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Introduction

Plant volatiles have emerged as potent tools in
the field of insect pest management, offering
sustainable and eco-friendly alternatives to
traditional chemical approaches. This review
explores the intricate relationship between

Chemical Ecology of Plant-Insect Interactions

Understanding the intricate web of chemical
signals exchanged between plants and insects is
fundamental to leveraging plant volatiles in pest
Plants release  volatile
compounds as a form of
communication, influencing insect behavior

management.
chemical

and serving as cues for various ecological

interactions. Understanding the chemical
diversity of plant volatiles is essential for
designing effective pest management strategies.
Attractants and Repellents
e Plant volatiles can function as attractants or
repellents, depending on the specific
compounds emitted. By identifying and
manipulating these compounds, researchers

can develop strategies to lure pests away

plants and insects, focusing on the role of plant
volatiles in deterring, attracting, and disrupting
the behavior of pest species. Also plant volatiles
can be harnessed to mitigate insect pest damage
and enhance sustainable agricultural practices.

from crops or deter them from settling,

providing a non-invasive and
environmentally friendly approach to pest

control.
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Figure 1 : Repellent and attractant plant near
main crop
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e In push-and-pull intercropping approaches
for plant protection, volatile organic
compounds (VOCs) play a crucial role.
This strategy, pioneered by Pyke et al.
(1987), involves the use of repellent plants
that emit VOCs to 'push’ insects away from
the main crop, along with attractant plants
that emit VOC:s to "pull’ insects to the field's

Attractants for Natural Enemies

e In addition to repelling pests, plant volatiles
play a pivotal role in attracting natural en
emies, such as predators and parasitoids.
By releasing specific blends of volatiles,
plants can signal the presence of
herbivorous insects to their predators,
creating a dynamic and natural form of
biological control within ecosystems.

e Plants release higher amounts of volatile
compounds when subjected to insect
feeding, a response initiated by the
interaction between elicitors, like volicitin
found in the oral secretions of herbivorous
insects, and damaged plant tissue. These
emitted volatile semiochemicals serve as
signals, aiding natural enemies such as
parasitoid wasps in locating their
herbivorous hosts.

Trap Cropping and Companion Planting

Trap Cropping : The trap crop is usually more

attractive to pests than the main crop. Pests are

drawn to the trap crop, reducing the damage
they cause to the main crop.

A trap crop system is typically designed to draw

agricultural pests, mainly insects, away from

the primary crop. For instance, in fields

growing  onions  (Allium  cepa L.

(Amaryllidaceae)), populations of Thrips tabaci

Lindeman (Thysanoptera: Thripidae), a

significant onion pest, can be controlled by

implementing buckwheat (Fagopyrum
esculentum Moench (Polygonaceae)) as a trap
crop. Moreover, a combination of two trap crop
species, such as sunflower (Asteraceae) and
grain sorghum (Poaceae), can attract insect
pests more efficiently, as observed in their
ability to divert brown marmorated stink bugs
(H. halys) away from bell peppers. Indeed, the

outer edges. Additionally, Wenig et al.
(2019) demonstrated that VOCs can induce
resistance against microorganisms in
nearby plants. The presence of airborne
defense cues from companion plants, as
suggested by dashed arrows, may
potentially prime the defenses of the main
crop against microbial pathogens.

Systemic volatile reloase
.

. = \v" ®

.
.
- ,-5 E Mg’

- .2 4
0\ p >

R g

..,(m 'Y
L] = —_

o y -

e {

Molicitin —Wounding

Wounding

v

e

\\ » g A f

Octadecanc

\\¥/ _d

Figure 2 : Attract natural enemies by using
plant volatile

sequential planting of additional trap crops can
prolong the period during which insect pests
find them attractive.
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Figure 3 : Marigold or cucumber is frequently
employed as a trap crop in tomato cultivation to
attract tomato fruit borers (Helicoverpa
armigera).

[Ecofarming, Vol. 04(02): 88-92, 2024]

89



Ecofarming (e-Magazine)

fdJAgriculture

Companion Planting : Companion planting

involves planting different crops together

(intercropping) in a way that provides mutual

benefits such as pest control, enhanced nutrient

uptake, or improved growth. Pairing onions,
particularly cultivating spring onions, alongside
carrots is a well-established practice favored by
numerous gardeners. The fragrance of onions
acts as a deterrent for carrot root flies,
protecting the carrots in companion planting.

Simultaneously, the aroma of carrots aids in

deterring onion flies from the onions, making it

a mutually advantageous combination.

Semiochemical-Based Traps and Monitoring

The development of semiochemical-based traps

that mimic plant volatiles has shown promise in

monitoring and managing insect populations.

These traps can be used to detect pest presence,

assess population dynamics, and even serve as

a targeted control method by selectively

attracting and trapping specific pests. Plant

volatiles act as semiochemicals, influencing the
behavior of both pests and their natural
predators. By manipulating these chemical
cues, researchers and farmers can develop eco-
friendly pest management approaches.

Utilizing semiochemicals in traps or lures helps

disrupt pest mating patterns and reduce overall

population density.

a) Monitoring Rhainds et al. (2016)
employed a monitoring approach to assess
the abundance of male spruce budworms

fumiferana  Clemens,

Lepidoptera: Tortricidae) in Canada using

(Choristoneura

pheromone-baited traps. Similarly, this
method was utilized for evaluating the
population of the date moth
(Batrachedra amydraula Meyrick,
Lepidoptera: Batrachedridae) in studies
conducted by Levi-Zada et al. (2018).

b) Mass trapping : In recent times, the
utilization of this method has proven to be

lesser

a successful strategy in the control of the
Japanese beetle, Popillia japonica
Newman (Coleoptera: Scarabaeidae), as
indicated by Pifiero and Dudenhoeffer in
2018.

¢)

d)

Figure 4: Onion and carrot intercropping

Attract and Kkill : The attract-and-kill
strategy involves trapping and concurrently
eliminating captured pests. Research on
this tactic has focused on its application for
extended pest management, addressing
issues such as the Egyptian cotton
leafworms, codling moths, biting flies,
apple maggots, and bark beetles.
Additionally, it has been employed in
efforts to eradicate invasive species like
boll weevils and tephritid fruit flies, as
documented in studies by Phillips (1997),
Prokopy et al. (2000), Stelinski and Liburd
(2001), and El-Sayed et al. (2009).
Mating disruption : Four
disruption
consideration:
(i) Competitive attraction (False trail
following) where semiochemical
substances divert male attention away

mating

mechanisms  are  under

from wild females by leading them on
a false trail.

rrrrrrr e Female

Pheromone

dispenser .-----¢ Pheromone plume

PR o -eeoo-e Male

figure 5 : False trail following
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(ii))Confusion of  males
(camouflage) achieved
through the saturation of
the environment with
semiochemical substances,

resulting in erratic flight
patterns and the failure to
locate females, thereby
impeding mating.

e e Pheromone plume

Male
figure 6 : Camouflage

(ili)  Sensory desensitization :
involving the adaptation of the male
antennal receptor system or the
habituation of the central nervous
system due to prolonged exposure to
substances ~ with
continuous high  background
concentration; and finally,

Figure 7 : Sensory desensitization

semiochemical

(iv) Disguise (emigration of males prior to mating) : where males emigrate from an area in
response to an excess of pheromones, rendering them unavailable for mating with virgin females.
These mechanisms, as outlined by Barclay and Judd (1995) and Mafra-Neto et al. (2014).
Contribute to the application of mating disruption as a potential control strategy for lepidopteran

pests.

figure 8 :
Emigration of
males prior to
mating

---o Pheromone

d

Induced Plant Defences

In response to insect herbivory, plants can
release volatiles that signal neighbouring plants
to activate their defence mechanisms. This
induced resistance can be exploited in pest
management strategies, priming crops to better
fend off potential threats and reducing the
reliance on chemical pesticides.
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Figure 9 : Systemic signals from infected to healthy plant
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Challenges and Future Prospects
Despite the promising advancements in
utilizing plant volatiles for insect pest
management, challenges remain. Factors such
as the specificity of volatile compounds, their
stability in diverse environments, and
scalability issues need to be addressed.
Ongoing research aims to overcome these
Conclusion
Plant volatiles represent a rich source of
potential  for sustainable insect pest
management. Their multifaceted roles in
deterring pests, attracting natural enemies, and
trapping
underscore the importance of understanding
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