally important. Maize roots 

damaged by the pest Diabrotica virgifera virgifera emit (E)-

β-caryophyllene, which attracts entomopathogenic nematodes 

to attack the insect, a defense conspicuously absent in 

varieties lacking the compound. Furthermore, herbivory or 

jasmonic acid treatment in lima beans triggers both volatile 

emission and the secretion of extrafloral nectar, which attracts 

protective ants. This defense strategy reduces leaf damage and 

improves plant fitness, benefits that also spread to 

neighboring plants through induced leaflet signaling. 

Together, these findings illustrate how volatile-mediated 

signals-above and below ground-shape interactions within 

plant-insect communities, offering promising avenues for 

developing pest-resistant crops through ecological 
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engineering of VOC emissions. 

 

Functional Categories of Semiochemicals 

Cuticular Hydrocarbons (CHCs) 

Insect cuticles bear hydrocarbon layers that originally evolved 

to prevent desiccation. Over time, these compounds began 

serving additional roles-especially in sexual signaling and 

social identification. CHCs differ by species, sex, and 

physiological status, making them reliable tools for pest 

monitoring and behavior manipulation. 

 

Multifunctional Defensive Secretions 

Certain insects use chemical defenses not only to deter 

predators but also to communicate. For instance, formic acid 

in ants and (E,E)-α-farnesene in termites act as both repellents 

and alarm pheromones. In some beetles and parasitoids, 

defensive substances also attract mates, highlighting their dual 

ecological roles. 

 

Hormone-Derived Compounds 

Though less common, some pheromones originate from 

hormone pathways. The burying beetle Nicrophorus 

vespilloides emits methyl geranate-a compound linked to the 

juvenile hormone pathway-which temporarily suppresses 

fertility and fosters cooperative parenting. 

 

Plant-Origin Semiochemicals 

Some moths and butterflies ingest and convert specific plant 

alkaloids (e.g., pyrrolizidine alkaloids) into sex pheromones. 

These compounds not only facilitate mating but also enhance 

offspring defense, indicating a strong evolutionary link 

between diet and reproductive signaling. 

 

Social Structure and Colony Dynamics 

In eusocial species like ants and bees, chemical signals govern 

caste roles and colony behavior. Queen pheromones suppress 

worker reproduction, trail pheromones aid foraging, and 

alarm signals synchronize defense-all crucial for maintaining 

colony stability. 

 

Tri-Trophic Chemical Signaling 

Plant-emitted volatiles triggered by herbivore attack (HIPVs) 

can attract natural enemies like parasitoids. Leveraging such 

tri-trophic cues in IPM can significantly improve conservation 

biological control and reduce pesticide dependence. 

 

Applications in Pest Management 

Pest Monitoring and Surveillance 

Pheromone-baited traps are vital for detecting pest presence, 

population trends, and seasonal activity. These tools guide 

timely interventions, reducing unnecessary pesticide 

applications. 

 

Mating Disruption 

Saturating the environment with synthetic sex pheromones 

misleads male insects, preventing them from locating mates. 

Though mating isn’t completely blocked, the resultant delay 

lowers reproductive success and pest proliferation. 

 

Attract-and-Kill Techniques 

By combining attractants with lethal agents, pests are drawn 

to specific zones where they are exterminated. This technique 

minimizes crop exposure to insecticides while effectively 

curbing pest populations. 

Mass Trapping 

Deploying large numbers of pheromone traps helps reduce 

pest densities, particularly for species with limited 

reproductive output. It is widely used for managing pests like 

the red palm weevil. 

 

Push-Pull Strategy and Repellents 

This method uses repellent compounds to drive pests away 

from crops ("push") and attractants to lure them into trap 

areas ("pull"). Understanding pest behavior is crucial for 

optimizing this approach. 

 

Enhancing Biological Control 

Semiochemicals like kairomones can attract beneficial 

parasitoids or predators to pest hotspots, enhancing the 

success of biological control. Baited refuges can also support 

natural enemy populations in agroecosystems. 

 

Conclusion  

Semiochemicals play a pivotal role in modern, sustainable 

pest management by precisely disrupting pest communication 

and bolstering natural enemies-reducing dependency on 

conventional pesticides. These compounds are employed in 

diverse strategies-monitoring (to inform control decisions), 

mating disruption, mass trapping, and attract-and-kill-each 

meticulously designed to manipulate insect behavior. 

Monitoring using pheromone traps guides timely 

interventions. Mating disruption, via synthetic pheromones, 

prevents pest reproduction, while attract-and-kill techniques 

lure pests to treated surfaces for elimination. These strategies 

are part of integrated pest management (IPM) frameworks 

that merge semiochemicals with biological control, cultural 

practices, crop resistance, and precision agriculture tools to 

achieve targeted, eco-friendly pest suppression. 

Although research has validated the efficacy of 

semiochemical approaches, practical adoption remains 

limited. Future efforts must focus on refining formulations 

and delivery systems-such as controlled-release dispensers 

like SPLAT and puffers (MSTRS)-to improve field 

performance and durability. Integrating semiochemicals with 

precision farming technologies (e.g., remote sensing, smart 

traps) can optimize timing and localization of deployment. 

Developing behavior-modifying agents calls for deep 

understanding of biochemical sources, and molecular, 

physiological, and ecological interactions between plants, 

pests, and natural enemies. Cutting-edge methods-such as 

synthesizing pheromones in plants, auto-dissemination of 

entomopathogens, and “plant vaccination”-show promise for 

highly targeted, species-specific chemical signaling. 

Advancing semiochemical-based IPM demands not only 

technical innovation but also solid ecological understanding 

to ensure efficacy, avoid non-target effects, and integrate 

seamlessly into cropping systems. As challenges with 

synthetic pesticides escalate-health risks, resistance, and 

environmental impact-behavior-modifier tools grounded in 

ecological and molecular science stand out as scalable, smart, 

and sustainable alternatives. 
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