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INTRODUCTION

Agricultural production worldwide faces significant
challenges from insect pests that damage crops, reduce yields
and threaten food security. According to estimates from
international agricultural organizations, insect pests are
responsible for annual crop losses ranging from 20 to 40 per
cent globally. Farmers have traditionally relied on chemical
pesticides to protect crops and maximize production. While
these products have contributed substantially to agricultural
productivity, their extensive use has generated numerous
ecological, economic and health concerns. Repeated pesticide
applications have accelerated the development of insecticide
resistance in many pest species. Furthermore, chemical
pesticides often affect non-target organisms, including
pollinators, predators, parasitoids, soil microorganisms, birds
and aquatic organisms. Environmental contamination of soil,
water and food products has become a major concern among
scientists, policymakers and consumers.

As awareness of sustainable agriculture grows, there
is increasing interest in biological alternatives that suppress
pests while minimizing environmental harm. Among these
alternatives, beneficial fungi and bacteria have emerged as
highly effective biological control agents. These
microorganisms occur naturally in ecosystems and play
essential roles in regulating insect populations.

Microbial  biological control utilizes living
microorganisms or their products to suppress pests. Unlike
broad-spectrum pesticides, microbial agents are often highly
specific and environmentally compatible. They target pests
through infection, toxin production, competition or induction
of host defences. Because they are naturally occurring
organisms, microbial agents integrate well into ecological
farming systems and Integrated Pest Management (IPM)
programs. The concept of fighting bad bugs with good
microbes represents a paradigm shift in pest management.
Rather than relying on repeated chemical applications,
farmers can harness naturally occurring biological processes
to maintain pest populations below economic thresholds.
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Understanding Microbial Biological Control
Biological control refers to the use of living
organisms to suppress pest populations. These
beneficial microbes function as natural enemies
of insect pests and pathogens. They infect, kill,
weaken or suppress pests while posing minimal
risks to humans and the environment. Microbial
control agents may occur naturally in
agricultural ecosystems or be mass-produced
and applied commercially. Microbial biological
control specifically involves microorganisms
such as:

e Bacteria
e Fungi
e Viruses

e Protozoa

Why Agriculture Needs Alternatives to
Chemical Sprays

Several factors have increased interest in
microbial pest management.

e Insecticide Resistance: Many pests
have evolved resistance to commonly
used insecticides, reducing the
effectiveness of chemical control
programs.

e Environmental Pollution: Chemical
residues can contaminate soil, water
and air,

negatively  affecting

ecosystems.

e Human Health Concerns: Pesticide
exposure can pose risks to farmers,
consumers and agricultural workers.

e Loss of Beneficial Organisms: Broad-
spectrum pesticides often eliminate
natural enemies and pollinators.

e Sustainable Agriculture Goals:
Modern agricultural systems
increasingly emphasize ecological
sustainability and reduced chemical
inputs. Beneficial microbes provide
solutions to many of these challenges.

Entomopathogenic Fungi: Nature's Insect
Killers

Entomopathogenic fungi are fungi capable of
infecting and killing insects. Unlike many
bacterial pathogens that must be ingested,
fungal pathogens can directly penetrate the
insect cuticle. This unique ability makes them
highly effective against numerous insect pests.
The infection process generally involves:
Spore attachment to the insect body.

e Germination of fungal spores.

e Penetration through the insect cuticle.

e Internal colonization.

e Toxin production.

e Death of the insect.

e Emergence of new spores.

Figure 1: Entomopathogenic Fungi Infecting Insect Pests.
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Major Entomopathogenic Fungi Used in
Agriculture

Several fungal species are widely used for pest
control.

1. Beauveria bassiana: Beauveria bassiana is
among the most extensively studied
entomopathogenic fungi. The fungus
penetrates the insect's body, multiplies
internally and eventually kills the host.
Commercial formulations are available
worldwide. It infects:

e  Whiteflies

e Aphids
e Thrips
e Beetles

e Caterpillars

2. Metarhizium anisopliae: The fungus
persists in soil and can provide long-term
suppression. Metarhizium anisopliae is
effective against:

e Termites

e Grasshoppers

e Beetles

e Weevils

e Soil-dwelling pests

3. Lecanicillium lecanii: It is commonly used
in greenhouse production systems. This
fungus is particularly effective against:

e Aphids
e  Whiteflies
e Scale insects
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4. Isaria fumosorosea: It is increasingly
incorporated  into  integrated  pest
management programs. This species
effectively suppresses:

o  Whiteflies
e Thrips
o Mealybugs

Beneficial Bacteria in Pest Management

Beneficial bacteria represent another important
category of microbial control agents. These

organisms suppress pests through toxin
production,  competition and  immune
disruption.

1. Bacillus  thuringiensis: The  most
successful bacterial biopesticide worldwide
is Bacillus thuringiensis (Bt). Bt produces
protein crystals that become toxic when
consumed by susceptible insects. Target
pests include:

e Lepidopteran caterpillars
e Mosquito larvae
e Beetles

2. Bacillus subtilis: Although primarily
known for disease management, Bacillus
subtilis contributes indirectly to pest
suppression by improving plant health and
inducing systemic resistance.

3. Pseudomonas fluorescens: This beneficial
bacterium colonizes plant roots and

stimulates  defensive responses that

enhance resistance to pests and pathogens

Table 1: Important Fungi and Bacteria Used in Biological Pest Control

Microorganism Type Target Pests Mode of Action
Aphids, whiteflies, . . .
Beauveria bassiana Fungus P . Direct infection
caterpillars
Termites, beetles, . .
Metarhizium anisopliae Fungus Cuticle penetration
grasshoppers
Lecanicillium lecanii Fungus Whiteflies, aphids Internal colonization
. Infection and toxin
Isaria fumosorosea Fungus Thrips, mealybugs .
production
Bacillus thuringiensis | Bacterium Caterpillars, beetles Gut toxins
Bacillus subtilis Bacterium | Various pests and diseases | Plant defence stimulation
Pseudomonas . Multiple pests and .
Bacterium pep Induced resistance
fluorescens pathogens
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How Beneficial Microbes Protect Plants
Microbial control agents protect crops through
multiple mechanisms.

e Direct Infection: Fungal pathogens
infect and kill insect pests.

e Toxin Production: Many bacteria
produce compounds toxic to insects.

o Competition: Beneficial microbes

- Siderophore production
- Enzymes
- Organic acids

compete with harmful organisms
for resources.

e Immune Activation: Certain microbes
stimulate plant defence pathways.

e Population Suppression: Long-term
establishment of microbial populations
can regulate pest densities. These
mechanisms often work together to
provide durable pest control.

@ wop/ - Friendly bacteria
-#m ~~ Neutral bacteria

¥ s Phytopathogenic bacteria

ojﬁ Phytopathogenic fungus

Figure 2: Beneficial Bacteria and Fungi in Integrated Pest Management.

Endophytic Microbes and Plant Defence

Some beneficial fungi and bacteria live inside
plant tissues without causing disease. These
microorganisms are known as endophytes.
Endophytes provide several benefits:

e Enhanced stress tolerance

e Increased nutrient uptake

e Improved growth

e  Qreater resistance to insects

Microbial Biocontrol in Integrated Pest
Management

Integrated Pest Management combines multiple
strategies to achieve sustainable pest control.
Using microbes within IPM reduces reliance on
chemical sprays and promotes long-term
sustainability. Microbial agents fit naturally
into IPM because they are compatible with:

e Biological control

e Cultural practices

Copyright © June, 2026; Sunshine Agriculture

e Resistant crop varieties
e Monitoring programs
e Selective pesticides

Applications in Major Crops

Rice: Microbial agents help manage:
e Rice stem borers
e Leaf folders
e Planthoppers

Cotton: Beneficial microbes suppress:
e Bollworms
e  Whiteflies
e Aphids

Vegetables: Tomato, cabbage and chilli crops
benefit from microbial control of caterpillars
and sucking pests.

Fruit Crops: Microbial products are
increasingly used in citrus, mango, apple and
grape production.
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Environmental Benefits

The use of fungi and bacteria provides
numerous ecological advantages.

¢ Reduced Chemical Residues

e Biodiversity Conservation

e Soil Health Improvement

e  Water Quality Protection

e Pollinator Safety

Economic Benefits

Microbial pest control can improve farm
profitability. Benefits include:
e Reduced pesticide costs
e Lower resistance management
expenses
e Improved crop quality
e Access to premium markets

e Sustainable production systems
Challenges in Microbial Pest Management

Despite their advantages, microbial agents face

several challenges.

e Environmental Sensitivity:
Temperature, humidity and ultraviolet
radiation affect microbial survival.

e Slower Action: Microbial agents
generally act more slowly than
chemical insecticides.

e Storage Requirements: Some
formulations require careful handling
and storage.

e Farmer Awareness: Limited
knowledge can restrict adoption.

o Regulatory Barriers: Registration
procedures may delay
commercialization. Addressing these
challenges requires research, education

and policy support.
Future Prospects

The future of pest management is likely to rely
increasingly on biological solutions. As
agriculture moves toward sustainability,
beneficial microbes will become central
components of pest management programs. The
integration of microbial agents with precision
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agriculture technologies may further improve
effectiveness and adoption. Emerging trends
include:

e Microbiome engineering

e Precision biological control

e Smart delivery systems

e (Combined fungal and bacterial

formulations
e (Climate-resilient microbial products

CONCLUSION

Beneficial fungi and bacteria represent
powerful tools for sustainable pest management
in modern agriculture. By harnessing naturally
occurring microbial interactions, farmers can
effectively suppress insect pests while reducing
dependence on  chemical  pesticides.
Entomopathogenic fungi such as Beauveria
bassiana and Metarhizium anisopliae, along
with bacterial agents such as Bacillus
thuringiensis and Pseudomonas fluorescens,
provide environmentally friendly alternatives
that protect crops without compromising
ecosystem health. These microorganisms
support biodiversity conservation, improve soil
quality, enhance plant resilience and contribute
to long-term agricultural sustainability.
Although challenges related to environmental
conditions, formulation stability and adoption
remain, ongoing advances in biotechnology and
microbial ecology are expanding the potential
of microbial biocontrol. The future of
agriculture will increasingly depend on these
good microbes to combat bad bugs, ensuring
food security while

environmental and human health.

safeguarding
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