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Abstract

:

This article examines the diagnosis of the Agricultural Innovation System (SIA) in the department of Tolima, Colombia, as part of a project led by the Colombian Ministry of Agriculture and Rural Development and the Technological University of Pereira (TUP), which also evaluated the National Agricultural Innovation System (NAIS) in regions such as Chocó, Bolívar, and Meta. A methodology was used that involved a survey with 58 questions on a Likert scale with 300 participants, evaluated with congruence and relevance indexes, identifying key variables in the operation of the Agricultural Innovation System (AIS). A survey was applied to map actors in the National Innovation System for Higher Education in Agriculture, as well as the participating actors in the regional agricultural innovation systems of Tolima to identify gaps in extension, innovation, development, sustainability, information technology (TI), education, and training. Among the conclusions, it stands out that the associativity subsystem presents the lowest performance and is close to a score of two on the scale of gaps. An evaluation was carried out among the five subsystems, including extension, TI, environmental aspects, and public policy. The department of Tolima shows low performance in innovation and TI, while their extension performance is less weak. In Chaparral, there is a general lag, with innovation being the worst evaluated subsystem. Rovira obtains high scores in most subsystems, although innovation and TI have lower scores. At the national and regional levels, innovation is low, and communication among the NARS actors is insufficient, which highlights the need to promote good practices, strategies, and projects.
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1. Introduction


Agricultural Innovation Systems (AISs) and National Agricultural Innovation Systems (NARSs) play a crucial role in economic and social development at the local and national levels in the agricultural sector. Through the use of products, processes, and practices, they promote innovation processes with social or economic relevance [1] through use of a network of actors, institutions, and policies, boost and improve productivity, enhance competitiveness, and generate a positive impact on various sectors [2], thus contributing to the closing of gaps. To close these gaps and promote the sustainable development of the agricultural sector, it is essential to implement initiatives that foster innovation in local production systems. Equally, the debate on sustainable development must be considered, which faces two main perspectives: one is represented by authors such as Manioudis and Meramveliotakis [3], who advocate a return to classical political economy and stress the importance of the stage theories of Smith, Mill, and Marx to enrich sustainable development studies with an interdisciplinary approach; while for the other, Klarin [4] argues that sustainable development must address various basic human needs and faces obstacles such as the lack of socioeconomic development and financial resources at the global level, which limits its progress.



Several initiatives in different studies and projects demonstrate the importance of fostering innovation in local productive systems to achieve sustainable economic growth at the local and national levels. The Cuban experience of innovative production systems and arrangements demonstrates that fostering innovation in local systems through policies and interactive learning is crucial for sustainable economic growth at the local and national levels [5]. Knowledge management in the agricultural sector becomes relevant, as observed in the case of the Local Agricultural Innovation System of Pinar del Río [6]; likewise, technological innovation to reduce losses in the fishing and aquaculture industry becomes relevant, as evidenced in the FTT–Thiaroye technique and the Hermosillo Coast, Sonora, where a regional agricultural innovation system is proposed to boost growth, sustainability, and food security [7].



These initiatives highlight the importance of promoting innovation in agricultural and aquaculture systems through collaboration, technology development, stakeholder dialogue, and practical application of knowledge to achieve sustainable development and food security at the local and national levels. For the Colombian context, the evaluation of the National Agricultural Innovation System (NARS) in departments such as Bolívar, Chocó, Meta, and Tolima emphasizes the need to map relationships and communication between the actors involved to close gaps and promote the comprehensive development of the NARS.



For the achievement of these purposes, this article is structured in several thematic sections. First, a theoretical framework is presented that reviews the literature on worldwide case studies related to the Agricultural Innovation System (AIS) to identify strategies, good practices, and relevant projects that drive the development of the system. Secondly, the methodology used to carry out the NARS evaluation is described. Subsequently, the results obtained in the evaluation are presented, highlighting some general findings on the behavior of the system and, in particular, of the department of Tolima. Finally, the discussions and conclusions are presented, in which the aspects evaluated in the general assessment and that of the department of Tolima are analyzed to elucidate the differences and similarities between the systems and to examine the particular situation of the department. In addition, the possible causes of these differences and coincidences are addressed, and the impact that they have on the implementation of development strategies and policies in the department is assessed.




2. Literature Review on SIA


Authors like List [8] and Leontief [9] introduced the first approaches to the innovation system by addressing national production systems relevant to understanding agricultural dynamics in specific regions but they did not focus directly on the NARS. Freeman [10], Lundvall [11], Nelson [12,13], and Metcalfe [14] focused their studies on the systemic approach to innovation at the national level, recognizing the importance of collaborative work and the interactions between economic and institutional structures, which can be applied to the NARS in Bolivar, Chocó, Meta, and Tolima to promote innovation in the agricultural sector, considering the theories of the SIA. This offers several schools of thought that can be valuable for analyzing and improving the NARS in the mentioned regions. For example, the evolutionary economic theory of Nelson and Winter [13] serves to elucidate the evolution of agricultural technology and innovation over time; Nelson’s institutional economics [12] may be useful for analyzing the role of institutions in the diffusion of agricultural innovation, while the new regional economic theories may allow for the study of interactions between regions in terms of agricultural innovation and economic development [15]. The perspectives provided by the learning economics approach [16], the economics of innovation [17], and the network theory [18] prove valuable for a deeper understanding of innovation processes and interactions in the NARS context.



In Colombia, the NARS promotes agricultural innovation through policies, programs, and projects that enhance competitiveness, quality of life, and food security by involving a wide range of participants and stimulating the formation of innovation networks (Law 1876 [19]). Regional Innovation Systems (RISs) provide a detailed and contextualized view of innovation processes in a region [11,20], considering particularities to identify strengths and weaknesses, develop appropriate strategies, and foster collaboration among actors for innovation and sustainable development [21].



The Sector Innovation System (SIS) complements the national and regional innovation systems by focusing on innovation within a specific sector, examining actors, dynamics, and relationships to improve competitiveness and productivity [22]. Understanding these systems is vital for diagnosing agricultural systems in Colombia, highlighting historical and contemporary approaches that enrich the perspective on regional agricultural innovation.



2.1. Strategies, Good Practices, and Relevant Projects in the Global Scope of the Agricultural Innovation Systems (AISs)


This section presents the strategies, best practices, and relevant projects within the global scope of the Agricultural Innovation Systems (AISs), analyzing R&D, training, extension, and sustainability subsystems that could contribute to closing the gaps in the proposed evaluation. It begins with the strategies highlighted. Authors such as Nederlof [23] highlight the effectiveness of learning coalitions as multi-factor solutions to local institutional problems. Koutsouris [24] highlights how intermediaries bridge cognitive, informational, and managerial gaps in the AIS. Sseguya [25] provides the importance of relationships and trust in sources for access to agricultural information in Uganda. [26] stresses the relevance of innovation in SIA governance for agricultural productivity and sustainability. Klerkx and Nettle [27] point out how intermediaries and network facilitators catalyze the co-production of innovation in the dairy sector in the Netherlands and Australia. Kilelu [28] emphasizes the usefulness of adaptive intermediaries and platforms to address innovation co-evolution. Kingiri [29] highlights the essential gender perspective in agricultural innovations. These authors, among others, contribute to enriching the evaluation of the NARS, offering key insights to drive innovation and sustainable development in these regions.



Good practices are enriched by the contributions of various authors who address multiple aspects of agricultural innovation. In such a direction, Douthwaite and Hoffecker [30] highlight the need for a Theory of Change to plan and evaluate alternative pathways in agricultural research, addressing the complexity of agricultural aquatic systems in Zambia and the Philippines. Pigford [31] advocates integrating ecological and agricultural innovation system perspectives into sustainable agricultural innovation to achieve transitions to more sustainable systems. Spendrup and Fernqvist [32] highlight the importance of improving access to agricultural information in Kenya and encouraging the adoption of sustainable practices such as agroforestry through simple practices and subsidies. Cofré-Bravo [33] highlights the adaptation of agricultural innovation support networks as key to meeting farmers’ needs and achieving soft skills and ambidexterity. Kamara [34] identifies cognitive drivers of and barriers to the adoption of agricultural innovation systems in the rice industry through the Theory of Planned Behavior.



Concerning relevant projects, various studies contribute to the understanding of agricultural innovation from different approaches. Fielke [35] highlights the importance of reflective monitors in the success of co-innovation projects in the primary sector in New Zealand. Clarkson [36] employs the Theory of Change to assess the impact of the Shamba Shape Up television program on promoting agricultural sustainability through agricultural communication and extension. Vom Broke [37] details how the impact evaluation of the Sorghum Participatory Sorghum Improvement Program shows how research strengthens individual and collective capacities to innovate agricultural technologies. Barzola [38] explores multi-actor platforms (MSPs) as collaborative networks that achieve different levels of innovation according to objectives and proposed activities. Studies such as RiceAdvice in Africa address essential aspects of agricultural innovation, from practical tools in sub-Saharan regions to innovation platforms in cocoa production in Ghana and accountability in digital agricultural R&D in Australia [39].




2.2. Case Studies on AIS and NARS


Case studies on AIS and NARS at the global level have also become available tools for identifying good practices, strategies, and projects, understanding challenges, and generating recommendations, thus contributing to improving the implementation of agricultural innovation systems and promoting sustainable rural development. Table 1 details case studies on AIS in the worldwide sphere; some cases are highlighted, identifying the actors involved, the problems they address, and the functioning of these systems, all of which are very useful for the closing of gaps in the context of the department of Tolima.



The review and analysis of research studies and case studies allowed us to draw important conclusions about the agricultural innovation system in different geographical contexts. Each study addresses specific challenges of the agricultural sector in its country, highlighting the relevance of innovation as a key tool to address problems such as rural decline, poverty, unsustainability, pollution, and low crop productivity. The results highlight the need to strengthen the rural innovation system in China, the transition toward sustainability in Spain with the active participation of farmers, distributors, and co-operatives, the crucial role of social networks in agricultural innovation in India, and the importance of urban agriculture in Mexico as part of the ecological or agricultural infrastructure. In addition, the relevance of smart agriculture in Colombia and the need for mixed approaches and methods to address the complexity of the agricultural innovation system are underscored. The consideration of these aspects is of great importance for future research on practices, projects, and strategies that promote sustainability and agricultural development at both regional and national levels.





3. Methodology


The methodology employed in this study focuses on an evaluation designed to address and mitigate the gaps identified in the regions under study, a practice widely used in various contexts that has been applied to the evaluation or diagnostic/profile profiling/mapping studies/mapping of regions, sectors, and companies with the aim to innovate, evaluate systems, monitor progress, assimilate, enrich practices, manage projects, and protect the environment [46]. Some examples include the identification of gaps in innovation capabilities in 460 companies in Quindío—Colombia [47]; the application of a methodology to manage innovation and technology in a small company in Armenia—Colombia [48]; the analysis of the technological profile of Colombian companies with a focus on Antioquia [49]; and the evaluation of innovation in Nutrianalysis [50], among other studies. These examples illustrate the relevance and applicability of the methodology to innovation management in various business and regional environments in Colombia.



A mixed-approach methodology was used, involving a literature review and a survey with 58 Likert-type scale questions involving 300 participants, which can be found in the Supplementary Materials Table S1: Instrument for collecting information (agreement 20220464, Ministry of Agriculture and Rural Development and Universidad Tecnológica de Pereira). The relevance and congruence indexes were used to validate each of the questions that formed part of the final instrument applied to the 300 productive units. These indexes were evaluated by experts in innovation systems, innovation management, and technology management. In terms of congruence, the experts assessed whether each variable and its four states were related to the objective of establishing an innovation management model in a company in the functional ingredients and products sector. A value of “1” was assigned for “congruent”, “−1” for “not congruent”, and “0” if there were doubts about the congruence of the variable and its four states, following the approach of Pascual and Gil [51]. On the other hand, concerning relevance, the experts evaluated whether the content of each variable and its four states reflected the importance of the innovation management model in a company in the functional ingredients and products sector. This assessment was made on a Likert scale from 1 to 5, from “not relevant at all” (1) to “totally relevant” (5). Both indices, congruence and relevance, were used to identify key variables in the functioning of the Agricultural Innovation System (AIS).



The other steps involved in this evaluation are described in Figure 1.



The four departments (regions) were selected by the Ministry of Agriculture and Rural Development of Colombia, and the evaluation was assigned through a project of the National Royalties System to the Technological University of Pereira. It is hoped that this study will, in the future, become a pilot that can be applied with the same instrument to the 32 departments of Colombia. The data from the sample of 1205 observations were coded with the Excel 2013 for Windows tool for operationalization and then imported into the statistical software R 4.3.1 and RStudio 4.3.1. The 8 municipalities analyzed have populations that vary between 5100 and 50,370 inhabitants, with notable differences among them, such as in Bolívar and Chocó, where the variations are less than 10,000 and 1000 inhabitants, respectively, while in Meta, the difference between municipalities such as Cabuyaro and Vistahermosa exceeds 20,000 inhabitants.




4. Results


In the framework project, 8 municipalities with populations ranging from 5100 to 50,370 inhabitants were analyzed. San Juan Nepomuceno and Santa Rosa del Surin Bolívar, as well as Juradó and San José del Palmar in Chocó, have outstanding differences in population. San Juan Nepomuceno shows an urban trend in Bolivar, while the municipalities of Chocó have a mainly rural distribution. Cabuyaro in Meta stands out for having an average of 23 hectares per farm, while Tolima, Chaparral, and Rovira have an average of less than 8.5 hectares. Juradó in Chocó has the smallest amount of land, with 3.9 hectares per property. Cabuyaro and Santa Rosa del Sur have the largest cultivated areas, while the municipalities of Chocó have the smallest cultivated area, with Juradó being the lowest, with only one hectare due to fishing.



In terms of production lines, the following prevail: cattle ranching in Cabuyaro and Vista Hermosa; tuna and catfish fishing in Juradó; cocoa farming in Santa Rosa del Sur, San José de Palmar, Vista Hermosa, and Chaparral; and yam farming in San Juan Nepomuceno. Water use varies among the municipalities analyzed: Aljibe in Santa Rosa del Sur, rainwater in Juradó, and water from natural sources in Rovira, Vista Hermosa, and San José del Palmar. Family labor is important in all municipalities, especially in Juradó and Santa Rosa del Sur. Membership in agricultural producer organizations is common in most municipalities, except in San José del Palmar, Chaparral, and Cabuyaro. The formalization of agricultural collective figures is high in Vista Hermosa and Rovira, and lower in San José del Palmar and Cabuyaro. The altitude varies significantly, from 5 m above sea level in Juradó to 1489 m in Rovira.



In terms of land tenure, most of the properties are owned in Juradó, San José del Palmar, Cabuyaro, Vista Hermosa, and Rovira. Participation in socioenvironmental programs is low in general, but participation in Vista Hermosa in illicit crop substitution programs, in Santa Rosa del Sur in productive alliances, and in Rovira in associations stands out.



4.1. Indicators in Subsystems for User Classification


A statistical model was developed in RStudio to analyze the indicators of the National Agricultural Innovation System (SNIA) in a survey involving the departments of Chocó, Bolívar, Meta, and Tolima. Five subsystems were studied through surveys to describe the classification of users: assistance, associativity, TI, environment, and public policy. The information was systematized in Excel and, subsequently, in the programming software for statistical analysis, RStudio 4.3.1.



As shown in Figure 2, the result shows that associativity is the category with the lowest performance by achieving a score close to two on the gap scale. The results on technical assistance highlight the orientation toward productive cycles in Q64, with a scale rating of 2.3. Formalization in the registration of machinery has the lowest score of 1.2. The category of public policy stands out, where respect for land use obtained the best rating of 2.7.



As shown in Figure 3, land use in Tolima complies with the guidelines of the land use plan (Q26) in the dimensions analyzed in the public policy subsystem, obtaining a score of 3.3. However, in the area of the TI subsystem, the dimensions evaluated show lower evidence for the department of Tolima, around 1.5 points.



As can be seen in Figure 4, associativity is the highest-rated subsystem in Chaparral (Tolima). The promotion of associative production scores 2.3 points. Participation in training programs on NARS-related topics (Q43) is the least valued condition in the TI subsystem.



Concerning the municipality of Rovira (Tolime), the TI subsystem, as can be seen in Figure 5, received higher scores than most of the other municipalities studied in the sample. Actions for the promotion of research (Q34) and building a culture of innovation (Q38) received ratings above 2 points. The environmental category obtained lower scores within the municipality. The water study (Q69) received a rating of 1.2.



Table S2, which is included in the Supplementary Materials, shows the scores obtained in different user classification subsystems for each municipality. Variability is observed in the scores for each category, indicating differences in the performance of the municipalities in terms of technical assistance, associativity, and environmental policy. Some municipalities, such as Cabuyaro and Rovira, show higher overall scores, while San José del Palmar obtains lower scores in several categories. This suggests the existence of gaps and aspects for improvement in each municipality concerning these subsystems.




4.2. NARS Subsystem Indicators


Concerning the NARS subsystem indicators, the results, as shown in Figure 6, show that Chocó has the lowest indicators, while Meta has the highest values. No department obtained an average score higher than 2 in the subsystems evaluated, which indicates the presence of gaps concerning the NARS subsystems and a tendency toward low scores. The results are shown in radar graphs, as shown in the following figure entitled Grouping Subsystems (National), to visualize the level of progress in each subsystem in each department and municipality analyzed. This reveals gaps in the five grouping subsystems, including extension, R&D, training, sustainability, innovation, and TI, with the promotion of associativity being a prominent aspect. In Tolima, low performance is observed in all subsystems, with the innovation and TI subsystems lagging the farthest behind. The use of TI shows the best performance, while participation in R&D processes has the lowest rating in the department. The extension subsystem is lagging the least but still has gaps to overcome.



As shown in Figure 7, the lowest score was obtained for the presence of people contributing to R&D processes, with 1.2 points. In the extension subsystem, the promotion of associativity received the highest rating, with 2.7 points. In the R&D subsystem, productive transformation through social promotion obtained an outstanding score of 2.2. In the sustainability category, the application of sustainable models and agroforestry practices obtained the highest scores, with 48 and 75 points, respectively.



As can be seen in Figure 8, Grouping Subsystems: Chaparral, the municipality of Chaparral is lagging behind in all of the conditions analyzed, with scores between 1 and 2 in each of the subsystems studied. The extension subsystem is the best rated, with 1.7 points, while the innovation subsystem received the lowest rating, with 1.4 points. Only the extension and R&D subsystems have conditions above two points.



As shown in Figure 9, the municipality of Rovira in Tolima recorded a score of two for all subsystems, except for the innovation and TI subsystem, which was rated at an average of 1.4. Promotion of extension service (Q25) and associativity (Q27) recorded the best scores, 2.7 and 3, for the extension subsystem. Likewise, sustainability and training scored around two in most of the conditions evaluated.



Table S3 shows the NARS gaps grouped by municipality, which can be found in the Supplementary Materials. The innovation and TI subsystem is the one with the lowest value in each of the departments analyzed. Extension is the best-rated subsystem in Tolima. The sustainability subsystem registers the lowest performanc in Bolivar, being surpassed in Chocó by the sustainability subsystem. In the department of Meta, the lowest rating corresponds to the training subsystem. In the municipalities, the promotion of associativity and the availability of extension services stand out, as does as the favorable image of the profile of extensionists.



Table S4, which can be found in the Supplementary Materials, presents the gap report for each question for each department. In the gap analysis grouped by subsystems, the municipalities San Juan Nepomuceno and Santa Rosa del Sur in Bolivar describe lower performance in the innovation and TI subsystem. The same trend is observed in San José del Palmar in Chocó, Vista Hermosa and Cabuyaro in Meta, and Chaparral and Rovira in Tolima. Juradó in Chocó describes a lower indicator in the innovation and development (R&D) subsystem.



Table 1, Information Collection Instrument, shows how the results corresponding to each of the indicators from 23 to 78 in various regions were obtained. At the national level, the indicators vary in a range from 1.31 to 2.72. The highest values are found for indicators 26 and 27, related to sustainability innovation and TI, respectively. In the department of Bolivar, the indicators range between 1.21 and 2.82. Indicator 27, which refers to TI, registers the highest value, while indicator 23 has the lowest value. In the case of Chocó, indicator values range from 1.01 to 2.75. Indicator 27, related to TI, shows the highest value, while indicator 23 has the lowest value. In the department of Meta, the indicators range from 1.21 to 2.98. Indicator 26, which refers to sustainability and innovation, presents the highest value, while indicator 23 has the lowest value. In Tolima, the values of the indicators range between 1.29 and 3.28. Indicator 26, related to sustainability and innovation, registers the highest value, while indicator 64 has the lowest value. In general, it can be observed that the indicators vary in each region and that there are significant differences between departments. The indicators related to sustainability and innovation and TI are the ones with the highest values in general.




4.3. Stakeholder Mapping


Table S5, which can be found in the Supplementary Materials, presents a detailed analysis of the key actors in the agricultural and rural sectors in Colombia, addressing aspects such as training, extension organizations, project implementers, and collaborations, providing a comprehensive view of their contribution to sustainable development and innovation, among other topics.




4.4. Weighting Matrix and Gaps in the Articulation of SNCTI Actors in the Regions


Concerning the matrix of weighting and gaps in the articulation of SNCTI actors in the regions, it is found, as shown in Table S6, which can be found in the Supplementary Materials, that when analyzing the variable of collaboration in scientific articles, the following values were obtained in co-authorship over the population: Tolima (0.00001493), Meta (0.00001328), Bolivar (0.00000235), and Chocó (0.00000364). In the above example, Tolima has the best result by population for the variable collaboration in scientific article writing, so it is assigned the maximum score, which is 5.



According to the analysis of gaps in the relationships between the actors of the National Science, Technology, and Innovation System in the field of agriculture and the findings of the weighting matrix, Tolima leads in the relationship between SNCTI actors in agricultural issues, followed by Meta, Chocó, and Bolívar. Common gaps include the lack of collaboration in industrial protection via patents, the scarcity of technoparks, and the absence of technology transfer offices in the departments. Specific gaps include the low publication of scientific articles in Bolívar and Chocó and limited dynamics in projects registered with the Rural Development Agency in Bolívar. In terms of financing resource management, Tolima and Bolivar have a low performance, while Meta has moderate performance. In addition, Bolivar and Chocó have a low performance in agricultural associations, and the presence of indigenous reserves is minimal in Bolivar and Meta. Bolivar has the lowest performance in terms of research groups recognized by Minciencias in agriculture and related fields.



Table S7, which can be found in the Supplementary Materials, shows the main gaps identified in the department of Tolima in four aspects: extension, R&D, sustainability, training and innovation, and TI. For each aspect, the average and mode of the assigned scores are presented. The gaps corresponding to each aspect are identified, such as the lack of technical assistance in the productive units, the lack of active participation in the development of innovation-based sustainability, the lack of knowledge about education and training projects, and the lack of people involved in R&D&I activities and strategic alliances. In addition, the highest score achieved in each aspect is indicated, such as the presence of technical assistance and people involved in R&D&I activities and strategic alliances.



In Figure 10, a series of questions related to the National Agricultural Innovation System (NARS) were evaluated. These questions have been scored, and an ideal state represented by a score 4 has been established. The following is a summary highlighting the NARS questions along with their rating and ideal status. This analysis provides an overview of the current situation of the NARS and allows for the identification of areas for improvement or gaps.



This analysis provides a clear and concise understanding of the areas requiring attention and improvement concerning the questions assessed. In this regard, we have identified and evaluated various gaps related to the topic in question. These gaps are reflected by acute ratings for each question, where states 1 to 3 indicate the presence of a gap.





5. Discussion


The analysis in this article reveals significant findings for understanding and enhancing the National Agricultural Innovation System (NARS) in the Department of Tolima, Colombia. The analysis of the discrepancies and convergences between the general evaluation and the specific context of Tolima in terms of challenges in the agricultural sector underscores the importance of addressing the unique problems of each region and recognizing the local particularities that influence development strategies. The identification of gaps and challenges in the agricultural sector in Tolima is distinguished by its dependence on external inputs and the lack of coordination between academia and the government.



In line with the literature on AIS and NARS, the fundamental importance of collaboration, dialogue, and technology development as crucial drivers for innovation and sustainable development in the sector is underlined. Experiences in different countries, such as Cuba, India, and Mexico, provide valuable lessons on how collaboration among diverse stakeholders, adaptation to local needs, and a focus on specific areas of innovation can have a positive impact on food security and rural development [37,38,39,40,41]. However, it is important to consider the specific conditions in Colombia regarding existing stakeholders, their interests, power relations, and available resources.



Based on the review of the literature on Agricultural Innovation Systems (AISs) at the global level, the discussion of the findings of the above studies reveals important implications for agricultural innovation and sustainable development in different regional contexts. The analysis of niche initiatives in intensive agriculture in Spain provides concrete examples of key actions in R&D and technology transfer, as well as an exploration of the transition to sustainable methods in agriculture, which is essential for the long-term support of agricultural sustainability.



On the other hand, the study conducted in India highlights the crucial role of social networks in agricultural innovation, underscoring their contribution to the generation of knowledge and its transfer to technical assistance processes and institutional support. In addition, it highlights the importance of advice on agricultural techniques and technologies for the formulation of education and training programs, which can significantly improve productivity and efficiency in the department of Tolima.



The analysis of investment in sustainable urban agriculture in Mexico shows the potential of this approach to positively impact the income of productive units, suggesting new ways to address economic challenges in urban environments. The study conducted in Colombia also highlights the need to analyze the banana chain and the interactions between the different actors in the agricultural system to improve technical assistance, agricultural extension, and water resource management.



Finally, the use of digital platforms to connect the agricultural innovation ecosystem in India offers technological solutions that can improve efficiency and decision making in agricultural production. Taken together, these studies demonstrate the importance of adopting comprehensive and collaborative approaches to address agricultural challenges, drawing on lessons learned from diverse experiences globally. The implementation of these actions may contribute to closing the identified gaps by capitalizing on the lessons learned from the aforementioned innovation experiences. Participation in the Regional Innovation Systems (SIRs) and the Sector Innovation System (SIS) offers the department of Tolima the opportunity to improve competitiveness and productivity at the national and regional agricultural level and provides insights into how strategies, best practices, and projects can be adapted to address the specific challenges of each territory. The analysis of niche initiatives in intensive agriculture, together with the role of social networks in agricultural innovation and investment in sustainable urban agriculture, offers unique insights and practical contributions to address the challenges identified in Tolima and other agricultural regions under study. Taken together, this research study points to promising avenues for improving the NARS and fostering sustainable agricultural development in Colombia.



It is important to consider certain aspects for future complementary studies in the area of Agricultural Innovation Systems (AISs) in this direction: (1) There is a need to compare the identified gaps not only among a larger number of departments but also with the status of such gaps both nationally and in other countries and regions; (2) so far, only four departments have been evaluated using the tool developed for this study, but it would be convenient to extend these evaluations to all departments in a systematic way, with time intervals that allow for the temporal evolution of each variable/gap to be analyzed; and (3) there is a great opportunity to develop a web tool containing the questions used in this study, which would make it easier to obtain answers in real-time, with lower costs and the possibility of responding to the assessment using information technologies.




6. Conclusions


The results of the survey in Tolima indicate that extension is a critical aspect of the functioning of the Agricultural Innovation System (SIA), and significant gaps were found in this area. Other relevant variables were identified, and strategies and recommendations compiled from various sources were proposed to close these gaps in the five subsystems analyzed in the producer survey. These sources include Garcia’s master’s thesis (2019), research on sustainability and sustainable innovation systems </t0/>, and studies and manuals on innovation.



The analysis of gaps in the National System of Agricultural Science, Technology, and Innovation reveals that Tolima leads the relationships with Meta, Chocó, and Bolívar. Common gaps are identified, such as a lack of collaboration in industrial protection, the scarcity of technoparks, and the absence of technology transfer offices. Specific gaps include low publication rates of scientific articles in Bolívar and Chocó, limited dynamics in projects of the Rural Development Agency in Bolívar, and low performance of Bolívar in terms of research groups recognized by Minciencias in agriculture.



Regarding the National Agricultural Research and Technological Development Subsystem, it is recommended that research capabilities in agricultural innovation are strengthened, prioritizing the conservation of knowledge, avoiding brain drain, and promoting systematic technology transfer to small and medium-sized producers. Research should be focused on the needs and agricultural vocations of the region, with a long-term holistic vision and continuity in state policies. In addition, it is suggested to establish mechanisms to manage and disseminate the knowledge generated, as well as to investigate strategies to improve research and development and the adoption of knowledge by primary producers.



Concerning the National Training and Education System for Agricultural Innovation, it is recommended to strengthen and develop educational programs in different areas, including middle, technical, university, and non-formal, as well as establishing high-quality virtual programs to train primary producers and their families. The importance of social capital is highlighted, and it is suggested to invest in the training and development of human talent aligned with the regional interests and challenges. It is necessary to improve the communication between the actors in the system and increase dissemination and networking through education and training projects and programs.



For the National Agricultural Extension Subsystem, it is essential to create favorable spaces and platforms that foster interaction and synergy between primary farmers, researchers, and other actors of the National Agricultural Innovation System (NARS), adding value at all levels of the agricultural production chain. The need to increase dissemination and improve communication among stakeholders through projects, plans, and training and education programs is highlighted.



Given the processes of innovation and TI, we suggest taking advantage of the capacities of institutions at the national and regional levels to provide training on innovation and new business models to the actors of the National Agricultural Innovation System (SNIA, for its acronym in Spanish). In addition, it is recommended to expand communication through projects and collaborations with universities, technology development centers, technology parks, innovative companies, and incubators to strengthen collaboration and promote innovation in the NARS.



To promote a sustainable National Agricultural Innovation System (NARS), it is recommended to focus on eco-innovation and green innovation, promoting sustainable and socially and environmentally responsible practices. In addition, it is suggested to establish intermediary entities and create a hub for agricultural innovation to facilitate interaction and mediation among the actors in the system.



Previous studies on innovation systems have been successful in applying a systematic approach to innovation theory and practice in various organizations, sectors, regions, and countries. With the results obtained in this evaluation, new elements are added to the theory of innovation systems by proposing the measurement of sustainability and information technology variables, aspects on which the first studies on innovation systems had not focused.



In conclusion, the results of this study can be of great use to public policy decision makers, both at the level of the department studied and the country and for other regions with similar characteristics in their innovation systems. This is because they could propose public calls for projects and strategies to address the identified gaps and promote in this way new research in technological and competitive surveillance, foresight, innovation models, R&D&I strategies, and in general, activities and projects to close the gaps found and drive the innovation system.
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Figure 1. Proposed phases. Source: Own elaboration. 
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Figure 2. Grouping subsystems—National. Source: Own elaboration with the RStudio tool. 
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Figure 3. Grouping subsystems—Tolima. Source: Own elaboration with the RStudio tool. 
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Figure 4. Grouping subsystems—Chaparral. Source: Own elaboration with the RStudio tool. 
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Figure 5. Grouping subsystems—Rovira. Source: Own elaboration with the RStudio tool. 
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Figure 6. Grouping subsystems—National. Source: Own elaboration with the RStudio tool. 
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Figure 7. Grouping subsystems—Tolima. Source: Own elaboration with the RStudio tool. 
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Figure 8. Grouping subsystems—Chaparral. Source: Own elaboration with the RStudio tool. 
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Figure 9. Grouping subsystems—Rovira. Source: Own elaboration with the RStudio tool. 
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Figure 10. Gaps identified in the NARS of the department of Tolima—Colombia. Source: Own preparation. 
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Table 1. Case studies on AIS in the worldwide sphere.
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	Description
	Problem Addressed
	Actors Involved
	How Does the Innovation System Work?





	China compares rural and urban innovation systems and proposes a theoretical structural model of rural innovation systems [40].
	Rural decline, poverty, unsustainability, poor land management, etc.
	Government, congress, public sector, nonprofit companies, etc.
	The study examines previous theories, proposes a three-dimensional model, and points out the challenges to strengthening rural innovation and contributing to national development and rural revitalization. In addition, it uses mixed methods to analyze niche activities in intensive greenhouse agriculture and promote the transition to sustainable methods through conceptual frameworks and farm management approaches.



	The study explores the processes of transitioning to sustainable methods in agriculture through four niche initiatives in the greenhouse sector [41].
	Sustainability, resource depletion, pollution, etc.
	Farmers, distributors, co-operatives, processors, etc.
	This article uses mixed methods to analyze four case studies in the intensive agriculture system of Almeria, employing diverse conceptual frameworks and multi-stakeholder approaches to explore activity niches. It uses Gliessman’s five levels of the agroecology framework as a guide for the transition to sustainable methods in the agrifood system.



	Social networks play a key role in agricultural innovation by providing farmers with information, knowledge, and resources to boost their innovation efforts, while formal institutions advise on techniques and technologies for apple crops in the Kashmir Valley, India [42].
	Apple tree canker disease, productivity, and sustainability.
	Government organizations, advisors, farmers, policy makers, businesses, traders, processors, transporters, input suppliers, regulatory agencies, extension services, service providers, and civil societies are involved in the agricultural context.
	This study collected primary and secondary data from a variety of sources, including focus group discussions and the specialized literature, to explore the actors and processes of knowledge generation in the agricultural system. It also provided a platform for future studies on informal innovations and social networks in different aspects of horticulture and the analysis of interactions between informal and formal actors in the innovation and sustainability system.



	This study in Mexico focused on air pollution, drought, urban heating, energy expenditure, extreme temperature fluctuations inside buildings, and poor or contaminated soils [43].
	Urban agriculture in Mexico City is analyzed as an innovation system that includes boundaries, dynamics, institutions, knowledge, and learning cultures, being an integral part of the ecological infrastructure for urban sustainability and resilience, where vertical and rooftop gardens play an important role in the greening of cities.
	Institutions, industries, government, NGOs, private companies, households, and start-up companies of young academic graduates.
	Between 2007 and 2012, the Mexico City government invested USD 6 million in 2800 urban agriculture projects, benefiting 15,700 inhabitants and supporting 3000 families with rooftop gardens and green roofs on schools and government buildings, thus fostering small-scale, sustainable urban agriculture in the city.



	Smart agriculture improves efficiency and sustainability through technologies such as IoT and drones. This study in Antioquia, Colombia, analyzes the banana chain and simulates interactions between actors to develop technological capabilities and address productivity and sustainability problems [44].
	Low productivity of banana crops and unsustainable crops.
	Agents, explorers, intermediaries, and exploiters.
	This paper presents an agent-based model that simulates interactions and learning in a competitive environment, representing demands as opportunities for innovation. The model is split into five procedures that include the construction of offers, decision rules, and the local learning process, allowing one to observe the specialization patterns and accumulation of capabilities of competing agents.



	This article analyzes the role of digital platforms, using the case study of KisanMitr, in connecting and facilitating the agricultural innovation and entrepreneurship ecosystem [45] in India.
	Sustainability in the pandemic.
	Governments and farmers.
	Digital platforms can be the backbone of integrated agricultural innovation systems, but it is important to keep the focus on farmers, foster mutual engagement, and address potential governance issues to have a meaningful impact.







Source: Own elaboration based on the authors referenced inside the table.
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