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Introduction, Purpose, and Objectives
Integrated Pest Management (IPM) has evolved from a pesticide-intensive practice to an ecologically sustainable approach designed to reduce environmental pollution, safeguard biodiversity, and protect human health. Modern IPM integrates technology, business, and sustainability, yet adoption continues to vary due to economic and educational barriers (Lane et al., 2023) and regional differences in crop systems (Han et al., 2024). Historically, pest management has relied on chemical control aimed at eliminating entire pest populations (Deguine et al., 2021; Lewis et al., 1997), but such approaches have been linked to severe ecological effects and biodiversity loss (Onorati et al., 2022; Pathak et al., 2022; Srijana et al., 2022). In contrast, IPM seeks to keep pest populations below damaging thresholds (Angon et al.sta, 2023) through prevention, monitoring, and informed decision-making that minimize chemical inputs. Techniques such as biological controls (Moutsaras et al., 2025) and targeted pesticide use sustain productivity while protecting ecosystems (Bueno et al., 2021; Panda & Sharma, 2025). Empirical evidence demonstrates that IPM can reduce pesticide applications by up to 95 % without compromising yields (Pacenka et al., 2021), improve economic returns (Grasswitz, 2019), and enhance soil and ecological health (Fahad et al., 2018).
Despite these benefits, IPM adoption remains inconsistent and short-lived (Bottrell & Schoenly, 2018) because growers perceive it as complex, costly, and risky (Creissen et al., 2021; Day et al., 2022). For tree-fruit growers, challenges are heightened by continuous pest pressures, stringent market standards, high labor costs, and year-round management requirements (Devadoss, 2021). Although quantitative studies have documented IPM adoption trends (Despotović et al., 2019; Lane et al., 2023; Marinko et al., 2023), fewer have qualitatively examined how potential adopters themselves perceive the benefits and constraints of IPM implementation. Understanding the lived experiences of tree-fruit growers is essential to strengthening communication, extension, and research strategies that support sustained adoption of IPM. Guided by Rogers’ (2003) Diffusion of Innovations (DOI) theory, which emphasizes how perceived attributes: relative advantage, compatibility, complexity, trialability, and observability influence the acceptance of innovations, this study explores how tree-fruit growers in the eastern United States perceive and experience IPM adoption.
The purpose of this study was to examine the factors influencing the adoption of IPM practices among tree fruit growers in the eastern United States and to assess how these factors relate to the perceived attributes of innovations as described by DOI theory. The specific questions guiding this study were: (a) What benefits do tree fruit growers associate with adopting IPM? (b) What challenges do tree fruit growers encounter when considering adopting IPM practices? and (c) How do the attributes of IPM influence the adoption of IPM and guide decisions regarding future research needed to enhance IPM tools?


Theoretical Framework
DOI theory (Rogers, 2003) suggests five key attributes influence the rate and extent of innovation adoption. These attributes are relative advantages, compatibility, complexity, and observability. The attributes affect how potential adopters perceive an innovation’s usefulness, ease of use, and alignment with their values and practices.  Within agricultural systems, DOI has been extensively used to explain farmers’ decisions to adopt innovations such as precision agricultural technologies (Greig et al., 2023; Nafar et al., 2025), cultural practices (Lavoie et al., 2021), soil conservation (Lee et al., 2025), IPM in vegetable crop production (Tham-Agyekum et al., 2025), and IPM adoption in general (Lane et al., 2023). In this study, relative advantage refers to the extent to which tree-fruit growers perceive IPM as providing benefits over conventional pest control methods, such as greater efficiency, lower pesticide use, or long-term economic savings. Compatibility refers to the extent to which IPM aligns with growers’ current production practices, knowledge, and management. Complexity measures the perceived difficulty of implementing IPM, which includes technical skills, timing, and decision-making. Trialability refers to the ability of growers to test IPM strategies on a small scale before full adoption. Lastly, observability refers to the extent to which the benefits of IPM are visible to tree-fruit growers, peers, or consumers, such as healthier crops or lower environmental chemical residues.
The importance of DOI in this research lies in recognizing that adopting IPM in perennial fruit systems is not merely a technical decision but also involves social and psychological dimensions. Tree-fruit growers operate within networks of peers, consultants, and consumers, influencing their perceptions of effective pest management (Scott‐Brown et al., 2025). Moreover, successful IPM adoption depends on ongoing learning, monitoring, and adaptation, which means growers’ perceptions of its qualities can change over time based on their experiences and conditions posed by the environment (Dara, 2019). 
Methods
This qualitative study used focus groups to gather rich data, encouraging participants to share experiences. Focus groups typically involve 6 to 10 people discussing perceptions and attitudes (Krueger, 2014). Focus groups are effective for exploring collective experiences and capturing diverse views (O.Nyumba et al., 2018). A moderator’s guide was used to facilitate the discussions. Three faculty members specializing in communication and education in the context of agriculture developed the moderator guide, which was then reviewed by a team of entomologists and extension specialists to ensure content reliability and transferability (Archer, 2007). IRB approval was obtained. Seven focus groups involving 82 participants were conducted from January to March 2025 across 12 eastern U.S. states. Participants were primarily apple and peach growers who actively implemented IPM practices. Six sessions were held in person, and one was conducted virtually via Zoom. In-person sessions occurred in conference room roundtable settings, facilitated by a moderator and a note-taker. Each session lasted between 45 minutes and 1.5 hours and was audio recorded. Participants discussed their IPM experiences, guided by the moderator but encouraged to converse. Audio recordings were transcribed verbatim with pseudonyms assigned for confidentiality.


Coding Procedure & Theme Development

Focus group transcripts were analyzed thematically using Boyatzis's (1998) codebook approach. Two coders independently open-coded for key concepts, then merged or eliminated duplicate codes via discussion, creating a preliminary codebook. This was repeated for each transcript, noting new insights. For the third, MAXQDA was used, resulting in 82% agreement after re-coding. The remaining transcripts were split between coders, who continued to discuss and update codes. After coding, the authors identified overarching themes based on code frequency, co-occurrence, and research relevance. Thematic structure was refined through discussions, ensuring clarity. The process lasted about four months, following Boyatzis (1998). Establishing and documenting this level of intercoder agreement strengthens the transparency, credibility, and communicability of qualitative analysis by demonstrating that the coding frame can be applied consistently across researchers (O’Connor & Joffe, 2020). An audit trail was maintained, and the final codes were peer debriefed with a team of extension, communication and entomology faculty to ensure transferability (Lincoln & Guba, 2002). 

Figure 1
Geographic distribution of focus group participants
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Results
Perceived Benefits of IPM Adoption
Two dominant themes emerged from the focus group discussions as perceived benefits of IPM adoption among growers: Flexible Application Boosts Pest Control Efficiency and Eco-conscious Management Approaches.
Flexible Application Boosts Pest Control Efficiency
This theme was supported by five interrelated codes, which collectively addressed the multifaceted positive aspects associated with IPM among participants. First, participants consistently emphasized the effectiveness and durability of IPM tools, such as mating disruption and targeted spraying. Participants perceived IPM methods as reliable and long-lasting solutions for pest control, often describing them as effective, having witnessed their success in managing persistent pest issues. Participants also reported the monitoring and tracking capabilities embedded in IPM practices. Tools such as pheromone traps or visual scouting, which enable observation and prediction of pest activity, are regarded as critical elements for informed decision-making. These methods demonstrate the effectiveness of IPM by enhancing targeted control measures. For instance, a participant stated how he perceives IPM as a tool to prevent pest resistance, emphasizing the role of rotating modes of action to enhance the longevity of pesticide effectiveness by saying that:
And they have various models, insect and disease type of thing. You can utilize those models along with trapping to time your spray schedule and such. So it's very advantageous to utilize that, so you can know when the insect is there, to what level threshold it's at and what ...
Eco-conscious Management Approaches
While participants emphasized IPM demonstrates effective and efficient strategies to manage pest issues, they also highlighted its environmentally and ecologically friendly characteristics. The core of this theme was that IPM practices reduced environmental harm. Participants reported strategies such as selective spraying, biological control, and mating disruption not only minimized toxic residues but also caused less disturbance to surrounding ecosystems. One participant stated, “It's low toxicity to the consumer, the mammals, means you can use it,” and another stated, “Yeah. And even though materials are getting safer, they're safer, which makes everyone happy.” Participants recognized that this environmentally friendly pest management approach empowered them with the positive marketing benefits of using IPM. The participants noted they used IPM to communicate a positive message to consumers, such as “we’re using less fertilizer”, who value sustainability and health-conscious agricultural practices. Participants reported that they not only positioned IPM as a technical solution but also as a strategic tool for marketing differentiation and consumer engagement. 
Perceived Challenges of IPM Adoption
Two major themes emerged as perceived challenges of IPM adoption among growers: Effective Practice Carries a Cost Burden and Uncontrollable Pressures and Forced Adaptation.
Effective Practice Carries a Cost Burden 
This theme combined four related codes focused on high costs, inconsistent returns, and financial risks. Participants worried about input costs for effective IPM, noting rising expenses and their impact on operations. When asked about major expenses, they listed labor, chemicals, and crop protectants. Participants also reported declining investments, which depend on profit outcomes, and hesitated to invest further due to uncertainty about profits. This disincentivizes additional IPM efforts. Additionally, participants said maintaining smooth practices incurs social costs, which are actions needed to prevent issues or conflicts, but which create unexpected challenges, waste time, and cost more than anticipated, affecting their ability to operate smoothly. A grower said:
The market is probably the biggest problem with doing some of these things. If we can't get the return on the investment in the crop, it makes it very difficult to change up and do some of these new things that are a little more expensive.

Uncontrollable Pressures and Forced Adaptation

While participants frequently encounter challenges stemming from their own practices and field observations, many also highlighted that several significant factors are entirely outside their control. These uncontrollable elements compel them to adapt continuously as conditions change. Participants often adopt unfamiliar methods to stay ahead, even though such changes are seldom straightforward. Natural factors, especially those related to climate change and invasive species, were commonly mentioned. Participants explained that shifting weather patterns and the arrival of new pests leave them little choice but to modify their practices instead of relying on straightforward approaches. Besides natural factors, participants also emphasized how policies and regulations restrict their access to certain tools. They expressed frustration when familiar, affordable, and effective options were limited, only to be substituted with alternatives they viewed as more costly, less effective, or more difficult to use. According to participants, regulatory complexity complicated their decision-making process and influenced their adoption of practices, leading to a feeling of vulnerability in their work. One grower stated, “I'm a processing grower, commercial, but I also have some organic plots, and I think the whole regulatory thing being an added burden, you know, it just keeps getting worse.”

Findings of Innovation Attribute Influence

To address Research Question C, the five perceived attributes of innovation from Rogers’ (2003) Diffusion of Innovations model were used to interpret the findings. Participants emphasized that their willingness to continue adopting IPM in the future depended not only on new technologies but also on the support systems that facilitated their use. Figure 2 illustrates how the five innovation attributes: relative advantage, compatibility, complexity, trialability, and observability shaped growers’ perceptions and adoption decisions.
Figure 2
Growers’ experience implementing IPM associated with innovation attributes.
Note. The percentages in each bar represented the number of segments labeled with either positive or negative codes for that attribute.
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Relative advantage and compatibility were the most positively perceived attributes, reflecting participants’ belief that IPM offered efficiency and aligned with certain existing practices. However, compatibility was sometimes mixed, as some IPM techniques required additional labor or equipment. Complexity emerged as the main barrier, with participants describing IPM as a knowledge-intensive, time-sensitive system. Observability was viewed with mostly negative sentiments, where participants felt their efforts often went unnoticed, while trialability was rarely mentioned, indicating limited opportunities to test new practices in perennial systems where mistakes can be costly.
Conclusions, Implications, and Recommendations
The findings indicated that, while tree-fruit growers in the eastern United States perceive IPM as effective and environmentally friendly, they face challenges stemming from economic pressures, regulatory constraints, and complex application conditions under extreme weather. Applying Rogers’ DOI framework shows how the perceived qualities of IPM influence growers’ willingness to adopt. Participants noted that IPM tools, like mating disruption and targeted spraying, effectively controlled pests and were adaptable to various field conditions. These methods are valued for their efficiency, ability to reduce pest resistance, and compatibility with monitoring systems. 
These findings support earlier research indicating IPM aids pollination and ecological services that contribute to stable production (Pacenka et al., 2021). Moreover, IPM adoption has been associated with increased profitability by decreasing pesticide use and attracting sustainability-minded markets (Bueno et al., 2021). Recent meta-analyses show that IPM enhances natural enemy populations and reduces pest and disease pressure, reinforcing its role as a resilient alternative to traditional systems (Ryalls et al., 2024). According to Rogers’ framework, these insights correspond to the attributes of relative advantage and compatibility, explaining why growers consider IPM a preferable alternative to conventional, pesticide-intensive practices. The growers’ experiences shared revealed that adoption depends on innovation attributes, mainly relative advantage and compatibility, aligning with Lee et al. (2021). They noted that current IPM measures struggle with complex pest patterns, urging research for solutions to boost confidence and sustain adoption. Complexity is seen as the main barrier. Trialability was less discussed due to limited experimentation opportunities where mistakes have long-term effects, reflecting growers' risk aversion (Parsa et al., 2014). Observability received mixed views. Some saw IPM as environmentally beneficial and good for marketing, while others felt unrecognized. These issues were more prominent in perennial systems with year-round pests and high standards, increasing innovation costs (Gc et al., 2022).
The findings imply that IPM adoption is influenced by technical, socio-economic, and communication factors. The qualitative research provided insights into growers’ experiences, revealing that their decision-making is shaped by practical concerns and systemic conditions. Growers evaluate IPM not just on science but also on perceived efficiency, ecological benefits, economic viability, and external factors like weather and regulations. Using Rogers’ DOI framework, the study found that relative advantage and compatibility with existing operations drive adoption. However, perceived complexity, especially regarding knowledge of implementation, acts as a barrier. Growers also noted a gap in effective IPM tools during harvest, when fruit is most vulnerable. Future research should focus on developing tools for pest management during harvest and conducting follow-up surveys to validate and generalize these insights. Negative perceptions of IPM’s observability and trialability emphasize the need for stronger information and communication channels among researchers, extension agents, and growers. Extension educators can promote IPM adoption through on-farm demos, peer learning, and feedback systems that make practices more visible and trustworthy.
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