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Sustainable agriculture aims to maintain long-term productivity while protecting the
environment and supporting farmers' economic stability. The excessive use of synthetic
pesticides in modern farming has led to several negative effects. These include environmental
pollution, pest resistance, the destruction of beneficial organisms, and health risks from
pesticide residues in food. In light of these issues, biopesticides and botanical insecticides
have emerged as promising eco-friendly alternatives for managing pests. These natural
products come from microorganisms, plants, and other biological sources. They are known
for their specific action against targets, biodegradability, and low toxicity to non-target
organisms. They play an important role in Integrated Pest Management (IPM) systems by
reducing reliance on chemical pesticides. This article offers an overview of the types, modes
of action, benefits, drawbacks, and future prospects of biopesticides and botanical
insecticides in sustainable agriculture.

Introduction

The Green Revolution was a major turning point in agricultural development. It increased
crop yields through high-yield varieties, fertilizers, irrigation, and chemical pesticides.
However, the long-term use of synthetic pesticides has caused several ecological and health
issues. These problems include soil, water, and air contamination, the rise of pest resistance
to insecticides, the loss of beneficial organisms like predators and pollinators, and the buildup
of harmful pesticide residues in food. Such concerns have raised alarms about environmental
sustainability and human health. Sustainable agriculture seeks to tackle these challenges by
promoting farming practices that are safe for the environment, economically viable, and
socially acceptable. In this context, biopesticides and botanical insecticides have become
important parts of eco-friendly pest management strategies. Their use supports sustainability
by minimizing environmental harm while ensuring effective pest control.

Biopesticides: Definition and Types

Biopesticides are pest control agents made from biological sources like microorganisms,
plants, animals, and some minerals. They provide an alternative to traditional chemical
pesticides by offering environmentally friendly pest management solutions.

Types of Biopesticides

a) Microbial Biopesticides

Microbial biopesticides are sourced from microorganisms such as bacteria, fungi, viruses, and
protozoa that can infect and kill insects. For instance, Bacillus thuringiensis (Bt) is a widely
used bacterial biopesticide known for its toxins that specifically target caterpillars. Beauveria
bassiana is a fungal pathogen effective against various insect pests. The Nuclear
Polyhedrosis Virus (NPV) targets lepidopteran larvae. These microbial agents are specific
and pose minimal risks to non-target organisms.
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b) Biochemical Biopesticides

Biochemical biopesticides consist of naturally occurring substances that manage pests
through non-toxic methods rather than direct poison. They include pheromones, plant
extracts, and other natural compounds. Pheromones are utilized in pest management for
mating disruption, mass trapping, and monitoring pest populations. They interfere with insect
communication, slowing reproduction and population growth.

c) Plant-Incorporated Protectants (PI1Ps)

Plant-Incorporated Protectants (PIPs) are pest-fighting substances produced by genetically
modified plants. These plants are designed to express specific genes that produce proteins
harmful to certain pests. For example, Bt crops contain genes from Bacillus thuringiensis,
allowing them to generate insecticidal proteins that protect against particular pests. PIPs
reduce the need for outside pesticide applications and offer continuous protection during the
growth period.

Botanical Insecticides

Botanical insecticides are natural substances made from various plant parts like leaves, seeds,
roots, bark, and flowers. They have been used in traditional agriculture for centuries due to
their effectiveness and safety.

Common Botanical Insecticides

Neem (Azadirachta indica)

Neem is one of the most popular botanical insecticides. It contains azadirachtin, which acts as
an antifeedant, repellent, and insect growth regulator. Neem products interfere with feeding,
molting, and reproduction in insects, making them effective against numerous pests.
Pyrethrum (Chrysanthemum cinerariifolium)

Pyrethrum is a natural insecticide from chrysanthemum flowers. It acts as a fast-acting
neurotoxin affecting the nervous system of insects, leading to paralysis and death. It is
effective against a wide range of pests.

Tobacco (Nicotiana tabacum)

Tobacco contains nicotine, a strong neurotoxin impacting the insect nervous system. While
effective, its use has decreased due to safety concerns.

Rotenone (Derris spp.)

Rotenone is derived from the roots of certain plants and works by blocking cellular
respiration in insects. It is effective against many pests but should be used carefully as it can
harm fish and other non-target organisms.

Mode of Action

Biopesticides

Biopesticides work through various mechanisms based on their source and nature. Microbial
biopesticides invade the insect body, multiplying inside until the host dies. Some produce
toxins that disrupt the insect's digestive system or other bodily functions. For example, Bt
generates crystalline toxins that damage caterpillar gut linings, leading to their death. Other
biopesticides disrupt growth, molting, and reproduction in insects, decreasing their
populations over time.

Botanical Insecticides

Botanical insecticides operate through multiple mechanisms that make them effective against
many pests. They may repel insects, deter feeding, inhibit growth, or disrupt reproductive
processes. Some botanical compounds impact the insect nervous system, causing paralysis or
death. These varied actions lower the chance of resistance developing among pest
populations.

Advantages in Sustainable Agriculture

Biopesticides and botanical insecticides offer several benefits making them suitable for
sustainable farming. They are safe for the environment and biodegradable, breaking down
quickly without leaving harmful residues. Their specific action minimizes impacts on

ACRI MACATINE ISSN: 3048-8656 Page 425




Priya (2026) Agri Magazine, 03(04): 424-427 (APR, 2026)

beneficial organisms like pollinators, predators, and parasitoids. They help reduce pesticide
residues in food, making it safer to eat. These products work well with Integrated Pest
Management (IPM) programs and can be combined with other control methods. Furthermore,
the risk of pest resistance is relatively low due to their complex action mechanisms.

Limitations

Despite their benefits, biopesticides and botanical insecticides have some limitations. They
typically act slower than chemical pesticides, which may not provide quick control in severe
infestations. They may have a shorter shelf life and often require specific storage conditions
to remain effective. Environmental factors like sunlight (UV radiation), temperature, and
humidity can affect their stability and performance. Repeated applications may be needed to
achieve the desired control levels. Additionally, they may not be as readily available in some
areas, especially in developing countries.

Role in Integrated Pest Management (IPM)

Biopesticides and botanical insecticides are vital in Integrated Pest Management (IPM)
systems. They are frequently the first choice for controlling pest infestations, especially when
pest populations are low to moderate. These products can be effectively combined with
cultural, mechanical, and biological control methods for sustainable pest management. Their
use reduces reliance on synthetic pesticides and encourages the preservation of natural
enemies. By supporting ecological balance, biopesticides contribute to long-term pest control
and healthier crops.

Recent Advances and Innovations

Recent advancements in science and technology have significantly improved the
effectiveness and uptake of biopesticides. Nano-formulations of biopesticides have been
developed to enhance stability, controlled release, and efficacy. The genetic improvement of
microbial strains has led to the creation of stronger and more efficient biocontrol agents.
Progress in formulation technology has enhanced shelf life and ease of application. Modern
tools like drones and precision agriculture technologies are increasingly used for targeted
biopesticide application, boosting efficiency and reducing waste.

Future Prospects

The future of biopesticides and botanical insecticides looks bright. The growing demand for
organic and sustainable farming practices drives this trend. Governments and international
organizations promote eco-friendly products through policies, subsidies, and awareness
initiatives. As the biopesticide industry expands, it is expected to offer more cost-effective
products that benefit farmers. Ongoing research and innovation will lead to better
formulations and application methods. Combining biopesticides with digital agriculture and
precision farming technologies will further improve their effectiveness and adoption.

Conclusion

Biopesticides and botanical insecticides are essential tools for ensuring sustainable
agriculture while addressing environmental and health issues linked to chemical pesticide
use. They provide effective pest control while helping to preserve biodiversity, environmental
health, and food safety. Although some limitations exist, ongoing research and technological
improvements are addressing these challenges and enhancing their performance. Promoting
their use through farmer education, supportive policies, and innovation will be critical in
developing resilient and sustainable agricultural systems for the future.
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