E-ISSN: 2618-0618

P-ISSN: 2618-060X

© Agronomy
www.agronomyjournals.com
20245 7(12): 960-964
Received: 26-10-2024
Accepted: 29-11-2024

Amol R Pawar

Ph.D. Scholar, Department of
Agronomy, Lovely Professional
University, Phagwara, Punjab, India

Sangeeta Kumari

Assistant Professor, Department of
Botany RPS Degree College, Balana,
Mahendergarh, Haryana, India

Kartikey Sootrakar

Teaching Assistant,

Department of Genetics and Plant
Breeding Maharaja Chhatrasal
Bundelkhand University,
Chhatarpur, Madhya Pradesh, India

Shivanand Hiremath

Scientist Plant Protection, ICAR
KLE KVK, Mattikoppa, Karnataka,
India

Neha Singh

Assistant Professor, Department of
Zoology HVM (P.G.) College, Raisi,
Haridwar affiliated to Sri Dev Suman
Uttarakhand University,
Badshahithaul, Uttarakhand, India

Akshita Awasthi

Ph.D. Research Scholar, Department
of Plant Breeding and Genetics,
Punjab Agricultural University,
Ludhiana, Punjab, India

Kalisetty Hanuma Sai Dinesh
M.S Agriculture for Sustainable
Development, Research scholar
Department of Agriculture
University of Greenwich, Kent,
United Kingdom (ME4 4TB)

Thiruvengadam K

Assistant Professor in Entomology,
Department of Agricultural
Entomology, RVS Agricultural
College, Thanjavur, Tamil Nadu,
India

Corresponding Author:

Amol R Pawar

Ph.D. Scholar, Department of
Agronomy, Lovely Professional
University, Phagwara, Punjab, India

International Journal of Research in Agronomy 2024; 7(12): 960-964

International Journal

of

‘Y

- ~. Research in Agronomy

Advancing integrated pest management: Strategies for
minimizing pesticide use

Amol R Pawar, Sangeeta Kumari, Kartikey Sootrakar, Shivanand
Hiremath, Neha Singh, Akshita Awasthi, Kalisetty Hanuma Sai Dinesh and
Thiruvengadam K

DOI: https://doi.org/10.33545/2618060X.2024.v7.i121.2359

Abstract

Integrated Pest Management (IPM) is a holistic approach to pest control that emphasizes ecological
principles and minimizes reliance on synthetic pesticides. This paper provides a concise overview of the
key strategies for advancing IPM and minimizing pesticide use. It emphasizes the need for a multifaceted
approach that combines various control methods and considers the ecological and economic implications of
pest management decisions. The key strategies for advancing IPM and reducing pesticide use, including:
Habitat Manipulation, Cultural Controls, Biological Control, Monitoring and Early Detection, Pesticide
Use Optimization. This paper highlights the importance of interdisciplinary research, farmer education, and
policy support to effectively implement IPM strategies and minimize pesticide use, leading to more
sustainable and environmentally friendly agricultural practices.

Keywords: Integrated Pest Management (IPM), pesticide reduction, habitat manipulation, biological
control, cultural control, monitoring, sustainable agriculture

Introduction

Integrated Pest Management (IPM)

Integrated Pest Management (IPM) is a holistic approach to pest control that emphasizes
ecological principles and sustainable practices. It is a comprehensive approach to pest control
that aims to minimize pesticide use while effectively managing pest populations (Barzman et al.,
2015) M. 1t involves a combination of strategies, including cultural, physical, biological, and
chemical methods. Since the initiation of "integrated control,”" which is defined as "applied pest
control which combines and integrates biological and chemical control" (Smith et al. 1959) [23],
IPM has advanced significantly. Entomologists first came up with the idea in response to
widespread use of broad-spectrum insecticides, insect outbreaks brought on by the eradication of
natural enemies, and the rise of pesticide resistance (Barzman et al., 2015) . Today, IPM
covers every facet of plant protection. The definition of IPM that is primarily based on the one
provided by the Food and Agriculture Organization of the United Nations, adding the concept of
"ecological justification" to that of "economic justification™ and replacing the term "pest control
techniques" with "plant protection methods".

However, IPM is a multifaceted method that involves multiple economic sectors and draws from
a variety of disciplines. Producing specific recommendations that are applicable to the diversity
of global agriculture is a challenging task (Barzman et al. 2014) Bl In order to keep pest
populations below economically damaging levels while reducing risks to the environment and
public health, IPM is a comprehensive, ecological approach to managing pests in agricultural
systems. It involves the strategic integration of multiple control methods, including cultural,
biological, and chemical tactics (Angon et al., 2023) [N, Rather than depending exclusively on
reactive pesticide treatments, IPM stresses the use of preventive measures, monitoring, and
decision-making based on defined criteria (Rossi et al., 2023; Deguine et al., 2021) [% &, |PM
includes: preventing pest issues through cultural practices like crop production and sanitation;
tracking pest populations and their natural enemies; utilizing economic thresholds to inform
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management choices; utilizing a combination of chemical,
physical, and biological control methods; and assessing the
efficacy of interventions (Scheff and Phillips, 2022; Han et al.,
2024) [12 71 |PM aims to maximize agricultural productivity
while maintaining ecosystem services and reducing the negative
effects of conventional pesticide dependence by combining
multidisciplinary knowledge and a systems-based approach
(Saroop and Tamchos, 2024; Baker et al., 2020) [1%.2],

General principles of IPM (Barzman et al., 2015) (I,
The general principles of IPM are shown in Fig. 1 and are as
follows:

Reduced pesticide

General principles of IPM

Protection and
enhancement of
important
beneficial
organisms

Monitoring
Harmful
organisms must be
monitored

Prevention and
suppression

Decision-making

Anti-resistance

strategies

use

1.

Fig 1: General principles of IPM

Prevention and suppression

The prevention and/or suppression of harmful organisms can be
achieved or supported by:

...._OJ

Crop rotation

Use of adequate cultivation techniques

Use of balanced fertilization, liming and irrigation/drainage
practices,

Use, where appropriate, of resistant/tolerant cultivars and
standard/ certified seed and planting material,

Preventing the spreading of harmful organisms by hygiene
measures (e.g., by regular cleansing of machinery and
equipment),

Protection and enhancement of important beneficial
organisms

By adequate plant protection measures

Utilization of ecological infrastructures inside and outside
production sites.

Monitoring Harmful organisms must be monitored
observations in the field,

scientifically sound warning,

forecasting and early diagnosis systems, where feasible,
Use of advice from professionally qualified advisors.

Decision-making

Based on the results of the monitoring the professional user
has to decide whether and when to apply plant protection
measures.

Robust and scientifically sound threshold values
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For harmful organisms, threshold levels defined for the
region, specific areas, crops and particular climatic
conditions must be taken into account before treatment.

Non-chemical methods

Sustainable biological, physical and other non-chemical
methods must be chosen than chemical methods if they
provide reasonable pest control.

Pesticide selection

The pesticides applied shall be as specific as possible for the
target

shall have the least side effects on human health, non-target
organisms and the environment.

Reduced pesticide use

by reduced doses,

reduced application frequency or partial applications,
considering that the level of risk in vegetation is acceptable
and

they do not increase the risk for development of resistance
in populations of harmful organisms.

Anti-resistance strategies
Use of multiple pesticides with different modes of action.

Evaluation
should check the success of the applied plant protection
measures

Key Strategies for Minimizing Pesticide Use in IPM (Zhou et
al., 2024; Barzman et al., 2015) 41 (Fig. 2):

N

9 '
) |
) |

Habitat Manipulation

Pesticide Use Reduction

Fig 2: Key strategies for minimizing pesticide use in IPM

Cultural Controls: Employing agricultural practices that
minimize pest infestations. This includes techniques like
proper sanitation, timely planting and harvesting, and the
use of pest-resistant varieties (Ahuja et al., 2015; Leskey et
al., 2020) [x6.171

Crop Rotation: Planting different crops in sequence can
disrupt the life cycles of pests and reduce their populations.
Sanitation: Removing weeds, debris, and other potential
breeding grounds for pests can help prevent infestations.
Healthy Plants: Providing adequate water, nutrients, and
sunlight can help plants resist pests and diseases.

Planting pest-resistant varieties: Reduces the need for
pesticides.

Proper irrigation: Avoids creating conditions that favor
pests, such as excessive moisture.
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e Row covers: Protect plants from insect pests and can
improve pollination.

e Timing of planting and harvesting: Can help avoid
periods of peak pest activity.

Pros

Relatively easy to implement

e  Can be effective for a wide range of pests
e Can improve overall crop health

e  Often low-cost or no-cost

Cons

e May not be effective for all pests

e May require ongoing management

e Effectiveness can vary depending on environmental
conditions

2. Physical Controls (Ragunathan and Divakar, 2020) [*3]

Regular monitoring of pest populations and early detection of

infestations are crucial for effective IPM. This allows for timely

intervention with the least disruptive control methods.

e Visual inspections: Regularly checking plants for signs of
pests and damage.

e Scouting: Conducting regular field surveys to identify
problem areas.

e Sampling techniques: Collecting and analyzing samples of
plants or soil to detect pests.

e Handpicking: Manually removing pests from plants can be
effective for small infestations.

e Trapping: Using traps to capture and Kill pests, such as
sticky traps for insects or snap traps for rodents.

e Exclusion: Preventing pests from entering areas by using
barriers, such as screens or netting.

Pros

e Allows for timely intervention

e  Can prevent infestations from reaching damaging levels
e Minimizes the need for broad-spectrum pesticides

e  Can reduce the risk of pesticide resistance

Cons

¢ Requires ongoing effort and resources

e May require specialized training for personnel

o Effectiveness depends on accurate and timely monitoring

3. Biological Controls (Alam et al., 2016; Baker et al., 2020;
Leskey et al., 2020) [19.2.171

Utilizing natural enemies of pests, such as predators, parasites,

and pathogens, to suppress pest populations. This involves the

conservation and augmentation of existing beneficial organisms

and the introduction of new biocontrol agents.

e Conservation biological control: Protecting and enhancing
existing populations of natural enemies.

e Augmentation biological control: Introducing additional
natural enemies to an area.

e Inoculative releases: Introducing small numbers of natural
enemies to establish a permanent population.

e Inundative releases: Releasing large numbers of natural
enemies for immediate pest control.

e Microbial pesticides: Using bacteria, fungi, or viruses to
kill pests.

https://www.agronomyjournals.com

Pros

e Highly specific to target pests

e Can be very effective in reducing pest populations
Environmentally friendly

Can reduce reliance on chemical pesticides

Cons

e Can be expensive to establish and maintain

e May require specialized knowledge and expertise

e Effectiveness can be influenced by environmental factors

4. Chemical Controls

e Pesticide Use as a Last Resort: Only using pesticides
when other methods are ineffective and when the potential
benefits outweigh the risks.

e Selective Pesticides: Choosing pesticides that are specific
to the target pest and have minimal impact on beneficial
organisms.

e Integrated Pest Management (IPM) programs: Using a
combination of cultural, physical, and biological controls to
reduce the need for pesticides.

5. Habitat Manipulation (Ahuja et al., 2015 Paez Chavez et
al., 2018) [16. 181

Altering the environment to make it less favorable for pests.

This includes techniques like crop rotation, intercropping, and

the use of cover crops to disrupt pest life cycles and promote

beneficial organisms. Examples:

e Planting flowering plants: Attracts beneficial insects like
bees, butterflies, and ladybugs, which prey on pests.

e Creating hedgerows: Provides shelter and nesting sites for
birds, bats, and other predators.

e Crop rotation: Disrupts the life cycles of pests that are
specific to certain crops.

e Cover crops: Can suppress weeds, improve soil health, and
provide habitat for beneficial organisms.

Pros

e  Environmentally friendly

e  Cost-effective in the long term

e Can enhance biodiversity

e Improves soil health and water quality

Cons

e  May require significant upfront investment

e Effectiveness can vary depending on the specific pest and
ecosystem

e Requires careful planning and management

6. Pesticide Use Reduction

When pesticides are necessary, IPM emphasizes the use of the

least toxic and most selective options. This includes the use of

reduced-risk  pesticides, targeted applications, and the

development of pest management decision support systems

(Ahuja et al., 2015; Alam et al., 2016; Ragunathan and Divakar,

2020) [26:19. 151 Examples:

e Using selective pesticides: Targeting specific pests while
minimizing harm to beneficial organisms.

e Applying pesticides accurately and efficiently: Reducing
the amount of pesticide used and preventing drift.

e Adhering to integrated pest management thresholds:
Only applying pesticides when the pest population exceeds
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a certain level.
e Using reduced-risk pesticides: Choosing pesticides with
lower environmental impact.

Pros

e Can provide effective control when necessary

e Minimizes the risk of environmental contamination and
human exposure

o Reduces the development of pesticide resistance

Cons

e Requires careful planning and implementation

e May still have some negative environmental impacts
e Requires knowledge of pesticide use and safety

Comparing different Strategies of IPM

IPM encompasses a variety of strategies to minimize pesticide
use. Habitat manipulation focuses on modifying the environment
to favor beneficial organisms and deter pests, offering long-term
benefits like biodiversity enhancement but requiring upfront
investment (Ragunathan and Divakar, 2020) [%. Cultural
controls involve adjusting agricultural practices, such as planting
resistant varieties or improving sanitation, for relatively easy and
often cost-effective pest prevention (Ahuja et al., 2015) [,
Biological control leverages natural enemies, like predators and
parasites, for highly specific and environmentally friendly
control, though it may require specialized knowledge and can be
costly (Alam et al., 2016) . Monitoring and early detection
enable timely interventions, minimizing the need for broad-
spectrum pesticides, but require consistent effort and potentially
specialized training (Paez Chavez et al., 2018) [8l. Finally,
pesticide use optimization emphasizes judicious use of
pesticides when necessary, prioritizing selective options and
adhering to thresholds to minimize environmental impact and
reduce resistance risks (Leskey et al., 2020) [71. Choosing the
right IPM strategy depends on a variety of factors, including the
specific pest, the crop being grown, the environmental
conditions, and the available resources. Often, the most effective
approach is to combine multiple strategies to create a
comprehensive IPM strategy.

Benefits of Advancing IPM

e Reduced Environmental Impact: Minimizing pesticide
use protects beneficial organisms, reduces water pollution,
and conserves natural resources.

e Improved Human Health: Reducing exposure to
pesticides can improve human health and safety (Boudh and
Singh, 2019 and Rejesus and Jones, 2020) [5 91,

e Sustainable Agriculture: IPM practices promote long-term
sustainability of agricultural systems.

e  Cost-Effectiveness: IPM can be more cost-effective in the
long run compared to relying solely on pesticides.

e Enhanced agricultural sustainability: Promotes long-term
productivity and profitability by reducing pest-related losses
and improving soil health (Narayanan et al., 2022 and
Rejesus and Jones, 2020) [8.91,

o Improved food quality: Reduces pesticide residues on
crops, ensuring safer and healthier food for consumers
(Boudh and Singh, 2019; Narayanan et al., 2022 and
Rejesus and Jones, 2020) [5:8.9],

e Increased biodiversity: Supports the conservation of
beneficial organisms and promotes a healthier
agroecosystem (Boudh and Singh, 2019 and Rejesus and
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Jones, 2020) [5:91,

Challenges and Future Directions

e Developing and Implementing IPM Programs: Requires

knowledge, training, and resources for farmers and other

stakeholders.

Addressing Pest Resistance: Pests can develop resistance

to pesticides, necessitating the development of new control

methods.

e Integrating New Technologies: Incorporating new
technologies, such as precision agriculture and remote
sensing, to improve IPM decision-making.

e Promoting Public Awareness: Raising awareness among
the public about the benefits of IPM and encouraging its
adoption.

Conclusion

Advancing IPM through the implementation of these strategies
is essential for achieving sustainable agriculture and mitigating
the negative impacts of pesticide use. Continued research,
development, and implementation of innovative IPM approaches
are crucial for addressing the challenges of pest management in
a changing world. By advancing IPM strategies, we can create a
more sustainable and resilient agricultural system that minimizes
pesticide use and protects both human and environmental health.
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