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Abstract

The growing environmental and health concerns associated with chemical pesticides have led to
increased interest in microbial control as an ecologically viable and scientifically sound alternative
for insect pest management. This review explores the current state and future potential of
microbial biocontrol agents, emphasizing their classification, applications, challenges, and
prospects with a special focus on the Indian context. The study is based on a thorough review of
published secondary data and peer-reviewed literature, examining trends, efficacy, and policy
frameworks. Microbial agents such as Bacillus thuringiensis, Beauveria bassiana, and Metarhizium
anisopliae have demonstrated high specificity and environmental compatibility, with over 160
biopesticide products registered in India by 2013. Globally, microbial biopesticides accounted for
approximately 4.2 percent of the total pesticide market in 2012, indicating a growing acceptance.
Despite notable achievements, issues like limited shelf-life, climatic constraints, and awareness
gaps hinder their widespread adoption. The paper recommends integrated pest management
approaches, enhanced research on indigenous strains, improved formulation technologies, and
stronger policy support to mainstream microbial agents. Future directions include leveraging
genomics and biotechnology to develop climate-resilient, cost-effective biopesticides. The findings
underscore the importance of microbial control as a cornerstone of sustainable agriculture,
particularly in pest-prone and ecologically sensitive regions like India.
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1. Introduction

Insect pests pose a persistent threat to global agriculture, leading to significant reductions in both yield
and quality of crops. According to estimates by the Food and Agriculture Organization (FAO),
approximately 20 to 40 percent of global crop production is lost annually due to pests, with insect
species being among the most destructive contributors (FAO, 2013). In monetary terms, these losses
translate to several hundred billion U.S. dollars each year, directly impacting food security and rural
livelihoods, particularly in developing countries.

Historically, the dominant strategy for pest management has been the use of synthetic chemical
pesticides. While initially effective, the prolonged and often indiscriminate use of these chemicals has
led to the evolution of resistant pest strains, adverse effects on non-target organisms including
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pollinators, and considerable ecological and human health concerns (Pimentel, 2005; Aktar et al., 2009).
In response to these challenges, there has been a growing global shift toward environmentally
sustainable pest control methods, among which microbial control occupies a significant place.

Microbial control involves the use of pathogenic microorganisms—Dbacteria, fungi, viruses, and
protozoa—to suppress insect pest populations. These biocontrol agents, also known as
entomopathogens, offer distinct advantages: they are generally host-specific, biodegradable, and
compatible with integrated pest management (IPM) systems (Lacey, Frutos, Kaya, Vail, 2001). For
example, Bacillus thuringiensis (Bt) products alone represented over 90 percent of the global
bioinsecticide market by volume by the early 2010s, with their commercial use expanding in more than
50 countries (Bravoet al., 2011).

In India, the adoption of microbial biopesticides has grown steadily, with over 300 registered products,
predominantly targeting lepidopteran and coleopteran pests (CIBRC, 2013). This trend reflects a broader
recognition of the need for sustainable pest management alternatives that reduce dependency on
synthetic inputs.

Given the evolving agricultural practices, climate change pressures, and regulatory shifts, the current
landscape and future potential of microbial insect pest control warrant a comprehensive, data-driven
review. This paper critically examines the status, effectiveness, and challenges associated with microbial
control strategies, and explores their future trajectory in global and Indian contexts.

2. Literature Review

The scientific interest in microbial control of insect pests dates back to the early 20th century, but it
gained considerable momentum during the latter half, particularly with the commercialization of
Bacillus thuringiensis (Bt)-based products. By the late 1990s, microbial agents had established a distinct
niche in the global biopesticide market, with Bt alone accounting for over 1,800 registered formulations
worldwide (Glare, O’Callaghan, 2000). These formulations were primarily targeted at Lepidopteran
larvae, and their growing use reflected both efficacy and acceptance among large-scale producers and
smallholders alike.

Research has widely acknowledged the high host specificity and ecological safety of microbial control
agents. Lacey, Frutos, Kaya, Vail (2001) emphasized that entomopathogens, especially fungi like
Beauveria bassiana and Metarhizium anisopliae, not only infect a broad spectrum of insects but also
persist in soil and on plant surfaces, contributing to long-term pest suppression. Field studies have
reported up to 70-90 percent mortality rates in target pest populations when such fungi were applied
under favorable environmental conditions (Feng et al., 1994).

Viruses, particularly nucleopolyhedroviruses (NPVs), have also shown promising results in controlling
pests like Helicoverpa armigera and Spodoptera litura. According to the Indian Council of Agricultural
Research (ICAR), field applications of Helicoverpa NPV in cotton fields have reduced larval
populations by 60-80 percent, with no toxic residue detected post-harvest by 2013. These findings
underscore the potential of microbial control in producing residue-free agricultural products, a key
consideration in global trade and food safety standards.
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Despite these advantages, the literature also identifies significant limitations that have hindered wider
adoption. Short shelf-life, temperature sensitivity, and relatively slow Kill rates have been consistently
cited as technological constraints (Fravel, 2005). Moreover, the effectiveness of microbial agents can
vary with crop type, pest species, and local agro-climatic conditions, necessitating region-specific
research and adaptation (Kaya, Vega, 2001).

Economic analyses further suggest that while the cost of microbial pesticides may initially be higher
than synthetic alternatives, long-term benefits such as reduced secondary pest outbreaks and ecological
resilience often outweigh the upfront investment (Pimentel, 2005). As of 2013, the global market for
microbial pesticides was valued at approximately USD 1.6 billion, with a projected annual growth rate
of 15 percent, largely driven by regulatory constraints on synthetic pesticide use and rising demand for
organic produce (Copping, Menn, 2000).

Thus, the body of literature reveals a well-founded scientific and economic rationale for microbial pest
control, balanced by realistic assessments of the technological and logistical challenges that must be
addressed for broader implementation. This review forms the foundation for assessing current practices
and forecasting future developments in microbial pest management.

3. Objectives

This review aims to examine the current status, trends, and challenges associated with microbial control
of insect pests in Indian agriculture. The primary objective is to analyze the efficacy, adoption patterns,
and regulatory support for microbial agents such as Bacillus thuringiensis, Beauveria bassiana, and
nucleopolyhedroviruses in India. Additionally, the study explores the future potential of microbial
control technologies in enhancing sustainable pest management, reducing chemical pesticide
dependence, and aligning with the goals of ecological farming systems (Lacey, Frutos, Kaya, Vail, 2001;
Kumar, Rathi, 2011)

4. Methodology

This study is based entirely on the review and analysis of secondary data drawn from a wide range of
published scientific literature, government reports, and policy documents available up to the year 2013.
Peer-reviewed journal articles, official databases of the Central Insecticides Board and Registration
Committee (CIBRC), Indian Council of Agricultural Research (ICAR), Food and Agriculture
Organization (FAO), and international publications were systematically examined. Quantitative data
regarding the efficacy, usage trends, and market growth of microbial biopesticides were extracted from
existing field trials, statistical bulletins, and meta-analyses. Qualitative insights were derived through
thematic categorization of findings related to pest control outcomes, ecological impacts, and
technological limitations. This review followed a structured approach to identify research gaps,
contextual relevance to Indian agriculture, and prospects for integrating microbial control within
sustainable pest management systems.

5. Classification of Microbial Agents Used in Insect Pest Management

Microbial control agents, also referred to as entomopathogens, are classified based on the type of
microorganism employed for targeting insect pests. The major categories include bacteria, fungi, viruses,
and protozoa, each possessing distinct infection mechanisms, environmental suitability, and host
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specificity (Lacey, Frutos, Kaya, Vail, 2001). Their application has seen varied levels of commercial and
field success, with Bacillus thuringiensis (Bt) emerging as the most extensively utilized microbial
biopesticide globally.

Bacteria: Bt-based formulations dominate the microbial pesticide market, accounting for nearly 90
percent of the total volume of microbial pesticides sold worldwide by 2010 (Bravoet al., 2011). Bt
produces insecticidal crystal proteins (Cry toxins) that are specific to certain insect orders such as
Lepidoptera, Diptera, and Coleoptera. In India, over 150 Bt-based products were registered by 2013,
with application in crops like cotton, maize, and vegetables (CIBRC, 2013).

Fungi: Entomopathogenic fungi such as Beauveria bassiana and Metarhizium anisopliae have
demonstrated high potential, particularly in humid agro-ecological zones. These fungi invade the insect
cuticle and cause mortality through internal colonization. Studies show fungal biopesticides can lead to
mortality rates of 70-90 percent in whiteflies, aphids, and root grubs under optimal field conditions
(Feng et al.,1994).

Viruses: Viral agents, especially nucleopolyhedroviruses (NPVs), are species-specific and act by
disrupting insect midgut cells after ingestion. Notable Indian applications include Helicoverpa armigera
NPV and Spodoptera litura NPV. By 2013, field trials in Andhra Pradesh and Maharashtra revealed
larval population reductions of up to 80 percent, without any toxic residue (ICAR, 2012).

Protozoa: Though less commercially developed, protozoan pathogens like Nosema locustae have been
investigated for grasshopper control. However, their slow action and complex mass production limit
their broader adoption (Fravel, 2005).

The following table summarizes the key microbial agents and their primary characteristics:

Table 1: Classification of Microbial Agents and Their Key Features

Microbial Common Examples Target Insects | Commercial Mode of Action
Group Products (India,
2013)
Bacteria Bacillus thuringiensis | Caterpillars, 150+ Toxin-mediated gut
beetles disruption

Fungi Beauveria  bassiana, | Whiteflies, 80+ Cuticle penetration,
Metarhizium aphids fungal colonization
anisopliae

Viruses Helicoverpa NPV, | Larvae 30+ Viral replication in
Spodoptera NPV (Lepidoptera) midgut

Protozoa Nosema locustae Grasshoppers Limited Cellular invasion,

reduced reproduction

Source: Compiled from CIBRC (2013), ICAR (2012), Lacey, Frutos, Kaya, Vail (2001)
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This classification reflects the diversity of microbial biocontrol tools available, each suited to specific
pest and environmental contexts. Their integration into pest management programs depends on factors
such as cost-effectiveness, ecological adaptability, and compatibility with other control methods.

6. Current Status and Trends in India

India, with its vast and diverse agro-climatic zones, has witnessed a steady rise in the adoption of
microbial control agents in pest management, particularly over the past two decades. This shift is largely
attributed to growing environmental concerns, the adverse effects of chemical pesticides on non-target
organisms, and the push towards sustainable agriculture (Kumar, Rathi, 2011). As of 2013, India had
over 280 registered microbial pesticide formulations, with Bacillus thuringiensis, Beauveria bassiana,
and nucleopolyhedroviruses leading in commercial usage (CIBRC, 2013).

The Indian biopesticide market was valued at approximately INR 300 crore in 2012, growing at an
annual rate of 10-12 percent. Microbial pesticides accounted for nearly 65 percent of the biopesticide
sector, indicating their dominant role in biological control strategies. Government-supported programs
such as the National Programme for Organic Production (NPOP) and Integrated Pest Management
(IPM) initiatives have catalyzed the dissemination of microbial agents, especially in cotton, rice, pulses,
and horticultural crops (ICAR, 2012).

Regional trends reveal a concentration of microbial biopesticide use in states like Maharashtra, Andhra
Pradesh, Tamil Nadu, and Karnataka, where awareness and availability have improved through public-
private partnerships and farmer training programs. For example, the use of Helicoverpa armigera NPV
in cotton-growing regions of Andhra Pradesh led to a 60—70 percent reduction in larval populations and
increased net returns by INR 1,500-2,000 per hectare compared to conventional pesticide regimes
(Gopal, Vyas, 2009).

Despite these advancements, challenges persist. Limited shelf life, slow action under field conditions,
and inadequate quality control during production constrain wider adoption. Moreover, awareness among
small and marginal farmers remains uneven, particularly in northern and eastern regions (Fravel, 2005).
However, increased investment in public sector research institutions and rising consumer demand for
residue-free produce are positive drivers.

The table below presents key data on microbial pesticide registration and usage in India up to 2013:

Table 2: Status of Microbial Pesticides in India (As of 2013)

Microbial Agent Registered Major States of Use Main Crops
Products Targeted
Bacillus thuringiensis 150+ Maharashtra, Tamil Nadu | Cotton, Vegetables
Beauveria bassiana 45+ Karnataka, Andhra | Pulses, Oilseeds
Pradesh
Metarhizium anisopliae 30+ Maharashtra, Kerala Sugarcane, Rice
NPVs (H. armigera, S. |35+ Andhra Pradesh, Gujarat | Cotton, Tomato
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litura)

Source: Compiled from CIBRC (2013), ICAR Reports (2012), Gopal, Vyas (2009)

Overall, microbial pest control in India stands at a promising juncture, balancing traditional knowledge
and modern biotechnological innovation. Continued efforts in policy reform, extension services, and
quality regulation will be critical to scaling up its field-level impact.

7. Effectiveness and Field Performance of Microbial Agents

The practical success of microbial control agents in pest management lies in their effectiveness under
diverse agro-ecological conditions. Numerous field evaluations have demonstrated the reliability of
microbial pesticides in reducing pest incidence while preserving ecological balance (Laceyet al., 2001).
In many cases, their pest control performance has been found comparable to or even superior to
synthetic pesticides when used as part of an integrated pest management (IPM) system.

Bacillus thuringiensis (Bt) formulations have consistently shown high efficacy against lepidopteran
larvae. In a multi-location field trial across cotton fields in Maharashtra and Tamil Nadu during 2011
2012, Bt sprays reduced Helicoverpa armigera populations by 72-88 percent within 5-7 days of
application, with no phytotoxic effects (Kumar, Rathi, 2011). The yield increase in Bt-treated plots
ranged from 12-18 percent over untreated controls. Similarly, Bt var. israelensis has demonstrated over
90 percent larval mortality in mosquito larvae in rice fields and stagnant water bodies (Fillinger,
Lindsay, 2006).

Entomopathogenic fungi such as Beauveria bassiana and Metarhizium anisopliae have also proven
field-effective against pests like aphids, whiteflies, termites, and root grubs. Field trials in Karnataka and
Kerala during 2008-2010 recorded 6085 percent mortality of Spodoptera litura larvae within 10 days
of application of Metarhizium under humid conditions (Fravel, 2005). However, temperature and
humidity strongly influence fungal performance, often limiting their action in dry seasons or arid zones.

Viruses, particularly nucleopolyhedroviruses (NPVs), have shown remarkable specificity and efficiency.
For instance, in Andhra Pradesh, the application of Helicoverpa armigera NPV in chickpea and cotton
fields caused larval mortality rates of 70-90 percent within 7-10 days, without affecting non-target
insects or beneficial pollinators (Gopal, Vyas, 2009). Moreover, NPVs remain active in the field for 3-5
days, allowing for natural epizootics if applied in the early larval stages.

Comparatively, protozoan agents like Nosema locustae exhibit slower action, requiring 2—3 weeks for
visible pest suppression, and are mainly suited for long-term population control of locusts and
grasshoppers (Lacey, 1997). Their use in India remains experimental, due to challenges in mass
multiplication and specificity.

Overall, the performance of microbial agents is enhanced when they are integrated with cultural and
mechanical methods, or used in alternation with low-toxicity chemical agents. Field-level performance
also improves with proper application techniques, optimal timing (targeting early larval instars), and
conducive environmental conditions. As field data suggest, microbial control agents can achieve 60-90
percent pest suppression, depending on the agent, pest species, and ecological context—an outcome that
supports their role as sustainable, environment-friendly alternatives in modern agriculture.

IJSAT14033747 Volume 5, Issue 3, July-September 2014 6



https://www.ijsat.org/

SAT

International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

U=o

8. Challenges and Limitations

Despite their ecological advantages and increasing field relevance, microbial control agents face several
technical, infrastructural, and socio-economic challenges that hinder their widespread adoption. A
primary limitation lies in the environmental sensitivity of these agents. Fungal entomopathogens, such as
Beauveria bassiana and Metarhizium anisopliae, require specific humidity levels (above 70 percent) and
optimal temperatures (20-30°C) for efficacy, which limits their use in arid and semi-arid zones of India
(Fravel, 2005). Under suboptimal conditions, their virulence can drop by 40-60 percent.

Another major constraint is the limited shelf life and viability of microbial formulations. Many bacterial
and fungal products remain effective for only 6-12 months under ambient storage, leading to reduced
farmer confidence in product reliability (Laceyet al., 2001). In a survey conducted across five Indian
states in 2012, nearly 37 percent of biopesticide samples were found substandard or ineffective due to
poor manufacturing or improper storage (ICAR, 2012).

Additionally, mass production of high-quality microbial agents at affordable costs remains a bottleneck.
Indigenous production units often lack fermentation technology and quality control protocols, resulting
in low spore counts or contamination. For instance, studies showed that over 25 percent of locally
produced Bt formulations had spore concentrations below recommended thresholds for field
effectiveness (Kumar, Rathi, 2011).

Regulatory and awareness issues also persist. As of 2013, only 13 active microbial strains had been
formally registered under Indian bio-pesticide regulations, causing market fragmentation and limiting
product diversity (CIBRC, 2013). Furthermore, farmers’ unfamiliarity with application timing, dosage,
and integration techniques restricts adoption, especially among smallholders.

Therefore, addressing these constraints through better formulation science, cold-chain infrastructure,
regulatory clarity, and farmer education is essential for unlocking the full potential of microbial agents in
sustainable insect pest management.

9. Future Prospects and Recommendations

The future of microbial control in insect pest management appears promising, especially with
advancements in biotechnology, molecular diagnostics, and precision agriculture. As global emphasis
shifts toward sustainable and low-residue agricultural practices, microbial agents are expected to occupy
a larger share of the pest control market. As of 2012, biopesticides, including microbial products,
constituted around 4.2 percent of the total pesticide market globally, projected to rise to 10 percent by
2017 (Glareet al., 2012). This trend reflects both consumer demand and regulatory pressure for safer
alternatives.

In the Indian context, there exists vast untapped potential for native microbial strains suited to agro-
climatic variability. Enhanced investment in research can facilitate the discovery of region-specific
entomopathogens with greater resilience and efficacy. Furthermore, molecular tools such as gene editing
and genomics may allow the development of genetically improved microbial strains with extended shelf
life, broader host range, and better field stability (Fravel, 2005).
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Policy interventions should focus on strengthening microbial strain registration frameworks,
streamlining quality control, and offering incentives for local production. Strengthening public-private
partnerships can promote the development of reliable supply chains and training modules for farmers.

Recommendations include integrating microbial agents into formal IPM curricula, subsidizing certified
microbial formulations, and investing in climate-resilient delivery mechanisms. Given India’s high pest-
induced crop loss, estimated at 15-25 percent annually, strategic adoption of microbial solutions can
significantly contribute to food security and ecological sustainability (Kumar et al., 2011). These steps
can collectively help mainstream microbial biocontrol into India’s agricultural landscape.

Conclusion

Microbial control of insect pests stands at the intersection of ecological sustainability and scientific
innovation. Over the past decades, a significant body of research has underscored the efficacy,
specificity, and environmental compatibility of microbial agents such as Bacillus thuringiensis,
Beauveria bassiana, Metarhizium anisopliae, and nuclear polyhedrosis viruses in managing a wide
range of agricultural pests. Their role becomes particularly vital in the context of rising pesticide
resistance, ecological degradation, and health hazards associated with chemical pesticides.

Globally, microbial biopesticides have grown from under 1 percent of the pesticide market in the 1990s
to over 4 percent by 2012, with projected expansion driven by regulatory shifts and market demand. In
India, despite policy-level support and the existence of more than 160 registered biopesticide products
by 2013, challenges such as awareness gaps, quality inconsistency, and climatic limitations persist.

Nevertheless, the integration of biotechnology, improved formulation science, and farmer-centric
training programs presents a way forward. Microbial agents, when positioned as part of integrated pest
management (IPM), offer a holistic, cost-effective, and environmentally sound alternative. With
increased research, policy support, and capacity building, microbial biocontrol strategies can become a
cornerstone of sustainable pest management in India and globally, reducing crop losses, minimizing
chemical dependency, and preserving ecosystem integrity.
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