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Abstract: West Africa is facing the challenge of its population’s food insecurity in a context
of accelerated degradation of natural resources. In order to efficiently face this double
bottleneck, agroecological interventions were implemented as a way to promote best agricultural
practices. Agroecology is a mode of production that nowadays questions our food system which,
despite technological progress, still struggles to feed the world’s population. This systematic review is
part of the vision of a deep agroecology and aims at analyzing the institutional, political, organizational,
and social obstacles and levers for an agroecological transition and its amplification in Burkina Faso
and Benin. For this purpose, a structured literature review was conducted using grey and published
literature. It appears that despite the mitigated results of the implementation of the Green Revolution
model of agricultural production in West Africa, African public authorities seem to have placed once
again their faith in conventional production practices to respond to the challenges facing agriculture
in the region. This situation goes beyond the regional framework to take root at the national level,
(e.g., Burkina Faso, Benin), with the corollary of an apparent lack of institutional interest in sustainable
modes of production. However, there is a network of stakeholders who are developing promising
initiatives for scaling up agroecological practices.

Keywords: deep agroecology; scaling up; West Africa; territorialized food system; territorial
arrangements; sustainability

1. Introduction

How can we satisfy “the needs of the present without compromising the ability of future generations
to meet their own needs?” [1]. This is the concern that the humanity must efficiently address today
through agroecological intensification of production systems. However, agroecological transition is a
major challenge in West Africa [2,3]. Thus far, agriculture represents a prominent economic sector in
this region. It generates more than 30% of the regional Gross Domestic Product (GDP) and employs
more than 60% of the active population [4]. Despite the overwhelming majority of the population
engaged in the agricultural sector, the region is facing a succession of food and nutritional crises of
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increasing frequency and magnitude [4,5]. With around 391 million inhabitants, the region represents
5.06% of the world’s population and more than 6% of the world’s undernourished people [5–7].
Most of these people are farmers, most of whom live in rural areas [8]. This situation is amplified by
the degradation of natural resources (e.g., water, agricultural land, vegetation) at the regional level,
aggravated by climate change [9,10]. With more than 20% of land already degraded in most countries
of the region, soil degradation, mainly expressed in the form of erosion, is one of the root causes
of the stagnation or decline in agricultural productivity [11]. This situation is rooted in agricultural
land clearance, heavy rains, mechanical tillage, which leads to the destruction of the environmental
functions of the soil, the reduction of biodiversity and ever-increasing use of herbicides, fertilizers,
and pesticides in order to increase or maintain yields until the total collapse of the soil system and the
production base [12]. In addition to these factors, there is the problem of large-scale land grabbing
driven by agribusiness, which negatively influences the food situation [13,14]. The region is also
facing a decrease in the diversity of its plant genetic resources caused by unsustainable agricultural
practices, such as shifting cultivation, expansion, and reliance on monocultures [15]. However, with its
population which doubles every 20–25 years, West Africa is expected to feed 500 million citizens in
2030 and 796 million people in 2050 [4,7].

In prevention of food shortage due to demographic explosion, the agro-industrial productivist
methods were introduced in Latin America, Asia and Africa as early as the 1950s under the impetus
of the “green revolution” to meet the ever-increasing food needs of the population [16]. The main
objective of that policy was to increase agricultural yields in order to fight hunger and, indirectly,
poverty through the use of improved seeds, mainly high-yielding hybrids, massive use of chemical
inputs (fertilizers, pesticides) from petrochemicals, and crop irrigation [17–19]. Between 1960 and
1990, this production method effectively increased yields in some regions of the world, such as Latin
America, where maize and wheat yields increased by 72%; and India, where agricultural productivity
of wheat and rice in the state of Punjab increased by about 6% per year in the two decades following
the Green Revolution [20,21]. However, after a short-lived success, the Green Revolution very quickly
showed its limits in both agronomic, environmental and social terms [16,21,22]. Several studies
showed a significant stagnation in crop yields [21,23,24]. The maintenance of yields is essentially
achieved “through a real technical relentlessness essentially based on the increase in the doses of
chemical fertilizers” [25]. This situation strongly contributes to soil pollution, considerable reduction
of biodiversity, and a dependence of farmers on pesticide and fertilizer manufacturers and external
seed suppliers (improved and/or hybrid) [16,26,27].

While in India, for instance, the Green Revolution has helped to make the country one of the
world’s biggest producers, this apparent success hides the vulnerability of a large proportion of the
country’s farmers. Indeed, in half a century (1960–2013) the production of food grains, especially rice
and wheat, tripled from 82 million to 263.2 million tons [28]. However, based on the expansion of
high-yielding seed varieties, irrigation, and fertilizers, this green revolution has been applied only in
favorable regions, namely valleys and other irrigable lands, thus relegating most of the drylands to the
background [29]. Thus, the improvement in yields has not been evenly distributed throughout the
country [28]. Moreover, in the areas where it has been implemented, such as Punjab, farmers have
abused chemical fertilizers and pesticides, changed the crop rotation, and drew unreservedly from
the water tables in order to produce more [21]. For some farmers, attempts to modernize agriculture
by shifting from food crops to well-irrigated cash crops have led to groundwater depletion and
over-indebtedness, often resulting in suicide [29]. However, as early as 1968, the founding father of the
country’s Green Revolution alerted by pointing out that “Irrigation without drainage systems risks
making soils alkaline or saline. Additionally, the excessive use of pesticides and herbicides can disturb
the biological balance”. More than 30 years after this warning, he makes an unequivocal observation:
“the Green Revolution has led to excesses and industrial agriculture has polluted the environment and
made peasants slaves of the agri-food companies, which push them to consume” [30].
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This agrarian reform, despite its considerable macroeconomic performances, has created in
this country a rural society dominated by a class of powerful notables under whom live a class of
smallholders, microfund farmers or sharecroppers, while a proletariat of agricultural workers depends
on the goodwill of the owners who employ them and of whom they are often creditors for life [29].
Thus, as stated by the global rainforest movement, in some parts of the world, “the Green Revolution
has not only failed to solve the problem of world hunger but has worsened it, contributing to the
loss of livelihoods of rural communities and their eviction to urban areas” [31]. Moreover, this model
highlighted the specialization of regions that enabled comparative advantages to be profiled on the
world market by exporting cash crops and importing non-competitive crops [32], thereby exacerbating
global warming with more greenhouse gas emissions (e.g., transport, logistics such as cold rooms).
Agriculture and industrial food systems based on this model have thus become trapped in a set of vicious
circles [27]. They are part of a linear and degenerative industrial process that captures, transforms, uses,
and then rejects the planet’s resources, on the one hand, by fueling deforestation (particularly in African
countries where institutional weaknesses often impede the efficient management of forest resources),
the combustion of fossil fuels and the massive use of fertilizers, and, on the other hand, by generating
carbon dioxide and other pollutants [33]. In the same vein, about 14% of harvests are nowadays lost,
thus accentuating the footprint of agriculture in the degradation of natural resources [34].

Climate change and land degradation are now at the center of the challenges facing agriculture,
which today is both a victim and an actor of these phenomena [25,35]. Raworth [33], in her book
“Doughnut Economics”, has showed the need to place humanity’s drain on the planet’s resources
between a lower threshold called “social foundation” below which critical human deprivation is
observed and an “ecological ceiling” beyond which critical degradation of the planet occurs. Nowadays,
it has, therefore, become imperative to keep this social foundation threshold below the ecological ceiling
in order to avoid critical degradation of the planet. Thus, the environmental, social, and technical
limits of the Green Revolution model will contribute to the emergence of new and revised forms of
agriculture that are considered more sustainable for food security and environmental preservation [24].
Among these sustainable production methods, agroecology [36,37] features prominently. It is a
strategic approach that allows for a successful transition towards more sustainable agricultural
and food systems [38]. From the agricultural model promoted by the green revolution to that of
agroecology, people are moving from a prescriptive “top-down” logic of technical change, based on
the implementation of standardized technical packages, to an innovation logic supported by a network
of various stakeholders, including the farmers themselves, based on the analysis of local contexts and
needs, and the development of the most appropriate biological, technical and institutional solutions on
a territorial scale [39]. This vision is increasingly being included in major international development
agendas such as the 2030 sustainable development goals [40,41].

Several agroecological experiments were successfully implemented in West Africa [3]. However,
in spite of the commitment of the agroecological transition stakeholders, agroecological initiatives
remain local, isolated, and are still struggling to change scale [3,42–44]. This situation leads to some
questions that deserve clarification, because, it is necessary to know the nature of things in order to create
a dynamic of change [45]. Those questions include: (i) What transition model do we need between the
diversity of approaches and implications for West Africa? (ii) What is the institutional and political
environment in which the issue of agroecological transition arises? (iii) Who are the stakeholders of
this transition and what are their constraints? (iv) What are the opportunities and levers for a regional
agroecological transition? This review examines those issues in the agrosociological contexts of Benin
and Burkina Faso in order to consider the diversity of agrosystems and better explore all facets of the
agroecological transition. The two countries are respectively coastal and continental Sahelian countries.
The general objective of the review is to propose guidelines scaling up agroecology by diagnosing the
individual, social, economic, institutional and political factors that influence agroecological production
in Benin and Burkina Faso. More specifically, it is about: (i) capturing a vision of the agroecological
transition in West Africa and defining an approach; (ii) analyzing the socio-technical environment of
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agriculture in the region as well as the constraints and transition prospects it offers; (iii) inventorying
the main agroecological transition stakeholders in the region and establishing their organizational
dynamics; (iv) analyzing cross-cutting issues, including gender, land tenure, and market opportunities,
which may influence the agroecological transition; and, finally, (v) proposing guidelines for scaling up
the agroecological transition in Benin and Burkina Faso.

2. Materials and Methods

The systematic review method proposed by Lampridi et al. [46] was used to suggest ways to
scale up agroecological transition. This method is particularly adapted to studies on agricultural
sustainability. It involves two levels of analysis: the phase of data collection, and the phase of
data analysis. This two-level of analysis makes systematization, data mining, and methodological
analysis easier [46].

2.1. Data Collection Phase

2.1.1. Primary Data

Primary data collection was conducted in the academic literature, but also in the
practitioner-oriented literature commonly referred to as “grey literature”. This primary data
collection method was used by Velten et al. [47] in their systematic review “What is Sustainable
Agriculture?” Academic publications were searched in the Scopus search engine, and Google Scholar.
On Scopus, the composite field Title-Abs-Key for abstracts, keywords and article titles was used
with the keywords “transition agroecology”, “principles and objectives of agroecology”, “scaling up
agroecology”, “theoretical approaches to agroecological transition”, “agricultural sector in Africa”,
“stakeholders of agroecological transition in Africa”, “/challenges/constraints to agroecological transition
in Africa”, “opportunities/levers/tracks/assets for an agroecological transition in Africa”, “soil fertility
management”, “biological pest control”, “integrated management of natural resources”. On Google
Scholar, these keywords were directly entered into the search engine. This allowed the inventory of all
research articles, systematic review articles, book chapters, peer-reviewed books available in the search
engines at the time of the search. Grey literature was searched directly in the Google search engine
using the previous keywords, and included non-peer-reviewed documents, including publications
without International Standard Book Number (ISBNs) or International Standard Serial Number (ISSNs),
such as websites or reports that are more geared towards agroecological practitioners, decision-makers,
etc. All searches (academic documents or grey literature) concerned documents published in French
and English up to the present day.

2.1.2. Primary Analysis

The initial search generated 416 documents which contained the keywords searched (179 academic
documents and 237 grey literature documents). This initial sample was then exported to Mendeley [48]
for a first screening. Duplicates as well as a number of documents were removed on the basis of our
inclusion and exclusion criteria (Table 1).
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Table 1. Key search words and inclusion/exclusion criteria.

Key Words Inclusion Exclusion

Agroecological transition Addresses the transition of the farm
and the territory Does not concern the field of Agriculture

Principles and objectives of agroecology Academic literature Grey literature

Scaling up agroecology Proposes an approach Not in line with a deep sustainability approach

Theoretical approaches to agroecological transition Scientific production of the last 20 years Grey literature

/challenges/constraints/opportunities/levers/tracks to
agroecological transition in Africa

Address to West Africa, and or at least
one West African country Do not provide enough detail on the sector

Stakeholders in the agroecological transition in
west Africa

the dynamics of agroecological
stakeholders in west Africa

Does not give precise details on the role and
organization of the stakeholders

Soil fertility management Address to West Africa, and or at least
one West African country

Do not provide enough detail on the West
African context

Biological pest control
Integrated management of natural resources

This first stage produced 206 documents (80 academic documents and 126 grey literature
documents) with following lexicometric distribution of titles (Figure 1): classes 2 and 4 group
words from the titles of documents related to the socio-technical context of Burkina Faso and Benin,
while classes 1, 3, and 5 concern documents related to the scaling up of the agroecology in these countries.
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2.2. In-Depth Data Analysis

The 206 papers that met the relevant criteria after the selection of titles and abstracts based on our
inclusion and exclusion criteria (Table 1) were critically reviewed in order to build on the fundamentals
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of agroecology and its objectives, to attribute content to agroecology in the West African context, and to
adopt a theoretical approach to this transition.

This semantic and conceptual clarification enabled us to orient the diagnosis of the socio-technical
context (agrarian, institutional and political context, organization of the stakeholders of the transition,
and finally cross-cutting considerations, such as land tenure, gender, and agroecological production
valorization) towards the search for approaches adapted to the regional context. The organization of
this work, which sets out the conceptual framework for the analysis is shown in Figure 2.
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3. The Fundamental Need for a Semantic and Conceptual Clarification of the
Agroecological Transition

3.1. Genesis of a Holistic Concept: Objective and Principles

Agroecology is the result of many currents coming from different countries [49]. The term
“agroecology” was first used in 1928 by a Russian agronomist, Basil M. Bensin (1881–1973),
to designate an approach to agronomy that draws on ecological knowledge by considering living
organisms as a “system” of interacting and dynamic communities [50]. Between the 1930s and
1960s, related studies [51–54] were published [55] and addressed agroecology without mentioning
the term in their titles. However, the concept did not emerge until a few years later with the
publication in 1965 of the first book entitled “Agroecology” by the German ecologist and animal
scientist Tischler [49]. His approach combines ecology and agronomy, with an emphasis on the
integration of agricultural management [55]. Starting in the 1970s, agroecology, in addition to being
a scientific discipline, gradually appeared from the 1980s onwards, both as a movement and as a
set of practices [55]. Several researchers from American universities contributed to the evolution
of the concept. Indeed, most of them were biologists and ecologists who questioned the ecological
sustainability of agriculture [36,37,56–58]. However, it is from their meeting with social science
researchers who were concerned about the social determinants of agricultural practices [59,60] that
the concept will evolve towards its current acceptance: a science, agricultural practices and a social
movement [55,61].

Agroecology combines different approaches to solve the current challenges in agricultural
production [55]. As a practice, it refers to a set of agricultural methods and techniques (agroforestry,
conservation agriculture, polycultures, biological pest control, direct seeding under plant cover,
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crop-livestock integration, organic farming, etc.) that allow the optimization of agricultural systems by
imitating “natural processes”, through a significant reduction of external inputs and the preservation
of “key immune, metabolic and regulatory processes of agroecosystems” [22,62,63]. However, far from
being confused with these techniques, agroecology tends to encompass them [22] with a common
reference point “understanding nature in order to imitate it” [61]. This translates into five principles:
(i) optimization of nutrient flows and recycling of biomass; (ii) efficient management of soil organic
matter and stimulation of its biotic activity; (iii) reduction of energy, water and air losses through
microclimatic management and soil protection; (iv) diversification in time and space of crop species
and genetic varieties; (v) and, finally, improvement of beneficial biological interactions and synergies
in agroecosystems [63,64]. Moreover, beyond a set of agronomic practices, agroecology is also a social
movement that advocates, for example, remunerative prices for farmers who are most often the victims
of market distortions; the conservation of farmers’ seeds and the fight against the use of genetically
modified organisms (GMOs) [44]. Finally, it is a scientific discipline whose field of action has gradually
shifted from the agroecosystem to the food system [65].

3.2. For a Deep Agroecology in West Africa

The term “agroecology” is nowadays a difficult concept to define because of its polysemous
nature [25,66]. It is characterized by the pursuit of coexistence of several visions, whether in academic
terms of research methods or practice [67]. Thus, there is no single agroecology, but a series of historical,
geographical, institutional, and social situations in which the term has different meanings [41].
However, let us retain the definition according to which agroecology corresponds to a set of practices
based on the mobilization of the ecological functionalities of agrosystems, the optimization of natural
processes, and the sober management of resources [39]. For these authors, beyond a set of practices,
the agroecological approach “corresponds to a paradigm shift that responds to the concerns of citizens
and consumers regarding their nutrition, health, ecosystem health, equity and social and environmental
responsibility. It calls for a renewed perception of the performance of production and processing
systems, and requires a different logic of innovation”. This definition is linked to our shared vision of a
deep agroecology, which is itself an extension of deep sustainability [50]. Indeed, deep sustainability
and weak sustainability are at the basis of two economic concepts [68] that reflect two opposing
visions of the notion of sustainable development [69]. Weak sustainability is based on “the principle
of the subordination of the environment to the interests of the human species” [70]. It reflects
a form of development in which human beings almost exclusively focus on their well-being [69].
It has a functionalist vision of nature, reduced to its usefulness for economic development [71] and
considers that there is substitutability between different forms of capital things, among other things,
to technical progress [72].

From this point of view, the degradation of the environment (natural capital) is not a problem
if it can be compensated in its capacity to produce utility by various artifacts [68]. The reduction
in natural capital (e.g., air, water, soil, landscape, biodiversity) can, therefore, be compensated by
an increase in physical capital (e.g., infrastructure, buildings, savings, machines) of equal value [73].
Deep sustainability, on the contrary to weak sustainability, is a more appropriate way to fully integrate
the imperatives of environmental protection and inter and intra-generational equity in the functioning
of the economy [68]. It argues that economic, human, and biological resources are not interchangeable
and suggests that there is a threshold of “critical natural capital” [58,68]. The difference between weak
and deep sustainability goes beyond a simple question of appreciation or degree. It represents a real
conceptual divide in terms of confidence in the virtues of technical progress [74]. The vision of deep
agroecology thus derives from the notion of strong sustainability. It is based on the principle that
agricultural practices are integrated into the general functioning of societies [50]. This requires a more
systemic approach by rethinking the agri-food system as a whole [67,75,76]. As stated by Calame [50],
deep agroecology is a “profound reform from farm to fork, from production to consumption patterns,
through public policies”.
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In practice, this approach emphasizes increasing biological diversity at different spatial scales
(from plot to landscape) and time (cropping period, crop succession) to promote interactions between
plants, animals and microorganisms [76]. It aims to optimize the interactions between plants, animals,
humans and the environment, without overlooking the social and economic aspects that need to be taken
into account for a sustainable and equitable food system [77]. Deep agroecology promotes participatory
research, responsible consumerism, mutualist financing of agriculture that involves consumers,
and finally a reform of public agricultural policies, particularly in terms of taxation, market regulation,
autonomy and the empowerment of local communities [50]. More than an ecological adjustment of
farming practices, it is a major component of food sovereignty, which considers the enhancement
of agro-biodiversity as the entry point for redesigning systems that ensure farmers’ autonomy and
food sovereignty [22,78]. This food sovereignty expresses the needs and aspirations of farmers and
local communities [2]. It refers to the right of people to healthy and culturally appropriate food
produced through ecologically sound and sustainable methods, as well as their right to define their
own agricultural and food systems [79]. This implies the autonomy of seeds, which are the first link in
the food chain [80]. Thus, in the West African context, while a second Green Revolution was launched
following the first one, whose results were disappointing [19,22], deep agroecology is opposed to the
agro-industrial model promoted by the Green Revolution and stands out as an alternative agricultural
model that results in a radical critique of agrochemicals [22,50,63,81,82]. Questioning the entire food
system rather than agricultural practices, deep agroecology represents an opportunity to analyze in a
common framework the concerns of farmers and consumers in a generational and intergenerational
social equity dynamic. However, its implementation requires a set of prerequisites, including the need
to define an approach to agroecological transition.

3.3. An Agroecological Transition through the Multi-Level Perspective Approach

The agroecological transition can be defined as a systemic transformation of agriculture and
food [76]. The term “Socio-Technical Transitions” (STT) refers to a set of theoretical approaches to
ecological transition [83]. Among these approaches, Markard et al. [84] identified four frameworks for
analyzing transitions to sustainability: (i) “Strategic Niche Management” based on the analysis of niche
creation and support as a driver of regime change [85]; (ii) “Transition Management” interested in how
to govern, accompany and promote change in a more sustainable perspective [86,87]; (iii) “Technological
Innovation Systems” focusing on the emergence of new technologies and related institutional
and organizational changes [88,89]; and, finally, (iv) “Multi-level Perspective”, which extends the
analysis to larger transitions and interactions between three levels of organization (niche, regimes,
landscape) [90–92]. This multi-level perspective is considered to be the most appropriate for analyzing
alternative food systems [39]. Indeed, it proposes to analyze in a common framework, the dominant
agro-industrial food system that can be assimilated to the sociotechnical diet and the alternative
experiences considered as niches. In this regard, niches are not disconnected from the transition model;
they are understood as incubation spaces [90], which are places where learning processes are carried
out and new economic networks are built. Their role is to house the construction and consolidation of
alternative systems [93].

However, it is important to highlight that the socio-technical regime is stable because it is based
on a well-established set of norms, stakeholders, policies, markets and research. Niches are built away
from dominant rules and stakeholders. According to Geels and Schot [91], in terms of sociotechnical
transition, niches tend gradually to integrate the dominant regime by changing its various dimensions
(norms, stakeholders, knowledge, etc.). This conception of sociotechnical transition highlights the
transformative or non-transformative nature of these innovations towards the dominant model.
The multi-level perspective considers the sociotechnical transition as the result of interactions between
several levels: the sociotechnical landscape, which covers the environment in which the society is
embedded, which is a stable sociotechnical regime, composed of rules, practices and interdependent
stakeholders that guide or constrain the actions of operators, niches that can be assimilated to spaces
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where more radical innovations are being built. The transition from one sociotechnical regime to
another is the result of pressures exerted by the landscape on the regime or the gradual integration of
radical innovations (new rules, new practices) into the regime [90]. In this multi-level perspective of
transition, public policy makers can also consider several levers for action. Actions on the standards
of the agro-industrial regime can be complemented by specific policy measures targeting niche
innovations [39]. These actions can contribute to unlocking the dominant sociotechnical regime
governed by rules, norms and stakeholders that make it stable, but at the same time lock it in [94,95].

Thus, by analyzing agriculture as a dominant socio-technical model, The International Panel
of Experts on Sustainable Food Systems (IPES-Food) identifies eight factors that contribute to
stabilizing and locking it [27]. However, these locks appear differently depending on the situation,
including institutional, political, individual, social, and organizational factors [44]. According to these
authors, in West Africa, they mainly consist of (i) the lack of political recognition; (ii) the constraints
linked to the adoption of new practices; (iii) difficulties in accessing the market; (iv) the lack of
consolidation, dissemination and communication of information; and, finally, (v) the scattering of
agroecological initiatives. In addition to these obstacles, in West Africa, the gender issue and land
tenure are cross-cutting considerations that are just as crucial to the agroecological transition process
and that should be analyzed.

4. The Socio-Technical Environment of the Agroecological Transition in West Africa

4.1. The Context: A Strong Link between the Regional Situation and National Contexts

4.1.1. Institutional and Political Context

Regional Overview

Public policies have an important role to play in the process of agroecological transitions within
a territory [39,66,96]. In West Africa, since independence, agricultural policies have undergone a
radical transformation in their objectives, moving from policies of “resource extraction to economic
growth drivers” [10]. However, in practice, the results have remained mitigated. Indeed, from national
interventionist policies to regional integration policies and structural adjustment, the changes have
not always produced the expected results [97,98]. In the 1960s and 1990s, agricultural development
policies in West Africa focused on increasing production in order to guarantee food security for the
population and provide foreign exchange for the states (e.g., “cotton, groundnut, sesame exports”) [23].
In the 1990s, driven by structural adjustment programs, they focused on export crops such as cotton,
the only crop capable of producing a rapid return on investment [99]. After a long period of neglect of
agriculture during the 1980s and 1990s, policies in the region became more favorable to agricultural
growth since the 2000s [10]. This will be reflected at the continental level by the implementation
of the New Partnership for Africa’s Development (NEPAD) and its common agricultural policy:
The Comprehensive Africa Agriculture Development Program (CAADP) [100]. The implementation
of this agricultural policy is supported by research institutes such as the Forum for Agricultural
Research in Africa (FARA), which is the highest agency for agricultural research in Africa, and the
West and Central African Council for Agricultural Research and Development (CORAF-WECARD),
which groups national agricultural research systems and coordinates agricultural research in West
and Central Africa [101]. These two institutions operate respectively at the continental and regional
levels in the implementation of CAADP component 4, which is a major component of this policy and is
based on increasing agricultural productivity through research and development [102].

Nowadays, in a dynamic of regional integration, the major agricultural orientations are given at
the continental and regional levels and play an important role in national agricultural policies [100].
Thus, as members of the Economic Community of West African States (ECOWAS), the agricultural
policies of Benin and Burkina Faso are strongly influenced by the agricultural policy of this institution:
“The Agricultural Policy of the Economic Community of West African States” (ECOWAP) [103]. It was
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elaborated in 2005 as an instrument for the implementation of CAADP [104]. Its main objective is
to “contribute sustainably to the satisfaction of the population’s food needs, to economic and social
development and to poverty reduction in the Member States, as well as to the reduction of inequalities
between territories, regions and countries” [103]. However, this policy coexists with the agricultural
policies of two other regional institutions, namely the Strategic Plan for Sustainable Food Security
(CSSA) of the Permanent Inter-State Committee for Drought Control in the Sahel (French acronym:
CILSS) and the WAEMU Agricultural Policy (PAU) of the West African Economic and Monetary
Union (WAEMU) [105]. Thus, ECOWAS seeks to provide a common platform for effective action
to harmonize and integrate the objectives pursued through the various strategies and programs of
countries and other intergovernmental organizations in order to avoid duplication of efforts in the
pursuit of common objectives [103,106]. These regional agricultural policies are not very conducive
to agroecology. Rather, they often show a renewed interest in the Green Revolution [23]. Indeed,
ECOWAS, in its Common Agricultural Policy, clearly states its priority of agricultural intensification
and intensive use of chemical inputs [107].

This objective is so well illustrated in its Regional Strategy for the Promotion of Fertilizers in West
Africa (SRPEAO) where it states that “The poor performance of agricultural sectors in Sub-Saharan
Africa (SSA) is due to the weak use of external inputs such as fertilizers, the heavy dependence on
traditional agricultural practices and the intensification practiced by small farmers seeking better
yields”. As a result, it aimed to increase fertilizer use in the community from 9 kg/ha/year to
23 kg/ha/year over the period 2006–2015 [107]. Moreover, the implementation of ECOWAP is based on
two essential pillars, namely the National Agricultural Investment Plans (NAIP) of member countries
and the Regional Agricultural Investment Program (RAIP) [10]. The National Agricultural Investment
Plans, which reflect the priorities of States and national stakeholders, are however mainly focused
on “productive” investments in the agriculture, livestock, fisheries and forestry sub-sectors [97].
Indeed, these national plans were drafted after the 2008 food riots and were strongly influenced by the
willingness of states and national stakeholders to find short-term solutions to increase production,
particularly through fertilizer subsidies [10]. From 2015 onwards, a second generation of RAIPs and
NAIPs emerged. However, in terms of orientations, the observation is that they place agriculture in
the region within a productivist dynamic through a desire to “modernize family farms and introduce
the private sector” [108]. ECOWAP therefore maintains an ambiguous position between agribusiness
and family farming, coupled with a notorious lack of political recognition of agroecology, which tends
to discredit this type of agriculture among farmers [44,109].

However, the increasing involvement of farmers’ and breeders’ organizations such as Network
of Farmers’ Organizations and West Africa Farmers (French acronym: ROPPA), Association for the
Promotion of Livestock in the Sahel and Savannah (French acronym: APESS) and the Réseau Billital
Maroobè (RBM) in the process of developing regional common agricultural policies is a major step
forward for family farming and agroecological transition in the region [10,109]. Moreover, ECOWAP is
a very ambitious policy that remains highly dependent on external funding. Almost all investment
expenditures related to the implementation of the second generation of ECOWAP’s RAIP came from
donors and development partners, with the corollary that funding is directed towards agriculture
that favors export crops, high value-added sectors, the external market and growth poles [44,105].
This situation is also reflected at the national level and contributes to the orientation of the national
agricultural policies of several states in the region towards a more agribusiness-oriented model [109].
West African presidents during their meeting in Malabo in 2014, reaffirmed their commitment to
achieving the goal of allocating at least 10% of public expenditures to agriculture to double productivity
by 2025 through focusing on inputs, irrigation, and mechanization [97]. This will result is low
investments for alternative agricultural models such as agroecology which undeniably seems to be
“the poor relation of financing in Africa” [96] and the private sector can play an important role in this
regard [2]. Burkina Faso is not an exception to this reality. It is even known as the “Maputo champion”
for having complied previous similar Maputo commitments in the past [110]. Regularly confronted
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with the problems of food and nutritional insecurity of its population, Burkina Faso’s agricultural
policies have most often been part of a productivist dynamic [100].

Institutional and Political Context of Burkina Faso

From its independence until 2000, the Burkinabé State successively pursued interventionist
and then voluntarist policies (especially during the 1983 revolution when more than 44% of public
expenditures were allocated to the agricultural sector) before disengaging from the sector in the context
of implementing Structural Adjustment Programs (SAPs) [100,110]. In the 2000s, with the advent
of ECOWAP and the implementation of its Poverty Reduction Strategy Paper (PRSP), the country
implemented the Rural Development Strategy (RDS) in 2004, which will be reviewed in 2015 [111].
In 2012, within the framework of its Strategy for Accelerated Growth and Sustainable Development
(French acronym: SCADD), the country drew up a first National Rural Sector Program (NRSP), a version
of the national agricultural investment plans drawn up by all ECOWAS countries in connection with
the regional agricultural policy (ECOWAP) [110]. Under the impetus of the National Economic and
Social Development Plan (French acronym: PNDES), the NRSP was subjected to an in-depth evaluation
that led to the development of its second version in 2016: The National Rural Sector Program II (NRSP
II) covering the period 2016–2020 [111]. This document is considered today as the only operational
reference document for the stakeholders of the sector. It operationalizes the sectoral policies, the PNDES
and the SDR. It is also the tool for implementing agricultural policies at the African and regional
levels [112]. Within the perspective of this new orientation, the ministry in charge of agricultural
development has set up an “Agroecology” focal point in charge of coordinating and implementing the
ministry’s actions in terms of sustainable agricultural development [69]. This is a real political step
forward in the country’s agroecological transition process.

Institutional and Political Context of Benin

In Benin, agricultural policies have taken several directions from independence to recent times [113].
Indeed, between 1960 and 2006, the country’s agricultural policies were successively Marxist (1972 to
1990) and liberal (1990–2006) [114]. More recently, at the beginning of the 2000s, the country
established the foundations of its current agricultural policy, which is oriented towards production
diversification through the elaboration of fundamental documents such as the Letter of Declaration of
Rural Development Policy (French acronym: LDPDR, 1991), the Declaration of Rural Development
Policy (DPDR, 1999), the Master Plan for Agricultural and Rural Development (French acronym:
SDDAR, 2000), and the Strategic Operational Plan (SOP, 2000) [115–117]. In 2011, on the basis of
Benin’s Strategic Development Guidelines (2006–2011) and the Growth Strategy for Poverty Reduction
(SCRP/2007–2009), the country drew up the Strategic Plan for the Agricultural Sector Recovery
(PSRSA), a document that is linked to regional and international agricultural development policies
(PAU/UEMOA; ECOWAP/SADC, etc.) [114]. It expired in 2015 and was replaced by the Strategic
Plan for the Development of the Agricultural Sector (French acronym: PSDSA) which forms, with the
National Agricultural Investment and Food and Nutritional Security Plan (French acronym: PNIASAN
2017–2021), the two reference documents of the country’s agricultural policy [58]. Like many national
agricultural policies in the region, Benin’s agricultural policy, as in Burkina Faso, does not have a
specific program dedicated to the development of agroecology in the different agricultural sectors.
However, the national platform of farmers’ organizations of Benin (French acronym: PNOPPA) and
the agroecological federation of Benin are actively advocating for the inclusion of agroecology in
Benin’s agricultural policy [118]. Furthermore, it is important to recognize that, in practice, the public
authorities remain favorable to the implementation of large-scale agroecological initiatives such as
the sustainable fertility management project, which includes about 3000 farmers spread across six
municipalities of the country [119].
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4.1.2. The Agrarian Context

In the quest for ever-increasing yields, the Green Revolution-inspired model of agricultural
production is still the one proposed for farmers and stockbreeders in West Africa [23]. This reality
is reflected in the ever-increasing subsidization and use of mineral fertilizers in the countries of the
region [120,121]. However, more than 90% of the region’s agricultural production is based on family
and subsistence farming [122]. Most of these farms are characterized by family farmers who work
with hand tools in small areas [123,124]. These characteristics are in stark contrast to the proposed
agricultural model which, after more than 60 years, does not seem capable of providing sustainable
solutions adapted to the needs and capacities of farmers’ families [3]. This situation provides an ideal
platform for the development of agroecology. Thus, agroecological initiatives are increasingly being
carried out by farmers’ organizations (FOs) or non-governmental organizations (NGOs) that organize
training courses for their members to initiate and strengthen agroecological practices, with particular
emphasis on endogenous farmers’ knowledge [125]. However, despite the regional environment, the
agrarian context varies from one country to another.

The Agricultural State of Burkina Faso

In Burkina Faso, agricultural activities are characterized by extensive subsistence agriculture
dominated (72%) by small farms of less than 5 ha, with a low level of mechanization [126,127]. It is
a low-productivity agriculture highly vulnerable to climate change [128]. Four main agroecological
zones can be observed throughout the country: the Sahel with an annual rainfall of less than 400 mm;
the sub-Sahel where the rainfall varies between 400 and 700 mm; Northern Sudan with annual rainfall
between 700 and 900 mm; and, finally, the Southern Sudanese zone, which is the most rain-fed region
with annual rainfall value between 900 and 1200 mm [9]. Two main seasons mark agricultural activities
in these different agroecological zones: a winter season and a hot dry season [129]. Climatic trends show
an increase in average temperature, disruption of seasonal cycles and a decrease in annual rainfall [128].
According to these climatic characteristics, the country’s production is seasonal and cyclical in nature,
with a predominance of rain-fed production characterized by cereal farming, which accounts for most
of the agricultural production. The main crops are sorghum, millet, maize, rice and fonio (the most
important in terms of production volume) as well as cotton (the most important in terms of economic
value), sesame, an export crop that has grown rapidly in recent years, and groundnut and cowpea as
legumes [112,128]. Off-season production remains mainly market gardening and is generally organized
around water points [69,130].

Overall, agricultural activities are slowly diversifying, with the development of new sectors such
as horticulture (mainly mango, banana, papaya and citrus fruits) and sesame [110,126,131]. However,
except cotton, to which the government has been devoting special attention for a number of years,
the other sectors are poorly structured [126]. In addition to agricultural activities, pastoralism and the
exploitation of Non-Timber Forest Products (NTFPs) are also well developed in the country. With almost
10 million cattle in the country, this sub-sector generates 20% of the total GDP, mainly through exports,
and remains the second largest contributor to agricultural value-added, after cotton [132,133]. More than
80% of this livestock farming is, however, carried out according to the transhumant or extensive
pastoral system [112]. Furthermore, as a landlocked sub-Sahelian country, the exploitation of NTFPs
plays an important role in the national economy [134]. It represents a major component of the strategy
of the resilience of rural communities, particularly against extreme phenomena and contributes
more than twenty billion XOF per year to the national economy [135]. The most commonly valued
species particularly used in agroforestry practices are mainly Acacia macrostachya, Tamarindus indica
(tamarind tree), Balanites aegyptiaca (desert date palm), Adansonia digitata (baobab tree), Parkia biglobosa
(néré), Saba senegalensis (liana goïne), Vitellaria paradoxa (shea tree), Ziziphus mauritiana (jujube tree),
Bombax costatum (red-flowered kapok tree) [135].
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The Agricultural State of Benin

The rural sector remains a key component of Benin’s national economy. It contributes about 36% of
GDP, 75–90% of export revenues and employs 70% of the active population [136]. Eight agroecological
zones cover the territory according to their relative homogeneity, their climatic and agroecological
characteristics, and the cropping systems encountered [137]. Zone 5, also known as the central cotton
zone, is the largest area in the country’s surface and occupies the entire central part. The north is the
second cotton-growing zone (zone 2) followed by three other zones, namely the forest zone (zone 1),
the food-producing zone (zone 3), and the hill zone (zone 4). The south of the country is subdivided into
three zones called “terre de barre” (zone 6), “pêcherie” (zone 8), and “dépression” (zone 7) [138,139].
Agricultural practices are mainly rain-fed and conducted by small family famers having on average
1.7 ha with a low level of input use [136]. However, farmers in the south of the country benefit from an
equatorial climate characterized by an alternating two rainy seasons and a dry season, while the center
and the north have a single annual rainy season typical of the tropical climate [140]. The main food
crops produced is maize, which accounts for 70% of cereal production, sorghum, rice, cassava, yams,
and groundnuts [136]. Cotton remains the most important cash crop, accounting for 70% of export
earnings. Other no less important crops such as pineapple and oil palm, cashew nuts and shea nuts are
also exported. [141]. Market gardening is practiced in all regions of the country, especially in the urban
and peri-urban areas of the south [142].

After crop production, animal breeding is the second most important agricultural activity in the
country. Livestock farming is predominantly bovine (81.2%), essentially transhumant and concentrated
especially in the north, with a Sudano-Sahelian and Sudanian climate. Despite its good performance,
however, livestock farming remains undervalued at the national level [143]. Thus, with a nearly
straight seafront length of 125 km long and a vast hydrographic network consisting of four main
rivers, fishing and aquaculture are also an important part of agricultural activities, mainly in the
south [144]. Forest biodiversity is of particular importance for households in both rural and urban
areas. Indeed, entire communities are dependent on forests for basic necessities [145]. However,
despite climatic and edaphic conditions favorable to the diversification of agricultural production,
Benin still imports massively certain products, such as rice and off-season market garden produce to
cover the population’s food needs [58].

The agrarian contexts of Benin and Burkina Faso present potentialities and constraints for
the agroecological transition that are worth mentioning. The majority of farms are family farms
that have not been modernized to any great extent, with cotton, cereals and market gardening
predominating [58,69,126,127,130,136]. This typology constitutes a major asset for the agroecological
transition in that the farms are not yet on an industrial scale. Similarly, the abundance of livestock
in Burkina Faso and its distribution over the entire territory is a major asset for the development
of agroecology, especially for compost production and the availability of draught animals [132,133].
However, it should be noted that the omnipresence of cotton cultivation in these countries affects food
security and the process of transition towards agroecology [146]. Indeed, apart from its undeniable
occupation of the land, cotton requires very high financial investment, due to the capital-intensive
nature of production, which regularly requires the acquisition of special equipment and expensive
inputs. [146]. In Benin, nearly 90% of all imported pesticides are used for cotton cultivation [147,148].
The situation is no more encouraging in Burkina Faso, where fertilizers distributed by the cotton
and maize systems represent up to 86% of the 317,000 tones reported by the country’s Ministry of
Agriculture [149]. However, in 2018, Burkina Faso and Benin even rose to the rank of sixth and eighth
world cotton-exporting countries, respectively [150]. In 2018, Benin even became the largest organic
cotton producer in West Africa and the largest conventional cotton producer in Africa in 2019 [151,152].
It is, therefore, obvious that this “inherited crop” [146] still has a bright future ahead of it and that
the agroecological transition process in these two countries should therefore integrate this reality.
Nevertheless, significant progress can be noted regarding the evolution of this crop with regard to the
agroecological transition.
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In Burkina Faso, the National Union of Cotton farmers of Burkina Faso (French acronym: UNPCB)
has set up since 2004, an organic cotton cultivation program for women and very poor farmers who
do not have the financial resources to meet the cost of inputs [9]. Today, the sector has evolved and
led to the opening of the first organic cotton factory in the country and the West African region in
2020 [152]. At the same time, organic cotton production is also developing in Benin. In the municipality
of Banikoara in Northern Benin, where more than a third of the national cotton production is grown,
organic cotton cultivation has become increasingly popular since its introduction in 2008 by the
Association of Valiant and Active Women (French acronym: AFVA) supported by the Organization for
the Promotion of Organic farming in Benin (French acronym: OBEPAB) [148]. The growth of organic
cotton coupled with the wide and disorderly fluctuations of conventional cotton prices on world
markets [146] could be a boon for the conversion of conventional cotton farmers to organic cotton
farmers. Given the importance of conventional cotton in the lives of many farmers, this opportunity
may be a crucial turning-point in the agroecological transition process in these countries, especially
as the demand for organic cotton is increasing worldwide [148]. However, the challenge of farmers’
knowledge of the technical itineraries of organic cotton remains to be met to increase the yield per
hectare, which is still very low (less than 500 kg per hectare) compared to that of conventional cotton
in order to enable farmers to benefit more from the profitable selling prices of certified organic and
fair-trade cotton at the level of these countries [153].

Regarding climate, the presence of a multitude of agroecological zones in Benin and their
distribution throughout the country is a major asset for the diversification of production [58,138].
Burkina Faso’s Sahelian climate is an ideal environment for the expression of the diversity of
agroecological practices. Indeed, from the application of soil recovery techniques (soil water
conservation/soil defense and restoration (CES/DRS)) in the arid lands of the north of the country, to the
practice of assisted natural regeneration (RNA) for the exploitation of NTFPs, the country remains
a privileged area for agroecological initiatives [42,154,155]. Mr. Yacouba Sawadogo’s prowess is a
good illustration of this reality: with the Zaï technic, he created a 15-hectare vegetation park that will
contribute to prevent the advance of the desert in the north of the country. As a result, he received the
nickname “the man who stopped the desert” and the Right Livelihood Award or the alternative Nobel
Prize in 2018 [110]. In general, in the Sahelian zone, more than 700,000 hectares are cultivated in water
and soil conservation (CES), particularly in Burkina Faso, Mali, and Niger, while in the Dogon Plateau,
the central plateau of Burkina Faso and the Maradi Zinder zone in Niger, nearly 5 million hectares are
undergoing “assisted natural regeneration” [156,157]. In the same vein, the government of Burkina
Faso, in collaboration with the other sahelian countries, has undertaken the Great Green Wall project
with a view to curbing the advance of desertification, restoring and enhancing the potential of arid and
semi-arid zones, and promoting the conditions for sustainable development [158] However, in Burkina
Faso, agrosilvopastoral exploitation is increasingly facing recent developments of the mining sector and
its corollary (e.g., loss of agricultural labor to the profile of gold sites, monopolization of agricultural
land, environmental pollution) [159–161]. Growing insecurity, especially in the north and east of the
country, is also putting a strain on this sector, which is already prone to several difficulties [162].

4.2. Stakeholders of the Agroecological Transition

4.2.1. Organizational Dynamics

The agroecological transition towards sustainable food systems is a fundamental challenge for
the future for all food system stakeholders [163]. In West Africa, several categories of stakeholders
are working to promote and support the agroecological transition [9,155]. To better coordinate their
actions, they have created the Alliance for Agroecology in West Africa (3AO). It is a coordination and
information relay platform and is composed of farmers’ organizations, research institutes/universities,
international NGOs and social movements [164]. In Benin and Burkina Faso, the stakeholders involved
in the agroecological transition are mainly training and research institutions (IFR), non-governmental
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organizations (NGOs), producer and processor organizations (POs), civil society organizations (CSOs),
and consumers (Figure 3) [118,155]. Indeed, smallholder farmers are key to the agroecological transition
process [165]. They are grouped into networks that constitute real bridges of collaboration with the
other stakeholders of the agroecological transition [42]. Among these organizations, the Peasant
Confederation of Faso (French acronym: CPF) and the National Council for Organic farming (French
acronym: CNABio) in Burkina Faso are the main ones, while in Benin they are the Federation of farmers’
Unions of Benin (French acronym: FUPro Bénin) and the National Association of Women Farmers of
Benin (French acronym: ANaF Bénin) [166,167]. The CPF and the FUPro Bénin, together with 11 other
national farmers’ Organizations, constitute the ROPPA, a structure fully committed to the promotion
of agroecology [159].
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These producer organizations work in synergy with NGOs for the expansion of agroecology in
the farming environment. However, the role of NGOs is not limited to the promotion of agroecological
practices in the farming environment. As true committed stakeholders, they also contribute to raising
consumer awareness and advocate with public decision-makers. They are stakeholders “at the
forefront of agroecology” [157]. Among the NGOs campaigning for deep agroecology in Burkina
Faso are “Autre Terre”, the Association for the Promotion of Local Initiatives (APIL), the Association
for Research and Training in Agroecology (ARFA), “SOS faim”, and Inter-Réseau Développement
Rural. In Benin, we can cite the NGOs Louvain coopération, ECLOSIO, [166,168], farmers’ and
Non-Governmental Organizations that constitute the “field stakeholders” of the agroecological
transition. They are accompanied in this dynamic by training and research institutes that actively
contribute to the co-design and dissemination of agroecological practices adapted to the farmers’
environment [67]. In addition to these stakeholders, CSOs also play a role in raising awareness
and promoting agroecological products among consumers. In Burkina Faso, these are mainly the
Citizen’s Collective for Agroecology and the fight against GMOs (French acronym: CCAE) and the West
African Farmers’ Seeds Committee (French acronym: COASP/Burkina) [69]. In Benin, we can cite the
Agroecological Federation of Benin (French acronym: FAEB), the Association for the Maintenance of
Peasant Agriculture in Benin (French acronym: AMAP) [106]. Moreover, in Burkina Faso, agroecology
benefits from the vast network of organic farming stakeholders, which is one of the most developed in
the sub-region [155]. Even though agroecology and organic farming most often maintain relations that



Agronomy 2020, 10, 1447 16 of 34

are “neither inclusive nor exclusive” [169], the case of Burkina Faso seems to show a synergy between
practices related to these two concepts [170].

However, in both Benin and Burkina Faso, the lack of a consensual definition of the concept of
agroecology and its content remains the major challenge for better synergy of action at the level of
the stakeholders [69]. Nevertheless, this consensual definition should integrate the diversity of the
sectors in order to consider their specificities [42]. The stakeholders are also still confronted with the
locking-in of the dominant sociotechnical system of conventional agriculture [27]. However, given the
commitment of stakeholders and the convincing results observed at local scales, the main objective
remains the scaling up of agroecological practices [3,25,125,156,171].

4.2.2. Farmers’ Perceptions and Adoption of Agroecological Practices

Agroecology is a production method that puts the producer at the center of his farm management
by considering the diversity of situations (e.g., soils, climate, farm structures, local resources) [172].
Agroecological practices can thus be assimilated to “initiatives of diverse and varied forms, taken by
agricultural communities living in different countries and contexts” [27]. They reflect a vision of
agriculture as part of a new approach to innovation that directly involves the stakeholders concerned in
the innovation process, while mobilizing local, traditional, or expert knowledge and the most advanced
scientific knowledge in order to optimize their synergies [172]. For this, the inclusion of farmers is
central [163]. However, the acceptance of innovations remains a complex and multidimensional notion
influenced by a variety of stakeholders, both at the organizational and individual levels [173]. Based on
the principle that family farming, particularly in West Africa, can be defined as an organization of
lifestyles and production characterized by close links between social and economic activities and family
structures [8,174], farmers’ decisions are explained by the objectives they pursue and the means at
their disposal [3,175]. In addition to the specificities of their agroecosystems, farmers integrate the
repercussions of their adoption decisions on the social activities and structural organization of the family
into their decision-making processes. Life trajectory and behavioral parameters are all determining
stakeholders in the adoption of agroecological practices [176,177]. Moreover, agroecological initiatives
abound in West Africa [2,3,25,39,125]. Seven main categories of agroecological practices have been
identified in Burkina Faso and Benin (Table 2).

Table 2. Agroecological clusters and practices with useful references.

Clusters Practices References

(i): Tillage practices Zaï; half-moons; natural weed killers [3,9,125,154,156,168,171,178–181]

(ii): Natural control methods and/or
biopesticides in market
gardening agrosystems

Natural pesticides for market gardening;
repulsion by plants and predators; tomato

liquid manure methods to control pest attacks
on onions; natural protection of bean and

cowpea stocks; use of anti-insect netting for
market gardening

[3,9,39,42,125,156,168,171,173,178,179]

(iii) Natural fertilization techniques Composting, agroforestry, nettle liquid manure,
crop rotation [3,9,42,125,154,156,168,171,178,179,181–183].

(iv): Water-saving water
management techniques

Soil improvement, rainwater harvesting,
agronomic water-saving techniques [3,9,42,125,156,168,171,178,179,181]

(v): Natural protection techniques Assisted Natural Regeneration, hedgerows [3,9,42,125,134,156,158,168,171,178,179,181]

(vi); Agriculture and Livestock
Integration Techniques

Fodder crops and fodder valorization of
agricultural and forest productions; recovery of
animal feces for field fertilization (parking, park

powder, manure, compost), including
household waste; animal energy use (tillage,

transportation, extraction, processing of
agricultural products)

[9,39,125]

(vii): Use of farmers’ seeds
Mass selection of seeds; cultivation and seed

saving; exchanges between farmers;
experimentation of new species and varieties

[9,125]
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Many of these initiatives are disseminated following a process of co-construction, particularly in
pilot farms, before they are appropriated by farmers [118]. In addition, there is a rather unique
innovation in Burkina Faso that combines land management and soil fertility improvement: the
Sahelian bocage. “The bocage perimeter (wégoubri) is a land consolidation process, at the request of
the owners of a site who form a land group in order to fix the plot of land and thereby bring about
environmental improvements” [184]. Although agroecological initiatives abound, they often struggle
to change scale, particularly through a phenomenon of mass adoption at the producer level [23,42–44].
The most common reasons given for this state of affairs are the arduousness of the work, the lack of
commercial outlets for agroecological production, the non-availability, efficiency, and cost of organic
inputs, high production costs due to the additional labor involved in mechanizing certain work at the
plot level, the non-availability of certain resources such as straw at the terroir level, etc. [42,69,185].
It is therefore necessary to intensify collaborative work with farmers in order to better integrate their
concerns, but also their knowledge. [3,41,186].

The example of the lack of adoption of conservation agriculture in sub-Saharan Africa illustrates
this reality. Considered as one of the best sustainable practices for annual crops by many researchers
because of its technical-environmental performance (improvement of soil fertility status, biodiversity,
and sustainability of systems), it does not respond to the immediate concerns of farmers who focus on
short-term technical-economic effects and results [23,187]. As a result, most recent international projects
nowadays have a strong capacity building component and recommend a knowledge management
system. However, if farmer knowledge is emphasized in the agroecological approach, it is necessary to
avoid idealizing farmers because they are not omniscient and do not know everything. Their knowledge
must be combined with scientific knowledge related to the ecosystem in order to build a constant
exchange between scientific and local knowledge [163]. Moreover, the political orientation of agriculture
in the region transcends the decision-making sphere to affect farmers’ perceptions. Despite the health,
environmental and social benefits of agroecological practices, they tend to be compared to the Green
Revolution methods (with more or rapid results) promoted by extension agents and other development
stakeholders in favor of these types of practices. Therefore, it is less necessary to deconstruct
the beliefs and perceptions regarding the ineffectiveness of agroecological practices in the farming
environment [188]. This requires the extension of adapted agroecological practices that allow farmers,
especially the poorest, to maintain a balance between needs and benefits in the short and long term.
In this regard, one of the key lessons learnt from the implementation of the Capacity Development for
Agricultural Innovation system (CDAIS) project in Burkina Faso is that development stakeholders
need a better understanding of innovation processes and the factors that lead to innovation. They must
also seek concrete solutions and identify priority interventions and develop strategies that will then
spread these successes [189].

4.3. Some Cross-Cutting Considerations: Agroecology, Gender; Land Tenure; Market Opportunities

4.3.1. The Land Question: A Fundamental Prerequisite

Land is a major factor that is indispensable to the activities of farmers [14]. The land status of farmers
can be a determining factor in their decision to adopt agroecological practices. They are considered as
indicators of the risk incurred by farmers [163]. Indeed, some agroecological practices can generate
significant investments at the plot level in terms of management of working time and the physical
environment, while their benefits are deployed over the long term [163,185]. Securing land tenure
on farms, therefore, appears to be a prerequisite for any investment by farmers in agroecology [3,42].
Given that the benefits of agroecology are long-term, strengthening it goes together with an equitable
distribution of land and strengthening of farmers’ land rights. Indeed, a lack or poor access to land,
with the permanent risk of eventual withdrawal, negatively influences the producer’s decision to
adopt and invest in agroecological practices [163]. With this in mind, Burkina Faso and Benin have
recognized customary rights and are implementing the necessary reforms [100]. These countries have
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relatively satisfactory levels of land availability. Benin accounts for barely 40% of the exploitable
agricultural area, compared to 46% in Burkina Faso [111,116]. However, the problem of access is
very acute in these countries. In Burkina Faso, land management is governed by several laws and
policy documents [111]. Among these documents, we can mainly cite the national policy document on
land tenure security in rural areas (PNSFMR) adopted in 2007, which aims to ensure equitable access
to land for all rural stakeholders, the guarantee of their investments and the effective management
of land disputes in order to promote productive and sustainable agriculture [190]. This policy was
supplemented by the Agrarian and Land Reorganization (RAF), which was adopted in 2012 [100].

As in Burkina Faso, Benin’s land tenure system is still marked by a dualism characterized by
the coexistence of a modern land tenure system and a more predominant customary law system.
This dualism does not provide a solution to the problems of land tenure insecurity faced by farmers
and is a major handicap to agricultural intensification [117]. Thus, despite this political will, the various
land tenure reforms seem to have failed to provide solutions to the poor access of a certain category
of citizens who are still struggling to gain access to land resources [191]. Indeed, the main mode of
access to cultivable land in the country remains inheritance. This state of affairs creates frustrations
and conflicts of interest in rural areas because of the inescapable nature of the production factor “land”.
Women are particularly disadvantaged in this system [69]. For example, female heads of households
have an average of 0.25 ha of land for their farms compared to 2.5 ha for men [111]. Nevertheless,
the government is still making efforts to improve women’s access to land, and women are often
the ones who have a particular interest in agroecology and its role in nurturing and protecting the
land [163]. In Burkina Faso, for example, this has resulted in the implementation of a law devoting 30%
of developed perimeters to women [192]. In addition to access by inheritance, other forms of access to
land are donations, rental, lease, bequests, loans, and purchases, but purchase remains one of the most
secure means of access to land [193]. In Benin, the government is working within the law No. 2013-01 of
14 August 2013 on the land and state land code to recognize the right of use, property titles, secure use
in shared spaces and the transmission of heritage [58].

4.3.2. The Gender Issue: The Crucial Role of Youths and Women

Gender is a major aspect of the agroecological transition in West Africa. Indeed, more than half of
the region’s agricultural workers are women [108]. They are mainly involved in the production, but also
have a considerable role in the processing and marketing of agricultural products [108]. They cultivate
as much or more than men [43]. They, therefore, play an important role in the food security of farms and
in the process of transition of farms from conventional to agroecological systems [2,182]. They are also
known for their innovative capacity and are considered as reservoirs of traditional knowledge for the
cultivation, maintenance and use of traditional varieties [180,194]. However, when they are not simply
seen as valid arms of the family farm in the agricultural production sphere, they are unfortunately
restricted to the least fertile land, in the most degraded areas and on unprofitable land [163,195].
This discrimination is not limited to the sphere of agricultural production but often extends to the
processing chain. They are predominant in the agri-food industries, where they generally occupy the
links in the chain that require relatively unqualified work and benefit from temporary contracts [108].
However, instead of feeling self-pity, women are developing initiatives in the production, distribution
and local consumption of agroecological products [196,197].

In Burkina Faso, the network of shea butter producers in the Hauts-Bassins and Cascades regions
(French acronym: RPBHC) is an example of successful women’s agroecological initiatives. It is
involved in the exploitation and protection of forest parks for the production of shea butter with
10,500 members, of whom 97% are women, from 255 groups and associations in six provinces of the
country [171]. Similarly, in the central part of the country, since 2008 the NGOs APIL and “SOS Faim”
have implemented a market gardening program in agroecology on six irrigated perimeters covering
a total area of 71.5 hectares, 59% of which are managed by women. In about 10 years of operation,
this program has contributed to the improvement of the income of the members of the group with
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XOF 396,333,750 turnover, or the equivalent of € 604,207 during the same period [168]. Still in the
same dynamic, a network of farmers was created in Togo and Benin with the support of the Christian
Service in Support of Rural Animation (French acronym: SECAAR). With agroecological practices,
the predominantly female beneficiaries were able to increase their cereal yields by 140% [183]. However,
if women are in favor of adopting agroecological practices, it is important to be aware of the impact of
the choices made on the burden and arduousness of women’s work, particularly in the sphere of family
production [163]. In addition to their participation in agroecological production, women actively
participate in the distribution of agroecological products in Benin and Burkina Faso [198].

Apart of women, young people are also strategic stakeholders that should be considered in the
agroecological transition process because they not only play an important role on farms but also
represent the future of agriculture. Indeed, Burkina Faso and Benin are countries characterized by
the extreme youthfulness of their population, a third of whom are under the age of 24 years old [199].
In the family farming systems that represent the majority of farms in these countries, young people,
and women, are most often at the forefront of agricultural activities. It is therefore important to
stimulate their enthusiasm for agroecology. However, this requires a certain number of prerequisites.
Indeed, it is important to focus on training because rural youth, most of whom grew up in the era of
conventional agriculture, need training in sustainable agricultural practices. Such training may be
particularly necessary to fill the gap created by the formal academic training system [200]. In addition,
there is a need to strengthen intergenerational learning for the transmission of knowledge within
farms [201]. In this regard, the experience of the intergenerational agroecological schools developed
in Bolivia, which consists of associating, in the same training process, members of different ages and
sexes from the same family, is a promising alternative to be explored [201]. However, while training is
an important aspect of getting young people interested in agroecology, it is not enough and must be
accompanied by a set of institutional and political measures, such as access to credit, agricultural inputs,
especially land and access to the market [200].

4.3.3. Promoting Agroecological Production: The Role of the Consumer and the Path of Territorialized
Food Systems

The economic valorization of agroecological production remains a central issue in the adoption
and dissemination of agroecological practices in the farming environment [39]. In other words,
“There is no point in producing agroecological foodstuffs if farmers cannot sell them at remunerative
prices . . . ” [44]. This assertion reflects this reality and clearly reflects the farmers’ point of view
on the subject. On the basis of this observation, the stakeholders in the transition are developing
initiatives to promote local consumption [39,198]. Moreover, the development of cities and the urban
market in West Africa is a major asset for the development of local consumption and the promotion of
agroecological products in particular. In this region, apart from 50% of household budgets devoted
to food, imports represent 20% of the food supply [202]. Moreover, there is a growing demand for
healthy food products among the population, which represents a market opportunity for agroecological
production [173]. However, while the poor, who represent more than 43% (below the poverty line)
of the region’s population, have a high share of the food budget, their procurement power remains
low [121]. This often forces them to buy the cheapest and lowest quality food. However, the promotion
of agroecological products refers to a responsible consumer as defined by Calame [50] in his definition
of deep agroecology. It requires consumers to act as agents of change in the food system by promoting
responsible consumption and deploying innovative alliances [170]. This makes sense in the assertion
that “Eating is probably the most common political act we take in our lives. Indeed, what we eat and
how we eat determines everything in our present existence and even our future” [198].

In Burkina Faso and Benin, several initiatives aimed to facilitate the flow of agroecological
production have been implemented. However, although they all aim to promote the marketing of
agroecological production, these initiatives differ in their approaches. In Benin they respond to the
principle of “Local and Solidarity Partnerships for Agroecology (PLSA)” [198]. This short marketing
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circuit is based on a reciprocal commitment between organic farmers and consumers formalized
by a renewable contract [196]. Among these initiatives are the Association for the Maintenance of
Peasant Agriculture in Benin (French acronym: AMAP-Benin), the “Jardin de Marlène”, “JINUKUN”,
the volunteers of the University of Abomey Calavi (UAC), also known as “AVENTIS”, and finally,
the market gardeners of Atacora-Donga and Mono-Couffo [198]. In Burkina Faso, on the other
hand, it is the Participatory Guarantee System (French: Système Participatif de Garantie-SPG) that is
frequently encountered [197]. These are alternative mechanisms to certify products intended for the
local market [151]. Differently from the PLSA, production is necessarily certified. This participatory
guarantee system is complemented by an embryonic PLSA movement. These include the Bioprotect
baskets of the economic interest group Bioprotect, the solidarity supply groups (GAS) of the Napoko
farm (Loumbila) and finally the organic baskets of the association “La saisonnière” [198] and the
Beo-Neere association. In Ouagadougou, several local markets have emerged in recent years thanks to
all these stakeholders who are increasingly organized to meet the needs of consumers at all times of
the year.

These initiatives are part of a dynamic of “territorialized food system in the sense that it promotes
local production in a relatively short distribution circuit [202]. These approaches enable the food
demand to be reoriented towards a more abundant and varied local supply of more easily verifiable
quality [203]. In Burkina Faso and Benin, they constitute promising approaches that should be
explored for a better valorization of agroecological production. Indeed, a sustainable food system
implies the development of marketing channels giving priority to local markets while guaranteeing
self-consumption, nutrition, and farmers’ incomes [163]. Today, territorialized food systems are
bridges to the food future of West Africa [202]. This is imperative because their high food imports will
constitute a growing budgetary burden and will very quickly become unbearable for the continent [202].
Concerning the issue of low-income households that may encounter difficulties in gaining economic
access to agroecological products, solutions based on the concept of the social and solidarity economy
could provide a solution [44].

5. Scaling Up the Agroecological Transition

5.1. Farm Transition: A Systemic Process

Family farms in West Africa are particularly well suited to the development of agroecology.
Indeed, they are places for knowledge exchange in which the intergenerational transmission of values
related to agriculture takes place [2]. They can thus contribute to the sustainability of agroecological
practices. The transition of farms from conventional production methods to agroecological methods is
a long process that requires the contribution of several factors [201,204]. Based on natural resources
and local ecosystem services, the agroecological transition of the farm necessarily involves local
innovation systems of farmers who should, however, extend their local knowledge thanks to scientific
knowledge [2]. To do this, the producer should mobilize and develop his learning capacities with
regard to poorly known practices that break with the dominant regime [67,205]. The agroecological
transition of the farm must also be coupled with concomitant changes in the entire production system,
or even the agrarian system [3]. In this dynamic, agricultural practices must be reasoned and based
on an intimate understanding of the functioning of the agroecosystem [172]. In the specific cases of
Burkina Faso and Benin, the integration of polyculture and livestock farming systems could facilitate
the transition process of farms. This enables the optimization of energy and material flows between
the subsystems of the farms. Moreover, the adoption of agroecological production methods by the
producer can be followed by the transition period, which corresponds to the time needed for the farm
to recover its ecological and natural balance [69].

Depending on the history (level of previous use of fertilizers, pesticides, etc.) of the farm on
which the producer initiates agroecological practices and the intensity of the new practices applied
by the producer, the transition period can be an obstacle that may discourage the producer [163,201].
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During this period he may be confronted with the phenomenon of lower yields and the more the farm
was affected, the longer the transition period is [69,206]. During this period, external inputs are needed
to bring the soil back to life, but this can be costly for the producer [201]. Thus, the latter may experience
a yield decline coupled with an increase in expenses during this critical phase [204], when they are most
often faced with the need to respond quickly to their food and financial needs. It is therefore necessary
that the practices adopted meet both their short-term objectives (food, income generation) and their
long-term objectives (improving fertility) [163]. However, it should be underlined that the transition
period of the plot does not necessarily rhyme with a drop in productivity. In Burkina Faso, for example,
the application of the Zaï practice or the half-moon coupled with compost can double or even triple
the yield from the first year on the plot scale [181]. In view of the stakes of the transition period for the
producer, it is therefore necessary that they are accompanied during this period [201,204]. This support
should, however, consider the typology of the farms to be more effective [110]. In Burkina Faso and
Benin, a ranking of the difficulties encountered in their transition processes has shown that the lack
of institutional support is the first challenge faced by farmers, while within the plots in transition,
pests and plant pathological diseases have been the first risk factor [198].

However, family farming, especially when practiced in rain-deficient areas, is particularly
vulnerable [180]. In Northern Burkina Faso, for example, farmers are in a situation of almost
permanent food insecurity and the low level of their income makes it difficult to invest in farms [180].
Support for farmers in their transition process is essentially based on NGOs and research and training
institutes through initiatives such as farm schools, which are forums for meetings and exchanges
of experiences [118,204]. Thus, the corollary of this lack of institutional support is the difficult
technical conversion of farmers [198]. Another difficulty in the agroecological transition of farms
in Burkina Faso and Benin remains the use of chemical inputs, often in an uncontrolled manner,
particularly in cotton-growing areas [148,149]. This situation could lengthen the transition period
for farms wishing to take the agroecological path in these zones. Nevertheless, it should be noted
that local initiatives to accompany the agroecological transition are increasingly being developed
by private sector stakeholders. Most of them are characterized by the provision of bio-inputs
(e.g., fertilizers, biopesticides), equipment adapted to agroecology and organic farming. Among these
initiatives are the Biolife startup in Benin and the Bioprotect economic interest group (GIE) in Burkina
Faso [155]. This could provide an alternative with regard to chemical inputs for farmers who wish to
make an agroecological transition on their farms. Moreover, the example of the co-construction work
on innovative polyculture systems since 2005 in the west of Burkina Faso, one of the country’s main
cotton-growing areas, has shown the capacity of these stakeholders to engage in an agroecological
transition dynamic [39].

5.2. From Farm to Territory: A Non-Linear Transition

The adoption of agroecological practices is easier when it is collective, because it is slower and
more difficult to manage when it is individual [49]. Indeed, the mobilization of ecosystem services on
which the implementation of agroecology depends generally goes beyond the scale of the cultivated
plot and is at higher scales such as the farm, the landscape, the watershed, and more generally the
food system [2,186]. Therefore, in order to guarantee its sustainability and development on a territorial
scale, agroecology should be part of a global vision of territorial issues [25]. It is therefore necessary to
think globally about the conditions of the ecological transition [3]. This requires farmers to coordinate
production strategies, both in their own area and on their periphery [2]. Moreover, considering that
agroecology must respond to the challenges of territories, the ambitions of moving to the scale of
agroecology in a territory should essentially be accompanied by a diagnostic phase in order to evaluate
the potentialities and perspectives best suited to the context [25]. Moreover, the agroecological transition
cannot be limited to the sum of individual transitions on innovative farms [39]. Beyond production,
the amplification of agroecology must be considered as a transformation of food systems, rather than a
pure dissemination of a set of food production techniques [207]. “Agroecology is not just a catalogue
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of good agricultural practices, no more than it is intended to remain confined to a “niche market” [22].
This assertion by Alternatives Sud clearly reflects this vision of the agroecological transition. In order to
optimize the agroecological transition process at the territorial level, legal, and regulatory regimes must
be implemented to ensure a transformative change towards sustainable agricultural and food systems
based as much as possible on agroecology [170]. Furthermore, the transition process should ensure
that the stakeholders who produce, distribute, and consume food are at the center of decision-making
on food systems and policies [2].

In Burkina Faso and Benin, the agroecological transition is increasingly moving beyond the
context of ecological production innovation networks to include initiatives to market agroecological
production [2,3,25,39,125,198]. In this context, certifications, particularly participatory guarantee
systems (SPG), represent very interesting approaches to enhance agroecological production for a
greater number of consumers [163]. However, these hopeful short circuits need to be improved.
From the supply point of view, they tend to focus mainly on fruit and vegetables and very rarely
address the issue of cereals, which nevertheless remain the basis of the diet of the populations in these
countries. As far as supply points are concerned, they remain largely unknown to the majority of
the population. Nevertheless, the SPGs can help territorial food systems to take root, which would
guarantee a scaling up of agroecology at the territorial level. They allow an “articulation between
production and food, considered independently in many cases” [172]. This articulation at the territorial
level could correspond to the niche mentioned in the multi-level perspective of the sociotechnical
transition. The territorial limits of this niche may correspond, depending on the relevance, to national
administrative limits or agroecological zoning in Burkina Faso and Benin. This would enable the
various stakeholders involved to combine their efforts to have a better impact on the territories
concerned. Moreover, the “territorial mechanisms” approach can be used to amplify the transition of
the territories (Figure 4). Designed to ensure an essential regulatory role among local stakeholders,
they are real levers for amplifying the agroecological transition [39]. Considering these conditions,
beyond the individual transitions of innovative farms, the amplification of the agroecological transition
could also be apprehended through the efficiency of territorial stakeholders in articulating production
and consumption through relationships based on a common ideal: healthy eating while keeping the
impact of the food system on the territory’s resources at its lowest possible level.
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6. Conclusions

The objective of this review was to establish a diagnosis of the individual, social, economic,
institutional, and political factors that influence agroecological production in Burkina Faso and Benin
in order to propose avenues for a change of scale in agroecology. For this purpose, the multi-level
perspective of ecological transition has been used. This analysis shows that nowadays, agroecology is
a holistic concept that corresponds to a set of practices, a science, and a social movement. In its deep
acceptance, it can be seen as a “profound reform from farm to fork” of the food system. At the end of
this analysis, it is important to remember that there is no such thing as an agroecological transition,
but rather agroecological transitions that differ according to the environmental, cultural, political,
and socioeconomic realities of the territories in question.

In West Africa, the agroecological transition involves several issues, including food sovereignty
and the protection of natural resources. The agrarian context of the region remains marked by the
agricultural model based on productivist methods. In Burkina Faso and Benin in particular, farms are
family-run, mostly poorly mechanized, and practice rain-fed subsistence agriculture with low-income
levels. This situation contributes to making them particularly vulnerable and rain-fed to the risk of
technological innovation in general and agroecological practices in particular. In addition, this agrarian
context remains marked by the omnipresence of cotton, a crop known for its excessive use of chemical
inputs and the environmental disasters it causes. However, organic cotton production is increasingly
developing in these countries, particularly in Benin. In view of the environmental and health benefits
that this alternative offers, the political authorities could seize this opportunity and commit cotton
farmers to a more sustainable production, especially since the demand for organic cotton is increasing
worldwide. Moreover, in a dynamic of regional integration, national agricultural policies in West Africa
are strongly influenced by regional agricultural policies (ECOWAP, PAU) which seem to have put their
trust in the green revolution model to solve the challenges facing agriculture in the region. This good
orientation is flowing into national agricultural policies and reflects a flagrant lack of institutional
support for agroecological initiatives. While in Burkina Faso there is a timid beginning of intentional
recognition of agroecology, in Benin advocacy is ongoing.

Despite the lack of institutional support, initiatives in Burkina Faso and Benin are expanding and
diversifying, led by non-governmental organizations, civil society organizations, farmers’ organizations,
and training and research institutions. Beyond these two countries, an important network has been
set up in West Africa for the promotion of agroecology. These stakeholders’ commitment has led to
the establishment of several agroecological initiatives with farmers, who are the stakeholders at the
forefront of the agroecological transition. However, agroecological practices are actions that must
be sustained over time. Their profitability is often deferred in time, which can severely challenge
the will of producers who are, above all, economic agents who live from their activities: Agriculture.
However, beyond questions of profitability, agroecology requires a personal commitment of the farmers,
stemming, on the one hand, from a philosophy of accountability towards future generations, and,
on the other hand, from a perception of the irreplaceable nature of the ecosystem services provided by
nature. This is part of the vision of a deep agroecology in the sense that taking into account the needs
of future generations without integrating the inalienable nature of natural resources would lead to a
weak agroecology position. It took, for example, more than 40 years of hard work by Mr. Yacouba
Sawadogo to see his work greening an entire ecosystem and coming under the spotlight. However,
if the role of the producer is crucial in the agroecological transition process, it is equally necessary
not to put the entire weight of the agroecological transition on their shoulders. It is important that
farmers be accompanied in this process by public decision-makers as well as other stakeholders, such as
researchers, NGOs, CSOs, etc.

In addition, the agroecological transition raises a number of cross-cutting concerns that are
also critical to its success. Indeed, regarding both financial and material investments as well as
the delayed nature of agroecology, good land tenure security remains necessary to convince the
producer. Moreover, the agroecological transition cannot put gender aspects, particularly those
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of young people and women, in second place. Present in all stages of the food production and
distribution chain, women are also known for their ability to support innovation. In addition to land
and gender problems, the economical valorization of agroecological production remains one of the
major problems agroecological transition stakeholders have to solve. Moreover, while young people
are key stakeholders in today’s agroecological transition, they are also, and above all, the future of
agroecology in Burkina Faso and Benin. Their perceptions and apprehensions must therefore be the
subject of particular attention by the stakeholders of the agroecological transition in order to ensure
their adherence to the process.

Two levels of agroecological transition analysis are necessary to better understand the phenomenon
of amplification of the agroecological transition in a territory. The first is the farm transition, which begins
with the producer’s decision to begin agroecological production and continues until the farm reaches
its ecological equilibrium. This period represents a critical phase for farmers and requires technical
and institutional support. The second level of analysis of the agroecological transition remains the
territory. However, if the territory can be assimilated to a sum of farms, the scaling of the agroecological
transition of the territory is not the sum of the individual farm transitions within the territory. It must
be seen as a transformation of the food system rather than simple dissemination of ecological farms
at the scale of the territory. This is the reason that it involves a greater number of stakeholders.
Territorialized food systems enable this vision to be operationalized. Several efforts have been made in
this sense in Burkina Faso and Benin through participatory guarantee systems, which are potential
approaches for the transition to the agroecological scale in these countries. That way, the multiplication
of territorialized food systems in Burkina Faso and Benin as well as their efficiency can be indicators of
the amplification of the agroecological transition at the scale of these countries.
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