
Corporate Sustainable Management Journal (CSMJ) 1(2) (2023) 103-108 

 

 

Quick Response Code Access this article online 

 

Website: 

www.csmj.com.my 

DOI: 

10.26480/csmj.02.2023.103.108 

 
Cite The Article: Shikha Sharma (2023). Cultivating Sustainable Solutions: Integrated Pest Management (IPM)  

For Safer and Greener Agronomy. Corporate Sustainable Management Journal, 1(2): 103-108. 

 
ISSN: 2976-3193 (online) 
CODEN: CSMJCZ 

REVIEW ARTICLE 

 

Corporate Sustainable Management Journal 
(CSMJ) 

 
DOI: http://doi.org/10.26480/csmj.02.2023.103.108 

 

 

CULTIVATING SUSTAINABLE SOLUTIONS: INTEGRATED PEST MANAGEMENT 
(IPM) FOR SAFER AND GREENER AGRONOMY 

Shikha Sharma 

Faculty of Agriculture, Agriculture and Forestry University, Rampur, Chitwan, Nepal 
*Corresponding Author Email: sajjsharma44@gmail.com 

This is an open access journal distributed under the Creative Commons Attribution License CC BY 4.0, which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited 

ARTICLE DETAILS  ABSTRACT  

Article History: 
 
Received 19 June 2023 
Revised 25 July 2023 
Accepted 02 August 2023 
Available online 04 August 2023 

 Integrated Pest Management (IPM) provides a sustainable and ecologically sound approach to address the 
continuous threat posed by pests in agriculture. This comprehensive review explores the implementation of 
IPM within agronomic systems, covering a range of strategies such as cultural practices, biological control, 
host plant resistance, and physical/mechanical control. Cultural practices involve modifying agricultural 
operations to create an unfavorable environment for insect multiplication and prevent pest population 
buildup, while biological control utilizes beneficial insects to combat pests. Host plant resistance entails 
developing crop varieties with inherent resistance to pests, reducing the need for chemical interventions. 
Physical and mechanical control methods offer eco-friendly alternatives, involving physical barriers and 
trapping techniques to manage localized pest outbreaks. Decision-making in IPM involves evaluating pest 
populations, economic thresholds, and phenological forecasts to determine appropriate control measures. 
Success stories demonstrate the real-world application and potential benefits of IPM in diverse agricultural 
settings. However, challenges such as limited farmer knowledge and access to resources, as well as resistance 
management, hinder widespread adoption. Exciting opportunities lie in digital technologies, precision 
agriculture, biotechnological innovations, and climate-resilient strategies. Strengthened farmer training, 
public-private collaborations, and informed decision-making are crucial for the successful future of IPM, 
ensuring sustainable food production and global food security. 
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1.   INTRODUCTION 

Agricultural productivity is crucial for meeting the ever-growing global 
demand for food, fiber, and bioenergy. However, the continuous threat 
posed by pests to crop production remains a significant challenge faced by 
farmers worldwide (Popp et al., 2013). Pests, including insects, diseases, 
weeds, and other organisms, can cause substantial yield losses, 
compromising food security and economic stability. Traditional pest 
control measures, predominantly relying on chemical pesticides, have 
proven effective in the short term but often lead to detrimental 
consequences such as environmental pollution, pesticide resistance, and 
harm to beneficial organisms (Tudi et al., 2021). 

Integrated Pest Management (IPM) has emerged as a sustainable and 
ecologically sound approach to address these challenges in agronomy. It is 
a decision-based approach that uses multiple tactics to control pests 
across various classes while considering ecological and economic factors 
(Ehler, 2006). IPM seeks to harmonize various pest control practices, 
promoting the efficient and judicious use of pest management strategies 
while minimizing the reliance on chemical pesticides (Dhawan & Peshin, 
2009). The new integrated pest management model’s goal is to achieve 
sustainable food production and food security by striking a harmonious 
balance among economic viability, environmental safety, and social 
acceptability in pest management strategies, departing from the 
traditional environmentally friendly focus (Muhie, 2022). By emphasizing 
ecological principles and adopting a multidisciplinary framework, IPM 
strives to strike a balance between effective pest control and the 
preservation of ecosystem health. 

In this comprehensive review, we explore the different components and 
approaches involved in IPM implementation within agronomic systems. 
Our objective is to provide an overview of the effective integration of IPM 
into modern agriculture, covering diverse strategies such as cultural 
practices, biological control, host plant resistance, and chemical control. 
Additionally, we will examine case studies and success stories from 
various regions to demonstrate the real-world application and potential 
benefits of IPM. Furthermore, this review will address the future 
directions of IPM and the research needs necessary to refine and expand 
its scope in light of changing agricultural landscapes and pest dynamics. 

2.   PEST IDENTIFICATION AND MONITORING 

Accurate pest identification and systematic monitoring are vital pillars of 
successful Integrated Pest Management (IPM) in agronomy. Precise 
identification of pests is crucial for selecting appropriate control measures 
and avoiding unintended harm to beneficial organisms (Arif et al., 2017). 
Collaborating with entomologists, plant pathologists, and agronomists 
enhances the accuracy of pest identification, ensuring reliable data for 
making informed control decisions. Implementing various monitoring 
techniques, such as pheromone traps, sticky traps, visual inspections, 
automated sensor networks, and remote sensing, provides valuable 
insights into pest population dynamics and potential economic impact 
(Preti et al., 2021). By integrating these foundational steps into their pest 
management practices, farmers can optimize resource allocation, predict 
pest outbreaks, and respond promptly to maintain crop health. 

Incorporating accurate pest identification and systematic monitoring into 
IPM practices empowers farmers and agronomists to decide properly in 
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pest management (Preti et al., 2021). By using tools like taxonomic keys 
and digital resources, they can distinguish pests from beneficial 
organisms, reducing the risk of ineffective control strategies. Regular pest 
monitoring with techniques like pheromone traps and sticky traps aids in 
early detection, preventing excessive damage and allowing for timely 
interventions (Britton et al., 2010). By using these foundational aspects of 
IPM, farmers can ensure sustainable and effective pest management, 
safeguarding crop yields and environmental balance. 

3.   CULTURAL CONTROL 

Cultural practices in pest management involve modifying agricultural 
operations to create an unfavorable environment for insect multiplication 
and prevent pest population buildup to enhance crop productivity. These 
practices aim to manage pests while considering pest biology and plant 
interactions, ensuring compatibility with other measures and economic 
viability (Devi et al., 2023). According to Lella & Jagadeesh, these practices 
encompass primary measures directly targeting insects, such as draining 
fields or planting trap crops, as well as secondary practices, including land 
preparation and weeding, which indirectly reduce pest populations (Lella 
& Jagadeesh, 2023). Various important cultural practices adopted for 
insect pest management include crop rotation, crop alternation, mixed 
cropping, soil tillage, incorporation of cover crops, and the application of 
mulches, irrigation and drainage management, proper spacing, timing of 
planting and harvesting etc. (Chandola et al., 2011).  

3.1   Crop Rotation 

Crop rotation is a cultural practice that entails periodically changing the 
types of crops grown in a field to distrub the life cycles of pests and 
diminish the growth of pest populations. Planting botanically dissimilar 
crops in proximity to each other can help mitigate the movement of pests 
between fields and related crops. This practice reduces pest movement by 
limiting the availability of necessary resources for insect species, thereby 
discouraging their spread (Devi et al., 2023). Implementing a diversified 
4-year crop rotation has successfully reduced wheat midge populations 
and minimized damage to wheat crops by discouraging continuous wheat 
cropping and forcing female midges to search for suitable hosts over 
longer distances (Senevirathna et al., 2023). An investigation by Aleem et 
al, has consistently demonstrated that incorporating non-host crops into 
crop rotation effectively decreases the occurrence and intensity of fall 
armyworm infestation in maize fields (Aleem et al., 2023). 

3.2   Tillage and Soil Management Practices 

Tillage and soil management practices within the framework of cultural 
practices in IPM contribute to effective pest control by manipulating soil 
conditions, nutrient availability, and ecological interactions that directly 
influence pest populations. Use of no-tillage systems has been shown to 
significantly reduce fall armyworm populations in maize fields compared 

to conventional tillage systems, possibly due to reduced soil disturbance 
and decreased exposure of eggs to natural enemies (Regan et al., 2020). 
Additionally, deep tillage and ridge-tillage practices have demonstrated 
effectiveness in suppressing fall armyworm populations by increasing soil 
disturbance and promoting exposure of eggs and larvae to predators and 
parasitoids (Wang et al., 2022) 

3.3    Use of cover crop 

Cover crops are diverse plant species integrated into cropping systems, 
serving multiple purposes such as soil conservation, weed management, 
pest management, and improved water and soil quality (Hobbs et al., 
2007). Leguminous cover crops, in particular, offer the additional benefit 
of providing nitrogen to crops through biological nitrogen fixation, 
enhancing nutrient availability and reducing the need for synthetic 
fertilizers (Chu et al., 2017).  

Cover crops, as a cultural control approach in pest management, can 
attract beneficial insects but may also inadvertently attract certain pest 
species. For example, incorporating a living green cover crop before 
planting corn or soybean can inadvertently enhance seedcorn maggot 
populations, as the maggots feed on germinating seeds in the soil (Cullen 
& Holm, 2013).  

4.   BIOLOGICAL CONTROL  

Biological control strategies are essential components of Integrated Pest 
Management (IPM), harnessing the natural allies found in the 
agroecosystem to combat pests. Beneficial insects, like predators and 
parasitoids, play a crucial role in controlling pest outbreaks and reducing 
crop damage (Lewis et al., 1997). For example, Biological control efforts 
against Tuta absoluta involved releasing parasitoids Trichogramma 
cacoeciae and T.bourarachae in tomato crops, resulting in significant 
reductions of 87% and 78% in leaf damage, respectively. Additionally, the 
predatory mirid Nesidiocoris tenuis showed promise in reducing Tuta 
absoluta egg density and demonstrated its ability to control multiple pests 
on tomato crops (Rwomushana et al., 2019). By creating habitats for these 
natural enemies and reducing pesticide use, farmers can enhance their 
effectiveness. Microbial biopesticides, derived from microorganisms, offer 
targeted and eco-friendly alternatives to chemical pesticides, sparing non-
target organisms and the ecosystem (Khursheed et al., 2022). 
Conservation efforts further support this approach, preserving 
biodiversity and ecological balance. Conservation biological control in rice 
environments has successfully reduced pesticide use, encourage the use of 
specific insecticides and enhanced crop habitats to boost the populations 
of natural enemies, thereby strengthening the efficiency of natural pest 
control (Hajjar et al., 2023). Thoughtfully integrating these biological 
control methods enables farmers to cultivate sustainable pest 
management practices, ensuring robust crop yields and environmental 
health. 

Table 1: Role of beneficial insects 

S.N Beneficial Insect Pest Target Impact on pest 

1. Ladybugs, Damsel bug Aphids Able to control aphid populations on crops. 

2. Lacewings Thrips, Mites, whitefly Feed on thrips and mites reducing damage 

3. Parasitoid Wasps Various Insect Pests Lay eggs inside or on pests, killing them as offspring develop 

4. Ground Beetles Cutworms, Slugs Hunt and consume cutworms and slugs. 

5. Hoverflies Aphids larvae prey on aphids, providing natural pest control 

Source: (Getanjaly et al., 2015) 

5.   PHYSICAL AND MECHANICAL CONTROL 

Table 2: Example of some agronomic pest controlled by physical means 

S.N Name Physical control methods References 

1. Spiralling Whitefly 
Employing yellow sticky traps to capture whiteflies and selectively removing 

leaves to manage the nymphal and pupal stages of the pest. 
(Barbedo, 2014) 

2. Aphids Using barrier plant (Hooks & Fereres, 2006) 

3. Stem Borer Using the push-pull strategy approach (Bhattacharya, 2017) 

4. Leaf minor 
Adoption of white nets and floating row covers as measures to reduce the pest 

population. 
(Majumdar et al., 2010) 

5. Tobacco Cutworm Hand picking (Shah & Dhaliwal, 2012) 

6. Wireworm 
Employing sex pheromone traps and strategically planting sensitive crops in 

low-risk areas. 
(Barsics, 2013) 

7. Fall Army worm Manually removing and crushing egg masses, practicing early planting (Kansiime et al., 2019) 



Corporate Sustainable Management Journal (CSMJ) 1(2) (2023) 103-108 

 

 
Cite The Article: Shikha Sharma (2023). Cultivating Sustainable Solutions: Integrated Pest Management (IPM)  

For Safer and Greener Agronomy. Corporate Sustainable Management Journal, 1(2): 103-108. 

 

Physical and mechanical control methods are essential components of 
Integrated Pest Management (IPM), offering eco-friendly alternatives to 
chemical pesticides. Physical barriers like row covers, insect screens, and 
netting act as defensive measures, preventing pests from accessing crops 
and protecting plants from flying pests like aphids and caterpillars 
(Boiteay & Vernon, 2001). Mechanical pest control techniques involve 
using traps, such as sticky traps, pheromone traps, and light traps, to 
physically trap and remove pests from the agricultural environment. 
These targeted approaches are particularly useful for managing localized 
pest outbreaks and minimizing harm to non-target biota and the 
ecosystem (Raza et al., 2017). For instance, Tuta absoluta can be controlled 
using pheromones mainly through mass trapping, which involves 
attracting and capturing pests using pheromone lures in combination with 
large-capacity traps (Rwomushana et al., 2019). 

Incorporating thermal and non-chemical treatments, physical and 
mechanical control methods complement other IPM strategies, 
contributing to a comprehensive pest management approach. Heat 
treatments, which involve exposing infested areas to high temperatures, 
are effective in stored product pest management without relying on 
chemical fumigants (Rajendran, 2020). Additionally, non-chemical 
treatments, like hand-picking and vacuuming, offer practical solutions for 
managing pests in home gardens and small-scale farming operations 
(Thakur et al., 2021).  

6.   HOST PLANT RESISTANCE  

Host plant resistance in Integrated Pest Management (IPM) involves 
developing crop varieties with inherent resistance to pests, reducing the 
reliance on chemical interventions and promoting sustainable agriculture. 
For instance, by incorporating specific resistance genes, such as those 
conferring resistance to the brown plant hopper, into rice varieties, 
farmers can effectively combat this pest without excessive reliance on 
chemical pesticides (Naylor & Ehrlich, 1997). Breeding for pest-resistant 
crops employs selective crossbreeding to incorporate desirable resistance 
traits and advances in genetic engineering have facilitated the transfer of 
specific resistance genes into crops (Uzogara, 2000). The result is the 
development of genetically modified (GM) crops with enhanced pest 
resistance, providing an effective tool for managing pest pressures while 
maintaining desirable agronomic traits (Anderson et al., 2019). To achieve 
successful resistance breeding, a comprehensive understanding of plant-
insect interactions is essential (Mouden et al., 2017). Genetic engineering 
plays a crucial role in introducing or enhancing specific resistance genes, 
exemplified by Bt crops that produce insecticidal proteins (Ranjekar et al., 
2003). By integrating host plant resistance with other IPM approaches, 
agriculture can foster resilient systems with reduced environmental 
impact and minimized reliance on chemical pesticides. 

7.   DECISION-MAKING IN IPM 

In the context of Integrated Pest Management (IPM), decision-making is 
based on established protocols that involve evaluating the density of pest 
populations, economic thresholds, and phenological forecasts to 
determine the appropriate course of action for pest management (Binns & 
Nyrop, 1992). Effective decision-making is a critical component of IPM 
that ensures the successful control of pests while minimizing 
environmental impact and economic costs. This process involves 
monitoring pest populations and using economic thresholds (ETs) to 
determine the most appropriate time for intervention. By comparing pest 
populations to established ETs, farmers can make informed decisions 
about implementing pest control measures when the expected costs of 
pest damage exceed the costs of control (Kaur & Kaur, 2020). Integration 
of different pest control strategies is another key aspect of IPM decision-
making, where multiple methods, including biological control, cultural 
practices, and chemical control, are combined to create a comprehensive 
and sustainable approach to pest management. Such integration optimizes 
the effectiveness of pest control while preserving beneficial organisms and 
reducing reliance on chemical pesticides (Barzman & Barberi, 2015; Baker 
et al., 2020). Additionally, the use of IPM decision support systems (DSS) 
aids farmers in making data-driven decisions by analyzing real-time data 
and recommending suitable control strategies based on specific 
conditions. DSS facilitates timely preventive actions and efficient pest 
management, empowering farmers to tackle pest challenges effectively 
(Wallhead & Jhu, 2017; Aiello et al., 2018). 

8.   IPM TRAINING FOR FARMERS 

 The successful adoption of Integrated Pest Management (IPM) practices 
heavily relies on the knowledge, skills, and awareness of farmers, and this 
is where farmer training and extension services play a pivotal role. Farmer 
training programs offer crucial insights into pest identification, biology, 

and ecological interactions within the agroecosystem. By understanding 
the life cycles and behaviors of pests and beneficial organisms, farmers can 
develop effective IPM plans tailored to their specific crop and region. 
These training sessions also provide hands-on learning opportunities, 
allowing farmers to familiarize themselves with various IPM techniques, 
such as biological control, cultural practices, and physical/mechanical 
control. Armed with this knowledge, farmers gain the confidence to 
implement IPM strategies effectively and make informed decisions about 
pest management (Dhawan & Peshin, 2009; Timprasert et al., 2014). 

Simultaneously, extension services act as vital channels for knowledge 
dissemination, facilitating a smooth flow of information between research 
institutions and farmers. Extension agents play a crucial role in updating 
farmers about the latest advancements and innovations in IPM practices 
(Ofuoku et al., 2008). By providing on-site support and consultations, 
extension services ensure that IPM solutions are customized to address 
the specific challenges faced by farmers, aligning with local conditions and 
constraints. Effective extension services focus on behavior change 
communication, encouraging farmers to willingly adopt IPM practices. By 
addressing attitudes and beliefs related to pest management, extension 
agents can foster the acceptance and long-term adoption of IPM strategies. 
Combining the efforts of farmer training and extension services through 
participatory approaches like Farmer Field Schools (FFS) enhances 
knowledge transfer and promotes community-driven IPM adoption. 
Through FFS, farmers engage in experiential learning, collectively 
addressing real-life pest management challenges and fostering farmer-to-
farmer knowledge sharing (Simpson & Owens, 2002).  

9.   ECONOMIC AND ENVIRONMENTAL BENEFIT OF IPM 

Integrated Pest Management (IPM) presents a viable subsitute to 
conventional pesticide-based approaches in modern agriculture, aiming to 
effectively control pests while minimizing environmental impacts and 
ensuring economic viability (Barzman et al., 2015). This section explores 
the long-term cost-effectiveness and sustainability of IPM compared to 
chemical-intensive methods, providing valuable insights for policymakers 
and farmers. 

Cost-Effectiveness of IPM: IPM reduces pesticide use, leading to cost savings 
for farmers. It promotes the utilization of natural enemies and pest-
resistant crop varieties, lowering input costs and enhancing crop yield and 
quality. For instance, implementing a group of IPM practices in mango 
cultivation has led to enhanced mango yields and increased mango profit 
margin for farmers (Midingoyi et al., 2019). Additionally, IPM's diversified 
approach minimizes pest resistance development, reducing associated 
management costs. 

Environmental Sustainability of IPM: IPM's emphasis on non-chemical 
methods results in reduced chemical residues in food products, 
safeguarding consumer health. It preserves beneficial organisms, 
biodiversity, and ecosystem services like pollination and natural pest 
control. Furthermore, IPM minimizes water and soil pollution, 
contributing to sustainable agriculture. The survey results among 
Massachusetts cranberry growers revealed a substantial number of 
participants (92%) believed that IPM could minimize pesticide residues in 
food and an even higher percentage (96%) acknowledged its potential to 
minimize pesticide residues in the environment. Additionally, 96% of the 
respondents believed that IPM practices could contribute to the 
preservation of beneficial insects (Blake et al., 2007).  

10.   SUCCESS STORY OF IPM 

• The successful implementation of IPM tactics in Basmati rice fields 
in Baraut, Uttar Pradesh, India, resulted in reduced pest 
populations, decreased pesticide use, and improved rice yields. The 
collaborative effort involving inter-disciplinary teams and the 
adoption of biological control agents and cultural practices 
showcased the effectiveness of IPM in providing sustainable pest 
management solutions (Vennila et al., 2016). 

• Widespread application of Pandora neoaphidis, an 
entomopathogenic fungus, led to epizootics that effectively 
controlled Sitobion avenae aphid populations on cereal crops, 
resulting in improved yield and reduced reliance on synthetic 
pesticides in Europe (Saussure et al., 2023). 

• The study conducted in a maize field in the West Pasaman District 
demonstrated the successful implementation of an Integrated Pest 
Management (IPM) package for controlling fall armyworm 
(Spodoptera frugiperda), resulting in higher economic benefits 
compared to non-IPM methods (Yurina et al., 2023). 
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• Using virulent entomopathogenic nematodes (Heterorhabditis 
indica 1 NBAIIH38) as an alternative and sustainable method for 
controlling Spodoptera frugiperda in maize fields, holds great 
promise as an effective biocontrol agent (Patil et al., 2022). 

• The implementation of integrated pest management (IPM) modules 
in rice crops in Sitapur district, Uttar Pradesh, India, resulted in 
reduced environmental risks, with less effect on natural enemies, 
increased crop yields, and decreased weed populations compared 
to the farmer's practice (NIPM) (Arora et al., 2019). 

• The successful implementation of Integrated Pest Management 
(IPM) using Silicon (Si) soil amendment has been demonstrated as 
an effective and sustainable strategy to enhance plant resistance 
against rice stem borers (Diatraea saccharalis) in rice crops 

• The implementation of Integrated Pest Management strategies, 
such as encompassing host plant resistance, utilization of natural 
plant products, incorporation of biopesticides, and implementation 
of precision agronomic approaches, has shown successful results in 
controlling insect pests in sorghum cultivation in various regions, 
including India, USA, and East Africa (Chavula, 2022). 

• The successful application of integrated pest management (IPM) 
through farmer field schools and participatory research for potato 
late blight control at the International Potato Center yielded 
remarkable results, including a notable 32% average enhancement 
in potato productivity and income in Peru and comparable positive 
outcomes in various other countries (Ortiz et al., 2019). This 
success story exemplifies how IPM can effectively combat the 
intricate potato disease, highlighting the significance of farmer 
engagement and participatory approaches in implementing 
sustainable pest management solutions. 

• Successful community-level integrated pest management (IPM) in 
Junagadh reduced white grub damage in groundnut crops, saving 
farmers money around Rs.10,000-15,000 per hectare in 2018 
(Harish et al., 2023). 

11.   CHALLENGES AND FUTURE DIRECTIONS OF IPM 

Integrated Pest Management (IPM) presents a promising framework for 
sustainable pest control in agronomy, but its implementation faces 
challenges. Limited knowledge and awareness among farmers, unequal 
access to resources, difficulties in pest monitoring, and resistance 
management are significant obstacles to widespread adoption (Parsa et 
al., 2014). However, there are exciting opportunities for the future of IPM. 
Leveraging digital technologies, precision agriculture can enhance real-
time monitoring and targeted interventions. Biotechnological innovations 
like gene editing offer the potential to develop crops with improved pest 
resistance. Climate-resilient IPM strategies, strengthened farmer training, 
and public-private collaborations hold promise for sustainable pest 
management. By addressing challenges and embracing these 
opportunities, IPM can revolutionize pest control and ensure a safer and 
greener future for agriculture. 

12.   CONCLUSION  

In conclusion, Integrated Pest Management (IPM) has emerged as a 
sustainable and ecologically sound approach to address the continuous 
threat posed by pests in agriculture. By integrating multiple tactics and 
considering ecological and economic factors, IPM aims to harmonize 
between effective pest control and the preservation of ecosystem health. 
Through cultural practices, biological control, host plant resistance, 
physical and mechanical control, and informed decision-making, farmers 
can optimize pest management while minimizing environmental impacts 
and reliance on chemical pesticides. The success stories of IPM 
implementation worldwide demonstrate its effectiveness in enhancing 
crop yields, reducing pesticide use, and promoting environmental 
sustainability. However, challenges such as limited knowledge and 
unequal access to resources pose obstacles to widespread adoption. 
Looking ahead, embracing digital technologies, precision agriculture, and 
biotechnological innovations offer exciting opportunities for the future of 
IPM. By intensifying farmer training, strengthening public-private 
collaborations, and developing climate-resilient strategies, IPM can 
revolutionize pest control, contributing to a safer and greener future for 
agriculture. 
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