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Abstract

:

This scoping review employed the PRISMA-ScR framework to dissect the complexities of technological extension in agriculture within developing nations, where varying socio-economic, cultural, and environmental facets deeply influence extension strategies. Our study aimed to identify and expand upon the existing knowledge of critical factors—both challenges and opportunities—that affect the efficacy of agricultural extension, with a focus on contextual variations. To achieve this, we conducted a comprehensive review of the relevant academic contributions from 2013 onwards. This included articles, reviews, conference proceedings, book chapters, and data papers. Our analysis focused on scrutinizing the interaction dynamics between extension personnel and farmers, the adaptation of technologies to local contexts, and the significance of cross-sector collaboration. Through bibliometric analysis, we provide a synthesis of 32 pertinent records. Our findings advocate for a paradigm shift from the traditional linear knowledge transfer to a more encompassing approach that values bidirectional communication, cultural awareness, and the active involvement of local farming communities. We argue for extension practices that are attuned to environmental dynamics, promote long-term economic sustainability, and are informed by theoretical perspectives that can refine the design of extension systems and models. Our review posits that the enhancement of sustainable agricultural technology adoption lies in a profound reform of extension systems. Such reform should focus on design and operational models that are more inclusive, adaptive, and acutely attuned to the complex realities of farmers in emerging economies. This integrative, systemic, and holistic approach proposes a framework to bolster agricultural sustainability and rural development.
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1. Introduction


Agriculture remains the linchpin of both the economy and food security in emerging economies, where farmer families face persistent challenges hindering productivity and sustainability [1]. Market imperfections often curtail access to vital information, technology (e.g., information related to agricultural production, certifications, and quality control), managerial skills, and technical expertise, which are indispensable for implementing conventional and sustainable agricultural practices. These imperfections include, but are not limited to, limited knowledge of optimal cultivation techniques, complex technologies, quality of seeds, technical requirements for production, a lack of supervisory mechanisms for labor and technology adoption, the unavailability of specialized inputs, and the high costs of sophisticated equipment [2].



Salehi et al. (2021) [3] highlight a spectrum of critical factors contributing to low productivity, such as inadequate crop design and planning, suboptimal environmental conditions, the use of ineffective practices, and the low technification of essential processes like irrigation and drainage. These factors are compounded by a lack of new technology adoption, the absence of improved cultivars, deficiencies in fertilization, and scarce agricultural mechanization [4]. Wordofa (2019) [5] points out that these issues are further exacerbated by the limited training of farmers and decision-makers, resulting in limited human resource development and a diminished capacity to capitalize on technological advancements to increase agricultural profitability [6]. Additionally, several challenges arise due to pest and disease impacts on crops, necessitating higher investments in management and more stringent implementation of preventive and curative practices [7].



Despite global technological advancements aiming to elevate productivity rates, implementing such innovations has been disproportionately ineffective in certain regions, often yielding returns that fall short of crops’ genetic and economic potentials [8]. Technological extension, identified as an essential driver for technological adoption as well as the enhancement of living conditions for rural agricultural families [9], necessitates an approach that is deeply embedded in the populations’ needs and addresses the technical, economic, environmental, and social barriers specific to each country [2].



Successful technological extension depends on managing these determinants of low productivity [3,4,6]. It is conditioned by the ability to integrate and adapt innovations into existing practices and systems Loevinsohn et al. (2013) [10], Takahashi et al. (2020) [11], Martínez (2022) [12], and Acheampong et al. (2024) [13], emphasizing the need for extension workers to be facilitators rather than mere conveyors of technology [14].



Extension services were introduced and mainly sponsored by public administrations during the ‘Green Revolution’ in the 1970s and early 1980s to increase productivity [15]. Traditional extension models followed a top-down linear approach, wherein technologies developed by technical experts (research and academic institutes) were transferred to farmers with little to no participatory engagement [16,17]. Leeuwis (2005) [18], calls for a re-invention of extension strategies, encouraging the exchange of knowledge and experiences, co-design, and negotiation amongst all stakeholders, accounting for technical, structural, and contextual factors.



Swanson et al. (2010) [19] underscore the primary objective of extension as enhancing the uptake of technologies within the paradigm of sustainable agriculture development, which is also echoed by Bakar (2012) [2]. A cohesive extension system can thus significantly influence food security, poverty alleviation, rural empowerment, and environmental conservation [20,21]. Agbarevo and Machiadikwe (2013) [22], however, point out that extension systems often suffer from inefficiencies such as the dissemination of irrelevant messages [23], a deficit of credible experience among extensionists [24], and a lack of mechanisms to effectively communicate farmers’ primary concerns to agricultural researchers at institutes and universities [25,26].



Furthermore, Feder et al. (2006) [27] observe that the motivational levels of poorly compensated professionals within extension systems can significantly dampen the effectiveness of these services. Moreover, Danso-Abbeam et al. (2018) [28] propose that in developing countries, there is not enough understanding of producers’ interests, as it is assumed they are always interested in maximizing the productivity and profitability of their crops, which is not always the case; for example, sometimes field conditions lead some groups to aim to leave rural life and live in the city [29].



Farrington (1995) [30] observes that while there are numerous examples of successful public agricultural extension initiatives, there also exists a pattern of inefficiencies characterized by the ineffective distribution of resources, inflexibility, and an inability to respond to specific and changing institutional contexts and infrastructures [31].



Therefore, the framework of technological extension in agriculture has changed drastically in recent years [32]. The challenges outlined by various scholars underscore the necessity for a comprehensive overhaul of the agricultural extension framework, particularly considering fiscal constraints, the expanding role of the private sector, and the changing priorities of donors amidst the backdrop of globalization’s impact on agriculture [33].



Extension systems have undergone extensive evaluations and reforms globally [33]. Attention has shifted towards innovative models of technological transfer that include both public and private systems and consider producers’ specific needs and challenges [30]. Ali Mengal et al. (2016) [34] emphasize the importance of identifying producers’ needs, articulating key actors, adapting practices to various contexts, and the complementary assets required for the successful implementation and scalability of technological advancements in agriculture [35,36].



This scoping review aims to assess the challenges and opportunities in extension processes that foster the effective and widespread adoption of technology for sustainable agricultural development in developing countries. It synthesizes and integrates findings from previous research, examining how technological extension, when designed and implemented with consideration of the socioeconomic and cultural conditions specific to each producer and region, can overcome the critical factors in the agricultural sector [37].



The methodology of this review follows a rigorous and systematic approach called PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses—Extension for Scoping Reviews), which allows a coherent and transparent synthesis of the existing literature [38]. Through this analysis, it was possible to set the stage for identifying successful practices and formulating recommendations for the design of more impactful extension interventions.



By thoroughly analyzing these multifaceted dimensions, this research contributes significantly to the literature on agricultural extension by providing a comprehensive and up-to-date understanding of the multiple factors influencing agricultural extension processes. It outlines a theoretical framework that can guide future strategic endeavors and policies within the agricultural sector. It aims to lay down a solid foundation for executing technological extension programs attuned to the needs and realities of farmers, thus fostering sustainable agricultural development.




2. Methods and Protocol


In this review, we employed the PRISMA-ScR approach as conceptualized by Arksey and O’Malley (2005) [39], later refined by Levac et al. (2010) [40], and the Joanna Briggs Institute [41], and finally parameterized by Tricco et al. (2018) [38]. The PRISMA-ScR framework is particularly apt for our study as it enables a comprehensive inquiry into the widely indexed literature and diverse information sources. This includes academic articles, systematic reviews, conference proceedings, book chapters, data papers, and even editorial content, acknowledging the multi-methodological nature of existing research [42]. Given the broad range of information collected, formal meta-analytic techniques were not feasible. Instead, the PRISMA-ScR facilitated an analysis focused on the range of content presented, often culminating in a numerical accounting of sources related to specific topics or recommendations.



According to Munn et al. (2018) [43], scoping reviews can help map out a particular field of study by identifying the available evidence, elucidating definitions, dissecting research methodologies, pinpointing characteristic features, and highlighting areas lacking knowledge. The ScR methodology mandates that the objectives of the review must be meticulously aligned with its intended purpose, ensuring a structured and targeted approach [38,44].



We selected the scoping review method for this work due to the significant diversity of resources related to agricultural extension services. Many of these are disseminated through non-peer-reviewed or less academically traditional mediums, providing a richer, more nuanced understanding of the subject matter.



2.1. Guiding Questions (GQ) for the Scoping Review


The framing of Guiding Questions (GQs) is a critical step in conducting a ScR as they set the boundaries of inquiry, dictate inclusion and exclusion criteria, and shape the subsequent analysis. For this review of critical factors affecting technological extension strategies in agriculture within developing countries, the GQs were crafted to elicit focused insights:




	
GQ1: What principles underpin the technological extension strategies employed in the agricultural sector of developing countries?



	
GQ2: How do cultural, economic, and political variances influence the implementation and assimilation of agricultural technologies?



	
GQ3: What are the critical factors that influence the efficacy of technological extension strategies in the agricultural sector of developing countries?



	
GQ4: How do extension services impact the adoption of technologies aimed at sustainable agricultural practices?









2.2. Strategies for Document Selection


To construct a foundation for this scoping review, specific criteria were meticulously crafted to delineate which materials would be included for analysis.



The review encompassed the following:




	
Empirical and theoretical studies probing into the critical factors of implementing technological extension strategies within the agricultural sector.



	
Scholarly inquiries analyzing the impact of technological extension strategies on enhancing agricultural productivity and sustainability.



	
Literature with an explicit focus on the metrics of efficiency of agricultural extension practices.



	
Articles delineating the barriers and facilitators intrinsic to the adoption of agricultural technologies.



	
Publications investigating the impact of education and formal training on adopting agricultural technology.



	
Analytical evaluations consider the effect of government policies and regulatory frameworks on the practice of technological extension.



	
In-depth case studies and program evaluations about applying technological extension strategies in developing countries.



	
Conversely, this study excluded the following:



	
Studies concentrated exclusively on the agricultural practices of developed countries without extrapolative relevance.



	
Literature not focusing specifically on agricultural practices, technologies, or innovations.



	
Publications needing more empirical data or failing to expose the critical factors under scrutiny adequately.









2.3. Method for Scoping Review and Analysis


Following the parameters of the PRISMA-ScR approach [38], a meticulous two-stage document retrieval process was initiated. Sources from databases such as Scopus, Semantic Scholar, and Web of Science were scoured. The initial bibliometric analysis comprised the first phase of discovery, followed by a second phase where keywords that surfaced as recurrent and interconnected from the initial stage were incorporated.



As this is an ScR, the initial list included documents that reported original research, were written in English, and were accompanied by an abstract or executive summary. The literature search was conducted between December 2023 and February 2024. The flowchart of the search strategy and selection process is shown in Figure 1.



The selection of keywords and synonyms was carried out by the literature previously reviewed and included in the introduction of this document. In the initial search, keywords were selected based on their pertinence to the subject matter, as established in the introductory section. Using keywords such as “agricultural”, “technology transfer”, “extension”, “farmer training”, and “diffusion” in combination with “adoption” OR “implementation” OR “technology uptake” yielded a robust pool of studies. “Technology transfer” was included as a synonym used to capture the broader context of extension services. A total of 549 studies were identified. After removing 84 duplicate articles, 465 articles were shortlisted. A further review of these articles showed that 143 did not address the guiding questions under a Population, Concept, and Context (PCC) approach [38], which led to defining a 10-year observation window, resulting in a selection of 322 titles whose keywords were reviewed under bibliometric analysis.



To enhance the specificity of our search in the second round, terms such as “developing countries” OR “low-income countries” OR “emerging economies” were integrated, fine-tuning the scope and yielding 290 titles, which included a total of 32 documents whose keywords, titles, and summaries were analyzed (Figure 1).



2.3.1. Bibliometric Analysis


A bibliometric analysis is a powerful quantitative method employed across many disciplines, including the field of agricultural extension, to scrutinize publication patterns and extract quantifiable insights from the academic literature [45,46]. In our study, this technique is applied to distill data that address the guiding questions of our scoping review.



Publications pertinent to our inquiry, collected from two rounds of keyword searches, were meticulously organized into an Excel spreadsheet. Titles, sourced in Research Information Systems (RIS) format, were cataloged by the year of publication, facilitating the extraction of specific information. This methodical organization provided an in-depth understanding and synthesis of the material. The refined dataset was then introduced into VOSviewer version 1.6.20, a specialized software tool for constructing and visualizing bibliometric networks. This enabled us to explore the interconnections among articles, authors, abstracts, and keywords, highlighting patterns of collaboration and thematic prevalence [47,48]. In addition, VOSviewer’s data mining features assisted in revealing networks of correlated keywords, underscoring the bibliometric relationships integral to the broader corpus of academic literature.




2.3.2. Analysis of the Extracted Data


A qualitative review of the collated data was undertaken following the bibliometric analysis. This involved a thematic examination of the literature to discern the various disciplines contributing to agricultural technological extension in developing countries. This step is of paramount importance as it aids in appreciating the multifaceted aspects of the rural context that are inextricably linked to technological extension. Such an analysis illuminates the spectrum of scholarly discourse, from on-the-ground practicalities to overarching policy considerations, thus enriching our understanding of the complexities within agricultural extension services.






3. Results


This section unfolds in two parts: first, a detailed description of the bibliometric analysis, and second, an exploration of the guiding questions through the lens of the collected literature, to enrich the corpus of knowledge.



3.1. Results of the Bibliometric Analysis


3.1.1. First Scoping Review Search Round


The initial search yielded 322 documents, predominantly articles, which accounted for the vast majority, 87.9%. Most of the articles indicate rigorous research activities and significant knowledge generation in the domain of agricultural technological extension (Figure 2).



Figure 2 illustrates the types of documents gleaned from the first search round, ranging from peer-reviewed articles to other scholarly contributions. The graph shows a predominance of articles, underscoring the dynamic nature of research in this field. Reviews, accounting for 6.5%, provide comprehensive syntheses of current knowledge, while at 4.3%, conference papers reflect recent trends and advances. Book chapters and data articles (0.9% combined) contribute substantially by offering a rich theoretical backdrop and essential empirical data. The scant presence of editorials (0.3%) underscores a field heavily invested in practical research applications rather than reflective commentary.



Figure 3 presents the geographic and temporal distribution of the existing literature in the field of technological extension in agriculture, according to the first search round of the ScR, providing a quantitative overview of academic output over the past decade. The geographic and temporal mapping of the literature—although not explicitly depicted here—reveals the global spread and temporal evolution of research outputs, highlighting the significant contributions from countries like the United States, China, and Germany and also pinpointing research attention from African countries such as Kenya, Ethiopia, and Tanzania, which underscores the practical application in contexts most relevant to the study’s focus. Temporally, the overall trend indicates increased publications over the past ten years, with notable surges in 2020 and 2022.



As shown in Figure 4, the analysis of interconnected keywords reveals that agricultural extension and technological adoption are central and highly interrelated concepts within the literature on agricultural practices in developing countries. The mapping positions sustainability and food security at the epicenter, entwined with governance and policy, emphasizing the need for multifaceted extension strategies that are attuned to the myriad of socioeconomic, educational, and environmental factors. This interpretation helps establish a theoretical foundation for the literature review, identifying key research and policy integration areas.




3.1.2. Second Scoping Review Search Round


After evaluating the full texts to determine their eligibility, 30 articles, 1 book chapter, and 1 review were obtained, for a total of 32 documents included (Figure 1). The qualitative analysis of the extracted data informs the thematic distribution of literature across diverse disciplines within the agricultural technological extension. It unveils the complexity of the rural setting, demanding a holistic approach that accounts for a spectrum of elements ranging from cultural practices to technological aptitudes (Table 1).



The number of studies in social sciences (26.1%), economics (24.6%), and agricultural and biological sciences (21.7%) highlights the convergence of socioeconomic and biotechnological factors in the adoption of new technologies. The considerable attention given to environmental science (14.5%) emphasizes the importance of sustainability and climate change adaptation in agricultural practices (Figure 5).



The compilation of documents emphasizes the necessity of transforming agricultural extension from a linear transfer of knowledge to an integrative, participatory process. The dialogic interaction between extension agents and farmers emerges as a core element in the sustainable adoption of agricultural technologies. This relational dynamic underscores the need for a framework responsive to each farming community’s socio-economic and cultural peculiarities.



Moreover, the discussion of extension strategies delineates a landscape wherein traditional methods are juxtaposed with innovative models. The analysis advocates for reforms prioritizing adaptability and responsiveness, enabling the effective dissemination and application of sustainable agricultural practices.



In the examination of the field of agricultural technological extension, Figure 6 offers a macro-level overview of the global research landscape. It should be noted that this figure does not necessarily represent all developing countries. The analysis points to Belgium and the United States as leading contributors to this body of knowledge, which might reflect their investment in research or a particular inclination toward developing agricultural extension methodologies in developing countries. China, Germany, and Ghana also appear to be significant contributors, signaling a potentially rising interest in or ongoing initiatives within these nations. The inclusion of countries such as Uzbekistan, India, and even Colombia, albeit with fewer documents, indicates a diverse geographic spectrum of research and reflects local efforts to develop strategies for transferring and adopting agricultural technologies tailored to their specific needs, or at least to understand this dynamic (Figure 6). The temporal distribution shows variability in the number of documents over the years, which could reveal changes in funding dynamics, research interests, and global events impacting academic production.



Figure 7 presents the intricate web of terms prevalent in the corpus of literature, with “technology adoption” taking center stage. This central node indicates a strong academic focus on the mechanisms and strategies that underpin the uptake of new agricultural technologies in the developing world. The network also elucidates the close relationship between “agricultural extension”, “innovation”, and “farmers”, delving into the dialogues around how extension services act as a catalyst for farmers to embrace new practices.



The connection between “technology transfer”, “agricultural policy”, and “crop production” highlights how policy frameworks can either facilitate or impede technological diffusion in agriculture, directly affecting crop yields and production practices. Moreover, the proximity of “social learning”, “social network”, and “economic analysis” in the discourse underscores that adoption is deeply entrenched within complex socio-economic contexts, encompassing a broad spectrum of learning modalities, community interactions, and economic factors (Figure 7).



These visual representations underscore the pivotal role of cross-disciplinary approaches in agricultural extension, illustrating the need for strategies that are not only technically sound but are also socio-culturally and economically tailored. The analysis reveals that enhancing agricultural extension, particularly in the context of developing countries, demands a comprehensive, multifaceted approach that transcends traditional methods. Notably, the keyword network in Figure 7 lacks terms related to the environment or sustainability—such as “poverty alleviation”, “sustainable development”, “climate change”, and “adaptive management”—which are prominent in Figure 4.





3.2. Findings According to the Guiding Questions (GQ) of the Scoping Review


The scoping review offers a comprehensive overview of various elements within technological extension strategies in agriculture for developing countries, the impact of cultural, economic, and political differences on the implementation and adoption of agricultural technologies, the critical factors that influence the effectiveness of technological extension strategies, and the determinants affecting extension services related to the uptake of technology in sustainable agriculture. Table 2 presents a synthesized compilation of the key findings, organized by guiding questions (GQ), along with the corresponding references.





4. Discussion


The Scoping Literature Review (ScR) has highlighted that the process of technological extension in agriculture within developing nations is intrinsically complex, with profound implications for both the uptake of technological innovations and the sustainable progression of the agricultural sector. The effectiveness of the extension, as defined by Loevinsohn et al. (2013) [10], Takahashi et al. (2020) [11], Martínez, (2022) [12], and Acheampong et al. (2024) [13], is contingent upon their capacity to assimilate and adapt novel practices within established systems, necessitating a transition in the role of extension agents from simple transmitters of technology to active facilitators that foster bidirectional exchange and empowerment [14].



Resonating with insights from BenYishay and Mobarak (2019) and Walisinghe et al. (2017) [62,69], our findings endorse a paradigm shift in extension services, urging the cultivation of inclusive systems that underpin adoption through mutual learning and shared experiences. This evolution promotes a participatory model where the empirical knowledge of farmers becomes a cornerstone in the technological design process [81,82]. This aligns with literature advocating for a farmer-centric approach to co-creating solutions [73,83,84], and employs living labs to develop collaborative and sustainable solutions tailored to the needs of producers and rural communities [85].



The analysis also identified significant socioeconomic and agroecological barriers influencing technological adoption [37,60]. The nuanced challenges faced by small-scale farmers, such as prohibitive input costs and the necessity for sustainability certifications [86], necessitate that extension systems be responsive to local economic contexts and the complexities of agricultural value chains [33,59].



The discussion also underscores the crucial role of extension in developing sustainable agriculture. With the sector experiencing transformative changes—including fiscal challenges, the increased role of private enterprises, and global shifts in agriculture—the discourse demands a reevaluation of extension strategies [34,63]. Reforms must be implemented to address prevailing issues such as misaligned extension messages and extension workers’ lack of professional experience [22].



Our ScR underscores the imperative for a comprehensive framework integrating social, environmental, and economic factors into extension methodologies. An integrated approach aligns with scholarly discourse that calls for extension strategies to be culturally sensitive and adaptable to the varied needs across rural landscapes [55,56,58,59,60,74].



Finally, the findings from the ScR reaffirm the need for a holistic approach to agricultural technological extension. Such a model should be marked by inclusivity, flexibility, and active engagement from farmers, tailored to navigate the intricate dynamics of agriculture in diverse and constantly changing environments. This reconceptualization of extension services should be aimed at promoting sustainable agricultural practices, ultimately enhancing the livelihoods of rural communities.



4.1. Proposed Theoretical Perspective


Combining the systematic review with bibliographic insights and practical experience, this work introduces the “Integrative Extension and Technological Adoption Model in Sustainable Agriculture” (IETAMSA). IETAMSA champions a systemic and collaborative method, spotlighting the vital interplay and feedback across the spectrum of participants in the agriculture extension and tech adoption arena. The model asserts that impactful extension is a multifaceted venture, requiring engagement across various dimensions that are foundational to its success (Figure 8):



IETAMSA posits that effective extension is inherently a multidimensional process, one that must encompass the following foundational dimensions:



4.1.1. Science, Knowledge, and Experience


Underpinning technological extension strategies and scientific research form the foundation for innovation in agricultural practices [59,60,63]. Yet, progress relies on weaving local know-how with empirical farmer insights, ensuring that scientific advancements are relevant, embraced, and tailored to the unique fabric of local communities [11,69]. This confluence of academia and on-the-ground experience enriches the evolution of technological adoption. It aligns it with the fluid dynamics of agricultural life, encompassing all key players, from producers to practitioners [57].




4.1.2. Networks and Communications


Crucial for spreading knowledge and innovations, robust communication networks enable feedback and collaborative learning [6,11]. Such networks interlink farmers, extension agents, and scholars, underpinning robust support systems and fostering resilient, adaptable agricultural practices. This dynamic interchange transcends mere information exchange, spurring an evolving network of knowledge [6,11,60].




4.1.3. Critical Factors


The handling of critical factors is instrumental in fostering or inhibiting technology adoption. Strategically addressing these factors is key to crafting effective extension methodologies and integrating lessons from multidisciplinary experiences [84]. The categories of critical factors identified in the ScR, bibliographic background, and the authors’ empirical experience are as follows:




	
Multisectoral collaboration: Vital for devising accessible, relevant technological solutions, this dimension involves diverse development stakeholders—from private entities to grassroots collectives—championing collaborative innovation [6,14,49,55,57,64].



	
Socioeconomic and agroecological context: Acknowledging each region’s distinct characteristics ensures technologies are aptly tailored, promoting contextualized rather than one-size-fits-all applications [14,49,52,55].



	
Adaptability and flexibility: A malleable, responsive extension system is essential to navigating market, environmental, and innovative landscapes [6,60,81].



	
Community participation and empowerment: Engaging communities in the decision-making and design of extension strategies fosters empowerment and capacity-building at the local level [6,50,55,57,59].



	
Integral sustainability: Technological adoption assessments should balance economic viability with contributions to environmental integrity and societal well-being, advocating for equitably sustainable agricultural progress [55,56,58,74].









4.1.4. Contextual Conditions


The milieu of agricultural practice and technology extension is shaped by an intricate web of political, economic, social, technological, environmental, and legal factors [20]. Recognizing this complexity, IETAMSA underscores that the path to a sustainable agricultural sector is paved with nuanced understanding and bespoke responses to these multifaceted contextual conditions. Diverse agricultural communities depend on the sympathetic alignment of extension strategies with their unique circumstances—a challenge that calls for a sophisticated, granular approach to developing and implementing interventions [58,69,77].




4.1.5. External Actors


The nexus of IETAMSA’s success hinges on the synergy of various external actors. Governments, the private sector, NGOs, and farming collectives contribute vital threads to the support necessary for agricultural evolution. These stakeholders are the architects of the infrastructure and policy environment that underpin knowledge exchange and sustainable practice adoption, interlinking with contextual conditions to either bolster or stymie progress in technological uptake [14,55,77].



IETAMSA is envisioned as a living framework, dynamic and responsive, intended to empower stakeholders across the spectrum—from policymakers and development agents to the farmers themselves—to architect and realize agricultural extension initiatives that resonate with the rhythm of rural life in the developing world. It champions a philosophy of interconnectedness, seeking to foster a fertile dialogue between science, local wisdom, and the lived experience of farmers. This tapestry is woven with threads of knowledge, mutual learning, and co-created innovation, harmonizing with the unique cadences of community and the environment [6,84,87].



The envisioned model, exemplified in Figure 9, represents a sequence of integrated processes and collaborative interactions. This diagrammatic representation offers a bird’s-eye view of the ecosystem of influences, illustrating how each dimension of IETAMSA interacts synergistically within the broader agricultural context. Here, the confluence of science, participatory networks, and the meticulous management of critical factors converge, fostering an agricultural milieu where sustainability, community empowerment, and technological advancement are not merely aspirational but attainable realities [6,84].



The theoretical framework outlined asserts a multi-layered approach to agricultural technology adoption, emphasizing the foundational role of “Science, knowledge, and experience” as the driving force for sustainable practices [13,49,76]. “Science, knowledge, and experience” are highlighted at the apex as an essential foundation that informs and supports all other levels. Building upon this, the importance of “Networks and communications”, along with “Critical factors” and “External actors”, is posited to operate synergistically to foster a conducive environment for the uptake of agricultural innovations [69,73,84]. Underpinning these layers, “Contextual conditions” are deemed critical [6,58], shaping the adoption and efficacy of agricultural technologies within various socio-political and environmental settings [20] (Figure 9).



Additionally, the framework highlights the Systematic Literature Review’s role in enhancing the body of knowledge, aligning with the views of Walisinghe et al. (2017) [62] and BenYishay and Mobarak (2019) [69], who advocate for a more participatory, networked approach to agricultural extension. This model promotes a departure from traditional unidirectional models [30,31] to a more inclusive, bidirectional framework that capitalizes on farmer insights and a broader engagement of stakeholders in the sector. This comprehensive approach underscores the importance of considering the multifaceted nature of the agricultural landscape, from farmer involvement to the influence of policy and environmental conditions, thus offering a robust foundation for future research and practical applications in developing countries [73,81,82,83,84] and systemic thinking in agricultural innovation studies [17].



This study advances the field of agricultural extension by thoroughly examining its complex aspects, offering broad and up-to-date insights into the various factors that affect agricultural extension practices. It presents a theoretical framework designed to guide future strategic actions and policymaking in agriculture. The research strives to establish a robust basis for implementing technology extension initiatives that are tailored to the specific conditions and needs of farmers, thereby promoting sustainable growth in agriculture.





4.2. Limitations


This scoping review’s reliance on a single reviewer introduces a risk of bias, as the reviewer’s perspective could inadvertently shape the conclusions drawn [88]. Furthermore, the review’s exclusion of non-English publications may omit valuable global insights and diverse academic discourse, narrowing the synthesized knowledge’s breadth.





5. Conclusions


Drawing on the intricate tapestry woven by this scoping review, the “Integrative Extension and Technological Adoption Model in Sustainable Agriculture” (IETAMSA) crystallizes as a beacon of multidimensional strategy, propelling agricultural extension into a new era. IETAMSA emerges as an academic construct and a living, breathing framework meticulously crafted to harness the synergies of science, local wisdom, and farmer ingenuity. It is an ode to the collaborative spirit, celebrating the dynamic interplay between robust networks and communications, the critical factors of multisectoral collaboration, and the rich tapestry of contextual conditions.



This groundbreaking model is a manifesto for change. It advocates for adaptive and responsive extension systems that resonate with the heartbeat of rural communities, cultivating fertile ground for technology adoption and sustainable development. With a deep appreciation for the farmer’s sociocultural, economic, and ecological milieu, IETAMSA proposes a shared vision where governmental bodies, NGOs, the private sector, and agricultural practitioners unite to nurture and uplift the rural agrarian spirit.



As we usher in this transformative paradigm, the conclusions of this comprehensive review extend beyond the page, resonating with a call to action for sustainable agriculture that is equitable, resilient, and integrated into the fabric of rural life. It is a commitment to a future where extension services transfer knowledge and weave a more prosperous, connected, and sustainable tapestry of agricultural livelihoods.







Author Contributions


Conceptualization, J.F.B.-E., P.B.-H., J.C.C. and L.H.R.; methodology, J.F.B.-E.; software, J.F.B.-E.; validation, J.C.C., L.H.R., P.B.-H., J.A.B.-G. and A.P.C.; formal analysis, J.F.B.-E.; investigation, J.F.B.-E., J.C.C., L.H.R., P.B.-H., J.A.B.-G. and A.P.C.; resources, J.F.B.-E.; data curation, J.F.B.-E.; writing—original draft preparation, J.F.B.-E.; writing—review and editing, J.F.B.-E., P.B.-H., J.C.C. and L.H.R.; visualization, J.F.B.-E.; supervision, J.C.C., L.H.R., P.B.-H., J.A.B.-G. and A.P.C.; project administration, J.F.B.-E.; funding acquisition, J.F.B.-E., J.A.B.-G. and A.P.C. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Colombian Oil Palm Research Center Corporation—Cenipalma with the support of the Colombian Fondo de Fomento Palmero.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data is contained within the article.




Acknowledgments


The authors thank the Colombian Oil Palm Research Center Corporation, Cenipalma, the Colombian Fondo de Fomento Palmero, and the Los Andes University in Colombia, which made this research possible.




Conflicts of Interest


The authors declare no conflict of interest. The funding sponsors had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the decision to publish the results.




References


	



Nakano, Y.; Tsusaka, T.W.; Aida, T.; Pede, V.O. Is farmer-to-farmer extension effective? The impact of training on technology adoption and rice farming productivity in Tanzania. World Dev. 2018, 105, 336–351. [Google Scholar] [CrossRef]

	



Bakar, A.H. Study of role of agricultural extension in the dissemination of sustainable agricultural development. J. Agric. Technol. 2012, 3, 12–19. [Google Scholar]

	



Salehi, M.; Abbasi, E.; Bijani, M.; Shahpasand, M.R. Evaluation of agricultural extension model sites approach in Iran. J. Saudi Soc. Agric. Sci. 2021, 20, 506–518. [Google Scholar] [CrossRef]

	



Liu, Q.; Jiang, Y.; Lagerkvist, C.; Huang, W. Extension services and the technical efficiency of crop-specific farms in China. Agric. Appl. Econ. Assoc. 2021, 45, 436–459. [Google Scholar] [CrossRef]

	



Wordofa, M.G. Are farmers in Ethiopia ready to embrace cost-sharing agricultural extension approach? Int. J. Soc. Econ. 2019, 46, 1119–1136. [Google Scholar] [CrossRef]

	



Rogers, E.M.; Singhal, A.; Quinlan, M.M. Diffusion of Innovations in an Integrated Approach to Communication Theory and Research, 2nd ed.; Routledge: London, UK, 2014; Volume 2, Available online: https://www.taylorfrancis.com/chapters/edit/10.4324/9780203887011-36/diffusion-innovations-everett-rogers-arvind-singhal-margaret-quinlan (accessed on 31 May 2022).

	



Gil, J.; Herrera, M.; Duitama, J.; Sarria, G.; Restrepo, S.; Romero, H.M. Genomic variability of phytophthora palmivora isolates from different oil palm cultivation regions in Colombia. Phytopathology 2020, 110, 1553–1564. [Google Scholar] [CrossRef]

	



Lew, T.T.S.; Sarojam, R.; Jang, I.-C.; Park, B.S.; Naqvi, N.I.; Wong, M.H.; Singh, G.P.; Ram, R.J.; Shoseyov, O.; Saito, K.; et al. Species-independent analytical tools for next-generation agriculture. Nat. Plants 2020, 6, 1408–1417. [Google Scholar] [CrossRef]

	



Mwangi, M.R.; Kariuki, S. Factors Determining Adoption of New Agricultural Technology by Smallholder Farmers in Developing Countries. J. Econ. Sustain. Dev. 2015, 6, 208–216. [Google Scholar]

	



Loevinsohn, M.; Sumberg, J.; Diagne, A.; Whitfield, S. Under What Circumstances and Conditions Does Adoption of Technology Result in Increased Agricultural Productivity? A Systematic Review Prepared for the Department for International Development. 2013. Available online: https://assets.publishing.service.gov.uk/media/57a08a13ed915d3cfd000594/Productivity_systematic_review_report_Loevinsohn.pdf (accessed on 24 March 2024).

	



Takahashi, K.; Muraoka, R.; Otsuka, K. Technology adoption, impact, and extension in developing countries’ agriculture: A review of the recent literature. Agric. Econ. 2020, 51, 31–45. [Google Scholar] [CrossRef]

	



Martínez, D. Determinantes de la Adopción de Tecnologías para el Manejo Eficiente del Agua por los Cultivadores de Palma de Aceite en la Zona Norte Colombiana. Ph.D. Thesis, Universidad Nacional de Colombia, Bogota, Colombia, 2022. [Google Scholar]

	



Acheampong, P.P.; Addison, M.; Wongnaa, C.A.; Baafi, E.; Opoku, M. Assessment of impacts of adoption of improved sweetpotato varieties in Ghana: Accounting for differences in male and female farmers. Gend. Technol. Dev. 2024, 1, 1–24. [Google Scholar] [CrossRef]

	



Norton, G.W.; Alwang, J. Changes in Agricultural Extension and Implications for Farmer Adoption of New Practices. Appl. Econ. Perspect. Policy 2020, 42, 8–20. [Google Scholar] [CrossRef]

	



Pray, C.E. The Green Revolution as a case study in transfer of technology. Am. Acad. Political Soc. Sci. 1981, 458, 68–80. [Google Scholar] [CrossRef]

	



John, T.; Ian, S. Challenging the populist perspective: Rural people’s knowledge, agricultural research, and extension practice. Agric. Hum. Values 1994, 11, 58–76. [Google Scholar]

	



Klerkx, L.; van Mierlo, B.; Leeuwis, C. Evolution of systems approaches to agricultural innovation: Concepts, analysis and interventions. In Farming Systems Research into the 21st Century: The New Dynamic; Springer: Dordrecht, The Netherlands, 2012; pp. 457–483. [Google Scholar]

	



Leeuwis, C. Communication for Rural Innovation: Rethinking Agricultural Extension; Blackwell Science: Oxford, UK, 2005. [Google Scholar]

	



Swanson, B.E.; Rajalahti, R.; The World Bank. Strengthening Agricultural Extension and Advisory Systems: Procedures for Assessing, Transforming, and Evaluating Extension Systems. 2010. Available online: http://www.worldbank.org/rural (accessed on 15 February 2024).

	



Mihailova, M. The state of agriculture in Bulgaria-PESTLE analysis. Bulg. J. Agric. Sci. 2020, 26, 935–943. Available online: https://www.lex.bg/laws/ (accessed on 10 February 2024).

	



Beltrán, J.; Pulver, E.; Guerrero, J.; Mosquera, M. Cerrando brechas de productividad con la estrategia de transferencia de tecnología productor a productor. Palmas 2015, 36, 39–53. [Google Scholar]

	



Agbarevo, A.; Machiadikwe, N.B. Farmers’ Perception of Effectiveness of Agricultural Extension Delivery in Cross-River State, Nigeria. IOSR J. Agric. Vet. Sci. (IOSR-JAVS) 2013, 2, 1–7. Available online: https://www.iosrjournals.org/iosr-javs/papers/vol2-issue6/A0260107.pdf (accessed on 26 January 2024). [CrossRef]

	



Moyo, R.; Salawu, A. A survey of communication effectiveness by agricultural extension in the Gweru district of Zimbabwe. J. Rural Stud. 2018, 60, 32–42. [Google Scholar] [CrossRef]

	



El Bilali, H.; Allahyari, M.S. Transition towards sustainability in agriculture and food systems: Role of information and communication technologies. Inf. Process. Agric. 2018, 5, 456–464. [Google Scholar] [CrossRef]

	



Shaner, J.; King, J. “Extension’s Partnership with the Future”; “To Educate a People”; “The Extension Organization of the Future”; Prairie Schooner Nebraska: The Individual Voice. J. Appl. Commun. 1987, 70, 6. [Google Scholar] [CrossRef]

	



Witinok-Huber, R.; Radil, S.; Sarathchandra, D.; Nyaplue-Daywhea, C. Gender, place, and agricultural extension: A mixed-methods approach to understand farmer needs in Liberia. J. Agric. Educ. Ext. 2021, 27, 553–572. [Google Scholar] [CrossRef]

	



Feder, G.; Anderson, J.R.; Ganguly, S. The Rise and Fall of Training and Visit Extension: An Asian Mini-Drama with an African Epilogue; World Bank Publications: Washington, DC, USA, 2006; Volume 3928, Available online: https://books.google.com.co/books?hl=es&lr=&id=MPgd9YUaDW4C&oi=fnd&pg=PA2&ots=ntGuaSYH1C&sig=f0VVjS5EtUfaBvPEdqOYWHjxCsg&redir_esc=y#v=onepage&q&f=false (accessed on 10 May 2022).

	



Danso-Abbeam, G.; Ehiakpor, D.S.; Aidoo, R. Agricultural extension and its effects on farm productivity and income: Insight from Northern Ghana. Agric. Food Secur. 2018, 7, 74. [Google Scholar] [CrossRef]

	



Chambers, R.; Ghildyal, B. Agricultural research for resource-poor farmers: The farmer-first-and-last model. Agric. Adm. 1985, 20, 1–30. [Google Scholar] [CrossRef]

	



Farrington, J. The changing public role in agricultural extension. Food Policy 1995, 20, 537–544. [Google Scholar] [CrossRef]

	



Nyarko, D.A.; Kozári, J. Information and communication technologies (ICTs) usage among agricultural extension officers and its impact on extension delivery in Ghana. J. Saudi Soc. Agric. Sci. 2021, 20, 164–172. [Google Scholar] [CrossRef]

	



Cook, B.R.; Satizábal, P.; Curnow, J. Humanising agricultural extension: A review. World Dev. 2021, 140, 105337. [Google Scholar] [CrossRef]

	



Cai, J.; Jia, Y.; Hu, R.; Zhang, C. Four decades of China’s agricultural extension reform and its impact on agents’ time allocation. Aust. J. Agric. Resour. Econ. 2020, 64, 104–125. [Google Scholar] [CrossRef]

	



Mengal, A.A.; Habib, S.; Baloch, F.M.; Siddiqui, A.A.; Balochistan, Q. An innovative approach of public and private extension services regarding diffusion and adoption of agricultural technology in Balochistan, Pakistan: A conceptual framework. J. MacroTrends Appl. Sci. 2016, 4, 2016. [Google Scholar]

	



Carmona-Lavado, A.; Cuevas-Rodríguez, G.; Cabello-Medina, C.; Fedriani, E.M. Does open innovation always work? The role of complementary assets. Technol. Forecast. Soc. Chang. 2021, 162, 120316. [Google Scholar] [CrossRef]

	



Teece, D.J. Profiting from technological innovation: Implications for integration, collaboration, licensing and public policy. Res. Policy 1986, 15, 285–305. [Google Scholar] [CrossRef]

	



Ntshangase, N.L.; Muroyiwa, B.; Sibanda, M. Farmers’ perceptions and factors influencing the adoption of no-till conservation agriculture by small-scale farmers in Zashuke, KwaZulu-Natal province. Sustainability 2018, 10, 555. [Google Scholar] [CrossRef]

	



Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.J.; Horsley, T.; Weeks, L.; et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann. Intern. Med. 2018, 169, 467–473. [Google Scholar] [CrossRef]

	



Arksey, H.; O’Malley, L. Scoping studies: Towards a methodological framework. Int. J. Soc. Res. Methodol. 2005, 8, 19–32. [Google Scholar] [CrossRef]

	



Levac, D.; Colquhoun, H.; O‘Brien, K.K. Scoping Studies: Advancing the Methodology. 2010. Available online: http://www.cihr-irsc.ca (accessed on 25 January 2024).

	



Peters, M.D.J.; Godfrey, C.M.; Khalil, H.; McInerney, P.; Parker, D.; Soares, C.B. Guidance for conducting systematic scoping reviews. Int. J. Evid.-Based Healthc. 2015, 13, 141–146. [Google Scholar] [CrossRef]

	



Davis, K.; Drey, N.; Gould, D. What are scoping studies? A review of the nursing literature. Int. J. Nurs. Stud. 2009, 46, 1386–1400. [Google Scholar] [CrossRef]

	



Munn, Z.; Peters, M.D.J.; Stern, C.; Tufanaru, C.; McArthur, A.; Aromataris, E. Systematic review or scoping review? Guidance for authors when choosing between a systematic or scoping review approach. BMC Med. Res. Methodol. 2018, 18, 143. [Google Scholar] [CrossRef]

	



Sucharew, H. Methods for research evidence synthesis: The scoping review approach. J. Hosp. Med. 2019, 14, 416–418, Erratum in Frontline Med. Commun. 2019, 3, 416–418. [Google Scholar] [CrossRef]

	



Kohlbacher, F. The Use of Qualitative Content Analysis in Case Study Research. Forum Qual. Soc. Res. 2006, 7, 1–30. [Google Scholar] [CrossRef]

	



Jarden, R.J.; Narayanan, A.; Sandham, M.; Siegert, R.J.; Koziol-Mclain, J. Bibliometric mapping of intensive care nurses’ wellbeing: Development and application of the new iAnalysis model. BMC Nurs. 2019, 18, 21. [Google Scholar] [CrossRef]

	



Kamdem, J.P.; Duarte, A.E.; Lima, K.R.R.; Rocha, J.B.T.; Hassan, W.; Barros, L.M.; Roeder, T.; Tsopmo, A. Research trends in food chemistry: A bibliometric review of its 40 years anniversary (1976–2016). Food Chem. 2019, 294, 448–457. [Google Scholar] [CrossRef]

	



Lawal, I.A.; Klink, M.; Ndungu, P.; Moodley, B. Brief bibliometric analysis of “ionic liquid” applications and its review as a substitute for common adsorbent modifier for the adsorption of organic pollutants. Environ. Res. 2019, 175, 34–51. [Google Scholar] [CrossRef]

	



Nazar, H.; Ullah, S.; Nasir, S.; Bilal, M. Exploring the potential determinants to favour available entrepreneurial strategies among dairy farmers of southern Punjab in Pakistan. J. Agric. Educ. Ext. 2024, 2, 1–19. [Google Scholar] [CrossRef]

	



Dixit, K.; Aashish, K.; Dwivedi, A.K. Antecedents of smart farming adoption to mitigate the digital divide—Extended innovation diffusion model. Technol. Soc. 2023, 75, 102348. [Google Scholar] [CrossRef]

	



Hoang, H.G.; Nguyen, D.T. Factors influencing the adoption of improved rice varieties: A case of smallholder farmers in Quang Dien district of Vietnam. Int. J. Soc. Econ. 2023, 50, 227–241. [Google Scholar] [CrossRef]

	



Ceballos-Sierra, F.; Arends-Kuenning, M.P.; Hewey, A. Technology diffusion within families: Experimental evidence from Nicaragua. J. Agric. Educ. Ext. 2023, 29, 309–326. [Google Scholar] [CrossRef]

	



Arslan, C.; Wollni, M.; Oduol, J.; Hughes, K. Who communicates the information matters for technology adoption. World Dev. 2022, 158, 1060. [Google Scholar] [CrossRef]

	



Amoussohoui, R.; Arouna, A.; Bavorova, M.; Tsangari, H.; Banout, J. An extended Canvas business model: A tool for sustainable technology transfer and adoption. Technol. Soc. 2022, 68, 101901. [Google Scholar] [CrossRef]

	



Houd, Y.B.; El Amrani, M. Social Network Analysis: A useful tool for studying Innovation diffusion processes. Econ. Agro-Aliment. 2022, 24, 1–59. [Google Scholar] [CrossRef]

	



Kumar, A.; Takeshima, H.; Thapa, G.; Adhikari, N.; Saroj, S.; Karkee, M.; Joshi, P. Adoption and diffusion of improved technologies and production practices in agriculture: Insights from a donor-led intervention in Nepal. Land Use Policy 2020, 95, 104621. [Google Scholar] [CrossRef]

	



Pannell, D.; Zilberman, D. Understanding Adoption of Innovations and Behavior Change to Improve Agricultural Policy. Appl. Econ. Perspect. Policy 2020, 42, 3–7. [Google Scholar] [CrossRef]

	



Bonjean, I. Heterogeneous incentives for innovation adoption: The price effect on segmented markets. Food Policy 2019, 87, 101741. [Google Scholar] [CrossRef]

	



Janssen, E.; Swinnen, J. Technology adoption and value chains in developing countries: Evidence from dairy in India. Food Policy 2019, 83, 327–336. [Google Scholar] [CrossRef]

	



Swinnen, J.; Kuijpers, R. Value chain innovations for technology transfer in developing and emerging economies: Conceptual issues, typology, and policy implications. Food Policy 2019, 83, 298–309. [Google Scholar] [CrossRef]

	



Wheeler, S.A.; Zuo, A.; Bjornlund, H.; Mdemu, M.V.; van Rooyen, A.; Munguambe, P. An overview of extension use in irrigated agriculture and case studies in south-eastern Africa. Int. J. Water Resour. Dev. 2016, 33, 755–769. [Google Scholar] [CrossRef]

	



Walisinghe, B.R.; Ratnasiri, S.; Rohde, N.; Guest, R. Does agricultural extension promote technology adoption in Sri Lanka. Int. J. Soc. Econ. 2017, 44, 2173–2186. [Google Scholar] [CrossRef]

	



Emmanuel, D.; Owusu-Sekyere, E.; Owusu, V.; Jordaan, H. Impact of agricultural extension service on adoption of chemical fertilizer: Implications for rice productivity and development in Ghana. NJAS Wagening. J. Life Sci. 2016, 79, 41–49. [Google Scholar] [CrossRef]

	



Fan, C.; Wei, T. Effectiveness of integrated low-carbon technologies. Int. J. Clim. Chang. Strateg. Manag. 2016, 8, 758–776. [Google Scholar] [CrossRef]

	



Abdulai, A. Information acquisition and the adoption of improved crop varieties. Am. J. Agric. Econ. 2023, 105, 1049–1062. [Google Scholar] [CrossRef]

	



Ambong, R.M.A. Methods of Rice Technology Adoption Studies in the Philippines and Other Asian Countries: A Systematic Review. Res. World Agric. Econ. 2022, 3, 15–24. [Google Scholar] [CrossRef]

	



Tambo, J.A.; Matimelo, M. An act of defiance? Measuring farmer deviation from personalised extension recommendations in Zambia. J. Agric. Econ. 2022, 73, 396–413. [Google Scholar] [CrossRef]

	



Bilal, M.; Brümmer, B.; Barkmann, J. A discussion on the outcomes of adopted agricultural technological products and specific sustainable development goals: Evidence from Pakistan. Cogent Econ. Financ. 2022, 10, 1–21. [Google Scholar] [CrossRef]

	



BenYishay, A.; Mobarak, A.M. Social Learning and Incentives for Experimentation and Communication. Rev. Econ. Stud. 2019, 86, 976–1009. [Google Scholar] [CrossRef]

	



Nakasone, E.; Torero, M. A text message away: ICTs as a tool to improve food security. Agric. Econ. 2016, 47, 49–59. [Google Scholar] [CrossRef]

	



Meinzen-Dick, R.; Quisumbing, A.R.; Behrman, J.A. A System That Delivers: Integrating Gender into Agricultural Research, Development, and Extension. In Gender in Agriculture; Springer: Dordrecht, The Netherlands, 2014; pp. 373–391. [Google Scholar] [CrossRef]

	



Kamara, L.I.; Dorward, P.; Lalani, B.; Wauters, E. Unpacking the drivers behind the use of the Agricultural Innovation Systems (AIS) approach: The case of rice research and extension professionals in Sierra Leone. Agric. Syst. 2019, 176, 102673. [Google Scholar] [CrossRef]

	



Ashoori, D.; Allahyari, M.S.; Damalas, C.A. Adoption of conservation farming practices for sustainable rice production among small-scale paddy farmers in northern Iran. Paddy Water Environ. 2017, 15, 237–248. [Google Scholar] [CrossRef]

	



Li, B.; Zhuo, N.; Ji, C.; Zhu, Q. Influence of Smartphone-Based Digital Extension Service on Farmers’ Sustainable Agricultural Technology Adoption in China. Int. J. Environ. Res. Public Health 2022, 19, 9639. [Google Scholar] [CrossRef]

	



Huang, Y.; Li, Z.; Luo, X.; Liu, D. Biopesticides extension and rice farmers’ adoption behavior: A survey from Rural Hubei Province, China. Environ. Sci. Pollut. Res. 2022, 29, 51744–51757. [Google Scholar] [CrossRef]

	



Taheri, F.; D’Haese, M.; Fiems, D.; Azadi, H. The intentions of agricultural professionals towards diffusing wireless sensor networks: Application of technology acceptance model in Southwest Iran. Technol. Forecast. Soc. Chang. 2022, 185, 122075. [Google Scholar] [CrossRef]

	



Anang, B.T.; Bäckman, S.; Sipiläinen, T. Adoption and income effects of agricultural extension in northern Ghana. Sci. Afr. 2019, 7, e00219. [Google Scholar] [CrossRef]

	



Oakley, P.; Garforth, C. Guide to Extension Training; Food & Agriculture Org.: Rome, Italy, 1985. [Google Scholar]

	



Kassem, H.S.; Alotaibi, B.A.; Muddassir, M.; Herab, A. Factors influencing farmers’ satisfaction with the quality of agricultural extension services. Eval. Program Plan. 2021, 85, 101912. [Google Scholar] [CrossRef] [PubMed]

	



Baloch, M.A.; Thapa, G.B. The effect of agricultural extension services: Date farmers’ case in Balochistan, Pakistan. J. Saudi Soc. Agric. Sci. 2018, 17, 282–289. [Google Scholar] [CrossRef]

	



Bernal-Hernández, P.; Ramirez, M.; Mosquera-Montoya, M. Formal rules and its role in central-ised-diffusion systems: A study of small-scale producers of oil palm in Colombia. J. Rural. Stud. 2021, 83, 215–225. [Google Scholar] [CrossRef]

	



Bell, S.; Morse, S. Sustainability indicators past and present: What next? Sustainability 2018, 10, 1688. [Google Scholar] [CrossRef]

	



Gatzweiler, W.; Von Braun, J. Technological and Institutional Innovations for Marginalized Smallholders in Agricultural Development; Springer: Bonn, Germany, 2016; ISBN 9783319257167. [Google Scholar]

	



Wigboldus, S.; Klerkx, L.; Leeuwis, C.; Schut, M.; Muilerman, S.; Jochemsen, H. Systemic perspectives on scaling agricultural innovations: A review. Agron. Sustain. Dev. 2016, 36, 46. [Google Scholar] [CrossRef]

	



Gardezi, M.; Abuayyash, H.; Adler, P.R.; Alvez, J.P.; Anjum, R.; Badireddy, A.R.; Brugler, S.; Carcamo, P.; Clay, D.; Dadkhah, A.; et al. The role of living labs in cultivating inclusive and responsible innovation in precision agriculture. Agric. Syst. 2024, 216, 103908. [Google Scholar] [CrossRef]

	



Morgans, C.L.; Meijaard, E.; Santika, T.; Law, E.; Budiharta, S.; Ancrenaz, M.; Wilson, K.A. Evaluating the effectiveness of palm oil certification in delivering multiple sustainability objectives. Environ. Res. Lett. 2018, 13, 064032. [Google Scholar] [CrossRef]

	



Norton, R. Política de Desarrollo Agrícola Conceptos y Principios; FAO: Rome, Italy, 2004; Volume 2. [Google Scholar]

	



Peters, M.D.; Godfrey, C.; McInerney, P.; Soares, C.B.; Khalil, H.; Parker, D. Methodology for JBI scoping reviews. The Joanna Briggs Institute Reviewers’ Manual. 2015. Available online: https://www.researchgate.net/publication/294736492 (accessed on 10 February 2024).








[image: Sustainability 16 03555 g001] 





Figure 1. PRISMA flow diagram for the scoping review process of agricultural extension. 
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Figure 2. Bibliography identified in the first ScR search round, organized by the type of document. 
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Figure 3. Geographic and temporal distribution of the literature from the first ScR search round. 
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Figure 4. Recurrent and interconnected keywords in the first ScR search round. 
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Figure 5. Bibliography identified in the second ScR search round, organized by subject area. The included documents may be present in different thematic areas. 
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Figure 6. Geographic and temporal distribution of literature from the second ScR search round. 
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Figure 7. Recurrent and interconnected keywords in the second ScR search round. 
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Figure 8. Mindmap illustrating the proposed theoretical perspective of the Integrative Extension and Technological Adoption Model in Sustainable Agriculture (IETAMSA). 
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Figure 9. Sequence diagram illustrating the theoretical respective of the IETAMSA. 
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Table 1. Subject areas, authors, and studies included in the ScR of agricultural extension.
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	Subject Area
	Themes and Interpretation
	#
	Documents/Papers Included *





	Social Sciences
	This is the most represented category, suggesting that a significant portion of the literature on agricultural extension and technology adoption in developing countries addresses social aspects, which could include topics such as technology adoption, social dynamics, and community development.
	18
	[13,14,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64]



	Economics,

Econometrics and

Finance
	Nearly a quarter of the documents focus on economic and financial aspects, underscoring the importance of economic viability, financial incentives, and cost-benefit analysis in the adoption of agricultural technologies.
	17
	[11,14,51,53,55,57,58,59,60,62,65,66,67,68,69,70,71]



	Agricultural

and Biological

Sciences
	This proportion highlights the focus on crop biology, genetic improvement, plant nutrition, pest and disease control, and other biological issues that are fundamental to technological extension in agriculture.
	15
	[11,49,52,55,56,58,59,60,63,65,66,67,70,72,73]



	Environmental

Science
	The significant presence of documents in this area indicates that environmental sustainability, natural resource management, and adaptation to climate change are relevant aspects of agricultural extension.
	10
	[55,56,58,59,60,61,64,73,74,75]



	Business,

Management and

Accounting
	A fraction of the documents relates to business management, which may include studies on farm technology management, leadership and organization of agricultural cooperatives, and market strategies.
	5
	[50,54,55,71,76]



	Other areas
	The combined areas of Medicine, Psychology, Veterinary, and Multidisciplinary make up the smallest proportion, indicating that although these fields contribute to the topic, they are less central compared to the social, economic, and agricultural sciences.
	4
	[55,74,76,77]







* The included documents may be present in different thematic areas.













 





Table 2. Answers to the Guiding Questions (GQs) based on the ScR and bibliographic background.
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	GQ
	Findings
	References





	What principles underpin the technological extension strategies employed in the agricultural sector of developing countries?
	Education and Training: Emphasis on informal educational processes directed at the rural population as a means to improve agricultural efficiency and productivity.

Community Participation: The ScR reflects a participatory approach, where farmers are seen as active partners in the learning and technology adoption process rather than passive recipients of information.

Structural Support: Frequent references were identified to structural support, including economic analysis and governmental support, as critical factors in the successful adoption of agricultural technologies.

Multidisciplinary: The distribution of documents by thematic area showed that social sciences, economics, and agricultural and biological sciences are closely interconnected in the literature on technological extension, highlighting the relevance of a multidisciplinary and holistic approach.

Sustainability and Food Security: The need to link technology adoption with long-term outcomes in terms of sustainable agricultural practices. Sustainability and food security are intrinsically interdependent and must be considered as such in technological extension strategies.
	[13,14,52,53,54,55,56,57,58,61,62,63,64,78]



	How do cultural, economic, and political variances influence the implementation and assimilation of agricultural technologies?
	The ScR evidence that cultural, economic, and political differences are determinant and crucial in the adoption of agricultural technologies:

Culture: Aligning technologies with traditional practices and values increases acceptance by farmers.

Economy: Technological adoption is sensitive to cost and perceived value. Economic incentives and access to credit are key catalysts.

Policy: Effective extension policies are those that support training and provide infrastructure, promoting an environment conducive to technological adoption.

Bidirectional Communication: A two-way approach, where local and scientific knowledge are exchanged, strengthens the relevance and application of agricultural technologies.

Inter-organizational Collaboration: Synergy between extension workers and other rural development entities amplifies the effectiveness of technological adoption strategies.

Agricultural Diversity: Recognizing and addressing the diversity of agricultural communities through tailored strategies enhances technology adoption and sustainability.

These findings point to the need for technological extension strategies that are integrative and adaptive to the sociocultural and economic realities of farmers in developing countries.
	[6,9,11,14,22,51,53,55,57,58,59,60,62,65,66,67,68,69,70,71,79]



	What are the critical factors that influence the efficacy of technological extension strategies in the agricultural sector of developing countries?
	Cultural Integration: Respect and integration with traditions and local knowledge, avoiding impositions, and promoting adaptive approaches that reflect the diversity of rural thought and action.

Community Participation: The importance of active inclusion of farmers and consideration of their opinions and experiences are fundamental. Strategies that favor collaboration and the exchange of ideas between farmers and extension workers tend to be more effective. Use of participatory approaches, where farmers are seen as active agents rather than passive recipients in the learning and technology adoption process as well as the information transfer.

Environmental and sustainability awareness: The need for programs that prioritize sustainability and consider the interdependence of agricultural communities with their natural ecosystems that are more likely to be adopted and maintained over the long term.

Economic Viability: Technological extension must offer solutions and technologies that are economically accessible for them to be adopted by farmers. Furthermore, extension agents should consider the economic reality of farmers, specifically socio-economic conditions, that can increase their likelihood of technology adoption as well as potentially improve income and quality of life.

Interdisciplinarity: Collaboration between different disciplines and sectors, ranging from agronomy to sociology, enriches extension strategies and ensures that the complex and varied needs of rural communities are addressed.

Flexibility and Adaptation: The importance of the ability of extension strategies to adapt to changes, recognize the heterogeneity of farmer groups, and consider local contexts for the long-term success of adopting agricultural technologies.
	[13,14,49,50,51,52,53,54,55,56,57,58,59,60,61,62,63,64,77,80]



	How do extension services impact the adoption of technologies aimed at sustainable agricultural practices?
	Facilitation of Adoption: Extension acts as a catalyst for technological adoption, serving not just as a technology transfer channel but also as a support system that integrates adoption practices into existing agricultural operations, taking into account the necessary adaptation and local context.

Bidirectional Communication: Effective extension relies on bidirectional communication, where the knowledge and experiences of farmers are as important as the technical information provided by extension workers. This exchange encourages the adaptation and customization of technologies to the local and specific conditions of the communities.

Networks and Cooperation: Communication and cooperation networks among farmers, extension workers, and technology providers are fundamental. Extension strategies should leverage these networks to improve the diffusion of technologies and support informed decision-making.

Management of Critical Factors: The need to recognize and manage critical factors that can influence technological adoption, such as farmers’ skill limitations, the relevance of innovations, public policy, and environmental and market settings.
	[10,11,12,49,50,51,55,56,58,59,60,61,63,64,73,74,75,77,81]
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