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The challenges faced by agricultural innovation systems (A.LS.) are complex
to solve, however, the authors consider that understanding the processes
of innovation and development (R&D), sustainability, use of information and
communication technologies, training, and outreach, as the focus of discussion in
thisreview, have great potential to close the gaps in the system; as well as exploring
strategies, projects and best practices that dynamize the operation of the system.
The objective of this article is to review the literature on A.LS.A. to identify its
obstacles, challenges, and solution to close its gaps. The methodology identified
the critical factors of system monitoring and defines search suitability to obtain 55
documents. With the results, a qualitative analysis is conducted on the mentioned
axes, which is complemented with the text mining software Vantage Point V 15.1
to observe in graphical form the most relevant aspects. Within the conclusions
is a constant demand from actors for access to information, and knowledge in
the training processes, it is recommended in this regard the additional skills for
innovation and participation in concerted practices. As regards the limitations of
agricultural innovation processes, it suggests the involvement of cooperatives,
technological platforms, and farmers’ organizations as intermediaries relevant to
closing gaps. With regard to sustainability, A.L.S. thinking is recommended for an
inclusive dialogue among actors and to facilitate sustainability transitions. Finally,
to address the socio-technical and ethical challenges of access to technologies
and technological transition, it is recommended to design appropriate policies
for access to resources and the development of markets that enhance business
opportunities and the development of sustainable innovations.

agricultural innovation system, innovation system, innovation and development,
extension, technology of the information and communication, sustainability
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1. Introduction

The agricultural innovation systems (A.LS.) is composed of
farmers and public and private institutions and uses systems thinking
to improve innovation in the agricultural sector (Hall et al., 2006)
however, the development of R&D processes has been complex due to
the difficulty of effectively articulating individuals and institutions
(Ortizetal,, 2015; Alcazar Quinones 2017) to the growing concern for
a comprehensive understanding of the actors and to the factors
influencing agricultural innovation in local, regional and national
settings due to the complexity of such processes as noted by Klerkx
et al. (2012) likewise, to the quality of stakeholder interactions and
capabilities, to guide policies, articulate demand and foster reflexivity
in advancing agricultural innovation (Minh, 2019). In such a
direction, the literature recognizes the importance of addressing the
AIS comprehensively and systemically, considering a wide variety of
factors and actors involved, and promoting innovative solutions to
address the challenges of the sector.

Concerning sustainability obstacles to the transition to sustainable
water harvesting have been identified and institutional difficulties
have been pointed out that impede the legitimization of innovative
technologies (Sixt et al., 2018) however, innovative practices have been
discovered to address various challenges in agriculture, such as water
scarcity, mortality, and livestock theft, through resilience processes as
indicated by Amankwah et al. (2012). Concerning the processes of
innovation and information and communication technology (ICT) it
is valued the contribution of input suppliers in the diffusion of
technologies (Hornum and Bolwig, 2021) as well as obstacles to
productive  reconversion, organizational and commercial
modernization, production, and consumption. In addition, flaws and
imperfections have been detected in the system that hinders the
development of the dairy sector, however, solutions combining
institutional and technological interventions have been proposed to
overcome these challenges according to Kebebe et al. (2015) also face
challenges the creation of new skills, capacities, and local knowledge
(Jaramillo et al., 2001). Finally, training processes lack a dialogue
between academic and farmer knowledge (Hernandez-Pérez, 2019).

Finally, the lack of dialogue between academic knowledge and the
farmer in the processes of training agricultural (Herndndez-Pérez,
2019) recognizes the importance of the perspective multidisciplinary
(Raina, 2003) of gender and the approach A.LS. (Kingiri, 2013) the
research and extension agricultural, as well as the relevance of
cooperatives of farmers in the promotion of innovation (Yang
etal., 2014).

The objective of the following conceptual framework is to analyze
all the elements involved in the complex and dynamic process that
influences the performance and operation of the A.L.S.. Therefore, the
conceptual framework proposed by Spielman and Birner (2008) is
taken as a reference. As observed in Figure 1 this framework is
composed of several domains, such as knowledge and education,
commercial and business, as well as extension institutions, political
channels, and stakeholder platforms.

Within this framework, farmers as actors become a bridge within
these processes, while public policies, informal institutions, behaviors,
practices and attitudes, sectors of the economy, STI (Science
Technology, and Innovation) policies, international actors, knowledge
sources, and markets, as well as the political system, also play a key
role in the emergence of innovation.
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FIGURE 1
Conceptual Framework A.LS. (Spielman and Birner, 2008).

The following are the different sections contained in this article.
The theoretical framework: this section will provide a framework for
identifying the key elements of the functioning of the S.I. and its
subsystems from a broad viewpoint. Methodology: the technology or
academic watch tool will be used for the analysis of the axes of
discussion and for the identification of best practices, projects, and
strategies that contribute to the resolution of A.LS. obstacles through
the critical watch factors established for this review of the system.
Results and conclusions: the findings obtained from the literature
reviewed will be presented, as the axes of discussion, also, the relevant
strategies, practices, and projects that contribute from their
contributions to the improvement of the system.

2. Theoretical framework

The concept of an innovation system (1.S.) has its origins in
economics and has evolved as new institutions and processes that
contribute to the emergence of innovation have been identified. The
systemic approach to LS. has been addressed by several authors. The
first approaches were given by List (1841) and Leontief (1941) who
spoke of National Production Systems. Later, Freeman, (1982, 1987),
Lundvall (1985, 1988, 1992), Nelson (1993) and Metcalfe (1995)
focused on the national level. These authors recognize the importance
of collaborative work and interactions to dynamize the diffusion of
new technologies, as well as the link between the economic and
institutional structure and the contribution of institutions to the
performance of innovation processes and provide at the same time the
framework for governments to influence innovation processes
through the implementation of channels and infrastructure for
knowledge transfer.

In summary: according to United Nations Conference on Trade
and Development (UNCTAD, 2019) the systemic capacity of the
LS. depends on the actors, the connections, the framework conditions,
and the enabling environment, but developing countries have limited
systems, while high-income countries focus on advanced technology
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without achieving sustainable and inclusive growth, and most IS
having weak enabling environments.

The LS. approach has several schools of thought that prove
valuable for analyzing and improving the system and fostering
innovation in this sector. Its application can serve as for example:
evolutionary economics can help to understand how technology and
innovation in agriculture evolve and change over time (Nelson and
Winter, 1982); institutional economics can be useful in analyzing the
role of institutions in the diffusion of agricultural innovation, such as
government programs or farmer organizations (Nelson, 1992); new
regional economies can allow the study of the interaction between
regions in terms of agricultural innovation and economic
development (Storper, 1995); the economics of learning can
be relevant for understanding how firms and farmers acquire
knowledge and skills over time (Lundvall and Johnson, 1994; Foray
and Lundvall, 1996); the economics of innovation can be useful for
analyzing how agricultural innovations are generated, developed and
diffused (Dosi et al., 1988) and network theory can be applied to
understand the relationships between different actors in the system
and how they influence economic behavior in this area
(Hakansson, 1987).

2.1. The National Agricultural Innovation
System

The National Agricultural Innovation System (N.A.LS.) in
Colombia is an important contribution to the innovation system
because it promotes research, technological development, and
innovation in the sector through policies, programs, and projects. This
improves the competitiveness of the sector, as well as the quality of life
of rural communities and the country’s food security. In addition, the
N.A.LS. involves the participation of various stakeholders, such as
universities, companies, government, and interface entities, which
contributes to the creation of innovation and collaboration networks
for the development of innovative solutions in the agricultural sector.
Synthesis: N.A.LS. is an important component of the innovation
system in Colombia, which fosters research, technological
development, and innovation in the agricultural sector and promotes
collaboration between the different actors involved in the process (Ley
1876 de 2017, n.d.).

2.2. Regional innovation system

Regional innovation systems (R.I.S.) provide a broader and more
specific perspective of innovation processes in a given region
(Lundvall et al., 2009; Robledo, 2010) because they consider the
particularities of that region, such as its history, culture, geography,
politics, and economy (Padilla-Pérez et al., 2009). These particularities
allow the identification of the strengths and weaknesses of each region
and the development of more appropriate and effective innovation
strategies and policies (Asheim et al, 2011). In addition, the
R.LS. takes into account the interaction between the different actors
and subsystems in a region, which can facilitate the development of
networks and collaborations that foster innovation and knowledge
transfer (Padilla-Pérez et al., 2009). In short: the R.I.S’s. provide a

more detailed and contextualized view of innovation processes in a
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region, which can improve their effectiveness and contribute to
sustainable development.

2.3. Sectoral system of agricultural
innovation

The Sector Innovation System (S.IS.) is a perspective that
complements the National and Regional Innovation Systems
approaches by focusing on innovation in a specific sector of the
economy. S.L.S. focuses on the actors and dynamics of innovation in a
specific sector and seeks to understand how innovations are created,
developed, and diffused in that sector. In addition, S.I.S. has a view of
the relationships between key industry players, knowledge networks,
and institutions that influence innovation. This allows the S.LS. to
have a more specifically detailed review of innovation in a particular
sector and can help identify opportunities to improve the
competitiveness and productivity of such a sector (Malerba, 2005).

3. Methodology

During this session, different phases were carried out to review
the existing literature on A.LS. is presented. The different stages of the
methodology used are summarized in Figure 2.

In phase I, critical surveillance factors and keywords were
identified, as shown in Table 1, in addition to the necessary constraints
for tracking related studies and the selected analysis period.

In phase 2, several equations were made and finally, the following
equation was chosen for the analysis: TITLE-ABS-KEY (“agricultural
innovation system*”) AND R&D OR extension OR transfer OR
training OR qualification OR sustentab®* AND gap*. After this, the
results were analyzed using Vantage Point V 15.1 text mining software.
This software allowed a graphical representation, as well as the
performance of a cluster analysis and co-occurrence matrices.

In phase 3, after applying the previously mentioned equation, 55
documents relevant to the A.L.S. landscape were identified. From these
results, an analysis table or matrix was created that included the

— \ Phase 3

* Identification of | * Search equation: * Results: 55
CVs. TITLE-ABS-KEY documents

("agricultural related to the

« Keywords. innovation SIA.

: system*") AND
e R&D OR

+ Conditioning. 5 * Table

;’:::fse‘r“(‘)gR configuration or
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training OR for the
quahﬁcaufn OR application of the
sustainab* AND discussion axes.

gap*.
A * Patterns found in
* Using \ antage the different
Point V, results periods of
are graphed. analysis.

« Conclusions  on
the axes of
discussion.
Likewise,
projects,
practices and
strategies

—

N

FIGURE 2
Phases proposed by the methodology. The authors.
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TABLE 1 Critical surveillance factors.

Subject

Subtopics
(critical
surveillance
factors)

Descriptors:
keywords

Conditions

Technological =~ What are the gaps A.LS., extension, Study everything
surveillance of | in the global training, related to A.LS..
the innovation system? | sustainability, ICT, The study
agricultural What strategies are | strategies, projects, | reported from
innovation highlighted? What | gaps, best practices | 1998 to 2022
system best practices are

identified? What

projects are

relevant?

Prepared by the authors.

following aspects: document title, authors, year of publication,
countries of origin, and contributions of each subsystem, covering
terms such as agricultural extension, training, research and
development, sustainability, innovation, and ICT. In addition, other
significant aspects were considered, such as strategies, best practices,
and projects related to the AIS (see Tables 2-4).

4. Results

In this section, we begin to analyze the results obtained from the
Scopus search. Figure 3 shows the documents published by year, to
observe the trend of publications over time.

It should be noted that the year 2022 had the highest number of
documents published, with a total of 13. It is followed in order of the
number of publications by 2019, with seven papers, and in 2020 and
2021, with five papers each. On the other hand, publications in 2007
are scarce.

Figure 4 shows the year of publication according to the source of
origin of the documents.

The source of origin of the publications has been limited to those
with the highest number of published papers, among which
Agricultural Systems stands out with 14 publications, followed by the
Journal of Agricultural Education and Extension with 5 publications.
Other sources of publications of note include the International Journal
of Agricultural Sustainability, Journal of Rural Studies, Innovation and
Development, Land Use Policy y Regional Environmental Change,
each with 2 publications. In addition, 22 institutions contributed only
one document.

Figure 5 shows the number of documents per author or author.

Among the authors with the most papers published, Klerkx with
12, followed by Hickey with 5, Leeuwis, Schut, and Zossou with 3
each, and a group of authors with 2 publications each, such as
Bastiaans, Dorward, Fielke, Fleming, Jakku, Nelson, Phillip,
Rodenburg, Stringer, Wauters, and Van Ast.

The most outstanding authors in the field of study of A.LS. include
Klerkx who published articles on equity in innovation agriculture and
Hickey who has worked on the dissemination of innovations in
cooperative agriculture, while. Leeuwis has focused his studies on the
development of A.LS.. Schut has researched the intensification of
sustainability of the agricultural systems and Zossou about the tool of
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support for the making of decisions. Other authors have contributed
to related topics such as sustainability, policy, and planning,
management of innovation, and participation of farmers.

Then, in Figure 6, document by affiliation.

Among the institutions with the highest number of affiliations are
Wageningen University & Research with 16 affiliations, followed by
the University of Reading with 4 affiliations and Université McGill, the
University of Leeds, and CIRAD with 3 affiliations each. Other
institutions with 2 memberships are the Food and Agriculture
Organization of the United Nations, la Universiteit Antwerpen, la
University of Ghana, AgResearch Ruakura, CSIRO Land and Water,
International Livestock Research Institute Nairobi, McGill University,
Macdonald Campus, AfricaRice, Instituut voor Landbouw en
Visserijonderzoek, LlInstitut Agro Montpellier y la Université
de Montpellier.

Below, the figure documents by country or territory (see
Figures 7-11).

Countries with the highest number of documents are highlighted,
including the Netherlands with 16 documents, followed by Kenya and
the United Kingdom with 8 documents each, the United States with
7, Canada and France with 5, Australia with 4, and Belgium, Benin,
Cote d'Ivoire, Tanzania, and Uganda with 3 each. In addition, there
are several countries with 2 documents and some with only
1 document.

In the classification of documents by areas of study, the following
results were found: 38 in Agriculture and Biological Sciences; 30 in
Social Sciences; 12 in Environmental Sciences; 9 in Economics,
Econometrics, and Finance; 3 in Energy; 2 in Business, Management,
and Accounting; 2 in Computer Sciences; 2 in Engineering; 1 in
Decision Sciences; 1 in Multidisciplinary Sciences; and 1 in
Veterinary Science.

It is interesting to note that most of the papers focus on the areas
of Agricultural and Biological Sciences and Social Sciences, with 38
and 30 publications, respectively. This suggests that research in this
field is largely focused on issues related to agriculture and rural
development, as well as on social issues related to development and
innovation in the agricultural sector. In addition, there is a significant
number of papers in the area of Environmental Sciences, suggesting a
growing concern for sustainability and environmental impact in
agriculture. On the other hand, it is interesting to note that energy,
economics, and computer science are also research areas in which
some papers have been published on agricultural development.

The following figure shows a cluster analysis that visualizes the
relationships and co-authorships among authors in the field of study.
Collaboration among actors is fundamental for the production of
knowledge about the A.LS. as can be seen in the figure showing a
cluster analysis.

This analysis shows that most of the authors have collaborated in
the creation of only one article. However, some authors such as
Hickey, Phillip, Rodenburg, Bastianns, Schut, and Klerkx have
contributed two papers each. In addition, a cluster can be identified
with three publications by authors Leeuwis and Klerkx, indicating a
closer collaboration between them in their research.

The figure following and above shows the most frequent words
used in the publications analyzed.

The word cloud highlights key terms such as A.LS., technology
innovation platforms, responsible innovation, co-innovation,
innovation capabilities, innovation-oriented policy, sustainability, the
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TABLE 2 Strategies.

10.3389/fsufs.2023.1176366

Author Strategy highlights

Nederlof et al. (2007)

Multi-stakeholder learning coalitions can be effective in solving institutional problems at the local level

Koutsouris (2012)

Intermediaries close cognitive, information, managerial, or systems gaps in the AIS

Sseguya et al. (2012)

Access to agricultural information in Uganda depends on the quality of relationships and trust in sources to close existing gaps

Moreddu and Van Tongeren (2013)

Innovation in AIS governance is key to productivity and sustainability in agriculture

Klerkx and Nettle (2013)

Intermediaries and network facilitators catalyze the co-production of innovation in the dairy sector in the Netherlands and Australia

Kilelu et al. (2013)

Adaptable intermediaries and platforms are useful to solve the co-evolution of innovation, a dynamic and unpredictable process

Kingiri (2013)

services

The gender perspective is essential in agricultural innovations, including integrated activities such as agriculture, extension, and

Yang et al. (2014)
stakeholders

Coffee growers’ cooperatives are important for promoting and disseminating innovation because of their ability to connect with other

Schut et al. (2014)
stakeholders

Farmer cooperatives are important for promoting and disseminating innovation because of their ability to connect with other

Aerni et al. (2015)

supply to the real demand for capabilities

It is suggested that South-South collaboration (between southeast Asia and sub-Saharan Africa) be strengthened to adjust external

Mekonnen et al. (2015)

The interactions between the components of an agricultural innovation system are crucial for the technical efficiency of agricultural

production in low and middle-income countries

Lowitt et al. (2015)

Decentralized governance approaches can improve knowledge flows and support regional rural development and food security

objectives through the establishment of stronger relationships between actors and institutions

Chander and Rathod (2015)

The livestock innovation system concept emphasizes that innovations arise from multiple stakeholders

Adejuwon (2016)

Agricultural intermediaries facilitate access to resources and collaboration among key actors in A.LS.

Schut et al. (2016)

Collaboration among local stakeholders is essential for the design of sustainable innovations appropriate to the needs of the territory

Pelletier et al. (2016)

Sound food and nutrition policies can influence food security and nutrition resilience in social, institutional, and governance contexts

Borremans et al. (2018)

Social networks are relevant in the diffusion of innovations in agricultural cooperatives in Senegal, according to a study

Dallimer et al. (2018)

changes are key in agrifood systems

Orienting innovation systems toward the market and consumer, fostering external interactions, and considering social and gender

Lamontagne-Godwin et al. (2019)

Inequality of access to agricultural information for women in Pakistan is identified and the need for training programs is emphasized

Minh (2019)

An adaptive approach is necessary to achieve an effective transformation of the regional agricultural innovation system

Fielke et al. (2017)

Stakeholders should discuss the mitigation of risks and transitions to the future of digital technologies in the agricultural industry

Enciso et al. (2022)

The limitations in R&D and the adoption of forage technologies in Colombia are due to the lack of connection between institutions

and the weak intensity of relationships, proposing more collaborative work between them

Prepared by the authors.

African continent, functional and structural analysis, institutions,
intermediaries, food, extension, rural development, participation,
among others. It also highlights the importance of knowledge
management, stakeholder collaboration, and governance in the field
of study. It is also possible to identify words related to the African
context, where most of the analyzed research has been carried out.
Overall, the word cloud provides an overview of the most relevant
topics and can help identify key areas for future research.

5. Analysis of results

The results are then analyzed. We will begin by observing the
trends in each of the periods and present the results obtained in the
different discussion axes. Finally, strategies, projects, and best practices
found during the literature review will be identified.

Frontiers in Sustainable Food Systems

5.1. Publications within the period 1998-
2007

During the first period of analysis between 1998 and 2007, the
importance of agricultural research and management as challenging
issues for sustainable development in Latin America is highlighted
and the need for good financing and coordination among institutional
actors to address these issues effectively is emphasized (Echeverria,
1988). It also highlights the importance of a multidisciplinary
perspective in agricultural research and extension that impacts
advances in agricultural science and technology. It is also recognized
that development depends to a large extent on the institutional
learning capacity of scientists and policymakers (Raina, 2003). In West
Africa, it has been identified that multi-stakeholder learning coalitions
at the local level can be an effective way to address institutional
problems (Nederlof et al., 2007).
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TABLE 3 Best practices.

Au

Douthwaite and Hoffecker (2017)

10.3389/fsufs.2023.1176366

Best practice

A theory of change is needed to plan and evaluate alternative routes in agricultural research and to address the complexity of aquatic

agricultural systems in Zambia and the Philippines

Pigford et al. (2018)

Integrate ecosystem and agricultural innovation systems perspectives into sustainable agricultural innovation to achieve transitions to

more sustainable systems

Spendrup and Fernqvist (2019)

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 et al. (2019)

Adapting agricultural innovation support networks is key to meeting farmers’ needs and social skills and can achieve ambidexterity

Kamara et al. (2019)

The identification of cognitive drivers and barriers in the adoption of Agricultural Information Systems in the rice industry through

the theory of planned behavior

Klerkx and Begemann (2020)

The MAIS approach makes it possible to analyze the evolution of food systems and how their transformation is promoted by key

stakeholders

Ankrah (2022)

The innovation story methodology documents innovations in the pineapple value chain in Africa for stakeholder co-learning

Tizikara et al. (2021)

Tertiary agricultural education and participation in A.LS. is critical to improving agricultural research capacity in Africa, reducing

poverty, and improving food security

Iyabano et al. (2022)

Farmers’ organizations in Burkina-Faso are knowledge and innovation brokers to promote the adoption of agroecological practices by

farmers

Chinseu et al. (2022)

The strengthening of technical and financial collaboration and capacity in the Conservation Agriculture Innovation System in Malawi

to facilitate knowledge sharing and joint program implementation

de Boon et al. (2022)

The multilevel perspective is essential for sustainable agricultural innovation, as all interdependent components at all societal scales

must be understood to achieve successful transitions

Castella et al. (2022)

Creating spaces for collective thinking and action is important for driving the agroecological transition in Laos, according to the

analysis of seven networks of actors involved in agroecological innovation

Gwara et al. (2022)

Factors influencing rural farmers’ intention to recycle human excreta in agriculture include social acceptance driven by several factors,

but perceived behavioral control is a potential barrier to reuse

Prepared by the authors.
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5.2. Publications within the 2012-2013

period

During the period

1998-2007, the

on the quality of relationships and the level of trust of sources
(Sseguya et al., 2012).
In addition, agricultural productivity and sustainability depend

importance of on innovation in A.LS. governance and cooperation between

intermediaries in closing cognitive, information, managerial, or
systems gaps in the AIS was highlighted (Koutsouris, 2012). The
generation and dissemination of agricultural information are
crucial for gap closure in Uganda, but its access depends largely

Frontiers in Sustainable Food Systems

countries, public and private sectors, and regulation that fosters
innovation in G20 members (Moreddu and Van Tongeren, 2013).
Intermediaries and network facilitators are important in catalyzing
innovative co-production processes in the dairy sector in the
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Author Relevant project

Fielke et al. (2017)

An analysis in New Zealand highlights the importance of reflective monitors in the success of co-innovation projects in the primary sector

Clarkson et al. (2018)

agricultural communication and extension

The theory of change is used to evaluate the impact of the Shamba Shape Up television program in promoting agricultural sustainability through

Vom Brocke et al. (2020)

capacities to innovate in agricultural technologies

The impact evaluation of the Sorghum Participatory Sorghum Improvement program shows how research strengthens individual and collective

Barzola Iza et al. (2020)

and activities

Multi-stakeholder platforms (M.S.P) are collaborative networks that achieve different levels of innovation according to the proposed objectives

Zossou et al. (2021)

RiceAdvice is a tool for improving the productivity and profitability of rice among smallholder farmers in sub-Saharan Africa

Onumabh et al. (2021)

Innovation platforms are important to advance cocoa production, processing, and marketing in Ghana

Smith et al. (2021)

Possibility theory and innovation systems are used to explore agricultural innovation in Tanzania with a focus on farmers

Seifu et al. (2022)

Innovation Platforms (IPs) drive sustainable innovation in Tigray, Ethiopia, but need to improve practices to maximize effectiveness

Cronin et al. (2022)

The operation of H2020 projects in agriculture and forestry requires policies and project management at the macro- or micro-level innovation

system, and multilevel system failures and mitigating factors were identified in a study of 50 projects

Jakku et al. (2022)

agricultural technologies

The Digiscape Future Science Platform program in Australia uses the Responsible Innovation framework to address the challenges of responsible

R&D in digital agriculture, considering the interactions between developers and users for the successful and responsible development of

Prepared by the authors.

Netherlands and Australia (Klerkx and Nettle, 2013). The co-evolution
of innovation is a dynamic process that can be solved by using
intermediaries and platforms adaptable to the unpredictability of
innovation (Kilelu et al., 2013). Finally, it is concluded that it is
important to include the gender perspective within agricultural
innovations, including integrated activities such as agriculture,
extension, and services making a call for greater empowerment of
women in the generation of gender-equitable innovations within the
framework of the S.I. (Kingiri, 2013).

5.3. Publications within the 2014-2015
period

During 2014-2015, the role of intermediaries in innovation
processes within farming systems is recognized. Coffee farmer
cooperatives are relevant actors in the promotion and diffusion of
innovation because of their ability to connect with other actors such
as extension agencies, research institutes, and supermarkets can
improve productivity and sustainability (Yang et al., 2014). Crop
protection innovation processes require a systemic and integrated
approach that addresses technical, institutional, and policy dimensions
(Schut et al., 2014).

To improve the capacity of smallholder farmers in southeast Asia
and Sub-Saharan Africa, it is proposed to match external supply with
actual demand for capacities through strengthening South-South
collaboration, improving institutional capacities, and responding to
the needs of smallholder farmers within national agriculture (Aerni
et al, 2015). The interactions of the components of an A.LS. are
necessary to determine the technical efficiency of agricultural
production in low- and middle-income countries, in such a direction
it is indicated that cellular subscriptions and the number of scientific
and technical journal articles could improve technical efficiency in
agricultural production in these countries (Mekonnen et al., 2015).
The factors affecting the innovation potential of smallholder
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households in four CARICOM small island developing states (St.
Lucia, St. Kitts and Nevis, Trinidad and Tobago, and Guyana) are
related to the systemic lack of access to finance, markets, and
knowledge networks; to overcome these problems, more decentralized
governance approaches capable of establishing stronger relationships
between actors and institutions that improve knowledge flows and
support regional rural development and food and nutrition security
objectives are proposed (Lowitt et al., 2015). Effective generation and
transfer of innovations in India necessitate improving the linkages
between technology generation, technology diffusion, technology
users, and support mechanisms, and forming a networking system
among stakeholders leading to a dynamic innovation system.
Proposed in such a sense, the concept of the Livestock Innovation
System emphasizes that innovations come from multiple stakeholders
(Chander and Rathod, 2015).

5.4. Publications within the period 2016—
2017

During 2016-2017 it was argued that the lack of cohesion among
actors in the A.LS. is responsible for the limited development and
diffusion of appropriate innovations in agricultural production in
sub-Saharan Africa. Intermediation, understood as information,
knowledge, and financing, can address this gap. It is reccommended
that intermediaries be integrated into agricultural innovation systems
to facilitate access to resources and collaboration among key actors
(Adejuwon, 2016). The Agricultural Innovation System approach to
understanding the relationships between farmers, researchers,
extensionists, and input and service providers, allows the identification
of constraints and levels of intervention to design long-term
innovations. The articulation of local actors is necessary for the design
of appropriate and sustainable innovations according to the needs of
the territory (Schut et al., 2016). Focusing on resilience in the context
of food security and nutrition, they identify that resilience is affected
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by social, institutional, and governance contexts, which can
be influenced by sound food and nutrition policies (Pelletier et al.,
2016). Social networks are important in the diffusion of innovations,
according to a study conducted in agricultural cooperatives in Senegal.
Highly connected actors in leadership positions are key to controlling
innovation, so it is important to foster connectivity and leadership in
the cooperative network (Reed and Hickey, 2016).

Reflective monitors (R.M) are vital to the success of co-innovation

projects in the primary sector, according to an analysis in New Zealand.
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Their role is to lead and facilitate the innovation process and they are
essential for the generation of new ideas and critical thinking skills
(Fielke et al., 2017). The theory of change is needed in agricultural
research to plan and evaluate alternative routes in the evaluation of
interventions. A linear view of the problems hinders the ability to
address the complexity within aquatic agricultural systems in Zambia
and the Philippines, thus it is recommended to design more effective
and sustainable interventions that consider the complex interactions
within agricultural systems (Douthwaite and Hoffecker, 2017). An
analytical framework for assessing innovation capabilities at different
levels of interaction in New Zealand projects. The framework includes
an assessment of historical and current capabilities, identification of
adaptive capabilities, and the strategic ambidexterity needed to
overcome project stakeholder constraints and achieve success. The
importance of addressing both positive and negative pathways of
project implementation is emphasized (Turner et al., 2017).

5.5. Publications within the period 2018-2019

During the publications for the period 2018-2019, some
perspectives and research on innovation and sustainability in
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agriculture are presented. The importance of investing in research to
improve the compatibility and labor productivity of agroforestry
systems in Flanders, and how to link private and social actors in niche
markets for the production of agroecological products, and strengthen
the dialog between influential groups to overcome technical, financial,
legal, organizational and social challenges (Borremans et al., 2018).
The integration of innovation ecosystem and agricultural innovation
systems perspectives into sustainable agricultural innovation research
and practice to address agricultural sustainability transitions to more
sustainable systems (Pigford et al., 2018). La theory of change to assess
the impact of agricultural communication and extension programs in
promoting agricultural sustainability, using the Shamba Shape Up
television program as an example (Clarkson et al., 2018). The analysis
of Sectoral Innovation systems and the need for these to be consumer
and market-oriented, increase interactions outside the boundaries of
the conventional system, include the consumer perspective and social
changes and determine the role of gender in innovation in agri-food
systems (Dallimer et al., 2018).

The importance of improving access to agricultural information
for farmers in Kenya, emphasizes the need for simple practices and
subsidies for the adoption of sustainable practices such as agroforestry
(Spendrup and Ferngvist, 2019). The identification of inequality in
access to agricultural information for women in Pakistan and the need
for training programs (Lamontagne-Godwin et al., 2019). The regional
and structural dimensions can block the functioning of a regional AIS
and the need for an adaptive approach to address an effective
transformation of the Regional Innovation Agricultura system (Minh,
2019). The importance of adapting farmers’ innovation support
networks to their needs and social skills, and how different network
configurations can achieve ambidexterity (Cofré-Bravo et al., 2019).
The identification of the social, economic, and environmental impacts
of the UK fresh produce sector (Menary et al., 2019). The analysis of
the adoption of agricultural information systems (A.LS.) in the rice
industry using the theory of planned behavior, identifying the key
cognitive drivers behind their use, as well as the barriers that may
impede their adoption. The results show that ease of application,
improved food safety and enhanced ability to innovate are the key
cognitive drivers, while lack of knowledge/skills, adequate funding,
and incentives are potential barriers (Kamara et al., 2019). The policy
implications of digital technology development in shrimp aquaculture
in Australia. It is based on social impact theory and exploratory
interviews with stakeholders in the shrimp aquaculture value chain.
The study concludes that there is uncertainty around the policy
implications of digital technologies in the agricultural industry and
proposes that stakeholders engage in a debate to mitigate risks and
transition into the future. In particular, it is suggested that forums
would allow for greater negotiation and awareness, which would
contribute to risk mitigation and transition pathways into the future
(Fielke et al., 2017).

5.6. Publications within the 2020-2021
period

During the 2020 period publications find that in Nicaragua, the
agroecological transition faces systemic barriers such as lack of
guidance, insufficient resources, and lack of market development
(Schiller et al., 2020). In Burkina Faso, the impact evaluation of the
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Participatory Sorghum Improvement program shows how research
can strengthen individual and collective capacities needed to innovate
and test new agricultural technologies (Vom Brocke et al., 2020). In
West African countries, factors influencing farmers to acquire
agricultural knowledge and adopt technology include household size,
training, access to formal and informal knowledge sources,
socioeconomic status of the community, and farmers’ reliance on
technology adoption (Zossou et al., 2021). Multi-stakeholder
platforms (M.S.P) as collaborative networks of stakeholders that
achieve different levels of innovation according to the proposed
objectives and activities. However, four limitations are identified in the
existing literature on the M.S.P, including disciplinary silo thinking,
a limited focus on politics and informal institutions, and a lack of
attention to power dynamics (Barzola Iza et al., 2020). The mission-
oriented A.LS. (MAIS) approach allows for analysis of how food
systems evolve at different geographic scales and how key actors
promote food systems transformation. In addition, the MAIS provides
information on barriers and opportunities in food systems. This
approach is considered novel for analysis and can be useful for both
researchers and decision-makers in the field of agriculture and food
(Klerkx and Begemann, 2020).

RiceAdvice is a decision support tool for improving rice
productivity and profitability in smallholder rice farming in
sub-Saharan Africa. For expansion, improvements in access to
financial services and input supplies, identification and testing of
business models, and outreach approaches that include women service
providers are needed (Zossou et al., 2021). The innovation story
methodology helps stakeholders in the pineapple value chain in Africa
to document and co-learn key innovations in the sector. This
methodology identifies the challenges and conditions that facilitate
the adoption of innovations and the objectives of the pineapple value
chain and agricultural change (Ankrah, 2022).

Innovation platforms (IPs) are important for advancing cocoa
production, processing, and marketing in Ghana. To strengthen it, it
is necessary to encourage the participation of farmers groups,
researchers, extensionists, politicians, and the private sector. Thematic
and social network analysis provides insight into stakeholder roles and
linkages and provides options for strengthening the cocoa innovation
platform (Onumah et al, 2021). Farmer’s organizations (FOs) in
Burkina Faso act as knowledge and innovation brokers to stimulate
the adoption of agroecological innovations by farmers (Iyabano et al.,
2022). The importance of tertiary agricultural education and
participation in the African Innovation System (AIS) is to transform
agricultural research capacity in African countries and improve food
security and reduce poverty (Tizikara et al, 2021). The use of
possibility theory and the S.I. perspective. to explore how agricultural
innovation occurs in the context of the Climate-Smart Agriculture
Program (C.S.A.P) in Tanzania, and how farmers should be at the
center of sustainable and effective change (Smith et al., 2021).

5.7. Publications year 2022

During the year 2022 publications analyze the importance of
collaboration and technical and financial capacity in the Conservation
Agriculture Innovation System in Malawi. It is proposed to strengthen
understanding of AIS approaches among stakeholders, build stronger
partnerships in research and development, and strengthen
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collaborative advisory mechanisms to facilitate knowledge sharing,
resource mobilization, and joint program implementation (Chinseu
et al., 2022). The importance of the multilevel perspective within
agricultural innovation processes and the adoption of responsible
innovation requires a comprehensive understanding of all interacting
components at all societal scales to achieve sustainable transitions (de
Boon et al,, 2022). The role of innovation platforms (I.P.) in sustainable
agricultural innovation in Tigray, Ethiopia. It is concluded that these
platforms contribute to stronger relationships that facilitate the
co-creation of innovative solutions, but research and improved
practices are needed to maximize their effectiveness (Scifu et al,
2022). The analysis of limitations and opportunities in R&D, adoption
processes, and dissemination of forage technologies in Colombia from
the perspective of A.LS.. It is concluded that the lack of connection
between institutions and the weak intensity of relationships prevent
the convergence of interests that generate vicious circles that hinder
the adoption of technology. It is proposed to work more collaboratively
among institutions and to develop more effective ways of adopting and
scaling up technologies (Enciso et al., 2022).

A study of 50 H2020 projects in agriculture and forestry found
that there is a need to improve project performance through generic
policy or project management interventions at the macro or
microsystem level of innovation. They also identified multilevel
system failures and mitigating factors (Cronin et al., 2022). Analysis
of seven stakeholder networks involved in agroecological innovation
in Laos highlighted the importance of creating and nurturing spaces
in which stakeholders are empowered to think and act collectively in
complexity to drive agroecological transition (Castella et al., 2022).

The farm advisory studies in Benin found four factors limiting
farmers’ access to this service, such as a focus on large farms,
excessively specialized advice, a limited number of advisors, and a
monitoring and evaluation system that is poorly oriented to quality
(Aplogan et al., 2022). Australia’s Digiscape Future Science Platform
program uses the responsible innovation framework (R.I) to address
the challenges of responsible R&D practice in digital agriculture. They
also consider the interactions between technology developers and
users for the successful and responsible development of agricultural
technologies (Jalkku et al., 2022).

The factors influencing rural farmers’ behavioral intentions to
recycle human excreta in agriculture draw on psychosocial theories,
technology adoption theories, and the new ecological paradigm
demonstrating that social acceptance was driven by conscientiousness,
religiosity, income, source of income, and environmental dispositions,
but perceived behavioral control represents a potential barrier to
human excreta reuse. The study recommends the demographic,
cultural, sociological, and economic integration of dissemination
strategies for circular bioeconomy approaches in the context of
agricultural innovation systems (Gwara et al., 2022).

6. Discussion

Discussion on the A.LS. was held where the axes applied in the
literature review, such as training, extension, innovation and
development, sustainability, innovation, and I.C.T. Important aspects
such as strategies, best practices, and important projects are also
mentioned. These aspects are considered in the opinion of the authors
as relevant for any study on the AIS and closing gaps in it.
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6.1. Process of training and education

The following are several studies that address the processes of
training and education in A.LS. and agriculture, from different
perspectives and geographical contexts. The analysis of the Shamba
Shape Up television program in Kenya and its impact on innovation
processes in small-scale agriculture. The program uses an
“edutainment” format to educate and entertain farmers, and the
researchers find that this approach has been effective in influencing
farmer behavior and encouraging innovation in agriculture. The
article suggests that using entertainment formats to disseminate
knowledge can be an effective strategy for promoting positive change
in agriculture and other sectors (Clarkson et al., 2018).

The implementation of agricultural advisory services in
sub-Saharan Africa proposes an approach for implementing
agricultural advisory services in sub-Saharan Africa, based on
practical training adapted to the context and available resources, and
the dissemination of technical information through demonstrations,
farm visits, and the exchange of experiences. In addition, the advisor
focuses on supporting one or two reference producers with whom he/
she maintains a close relationship (Aplogan et al., 2022).

The analysis of the systemic problems and the blocking
mechanisms of an Innovation Agricultural Regional system in
Vietnam proposes that when system actors lack capabilities, spaces
should be created for capacity building, which can be achieved
through the provision of education and training programs, the
development of technological platforms and the promotion of pilot
projects. These strategies can help improve the capacity of actors to
participate in the innovation system and generate positive changes in
the innovation system (Minh, 2019).

The population, food system, and environmental challenges facing
African agricultural colleges can be addressed through research and
innovation as key tools to fill resource gaps and provide sustainable
solutions. The transformation agenda they propose is demand-driven,
strategic, collaborative, and adaptive. The goal is to leverage the talents
of faculty, students, and alumni and facilitate collaboration with
farmers, consumers, communities, businesses, and governments to
solve practical problems in agriculture and food systems (Tizikara
etal., 2021).

The review of the organizational framework and strategies for
implementing agricultural advice in sub-Saharan Africa to better
adapt it to the socioeconomic and institutional realities identified
several problems, such as the lack of mutual trust between farmers
and advisors, the lack of sufficient agricultural advisors to serve the
multitude of farmers, the low qualifications of some farmers, the
lack of effective tools and methods, and an inefficient monitoring
and evaluation system. The authors propose solutions to address
these problems, such as revising the organizational framework,
training agricultural advisors, promoting mutual trust, and
improving the monitoring and evaluation system (Aplogan
etal., 2022).

The diversity of microAKIS (Local Agri-Food Knowledge
Systems) leads to different types of innovation, both technological and
non-technological. In addition, the active participation of farmers in
advisory processes and decision-making to adopt innovations
energizes the role of advisory services in innovation. The study is
based on the application of an analytical framework focused on
European farmers called MicroAKIS (Madureira et al., 2022).
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The application of the A.LS. approach in agricultural research and
extension used the framework of the theory of planned behavior to
explain that the socioeconomic characteristics of research and
extension professionals influence their intention and beliefs regarding
the use of the A.LS. approach. The majority of respondents were male
in the age range of 31 to 40years old and had bachelor’s and master’s
degree level education. Results showed that women and younger
respondents had a higher intention to use the A.LS. approach than
researchers (Kamara et al., 2019).

The comprehension of expansionists’ perceptions of gendered
access to information and analysis of the role of these perceptions in
the development of gender-sensitive initiatives can contribute to
transformative change in gender perspectives. Researchers suggest
that a greater understanding of individual perceptions of extension
workers and farmers is needed to develop gender-sensitive initiatives
that are specific and targeted (Lamontagne-Godwin et al., 2019).

The studies reviewed highlight the importance of the public
agricultural research and extension system in India in promoting the
generation and transfer of innovations. The authors propose
improving training and access to technical information, creating
spaces for capacity building, and the adaptation of agricultural
advisory programs. It also highlights the importance of engaging
farmers and understanding the socioeconomic characteristics and
beliefs of research and extension professionals and suggests that
microAKIS diversity influences the adoption of technological and
non-technological innovation (Chander and Rathod, 2015).

6.2. Innovation and development (R&D)

The R&D processes find the importance of the important role of
innovation platforms (IP) in coordinating and stimulating the joint
evolution of innovation. It is indicated that policies that support
innovation platforms through funding, planning, and governance
mechanisms that enable continuous adaptation to emerging problems
are key (Kilelu et al,, 2013).

The importance of including all the multiple actors in the value
chain in the generation of knowledge and harnessing it reflexively to
facilitate the adoption of agricultural innovations. Some agricultural
innovations that emerged from farmers themselves are mentioned for
their contribution to the value chain (Ankrah, 2022).

The existence of differences in the roles and positions of actors in
the cocoa innovation system. It is indicated that the role of government
in providing policy support structures is important for the proper
functioning of the LS. of cocoa. The study emphasizes the poor
performance of the A.LS. is the result of structural constraints, such
as inadequate knowledge, lack of physical and financial infrastructure,
limited capacities, poor stakeholder accountability and interactions,
lack of intermediaries, and institutional failures (Minh, 2019).

The relevant role of networks and interactions for innovation
within the agri-food sector. It is indicated that the research focuses
on the existing boundaries of the system, i.e., agents related to the
conventional structure of the sector and
Fernqvist, 2019).

Logic models and complexity-aware theory of change (ToC)

(Spendrup

provide a starting point for testing a set of hypotheses embedded in
the common linear impact adoption pathway. It is indicated that it is
important to model the impact pathways, their various causal
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connections, and hypotheses to describe reality more accurately
(Douthwaite and Hoffecker, 2017).

Knowledge and innovation in formal cooperatives diffuse mainly
through vertical linkages led by key players with the power to control
the flow of knowledge, which can result in variation in the adoption
of innovative practices. In addition, individual-level social networks
vary and affect the ability to access and share innovative knowledge
(Reed and Hickey, 2016).

6.3. Sustainability

The use of SLM practices in Kenya suggests prioritizing simple
practices used by smallholder farmers to improve soil and increase
yields. It is recommended that policymakers consider a combination
of economic and financial instruments, institutional and capacity-
building actions, and changes in the legal, political, social, and
technical context to foster sustainable land management practices
(Dallimer et al., 2018).

The use of the concept of A.IS. as a more suitable approach to the
multifunctionality of farming systems and to support the development
of cross-border innovation niches designed for sustainability.
According to the authors, this approach needs to be more explicit
about power dynamics in innovation platforms or communities,
including both human and non-human change agents throughout the
innovation ecosystem, and be more aware of boundary crossings. The
goal is to realize collective and integrated innovation toward
sustainability (Pigford et al., 2018).

Researchers analyze the limitations and opportunities of A.L.S. for
Sustainable Intensification Sin the highlands of central Africa. The
approach provides them with a holistic view of the constraints faced
by different stakeholder groups, the dimensions and causes of these
constraints, and the levels of intervention, timelines, and types of
innovations needed to overcome them. It is concluded that to
overcome these problems, it is necessary to integrate multi-stakeholder
structures and processes and set a research, policy, and development
agenda for sustainable resource intensification (Schut et al., 2016).

6.4. Innovation and ICT

A review of the literature on innovation and ICT addresses the
subject of innovation in agriculture and its challenges. They
discuss the socio-ethical challenges associated with digital
agriculture and the Digiscape Future Science Platform program in
Australia. The opportunities and challenges related to the
of digital
agrotechnology will discuss the Digiscape Future Science

implementation responsible innovation in
Platform, a program that seeks to facilitate the digital
transformation of Australia’s agricultural industries and land-
based sectors. The authors find significant socio-ethical challenges
associated with digital agriculture (Jakku et al., 2022).

Farmers with the use of RiceAdvice saw an increase in rice yield
and production income and a reduction in fertilizer inputs. The
positive impacts were also received by the human and social capital of
the beneficiaries (farmers and service providers). This justifies the
need for further effort in scaling up RiceAdvice as an innovative

agricultural tool in northern Nigeria (Zossou et al., 2021).
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A distinctive organizational feature of multi-stakeholder
platforms (MSPs) relative to other novel organizational forms in
emerging economies involves the presence of a virtual and/or
physical interface encompassing heterogeneous stakeholders. Second,
concerning their impact pathways toward farmer innovation, MSPs
tend to achieve different outcomes and levels of innovation according
to their organizational objectives and activities (Barzola Iza
et al., 2020).

The T.I.S. approach helps to analyze the transition to agroecology
holistically. Based on a case study in Nicaragua, central mechanisms
hindering the transition were identified, such as policy misalignments,
inadequate resource mobilization, and insufficient market
development. Although these barriers hinder the diffusion of
agroecology, TIS analysis allows identifying specific factors that
enhance these barriers (Schiller et al., 2020).

The following section presents the various strategies, projects, and
practices that have been found in the literature review on the AIS,

which can be used to close the system’s gaps and solve its obstacles.

6.5. Agricultural extension

The authors advice to

socioeconomic and institutional realities, improving mutual trust

propose adapting agricultural
between partners, increasing the number of agricultural advisors, and
improving farmer training to implement a participatory and inclusive
approach to agricultural extension. Emphasis is placed on the need for
operational tools and methods, appropriate working standards, and a
monitoring and evaluation system geared toward the effectiveness of
the councils. The article highlights that the low rate of producer
support is a major problem in agricultural extension (Aplogan
etal., 2022).

The MicroAKIS framework, an analytical framework for
understanding the role of counseling in innovation from the
perspective of farmers depends on a limited number of types of
suppliers of advice, even in the environments of counseling pluralists.
The researchers found that the plurality of advice is expressed more
among farmers than by an individual farmer. The data empirically
helped to understand the heterogeneity of the European advisory
scape, which is related to the infrastructure of AKIS and the dynamics
of the area of innovation (Madureira et al., 2022).

The discussion of the authors is focused on understanding the
perceptions of the extensionists. About the access to information
according to gender in Pakistan, as well as in analyzing the differences
between the perceptions of the individual workers of extension and
the farmers to develop initiatives sensitive to gender that can
contribute to a transformative change. The authors argue that it is
necessary to consider the perspectives of both groups to achieve a
meaningful change in the policy institute of gender in Pakistan. Also,
it seeks to frame these findings in the current situation of current
inequality of gender in the country (Lamontagne-Godwin
etal, 2019).

The authors analyze the relationship between the livestock
innovation system (LIS) and the agricultural innovation agricultural
(AIS), emphasizing the importance of the system’s public research and
extension of the AIS. in the generation and transfer of innovations in
countries such as India. It defends the implementation of LIS in the
country and proposes strategies for improving the productivity of
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livestock. It describes the challenges faced by the system of research
and extension. Livestock in India and lessons are taken from
developed countries (Chander and Rathod, 2015).

The study on the intention of the extensionists when using the
approach AIS through the theory of behavior planned. The results
suggest the characteristics socioeconomic of the respondents.
Influence on their intention and beliefs concerning the use of SIA
(Kamara et al., 2019).

6.6. Highlighted strategies

The identification of strategies is essential for the success of any
organization or system in the agricultural sector and allows for a more
coherent and unifying approach to decisions, action programs, and
resource allocation (Castellanos Dominguez, 2009).

6.7. Best practices

FAO (Food and Agriculture Organization of the United Nations
(UN) 2014) refers to good agricultural practices as the set of principles
applicable, both in field cultivation and subsequent industrial
production, resulting in safe food and consumer products while
respecting environmental, economic, and social sustainability (FAO).
The following table identifies the best practices found in the
literature reviews.

6.8. Relevant projects

The projects in the A.LS. are important because it is possible to
demonstrate that the strategies and practices implemented are
effective and can generate positive results in the agricultural sector.
The following table lists some of the relevant projects.

7. Conclusion

This section presents the conclusions from the review of 55
research papers conducted between 1983 and 2022. The
conclusions take into account the analysis by periods and the
discussion axes proposed are related to best practices, projects,
and strategies highlighted so that these can be used to close the
gaps in the AIS.

7.1. Conclusions by a period of analysis

7.1.1. Period of analysis 1998—-2007

The publications during this period evidence outdated
institutional structures, lack of funding, and also, the need for greater
interactions of the various actors that drive the learning of the system.
Equally, greater interactions between natural and social scientists,
extensionists, farming communities, and policymakers, among other
stakeholders. There is concern about the lack of research on the
subject, particularly in Latin America.
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7.1.2. Period 2012-2013

Studies on A.LS. challenges related to environmental aspects, new
technologies, and human resources prevail. Again, the need for greater
participation among actors in the transformation of the A.LS. appears.
The potential of innovation processes for productivity growth and
innovation promotion in Latin America takes into account
cooperation between countries, public-private partnerships, and the
creation of laws and standards.

7.1.3. Period 2014-2015

There are important conclusions about the brokering role of
knowledge and the innovation fulfilled by the cooperatives. It is
highlighted by research coverage of three regions, southeast Asia,
sub-Saharan Africa, and central America, the findings found a
mismatch of all the regions in the external supply of capacity building.
There is a need to improve agricultural production through
investments that consider efficiency. For the effective transfer of the
innovations, it is stated a need to enhance the linkages between the
technology generation (research), the dissemination of technology
(extension), the users of technology (farmers), and the support
mechanisms (input supply, market credit, etc.) through the
configuration of networks among stakeholders. The systemic lack of
access to financing also appears as a problem to be solved.

7.14. Period 2016-2017

Within the limitations of all the processes of diffusion of
sustainable intensification innovations may be due to, a lack of
cohesion among actors within innovation systems and constraints of
an economic and institutional nature (political, markets, capabilities,
financial resources, and interaction), and poor collaboration between
the stakeholders. Unequal access to information is a problem that
affects women involved in agricultural activities worldwide.

7.1.5. Period 2020-2021

Research addresses the barriers hindering agroecological
transition evidenced by debilities in capabilities and resources. The
knowledge of farmers is influenced by factors such as household size,
training, access to formal and informal knowledge sources, and the
socioeconomic status of the community. The support that can
be provided by the mission-oriented agricultural innovation system
(MALIS) is necessary for understanding agricultural innovation
systems at different geographic scales and for achieving the
transformation of food systems thus.

7.1.6. The year 2022

These studies are oriented to the analysis of key players within the
AIS, the strengthening of approaches and advice processes, and the
establishment of stronger alliances in R&D. Within the complexity of
the AIS, the key components are identified, such as the macro and
immediate context, the governance systems, the innovative and
adaptive capacity of the actors, the psychosocial factors and the
innovation process itself is. Analytical integration of micro- and
macro-level innovation system perspectives is necessary to fully
understand the mechanisms underlying the functioning and process
of co-innovation within multi-stakeholder H2020 projects. It is
suggested that the use of information and communication tools in
agricultural extensions could stimulate community members to learn
and thus reduce their dependence on group leaders. Training of
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varying duration according to the context and available means is
recommended, and the dissemination of technical information
be accompanied by demonstration sessions, farm visits, exchange of
experiences, etc. On the other hand, the formulation of an agenda for
the transformation of capabilities for innovation through the creation
of postgraduate programs.

7.2. Conclusions by main lines of discussion

The conclusions obtained from the discussion topics addressed are
presented below. Firstly, it highlights the importance of implementing
capacity-building and training processes to address the challenges facing
agriculture and innovation in different contexts. To this end, strategies and
approaches that have proven to be effective in various studies should
be used, and emphasis should be placed on considering the specificities of
the territory for the proper functioning of the initiatives. Various actions
are proposed to improve farmer training and education, such as the
implementation of education and training programs, the development of
technological platforms, and the promotion of pilot projects.

To address the challenges of R&D in the agri-food sector,
strategies and approaches have been identified such as the use of
innovation platforms for the coordination and stimulation of the joint
evolution of innovation, as well as the use of logic models and
complexity-aware theory of change (ToC) to describe reality more
accurately. These initiatives can significantly improve collaboration
among the different actors involved in R&D and ultimately drive
innovation in the agri-food sector. Government plays a crucial role in
providing policy support structures to foster this collaboration.

Third, strategies and approaches to meet the challenge of
sustainability in the agri-food sector are discussed. It also emphasizes
the need to combine economic instruments and changes in the legal,
political, social, and technical contexts to achieve a significant impact.
The use of the Agricultural Innovation Ecosystem approach is
suggested to foster innovation and sustainability in agriculture.
Ultimately, it is concluded that addressing sustainability issues in the
agri-food sector requires a comprehensive and collaborative approach
that involves multiple stakeholders and sets a clear agenda for
research, policy, and development.

Fourth, it highlights the importance of innovation and
information and communication technologies (ICTs) in agriculture,
and how they can be used to achieve sustainable land management
practices, improve the efficiency of agricultural tools, and address the
socio-ethical challenges associated with digital agriculture.

Finally, the agricultural extension requires adapting agricultural
advice to local realities and promoting inclusiveness and equity in
decision-making and implementation of agricultural policies and
practices, as well as analyzing the heterogeneity of the advisory
landscape in Europe and proposing strategies to improve livestock
productivity in countries such as India and considering the
perspectives of both groups in the specific context of Pakistan.

7.3. Conclusions strategies, practices, and
projects

The discussion around agricultural innovation recognizes the
importance of adopting a systemic and integrated approach, as well as
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the inclusion of a gender perspective to foster innovation and rural
development. It is important to recognize that the diversity of actor
networks, institutional change, and institutional alliances are key
elements in the A.LS.. Sustainability and accountability are crucial
aspects of agricultural innovation, and challenges at the macro and
micro levels of the agricultural innovation system need to be addressed
to achieve project success. In summary, agricultural innovation should
be understood as a systemic and integrated process that promotes
sustainability and inclusion, addressing challenges at multiple levels
of the system.
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