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INTRODUCTION

Plants and insects engage in one of the most intricate biological
relationships found in nature. Although plants cannot move
away from threats, they possess remarkable abilities to sense
environmental changes and communicate with neighbouring
organisms. Through the production of chemical signals, plants
can warn nearby plants of herbivore attack, attract natural
enemies of pests and alter their physiological defences. Insects
have evolved alongside plants and have become highly skilled
at interpreting these signals. Herbivorous insects can identify
host plants from considerable distances by detecting volatile
chemicals released into the atmosphere. Some insects can
distinguish between healthy, stressed and previously attacked
plants. Others use plant signals to synchronize feeding and
reproduction.

The concept of an "Insect Internet" refers to the
extensive network of information exchange among plants,
insects, microorganisms and environmental factors. Much like
the internet enables information transfer between computers,
plant signalling networks enable biological information to flow
through ecosystems. Insects utilize these signals to locate
avoid increase  survival.

resources, competition and

Understanding this invisible communication system is
increasingly important because insect pests cause substantial
losses in agricultural production worldwide. Knowledge of
plant insect communication can provide innovative tools for
sustainable pest management and reduce reliance on synthetic

pesticides.
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Plant Communication Systems
Plants  communicate  through
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1. Volatile organic compounds

multiple Root exudates

signalling pathways that operate both above and
below ground. Major communication systems
include:

Electrical signals
Hormonal signalling
Mycorrhizal networks

DA

Table 1: Major Plant Communication Mechanisms

Communication Method

Signal Type

Primary Function

Volatile organic compounds

Airborne chemicals

Warning and attraction

Root exudates

Soil chemicals

Root communication

Electrical signals

Electrical impulses

Rapid signalling

Hormonal pathways

Internal signals

Defence activation

Mycorrhizal networks

Fungal connections

Resource and information exchange

Volatile  Organic  Compounds: The predators, microorganisms and neighbouring
Language of Plants plants.

Volatile organic compounds (VOCs) are among Plants release hundreds of volatile compounds,
the most important plant signals used by including:

insects. The blend and concentration of VOCs
provide insects with detailed information about
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Table 2: Common Plant Volatile Compounds

Compound Group Examples Biological Role
Terpenes Limonene, pinene Attraction and defence
Aldehydes Hexanal Herbivore signalling
Alcohols Linalool Pollinator attraction
Esters Methyl salicylate Defence communication
Ketones Jasmonate derivatives Stress signaling

Pollinator

el
Predator
Insect pest

-

Plant
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Microbe
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Figure 1: Plant Volatile Signalling and Insect Response
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How Insects Detect Plant Signals

Insects possess highly sensitive sensory organs

capable of detecting minute concentrations of

plant chemicals. Some moth species can detect

plant volatiles at concentrations of only a few

molecules per billion air molecules.

1) Antennae: Antennae contain thousands of
olfactory receptors specialized for detecting
volatile compounds.

http://currentagriculturetrends.vitalbiotech.org

2) Maxillary Palps: These structures assist in
chemical perception during close range host
evaluation.

3) Gustatory Receptors: Taste receptors
located on mouthparts, legs and ovipositors
help insects assess plant quality.

Table 3: Sensory Structures Used by Insects

Structure

Function

Antennae

Long-distance odour detection

Maxillary palps

Chemical evaluation

Tarsi

Surface tasting

Ovipositor receptors

Host suitability assessment

Host Plant Location by Insect Pests

Locating a suitable host plant is essential for

survival and reproduction.

Insects use a sequence of cues:

% Long Distance Signals: Airborne volatile
compounds guide insects toward host plants.

% Intermediate Signals: Visual cues such as
colour, shape and canopy structure assist
navigation.

< Short Distance Signals: Surface chemicals

and plant texture determine final

acceptance.

Plant Stress Signals and Pest Attraction
Plants under stress often release unique
chemical signatures. Stress sources include:

X3

8

Drought
Nutrient deficiency
Mechanical injury

X3

*

X3

8

X3

8

Pathogen infection
Herbivore attack

X3

*

Many pests preferentially attack stressed plants
because their defences may be weakened.

Example: Bark beetles are attracted to volatile
compounds released by drought-stressed trees.
These signals help beetles identify vulnerable
hosts suitable for colonization. Figure 2.
Schematic representation of VOC mediated
communication among plants, beneficial

insects, herbivores, microorganisms and

environmental factors in agroecosystems.
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Figure 2: The Insect Internet in Agricultural Ecosystems
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Herbivore Induced Plant Volatiles

When insects feed on plants, damaged tissues
release herbivore induced plant volatiles
(HIPVs). These compounds serve several
functions:

1. Warning neighbouring plants

2. Attracting predators

3. Attracting parasitoids

4. Activating defence responses

Plant to Plant Communication

Research has demonstrated that plants can
communicate with neighbouring plants through
airborne chemicals. When attacked by
herbivores, plants release volatile compounds
that neighbouring plants detect. Receiving
plants often respond by:

% Producing defensive chemicals

% Strengthening cell walls

% Activating resistance genes

% Increasing toxin production

Example: Sagebrush plants damaged by
herbivores emit volatiles that induce defensive
responses in nearby tobacco plants.

Underground Communication Networks
Communication also occurs below ground.
Roots release chemical exudates that influence
neighbouring plants and soil microorganisms.
Mycorrhizal fungi form extensive underground
networks connecting plant roots.

% Insect Eavesdropping on Plant Signals

% Herbivore Eavesdropping

% Predator Eavesdropping

% Parasitoid Eavesdropping

% Collective Behaviour in Insect Pests

Some insects use plant signals to coordinate

group attacks.

1) Bark Beetles: Bark beetles combine plant
stress signals with aggregation pheromones
to coordinate mass attacks on trees.

2) Aphids: Aphids respond to plant quality
signals and population density cues when
selecting feeding sites.

3) Whiteflies:  Whiteflies
colonize  plants

preferentially
already
successful populations.

supporting
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Role of Plant Hormones in Defence

Signalling

Plant defence responses are regulated by

hormones. Major hormones include:

% Jasmonic Acid: Associated with defence
against chewing insects.

7

A

Salicylic Acid: Primarily involved in
pathogen resistance.

Ethylene: Coordinates stress responses.
Abscisic Acid: Regulates responses to
drought and stress.

R/
0’0

7
°

Advances in Chemical Ecology

Modern analytical tools have revolutionized the
study of plant-insect communication. These
methods enable scientists to identify signalling
compounds and understand their ecological
functions. Important technologies include:

% Gas chromatography

+ Mass spectrometry

% Genomics

+¢ Transcriptomics

¢ Metabolomics

% Artificial intelligence

Challenges in Understanding the Insect

Internet

Despite major advances, many questions

remain unanswered. These factors complicate

research and practical applications.

+ Signal Complexity: Plants emit hundreds of
compounds simultaneously.

< Environmental Variability: Temperature,
humidity and wind affect signal
transmission.

« Species-Specific Responses: Different
insects interpret the same signals differently.

« Evolutionary Dynamics: Communication
systems continually evolve.

Future Perspectives

Future research will increasingly focus on
decoding the biological internet connecting
plants and insects. The integration of chemical
ecology, biotechnology and digital agriculture
could transform pest management in the
coming decades. Promising developments
include:
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% Precision semiochemical deployment
% Al-assisted pest forecasting
% Smart agricultural sensors

CONCLUSION

The concept of the Insect Internet highlights the
remarkable complexity of communication
between plants and insects. Through volatile
organic compounds, hormonal pathways, root
exudates and underground fungal networks,
plants continuously exchange information
about environmental conditions and biological
threats. Insect pests have evolved sophisticated
mechanisms to intercept and interpret these
signals, enabling them to locate hosts, assess
plant quality and coordinate feeding activities.
At the same time, plants use these
communication networks to activate defences
and recruit natural enemies of herbivores.
Understanding this invisible information
system provides valuable insights into
ecological interactions and offers innovative
opportunities for sustainable pest management.
As scientific knowledge of plant insect
communication expands, harnessing these
natural signalling networks may become a
cornerstone of future environmentally friendly
agriculture.
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