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Integrated Pest and Disease
Management: A Sustainable
Approach to Crop Protection
B. B. Nayak', Sree Pooja G.2, M. Ramesh Naik®" and R. Ravi Teja*

Agricultural productivity is increasingly threatened by pests and diseases,
causing 20-40% of global crop yield losses annually. Conventional pest and
disease management relies heavily on synthetic pesticides and fungicides,
leading to pesticide resistance, environmental degradation, biodiversity loss,
and human health risks. As global pesticide consumption continues to rise,
concerns over economic costs and sustainability have intensified. As a leading
agricultural nation, India faces similar challenges with increasing pesticide
dependence, farmer health risks, and environmental pollution. Integrated
Pest and Disease Management (IPDM) is emerging as a holistic, eco-friendly
alternative that integrates biological control, cultural practices, mechanical
interventions, and judicious chemical use to ensure long-term agricultural
resilience. This manuscript explores the global and Indian perspectives on
pesticide use, the economic and environmental impacts of conventional pest
management, and the broad strategies of IPDM. Additionally, it highlights
IPDM’s alignment with Sustainable Development Goals (SDGs) and
discusses challenges and prospects for its implementation.

1. Introduction

Agricultural productivity and food security are increasingly
threatened by pests and diseases, which cause significant yield
losses worldwide. The Food and Agriculture Organization (FAO)
estimates that nearly 20-40% of global crop production is lost
annually due to pests and diseases, highlighting the urgency of
effective pest and disease management strategies. As the global
population continues to rise, expected to reach nearly 10 billion
by 2050, ensuring food security through sustainable agricultural
practices becomes more crucial than ever. Integrated Pest and
Disease Management (IPDM) offers a comprehensive and
sustainable approach to mitigating these threats while minimizing
the environmental and economic costs associated with traditional
pest control methods. Historically, pest and disease management
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in agriculture has heavily relied on synthetic chemical
pesticides and fungicides. While these chemical
interventions have provided immediate relief from
infestations and outbreaks, they have also led to a range
of unintended consequences, including environmental
pollution, pest resistance, biodiversity loss, and health
hazards to humans and animals. The overuse and misuse
of pesticides have accelerated the evolution of pesticide-
resistant pest populations, making control measures
less effective over time. Additionally, pesticide residues
in food and water sources have been linked to serious
health issues, including cancer, endocrine disruption,
and neurological disorders.

2. Global Trends in Pesticide Use
In 2020, 3.45 million tonnes (MT) of active pesticide

ingredients were applied in agriculture, up from 3.03
MT in 2010 and 1.81 MT in 1990. This shows a steady
increase in pesticide use over the past three decades
(Figure 1). The global use of pesticides rose by 121%
for herbicides, 54% for fungicides and bactericides, and
48% for insecticides when comparing the most recent
decade to the 1990s. The distribution of pesticide
categories changed during that time, with herbicides
accounting for a larger percentage of total pesticide use
(from 40 to 50%) and insecticides (from 22 to 26%) as
well as fungicides and bactericides (from 22 to 25%)
accounting for smaller shares (FAO, 2020).
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Figure 1: Global Pesticide use by category; (Source:

FAQ, 2020)

The use of pesticides has grown dramatically over the
past few decades on a global scale. In 2020, the country
with the highest consumption of agricultural pesticides
per area of cropland was Antigua and Barbuda, at over
36.59 kg ha'. Ranking second was Qatar, with 35.11
kilograms of pesticides used per hectare of cropland,
followed by Brunei Darussalam, with approximately
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29 kg ha™. Pesticide-related economic losses, including
expenses for environmental pollution, pesticide
resistance, and health hazards, surpass $9.6 billion
annually in the United States alone.

3. Pesticide Use in India

India, as one of the world’s largest agricultural
producers, has also witnessed an increase in pesticide
dependency. Indias pesticide and agrochemical
consumption has seen significant growth over the
years, reflecting both regional variations and shifts in
usage patterns. According to the Directorate of Plant
Protection, Quarantine & Storage (DPPQS), Uttar
Pradesh (12,217.70 MT) and Maharashtra (12,783.00
MT) are the highest contributors, chemical pesticides
are predominantly used (40,288.07 MT), with cereals
having the highest usage (14,936.62 MT). Crop-wise,
the highest pesticide application occurs in cereals (37%),
tollowed by pulses (32%), oilseeds (30%), cash crops
(28%), fiber crops (27%), vegetables (26%), fruits (25%),
other crops (23%), and plantations (17%).

The widespread use of agrochemicals has raised
concerns regarding pesticide resistance, environmental
degradation, and human health risks, particularly among
farmers exposed to toxic residues. Additionally, with
pesticide poisoning cases increasing and 38% of India’s
freshwater sources affected by agrochemical runoff, there
is growing momentum toward sustainable alternatives
like Integrated Pest and Disease Management (IPDM),
biopesticides, and organic farming to mitigate long-
term ecological and health consequences. These trends
highlight the urgent need for policy interventions,
farmer education, and regulatory measures to ensure
safer and more sustainable agricultural practices in

India.

K Regional variations — Certain regions,
particularly those growing cash crops like cotton, rice,
and vegetables, use higher quantities of pesticides.

» Farmer health risks — Pesticide poisoning
incidents among Indian farmers and agricultural workers
highlight concerns over unsafe pesticide handling and
poor regulations.

<> Economic impact — Rising pesticide resistance

has increased input costs for farmers, pushing many into
debt cycles.

India’s agricultural sector needs to shift to safer, more
sustainable pest control methods in light of these issues.
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Although these techniques have provided instant relief,
they have also had unforeseen repercussions. The overuse
of chemical pesticides has caused pests to become more
resistant, which lowers the efficacy of control methods.
Wiater bodies are contaminated by pesticide runoff,
which harms aquatic life and degrades soil. Cancer,
respiratory disorders, and neurological disorders are just
a few of the health problems that have been connected
to residual pesticide contamination in food and water
supplies. Chemical treatments frequently destroy
beneficial organisms that are not the intended target,
like pollinators and natural pest predators.

4. The Pitfalls of Conventional Pest
and Disease Control Methods

Agriculture’s excessive reliance on chemical pesticides
has led to serious financial losses, environmental
damage, and health hazards. The total pesticides traded
quantities increased by 30 percent in 2020 — the growth
can mostly be contributed to traded disinfectants, which
increased from 4.0 to 8.7 million tonnes from 2019 to
2020. Total pesticides trade reached approximately 7.2
Mt of formulated products in 2020, with a value of USD
41.1 billion (FAO, 2020). The agricultural industry
loses $1.5 billion a year due to pesticide resistance
alone, which forces the use of more potent and costly
chemicals. Additionally, pesticide-induced agricultural
pollution contaminates 38% of the world’s freshwater
ecosystems, damages 24 billion tons of fertile soil
annually, and causes about 385 million cases of acute
pesticide poisoning globally, with developing nations
bearing a disproportionate share of these cases. Warmer
temperatures and more frequent extreme weather events
caused by climate change make these problems worse by
extending the range of pests and making plants more
vulnerable to disease.

To address these challenges, Integrated Pest and
Disease Management (IPDM) has emerged as a
sustainable and science-based approach. IPDM
integrates multiple control methods, including cultural,
biological, mechanical, and chemical strategies, to
manage pest and disease populations while minimizing
ecological disruption. Unlike conventional pesticide-
heavy approaches, IPDM prioritizes prevention,
monitoring, and threshold-based interventions. The
fundamental principles of IPDM include an ecosystem-
based approach, threshold-based control, diversified

control methods, and farmer participation and capacity
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building. IPDM incorporates several complementary
approaches. Cultural control, such as crop rotation,
intercropping, and sanitation practices, modifies the
environment to be less conducive to pests. Biological
control utilizes natural enemies like beneficial insects
and microbes. Mechanical and physical control employs
traps, barriers, and manual removal (Mohring et al.,
2020). Host-plant resistance involves developing pest-
resistant crop varieties. Chemical control is used as a
last resort, employing selective and less toxic pesticides
when necessary.

An effective IPDM strategy includes key components
like pest and disease monitoring, preventive cultural
practices, biological control, mechanical and physical
control, and judicious chemical control. Pest and
disease monitoring involves regular field inspections
and advanced tools like remote sensing and Al
Preventive cultural practices, such as crop rotation
and intercropping, reduce pest pressure. Biological
control conserves and augments natural enemies and
uses microbial biopesticides. Mechanical and physical
control methods include handpicking, traps, and soil
solarization. Chemical control uses selective pesticides,
rotational use, threshold-based applications, and eco-
friendly formulations. Emerging technologies are
revolutionizing IPDM. Artificial intelligence and
IoT enable advanced monitoring through drones, Al-
powered pest identification, and smart traps. Genetic
approaches, including genetically modified crops,
CRISPR-based gene editing, and RNA interference
technology, offer promising solutions for pest and
disease resistance. IPDM aligns with sustainable
agriculture principles, reducing reliance on chemical
pesticides, improving soil and water health, preserving
beneficial insects, and enhancing crop resilience. By
integrating diverse control methods and leveraging
advanced technologies, IPDM provides a holistic and
effective approach to pest and disease management,
ensuring long-term sustainability and minimizing
environmental and health risks.

5.IPDMand Sustainable Development
Goals (SDGs)

IPDM aligns with several UN Sustainable Development
Goals (SDGs), making it a cornerstone of sustainable
agriculture:
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Table 1: IPDM strategies to achieve SDGs

IPDM Strategy

Description

SDGs Addressed

Biological Control

Using natural predators, beneficial insects, and microorganisms to

® SDG 15 (Life on Land)

control pest populations (e.g., ladybugs against aphids).

Cultural Practices

Implementing crop rotation, intercropping, and soil health im-

0 SDG 2 (Zero Hunger)

provement to prevent infestations naturally.

Mechanical & Physical

Control cal interventions.

Judicious Chemical
Control

Monitoring & Thresh-
old-Based Action

Farmer Training &
Policy Support

ing overuse and pollution.

threshold level for intervention.

Using traps, barriers, and manual pest removal instead of chemi-
Applying targeted, low-risk pesticides only when necessary, reduc-
Conducting regular field assessments to determine the economic

Educating farmers on sustainable pest control while encouraging
government support for IPDM adoption.

U SDG 6 (Clean Water)
@ SDG 3 (Good Health)
® SDG 12 (Sustainable Con-

sumption)

i3 SDG 4 (Quality Education)

6. IPDM as a Sustainable
Economically Viable Solution

IPDM offers numerous benefits, including significant
economic advantages like reducing pesticide costs by up
to 50%, thereby improving farmer profits and increasing
crop yields by 10-25%, boosting global food production.
Environmentally, IPDM reduces pesticide runoff,
safeguarding water resources and supporting pollinator
populations essential for long-term agricultural
sustainability. Furthermore, it enhances public health
by reducing pesticide-related illnesses in farming
communities and promoting safer farming practices.
Finally, IPDM contributes to climate change resilience
by minimizing the need for synthetic pesticides and
promoting sustainable agricultural practices that can
better withstand the impacts of climate change.

7. Challenges in IPDM Adoption

Despite its numerous advantages, the widespread
adoption of Integrated Pest and Disease Management
(IPDM) is hindered by several significant obstacles. A
primary challenge is the lack of awareness and training
among farmers, many of whom are more familiar with
and reliant on conventional pesticide use. Additionally,
the initial costs associated with implementing IPDM
strategies, such as investing in monitoring tools and
biological control agents, can be a deterrent. Slow
regulatory approvals for biopesticides and novel control
methods further impede progress. Finally, significant
knowledge and adoption gaps exist, highlighting the

urgent need for extensive farmer training programs to

and
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bridge these gaps and facilitate the transition to more
sustainable pest management practices.

8. Policy and Farmer Adoption
Challenges

Given that Integrated Pest and Disease Management
(IPDM) has many apparent advantages, a number of
important challenges prevent it from being widely used.
Due to a lack of knowledge and inadequate training
in IPDM techniques, many farmers continue to rely
on conventional chemical control methods. Another
challenge is financial, since the initial outlays needed for
resistant crop varieties, biocontrol agents, and advanced
pest monitoring systems can be prohibitively expensive.
Large-scale IPDM implementation is also hampered by
policy and regulatory gaps, such as inadequate regulatory
frameworks and a lack of incentives. The shift away from
traditional pesticide use is further complicated by the
growing effects of climate change, which include rising
temperatures, erratic rainfall patterns, and changing
pest dynamics. These factors need the creation and

application of adaptive IPDM strategies.
9. Conclusion

Integrated Pest and Disease Management (IPDM) is a
crucial strategy for sustainable agriculture, offering an
eco-friendly alternative to chemical-intensive farming.
By integrating cultural, biological, mechanical, and
precision-based  technological approaches, IPDM
minimizes environmental impacts while ensuring crop

health and productivity. Scaling up IPDM through
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