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Abstract
Conventional models of innovation conceptualized technological change as a linear process driven primarily by scientific research. While this approach contributed to major agricultural advances, it has proven insufficient in addressing persistent low adoption rates of agricultural technologies in developing countries. The Agricultural Innovation Systems (AIS) framework emerged as an alternative paradigm, emphasizing multi-actor interaction, institutional learning, and context-specific knowledge generation. This study employs a conceptual and qualitative research design, synthesizing theoretical perspectives and empirical evidence to examine AIS applications in developing countries. Drawing on literature and recent empirical studies, including sustainability-oriented and digital agricultural innovations, the paper evaluates the relevance, applicability, and challenges of AIS. The study concludes that AIS provides a context-sensitive and inclusive framework capable of integrating indigenous knowledge, strengthening institutional coordination, and enhancing both economic and social outcomes, though successful implementation depends on capacity, coordination, and resource mobilization.
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1. Introduction
Agriculture remains central to economic growth, poverty reduction, and food security in many developing countries. Despite sustained investment in agricultural research and development (R&D), adoption rates of improved technologies remain uneven and often low (Agwu, Dimelu, & Madukwe, 2008). This persistent gap between technological generation and farmer uptake has raised concerns regarding the adequacy of traditional innovation models.
Earlier conceptions of innovation were dominated by the linear “supply-push” model, which viewed innovation as a sequential process beginning with scientific discovery, followed by development, dissemination, and eventual adoption (Greenacre & Gross, 2012; Lizuka, 2013). Although this approach facilitated technological breakthroughs, it failed to capture the institutional, social, and contextual complexities shaping innovation outcomes.
In response, innovation systems thinking emerged in the 1980s. The Agricultural Innovation Systems (AIS) framework conceptualizes innovation as the result of dynamic interactions among multiple actors embedded within specific policy, institutional, and socio-economic environments (Anandajayasekeram, 2011; Spielman, 2005). Recent empirical work demonstrates that agricultural innovation increasingly extends beyond productivity goals to include sustainability, inclusiveness, and resilience objectives (Daum et al., 2025).
This paper examines the relevance of AIS for agricultural research in developing countries, drawing on both foundational literature and recent empirical evidence.
2. From Linear Models to Innovation Systems Thinking
The linear model conceptualized technological change as a progression from basic research to applied research, development, diffusion, and market saturation (Greenacre & Gross, 2012). Later demand-pull perspectives acknowledged market incentives, but both frameworks assumed relatively predictable and sequential innovation processes.
Empirical research has shown that innovation frequently emerges through iterative learning and interaction among diverse actors rather than through linear transfer mechanisms (Biggs, 1989). Evolutionary perspectives emphasized innovation as value creation within dynamic systems (Yezersky, 1988, 2008), while diffusion theory highlighted the importance of user perception and social processes (Rogers, 1983).
Recent studies reinforce this shift. For example, a systematic review of innovation adoption in the agri-food sector underscores the systemic and networked nature of innovation processes, particularly in sustainability-oriented agricultural systems (Addorisio, Spadoni, & Maesano, 2025). These findings provide empirical support for moving beyond linear conceptions toward system-based approaches.
3. Conceptual Foundations of the Agricultural Innovation Systems Framework
The AIS framework applies innovation systems theory to agriculture, defining innovation as the economically and socially beneficial application of knowledge within a specific context (Bean & Radford, 2002; GFRAS, 2015). Innovation encompasses not only technologies but also institutional arrangements, services, and organizational practices.
AIS emphasizes interaction among farmers, researchers, extension services, private firms, financial institutions, and policymakers (Spielman, 2005). These actors operate within enabling environments shaped by policies, regulatory systems, and cultural norms (World Bank, 2008).
The framework evolved from Agricultural Knowledge and Information Systems (AKIS), which focused primarily on research–extension–farmer linkages (Roling & Engel, 1991). AIS expands this by incorporating value chain actors and market institutions, thereby recognizing innovation as embedded within broader economic systems. Recent empirical evidence supports this expanded view. A cross-country study of innovation systems in Benin, Kenya, Mali, and Nigeria demonstrates that AIS actors increasingly engage in sustainability transitions requiring coordination across research, policy, education, and private sector domains (Daum et al., 2025).
4. Methodology
4.1 Research Design
This study employs a conceptual and qualitative research design, integrating insights from existing literature and empirical evidence to examine the relevance of AIS in developing countries. The approach combines a literature-based synthesis of peer-reviewed articles, reports, and case studies with secondary data analysis of prior research, allowing for a comprehensive understanding of AIS principles, applications, and challenges.
To provide analytical depth, a comparative case approach is adopted, examining AIS implementation across diverse institutional and geographical contexts. This combination of conceptual, qualitative, and comparative methods enables the identification of recurring patterns, contextual factors, and lessons learned while providing a robust framework for evaluating AIS applicability and effectiveness in resource-constrained environments.
4.2 Data Sources
Secondary data were drawn from multiple sources, including: Peer-reviewed journal articles (e.g., Agricultural Systems, Sustainability, Frontiers in Sustainable Food Systems), reports from international organizations (e.g., World Bank, GFRAS, ILRI), Foundational texts on innovation systems and AIS (Yezersky, 1988, 2008; Rogers, 1983; Spielman, 2005), and recent empirical studies examining AIS implementation, digital agriculture adoption, and sustainability-oriented innovation (Daum et al., 2025; Manzoor et al., 2025; Olawuyi et al., 2024; Addorisio et al., 2025; Ozor et al., 2025).
4.3 Data Inclusion Criteria
The studies included in this review were selected to ensure relevance and comprehensiveness. Only research addressing AIS or innovation systems in agriculture was considered, and studies focused on developing countries or low- and middle-income contexts were prioritized. Both foundational works (1930s–2010) and contemporary empirical research (2010–2025) were incorporated to capture the evolution of innovation thinking. Additionally, the review included studies employing qualitative, quantitative, and conceptual methodologies to provide a holistic understanding of AIS principles, practices, and outcomes.
4.4 Data Extraction and Synthesis
Data were extracted on AIS models, stakeholder roles, applications, challenges, and integration of indigenous knowledge. A qualitative thematic synthesis was conducted, identifying patterns and themes across studies. This allowed for a comparative analysis of AIS adoption, highlighting critical success factors, recurring challenges, and knowledge gaps.
5. Empirical Applications of AIS in Agricultural Research
Empirical applications reveal both the promise and complexity of AIS implementation. Studies from India highlight the integration of indigenous technical knowledge with formal research (Borthakur & Singh, 2012; Prakash, Roy, & Ngachan, 2013), while African examples demonstrate multi-stakeholder learning platforms and sustainability-oriented innovation adoption (Daum et al., 2025; Olawuyi et al., 2024).
Digital agriculture adoption studies underscore the importance of institutional support, farmer education, and policy environments (Manzoor et al., 2025; Ozor et al., 2025). These findings illustrate AIS principles of co-learning, stakeholder interaction, and context-sensitive innovation.
6. Relevance and Challenges of AIS in Developing Countries
6.1 Enhancing Technology Adoption
Low adoption rates of agricultural technologies in developing countries are often the result of socio-economic, institutional, and contextual barriers (Agwu, Dimelu, & Madukwe, 2008). AIS addresses these limitations by promoting multi-actor interaction and co-learning throughout the innovation process, from problem identification to evaluation (World Bank, 2008). Recent evidence shows that inclusive engagement and participatory approaches improve adoption, particularly in sustainability-oriented innovations (Manzoor et al., 2025; Daum et al., 2025).
6.2 Integrating Indigenous and Local Knowledge
Indigenous knowledge represents an essential component of agricultural innovation, particularly for smallholders with limited access to formal research outputs (Borthakur & Singh, 2012; Prakash et al., 2013). AIS frameworks facilitate the integration of local and scientific knowledge, enabling context-specific solutions and improved resilience (Olawuyi et al., 2024). However, over-reliance on indigenous knowledge without systematic validation may limit effectiveness, underscoring the need for co-evaluation within AIS (Daum et al., 2025).
6.3 Strengthening Institutional and Policy Coordination
AIS emphasizes institutional networking and cross-sectoral coordination, which are crucial for scaling innovations and aligning policy frameworks with practical realities (Spielman, 2005; Agyemang, 2007). Evidence from East Africa demonstrates that innovation platforms linking public and private actors improve market integration and value chain performance (Daum et al., 2025). Digital agriculture adoption studies further show that supportive policies, infrastructure, and training are essential for integrating new technologies into AIS processes (Manzoor et al., 2025).
6.4 Inclusion, Equity, and Capacity Development
Inclusive participation of women, youth, and marginalized smallholders enhances the social and economic impact of AIS interventions (GFRAS, 2012). Empirical studies indicate that deliberate inclusion and capacity-building measures improve knowledge sharing and equity outcomes (Ozor et al., 2025). Capacity constraints, however, remain a significant barrier and require sustained investment in skills development and organizational support (Ergano, Hassen, & Mapiye, 2012).
6.5 Digital Transformation and Emerging Frontiers
Digital technologies and AI present new opportunities for AIS by enabling real-time knowledge sharing, precision farming, and data-driven decision-making (Manzoor et al., 2025; Ozor et al., 2025). Effective integration of these tools requires infrastructure investment, digital literacy, and governance mechanisms to ensure equitable access and sustained impact.
6.6 Summary of Relevance and Persistent Challenges
In summary, the Agricultural Innovation Systems framework holds significant relevance for developing countries. It facilitates greater adoption of agricultural technologies by fostering participatory engagement and co-learning among diverse stakeholders, while also integrating indigenous and local knowledge with formal scientific research. The framework strengthens institutional and policy coordination across sectors, promotes inclusion and equity, and provides a foundation for incorporating digital and emerging innovations into agricultural development processes. However, the effectiveness of AIS is contingent upon addressing persistent challenges. These include capacity constraints at the community, institutional, and policy levels, the need for robust governance and facilitation mechanisms, and potential power imbalances among stakeholders. Structural barriers related to infrastructure, resources, and access further influence the success of AIS interventions. Taken together, these considerations highlight that AIS is not a uniform solution; rather, it is a flexible, context-sensitive framework that requires deliberate design, sustained investment, and ongoing stakeholder commitment to achieve meaningful and equitable innovation outcomes in developing countries.
7. Conclusion
The Agricultural Innovation Systems framework offers a context-sensitive and inclusive approach to strengthening agricultural research and development in developing countries. By integrating indigenous knowledge, fostering multi-actor collaboration, and addressing systemic coordination challenges, AIS enhances both economic and social innovation outcomes. Recent empirical studies confirm its relevance for sustainability-oriented and digital innovation initiatives (Daum et al., 2025; Manzoor et al., 2025; Ozor et al., 2025). Effective implementation requires capacity building, governance mechanisms, and sustained institutional commitment, positioning AIS as a complementary framework for enhancing agricultural research systems.
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