ISSN (E): 2583 - 0821
Sun. Agri.:e- Newsletter, (2026) 6(7), 95-102

AGRICULTURE

e-Newsletter

Article ID: 634

The Gut Microbiome of Pests: A New Frontier for
Biopesticide Targeting

Swadhin Kumar Swain!”,
Shashikala B2, Swapnil Kumar
Pandey?, Lekshmi Jeeva
Kasiviswanathan?,

Ajay Kumar Yadav?®

"Research Scholar, Department of
Nematology, College of Agriculture,
Odisha University of Agriculture and

Technology, Bhubaneswar, Odisha

*Ph.D. Scholar, Division of
Entomology, ICAR-IARI, New Delhi
3 Assistant Professor, Faculty of
Agriculture, JNCT Professional
University, Bhopal
4Assistant Professor, Department of
Agricultural Entomology, College of
Agricultural Technology, Theni

SResearch Scholar, Department of
Entomology, School of Agricultural

Sciences, Nagaland University,
Medziphema Campus, Nagaland

Open Access

*Corresponding Author
swadhin Kumar Swain”

Available online at
www.sunshineagriculture.vitalbiotech.org

Article History

Received: 15.07.2026
Revised: 20.07.2026
Accepted: 25.07.2026

This article is published under the
terms of the Creative Commons
Attribution License 4.0.

INTRODUCTION
Modern agriculture is under increasing pressure to produce
more food while minimizing environmental impacts and
reducing dependence on synthetic pesticides. Although
chemical pesticides have contributed significantly to global
agricultural productivity over the past several decades, their
excessive use has resulted in pesticide resistance,
environmental contamination, biodiversity loss and adverse
effects on human health. Consequently, researchers are
exploring innovative and environmentally friendly
approaches to pest management that are both effective and
sustainable. One of the most promising emerging areas is the
study of the gut microbiome of insect pests and its potential
as a novel target for biological control.

The gut microbiome refers to the diverse community
of microorganisms including bacteria, fungi, archaea,
protozoa and viruses that inhabit the digestive tract of
insects. These microbial communities perform numerous
physiological functions that influence insect nutrition,
digestion, detoxification, immune responses, reproduction,
behavior and adaptation to environmental stress. Rather than
existing as passive inhabitants, gut microorganisms actively
interact with their insect hosts through complex biochemical
and molecular mechanisms that determine the overall fitness
and survival of the insect.

Advances in sequencing,
metagenomics, metabolomics and microbial ecology have

next generation

revolutionized our understanding of insect associated
microbial communities.
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Researchers now recognize that many
economically important insect pests depend
heavily on their gut microbiota for nutrient
acquisition, degradation of plant defensive
compounds, resistance to insecticides and
tolerance to environmental stresses. These
discoveries have shifted scientific attention
toward manipulating microbial communities as
an innovative pest management strategy.
Unlike conventional insecticides that directly
target the insect nervous system or
physiological processes, microbiome-based
approaches aim to disrupt the beneficial
interactions between pests and their symbiotic
microorganisms. Such interventions may
reduce insect survival, impair reproduction,
decrease resistance to pesticides and increase
susceptibility to biological control agents.
Because these methods exploit naturally
occurring biological relationships, they offer
opportunities for highly selective pest
management with reduced environmental
risks.

Growing interest in microbiome-based pest
management aligns closely with the principles
of integrated pest management, which
emphasizes ecological sustainability, reduced
pesticide dependence and conservation of
beneficial organisms. Understanding the
biology and ecological functions of insect gut
microorganisms therefore represents a new
frontier in agricultural biotechnology and
sustainable crop protection.

The Insect Gut Microbiome

The insect digestive system provides a
specialized habitat that supports diverse
microbial populations. The composition of the
gut microbiome varies considerably among
insect species depending on diet,
developmental stage, environmental conditions
and evolutionary history.

Most agricultural insect pests possess bacterial
communities dominated by members of the
phyla Proteobacteria, Firmicutes,
Actinobacteria and Bacteroidetes. Within these
groups, bacterial genera such as Enterococcus,
Pseudomonas, Serratia, Bacillus,
Enterobacter, Klebsiella, Lactobacillus and
Acinetobacter are frequently reported.
Fungal communities also contribute to gut
ecology by assisting digestion and producing
enzymes capable of degrading complex plant
materials. Certain yeasts synthesize essential
vitamins that support insect development.
Viruses and bacteriophages represent
additional components of the gut ecosystem.
These microorganisms regulate bacterial
populations and influence microbial diversity
through predator prey interactions.

The gut environment differs among insect
groups. Herbivorous insects feeding on leaves
often harbor microorganisms specialized for
cellulose degradation, whereas sap feeding
insects depend on symbiotic bacteria that
synthesize essential amino acids lacking in
plant sap. Predatory insects generally possess
less diverse microbiomes because animal
tissues provide relatively balanced nutrition.

Table 1. Major Microbial Groups Commonly Found in the Gut of Agricultural Insect Pests.

Microbial Group Representative Genera Major Biological Functions
Proteobacteria Enterobacter, Pseudomonas, Serratia | Digestion, detoxification, nutrient metabolism
Firmicutes Enterococcus,Bacillus, Lactobacillus Enzyme production, immune modulation
Actinobacteria Microbacterium, Corynebacterium Secondary metabolite production
Bacteroidetes Bacteroides spp. Polysaccharide degradation
Fungi Candida, Saccharomyces Vitamin synthesis and digestion
Bacteriophages Various species Regulation of bacterial populations
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Establishment and Transmission of Gut
Microbiota

Gut microorganisms originate from several
sources including soil, host plants, surrounding
environments and parental transmission.
Newly hatched larvae often acquire microbes
through feeding on plant tissues, egg surfaces
or contaminated environments.

Some insects maintain stable microbial
communities across generations through
vertical transmission. Others continuously
acquire microorganisms from their food
sources throughout development.
Environmental conditions strongly influence
microbial composition. Temperature,
humidity, pesticide exposure and host plant
diversity can significantly alter gut microbial
communities.

Dietary shifts also affect microbiome
composition. Polyphagous insects feeding on
multiple plant species often possess more
diverse microbial communities than specialists
restricted to one host plant.

Functional Roles of the Pest Gut
Microbiome

The gut microbiome performs numerous
essential functions that directly influence
insect biology and ecological success.
Nutrient Acquisition and Digestion

Plant tissues contain complex carbohydrates
such as cellulose, hemicellulose and pectin
that insects cannot efficiently digest using their
own enzymes alone. Gut microorganisms
produce cellulases, xylanases, pectinases and
other digestive enzymes that degrade these
compounds into absorbable nutrients.

ISSN (E): 2583 — 0821

Detoxification of Plant Defensive Chemicals

= Plants produce numerous defensive
compounds including alkaloids, phenolics,
terpenoids and glucosinolates to deter
herbivorous insects.

= Gut microorganisms assist insects by
degrading or  detoxifying  these
phytochemicals before they damage host
tissues.

Contribution to Energy Metabolism

= QGut bacteria improve nutrient extraction
efficiency and enhance metabolic
performance.

= Fermentation products generated by
microbial metabolism increase the
availability of energy rich compounds.

= Some microorganisms regulate
carbohydrate metabolism and lipid
storage, thereby influencing insect growth
rates and reproductive success.

Gut Microbiome and Insect Immunity

* The gut microbiome playsa central role in
maintaining insect immune homeostasis.

=  Beneficial microorganisms compete with
pathogenic bacteria for nutrients and
attachment sites, thereby preventing
pathogen colonization through competitive
exclusion.

= Certain gut bacteria stimulate immune
signaling pathways that enhance resistance
against microbial pathogens.

=  Microbial metabolites influence
production of antimicrobial peptides,
reactive oxygen species and immune
related enzymes.

Table 2. Functional Contributions of Gut Microorganisms to Insect Physiology.

Biological Function Contribution of Gut Microbiota
Digestion Production of digestive enzymes

Nutrition Vitamin and amino acid synthesis
Detoxification Degradation of plant defensive compounds
Immunity Activation of inmune pathways

Growth Enhanced nutrient absorption
Reproduction Hormonal and metabolic regulation
Environmentaladaptation | Stress tolerance
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Gut Microbiome and Insect Development

=  Microbial communities influence nearly
every developmental stage of insects.

= Larval growth depends heavily on
efficient nutrient digestion supported by
microbial enzymes.

=  Gutbacteria affect molting by regulating
nutritional balance and hormone
metabolism.

= Several studies have demonstrated
delayed larval development and reduced
adult emergence following disruption of
normal microbial communities.

=  Microbial symbionts also influence adult
longevity, mating behavior and fecundity.

= Some bacteria produce signalling
molecules that interact with insect
endocrine  systems and regulate
developmental processes.

= Because reproductive success directly
determines pest population growth,
targeting developmental symbioses
represents an attractive strategy for pest
management.

Influence of Environmental Factors on the

Gut Microbiome

=  Environmental conditions continuously
shape gut microbial communities.

= Temperature fluctuations alter bacterial
growth rates and species composition.

= Pesticide exposure may eliminate
beneficial microbes while favoring
resistant bacterial populations.

=  Host plant diversity strongly influences
microbial richness because different
plants introduce distinct microbial
communities and chemical compounds.

=  Agricultural practices including fertilizer
use, irrigation and crop rotation also
affect environmental microbial reservoirs
that colonize insects.

= Climate change may further alter insect
microbiomes by modifying temperature,
humidity and plant chemistry.

Copyright © July, 2026; Sunshine Agriculture

=  Understanding these environmental
interactions is essential for developing
microbiome-based pest management
strategies that remain effective under
diverse agricultural conditions.
Gut Microbiome and Insecticide Resistance
One of the most significant discoveries in
agricultural entomology during the past decade
has been the contribution of gut
microorganisms to insecticide resistance.
Traditionally, resistance was attributed
primarily to genetic mutations in insects that
altered insecticide target sites or enhanced
detoxification enzyme activity. Recent
research has demonstrated that gut
microorganisms can also participate directly in
the degradation and detoxification of
pesticides.
Several bacterial species isolated from
resistant insect populations possess enzymes
capable of metabolizing organophosphates,
pyrethroids, carbamates and neonicotinoids
before these chemicals reach their intended
physiological targets. These microbial
enzymes reduce pesticide toxicity, thereby
increasing insect survival.
Gut Microbiome as a Target for
Biopesticide Development
The growing understanding of insect microbial
ecology has inspired the development of
microbiome based biopesticides. Rather than
directly attacking insect tissues, these novel
approaches interfere with essential microbial
functions required for insect survival.
One strategy involves selectively eliminating
beneficial gut bacteria through highly specific
antimicrobial compounds. Removal of key
bacterial species can impair digestion, nutrient
acquisition and immune function, making
insects more vulnerable to environmental
stress and natural enemies.
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Table 3. Emerging Microbiome Based Biopesticide Strategies.

Interaction

Strategy

Mechanism

Potential Benefit

Selective antimicrobial
compounds

Removal of beneficial bacteria

Reduced digestion
and survival

Competitive microbial

Alteration of gut microbial balance

Lower insect fitness

replacement
. L . Highly specific
Bact h th Eliminat ft t bact
acteriophage therapy ination of target bacteria microbial control
. . . . . . . Reduced
Microbial metabolites Interference with physiological functions .
reproduction
Symbiont disruption Breakdown of nutritional partnerships Increa. s§c.1
susceptibility
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Figure 1. Schematic overview of the insect gut microbiome, its key functions and strategies

for biopesticide targeting.

Between Microbial

Biopesticides and the Gut Microbiome
Several commercially available microbial
biopesticides interact directly with insect gut
microorganisms.

Bacillus thuringiensis

The most successful microbial insecticide
worldwide is Bacillus thuringiensis (Bt).
Its insecticidal proteins damage the insect
midgut epithelium after ingestion.
Recent studies indicate that gut bacteria
influence Bt toxicity. In some insects,
beneficial bacteria enhance Bt infection by
accelerating gut tissue damage, whereas in
others microbial communities protect
insects against Bt through
modulation.

immune
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Understanding these interactions may
improve Bt formulations and increase their
effectiveness against resistant pest
populations.

Entomopathogenic Fungi

Fungi such as Beauveria bassiana and
Metarhizium anisopliae infect insects
through the cuticle but subsequently
interact with gut associated immune
responses.

Changes in gut microbial composition
following fungal infection influence
disease progression and insect mortality.

Entomopathogenic Nematodes

Nematodes release symbiotic bacteria after
entering insect hosts. These bacteria
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rapidly multiply within the insect body and
produce toxins that kill the host.

= Interactions between resident gut ]
microorganisms and introduced bacterial =
symbionts affect infection success and
disease development. ]
RNA Interference and Microbiome
Engineering =
= RNA interference has emerged as one of
the most promising technologies for highly ]
specific insect pest management.
= RNA interference functions by silencing .

target genes through double stranded RNA

molecules. Recent research suggests that

gut microorganisms can serve as delivery

systems for RNA interference. ]
= Engineered bacteria capable of colonizing

the insect gut may continuously produce

double stranded RNA targeting essential
insect genes.

This strategy offers several advantages.
The bacteria naturally persist within the
digestive tract.

Continuous RNA production prolongs
gene silencing.

Very small quantities of double stranded
RNA may achieve long lasting effects.
Microbial delivery systems reduce the
need for repeated pesticide applications.
Researchers are investigating genetically
modified gut bacteria that interfere with
insect digestion, reproduction, immunity
and detoxification pathways.

Although still under development,
microbiome mediated RNA interference
represents one of the most innovative
directions in sustainable pest management.

Table 4. Selected Agricultural Pests and Microbiome Functions.

Pest Species Major Gut Functions Potential Control Strategy
Spodoptera frugiperda | Digestion and detoxification | Microbiome disruption
Helicoverpa armigera | Plant toxin degradation Symbiont targeting

Plutella xylostella Insecticide detoxification Bacterial inhibition

Galleria mellonella Wax digestion and immunity | Model for microbiome research

Fall Armyworm
(Spodoptera frugiperda)

Digestion &

B Nutrition
Microbes help in
- N S - digesting complex
Approach: Microbiome PN e hariies

disruption, bacteriophage e ayifadising
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Figure 2. Major agricultural pests, key gut microbiome functions and potential microbiome-based
biopesticide interventions.
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Advantages of Microbiome Targeted

Biopesticides: - Microbiome based pest

management offers several important

advantages over conventional pesticides.

High Specificity: - Beneficial microorganisms

unique to particular insect species can be

targeted without affecting pollinators or
natural enemies.

Reduced Environmental Contamination: -

Because microbiome-based approaches rely on

biological interactions, they reduce chemical

residues in soil, water and food.

Lower Resistance Development: - Targeting

complex microbial ecosystems may slow

resistance compared  with
conventional insecticides that affect single
physiological targets.

Compatibility with Integrated Pest

Management: - Microbiome manipulation can

be combined with biological control, resistant

crop varieties and cultural practices.

Improved Sustainability: - Reduced

dependence on synthetic pesticides contributes

to biodiversity conservation and ecosystem
health.

Challenges and Limitations

+ Despite encouraging progress, several
challenges remain before microbiome-
based pest management becomes widely
adopted.

+ Microbial communities vary considerably
among insect populations, geographic
regions and host plants.

+ Seasonal environmental variation alters
microbiome composition, potentially
influencing treatment effectiveness.

+ Many beneficial microorganisms remain
unculturable underlaboratory conditions,
limiting experimental investigation.

+ Ecological interactions among microbial
species are highly complex and
incompletely understood.

+ Regulatory approval for genetically
engineered microbial products requires
extensive biosafety evaluation.

+ Public acceptance of microbiome
engineering technologies will depend on

evolution

Copyright © July, 2026; Sunshine Agriculture

transparent risk assessment and effective
communication.

+ Long term ecological monitoring is
essential to ensure that microbiome
manipulation does not unintentionally
affect beneficial organisms or ecosystem
functions.

CONCLUSION

The gut microbiome has fundamentally
changed scientific understanding of insect
biology and pest management. Rather than
functioning as isolated organisms, agricultural
pests exist as complex biological systems that
depend heavily on microbial partners for
nutrition, digestion, immunity, detoxification
and environmental adaptation. These
discoveries have opened an entirely new
frontier for biopesticide development. By
targeting beneficial microbial communities
rather than insect physiology alone,
researchers may develop highly selective and
environmentally sustainable pest management
strategies. Microbiome based approaches offer
promising alternatives to conventional
chemical pesticides while supporting the
principles of integrated pest management and
ecological  sustainability.  Technologies
including microbial manipulation,
bacteriophage therapy, RNA interference and
synthetic  biology provide innovative
opportunities for future agricultural pest
control.
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