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Summary

Conventional agricultural extension is in decline due to the demand for contextualizing training and
technological innovation during the transition to sustainable local food systems. This short article
was prepared with the aim of raising awareness about institutional innovation to adopt adaptive
transdisciplinary co-innovation at the scale of local food systems. It was developed as a critical reflection
based on personal experiences, supported by selected references. The first part analyzes the decline
of the conventional agricultural extension model, before addressing the transition to decentralized
co-innovation. The second part of the article delves into territorial co-innovation for the transition to
sustainable local food systems and emphasizes the value of local knowledge.

Keywords: Technological innovation; Institutional innovation; Local food systems; Sustainable food;
Local knowledge

Introduction

Conventional agricultural extension, as a vertical model of technology transfer from
scientific centers, is in decline due to the demand to contextualize training and technological
innovation during the transition towards sustainable local food systems, under the perspective
of Participatory Action Research (PAR) and Agroecological Knowledge Management (AKM),
among other methodological proposals that represent a challenge for institutional innovation
in scientific centers and local technical service entities. In this field, territorial socio-technical
innovations become relevant in changes that involve not only technical aspects but also
organizational dynamics and collective action in the territory [1,2]; the territory is seen as a
socially constructed space where diverse actors interact, including farmers, institutions and
communities [3,4]. Technological innovation takes on greater significance when considering
the “One Health” approach, because vertical specialization, which fragments scientific
interdisciplinarity, leads to agricultural, environmental, food, health, education and social
sciences being disconnected, causing unsustainability in the application of their scientific
products within the food system. It is recognized that there are many ways to access knowledge
to achieve the sustainable transformation of food systems, all of them equally valuable and
necessary. These forms of knowledge are inherently intercultural, exchangeable, dynamic
and fluid. They include scientific knowledge, indigenous knowledge, peasant and traditional
knowledge, knowledge from civil society and community organizations, lived experiences and
other forms of knowledge that form the foundation of the core understanding of agroecology,
regenerative agricultural practices and indigenous food customs [5].

New social practices generate, but at the same time require, new knowledges and
understandings, which have specific demands: their own complex and dynamic nature requires
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continuous learning, so that individuals as well as communities,
companies, governmental institutions, cultural organizations,
etc.,, develop skills to face the new challenges of the knowledge
society and prepare for a more positive integration into the new
global scenario [6]. It is acknowledged that approaches to enable
transitions should be based on the principles of participation,
using a bottom-up rather than a top-down approach. The voices
and priorities of food producers, especially young people, women,
indigenous peoples, and other local communities, should guide
transitions and the actions taken to drive them [7]. To prepare
this short article, it was assumed that agricultural and livestock
production needs to move towards sustainable food systems,
through the integration of training and technological innovation
based on processes adapted to the characteristics of different
contexts. Specifically, this short article aims to raise awareness
about institutional innovation to adopt adaptive transdisciplinary
co-innovation.

Materials and Methods

This short article was developed as a critical reflection based
on personal experiences, supported by selected references, with
the purpose of raising awareness about the need to move toward
contextualized innovation systems as a socio-technical scientific
process to achieve sustainable food. The article begins by briefly
analyzing the legacy of the vertical model of agricultural extension
thatcharacterizes conventional technological innovation, in contrast
with developments in agroecological transition as contextual
transdisciplinary processes. Subsequently, the need to advance
toward a prospect of decentralized co-innovation is justified. For
the purposes of drafting this article, the analysis of knowledge
management and innovation was based on the experience of
having participated, since the 1970s, first in agricultural extension
processes; later; in facilitating the agroecological transition in
territories of Cuba.

Descendants of the vertical agrarian extension model

Most of the research centers that contribute to food production
are specialized institutions, whose scientific results constitute
technological innovations on specific processes and products,
which are introduced into agricultural and livestock production in a
vertical manner, through extension mechanisms, technical services,
input markets, among others. Although this system works relatively
well for conventional agriculture, the transition toward sustainable
food requires adapted technologies, because production systems
are being transformed into integrated agroecosystems of
agriculture, livestock and forestry, whose outputs are offered in the
same context. It is very evident that the closed innovation model,
consolidated during the conventional agriculture and livestock
approach, led to hyper specialization in food-related sciences,
to the point that comprehensive research centers are subdivided
into specialties; furthermore, new specialized centers are even
created, also structured by specialties. This fragmentation, which
contributed to research with an analytical approach to obtain
new technological products, led to the establishment of vertical
agricultural extension systems to implement technologies with

a certain degree of difficulty in their practical application, a
characteristic that eroded comprehensiveness, compatibility and
potential synergies in the applicability of the technologies for
products and processes generated.

In fact, at the international level, there is a consensus that
the processes of “modernizing agriculture” and implementing
the techniques of the “Green Revolution” were carried out with
strong institutional support, embodied in agricultural research
and extension services well-endowed with economic and human
resources, forming a model of vertical and one-way research and
technology transfer, which has been heavily criticized since the
1970s [8,9]. The classic form of intervention in many countries
has materialized in the creation of public research and extension
institutions. Due to their operation under a centralized and linear
model, this type of institution has been subject to multiple criticisms,
questioning their effectiveness and efficiency in the generation, but
especially in the dissemination of knowledge. The main criticism
revolves around their linear vision of the technology transfer
process, in which basic research progresses to applied research,
then to technological development, from there to production, and
subsequently to commercialization, with a defined and limited role
for each of the different actors: universities and research centers,
extension institutes, advisors and consultants, companies, and
organizations, among others [10].

The compartmentalization of human knowledge and hyper
specialization are nothing more than a product of industrial society;
however, since the second half of the 20" century, we have been
witnessing the emergence of a multitude of theoretical approaches
and methods of a multidisciplinary and cross-cutting nature, in
light of the universal assumption that to address the challenges we
face, a holistic and systemic vision is necessary to understand these
phenomena in all their complexity [11]. In the current situation, it
is necessary for the generation of knowledge to start from more
critical, more human, more contextual concepts, recognizing
that when transmitting knowledge generated in a certain place,
one must, on the one hand, consider the social reality where this
knowledge will be used [10]. In other words, the central concern
today is the sustainability of agriculture, conceived as a system that
is economic, social, and ecological [12].

Agroecology is a complex socio-technical, organizational, and
contextual/territorial phenomenon, which in particular suggests
a broad approach that allows understanding (considering)
agricultural in holistic terms, proposing that the
contemporary problem of production has evolved from a purely
technical dimension to a more sociotechnical dimension, where

action

social, economic, political and ecosystem aspects are present and
are part of the situation [13].

The practices associated with agroecology have a
transformative nature that involves the redesign of the entire agri-
food system [14], in which the complex relationships established
between ecological functioning, human well-being, innovation,
governance models and bottom-up policies are integrated. In this

way, agroecology imparts a socio-ecological perspective to the
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context of agroecosystems [15,16]. The offspring of the vertical and
specialized model of technology transfer from scientific centers and
national programs to agroecosystems that contribute to local food
is evident in the dysfunction at the level of action within the food
system, the lack of alignment with the socio-cultural, ecological-
environmental and economic-financial characteristics of different
territories, and in failing to recognize local experiences in adapted
traditional practices.

Transition towards decentralized co-innovation

Co-innovation in primary food production is moving from
systems with a vertical approach to more horizontal ones (Figure
1). Although this does not happen in the same way in all programs,
institutions and projects, there is a tendency to maintain the former
when the focus on conventional intensive production aligns with
input substitution; whereas the latter emerges from agroecological
movements, where these converge with peasant farming systems,
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projects and organizations that facilitate co-innovation. In the latter,
there is a strong influence from projects facilitated by international
agencies that have experience in participatory innovation with
equity. Conventional technological innovation has an initial stage
in which the new technologies developed by research centers are
turned into technical standards and published in manuals and
technical instructions, considered as ‘national recipes’ (Figure 1A);
although in many cases, they later establish vertical innovation
systems known as ‘“Technology Transfer, where groups of extension
agents intervene in representative environments to implement the
newly developed technologies (Figure 1B). The technology transfer
approach, which was widely disseminated in association with the
concept of science, emerges from the ‘green revolution’ model. It
is a way of ‘doing science’ in a centralized manner in agriculture
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Figure 1: Transition in agricultural technological innovation processes.
Caption: From the vertical model to the horizontal one. From disciplinary to multidisciplinary and transdisciplinary.

The very division of disciplines and specialization of knowledge
excludes the possibility that farmers or innovative clients could
lead the design, implementation, and dissemination of a new
variety, crop, or technology [17]. Research centers, universities
and agricultural extension systems have generally regarded
farmers as the recipients of their technologies or the users of their
services; that is, the goal of their research. However, farmers have
much to contribute to the processes of technology generation
and transfer, since as the main actors in agricultural production,
they have developed a holistic understanding of agriculture and
extensive experience with technological processes under their own
conditions, which has been little utilized by these centers [18]. A
disruptive change occurs when projects in scientific centers adopt
decentralized participatory innovation (Figure 1C); however, being
a new methodology, there have been various interpretations of
what is considered participation: from merely using farmers to
test technological proposals, to involving them from the research

process itself. This trend towards horizontality in technological
innovation generates impressive impacts on the benefiting
territories and research teams; the latter begin to adjust in their
experimental designs and in new variables for the participatory
evaluation of their results. Two examples that represent progress
in this regard in Cuba: the local agricultural innovation system
of the National Institute of Agricultural Sciences-INCA [19] and
the innovation system of the Indio Hatuey Pasture and Forage
Experimental Station-EEPFIH [20].

A significant contribution to understanding these aspects has
been therise of Participatory Action Research (PAR), which emerged
from the social sciences and was enriched by questioning the
extension and training systems used for agricultural modernization.
Itisbased on the idea thatany development process undertaken will
be biased if it does not consider the realities, needs, aspirations and
beliefs of the beneficiaries and even more so if it does not integrate
the beneficiaries of this process as protagonists, who explain their
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reality comprehensively (systemic approach), in order to initiate or
consolidate a strategy of change (transition processes), alongside
an increase in political power, both aimed at achieving positive
transformations for the community at the local level and at higher
levels to the extent that it can connect with similar experiences
[21]. There are (or we can rely on) theoretical and conceptual
frameworks to work in cooperation among (and with) different
actors, for the co-design of innovations, such as action research,
intervention research, or more generally collaborative research
[13]. It is about the emergence of action research, being able to
align the desire for change (of farmers and other actors) with the
research intent [22]. A disruptive change occurs in territories where
cooperative self-management is facilitated (Figure 1D), to carry out
transdisciplinary co-innovations with the active participation of
farmers and technicians, through networks or local agroecological
movements, who advance in co-innovation capacities to solve their
technical problems, share experiences and adopt appropriate
practices from formal research.

Two facilitation devices that have advanced towards
transdisciplinary horizontal co-innovation are: the Agroecological
Farmer-to-Farmer Movement [23] and Participatory Plant Breeding

[17,19].

The Farmer-to-Farmer (F to F) Methodology, which in Cuba
has been structured as a decentralized system, functions as a
coordinated movement facilitated by the National Association of
Small Farmers (ANAP). It encourages farmers themselves to take
a leading role in learning and innovation through the exchange of
experiences according to local characteristics. Participatory Plant
Breeding also constitutes a powerful example of a decentralized
facilitation mechanism for local areas, linking scientific centers
that manage germplasm with primary food production systems
run by experimental farmers, who play a leading role in achieving
high-impact results in the regionalization of varieties, the rescue
and conservation of traditional varieties and the adaptation of
germplasm to climate change, among other things. The co-creation
of knowledge is gaining recognition and use within science,
practice and the agroecology movement. It offers a compelling
and adaptable approach and outcome to the increasingly complex
challenges faced by farmers and the agri-food system [24].

There are different sources of knowledge: scientific knowledge,
indigenous knowledge, peasant and traditional knowledge,
knowledge from civil society and community organizations, lived
experiences and other forms of knowledge that form the basis of the
fundamental knowledge of agroecology, regenerative agricultural
practices, and indigenous food customs [5]. Knowledge can be tacit
or explicit. Tacit knowledge is characterized by being personal and
difficult to formalize to be transmitted; it depends on the context
and its trajectory, individual capabilities (talent and cognitive
abilities), skills (know-how), as well as experience, decision-
making models of individuals, perceptions, and beliefs [25]. Explicit
knowledge is documented in various media, which can be accessed.
The “virtuous” dimension of innovation processes is not only about
obtaining new products, new ways of managing or organizing, but

also about generating learning among the actors. This learning will
not only allow the actors to work together, innovate, adapt, or adopt
new technology, but it will also be useful in the ordinary (everyday)
work of the actors in companies, organizations, and territories to
“exploit” or “explore” new situations [13].

Precisely, Agroecological Knowledge Management (AKM)
is a contextual, inclusive and multiplier process, carried out
in two phases, which can be sequential or simultaneous: the
transdisciplinary articulation of local actors and the agroecological
transformation of systems. The purpose is to contribute to the
coherent integration of people from different disciplines and
entities, to achieve complementarity in training, systematization
of experiences, so that
the process of adopting practices (designs and management)
effectively contributes to the transformation of food systems into
sustainable ones [26]. In this sense, it is important to understand
that Transformative Learning is the process through which we

co-innovation and communication,

transform our given frames of reference, so that they become more
inclusive, open, capable of change and reflective, to generate beliefs
and opinions that prove to be true or justified to guide action [27].

When knowledge management and technological innovation
converge from vertical agricultural extension systems with
local projects or movements that facilitate transdisciplinary co-
innovation, a scenario is created that can be conflictive when there
are no synergistic integration and coherence in the sustainability
approach, slowing down the transformation towards sustainable
food due to technological uncertainties among farmers and
technicians. On the other hand, scientific centers and national
programs that are proactive towards innovation in institutional
management, which move towards decentralized action as hybrid
devices, become drivers of transformation.

Territorial co-innovation for the transition towards
sustainable local food systems

With the recent trend of new public policies aimed at
transitioning towards sustainable local food systems, the territory
is being reconfigured as a new stage for co-innovation, where it is
necessary to understand that the field is not only about agricultural
innovations, but also relates to industrial processes, marketing,
healthy eating and others that are represented in different sectors
and scientific institutions, created under the multisectoral model of
doing science. Its local articulation in transforming the food system
towards sustainability requires coherence around sustainability
attributes, serving as a reference framework for food governance.
Of course, for these diverse sources of scientific results to be
applicable to territories, viewed as food systems, there needs to
be organized and coordinated local mechanisms that act as hybrid
actors facilitating the proper integration of new technological
and management proposals, because their isolated vertical
implementation does not lead to sustainability. This requires that
local entities facilitate processes of agroecological transformation
to move towards sustainable food systems. They also need to carry
out institutional innovations to promote changes in their actions,
shifting from separate training and innovation towards a culture

Mod Concep Dev Agrono

Copyright © Luis L Vazquez



MCDA.000868.15(4).2025

1539

of agroecological co-innovation with equity. In this way, they also
contribute to making their management sustainable for these
entities and the territory [26].

Therefore, entities operating at the territorial level must
understand that institutional innovation precedes technological
innovation, since the former transforms the ways people interpret
and intervene in changing things, while the latter transforms
material reality by changing “things” under the influence of the
premises of the people leading the innovation process [28].
There is a need to have competent teams in agroecology, who
possess multidimensional skills: scientific, practical, political,
communicative, financial, market knowledge, and socio-economic
transformation [5]. In this effort, it is important to develop systems
thinking, understand organizational dynamics and promote the
hybridization of knowledge as key elements to advance these
ongoing processes [29], described as a “whirlwind” or “virtuous
spiral” of innovation [30], which reinforces the role of the territory
as a key space for dialogue and experimentation, where common
languages are built and niche innovations emerge [31,32].

The most radical importance of co-evolutionary interactions
among agents in a complex system is that they allow the
development of certain properties that are truly fundamental in
fostering diversity, innovation, learning, and sustainability in any
complex organization. These characteristics (though there may
be more) have summarized as: reciprocity, learning, strategic
development, spatiotemporal dynamics, nature,
propagative and expansive qualities, and emergence [33]. In fact,
territories are undergoing a constant process of transitions, which
includes broader changes related to ecological, political, economic,

multiscale

and other factors that operate at multiple scales. Agroecological
transitions are strategic processes of collective action aimed at
achieving more ecological and social just food systems [7]. The
transition to a more sustainable way of life requires a significant
change in the way problems are perceived, defined and solved,
based on an open systems perspective, in which both problems and
solutions are managed holistically [34].

An innovation systems approach that fits perfectly with the idea
of the horizontal creation of knowledge inherent in agroecology is
what is known as co-innovation [35], which combines the complex
systems approach with social learning and the dynamic monitoring
of innovation projects. Co-innovation platforms include diverse
actors, from producers to scientific technicians, extension agents,
representatives of governments, technology and input suppliers,
the market, etc. [36]. The ability of local processes to build hybrid
forums, as an area in which innovation niches and the dominant
socio-technical regime are intertwined, has been identified as a
key element in constructing transitions towards sustainability
in local agri-food systems [37,38]. Such hybrid forums have been
characterized in relation to stable innovation networks, which
connect actors involved in innovation niches (which we will call
alternative actors) with actors more aligned with the reproduction
of the dominant socio-technical regime (which we will call
conventional actors) [38]. This diversification of the subjects of

the transition, with an emphasis on hybrid actors who facilitate
the establishment of bridges of communication and cooperation
between alternative and conventional actors, has been noted in
relation to a context of crisis in local development models, but
also with the inability of alternative food networks to generate
models that are both pure and viable, outside the conventional and
globalized agri-food system [37,39].

The social and ecological coevolution developed in
agroecosystems is the result of a coevolution, in the sense
of integrated evolution, between culture and environment
[40,41]. Cognitive contributions need to interact with attitudes,
feelings, values, and ideas to have meaning; this allows for the
incorporation of new practices in personal and social spheres;
thereby demonstrating that the informational approach alone
is not sufficient to generate personal and social change [42,27].
In agroecosystems, when we consider both the components of
a natural nature and those of a social and cultural nature, we
encounter the term coevolution [43]. Each ecosystem has evolved
and modified over time through the interactions and influences
that its different components have exerted on one another. In this
interaction, natural components have been defined and modified,
as well as the social and cultural components of the human groups
immersed in them [44]. It is a coevolutionary process that defines
the current state of ecosystems, as well as the sociocultural

identities that coexist with them [45].

Social innovation has various definitions and theoretical
approaches. The approach that highlights the potential of
innovation strongly linked to the existence of social networks and
the social capital available at the local level is very important, as is
the idea that the development of social innovation goes far beyond
technological advances and focuses on changing the attitudes and
behaviors of a group of people organized in a network with similar
interests, which leads to new and better forms of collective action
than outside of it [46]. To facilitate the agroecological transition, it
is necessary for society to take ownership of several elements of the
systemic approach of this science: a) agroecology for sustainability,
b) the characteristics of the context, c) people’s perceptions, d)
the scope of the agroecological transition in the territory, e) the
disciplines and trans disciplines involved, f) open access to the
various sources of knowledge, and g) participatory methods for
transformative action [47].

From this approach, recent studies point to a scientific
paradigm shift to address the agri-food system from sectoral
theoretical approaches to systemic approaches supported by
decision-making processes linked to territorial governance. From
a holistic perspective, agroecology considers that the problems
of the agricultural system cannot be studied independently of the
human communities and social contexts in which they are situated
[48]. Because most local entities that provide technical services
have generally been created under the conventional food approach,
their management system remains vertical and disconnected from
the rest of the entities, even though their services serve the same
beneficiaries. For this reason, they must transform their system
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toward participatory management and create local networks as co-
facilitation devices, so that their actions are also sustainable.

Valuing local knowledge management

For knowledge management to be sustainable, it must consider
the various existing sources of local knowledge and access to
appropriate external sources, through local mechanisms that link
them to integrate the co-creation of cognitive capacities (technical
training) and co-innovation (adoption of technologies) in a way
that is consistent with the characteristics of the territory. The
great challenge of local knowledge and innovation management is
to break down the structural and operational barriers that hinder
articulation at the territorial scale, to achieve convergence among
the different existing sources of knowledge and facilitate the local
flow of tacit and explicit knowledge from various sources, such as
the following:

Multilateral: It is expressed in the cooperative actions of
entities that belong to national organizations, through commissions
or other mechanisms that are often formal because they are
managed by one-way methods; therefore, it is sensitive to the fact
that transformations may not occur, as it is based on “integrating”
explicit knowledge (sometimes established by these organizations),
which is enriched with the tacit knowledge of the members of these
mechanisms. Proposals or decisions are generated that are not
always compatible or appropriate for the context [26]; however, it
is considered a source of knowledge updated from the perspective
of recent scientific results and documented explicit knowledge.

Local entities: In municipalities, a variety of local entities
and civil society organizations work together, each with specific
functions of their respective governing centers. In the case of
agricultural production, they carry out undergraduate training
(polytechnics, universities) and skills training (technicians,
workers, farmers, others), which in some municipalities achieve
synergies in their management with mutual benefit [26]. This
source of tacit knowledge has great contextual value because they
know the territory and have mastery of the practices used and their
adaptation.

Farmers: There are four dimensions [49]: (a) knowledge about
local biological taxonomies; (b) about the ecological environment,
which includes the geographical, physical, vegetational, and
biological realms [50]; (c) about agricultural practices, and (d)
experimental peasant knowledge. This is without diminishing the
more general cultural knowledge of the social fabric such as health,

food, construction, myths, art, festivals, which helps them to sustain
themselves. This knowledge about nature can be classified into
three areas: (a) structural, referring to natural elements or their
dynamic components, when it concerns processes or phenomena,
such as lunar cycles, erosion, ecological succession, life cycles; (b)
relational, when it is linked to the relationship or within elements
or events; and (c) utilitarian, to indicate knowledge about the
use of resources [50]. It is a very important source of knowledge
because it is based on the rationality of farmers and on peasant
experimentation.

Knowledge management refers to the process of creating,
disseminating, and incorporating knowledge into new products,
organizations, etc. It involves identifying, grouping, organizing and
continuously sharing/mobilizing knowledge of all kinds to meet
current needs and explore possible futures, to identify and exploit
knowledge resources, both existing and acquired, and to develop
new opportunities [10]. Innovation is defined as the introduction of
recent knowledge or novel combinations of existing knowledge to
transform them into products and processes with economic impact
[51], where only scientific knowledge is considered. Agroecology
is a complex socio-technical, organizational and contextual/
territorial phenomenon [13], which in particular suggests a broad
approach that allows understanding (considering) agricultural
action in holistic terms, proposing that contemporary production
issues have evolved from a purely technical dimension to a more
sociotechnical dimension, where social, economic, political, and
ecosystem aspects are present and are part of the situation. In other
words, the central concern today is the sustainability of agriculture,
conceived as a system that is economic, social, and ecological [12].

The local management of agroecological knowledge is based
on the interaction among actors, which is why it must be inclusive,
because in addition to being transdisciplinary, it values the
experience of older adults and the perceptions of young people,
whether women or men and does not exclude contributions from
people with different occupations; precisely because the holistic
approach of agroecology requires multiple perspectives that come
together in practices appropriate to each context [26], among
other criteria and methodological aspects that are decisive for
its sustainability (Table 1). For example, regarding the transition
in the management of agroecological knowledge in Cuban
territories, during the 1980s, training and technology transfer were
established as a vertical model in the agricultural sector, managed
nationally by various scientific and development institutions, with
the collaboration of local entities and specialists.

Table 1: Criteria used to design, facilitate, and assess sustainability in local management of agroecological knowledge

(26).

Criteria for Evaluating

Methodological Aspects that Determine sustainability1

Sustainable Facilitation o,

Media High Very high

Sources of knowledge Where do
they get the knowledge for the
activities?

Manuals and Other
Publications

Local entities (municipality
and province)

Systematization of farmers’
experiences

Programs and Projects
(Innovation)

People who facilitate activities
Who carries out the activities?

Specialists from external
entities (province, nation)

Specialists from municipal

Technicians of the

: Farmers
productive forms

entities
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Areas of activity Where are the
activities carried out?

As part of meetings or
other activities

Classrooms in the
municipality

Classrooms and rooms in
productive ways

Farms or other
production units

Form of interaction How are the
activities carried out?

Lectures or classes

Exercises and exchanges in
groups

Field sessions (show or
observe)

Field practices (to do)

Types of recipient actors Which
actors are the activities aimed at?

Municipal officials and
productive activities

Municipal specialists and
productive methods

Productive Technicians

Farmers

Synergies in performance Are
synergies carried out for the

Between municipal and
external entities to the

Between municipal entities

Among productive ways

Between municipal
entities and productive

activities? municipality forms
Dissemination of knowledge . . .
. . Meetings organized within ,
and experiences How are they Events Meetings Farmers’ networks

disseminated?

productive organizations

(1) Sustainability is a relative assessment, carried out through a percentage distribution (low, medium, high, very high)
based on 100% of the aspects that determine the sustainability of each criterion.

The existence of more than 20 independent research centers
in the agricultural sector, far from being an advantage, constitutes
an obstacle to the development of integrated innovation processes,
since technologies are generated and disseminated by the research
centers themselves, and it is up to the farmer to integrate them
on the farms, which results in the underutilization of human
talents and resources in the research centers, as well as certain
losses in expenses and technological incompatibilities [52]. With
the rise of Agroecology in Cuba since the mid-1990s, this model

gradually adjusted to allow greater participation and recognition
of the experiences of local technicians and farmers. For this reason,
researchers from these national institutions began to interact
with them, fostering what was considered agroecological training,
with the Peasant-to-Peasant Agroecological Movement standing
out [53]. At the same time, various research centers were moving
towards participatory research, such as the Participatory Plant
Breeding project [17].

AGROECOLOGICAL KNOWLEDGE MANAGEMENT |

Impact 1t for plan pli

1ce and number of people trained

1t of techr

Impact logical changes

Activities in training classrooms

Activities on model farms

Activities in a local network of innovative farms

Demonstration of technologies at experimental stations

Demonstration of technologies on farms

Learning with explicitinformation (manuals)

Learning with systematized experiences (testimonies)

Meetings facilitated by farmers

TRAINING

National or territorial courses

Local gcourses

Classes or lectures given by national| and local specialists

Training based on national plans

| Meetings and workshops facilitated by national and regional specialists
| Training based on demands

Training based on contextual assessments

Research by definition of national researchers and specialists

Research based on needs assessments

| Experiments in experimental stations

Experiments in representative environments

Experiments on farms

| Innovation carried out by specialists

Innovation facilitated by specialists

Co-innovation

Evaluation of innovations by specialists

INNOVATION 4—|_ ,—>

Evaluation of innovations with farmers

Evaluation of innovations by farmers

Communicate results through meetings on farms

Impact assessmentby technical effectiveness

| Communication of results through documents, videos, courses, forums, social media
| Impact assessment by generalization

Impact assessment by farmers' criteria

Figure 1: Summary of the transition towards local management of agroecological knowledge in Cuba.

The management of agroecological knowledge in Cuba is
moving towards greater sustainability, characterized by: local
sources of knowledge, facilitators of activities (specialists from
municipal entities), meeting spaces (classrooms and halls in
municipal entities), forms of interaction between actors (lectures
or classes), receiving actors (farmers), local synergies in action
(municipal entities and productive forms), dissemination of
knowledge and experiences (events), are predominant [26]. In fact,
although training and innovation are planned and carried out as

different activities to be implemented through vertical methods,
they have been coevolving toward their integration in the territories
where projects and programs operate, as transdisciplinary systems
for the local management of agroecological knowledge (Figure 2).
However, in the face of the challenge of building sustainable food
systems, local management of agroecological knowledge requires
strengthening several components, such as: fostering institutional
innovation (popular education, transformative learning, design
thinking, participatory governance, proactive communication);
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decentralizing and contextualizing technical innovation (on-farm
research, farmer experimentation, networks of innovative farmers);
transdisciplinary local innovation (co-innovation); disseminating
explicit knowledge (meetings, workshops, brochures, videos);
turning tacit knowledge into explicit knowledge (systematizing
experiences) and exchanging tacit knowledge (participatory
exercises in meetings and workshops), among other components
such as foresight to move towards sustainable agriculture.

In fact, in these territories, different narratives coexist that
contrast conventional production and marketing with sustainable
practices. These are expressed in the actions of individuals, entities
and organizations involved in the governance of the population’s
food supply, most of whom play asignificantrolein the establishment
of public policies, strategies and actions. This situation, which is
characteristic of various territories, highlights the existence of
theoretical and methodological inconsistencies in the adoption of
agroecology. This is evident in meetings, courses, events and other
types of collective activities, where diverse interpretations and
proposals on the subject can be observed. These differences are
not only seen in the realm of production and marketing but also in
other sectors such as technical services, research, education, health
and communication [47].

The challenges of the agroecological transition are often
discussed. Such challenges can be social, biological, economic,
cultural, institutional, political, etc, and addressing each of
them requires strategies and technological, organizational, and
institutional innovations. In other words, the transition toward
sustainable food production through the principles of agroecology
requires not just one transition, but several simultaneous
transitions, at different scales, levels, and dimensions [36]. Several
factors can act alone or together to promote and sustain the
territorial scaling of agroecology [54-56]: (a) crises that drive the
search for alternatives; (b) social organizations; (c) constructivist
teaching-learning processes; (d) effective agroecological practices;
(e) mobilizing discourse; (f) external alliances; (g) favorable
markets; (h) favorable political opportunities. Regardless of these
or other determining factors in the transition towards sustainable
food systems, progress or slowdown is determined by the creation
of local devices for transdisciplinary articulation, composed of
people trained in facilitating participatory processes; because
existing devices are usually based on conventional food systems,
which generally operate under the technology transfer model,
whose methods of action are basically top-down and pseudo-
participatory.

Recommendations and Conclusion

Territories that are transitioning towards sustainable food
systems should design and create knowledge management
systems that bring together actors who determine critical local
knowledge and external entities that generate appropriate
technologies, through synergies and mechanisms that operate via
programs, projects and interest networks. During the early years
of the transition to sustainable agriculture, specialized research

centers contribute with product technologies (bioproducts,

varieties, breeds, energy sources, others) that serve as substitutes
for conventional ones; meanwhile, comprehensive centers also
provide process technologies (farming and livestock systems, soil
management, others). Although these contributions are necessary,
the transformation of agroecosystems into sustainable ones is
achieved when innovative processes take traditional practices
and farmers’ experiences into account, as a robust criterion for
adapting technologies to the characteristics of landscapes and
agroecosystems.
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