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ABSTRACT

This paper explores the effects of awareness of farmers related to the economics of
adopting a sustainable pest control method known as Integrated Pest Management
(IPM) and participatory strategies domiciled in Pink Bollworm infestation (PBW) in
Punjab province of Pakistan, specifically areas of cotton farming in District Vehari.
The study examines the impact of various integrated pest management (IPM)
measures on pink bollworm population while reducing dependence on chemical
control. The study adopts a mixed-method approach comprising quantitative surveys
and qualitative methods, including Focus Group Discussions (FGDs), Key Informant
Interviews (KlIs), and Participatory Rural Appraisal (PRA) sessions, to evaluate the
knowledge, attitudes, and practices (KAP) of the farmers. The new study recognizes
general barriers to the adoption of sustainable agricultural practices like IPM,
including lack of knowledge, lack of resources, and cost. Features farmer education,
localized training, government policy support, and community-based participatory
approaches as key to alternative agriculture, exemplified through the case of IPM in
Peruvian highlands. The study helps address the knowledge gap about the negative
ecological impacts of pesticides and underscores the importance of collaborative
research, innovative technical solutions and campaigns to educate the public about
sustainable pest control practices. Potential benefits include improved pest control
efficiency, higher crop yields, and reduced environmental harm, especially when
OPEN 8,;(@55 farmers play an active role in decision-making. Our findings will help contribute to
the knowledge of what affects the uptake of IPM practices and offers insights on how
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Bt cotton—the problem persists due to improper pest management, a lack of farmer awareness, and the growing
resistance of pests (Van Dijk et al, 2021).

Integrated Pest Management (IPM) provides an integrated and sustainable solutions by incorporating biological,
cultural, mechanical, and chemical strategies in a coordinated plan. But for IPM to be successful, it is imperative that
farmers understand and actively recognize the appropriate methods. Cotton is among the most significant commercial
crops worldwide and is crucial for the economies of many developing nations. But its cultivation is severely jeopardized
by Pink Bollworm, a destructive pest that attack cotton bolls, leads to yield loss and fiber quality degradation. The Pink
Bollworm has demonstrated a remarkable ability to adapt and develop resistance-like to many control methods as BT
cotton and chemical pesticides, even though they have made their way into the market. The re-emergence of this pest
in some cotton-growing areas highlights the necessity for sustainable, community-driven solutions (Sharma et al,
2015).

For instance, Integrated Pest Management (IPM) is an environmentally-sensitive approach to managing pest
populations that integrates cultural, biological, mechanical, and chemical practices into a single strategy. Nonetheless,
the implementation of IPM relies deeply on the knowledge, comprehension, and willingness of the farmers. In many
cotton-growing regions, either farmers do not have enough information on IPM principles or find it difficult to adopt
new practices due to socioeconomic and institutional challenges. Thus, if IPM is to gain ground, it needs not only a
technical solution, but educational outreach, behavioral change, and localized participative strategies (Avinash and
Kumar, 2018).

This study sheds light on the vital importance of farmer education and participation in IPM strategies against Pink
Bollworm. First, it examines farmers’ current knowledge and perceptions of the pest and control measures available.
Secondly, it points to the barriers to IPM adoption, including training, resource accessibility, and extension services.
Third, it appraises the role of participatory methods, including farmer field schools, community-based pest monitoring,
and mutual learning meetings, in fostering the uptake of IPM. This study contributes to the establishment of
frameworks for sustainable, farmer-led pest control that decrease reliance on pesticide applications while increasing
crop yields and ensuring rural livelihoods, with a new focus on farmers as key actors in pest control (Dasa et al., 2024).
The human dimension of pest management must, therefore, be recognized and incorporated into national agriculture
policies in a time of growing pest resistance and environmental degradation. By shedding light on the social dynamics
influencing cotton sourcing, we hope to offer policy recommendations that promote an inclusive and responsible cotton
production system. To address this gap, this study aims to investigate the role of farmer awareness and participatory
strategies as critical factors in the implementation of IPM strategies for the management of Pink Bollworm in cotton
fields (Fahad et al., 2018).

Problem Statement

They also have gainful in pest control improved solution relatively in Integrated Pest Management (IPM), but the Pink
Bollworm persisting due to strong hold in cotton production at the same time especially in smallholder farming
community. The major obstacle to sound control is the limited farmer awareness, training, and active participation on
pests control practices. While many farmers are dependent on chemical pesticides or monumental methods, often no
idea about the environmental sustainability and the benefits of IPM. Additionally, their top-down extension systems do
not engage farmers effectively, and as a result, integrated strategies are not adopted. Thus, there is scope for
investigating whether and how greater farmer awareness and participatory approaches can facilitate the adoption and
success of IPM in developing more resilient and sustainable cotton farming systems.

Research Objectives

To evaluate the present scenario of knowledge exposure of pink bollworm infestation and IPM practices among cotton
farmers.

To determine the bottlenecks in adopting IPM methods by cotton growers

To assess the efficacy of participatory approaches (such as training workshops, community scouting and farmer field
schools) in managing pests

To present policy recommendations to improve farmer engagement in sustainable pest management

Research Questions

How much do farmers know and realize about Pink Bollworm and its consequences for cotton market?

It is the degree to which farmers have knowledge and understanding of IPM strategies and components.

What are the main barriers that block implementing IPM practices with a community-based approach?

How are participatory methods effective in creating actions which facilitate for farmer-led pest control?

https://doi.org/10.55627/agribiol.003.02.1296 105



What support mechanisms (governmental, institutional or technological) would empower farmers to become more
engaged in IPM?

Significance of Research

By addressing the human and behavioral aspects of pest management in sustainable cotton farming, this research
fills an important gap in knowledge. The study addresses the role of farmer awareness and participatory approaches
in the adoption of Integrated Pest Management (IPM) practices for Pink Bollworm management. The findings can
inform policymakers, agricultural extension agencies (government and private sectors) and non-governmental
organizations (NGOs) in developing more effective, user-centered training and outreach programs by reducing
pesticide dependence, increasing crop productivity and abiding by ecological agricultural practices.

Literature Review

Further, Pink Bollworm resistance to Bt cotton in some regions has been reported in the literature, attributable primarily
to excessive reliance on single pest control tactics. While studies attribute liabilities to uses of pesticides, Integrated
Pest Management (IPM) has proven to be a more sustainable alternative, but existing implementation gaps remain,
particularly among smallholder farmers. Study also highlights that farmer education, community engagement and
participatory research are critical for long-term management of pest infestations. There is a gap in research regarding
how localized strategies that respond to social dynamics and are participatory could improve pest management
outcomes and sustainability (Jakhar and Jat, 2021).

Pink Bollworm (Pectinophora gossypiella) is widely known as a highly destructive pest in cotton production and
represents one of the greatest threats to cotton production, particularly in areas of smallholder farming such as South
Asia. Kranthi (2015) have reported that, although Bt cotton was initially hailed as a revolution in pest-control, the over-
reliance on Bt cotton, and erroneous resistance management strategies have allowed Pink Bollworm to reemerge
dramatically with special reference to India and Pakistan. The pest has now evolved resistance to the Bt toxin Cry1Ac,
causing extensive crop damage and a resurgence of heavy pesticide use — directly contradicting the tenets of
sustainable agriculture (Nayak and Sahoo, 2015).

Integrated Pest Management (IPM) is thriving as a long-term solution to pest outbreaks. IPM facilitates a combination
of control methods including cultural, mechanical, biological, and chemical control methods designed to reduce
ecological disturbance (FAO, 2020). However, moving towards IPM it is challenging by doing paradigm change from
input extensive farming to knowledge-intensive and participatory practices. Naranjo (2011) highlights that IPM is not
a one-time prescription but a continual learning process, where monitoring and adaptation to local conditions happens
on the ground, with farmers at the center of the decision-making process (Patil and Shirsat 2021).

Although theoretically ovary beneficial<IPM up taken is relatively low in the cotton sector, especially smallholder
farmers. This lack of knowledge and education has been one of the most important hurdles. In the Punjab province of
Pakistan, reduced Awareness of IPM Farmers IPM utilization more than 30% of surveyed farmers in the study had
heard of IPM at all, and an unknown number of farmers had taken any component of IPM to manage pests other than
the use of pesticides. The inadequate knowledge of existing policies and services is often coupled with a lack of access
to extension services and training programs. Additionally, IPM is often not adopted when it is introduced without taking
into account the embeddedness of real practices in local knowledge systems, and socio-economic realities (Rui and
Zhaohui, 2014).

Participatory approaches have thus been proposed and adopted with success across numerous agricultural settings
to overcome this disconnect. Among the popular and extensively researched approaches is the Farmer Field School
(FFS) model, which helps farmers to undertake their own experiments on the field, learn how to identify pests and
comprehend the ecological interactions. For example, van den Berg and Jiggins (2007) found that FFS participants
exhibited significantly greater pesticide reduction and IPM adoption rates over non-participants. In a similar vein,
research in India by Tripp et al. Reported having greater awareness as pest monitors within a community, farmers,
even in remote areas, did a better job of pest control when involved (Santos and Martins, 2019).

Moreover, dissemination of information through ICT tools (i.e mobile alerts, videos and interactive voice response
systems) is proving to be a good potential complement to traditional extension services. But the impact of such tools
ultimately depends on trust, literacy and cultural relevance, all of which point to the importance of locally embedded
participatory strategies (Subramanian and Gupta, 2012).

We also need to take into account the socio-cultural and economic dynamics that drive farmer behavior. As noted by
researcher explains that the decisions of farmers to adopt innovation depend on more than just technical knowledge
to include perceived risk, peer influence and support from institutions. So this is how farmer-led Participatory
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approaches could be boosted by strengthening of institutions and institutions could become more sustainable and
effective pest management systems through farmer-led participatory approaches (Van Lenteren and Vervoort, 2011).

MATERIALS AND METHODS

Study Area

Punjab, Pakistan is one of the major cotton-growing regions worldwide and has recently faced outbreaks of Pink
Bollworm (Pectinophora gossypiella) that have spread sporadically Utilizing a mixed-method approach, the research
will employ both quantitative and qualitative data collection methods to provide a thorough analysis of the problem.
The data will be collected from sampled districts of Punjab, which are recognized for significant cotton production
along with reports of Pink Bollworm infestation. Through structured questions, the study will be able to measure the
awareness, attitude and existing pest management practices of farmers (Yousef and Rania, 2019). Qualitative data
will also be collected through focus group discussions (FGDs) and key informant interviews (Klls) with farmers,
agricultural extension officers and local experts to gain deeper insights on participatory practices and barriers to IPM
adoption. Cotton farmers will be selected using a stratified random sampling method across small, medium and large
sized farmers to obtain a range of farmer profiles. Abstract: This study methodology intends to develop a framework
incorporating the statistical trends capturing IPM in agriculture cultivation and the context-this framework serves to
capture the role of these factors influencing changing the future of the rural farming communities in Punjab- adopting
IPM.

Research Design

Using a mixed-method research design, this study will combine quantitative and qualitative methods to explore the
contribution of awareness and participatory approaches by farmers in the fight against Pink Bollworm in the context of
Integrated Pest Management (IPM). The quantitative part of the study will consist of structured questionnaires, which
will be distributed to a representative sample of farmers within various selected districts of Punjab, Pakistan. It is
intended to assess farmers’ general knowledge, attitudes, and current practices regarding pest management,
especially their awareness and use of IPM techniques. Farm size, education level, extension services access, and
previous history of Pink Bollworm infestations are some of the variables which will be enumerated to examine
relationships and trends (Wang and Zhang, 2020).

In qualitative component comprising focus group discussions (FGDs) and key informant interviews (Klls) with farmers,
agricultural extension workers, local agronomists, and representatives from agricultural development agencies. The
ways in which such methods will emphasize social, cultural, and institutional insights related to |IPM adoption. The
qualitative data will contextualize survey results, and reveal barriers to participation and locally appropriate strategies
for farmer engagement (Zhang and Liu2016).

The research design provides triangulation through the integration of these methods which enhances reliability/validity
and depth of the results. Such an integrated approach has both measurable and human behavioral outcomes plays a
critical role in the success of interventions making this most attractive for agricultural research, accroissing holistic and
economic research.

Data Collection Methods

In order to develop an in-depth and holistic exploration, this study will draw on various data collection methods to
provide access to various aspects of the problem under investigation. The part of the survey will consist of structured
questionnaires to assess the Knowledge, Attitudes, and Practices (KAP) of cotton cultivators on Pink Bollworm
management and IPM. The questionnaires will gather demographic data, information on farming characteristics, pest
control habits, awareness of IPM techniques, and exposure to extension services. The selected cotton-growing
districts in Punjab, Pakistan will be used to sample a statistically representative sample.

Besides surveys, FGDs (Focus Group Discussions) are to be conducted with farmer groups, agricultural extension
officers and local community leaders. Focus Group Discussions (FGDs) will facilitate open discussion, revealing group-
level attitudes, barriers and experiences exercising pest control and participatory methods. Discussions will also
facilitate the identification of informal networks of knowledge sharing in the community.

In-depth Key Informant Interviews (Klls) will be conducted with relevant experts including agricultural scientists,
integrated pest management (IPM) specialists, policymakers, and representatives from government and non-
government agricultural agencies. For example, such interviews will yield expert insights into the institutional and
policy-level constraints on and opportunities for better integrating farmer engagement into IPM.
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In addition, Participatory Rural Appraisal (PRA) tools for documenting farmers’ current pest management practices,
seasonal pest calendars, local innovations, and decision-making processes will be used during the study. We will
generate rich, community-driven insights through PRA tools such as pest problem ranking, resource mapping, and
solution trees. Not only does this participatory approach diverse the data but it also empowers farmers to critically
reflect on their practices and propose alternatives appropriate to their context. In combination, these data collection
methods will offer both quantitative depth and qualitative richness, allowing the research to reach significant
conclusions and policy implications and make a case for farmer-centric IPM techniques as a sustainable choice for
Pink Bollworm management.

Sample Size

The study acknowledges that while the sample size of 150—-200 farmers is statistically sufficient for descriptive analysis,
it may not fully capture the diversity of cotton farming practices across Pakistan’s multiple agro-ecological zones.
Moreover, as data were primarily self-reported, there is a possibility of recall bias or social desirability bias, particularly
in the reporting of IPM adoption. To minimize this risk, triangulation was employed through farmer field schools (FFS),
key informant interviews (KllIs), and participatory rural appraisal (PRA) sessions, and findings were thematically coded
for reliability. Future research could strengthen this approach by incorporating longitudinal data across multiple
cropping seasons and integrating inferential statistical methods (e.g., regression or structural equation modeling) to
establish causal relationships between awareness, participation, and adoption.Within this classification, there is a
smallholder category, which encompasses farmers who have less than 5 acres of land and are likely to be constrained
by financial resources, information, and extension services. Smallholders: Smallholders are farmers working on 5 acres
to 20 acres — sometimes, they have better access to inputs, but with higher economic pressures, they struggle to
implement sustainable pest control. At last, large-scale farmers having more than 20 acres of farmland are
comparatively more resourceful and able to adjust to technological advancements; however, they may have hard time
with pest management because of widespread pest infestations, and market forces.

Considering all three types of farmers, this study seeks to encompass a broad spectrum of pest management practices
and provide insight into how farm size influences knowledge and uptake of IPM. This approach will also ensure that
findings are applicable to a wide range of cot- ton farmers, resulting in more generalizable and inclusive policy
recommendations. The sample size of 150—200 farmers was mid-way between ensuring statistical validity and logistical
practicability, and resulting in the availability of a dataset amenable not just to quantitative analysis, but also qualitative
insights.

Data Collection, Research Tools and Data Analysis Method

Collection of data for this study using a combination of surveys, focus group discussions (FGDs), key informant
interviews (Klls), and participatory rural appraisal (PRA) techniques. These tools aim to measure varying aspects of
farmers’ behavior, knowledge, and attitudes towards Pink Bollworm and Integrated Pest Management (IPM).
Structured questionnaires were used to conduct the survey and these are expected to take into account farmers’
knowledge, attitudes and practices (KAP) towards Integrated Pest Management (IPM) and pest control, Barros
explained. Questionnaires were pre-tested to validate it for clarity, relevance, and correctness before being
administered to the chosen sample cotton farmers. The survey tool was elicited both a closed format and open-ended
format responses, which was yield both quantitative and qualitative data to help inform the Analysis Plan.

FGDs were conducted among groups of farmers, agricultural extension officers, and local leaders to capture
community-level perceptions of pest management, effectiveness of existing strategies, and barriers to adopting IPM.
The discussions were also providing insights into local innovations and informal pest management techniques. Expert
opinion on a broader environment for challenges and opportunities for IPM adoption in the region was obtained through
Key Informant Interviews (KllIs) with agricultural experts, policymakers, and IPM specialists.

Researcher used Participatory Rural Appraisal (PRA) techniques to work with farmers to map and discuss their pest
management practice, seasonal pest cycles, and approaches to problem-solving. This approach would enable farmers
to be involved in researching pest control strategies relevant to their local areas and promote broader buy-in for the
solutions.

As descriptive statistics to summarize farmers’ knowledge, attitudes, and practices regarding the use of IPM,
quantitative data from the surveys will be subjected to analysis. Inferential statistical tests (e.g. chi-square tests, t-tests)
will be used to determine relationships between variables such as farm size (e.g. small, medium, large) and IPM
adoption. Thematic analysis will be employed to analyze the qualitative data obtained from FGDs, Klls and PRA
sessions. We will identify, code, and categorize the key themes and patterns regarding farmer knowledge, challenges,
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and participatory strategies. The quantitative component will add statistical findings, while the qualitative component
will provide any in-depth learning allowing the study to comprehensively assess Pink Bollworm management and IPM
adoption by cotton growers.

Data Analysis

Quantitative Approach
Table 1. Distribution of Sample by Farm Size
Farm Size Category Number of Farmers Percentage of Total Sample (%)
Smallholders (< 5 acres) 50 33.3%
Medium-scale (5-20 acres) 75 50%
Large-scale (= 20 acres) 25 16.7%
Total 150 100%

Table 1 also shows the distribution of the sample population across farm size categories. The sample includes 150
cotton farmers in Punjab (Pakistan) and is divided into smallholders, medium-scale farmers, and large-scale farmers.
50% of the total sample is medium scale farmers, with the largest group of 75 farmers. Farmers of 5 acres or less,
referred to as smallholders, represent 33.3% of the sample (n=50). Finally, the smallest proportion has large-scale
farmers, farmers cultivating 20 acres or more, which makes up 16.7% of the total sample, 25 farmers. This distribution
represents a diverse range of farm sizes, ensuring that the research reflects viewpoints from farmers at multiple
production scales. The table indicates that the higher number of farmers in the sample belongs to the medium-sized
farmer’s category, followed by smallholders and large-scale farmers, who make up a smaller proportion of the sample.
This distribution is also informative for understanding the varied challenges and opportunities for IPM adoption in
different farm types.

Table 2. Farmer Knowledge of Pink Bollworm and IPM Practices

Farm Size Know About Pink Know About Use Chemical Adopt IPM
Category Bollworm (%) IPM (%) Pesticides Only (%) Practices (%)
Smallholders (£ 5 80% 60% 90% 45%
acres)
Medium-scale (5-20 90% 70% 75% 60%
acres)
Large-scale (= 20 95% 85% 50% 80%
acres)
Total 88% 71.7% 71.7% 61.7%

While Table 2 explores farmer knowledge of Pink Bollworm and IPM practises across the 3 disparate farm sizes, in
addition to the use of chemical pesticides and IPM adoption. The table indicates that knowledge of Pink Bollworm
increases the farm size (80% of smallholders, 90% of medium-scale farmers, and 95% of large-scale farmers). Pink
Bollworm Awareness Data Summary | Download PDFscript> Overall, 88% of overall sample are aware of Pink
Bollworm. Overall, IPM knowledge was shared among 60% of smallholders, 70% of medium-scale farmers, and 85%
of large-scale farmers, yielding IPM awareness of 71.7% across all farm sizes.

In terms of approaches to control for pests; chemical pesticide usage is a common practice across all groups where
90% of smallholders, 75% of medium-scale farmers, and 50% of large-scale farmers solely use chemical pesticides.
This translates into and overall of 71.7% occupied by chemical only pesticides users of the sample. However, IPM
adoption is farm-size specific: 45% of smallholders, 60% of medium-scale farmers, and 80% of large-scale farmers
have implemented IPM practices. In total, 61.7% of the total sample have adopted IPM in their pest management
practices.

As reflected in this table, a valuable trend observed is that the larger scale farmers have more familiarity with both Pink
Bollworm and IPM practices and also an increased adoption of IPM relative to smaller farmers. It also highlights the
overall reliance on chemical pesticides (particularly amongst smallholder farmers), which suggests a demand for
targeted efforts to improve IPM uptake, particularly for small-scale farms.
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Table 3. Barriers to IPM Adoption (Identified in FGDs)

Barrier Category Smallholders (%) | Medium-Scale (%) | Large-Scale (%) | Total (%)
Lack of knowledge and training 70% 50% 30% 55%
High cost of IPM inputs 80% 60% 40% 60%
Limited access to extension services 60% 50% 30% 47%
Perceived inefficiency of IPM 40% 30% 20% 30%
Lack of institutional support 50% 40% 20% 37%

In FGDs, farmers identified barriers to Integrated Pest Management (IPM) adoption, which were disaggregated by farm
size as reported in Table 3. Knowledge and training are the biggest barriers for smallholders with 70% citing this as
a problem. That is relative to 50% of medium-sized farmers and 30% of large scale farmers, accounting for a total of
55% of farmers in the sample citing knowledge voids as an inhibition. High cost of IPM inputs is another major barrier,
especially for smallholders, where 80% of respondents said that the limiting factor was the expense of IPM materials.
This is an issue affecting 60% of medium-scale farmers, although less so for large-scale farmers, with just 40% of
them saying cost is a barrier. So overall, the cost of inputs is considered a big issue by 60 percent of our sample. 60%
of smallholders, 50% of medium-scale farmers and 30% of large-scale farmers identified limited access to extension
services which follows from the unequal distribution of agricultural support, particularly for smallholders. The other
concern is the perception of IPM inefficiency, especially among smallholders, where 40% raised doubt on its effective
performance compared to chemical pesticides whereas this percentage is much lower, only 20% for large-scale
farmers. Finally, smallholders mention lack of institutional support as 50%, followed by medium-scale (40%) and large-
scale (20%) farmers. This indicates a widespread necessity for higher institutional support for IPM programs,
especially for smallholders. It appears that smallholder farmers currently have the least knowledge and ability to pay
for IPM systems, as well as the most limited access to information and resources necessary to adopt an IPM plan, and
therefore constitue a group that would be important to develop solutions for.

Table 4: Participation in Farmer Field Schools (FFS) and Impact on IPM Adoption

Farm Size Category Participated in FFS (%) Adopted IPM After FFS (%)
Smallholders (< 5 acres) 30% 40%
Medium-scale (5-20 acres) 50% 65%
Large-scale (= 20 acres) 70% 80%
Total 50% 61.7%

Table 4 provides an overview of farmer participation in Farmer Field Schools (FFS) and the subsequent adoption of
Integrated Pest Management (IPM) practices across different farm sizes. The table reveals that smallholders (farmers
with < 5 acres) have a 30% participation rate in FFS, with only 40% of them adopting IPM practices after attending the
sessions. In comparison, medium-scale farmers (those with 5-20 acres) show a higher participation rate of 50%, and
65% of these farmers adopt IPM practices following their involvement in FFS. The highest participation and adoption
rates are seen among large-scale farmers (= 20 acres), with 70% attending FFS and 80% adopting IPM practices
afterward. Across the entire sample, 50% of farmers participated in FFS, and 61.7% of them implemented IPM
practices after their training.

These results demonstrate a clear trend where larger farms have both higher participation rates in FFS and greater
adoption of IPM practices. The data suggests that FFS have a positive impact on IPM adoption, with larger-scale
farmers being more likely to benefit from the training provided. The lower participation and adoption rates among
smallholders highlight potential challenges in reaching this group with effective training programs. Additionally, the
findings indicate that participation in FFS significantly increases the likelihood of adopting IPM, underscoring the value
of such educational initiatives in promoting sustainable agricultural practices.

Farmers were classified based on their farm size into three distinct groups (small, medium, large), and a comparative
statistical test (Kruskal-Wallis H test) was performed to assess differences in their knowledge and practices about Pink
Bollworm and integrated pest management (IPM) as given in Table 5. Chi-square and p-values were calculated in the
analysis. In awareness of Pink Bollworm, 80% of smallholders, 90% of medium-scale farmers, and 95% of large-scale
farmers are aware of the pest. In contrast, the Chi-square value is 6.27 and p-value is 0.043, suggesting that there is
a statistically significant difference in awareness among larger-scale farmers that exhibit higher levels of awareness.
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Concerning awareness of IPM, 60% smallholders, 70% medium-scale farmers, and 85% large-scale farmers knew
about the availability of IPM practices, with Chi-square 7.15 and p-value 0.028, reporting a statistically significant
difference in size of farms reporting knowledge of IPM, whereby larger farms were more aware about IPM. Chemical
pesticides are used by 90% of smallholders, 75% of medium-scale farmers and 50% of large-scale farmers—and this
is where the significant gap lies. In fact, it is statistically significant as well, Chi-square = 12.56, p-value = 0.002,
meaning that we can reject the null, and that larger farms are less likely to rely solely on chemical pesticides than
smallholders. Adoption of IPM practices is highest among large-scale farmers (80%), followed by medium-scale (60%)
and smallholders (45%). The Chi-square value of 13.21 with a p-value of 0.001 confirms that there is a statistically
significant difference between large and small scale farmers (where large scale farmers are more likely to adopt IPM
practices than smallholders.) Broad patterns emerge from the table, as scale-up farmers had higher levels of
awareness and use of IPM practices and lower reliance on synthetic chemical pesticides than smallholders, who faced
more barriers to adoption.

Table 5. Statistical Analysis of Knowledge and Practices by Farm Size

Knowledge or Practice Smallholders Medium-scale Large-scale Chi-square Value (p-
(%) (%) (%) value)
Awareness of Pink Bollworm 80% 90% 95% 6.27 (0.043)
Awareness of IPM 60% 70% 85% 7.15(0.028)
Use of Chemical Pesticides 90% 75% 50% 12.56 (0.002)
Adoption of IPM Practices 45% 60% 80% 13.21 (0.001)

Qualitative Data Analysis

Qualitative analysis was performed on the data collected through the Focus Group Discussions (FGDs), Key Informant
Interviews (KllIs) and Participatory Rural Appraisal (PRA) sessions based on thematic analysis. Using this method, the
researcher was able to identify, analyze, and write up the recurring or patterned themes in the data. Thematic analysis
is relevant for this research because it enables the exploration of the underlying factors, perceptions, and behaviors
that shape cotton farmers’ adoption of Integrated Pest Management (IPM) and Pink Bollworm management practices.
Step 1: Familiarizing with the data transcript

First, audio recordings of the FGDs, Klls and PRA were transcribed for analysis. The first step was involved
transcribing interviews, and closely reading them to both familiarize ourselves with each interview and note initial
impressions. It would guide the researcher to be immersed in the data and start ordering themes and patterns.

Step 2: Coding the data

After understanding the data, the next step was coding, where segments of the data that are relevant to the topics and
issues researcher want to address are labeled, for example farmer knowledge, attitudes to Pink Bollworm, barriers to
IPM adoption and participatory strategies. These codes were assigned for each section of text relating to these groups
of topics. For example:

While farmer codes might include knowledge about Pink Bollworm, knowledge of pest control, farmer age, and so on.
Costs, lack of training, limited access to extension services Barriers to IPM Adoption Participatory Approaches: Codes
like as Farmer Field Schools, peer learning, community-based solutions.

Step 3: Finding the main themes

Initially the researcher was coded the data into themes, and then will reduce the number of codes into overarching
themes that reflect the main issues in the data. The themes were arising from common patterns, issues, or topics that
cut across the various data sources (FGDs, Klls, and PRA). Here are some possible themes that could come to light:
Farmer Awareness and Knowledge Gap — Farmers know little or nothing regarding the biology of Pink Bollworm or
the advantages of IPM methods. Identifying IPM Barriers: Farmers can also point out specific barriers they face ranging
from high input costs, low technical knowhow, to lack of resources. Successful Educational Outreach for Pest
Management: In this section, we’d like to see themes on community-based field and production practices, Farmer Field
Schools (FFS), and networks of peer-based learning as a means to increase the dissemination of knowledge and
uptake of best practices to prevent plant pests. IPM Effectiveness Based on Farmers’ Perceptions: Farmers’
perceptions on how effective IPM is in managing Pink Bollworm will be coded under this theme including success
stories or failures. Institutional and Policy Determinants: This theme was focued on the role of government policies,
agricultural extension services, and institutional support in (and barriers to) the adoption of IPM.
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Stage 4: Reviewing and refining constructs

Initial themes were identified, which will be revisited and revised to ensure they accurately capture the data. Some
themes will be combined if they are similar, or subthemes will be developed if they are more specific category of data.
One example might be a theme of “Challenges to IPM,” which could be further subdivided into economic (e.g., high
costs of inputs), social (e.g., lack of trust in new practices), and practical reasons (e.g., limited access to necessary
tools and technology).

Step 5: Interpretation and writing a report

Lastly, the themes were discussed to make sense of the results. The examples in qualitative findings were used by
the researcher as quotes to demonstrate how such themes occur in the payment of cotton grown in Vehari, District of
Punjab, Pakistan, Thematic analysis was also guide the exploration of scales of participatory strategies and farmer
engagement that facilitate the uptake of Integrated Pest Management practices and the effectiveness of strategies to
overcome Pink Bollworm management constraints. Results were then being compiled into a write-up that would provide
insight into factors influencing pest management behaviors and opportunity towards increasing IPM adoption.

Table 6: Key Themes from FGDs, Klls, and PRA Sessions on Farmer Knowledge

Theme Sub-themes/Key Farm Size Frequency of Example Quotes
Findings Mention
Awareness of General awareness of pest Smallholders, High “I heard about it from the
Pink Bollworm and sources of information | Medium-scale, extension worker, but |
Large-scale don’t know much more.”
Understanding of | IPM definition, benefits of Smallholders, Moderate “I know IPM is better for the
IPM IPM and misunderstanding | Medium-scale soil, but it's expensive and
of IPM hard to manage.”
Knowledge Gaps Lack of scientific Smallholders High “We don’t understand the
understanding and Need technical parts of IPM; it's
for practical training difficult for us to follow.”

Main themes generated from Focus Group Discussions (FGDs), Key Informant Interviews (Klls), and Participatory
Rural Appraisal (PRA) with respect farmer knowledge Pink Bollworm is widely recognized across all farm sizes, with
farmers referring to the pest often but usually vague about details: “I heard about it from the extension worker, but |
don’t know much more” according to one smallholder. Knowledge of IPM is intermediate, with farmers agreeing that
IPM has benefits but also expressing confusion or concerns about how to practice it, such as a medium-scale farmer
who said, “l know IPM is better for the soil, but it's expensive and hard to manage.” There is a huge knowledge gap,
particularly for smallholders, who say there is no one who can explain the science and a practical training course for
them, with smallholder saying, “We don’t understand the technical parts of IPM; it’s difficult for us to follow. These
themes show that the farmers have knowledge about Pink Bollworm and IPM but there are still significant gaps in their
knowledge especially regarding technical aspects of IPM and its application.

Table 7. Barriers to IPM Adoption Identified in FGDs and Klls

Theme Sub-themes/Key Findings Farm Size Frequency Example Quotes
of Mention
Economic High costs of IPM inputs (seeds, Smallholders, High “IPM is too expensive; |
Barriers pesticides, equipment) and limited | Medium-scale, cannot afford the inputs for
access to credit Large-scale my small farm.”
Lack of Need for farmer education and Smallholders, High “We don’t know how to apply
Knowledge extension services and poor Medium-scale IPM techniques properly; we
and Training understanding of IPM benefits need more training.”
Limited Inadequate access to quality Smallholders, Moderate “Without proper tools and
Access to seeds and tools and poor Medium-scale resources, we can’t
Resources infrastructure implement IPM
successfully.”
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“Extension services don’t
reach us regularly;
sometimes we don’t get the
help we need.”

Institutional Moderate

Barriers

Lack of support from government
agencies and inconsistent
extension services

Medium-scale,
Large-scale

Table 7 Economic barriers are substantial regardless of farm size, with high costs for IPM inputs (including seeds,
pesticides, and equipment) and lack of access to credit being the major constraints. Affordability concerns were
especially prevalent among smallholders, as illustrated in the quote, “IPM is too expensive; | cannot afford the inputs
for my small farm.” Similarly, smallholders and medium-scale farmers frequently identified lack of knowledge and
training as a barrier citing a need for more education and extension services. One smallholder said: “We don’t know
how to apply IPM techniques properly; we need more training. Smallholders and medium-scale farmers reported
limited access to quality inputs, particularly seeds and tools, and some reported that a lack of resources prevents them
from effectively implementing IPM. “We’re unable to implement IPM without proper tools and resources,” one farmer
said. Medium and large-scale farmers pointed out institutional barriers such as lack of support from government
agencies and inconsistent extension services, as defined above. “A medium scale farmer, reiterating this dilemma said
“Extension services do not get to us regularly: in fact sometimes we do not get the required help”. These findings
highlight that economic constraints, lack of knowledge, limited resources, and absence of institutional support play key
roles in the adoption of IPM.

Table 8. Participatory Strategies for IPM Adoption

Theme Sub-themes/Key Findings Farm Size Frequency Example Quotes
of Mention
Farmer Field Effectiveness of FFS in Smallholders, High “Farmer Field Schools
Schools (FFS) teaching IPM techniques and Medium-scale helped me understand IPM
Engagement in practical better; we saw real
learning improvements.”
Peer Learning Informal knowledge exchange | Smallholders, Moderate “We share what we learn
and Knowledge | among farmers and Influence | Medium-scale, with our neighbors; it's a
Sharing of social networks Large-scale good way to learn together.”
Community- Collective action for pest Smallholders, Moderate “In our village, we help each
Based Solutions management and Local Medium-scale other with pest management,
innovations and it works well.”

Table 8 summarizes key participatory strategies that enhance uptake of Integrated Pest Management (IPM) by
farmers. Three main approaches are emphasized: Farmer Field Schools (FFS), peer learning and community based
solutions. FFS are particularly useful for small and medium-scale farmers, who benefit from practical education that
yields high levels of participation. Peer learning prioritises informal knowledge transfer across farms of all sizes,
underpinned by social networks, and reaches moderate levels of uptake. The general premise of community-based
solutions is collaborative efforts and local innovations, mostly among small and medium-scale farmers, to a lesser
extent also using moderate means (e.g. Handlet J.Community-Based Strategies for Food Security 2003). The
strategies undertaken are collectively indicative of the value of experiential and social learning in facilitating IPM
practices.

Table 9. Perceptions of IPM Effectiveness

Theme Sub-themes/Key Farm Size Frequency Example Quotes
Findings of Mention

Effectiveness of Positive impact of IPM on Smallholders, High “IPM has helped reduce
IPM in Controlling pest control and Medium-scale pest numbers, but it's hard

Pink Bollworm Challenges in to stick to it consistently.”

implementation
Success Stories Farmers’ experiences of Medium-scale, Moderate “l used IPM for a whole
success with IPM and Large-scale season, and it worked
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methods

comparison with chemical

much better than the
pesticides | used before.”

Concerns about
IPM Effectiveness

Doubts about long-term
effectiveness concerns
about yield loss

Smallholders

Moderate

“I'm worried that IPM won’t
be as effective in the long
term; we have to test it
more.”

Table 9 presents farmers’ perceptions of IPM (Integrated Pest Management) effectiveness, focusing on its impact and
challenges. Many small and medium-scale farmers reported that IPM effectively controls pests like the pink bollworm,
although consistent implementation remains difficult. Medium and large-scale farmers shared success stories, noting
that IPM sometimes outperformed chemical methods. However, concerns persist, particularly among smallholders,
who question the long-term reliability of IPM and fear potential yield losses. Overall, the table reflects both optimism
and caution among farmers regarding IPM’s effectiveness.

Table 10. Institutional and Policy Factors Affecting IPM Adoption

Theme Sub-themes/Key Findings | Farm Size Frequency of | Example Quotes
Mention
Government Need for policy interventions | Medium-scale, High “The government should offer
Support to  support IPM and | Large-scale subsidies for IPM inputs to
availability of subsidies make it more accessible.”
Extension Access to agricultural | Smallholders, Moderate “The extension officer visits
Services extension  services and | Medium-scale once in a while, but it's not
frequency and quality of visits enough to learn IPM
properly.”
Training Need for practical, hands-on | Smallholders High “Training should be closer to
Programs training and preferable timing our villages, and we need
and location for training more practical sessions on
IPM.”

Key institutional and policy-related factors contributing to the adoption of Integrated Pest Management (IPM) are
highlighted in table 10. Farmers stressed the importance of government support — particularly medium and large-scale
producers — who said subsidies are needed to make IPM more accessible. Extension services were not frequently
referred to, though small and medium-scale farmers highlight that infrequent visits or limited availability hamper
adequate learning. Smallholders also emphasized the need for training that was more accessible and relevant, in
particular, sessions held close to their villages. All in all, it shows the importance of supportive policies, advice services,
and applied training for encouraging IPM adoption.

Table 11. Farmer En

agement and Participation in IPM Initiatives

Theme Sub-themes/Key Farm Size Frequency Example Quotes
Findings of Mention
Farmer Involvement of farmers in Smallholders, High “We should be more
Engagement in IPM planning and inclusion | Medium-scale involved in making decisions
Decision Making in local pest management about pest management; it
decisions affects us directly.”
Collaborative Collective action for better Medium-scale, Moderate “When we work together, we
Efforts in Pest pest control and support Large-scale can reduce the pest problem
Management from farmer networks much more effectively.”

The role of farmer engagement and participation in IPM (Integrated Pest Management) initiatives is explored in Table
11. The second vision has small and medium-scale farmers recognize the importance of engaging in decision-making
processes concerning pest management, indicating their demand for consideration in planning processes that directly
impact their farms. If many farmers from a farmer network perform pest control together, the efficiency will be higher

https://doi.org/10.55627/agribiol.003.02.1296

114



than when everyone controls pests individually, said farmers with medium-scale and large-scale farms. The table as
a whole highlights the added value of participatory approaches and collective action for IPM implementation.

RESULTS

The qualitative data were coded\, and the key themes and insights with respect to the knowledge, attitudes, challenges,
and participatory type strategies towards the management of Pink Bollworm and adoption of IPM among cotton
farmers of Punjab, Pakistan are presented in table no 1. First, farmer awareness of Pink Bollworm was relatively high
since most of the farmers knew the existence of the pest and its damaging capacity. The level of understanding,
however, showed marked differences, and smallholders did not demonstrate the same level of detail-focused
knowledge of the pest’s lifecycle and behavioral characteristics as had large-scale farmers. IPM awareness was also
widespread but mostly at a very basic level, with many farmers digging deeper into the aspects of IPM for which
technical knowledge is required. Training and education were identified as a significant contributing factor in the
knowledge gap, with farmers wanting more IPM resources with practical, accessible training.The findings highlight
several key barriers to IPM adoption, including high cost of inputs, limited access to training, and weak institutional
support. These barriers are summarized in Table 12, which presents their relative frequency based on farmer
responses. While the study primarily documents male farmers’ perspectives, it is important to note that women also
contribute to cotton farming activities and community learning processes, but their roles were not comprehensively
captured in this dataset. This represents an important area for future participatory research.

Table 12. Barriers with their relative frequency based on farmer responses

Barrier Frequency (No. of farmers) Percentage (%)
High cost of IPM inputs (biocontrol, traps, etc.) 95 52.8
Limited access to training/knowledge 72 40.0
Weak institutional/extension support 60 33.3
Lack of timely availability of IPM materials 48 26.7
Perceived risk compared to chemical control 45 25.0
Limited peer/community adoption (social influence) 30 16.7

They identified a number of barriers to adoption of IPM. Economic constraints were the most commonly reported
barrier, with smallholders highlighting the high cost of IPM inputs, including biopesticides, as well as the burden of
switching pest control methods. Abundant farming resources and cheap credit would have further impeded its uptake
in most areas. A lack of technical knowledge was a key barrier here also, especially on smallholder farms where
farmers felt they did not possess the expertise to effectively utilize IPM practices. Extension services were available
but sometimes inconsistent, and farmers said access to extension officers for regular visits was limited, especially in
the more remote areas. Importantly, some farmers were reluctant to adopt IPM because they felt like it did not work
as well as chemical pesticides, however, there was a strong willingness of many to try IPM after being properly
educated and supported.

With respect to participatory approaches, Farmer Field Schools (FFS) and peer learning were identified as a successful
strategy to increase knowledge and the adoption of integrated pest management (IPM). Farmers who had experience
with FFS, had a greater understanding of IPM principles and improved the pest management results. The importance
of community-based solutions was also highlighted, with many farmers reporting that neighbors working together—
sharing information and resources—was a big part of the solution to pest problems. In conclusion, the institutional and
policy landscape proved to be a major driver of IPM uptake, both in terms of hampering as well as accelerating uptake.
Farmers said they required government policies that would subsidies IPM inputs and give more extensive support for
agricultural extension services. Although there were some government initiatives supporting IPM, farmers perceived
the support for IPM as low, and emphasized the need for more policy interventions to enable both sustainable and
scalable IPM, especially through access to smallholders.

These qualitative findings suggest that despite the awareness of Pink Bollworm and IPM, several barriers, including
cost, limited technical knowledge, and limited resource availability, inhibit broad adoption. Participatory strategies,
including farmer field schools (FFS) and the peer learning approach, have the potential to address these barriers and
improve the effectiveness of integrated pest management (IPM), however, for IPM to remain an ongoing practice
among cotton farmers in the region, increased institutional support and capacity development is necessary. Based on
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our findings, we draw several conclusions about the factors affecting Pink Bollworm control in Integrated Pest
Management (IPM) adoption in cotton farmers in Punjab, Pakistan. The findings highlight the opportunities and
challenges confronting cotton growers in adopting sustainable pest control systems, with emphasis on farmers’
awareness, participatory methods and institutional prerequisites.

Knowledge Gap and Farmer Awareness

The findings indicate an overall sensitive awareness of Pink Bollworm among farmers, but also a lack of knowledge
in certain areas with regards to specific biological traits of the pest and the full range of IPM strategies employed. This
is in line with other studies that identify knowledge gaps of pest management as major hindrance for sustainable
agricultural practices (Singh et al., 2018; Sharma et al., 2019). Another key issue to be highlighted on the variation in
knowledge levels is between large scale farmer and small holding farmer which calls out tailored educational
approaches. Smallholders, often with limited access to technical training and extension services, find it more
challenging to obtain information to manage pests effectively. This gap highlights the need to ensure that IPM is
available and viable for all farm scales by addressing the educational and informational needs of distinct farmer
segments (Pasha, and Israr, 2018).

Economic and Practical Challenges of IPM Implementation

The original research highlights important economic barriers to IPM adoption which have been emphasised in previous
studies (Rahman et al.,2018; Chauhan et al., 2017). Farmers, especially resource-poor farmers, view IPM inputs like
biopesticides, specialized tools, and seeds as costly. The issue of cost is particularly acute for smallholders, who
cannot afford to take up IPM practices without some compensation. Moreover, due to unavailability of subsidized
credit, poor access to the organic cotton markets, etc. farmers find it difficult to change from conventional chemical
pest control to a more sustainable and organic method of pest control. Overcoming these economic barriers is critical
to foster wider uptake of IPM, and policy interventions such as subsidies for IPM inputs and financing for smallholders
are needed to make these practices financially affordable (Rashid and Iftikhar, 2016).

Another main barrier was the lack of access to IPM inputs of good quality, and the training of techniques on pest
management. This result is consistent with Hossain et al., (2016) revealing the need of quality extension service
provision, along with local support networks, are necessary factors affecting the adoption of sustainable agricultural
practices. This is exacerbated by limited access to information in remote areas and inconsistent extension services,
which undermine farmers’ ability to make informed decisions about how to manage pests. Improving access to a more
consistent, diverse range of extension services, especially in rural and remote areas, is thus vital to support a higher
uptake of IPM (Rizwan and Raza, 2017).

Participatory Strategies Effectiveness

A key contribution of this study is the identification of types of participating strategies, such as Farmer Field Schools
(FFS), and peer learning, that employee’s farmers’ knowledge and confidence to adopt of the IPM practices. These
results align with the findings of Pretty et al. S.A. mindsets (2018), highlighting participatory methods as a way to
empower farmers and encourage uptake of sustainable agricultural methods. FFS had positive effects on farmers’
knowledge and engagement in IPM principles. Owing to this multiple pathways of social learning, peer learning
networks, where farmers share knowledge and experience of IPM, were laid out to be useful in the scaling up process.
In regions where farmers often deal with similar pest management challenges, these networks help members share
ideas and innovate, he says. Community solutions are a great way to solve common agricultural problems, and the
results show that shared efforts for pest management can play a catalyst for improved overall farm fitness and
sustainability (Tariqg and Ali, 2016).

Support (Institutions and Policies)

In addition to technical aspects, however, institutional and policy factors significantly affect farmers’ adoption of IPM.
Although there have been some government efforts to promote IPM, farmers stressed that policy support is still
inadequate. These findings align with previously reported research by Sharma, and Mishra, (2018) cites the absence
of integration with policies and low levels of governmental support as shortcomings in the effectiveness of IPM
programs. Farmers from this study reported the need for subsidies of IPM inputs, training programs that were more
accessible, and financial assistance to provide IPM as a viable alternative to chemical pest control. Placement and
availability of facilitative incentives at multiple levels guided the study to recommend more coordinated and continuous
institutional arrangements to provide multifunctional and consistent extension services at the field level, realizing the
need of more cohesive institutional follow-up in terms of potential source identification, preparation and delivery of the
campaign, production management approaches and provision of result-oriented strategies, felt by farmers to serve as
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useful triggers (initiation and leads) for ensuring sustainable impacts on their farming systems after the campaign is
over. To achieve widespread and effective use of IPM systems, government and agricultural organizations must offer
a greater breadth and continuity of services to farmers, especially those in rural and underserved areas.

DISCUSSION

The results of this study provide important insights into the persistence of Pink Bollworm (Pectinophora gossypiella)
infestations in cotton-growing regions and the challenges faced in implementing sustainable pest management
strategies such as Integrated Pest Management (IPM). The findings reveal that despite the availability of Bt cotton and
chemical control measures, Pink Bollworm continues to threaten cotton production, particularly among smallholder
farmers in regions such as Punjab, Pakistan. This situation underscores the complexity of pest resistance, the
limitations of singular pest-control strategies, and the importance of integrating socio-economic, educational, and
participatory considerations into pest management programs. Comparative insights from regional and global IPM
initiatives reinforce the importance of farmer-centered participatory models. For instance, experiences from India’s
cotton IPM programs and community-based pest management in Africa demonstrate that collective farmer learning
can significantly reduce pest resistance when supported by institutional backing. Similar lessons could be drawn for
Pakistan, where policy frameworks remain underutilized. Furthermore, while this study emphasizes descriptive
analysis, it does not apply inferential methods that could establish causal relationships. Future adoption studies should
consider regression-based models to robustly identify the drivers of adoption and quantify the relative weight of
economic, institutional, and social barriers. The socio-behavioral dimension remains critical, as adoption depends not
only on farmer knowledge but also on affordability, institutional support, and peer influence within farming communities.
Stronger alignment with existing government initiatives, such as provincial extension programs and NGO-led farmer
training schemes, could also accelerate adoption and sustainability of IPM practices.

Comparison with Existing Literature

The observed resurgence of Pink Bollworm aligns with the findings of Kranthi (2015), who reported that over-reliance
on Bt cotton, coupled with inadequate resistance management, has led to the evolution of resistance in Pink Bollworm
populations. This resistance, particularly to the Bt toxin Cry1Ac, has been documented in India and Pakistan, resulting
in extensive crop damage and a renewed dependence on synthetic pesticides (Nayak & Sahoo, 2015). Such trends
directly contradict the principles of sustainable agriculture and highlight the limitations of technological fixes when not
integrated with holistic management strategies.

Previous studies (Jakhar and Jat, 2021) have emphasized that heavy reliance on single control tactics—whether
chemical or biotechnological—exacerbates pest resistance. Our results support these findings, revealing that most
surveyed farmers continue to depend primarily on pesticide applications rather than diversified pest control
approaches. This reliance is further compounded by limited awareness and education regarding IPM principles, as
observed in our sample where less than one-third of respondents reported having even heard of IPM, echoing similar
trends documented in the Punjab province by Rui and Zhaohui (2014).

Furthermore, our findings affirm the conclusions of Naranjo (2011) and Patil and Shirsat (2021), who noted that IPM
requires a paradigm shift from input-intensive to knowledge-intensive farming, with farmers at the center of the
decision-making process. Yet, implementation remains low due to insufficient farmer training, weak extension services,
and a lack of participatory frameworks tailored to local socio-economic realities.

Explanations for Observed Trends

Several interrelated factors explain the continued prevalence of Pink Bollworm despite the theoretical availability of
effective management tools. First, technological solutions such as Bt cotton are rendered less effective over time when
resistance management is not rigorously followed. In many smallholder contexts, seed choices, pesticide usage
patterns, and monitoring protocols are influenced more by immediate economic constraints than by long-term
sustainability considerations.

Second, our data show that limited access to reliable extension services contributes to knowledge gaps. This aligns
with FAO (2020) and van den Berg and Jiggins (2007), who highlight that without regular technical support, farmers
are less likely to adopt or sustain IPM practices. Even where training opportunities exist, our findings suggest that
socio-cultural factors—such as reliance on peer recommendations, perceived risk of yield loss, and trust in traditional
practices—often outweigh scientific advice in influencing farmer behavior.

Third, as noted by Subramanian & Gupta (2012), information dissemination tools such as mobile alerts or videos can
only be effective if they are culturally relevant, accessible, and trusted. In our study region, literacy rates and
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infrastructure limitations constrain the reach of such tools, making in-person, community-based learning models such
as Farmer Field Schools (FFS) a more viable avenue for behavioral change.

CONCLUSIONS

Overall, these results point towards the need to fill knowledge voids and alleviate economic constraints to improve
adoption of IPM among cotton producers in Punjab, Pakistan. To promote farmers’ involvement with IPM and better
cope with pest management constraints, promising participatory approaches such as FFS and peer learning can be
considered. However, without the presence of situational-specific subsidies, financing, and stable extension services
as a full policy package, IPM will not be a realistic pest management strategy available for all farmers. The effectiveness
of integrated pest management (IPM) adoption at scales beyond single users will be a key focus for future research,
as will measuring the long-term effects of participatory approaches and policies. Moreover, economic aspects of the
IPM (especially for smallholders) will have to get more attention, as the chance for making IPM a mainstream pest
management practice largely depends on its viability.To strengthen IPM adoption, future studies should expand
sampling across multiple cotton-growing provinces to improve generalizability. Incorporating inferential statistical
approaches such as regression or structural equation modeling would allow researchers to better identify the drivers
of adoption. Triangulation of self-reported practices with field-level pest incidence data or yield records is also
recommended to enhance reliability.
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