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Introduction
Water pollution remains one of the most pervasive and complex environmental issues, with significant consequences on human health, ecosystem integrity, and economic vitality (UNEP, 2021). Agricultural nonpoint source pollution, driven by the runoff of nutrients (nitrogen and phosphorus) and sediments into local waterways, is a primary cause of human-induced impairment of water bodies (Zhu et al., 2024; Yang & Toor, 2018). Water pollution impacts drinking water supplies, reduces recreational opportunities (Zandaryaa & Sarantuyaa, 2018), and severely harms aquatic ecosystems (Babuji et al., 2023). The Chesapeake Bay, a vital U.S. estuary and a national treasure, serves as a critical case study of these challenges. Its health is heavily influenced by the Susquehanna River, which originates in Pennsylvania. This river is the largest single source of both freshwater flow and agricultural pollution to the Bay (Pennsylvania DEP, 2025), contributing approximately 40% of the nitrogen, 20% of the phosphorus, and a substantial amount of the sediment pollution (Saha et al., 2023). 
The ongoing poor water quality in Chesapeake Bay and its tidal tributaries has prompted significant legal and regulatory responses. In 2010, the U.S. Environmental Protection Agency (EPA) was compelled by litigation to establish a Total Maximum Daily Load (TMDL), effectively a "pollution budget." This TMDL imposes strict pollutant limits across the watershed (Congressional Research Services, 2023; EPA, 2023; USDA-ERS, 2022). To comply with these limits and reduce nonpoint source pollution, especially from agricultural activities, Best Management Practices (BMPs) are widely promoted. These voluntary measures aim to improve soil and water quality while supporting sustainable farming by decreasing nutrient and sediment runoff (Reimer & Prokopy, 2014; Yeboah et al., 2015; Rittenburg, 2015; Lang & Rabotyagov, 2022). Recognizing the important role of BMPs, federal, state, and local governments have invested billions of dollars in technical and financial assistance programs to encourage their adoption among farmers (Reimer & Prokopy, 2014; Rosenberg & Pratt, 2024).
Despite well-documented environmental benefits of BMPs and significant financial investments to promote their adoption, a paradox persists: the rate at which Pennsylvania farmers adopt BMPs remains low compared to the goals set by each state to meet the TMDL (Houser et al., 2024), undermining Chesapeake Bay restoration efforts (Chesapeake Bay Program Scientific and Technical Advisory Committee, 2023). This has raised serious concerns and broad questions among stakeholders, such as: Are BMPs not seen as credible or effective by farmers? Are they being communicated in ways that don't connect with farmers? Is there a mismatch due to the technical complexity of BMPs? Or is there not enough evidence or demonstration of real-world benefits to justify adoption from the farmer's point of view?
Addressing the paradox of limited BMP adoption despite increasing investments requires a deeper understanding of the complex factors influencing farmers' decisions. Financial incentives, while beneficial, are rarely the main motivators (Ranjan et al., 2019; Eanes et al., 2020). Farmers operate within complex decision-making environments shaped by various influences, including personal values, perceptions of BMPs, social networks, and relationships with conservation experts (Prager & Curfs, 2021; Ryan et al., 2023). Significant funding alone cannot guarantee widespread adoption without understanding these fundamental drivers. This study argues that uncovering the motivations for adopting water conservation practices is both necessary and timely.

Theoretical Framework
This study was guided by an integration of three theoretical frameworks: the Theory of Planned Behavior (TPB) (Ajzen, 1991), the Diffusion of Innovation Theory (DOI) (Rogers, 2003), and the Value–Belief–Norm (VBN) Theory (Stern, 2000). The TPB explains adoption as a rational process influenced by an individual's attitudes, subjective norms, and perceived behavioral control. In this study's context, TPB suggests that farmers' decisions to adopt Best Management Practices (BMPs) are shaped by their beliefs about BMP effectiveness, societal expectations, and their perceived ability to implement them. Many researchers (Kumar Chaudhary et al., 2017; Reimer et al., 2012; Taylor et al., 2024) have used the TPB to study conservation behaviors. Prokopy et al. (2008) and Reimer and Prokopy (2014) emphasize that psychosocial factors are central to shaping behavioral responses to conservation initiatives.
The Diffusion of Innovation Theory explains how new ideas or practices, like water conservation BMPs, spread through a social system. According to the DOI, four main factors impact diffusion: innovation, communication channels, time, and the social system (Guo & Huang, 2024; Warner et al., 2020). Among these, innovation is key and refers to anything perceived as new by an individual or group. DOI highlights five characteristics of innovation that influence its adoption: relative advantage, compatibility, complexity, trialability, and observability. These traits determine how quickly and broadly diffusion occurs within communities, and this study carefully examines how they appear in the context of BMP adoption. 
The VBN theory enhances understanding of the psychological and moral aspects of conservation behavior. It suggests that individuals' core values (such as biospheric or altruistic) combined with their beliefs about environmental threats and their perceived ability to address them activate personal norms or moral obligations to act in environmentally friendly ways. These internal motivations often lead to sustainable behaviors, like adopting Best Management Practices (BMPs). Recent studies support applying VBN in agricultural settings (Amin et al., 2024; Ghorbani et al., 2019), emphasizing its usefulness in explaining farmers' environmental commitments and actions. This research takes a complementary approach by integrating TPB, DOI, and VBN, acknowledging that a complex interaction of personal motivations and contextual factors influences BMP adoption. This combined framework offers a comprehensive and strong foundation for understanding adoption behaviors (Wauters & Mathijs, 2014), rather than viewing these theories as competing explanations.
Purpose and Objectives
 	The overall purpose of this study was to understand the socio-psychological factors influencing farmers' adoption of water conservation BMPs in Pennsylvania's Chesapeake Bay Watershed region. The specific objective guided this study was:
1. To determine the motivating factors and drivers of adopting water conservation BMPs among farmers in Pennsylvania's Chesapeake Bay region.
Methodology
This study was part of a larger project aimed at achieving TMDL by design through a human-centered modeling approach to simulate BMP implementation behaviors under uncertainty. In this abstract, we present the results from the initial exploratory in-depth interviews conducted with several farmers. 
Study Design: We used a qualitative descriptive approach (Sandelowski, 2000; Doyle et al., 2020) to explore farmers' motivations for adopting water conservation Best Management Practices (BMPs), striving to stay as true as possible to their original words and viewpoints. This study employed a qualitative descriptive research method because it aligns with the authors' epistemological stance and the subjective nature of the research problem. The analysis was primarily inductive, but it also incorporated a theory-based deductive perspective to help develop initial interview questions and interpret results. This mixed approach, guided by the philosophy of critical multiplism (Shadish, 1993), allowed us to strategically use three theoretical frameworks for data collection without forcing the findings to conform to any particular theory. Throughout the study’s design, data collection, and analysis, we maintained scientific rigor to accurately reflect participants’ views and experiences.
Target Population, Sampling, and Recruitment: This study targeted farmers near the Susquehanna River in Pennsylvania, selecting counties based on the state's four-tier classification, which ranks counties by the nutrient load reductions needed to meet 2025 TMDL goals. We prioritized counties ranked highly across all four tiers to ensure robust and representative data. We recruited participants with help from the project advisory board, Pennsylvania extension staff, County Conservation Districts, and Natural Resources Conservation Service (NRCS) personnel, who distributed flyers at regular meetings and through personal outreach. The established relationships of one author, who had prior experience conducting related studies in the region, were also key to building trust and facilitating recruitment. We used a combination of purposive and snowball sampling to identify study participants. Eligible participants were farmers aged 18 or older, actively farming in the selected counties near the Susquehanna River, and who consented to participate. We conducted interviews in person or virtually, based on participant preferences, with each session averaging 50 minutes. The Institutional Review Board at Pennsylvania State University approved the study.
Data Collection: The data were gathered through in-depth, semi-structured interviews. The authors developed the interview protocol in collaboration with interdisciplinary project team members, considering the study's purpose and reviewing relevant literature. Then, the interview protocol was sent to external experts in social science research, natural resources management, and conservation for review to ensure the validity of the interview questions. During this process, complex language, jargon, biases, double-barreled questions, and leading questions were carefully reviewed and eliminated. The interview protocol consisted of two sections: the first included general introductory information about farmers' backgrounds, perceptions of local water quality, and awareness of water conservation BMPs; the second focused on motivations and experiences related to adopting practices like cover cropping, stream bank fencing, and riparian buffers. 
Data Analysis: We analyzed the interviews using thematic analysis, first transcribing the responses with a digital transcription tool. After transcription, we created a preliminary codebook by inductively coding over the interviews, following qualitative data analysis methods (Cresswell and Poth, 2018). Guided by Braun and Clarke's (2015) thematic analysis, we deductively searched the transcripts for motivations of conservation BMPs adoption that we were already aware of based on our literature review and inductively allowed themes to emerge from the data within motivation categories, progressing from open to axial to selective codes to ensure themes were grounded in participants' perspectives. Three coders independently coded a subset of data to determine inter-coder reliability, then met to resolve discrepancies, ensuring consistent coding while refining the codebook. Emergent themes were interpreted within broader socio-cultural and economic contexts. Once themes were identified, we presented the findings as a summarized narrative along with direct quotations- in vivo from interview participants.
Trustworthiness and Dependability of Findings: We established the credibility of qualitative findings using the four indicator criteria outlined by Lincoln and Guba (1985): transferability, dependability, confirmability, and credibility. To ensure transferability, we used purposive and snowball sampling to improve generalizability and described data supplemented with in-vivo participant quotes. Regarding dependability, we provided clear descriptions of data collection procedures. We maintained audit trails, such as various memos during the study process, to systematically report the data analysis and reasoning behind the final themes (Lincoln and Guba 1985; Dooley 2007). To ensure confirmability, we employed methodological triangulation (Lincoln and Guba 1985). We compared interview findings with literature, observations during some on-farm visits, and used multiple coders to establish inter-coder reliability. Finally, to build the credibility of the findings, we had a panel of experts review the interview protocol to validate the interview questions before conducting the interviews. 
Results and Discussion
[bookmark: _Int_vNQwjgc3]Thematic analysis of this study identified five key themes that represent the primary motivators of farmers' adoption of Best Management Practices (BMPs) for water conservation. Each theme is explored in detail to better understand the motivations and influences behind BMP adoption.
Theme 1: Intrinsic Beliefs and Personal Connection: Participants expressed a strong sense of internal motivation rooted in their values, upbringing, and emotional connection to their land. These intrinsic beliefs often guided their adoption of water conservation practices, beyond external incentives or policy requirements. A participant mentioned, "I think we keep our values very much in line with the practices we want. I know a hundred percent of the farmers' values are to do the best practices, and that is possible". "So, for the environment, because we must use it and live in it for the environment". Such statements reveal that conservation decisions were not purely technical or economic but were also influenced by emotional and identity-based connections to the environment. This aligns with the findings of Hill-Sullins et al. (2025) and Floress et al. (2017), that intrinsic value and environmental stewardship influence producers' desire to adopt and maintain conservation practices. It also supports the value, belief, and norms theory that guided the study.
Theme 2: Social and Informational Influence: Farmers' decisions to adopt water conservation practices were often shaped by their interactions within social networks, peer experiences, and the availability of reliable information from trusted sources. This aligns with the findings of Roesch-McNally et al., (2018), who identified stronger social and peer networks as a key driver of sustainable conservation practice adoption. Farmers emphasized the value of observing neighboring farmers who had already adopted Best Management Practices (BMPs). One participant shared, "...he had been practicing no-till for nearly two decades, and that really opened my eyes". This aligns with the current diffusion of innovation theory on observability as a trait of technology that affects adoption. Others highlighted the role of agricultural conservation professionals in providing guidance and technical support. As one interviewee explained, "Through extension and with the help of local conservancies, they really made an effort to assist us — they were effective in getting the project going." Another added, "Attending those extension crop meetings where they discuss this stuff really helps the farm understand what's going on." These reflections point to the influence of neighbors, extension agents, and conservation staff. Still, they mostly emphasized trust and authenticity in the transmitted information when considering new conservation practices.
Theme 3: Perceived Economic Viability and Practicality: Farmers emphasized that their willingness to adopt water conservation practices was closely tied to whether those practices were economically feasible and practically applicable within their existing operations. Financial return, time investment, and compatibility with current farming systems were common considerations, as participants noted, "More production. I'm seeing conservation practices actually help us produce more crops off the land", "When we do. When we do cover crops, we actually do double cropping", revealing that improved crop production leads to increased financial returns. Another farmer stated, "Yeah, it's easy. It's very forgiving. It's anybody could do it", reflecting the perceived simplicity and accessibility of cover cropping. These insights suggest that farmers are more inclined to adopt practices they view as beneficial to their bottom line and straightforward to apply.
Theme 4: External Systems and Incentives: Farmers expressed that the availability of external support, whether through government programs, conservation agencies, or incentive-based funding, played a crucial role in their decision to implement water conservation practices. These institutional systems and financial incentives often served as the catalyst that turned intention into action. One farmer explained, "I signed a 10-year contract. I get a payment". Another farmer mentioned, "Cost sharing is very needed, very important". These statements highlight the need for financial incentives in decision-making to implement BMPs. This supports Liu et al., 2018,’s assertion that interactions with support systems, such as conservation agencies and financial incentives, drive the adoption of conservation practices.
Theme 5: Perceived Problems and Co-Benefits: Farmers shared that concerns about environmental degradation and potential health risks often influenced their motivation to adopt water conservation Best Management Practices (BMPs). These perceived challenges served as strong motivating factors in their decision-making processes. One farmer mentioned, "We had a dry year. So that pushed me. The dry year actually pushed me. I was in middle. That was the push to adopt." Another farmer noted, "When I got my cancer nine years ago, it was multiple myeloma. And my wife said to the doctor, what causes that? And he said. We don't know. We think it might be sprays." These reflections suggest that awareness of environmental and health-related problems can be powerful triggers for conservation action. In addition to these concerns, the perceived benefits of implementing BMPs also played a role in adoption. One farmer explained, "So what made me start doing it was soil quality." This indicates that positive outcomes, such as improved soil conditions, also contribute to farmers' willingness to engage in conservation practices.
Conclusions and Recommendations
In summary, the decision to adopt water conservation BMPs is influenced by various socio-psychological factors, including strong personal beliefs, trusted social networks, systemic support, practical and financial viability, and awareness of environmental issues. Farmers are motivated by their operational realities, community dynamics, and core values rather than simply following orders or incentives. Their commitment to adoption is supported by reliable information, visible results, and alignment with individual and broader ecological goals. Perceived co-benefits (additional benefits of BMP adoption beyond water conservation), such as food safety and soil health, are just as important as structural support, like policies and market forces. These themes emphasize the complexity, coexistence, and interdependence of internal and external motivators for water conservation BMP adoption. 
Based on the findings from this study, we recommend that:
1. Conservation professionals and extension educators promoting water conservation best management practices (BMPs) should focus on integrating strategies that foster both internal (psychological/intrinsic) and external motivators for adoption.
2. Extension educators can greatly boost the adoption of conservation practices by utilizing the trust and credibility of existing social networks as motivators. A key approach is to emphasize peer-to-peer learning, which provides an effective and practical social learning model for both education and encouragement.
3. Extension educators can focus on practical, applied social learning methods, such as peer-to-peer networks, by promoting and teaching the adoption of conservation practices while leveraging the trust and credibility within their own social networks.
4. An extension program that best supports and sustains farmers' intrinsic and environmental values should be introduced when designing conservation programs, e.g., offering flexibility rather than being prescriptive.
5. Since farmers are motivated by the co-benefits of adopting conservation practices, programs that reward measurable outcomes should be prioritized over those that prescribe a specific practice.
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