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Abstract 

Volatile Organic Compounds (VOCs) are the most important parameter to establish the tritrophic interaction in between insect, 

plant and predator or parasitoid. Naturally, insect induced plant volatile attract the natural enemies of that insect. These 

mixtures of volatiles attract predator as well as parasitoid. In this review, objective is the role of VOCs in tritrophic 

interactions from an ecological as well as an implemented perspective. Several methods are applicable here. More popular 

technique is VOCs extraction by HS-SPME and headspace push- pull. Qualitative and quantitative volatiles are analyzed by 

GC-MS & GC-FID. Most important method is GC-EAD for identifying specific VOCs as well as two-choice arena. Most 

popular specific compounds are fatty acid derivative, aromatic compounds, aldehydes, alcohols, terpenes, amino acid 

derivative, sesquiterpenes and a ketone. These compounds play a crucial role for tritrophic interaction. Tritrophic interaction 

enhance the knowledge of predator and prey interaction also. This overview focuses on the how specific VOCs can interact 

with insect, plant and natural enemy and thus this specific knowledge can be implemented in pest control by biological control 

method. 
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Introduction 

Volatiles can intermediate with the interaction of plants with 

pollinators, herbivores and their natural enemies, other 

plants and micro-organisms. With full of knowledge about 

these interactions, the underlying mechanisms become 

increasingly complex. The increasing scientific knowledge 

can be used to draw a design and apply volatile-based 

agricultural strategies [1]. Price et al., introduced this 

Tritrophic concept in a well manner. The author narrated 

details of this Tritrophic interaction. In present scenario 

terrestrial organism interact at least three interacting trophic 

levels: plants, herbivores, and natural enemies of herbivores 
[2]. Predatory soil nematodes hunt for root herbivores with 

the help of volatile cues from damaged or intact roots of 18 

Alpine Festuca grass species & they found that adaptation 

into harsh, nutrient-limited alpine environments coincided 

with the production of specific blends of volatiles that is 

highly attractive for nematodes [3]. In this interaction middle 

part is plant which can be triggered by herbivore that may 

be positive effect or negative effect. All these interactions 

mediated by volatiles compounds [4]. Herbivore induced 

plant volatile (HIPV) play a crucial role for this insect-plant 

and natural enemy interaction. 

Materials and methods 

Several methods are applicable here. More popular 

technique is VOCs extraction by HS-SPME and headspace 

push- pull. Qualitative and quantitative volatiles are 

analyzed by GC-MS & GC-FID. Most important method is 

GC-EAD for identifying specific VOCs as well as two-

choice arena. 

Volatile Organic Compounds (VOCs) 

Plants release volatile organic compounds that mediating 

plant-plant interactions aboveground, roots can detect the 

chemical signals originating from their neighbours, and 

roots release VOCs involved in biotic interactions 

Belowground [5]. The certain volatile organic compounds 

(VOCs) can be considered as Damage-associated molecular 

patterns (DAMPs). Due to their chemical nature, VOCs are 

supposed to act not only locally and systemically in the 

same plant but also between plants. The possibility to use 

such airborne DAMPs as eco-friendly compounds which 

stimulate natural defense in agriculture in order to avoid 

pesticides [6]. Herbivore induced plant volatiles (HIPVs) are 

specific volatile organic compounds (VOC) that a plant 

produces in response to herbivory. Some HIPVs are only 

produced after damage, while others are also produced by 

intact plants, but in lower quantities. VOCs are low 

molecular weight compounds mostly belong to terpenoids, 

alcohol, aldehyde fatty acid and amino acid derivative. They 

are synthesized by different metabolic pathway [7]. 

Specific VOCs attractant for natural enemy like 

predator or parasitoid 

After herbivore attack on plant, release volatile organic 

compounds (VOCs). With the help of this VOCs parasitoid 

and predator find out their host and prey [8]. Green leaf 

volatiles (GLVs) and terpenoids released from herbivore-

damaged plants were found to be most important in the host 

identifying of parasitic wasps. Such as parasitic wasp Opius 

dissitus showed response to (Z)-3-hexenol [9]. Parasitoid 

(Cotesia marginiventris) responded to these compounds (E) 

-2-hexenal, (Z)-3-hexenyl acetate, linalool and geranyl 

acetate after herbivore damaged [10]. Mixture of specific five 

compounds (E) and (Z)–β-ocimene, (Z)-3-hexenyl acetate, 

DMNT, TMTT and methyl salicylate were attracted by mite 

Phytoseiulus persimilis [11]. Predators and parasitoids were 

attracted by two special compounds S-linalool and (E)-β-

caryophyllene [12]. Evarcha culicivora jumping spider 

attracted to (E)-β-caryophyllene, α-humulene and 1,8 

cineole and attack to their natural enemy [13].
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Fig 1: Some of attractant VOCs 

Vital role of HIPVs in Plant Defence against Herbivores: 

Attraction of insect parasitoid and predator by VOCs 

emitted from damaged plants has been well established. 

These interactions are specific to a particular insect plant 

interaction. Such as, Zea mays TPS10, is an herbivore-

induced volatile compound terpene synthase that forms (E)-

β-farnesene, (E)-α-bergamotene, and other sesquiterpenes in 

Arabidopsis thaliana, [14] which does not produce significant 

amounts of volatile terpenes which indicate that a single 

herbivore-induced gene from Z. mays is sufficient to 

produce this indirect defence. Cotesia marginiventris, a 

parasitoid of Spodoptera litura has been reported to be 

attracted to TPS10- producing A. thaliana. Damage by corn 

rootworm, Diabrotica virgifera larvae in maize roots 

induces the release of (E)-β- caryophyllene, which attracts 

the nematode, Heterorhabditis megidis that in turn feed on 

the larvae of D. virgifera [15]. VOCs can mediate both the 

direct and indirect effect at a time. Volatile release from 

Nicotiana attenuate can deter lepidopteron oviposition and 

also attract natural enemy [16]. By products of terpenoid 

pathway monoterpene, sesquiterpene and homoterpene play 

a crucial role in plant defence system [17]. 

 

 
 

Fig 2: Role of HIPVs in plant defense. HIPVs, Herbivore induced plant volatiles; POD, peroxidase; PPO, polyphenol oxidase; PAL, 

phenylalanine ammonia lyase; tyrosine alanine ammonia lyase; LOX, lipoxygenase; SOD, super oxide dismutase; APX, ascorbate 

peroxidase (7). 

 

Application strategy 

It has been frequently proposed that the volatile compounds 

that can mediate tritrophic interactions can be implemented 

for application in agriculture. Here, we take a closer look at 

five possible way. 

 Volatile compounds that affect arthropod foraging 

behaviour. 

 Apply inducing chemicals that alter the attractiveness 

of plants behaviour. 

 Breed for or otherwise create crops with enhanced 

volatile emissions. 

 Use companion plants that affect the attraction of pests 

and beneficials. 

 Develop odour sensors to monitor for pests and 

diseases. 

These strategies are not mutually exclusive and may be most 

effective when they are used in combination. These 

strategies will be more effective for pest control [4]. 

 

Concluding remarks and outlook 

The VOCs play an important role in host plant-herbivore-

natural enemy interactions, and have the potential for 

biological control & integrated pest management. 

Understanding of this such interactions mechanism will 

open up new way out for further studies on primary 

signalling cascades to the ecological consequences in 

various eco-systems. Further studies need to be performed 

to identify the volatile compounds that enhance the 

olfaction-directed behaviour of insect pests and their natural 

enemies to formulate strategies for developing varieties 
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strategy with constitutive and induced resistance to insect 

pests, and manipulation of such volatiles to attract the 

natural enemies of the crop pests for enhancing the 

effectiveness of bio-control agents for pest management (3). 
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