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harbor
microorganisms which includes bacteria, fungi, and viruses
that reside primarily in their digestive tracts. These
microbiomes influence host nutrition, physiology, immunity,
behavior, adaptation to environments and interactions with
plants and pesticides. Understanding insect - microbiome
interactions have wide implications for sustainable pest
management and agricultural productivity. Insects represent
the most diverse animal group on Earth, occupying nearly
every ecological niche. Their ecological success is closely
linked to associations with microbial symbionts collectively

Insects complex  communities  of

referred to as the microbiome which play vital roles in host
survival, nutrition, and adaptation
pressures.

to environmental

The insect microbiome refers to the community of
microorganisms that live on or within an insect’s body,
particularly in the gut, where they interact with the host
through  mutualistic, commensal, or pathogenic
relationships. Insect microbiomes vary widely among species,
life stages, and diets. Gut bacterial communities are shaped
by both environmental sources (Soil and plant-associated
microbes often contribute to gut communities in herbivorous
insects) and hostspecific selection mechanisms (gut structure,
pH, and immune factors shape microbial assemblages and
determine which microbes persist within host tissues) that
filter microbes into specialized gut compartments.

Role of Insect Microbiomes

» Nutrition and Digestion: Microbiota facilitate
digestion of complex plant polymers and nutrient
acquisition, allowing insects to exploit a wider variety
of food sources than they could alone.
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» Detoxification and Xenobiotic Breakdown: Gut
bacteria harmful compounds,
including plant and pesticides. Some
symbionts regulate detoxification enzymes, helping
insects tolerate chemical stressors.
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Fig. 2. Contribution of insect gut microbiota and their
associated enzymes in insect physiology and
biodegradation of pesticides

» Immune Modulation: Microbial communities often
contribute to defense against pathogens by
stimulating host immune responses or through
direct competition with harmful microbes.

» Influence on Host Behavior and Ecology:
Microbiomes can indirectly affect host insect
behavior, plant-insect interactions, and ecological
fitness by modulating nutrient

communicating through chemical cues.

signals  or

» Insect-Plant-Microbiome Interactions: The gut
microbiota plays a pivotal role in the tripartite
relationship among insects, plants, and their shared
microbiomes:

o Plant preference and feeding: Microbial
metabolites can influence insect feeding choices and
host plant adaptation.

D Plant physiology: Insect-associated bacteria can
be deposited on plants during feeding, altering plant
defense pathways and signaling processes such as
salicylic acid (SA) and jasmonic acid (JA) signaling.

Fig. 1. Impact of gut micro biota on insect biology and * Trophic interactions: Microbial interactions
physiology modulate volatile organic compound (VOC)
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emissions from plants, affecting attraction of natural
enemies or pollinators.

Modern methods such as 16S rRNA sequencing,
metagenomics, and comparative genomics have expanded
our understanding of microbial diversity and functions
within insect hosts. These genomic tools enable researchers
to identify key microbial taxa and functional genes linked to
detoxification, nutrient processing, and
networks.

interaction

Applications in Sustainable Agriculture include
Manipulating insect microbiomes offers eco-friendly pest
options include  Symbiont-mediated RNA
interference (RNAi) (microbes engineered to deliver pest-
targeting dsRNA in insect guts) and Paratransgenesis
(genetically modified symbionts used to reduce pest fitness or
pathogen transmission) and introducing or enriching
beneficial microbial communities can improve pollinator
health and biological control agents, thereby increasing their
resilience and ecological performance.

control

Challenges and Future Directions

Despite rapid progress, several challenges remain
viz., insect microbiomes vary across species, diets, and
environments, making broad applications difficult; the
molecular basis of many host-microbe interactions is still
poorly understood and scaling microbiome-based solutions
for field application requires interdisciplinary research
bridging entomology, microbiology, and crop sciences.

Insect-microbiome interactions are integral to insect
biology, ecology, and adaptation. These symbiotic
relationships shape host nutrition, behavior, plant
interactions, and responses to chemical stressors like
pesticides. Advancements in high-throughput sequencing
and microbial engineering open new frontiers for sustainable
pest management and agricultural innovation. Leveraging
microbiomes promises strategies that are not only effective
but also environmentally responsible.
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