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Abstract: As a sustainable and holistic approach to agriculture, agroecology has received considerable
attention in recent years because of its potential to address the environmental, economic, and social
challenges of agricultural systems. In order to identify key trends, influential authors, impactful
journals, and emerging research themes surrounding the agroecological adoption topic, we performed
a bibliometric analysis based on metadata from documents dealing with the topic and methods
employed for its assessment over the period of January 1990 to July 2023, extracted from the Web
of Science database. Based on the metadata of more than 1280 articles, our analyses show that
the “identification of agroecology adoption determinants” and the “development of knowledge for
food sovereignty” are among the trendiest research topics, while farming systems management and
biodiversity issues are basic themes. The issue of analyzing agricultural productivity is more often
linked to the impact of climate change. Also, we find that machine learning methods are not yet
widely used to model the process of farm agroecological adoption. The contribution of African
countries to the topic remains marginal in terms of documents produced, despite the predominance
of traditional agriculture on the continent.

Keywords: agroecology; transition; metadata; farms; bibliometric method; machine learning;
African countries

1. Introduction

A paradigm shift in agricultural production systems is urgently required for our planet.
Due to the numerous negative effects induced by the extensive use of chemical treatments,
the conventional production system from the 1950s, which is still in use in many countries,
has reached its limits [1–4]. Nowadays, the question of how to satisfy the needs of the
present without compromising the capacity of future generations to satisfy their own needs
is one that is currently being asked by a large number of researchers and international
organizations. Several alternative production systems exist in the literature [5,6] and
agroecology is identified as one of the most promising alternatives [7–10].

In this paper, we use Dalgaard’s [11] definition that agroecology is “the study of the
interactions between plants, animals, humans, and the environment within agricultural
systems”. Some authors state that there is no unique, recognized definition of agroecol-
ogy [7,11–14]. However, most researchers acknowledge agroecology as a discipline of
integration but define it in other terms, for example, as “the application of ecological
science to design and manage sustainable agroecosystems” [15]. More broadly, we note
that agroecology incorporates ideas about a more environmentally and socially sensitive
approach to agriculture, one that focuses not only on production but also on the ecological
sustainability of the production system, which implies a number of features on society and
production that go far beyond the boundaries of the agricultural domain [16].
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The issue of agroecological transition emerged to address the need for adaptation for
all of the world’s agriculture to meet social demands, environmental challenges, climate
disruption [17] (p. 335), and the gap between the scale at which most agroecological
information is currently produced and the scale at which most decisions about farming
systems are made [9].

Agroecological transition can be defined as “the set of linked technical and organi-
zational processes by which new production modes based on agroecological principles
gradually and sustainably replace systems resulting from conventional intensification that
have led to the massive use of synthetic inputs, or allow very low productivity farmers to
intensify their production without reproducing this conventional intensification scheme”.
In either case, the objective is to develop an agriculture that can sustainably ensure both
local and global food security across all relevant dimensions [17] (p. 337).

However, this transition remains a major challenge in different regions of the world,
and in particular in West Africa [18,19]. This article’s goal is to analyze the agroecolog-
ical adoption field so that readers will have a better understanding of the current state
of the field’s research as well as some methods for its evaluation. We specifically look
at how the various agroecological adoption sub-themes have been studied in terms of
research development to date. We list some of the key players (countries, journals, authors,
etc.) who have influenced the field’s growth. Before introducing some methodological
approaches for assessing agroecological adoption, a quick review of Africa’s agricultural
system is suggested.

To accomplish these goals, we will conduct a bibliometric analysis of the literature
on agroecological adoption to identify the keywords, authors, organizations, and nations
pertinent to the study subject.

2. Materials and Methods

The data used in this paper cover the period from January 1990 to July 2023. They
were taken from the Web of Science database and primarily concern research articles, as
well as other kinds of documents such as book chapters and reviews. To achieve this, the
terms “AND” and “OR” were used in an advanced topic search, and the following search
strategy was developed: TS = ((agroecolog* OR agro-ecolog*) AND (transition OR scaling
up OR adoption or intensification OR extension) AND (method* OR machine learning
OR artificial intelligence OR data science OR statistic* OR model* OR econometric OR
multi-criteria OR multi-attribu*)), where TS denotes the TOPIC search field under WoS
and the asterisk any character(s) that can be inserted after the corresponding word(s) and
still have a meaning, such as “agroecology” or “agroecological”. Bibliographic metadata
for 1286 documents was gathered, including details on the authors, the journals in which
the documents were published, the nations where they were published, and more. The
documents covered 115 nations, 4951 authors, and 470 journals. In accordance with WoS’s
restriction of 0–500 entries per export for full information extraction, the metadata was
exported in multiple files in BibTex format. Before conducting the analyses, the various
file fragments were combined into a single file. The main packages, such as bibliometrix
and bibliometrixdata with their dependencies, were used to create the indicators using
R software [20].

Descriptive analysis, network extraction, and visualization are all parts of metadata
analysis [20,21]. It initially involved highlighting key trends, influential authors, impactful
journals, emerging research themes, and so on, by the level of analysis using metrics like
most relevant entities, most cited entities, major countries or organizations to which the
authors belong, the relative contribution of journals to the advancement of the subject
(Bradford’s Law), h-index, the frequency of publications by field or theme (Lotka’s Law),
and so on.

Bradford’s law describes the distribution of citations for a particular topic or field and
can be used to determine which reviews have been most frequently cited in that field or
topic of research [22]. Bradford stated that for a given study field, the top third of journals
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(zone 1 or core) represent the journals that are most frequently cited in the literature on
that subject and are therefore likely to be of greatest interest to researchers in the discipline.
Journals with an average number of citations are found in the middle third (zone 2), while
those with fewer citations or those marginally relevant to the topic are found in the bottom
third (zone 3 or tail). H-index is an author influence metric that can also be applied to
assess the influence of a journal or a country on a specific field [23]. The h-index of a
journal represents the highest number h of its publications that have received at least h
citations each. Its purpose is to quantify the scientific productivity and impact of the units
compared according to the level of citations of their publications. According to Hirsch [24],
who designed the h-index, this index makes it possible to gauge the relative importance,
relevance, and overall impact of all previous research contributions. This indicator has
received a lot of criticism because it ignores the nature of citations—whether they are
positive or negative—and undervalues the impact of journals with few publications that
receive a lot of citations, among other things. Lotka’s law describes the frequency of
publication of authors by postulating that the greater the number of publications, the fewer
the number of authors who can publish as many articles [25].

Then, using methods like science mapping and performance analysis [26,27], we
highlighted the trends of the various research structures that frame the term “agroecological
transition”. All the analysis and indicators used in this article and the corresponding metrics
were carried out following the recommendations prescribed in documents that provide an
in-depth description of the main steps to be followed for carrying out bibliometric analyses
by Aria and Cuccurullo [20]. In order to achieve the objectives pursued through this study,
the following research questions will be addressed:

Q1: What are the main entities (authors, journals, and countries) contributing to the
progress of research on agroecology adoption and methods for its assessment?

Q2: What are the trendiest themes related to this topic?
Q3: To what extent have machine learning methods been adopted in the modeling of

agroecological transitions compared with other methods?

3. Results

This section is subdivided into six (06) sub-sections presenting the main entities of the
study, the most trending themes, and an outline of a methodological approach for modeling
the adoption of agroecology.

3.1. Publication Trends and Journal Landscape

Since 1990, there has been an increasing number of publications on agroecological
adoption and its methods. In contrast to the period 1990–2000, when fewer than 10 articles
were produced annually, since 2015 we are currently seeing a high number of productions
of more than 50 documents annually. The agroecological transition is becoming more and
more important when discussing the broad agroecology study field. Agroecology adoption
on a large scale is being sought after by researchers and farmers in various nations. The
number of publications on agroecological transition over time is depicted in Figure 1.

The most significant sources in the literature were determined using both Bradford’s
Law and the H-index approach. The number of journals (470) used for publications
indicates that there are many options to publish articles related to agroecological adoption
or methods to achieve this. Regarding journal performances, the decomposition provided
by Bradford’s law results in a core group of 16 journals (i.e., a group of journals with high
added value on the research topic, cluster 1) with 435 publications. For clusters 2 and 3,
427 and 424 articles were published, respectively, and consisted of 88 and 366 journals,
respectively. The sixteen (16) publication sources that make up the core group are shown in
Figure 2. Six (06) of them stand out among the rest, with more than 30 publications each.
These journals cover topics like food security, ecosystem and land management, agricultural
economics, and sustainability. Except for “Agronomy for Sustainable Development,” which
is from North America, the majority of them are Western European journals.



Sustainability 2023, 15, 15616 4 of 18Sustainability 2023, 15, x FOR PEER REVIEW 4 of 19 
 

 
Figure 1. Number of publications on agroecological adoption per year from 1990 to 2023. 

The most significant sources in the literature were determined using both Bradford’s 
Law and the H-index approach. The number of journals (470) used for publications indi-
cates that there are many options to publish articles related to agroecological adoption or 
methods to achieve this. Regarding journal performances, the decomposition provided by 
Bradford’s law results in a core group of 16 journals (i.e., a group of journals with high 
added value on the research topic, cluster 1) with 435 publications. For clusters 2 and 3, 
427 and 424 articles were published, respectively, and consisted of 88 and 366 journals, 
respectively. The sixteen (16) publication sources that make up the core group are shown 
in Figure 2. Six (06) of them stand out among the rest, with more than 30 publications 
each. These journals cover topics like food security, ecosystem and land management, ag-
ricultural economics, and sustainability. Except for “Agronomy for Sustainable Develop-
ment,” which is from North America, the majority of them are Western European journals. 

 
Figure 2. Distribution of the core group’s journals using Bradford’s law from 1990 to 2023. 

Figure 1. Number of publications on agroecological adoption per year from 1990 to 2023.

Sustainability 2023, 15, x FOR PEER REVIEW 4 of 19 
 

 
Figure 1. Number of publications on agroecological adoption per year from 1990 to 2023. 

The most significant sources in the literature were determined using both Bradford’s 
Law and the H-index approach. The number of journals (470) used for publications indi-
cates that there are many options to publish articles related to agroecological adoption or 
methods to achieve this. Regarding journal performances, the decomposition provided by 
Bradford’s law results in a core group of 16 journals (i.e., a group of journals with high 
added value on the research topic, cluster 1) with 435 publications. For clusters 2 and 3, 
427 and 424 articles were published, respectively, and consisted of 88 and 366 journals, 
respectively. The sixteen (16) publication sources that make up the core group are shown 
in Figure 2. Six (06) of them stand out among the rest, with more than 30 publications 
each. These journals cover topics like food security, ecosystem and land management, ag-
ricultural economics, and sustainability. Except for “Agronomy for Sustainable Develop-
ment,” which is from North America, the majority of them are Western European journals. 

 
Figure 2. Distribution of the core group’s journals using Bradford’s law from 1990 to 2023. Figure 2. Distribution of the core group’s journals using Bradford’s law from 1990 to 2023.

At some levels, the rank according to the h index (Figure 3) shows a different hierarchy
from that obtained using Bradford’s law. However, four of the top five sources identified
by the Bradford law are also those with the highest h index. Agricultural System remains
the top-ranked journal with an index of 23.
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3.2. Top Authors and Affiliations

The analysis of the authors’ citation performance was based on the guidelines pre-
scribed by Lotka’s law. As a result, three different categories of authors can be defined:
occasional authors (those with a single publication during the study period), authors in
the intermediate group (those with between two and four publications during the study
period), and influential authors, or the core group (those with at least five publications
during the study period). Figure 4 shows that Theron O is one of the authors who has
published the greatest number of articles (14) on agroecological practices adoption, and
some of the related methods over the study period. He is followed by Tittonell P, Tello E,
and Duru M with 11 and 10 publications, respectively. Theron’s key research has focused
on the evaluation and modeling of the agroecological transition at the territorial or local
level [28–30], while the main work carried out by Tittonell has focused on establishing
typologies and identifying levers for the agroecological transition of farms [31–34]. Tello
and Duru’s main studies focus on land use and issues related to methodology for designing
agroecology transitions and their application at the territorial or local level [35–39]. Core
groups make up no more than 5% of the total authors, while occasional authors account
for 88% of the total. Figure 4 lists the 10 most influential authors of the series according to
Lotka’s law.

Regarding the institutional affiliations of the various authors of the study articles, a
total of 1796 affiliations were identified. Over 85% of these institutions published fewer
than 5 articles, while less than 2% of institutions each published more than 20 publications
over the study period. The top twenty institutions are listed in Figure 5. With 110, 69,
and 56 publications, respectively, Montpellier and Toulouse Universities in France and
Wageningen University in the Netherlands top the list. Some African universities, such as
Addis Ababa University and Haramaya University in Ethiopia, the University of Sokoine
in Tanzania, the University of Abomey-Calavi in Benin, and the University of Ghana, are
among the top institutions with an average number of publications of around 23.
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3.3. Most Cited Documents in the Literature

In this section, we consider articles with more than 200 citations overall. Therefore,
we have identified 16 articles among the 1286 documents studied. With 512 citations,
the most cited article in our collection addresses the issue of the determinants of farmers’
choice of adaptation methods to climate change in the Nile Basin in Ethiopia using an
econometric approach and is written by Deressa et al. [40]. It is followed by Perfecto
and Vandermeer’s [41] study on the agroecological matrix as an alternative to the land-
sparing/agriculture intensification model, which has 418 citations. An overview of the
most frequently cited papers is shown in Figure 6. On this graph, the importance of the
number of citations for a given document is indicated by the size of the circle around its
author. By cross-referencing the most cited articles with authors with a high number of
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published articles, only an article by Tittonell [42] entitled “Ecological Intensification of
Agriculture—Sustainable by Nature”, with 378 citations, and an article written by Duru et
Theron [39] entitled “Designing Agroecological Transitions: A Review”, with 337 citations,
could be identified, indicating that only these works belong to these two categories.
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3.4. Countries Production

Corresponding author’s countries highlight the production of authors affiliated with
each country of the study. From January 1990 to July 2023, 20 out of the 115 countries
covered by this study produced about 80% of the publications on the subject. With 217 and
165 articles, respectively, France and the United States have the highest number of articles
produced on the topic (Figure 7). With an average of fewer than 50 publications, only
five (05) African countries (English-speaking countries) are in the top 20. This suggests
that the English language deficit is a factor that affects how well-known African countries’
productions are in the area of agroecological transition. The abbreviations SCP and MCP
stand, respectively, for “single country publications” and “multiple country publications”.
The least number of papers with co-authors are published in Brazil and Nigeria, while
multi-author collaborations are most common in Kenya and China. Despite their large
number of publications, the collaborations made by French and American authors with
others remain weak. The overall scientific production of African countries is 16% and
remains low, despite the predominance of traditional agriculture in these countries. The
sustainability of traditional farming systems and their potential as a basis for agroecological
transition are well known [16,55,56]. However, scientific production in African countries
regarding agricultural issues suffers from the unavailability of timely data [57–59].

Looking specifically at the issue of agroecological adoption, a lack of institutional
frameworks to promote agroecological practices has been noted in some West African na-
tions, and agroecology is primarily driven by farmer organizations and non-governmental
organizations [17,60–62]. Also, the majority of agricultural policies in African nations
continue to support initiatives for intensification that are based on 1950s green revolution
techniques [60,62] and the conclusions of the 2006 African summit on fertilizers. However,
with the adoption of new agroecology programs in recent years, such as the “program to
support agroecological transition” (PATAE) in some West African countries such as Burkina
Faso and Mali [62], the Great Green Wall [63], the “dynamic for agroecological transition
in Senegal” (DyTAES) [64], etc., and the action of a large number of NGOs, the issue of
agroecology is gaining in importance in African countries.
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3.5. Keywords Analysis
3.5.1. Trend Topics and Co-Occurrence Analysis

The result of the co-word analysis [65], using Biblioshiny [20], based on keyword
co-occurrence, gives the different methodological approaches that are used to promote
agroecology adoption and the main themes/issues studied in this context. Figure 8 shows
trend topics, and apart from the keywords related to agricultural systems management
with a frequency usually reaching 150, the trendiest keywords are models, technology, clas-
sification, challenges, preferences, simulation, and the overall methodological framework
with frequencies usually between 50 and 100. The issues of avoiding deforestation, the use
of technology, and assessing the consequences of the agricultural system are among the
topics that have been studied consistently over the years.
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Figure 9 shows the links between the different keywords used in the selected articles
and to what extent they constitute major research groups. As a result, words like Africa,
determinants, adoption technology, adaptation, tillage, and strategies can be found in the
first class (shown in blue in the figure). Consequently, relevant research areas in Africa
include the investigation of the factors influencing the adoption of agroecology, the devel-
opment of farmer knowledge, or the adoption of technologies to increase the performance
of African agricultural systems. Additionally, words like management, models, systems,
food security, productivity, climate change, and impacts can be found in the second class in
red. Thus, the analysis of the productivity of various agricultural systems, the assessment
of the impacts of climate change on agriculture, and how to model growth in agricultural
production. The final class (shown in green and violet) consists of terms like sustainability,
innovation, networks, food sovereignty, innovation, biodiversity, ecosystem services, and
intensification. The key concepts in these classes focus on examining the link between
agroecology and sustainability (or food sovereignty), finding ways to conserve biodiversity
while seeking to intensify agricultural production, or developing the appropriate network
or innovations to enable sustainable production.

3.5.2. Themes Relevance and Degree of Development Resulting from Keywords Clustering

Using clustering algorithms provided by the bibliometrix package, we were able to link
the various themes based on selected article keywords. This clustering resulted in five pri-
mary thematic classes covering: global agriculture, adoption of agroecology, climate change,
management of agricultural landscapes, and the development of farmers’ knowledge.

When the degree of development of the themes (RankDensity) and their degree of
relevance (RankCentrality) are crossed, “adoption”, “climate change”, and “knowledge
development” are the themes that come out on top (Figure 10). The significance of the
keywords mentioned in Section 3.5.1 is consistent with these various classes. While topics
such as farming systems management, agricultural intensification, and biodiversity man-
agement have long been addressed in the past, those relating to the study of strategies
and determinants of the adoption of agroecology, the development of knowledge and
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innovations for food sovereignty, and the study of the impact of climate change on farm
productivity still need to be explored in depth.
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3.6. Research Gaps: Methodology for Agroecological Transition Modeling

Although questions relating to the identification of the determinants and strategies
of agroecological adoption are omnipresent in the literature, research with a view to
developing robust and comparable methods to achieve this from one geographical area to
another has yet to be carried out. For instance, keyword analysis revealed that machine
learning methods and econometric ones are not widely used to model the process of
farm agroecological adoption. Most methodological studies have focused on developing
a framework for evaluating the process of adopting agroecology using indicators or a
multi-criteria approach [2,8,66,67].

Agroecological transition can occur at any scale (plots, fields, farms, nations, etc.).
However, analyzing this transition at the country scale can be more complex than at a plot
scale, and the transition from one scale to another is not always obvious [11]. The spatial
dimension, or scale at which agroecology is to be adopted, must be clearly defined as part
of the analysis of the agroecological transition. Plot scale, farm scale, and territorial scale,
such as the country or region, can be distinguished as the three main scales [2,8,19]. To date,
the farm transition has not received much attention as a research topic [68,69]. Transition
is generally studied at the scale of the territory or landscape, as shown in the keyword
analysis section. Thus, despite the fact that the farm is the core of the agricultural production
system, only a small number of studies concentrate on this level [70]. Additionally, a time
dimension must be included in the transition analysis to enable performance comparison
and horizon forecasting [71]. The results will be even more significant if the time dimension
is taken into account when comparing the economic performance of agroecological farms
with that of other production systems, such as the conventional system. In fact, the
adoption time increases with increasing spatial dimensions. Therefore, in order to plan
the technical and financial resources required to achieve the desired results in a timely
manner and use a method that is appropriate, modeling work will need to take into
account the correlation between time and space. In different regions of the world, it is
still difficult to model the process of adopting agroecology on a large scale [68,69]. There
is some work that needs to be completed in advance to accomplish such analyses. In
fact, three main steps can be easily identified regardless of the modeling approach one
chooses to use. First, a preliminary characterization of the farms is necessary in order
to establish a typology or classification of these farms. Following that, a comparative
analysis of the socio-economic and environmental performance of the various classes
of farms is required based on the typology that will be obtained [2,7,14,29]. Modeling
the adoption process for non-agroecological farms is one of the last steps based on the
main characteristics of the classes identified previously, and this modeling should make
it possible to highlight the key variables that affect farmers’ decisions as well as the
opportunity costs. According to the general framework of the theory of the “diffusion
of innovation” [72], when faced with an innovation, there is initially a small number of
adopters (early adopters, and innovators who are keen to try new things and take risks). The
second phase, known as the growth phase, is when the majority of the population and the
waiters decide to adopt the innovation. During this phase, the number of adopters increases
and reaches a maximum. The refractory decides to adopt the innovation during the final
phase. The adoption function would take the shape of an ‘S’, characteristic of the logistic
function in this configuration. Agroecological practices can be viewed as innovations
that directly involve stakeholders in the innovation process while mobilizing a variety
of local knowledge sources and the most cutting-edge scientific knowledge to optimize
farm production [73]. Acceptance of innovations remains a complex and multidimensional
notion influenced by several variables. Farmers’ decisions are explained by the goals they
pursue and the resources available [74]. Farmers consider the possible effects of their
adoption decisions on the social, economic, and organizational activities of their farms
and families, in addition to the characteristics of their agroecosystems. It is, therefore,
necessary to provide clear information based on empirical analysis that can assure farmers
that the practices they will adopt will meet both short-term (food and income generation)
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and long-term (soil fertility improvement) objectives [75]. In this regard, econometric
methods may prove useful for simulating the adoption of agroecology and its scaling
up. These models enable the description of the factors that affect farms’ economic and
environmental performance in order to broadly predict their variations. The relevance
and realism of these models are increased by taking into account multiple objectives that
influence farmers’ decisions in addition to the goal of income maximization [76]. However,
the challenge of using econometric models lies in accounting for causal effects. More
broadly, automatic learning models can be used through the multiple algorithms they
provide, such as multiple logistic regression (LRM), ensemble methods (decision trees),
and non-parametric methods (naïve Bayes, k nearest neighbors), to learn from features
and make efficient modeling [77–80] For instance, Côte et al. [17] (p. 230) state that, prior
to 2019, there had not been a thorough and systematic evaluation of the sustainability of
agroecology in comparison to conventional agriculture that would have a broad scope.
According to these authors, the biggest challenge in conducting such an evaluation is
coming to an agreement on how to categorize farms into agroecology and “conventional”
agriculture among the practices that can be seen today in sufficiently diverse environments
all over the world. For our part, it might be possible to create a reliable typology based
on a quantitative approach using automatic classification models provided by machine
learning methods. Econometric approaches can be used to quantify the short- and long-term
effects and opportunity costs for farms wishing to move from one class to another. More
generally, we believe that it is necessary to develop harmonized approaches to modeling
the agroecological transition and that artificial intelligence methods can be used to this end.

4. Discussion

The agroecological transition issue’s significance is growing over time. Indeed, the rise
in the number of publications on the topic attests to its significance and can be interpreted
as a sign that it is reaching a certain stage of development. Additionally, the inclusion of
agroecology in the research domains of international organizations, such as the Food and
Agriculture Organization of the United Nations (FAO), demonstrates that its status as a
significant scientific and research field is expanding significantly [81].

The walktrap clustering algorithm was used to group keywords into five main thematic
classes: agriculture, landscape, adoption, climate change and knowledge. Apart from
the question related to agriculture and biodiversity management, other studies, such
as [12,82,83], had not previously identified climate change, knowledge development, and
adoption as research fronts. Adoption, knowledge development, and climate change are
some of the trendiest issues and are identified as central issues in this study. Although
the importance of the themes varies from period to period, some of them, such as those
dealing with the management of agricultural landscapes or biodiversity, have remained
constant over time. Given the topicality of climate change issues, in the process of modeling
the adoption of agroecology, it would be interesting to quantify the role of agroecological
practices in mitigating the effects of climate change.

The analysis of the present study also allows for the identification of the contribution
of specific African nations and academic institutions to the development of agroecological
transition research. In the African context, some authors argue that agricultural practices are
less centered on the conventional production system than those in Western nations. Despite
the considerable attention given to chemical products since the 2000s, these authors contend
that overall use rates on the continent are still lower than in Western nations. However,
ecological intensification is required in order to feed the expanding African population
because “traditional” practices are still unable to do so [17] (p. 191). Much remains to be
completed toward large-scale agroecological transformation in these countries, and current
and future progress should be documented.

Compared to the findings of Wezel and Soldat [12], the order of the country’s impor-
tance has changed. In fact, France, which ranked third in 2009 in terms of the number of
documents produced behind the US and the UK, now holds the top spot. Also, on the
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African side, contrary to the period before 2010, Ethiopia now appears in front of Kenya,
which also appears in front of Nigeria.

Research in agroecology has remained self-reflexive in that it has focused a lot on
how it is defined and what it is evolving into [82]. This suggests that additional empirical
research will be required to offer a quantifiable analysis of the advantages of agroecology
adoption. Our argument in Section 3.6 is part of this framework.

Some of the conclusions of the present study were also obtained by Shah et al. [84], i.e.,
the centrality of the issue of “agroecology adoption” among the various themes identified
and the rank and major contribution of the European institutions to the growth of the subject.
However, in contrast to this study, whose main objective was to show the relationship
between agroecology, food and water security, and climate change, our study aimed to
identify the extent to which researchers use some specific methodological approaches for
modeling the agroecology adoption process. This revealed, for example, that automatic
learning methods are still poorly used and that their use needs to be further developed
for greater precision and harmonization. This conclusion highlights one of the research
perspectives previously identified by Sott et al. [85] on the need to explore the use of artificial
intelligence methods in solving problems relating to agricultural system sustainability.

A bibliometric study carried out by Liu et al. [86] on the evolution of research related
to agroecosystem services revealed that the importance of agroecology increased fourfold
between 2012 and 2017, reflecting the link between these two themes. The analysis of
keywords and the main areas of research identified as part of this study also highlighted
the important link between these two themes. Thus, we can deduce that the relationship
between these two themes is bidirectional in the sense that agroecological practices in-
duce ecosystem services and, conversely, the search for an increase in ecosystem services
promotes the adoption of agroecological practices.

Previous studies on the sustainability of agricultural systems discussed in this article
have used VOSviewer [87], Bibexcel [88], CiteSpace [89], and SciMAT [90] for bibliometric
analysis. The use of the R tool through the package Bibliometrix [20] offered us just as many
possibilities in terms of analyses and indicators as these tools. One of the specificities of the
R tool is that it also offers the possibility of writing its own command lines for extracting
evaluation indicators, which is in line with the fact that it is a complete programming tool.

5. Limitations

At the end of this work, we want to note some limitations that could affect our results
to some extent. In fact, like other bibliometric studies, one of the limitations of this study
concerns the fact that the metadata was extracted from a single database, namely WoS. As
a result, WoS-unaffected documents listed in databases like Scopus are excluded from our
analysis. However, WoS is considered to be one of the databases with the oldest and most
comprehensive records of citation indexes [91–94], and it is often recommended to focus
on a single database as merging multiple databases can be complex and confusing [21].
Although WoS does not always index as many journals as Scopus does [95], a sufficient
amount of high-quality literature, particularly in the case of the natural or medical sciences,
can be reviewed using this database, and all the trends to be studied are adequately
represented [91].

When including entities by level of analysis, some arbitrary decisions also had to be
made in order to keep only the main entities. The aim was to provide a synthetic analysis.
This attitude does not necessarily have an impact on the quality of the analysis, according
to Skupin [96]. By choosing to only include the top 10 cited authors during our analysis,
for example, we do not in any way skew the ranking of the top 5 or top 100 cited authors.
We simply present one situation among many others, as synthetically as possible.

In addition to these points, we do not explain in depth the informatics or mathematical
techniques of bibliometric analysis used for our analyses in this article. So, we simply
use the methods that have been written about by other authors and cited in our work.
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Therefore, readers are encouraged to read these documents if they want more information
on these quite well-documented and thorough methods.

6. Conclusions and Perspectives

One of the challenges facing current agricultural research is finding the best strategies
for the sustainable transformation of current production systems. Agroecology is proving
to be one of the most suitable alternatives to the problem. Although significant progress is
being made around the world, large-scale adoption of agroecology is not yet being observed,
and African states should document the wide range of traditional knowledge (linked to
agroecology) practiced on the continent in order to promote its adoption. This study
demonstrates that while farming systems management, agricultural intensification, and
biodiversity management have long been addressed in the past, those relating to the study
of strategies and determinants around the adoption of agroecology, the development of
knowledge and innovations for food sovereignty, and the study of climate change impacts
on farm productivity still need to be explored in depth. Furthermore, our research shows
that there is no universal agreement on the best way to model the transition of farms to an
agroecological system, as each stage of this process may require a specific methodological
approach, and machine learning methods reputed for their robustness and objectivity
are still unexploited. Comparisons between conventional and agroecological production
systems, based on real and high data quality, could allow a real transition to take place
in the world and Africa in particular. One of the limitations of performance evaluation is
the inability to classify farms in a reliable and consensus-based manner. Using machine
learning techniques (such as decision trees, naïve Bayesian classification, multinomial
logistic regression, and more) will help to overcome this limitation and complete the other
evaluation and modeling steps that are still closely related to classification. Finally, future
research can cover other databases, such as Scopus, to make comparisons with the findings
of the present study.
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