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ABSTRACT

Agroecology, as a science for the study, design and management of sustainable food systems, retakes
epistemic, methodological and practical approaches of transdisciplinarity. However, there is not a
unanimous understanding of these approaches and few studies investigate its implementation.
Transdisciplinarity is defined lato sensu as the practices of collaboration and knowledge integration
between non-academic actors and scientists. This approach is at stake in Europe, especially in the field of
food systems. Our aim is to analyze the magnitude, conceptions and praxis of works from European
agroecologists claiming transdisciplinarity. Based upon a content analysis of publications and interviews
with some of their authors, our results show that, although there is a growing literature on transdisciplinarity
in Europe, the proportion of publications is low compared to the overall publications in agroecology.
Despite the global aspiration of using it as an approach to achieve cognitive justice and horizontal
knowledge construction, our typology of transdisciplinarity in practice shows a diversity of patterns. Four
clusters were identified, ranging from genuine co-creation of knowledge to uneven collaborations between
scientists and stakeholders, thus questioning scholars’ responsibility. As a nascent and promising domain,

transdisciplinarity in agroecology should be encouraged in European research and experiences capitalized.
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INTRODUCTION
According to the Manifesto of Transdisciplinarity (Nicolescu 2002), "transdisciplinarity concerns that

which is at once between the disciplines, across the different disciplines, and beyond all disciplines”. More
precisely, as integration concepts are continuously debated (Mauser et al. 2003), we have chosen to use a
quite consensual definition of transdisciplinarity: a practice which transgress and transcends disciplinary
boundaries to co-create knowledge, relevant for concrete problem-solving, through the collaboration of
researchers from different disciplines and non-academic actors (Mauser et al. 2003; Jahn et al. 2012; Popa
et al. 2015). The notion is also associated with two others not implying the participation of non-academic
actors in knowledge production: the multidisciplinarity — where researchers from different disciplines
collaborate but maintain their disciplinary perspectives — and interdisciplinarity — where researchers
collaborate with higher level of integration of goals and concepts (Mauser et al. 2013). Thus,

transdisciplinarity can also be seen as an interdisciplinarity with the participation of non-academic actors.

Transdisciplinarity traverses several scientific domains, particularly those dealing with sustainability. In
sustainability science, transdisciplinarity is seen as an approach that can address wicked and complex
problems, entailing issue-oriented researches, that include a plurality of views, to produce socially robust
and contextualized knowledge (Mauser et al. 2013; Scholz & Steiner 2015a). Agroecology has been built
upon the transformation of production knowledge practices and disciplinary boundaries, whether in its
strong or weak versions (Dalgaard et al. 2003), to design and manage sustainable agriculture and food
systems (Altieri 1995; Francis et al. 2003; Caporali 2011). Numerous authors retake transdisciplinarity as
a relevant framework in agroecology (Leff 2002; Méndez et al. 2013; Vandermeer & Perfecto 2013; Gémez
et al. 2015; Meynard 2017). It provides a significant thread in agroecology, since it integrates scientific
knowledge and other knowledge systems (e.g. experiential, lay, local, traditional or political), sometimes
called “dialogue of knowledge” (Leff 2002; Anderson et al. 2018; Rosset et al. 2020). These authors present
this epistemic practice as a way to support context-based and socially robust solutions adapted to socio-
technical conditions (Caporali 2011; Francis et al. 2013; Méndez et al. 2013, 2017; Gliessman 2018); and
as a response to inappropriate top-down positivist approach in agricultural knowledge production and
diffusion (Altieri 1989; Chambers & Thrupp. 1989; Norgaard & Sikor 1995).

However, within the growing literature in agroecology, the theoretical and practical understanding of
transdisciplinarity, does not have a straightforward and unanimous acknowledgement among its scholars,
which causes tensions in the field (Méndez et al. 2013). In addition to the variety of designations (e.g.
Participatory Action Research, co-design, triple helix model), transdisciplinarity may be understood as the

hierarchical participation or degree of involvement of stakeholders in the research process. In this gradient,



the normative hierarchy can be ranked from information, consultation, collaboration to self-mobilization
(Pretty 1995). Some authors even consider consulting as a passive participation of stakeholders and
extractive approach, prone to external manipulation, which does not promote genuine interactions between
stakeholders and researchers (Cuéllar-Padilla & Calle-Collado 2011).

The disparity in both conceptions and practices is not unique to agroecology. In the last 40 years, scholars
have framed, defined and practiced transdisciplinarity in multiple ways (de Freitas, Morin & Nicolescu
1994; Jahn et al. 2012; Popa et al. 2015). Most of them have extensively theorized about the conception of
a research agenda, the types of participation of stakeholders, the role and motivation of researchers and
variations in transdisciplinarity (Mobjork 2010; Popa et al. 2015; Scholz and Steiner 2015a,b). However, a
theoretical reflection on transdisciplinarity also requires considering its practice and evaluating its
development. For example, in sustainability science, few studies evaluate real transdisciplinary processes
(Scholz & Steiner 2015b). In the field of agroecology, few papers discuss the practical obstacles and doings
of transdisciplinary. Méndez et al. (2017) focus specifically in the difficulties and lessons learned in the
context of Latin America. Can these lessons be applied to a European context, while considering that the
evolution and conception of agroecology vary among countries and regions (Wezel et al. 2009; Gallardo-
Lopez et al. 2018; Nicot et al. 2018; Ollivier et al. 2019)?

Therefore, the aim of this paper, far from discussing the epistemological status of agroecology as a whole,
is rather to analyze the prominence, conceptions and practices of European researchers in agroecology
claiming transdisciplinarity. In this scope we analyzed how these researchers understand it and how they
relate with non-academic stakeholders. Since, beyond a general definition, there is not a unique way of

doing transdisciplinarity.

Our research focuses in Europe, because the relationships between research and social movements are
currently at stake. Both the debates inside Agroecology Europe association and within the European
Innovation Partnership (EIP-AGRI 2020) show an interest to have meaningful collaborations with diverse
actors to strengthen the institutionalization of agroecology in Europe. To have a broader grasp of
transdisciplinarity practiced by agroecologists at the European level, we interviewed researchers and
analyzed a corpus of scientific publications that involved, in the research process, non-academic actors.
However, due to time limitations, non-academic actors were not interviewed; therefore, their reflections
towards this scientific approach of knowledge construction goes beyond the scope of this paper. To
characterize the conception and practice of transdisciplinarity in agroecology during our content analysis,

we mobilized five key aspects from the literature, presented in the following section. After presenting our



methodology, the results are exposed in three sections to answer the following questions: What are the
generic trends (geography and dynamics) of the European publications referring to agroecology and
trandisciplinarity? What are the types of transdisciplinarity research approaches practiced in agroecology,
their transdisciplinarity conception, and their stakeholder participation? And what are the drawbacks that

European scholars encounter in their research work in agroecology?

1.2 State of the art of key aspects of transdisciplinary in Agroecology

In a literature review, we found the five following key aspects of the understanding of transdisciplinarity
by agroecologists: i) cross disciplinary integration, ii) complex system thinking, iii) type of stakeholders
involved, iv) social engagement, v) legitimacy. These aspects are also the theoretical basis of the categories
we elaborated (Table 1) to typify the conception and practice of transdisciplinarity.

Cross disciplinary integration is characterized by the type of disciplines involved and the way concepts and
methods are integrated. For some authors, agroecology is multidisciplinary whereas for others it is
interdisciplinary, i.e. an integration of disciplines rather than a juxtaposition (Caporal et al. 2006; Dalgaard
et al. 2003; Francis et al. 2013). Furthermore, some researchers or research units, only integrate closed
disciplines, e.g. biological or agronomic sciences, meanwhile others dabbled in a matrix of disciplines that
includes social sciences or even integrates ethical and political dimensions (Caporal et al. 2006; Dalgaard
et al. 2003; Guzman-Casado et al. 2000; Méndez et al. 2013).

Some considered that a complex system thinking is essential in a transdisciplinary perspective since it helps
understand the multifunctionality, problematics, and process of the “real world”, which cannot be achieved
through the lenses of one specific discipline or the sum of segregated disciplines. This approach challenges
the way sectorized knowledge systems create a disconnection between theories and reality (Francis et al.
2013; Gémez et al. 2015).

The type of stakeholders involved can be of three types: i) those who have local know-how (Altieri 1995;
Gliessman 2018); ii) those that science has marginalized and with whom researchers should collaborate and
help strengthen skills and organization capacities (Cuéllar-Padilla & Calle-Collado 2011; Guzméan-Casado
et al. 2013); and iii) those that are directly or indirectly affected by a problem, which means that all types
of stakeholders (policymakers, farmers, consumers, etc.) should be included (Berthet et al. 2016; Lamine
2018).



Some argue that researchers must have a political ethical and social engagement (Caporal et al. 2006;
Guzméan-Casado et al. 2000). Therefore, the knowledge created must help create an equal debate, decrease
asymmetrical power relationships by empowering and emancipating oppressed groups (Guzméan-Casado et
al. 2013; Cuéllar-Padilla & Calle-Collado 2011). This means that scientists are implied actors that are not

isolated from social interest (Warner 2007; Coutellec 2015).

The legitimacy of any scientific knowledge is first bounded by academic norms (e.g. methodology,
falsifiability, reproducibility of experiences, peer reviewing) and the alliances to interested actors (i.e.
research institutions, NGO’s, international organizations, research agencies), that fund or facilitate the
research (Warner 2007; Coutellec 2015). However, knowledge legitimacy can also be based on a bundle of
policy/politic, civic, legal and practical scientific processes. Montenegro de Wit & lles (2016) propose that
agroecology must aspire to have a “thick” legitimacy of its knowledges by bounding different processes
(i.e. political, scientific and civic).

1. MATERIAL AND METHODS

2.1 Search strategy of publications on transdisciplinarity in agroecology

A query search was built to identify the relevant studies in agroecology from European scholars in
agroecology claiming transdisciplinarity. From the bibliographic database of Elsevier’s SCOPUS, we
extracted publications that contained as the main search in the title, key words and abstract the word
agroecology (or agro-ecology), which was bounded by 26 European countries (see Supplement 1 for details
on the query). To grasp transdisciplinarity in its diversity, we designed a lexical query supported by an
analysis of core papers in the domain. The query finally contains words related to transdisciplinarity or to
multi/interdisciplinarity associated to participatory methods, stakeholder involvement or system approaches
(see Supplement 1 for details). From 1960 to the 2™ of July 2019, we obtained a corpus of 405 articles from
European agroecologists dealing with transdisciplinarity (Figure 1). Although most articles in Elsevier’s

SCOPUS are in English the articles in different languages were also analyzed.

2.2 Qualitative typology of transdisciplinary research

Using a content analysis (Krippendorf 2004), defined as the systematic description of communication
content, we hand-coded full-text articles to characterize transdisciplinary practices as reflected by scientists
in their publications. Based on categories from literature (particularly those exposed in section 1.2) and

those emerging from the content, we elaborated a coding scheme, divided into two phases.



First, we identified articles where the participation of stakeholders was essential to create agroecological

knowledge, with a transdisciplinary approach. We selected 389 full-text articles for coding, using four

descriptors (Figure 1 Corpus B) that enabled us to refine the final corpus:

i)

iii)

iv)

Type of research approach (n=151): Papers without explicit stakeholder participation in their
empirical research processes, were excluded; e.g. meta-analysis or reviews which have a
theoretical focus or confront several empirical cases

Type of participation of stakeholders (n=40): Stakeholders did not participate in the research
process.

Agroecological conception (n=103): Papers with the adjectivation agroecological zoning were
excluded from the analysis, because their focus is to describe regional soil and bioclimatic
conditions at a macro-scale, without interactive participation of stakeholders. In some cases,
although having a participatory angle, agroecological zoning is only used to explore a variability
of contexts and support a sampling of studied situations, e.g. “these provinces were selected as
they represent the broad spectrum of agroecological zones, socioeconomic circumstances and
work animal usage within the region ” (Dijkman et al. 1999). It is used as a characterization rather
than developing sustainable agricultural or food systems.

Centrality of agroecology (n=24): Papers where agroecology was not the main focus or had no
citations of articles related to agroecology were discarded.



Corpus A) Total articles with the word Agroecology by authors from European Countries (n= 3236)

l

| Articles with the words Agroecology and Transdisciplinarity (n=405)

|

|

Corpus B) Available in databases (n=389)

Non available in databases (n=16)

|

UOKBOGHUSP]

Type of research approach
where there is an interaction with stakeholders as
the primary source of information (i.e. field
experiments, field studies).

|

Types of approaches excluded: (n=151)

Meta Analysis, reflexive analysis and reviews: they
base their study in a summary of findings, studies or
conclusions of other studies.

Type of participation of stakeholders in the
research: The participation could be providing
information, consultation, for material interest,
functional, interactive or Auto-promoted.(Pretty
1995).

Types of participation excluded: (n=40)
Stakeholders do not participate.

Agroecological conception
was categorized according to the definition or
conceptual interpretation of the own authors.

Agroecological conception excluded: (n=103)
Articles where agroecology is not mentioned.
Agroecological zoning: zones on the basis of
combinations of soil, landform and climatic
characteristics (FAO, 1996).

Centrality of agroecology
the aim and outputs contribute to agroecological
knowledge.

Agroecology is not central but: (n=24)

- Supplementary: Agroecology is mentioned as a
discipline, practice or mean of the main topic. It is not
considered the main strategy, concept, or there is no
bibliography related to the concept.

- Buzzword: they just mention the word one time or is
not present in the text.

UONO3[AS JO BLIAILY) ] SBYJ

integrated and reflected.

2003)

Corpus C) Multiple Component Analysis (MCA) and Agglomerative Hierarchical Clustering (AHC) (n=68)
Exght variables (plus 5 supplementary) used for the typology of transdisciplinarity:

Type of participation of stakeholders (Pretty, 1995)
» Integration of knowledge: degrees in which the values, opinions, knowledge of stakeholders and researchers are

« Participatory aim: the research has to achieve the objective of the study.
*  Function of the researcher: the role of the researcher in the research process.
* Integration of different types of disciplines that can have or not the same levels of analysis (Stokols et al.

Definition of problem: where does the problem come from and it's aim.

Legitimacy achieved (Montenegro & Iles, 2016): scientific, policy/politics, civic or practical.
Stage of involvement of stakeholders: Stage in which there is an involvement of stakeholders.
Time frame to develop the research (supplementary variable)

Agroecological conception (supplementary variable)

Type of research approach (supplementary variable)

Country of authors (supplementary variable)

Continent where the research occurred (supplementary variable)

A3ojodA£], :7 aseyq

Figure 1.

Flowchart and description of criteria used in the literature selection and typology




A second phase of analysis aimed to determine the diversity of transdisciplinary approaches in agroecology.

This resulted in a corpus of 68 articles (Figure 1 Corpus C, see Supplement 3 for details on the

references).The full texts of the articles selected in the first phase were reviewed and coded using eight

qualitative variables and supplementary variables (author country, place and duration of research, plus

details in Figure 1 and Table 1). These variables were created based on the five aspects of transdisciplinarity

in agroecology that we identified in Section 1.2 and from sustainability sciences literature (Stokols et al.
2003; Mobjork 2010; Popa et al. 2015; Scholz & Steiner 2015a,b).

Table 1: Coded variables and their modalities, their source and description

Categories

Modalities and their description

Type of participation
(Modified from Pretty 1995)

Direct providing/ consulting information: People participate by answering
questions or exposing their opinions. They do not influence the
research since they cannot verify the accuracy of the results or define
both the problems to be addressed and solutions.

Direct functional: People participate by forming groups to meet certain pre-
defined objectives of a project. Such involvement is usually not in the
early stages of projects, but rather after the most important decisions
have been made. These groups tend to be external initiators.

Direct interactive/Auto-promoted: People participate in a common analysis of
situations, which leads to action plans and the formation or
strengthening of groups. This usually involves interdisciplinary
methodologies that use structured learning processes.

Integration of knowledge

Degree in which the values, opinion
and knowledges of stakeholders and
researchers are integrated

Knowledge incorporated no feedback: There is no moment of exchange
between stakeholders and researchers.

Discussion among stakeholders’ passive researchers: Stakeholders interact
and exchange but the researcher, remains as a facilitator and doesn’t
engage in the discussion as an equal.

Discussion/feedback among stakeholders and researcher: Stakeholders and
the researcher can interact and enter in a process of reflection as
equals.

Participatory aim

Assessment

Co-innovation/ construction

Community based development/decision making/ Adoption
Upscaling/ transforming

Stakeholders stage of involvement

One stage: Development or Design
Two stages: Problem and or design/dissemination/development
In all stages or a mixture of them

Function of the researcher

Functional: The researcher conceptualizes, systematizes, analyzes social,
technological and/or biophysical process.

Collaborate: the researcher does the functional activity but also collaborates
to construct the knowledge of other stakeholders.

Transform: the researcher is part of the transformation or changes they want
to achieve; s/he is also is active in the process.

Integration of different types of
disciplines

Integration of concepts and methods
between disciplines that can have or
not the same levels of analysis
(Stokols et al. 2003)

Closely related: e.g. disciplines such as agronomy and soil science.
Not Closely related: e.g. anthropology, landscape ecology.




Definition of problems Knowledge gap: The research aims to answer a knowledge gap that has been

How and who formulates the previously recognized in the scientific arena.

research problem Social living issue: The research recognizes an issue that has an impact on
society and which contribution could help solve or visualize the
situation.

Exterior request: Bottom up or top down

Legitimacy Scientific

people accept, practice, something Scientific and practical

widely as credible and authoritative Scientific, practical and/or Policy/politic and/or Civic

(Montenegro de Wit M. & lles

2016)

To construct the typology of transdisciplinarity practices in agroecology, a Hierarchical Clustering on
Principal Components (HCPC) was conducted using the FactoMiner R package (Husson etal. 2011). HCPC
is a Multiple Correspondence Analysis (MCA) followed by an Ascending Hierarchical Clustering (AHC)
on the MCA results. We used the eight active variables presented in Figure 1 and, extra supplementary
variables to enrich the analysis (i.e. time frame to develop the research, agroecological conception, type of
research approach, country of authors, continent where the research occurred). HCPC allows to group the
individuals and variables that are more alike. To have a robust MCA, the potential rare modalities (<
frequency of 10%) in variables were grouped with those categories that were most similar. To denoise data,
according to the visual analysis of the % of variance scree plot (Figure 4) and exploration of the many
clustering options provided by FactoMineR, we chose to keep the first 4 dimensions of the MCA which
retains 59.3% of the total inertia. Based upon the coordinates of individuals on these first dimensions and
the recommended and most used parameters in such analysis, i.e. squared Euclidean distance associated
with the Ward’s agglomeration method (Husson et al. 2011), the AHC automatically generates a 4 clusters
partition of our population. This method consists in iteratively grouping individuals in clusters which
minimize within-cluster inertia and maximize between-cluster one (Ward 1963). To consolidate clusters,
we also used the k-means consolidation process provided by FactoMiner. The final cut of the hierarchical
tree is automatically detected by the algorithm using the inertia gained in each class and the comparison
between the similarity and dissimilarities of each group. Table 2 presents the variable modalities that best
characterized each cluster. The chosen parameters provide a clustering solution which is fine grained and

produces balanced clusters, coherent with the interviews we made.

2.4 Interviews with researchers

Semi-structured interviews were used to complement the literature review and have a deeper understanding
of the process, reasoning, conception, barriers and experience gained by doing transdisciplinary research in
agroecology (see Supplement 2 for details). We interviewed European scholars that had more the one article

published in Corpus C (Figure 1), are central and active authors in the agroecological community. While



having to address the availability for interviews, we tried to have a diversified sample of scholars in terms
of their geographical location; their practice of transdisciplinarity; institutional and disciplinary
backgrounds. This resulted in a set of 11 interviewees from France (n=4), Belgium (n=1), Spain (n=2),
Norway (n=1), Italy (n=2), Netherlands (n=1), who were interviewed in July-October 2019. The duration
of the interviews was between 30 min to 100 min. We established ex-post the links between interviewees

and clusters of transdisciplinarity practice thanks to the authorship of clustered papers.

2. RESULTS

3.1 Dynamics and geography of publications

In SCOPUS, we found 3,235 articles dealing with agroecology and including European authors [1960-
2019]. The temporal analysis (Figures 2 & 3) focused on papers published after 1996, because we observed
a gap in the number of publications before this year. From the total number of publications in agroecology
published by European authors there were 405 articles (see Figure 1) that use concepts linked to
transdisciplinarity. In February 2020, the proportion of articles from European authors dealing with
transdisciplinarity represents 13.1% of the literature on agroecology, whereas this proportion is 10.6% for
the rest of world. Although, the proportion of publications with a transdisciplinary approach is not the same
each year, there is a trend to slightly increase the number of publications each year (Figure 2). Between
1997 and 2010, the number of publications associated to transdisciplinarity went from 4 publications to 11
publications per year. After 2011, a steep growth is noticed: in less than a decade, the number of

publications per year rise from 11 in 2011 to 55 in 2018.
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Figure 2. Evolution of the proportion of agroecology publication dealing with a transdisciplinary approach
in Europe (dashed line = trend line)

From the overall content analysis (Figure 1, Corpus B), 49% of the articles use the term agroecology as a
supplementary topic and 14% only use it as a buzzword (see Figure 1). As shown in Figure 3, authors
approached agroecology in 13 different ways; sometimes publications included more than one conception
(e.g. agroecosystems and agroecological practices) which we called a mixed conception. Over the years
we observe a rising number of conceptions in agroecology. However, the number of publications per
conception is not homogenous. There are conceptions that persist but do not grow (i.e. agroecology of
knowledges) and others with a growing number of publications each year. Conceptions like agroecological
zoning and agroecological transitions, have increased their number of publications, due to supportive
institutional frameworks. Agroecological zoning represents 33% of the analyzed documents and the number
of publications keeps growing each year (Figure 3). The use of this concept is favored and promoted by
FAO in land-use planning and management methodologies (FAO, 1996). However, using a
transdisciplinary framework in this conception often remains contextual and anecdotical, without
contributing to the design of sustainable agriculture or food systems. The notion of agroecological
transitions has boosted after 2010, especially because French researchers and various institutions (including
NGO's) are developing research and creating working groups to contribute to public policies advocacy, to
transition from low input or conventional systems to ecologically intensified systems (Bellon and Ollivier
2018).

11



90 Count of publications

Agroecological conceptions

0 f 10
Year of publication

Figure 3. Dynamic of the conceptions of agroecology in Europe: Thirteen agroecological
conceptions in publications related with transdisciplinarity in agroecology between 1997 & 2019.
The use of multiple agroecological conceptions was named “mixed”. The size of a circle represents
the yearly number of articles. Articles with no explicit mention of an agroecological conception
were excluded.

Most of European researchers in agroecology using a transdisciplinary framework, do their fieldwork
outside of Europe (67%) (Figure 4). From 319 articles with an information on their fieldwork location, 33%
were based in Europe, 29% in Africa, 13% in Latin America, 12% in Asia, 10% in more than one continent,
2% in East Asia and 1% in North America. Fourteen countries were found to publish topics related to
agroecology of which most publications were from authors affiliated to France (n=100), Netherlands (n=55)
and United Kingdom (n=74). There are authors from some countries that specialize in non-European
countries and others that focus in their country of affiliation (Figure 4). For example, almost all publications
affiliated to the Netherlands are from Wageningen University and focus on Africa or Latin America.
Meanwhile most authors affiliated to France are from INRAE and do their fieldwork in France; the

fieldwork done abroad, is through international institutions like CIRAD or Bioversity International.
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Figure 4. Relation between the countries of European authors (upper part) and the continent where they
based their research (lower part). The thickness of the line represents a greater number of articles.

3.2 Type of research approach and participation of stakeholders

From the content analysis of 389 articles (Figure 1 Corpus B), we identified that authors adopted thirteen
different research approaches: i) field studies, ii) field experiments, iii) field studies and site measurements,
iv) method proposition, v) reflexive analysis, vi) field studies and laboratory analysis, vii) comparative
studies, viii) future scenarios, ix) field experiments and laboratory analysis, X) models xi) meta-analysis,
xii) review and xiii) theoretical. The more theoretical studies (Reviews, meta-analysis and theoretical),
represent 38% of the publications (n= 148). However, a citation analysis of 405 articles (see corpus A in
Figure 1), using the VOSviewer software (van Eck and Waltman 2017), shows a low citation level of
reflexive work on transdisciplinarity. From 25,333 citations, only 4.5% explicitly mention in their title,

words related to transdisciplinarity and 1.2% in association with theory related words.

From the 241 articles that had an empirical research approach, the type of participation of stakeholders was
coded using a modified classification from Pretty (1995) (Table 1 and Figure 5). The category “minimal
and passive exchange or interaction between researchers and stakeholders” represents 62% of the articles

(n=107), whereas 27% of the articles (n=63) implies stakeholders whose decision is not imperative in the

13



pre-established objective of the research (functional participation). The third category embodies 11% of
the publications (n=26) in which the actors are stimulated to be the change agents of the project (interactive
or auto promoted participation). Figure 5 shows that 55% or more of the participation of stakeholders in
field studies or experiments (and their respective combination with laboratory analysis) is passive or just
provides information and other resources. Therefore, the type of research approach and stakeholder's
participation, claimed to use a transdisciplinary approach, does not differ from conventional agricultural
settings, conducted whether in controlled experimental fields or on commercial farms.
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Figure 5. Percentage of the three types of participation of stakeholders according to ten research
approaches. The research approaches, from left to right, are ordered according to their importance.
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3.3 Typology of transdisciplinary practices in agroecology

After an overview of the main characteristics on the way European agroecologists deal with
transdisciplinarity, we here focus on the way researchers implemented it. Based on a restricted corpus of
68 articles (Figure 1 Corpus C), we built a typology described into two sections. The first one outlines the
variables that characterize transdisciplinary in practice as they are synthetized with a MCA. The second
section describes a typology of approaches based on clusters derived from the HCPC and crossed with the
opinions of the interviewees.
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The MCA (Figure 6a-b) allowed to determine the importance of the variables that mainly characterize

transdisciplinarity in agroecology. The first plan represents 42% of the total dataset inertia, in which the

first dimension (30.84% of total inertia) is characterized by the following active variables (p.values<0.001):

function of the researcher (r2=0.82),

integration of the knowledge (r2=0.82), stakeholders stage of

involvement (r2=0.77), legitimacy (r2=0.75) and type of participation (r2= 0.74). The time frame to develop

the research is a supplementary variable that is statistically associated. The second dimension (11.35 % of

inertia) is also characterized by the same variables plus the ‘Participatory aim’ one. Thus, the two

dimensions oppose publications with in-depth transdisciplinary practice (on the right of Figure 6b) to

publications with light practices in terms of social interactions, researchers and stakeholder's involvement,

legitimacy process and time frame (on the left).

a) MCA inertia screeplot

‘III

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
dimensions

percentage of variance

—

Kept? [l Facse [ rue

c) Hierarchical clustering

et R R

02
Height

03

......

b) MCA (10 most contributing modalities)

Researcher.Involvement_Transform

~
B

By 3_or_more_stages
d A X
= Scientific/Practical/Civic/Policy
= .
a ! e .

. Par;[f‘spatlpn,sz67CE>'nsu|lmg o_Discussion.among.stakeholders.and resefifther

PN 4 D Rttt e el S sl b LS b i B

No@rsc‘usslon amogg.stakeholders . .
° . L . e o

.
Researcher.Involvement_Collaborate
.
Coinnovation_cqconstraiction
Scientific_Practical
Iy
2stages o

-10 -05 1.0

05
Dim1 (30.8%)
d) Factor map with clusters

2-

S BRSNS

Dim2 (11.3%)

o
I
'
'
'
'
'
'
'
. |E
' ol
- -
D
- <t

\
O ommmmmnfm e R

im1 (30.8%)

cluster E] 1 E 2|

3[a] 4

Figure 6. Transdisciplinary practices in agroecology: MCA and HCPC visualizations.
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The retained HCPC — considering 4 dimensions with 59,3% of the total inertia — deepens these findings and
discriminates four types of research practices claimed to be transdisciplinary (Figure 6 b-c). Table 2
describes the most structuring active variables and the modalities from active and supplementary variables

significantly (p-value <0.05) associated to each cluster.

Clusters 1 and 2: classical consultative research

Based upon the HCPC, Clusters 1 and 2 reassembles 61% of the publications and share common features
(Figure 6d). Stakeholders are assets to fulfill a knowledge gap and are only consulted in one of the stages
of the research. This type of research is on average conducted in less than 1 year and field studies are a
prevalent research approach. The researchers' position remains functional (Table 1). According to Table 2,
Cluster 1 assembles 44% of the papers and it is distinct from Cluster 2 because researchers just consulted
stakeholders whereas in Cluster 2 stakeholders hold internal discussions and have a more active role in the
research. Also, in Cluster 1 the aim is to assess different issues (e.g. practices, food networks) and in cluster
2, the research aims to transform or develop, adopt or support decision-making issues. The most frequent
research topic (>15%) in Cluster 1 was agroecological practices, meanwhile in Cluster 2 there is no
dominant topic. Researches in Cluster 2 are associated with multi-country collaborations on non-European

fields, with a tendency to integrate not close disciplines (i.e. agronomy, sociology, ecology).

Interviewees associated to both Clusters had background knowledge in natural sciences. They perceive
agroecology as a science of socio-ecosystems, in which complexity cannot be reduced to one single
discipline. Researchers use the framework of transdisciplinarity to produce knowledge that integrates
different viewpoints. They agree that this framework goes beyond the sum of disciplines, thus disciplinary
boundaries are blurred. In this vision, researchers acknowledge that stakeholders can help them connect
theory and practice since they have specific knowledge of their context and a complex representation of
reality. Therefore, stakeholders are chosen to participate in the research depending on what they can
contribute to the research. In both Clusters researchers are willing to cross their disciplinary boundary. They
consider that one of their function as a scientist is to integrate and interconnect the knowledge from different
disciplines; mediate and reformulate both scientific and nonscientific language to make it more available

to scientists and practitioners.

In both the HCPC and interviews, we found that scientific legitimacy is a main output for these researchers.
However, our interviewees mentioned that they also delivered their results to the participants in a colloquial

language. Most of the divulgation were videos, conferences or reports. They considered that most of their
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information promoted a reflexive process among stakeholders about their problems, contributions, and
reasonings. Some argued that they just did a dissemination because it was neither practical, nor the aim of

the research.

Cluster 3: practical problem-solving and co-innovation

This Cluster represents 21% of the publications; researchers have a collaborative role (Table 1) and are in
constant discussion with stakeholders (Table 2). The HCPC results also show that the main goal of the
research is to have functional participation of people to achieve a co-innovation. Most of this research lasts
between 3-5 years and stakeholders participate in at least 2 stages of the research process. The knowledge
is legitimized through science and practice, and sometimes civic or policy devices (Table 2). The type of
transdisciplinarity of Cluster 3 is mostly associated to French authors. They usually work in research teams
covering a knowledge background issued from a diversity of disciplines from social and natural sciences.
The dominant topic (>15%) is participatory methodologies to foster agroecological transitions; that often
use serious games, such as “TataBox” and “Rami fourrager” (Hazard et al. 2018; Bergez et al. 2019).

The interviewees from this cluster affirmed that an agroecological transition, the most associated
conception of agroecology, requires a transdisciplinary framework because any adaptation, from a practice
to a food system, needs to be tailor-made by the actors of their territory. One interviewee mentioned that
the main advantage is enabling an integrated representation with a non-equivalent model that provides a
different viewpoint of the system, that is required to deal with different values or representation of
stakeholders; which otherwise would be impossible for scientists to define from a laboratory. Furthermore,
interviewees argue that agroecology deals with problems, issues or innovations that have a high degree of
uncertainty, and high social stakes or impacts; therefore, it requires a transdisciplinary framework to
propose alternatives for conflicting interests and territorial collective approaches. Our interviewees consider
that their role as scientists is to develop and operationalize the methodology, coordinate a research program

and analyze the different viewpoints; thus, they agree that the research questions need to be co-constructed.

In the interviews, researchers highlighted that when the research aims a social living issues, stakeholders
are easily interested because it affects them. Regardless of the research aim, some interviewees chose actors
based on theoretical stakeholder analysis of power relationships and other researchers chose individuals or
actors that impact and are impacted by the issue. Some interviewees affirm that it is naive to think that
stakeholders should be involved in all stages of the research since researchers have to alternate between an
analytical stance to a participatory one. Also, not all stakeholders can interact, especially if considering
power relationships among them. Therefore, the research process is a back and forth process between an

interdisciplinary team and stakeholders. Our interviewees affirmed that their scenarios or models had an
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impact on the public services territorial projects and aimed to reinforce other research projects that had
practical innovations. Moreover, intangible outputs are derived from interacting among stakeholder’s,

which help clarify their own positions, learning from each other and taking part in a collective process.

Cluster 4: transformative and reflexive processes in education and science

The 12 publications (18%) assembled in this Cluster are inserted in a transformative perspective. Table 2
shows that researchers are involved in a collaborative stance and stakeholders have an auto promoted
participation (Table 1). It is based upon interactions among stakeholders and researchers mainly from
distant disciplines. For example, the interviewees and research teams had background knowledge on a
diversity of disciplines in social and natural sciences. The research process is usually long (> 5 years) with
many stages of participation with stakeholders; it encompasses reflexivity and comparative approaches,
with diverse conceptions of agroecology. The main topics (>15%) are education, transitions and
participatory methodologies. The knowledge is legitimized through scientific and policy processes.

Our interviews revealed that we could subdivide this category in an academic and an activist
transdisciplinarity. The academic transdisciplinarity is based on the experience of the educational program
of Agroecology in Norway (Francis et al. 2013). In their action-learning system, transdisciplinarity is used
to understand a complex issue of reality and promote an experiential learning. Their goal is that students
learn by observing and experiencing a problem and deliver suggestions or identify problems with
stakeholders. Contrastingly, an activist transdisciplinarity (Stassart et al. 2018; Cuéllar-Padilla & Calle-
Collado 2011) is used in agroecology as an ethical and political commitment of scientist to be at the service
of society and recognize that academic knowledge is not above other knowledges or ways of generating
knowledges, but they are equally valid and true. Under this vision, transdisciplinarity can only be achieved
through a horizontal scheme of knowledge forms, social status and shared needs and motivations. The
outputs created are very context-dependent since they emerge from a situated knowledge, and non-tangible
results are an important part of the research. In this case the process itself becomes a result, for example,
the maturity of a group and network, the articulation and empowerment of the collective, the mutual

collaboration and the development of skills and mutual learning.
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Table 2: Description of variables, modalities and clusters of transdisciplinary practices
[Values in cells correspond to i) the proportion of publications of the Cluster having the modality, ii) the
v.test, the intensity of the relation between the cluster and the modality, in red when positive and blue when
negative, and iii) its significance (*** for p<0.001, ** for p<0.005, * for p<0.01, for p<0.05). Variables are

ordered by their decreasing importance in the structuration of clusters (p.value from chi2 test)]
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3. DISCUSSION

In summary, our results show that transdisciplinarity in agroecology remains under construction and that
researchers have different ways of understanding and practicing it. The following discussion is divided into
3 sections to consider 1) how the disparity between the theoretical discourses and the agroecological
movements expectations affects the practical frameworks; 2) three barriers researchers face when practicing
transdisciplinary research, and 3) the institutionalization and future perspectives of transdisciplinarity in
Europe.

4.1. Disparity in the practical and theoretical discourses

In agroecology, the theoretical and practical framework of transdisciplinarity contrasts with what its
movements seek to achieve. Agroecology Europe, food sovereignty forums (e.g. Nyeleni), international
expert panels (HLPE, FAO), researchers and diverse actors are calling for meaningful collaborations, in
which knowledge is co-created, exchanged and social, environmental, cognitive justice is achieved (Wezel
et al. 2018, Duncan et al. 2019; HLPE 2019). To achieve this goal, in theory, agroecological knowledge is
based on holism, complexity, system thinking, epistemological pluralism, and contextualization as an
alternative to the simplistic, positivist paradigm of classical sciences (Norgaard & Sikor 1995; Bland &
Bell 2007; Gomez et al. 2015; Bell & Bellon 2018). However, some authors mention a lack of clarity within
these epistemological principles, entailing uncertainty as to whether agroecology is multidisciplinary,
interdisciplinary or transdisciplinary (Méndez et al. 2013; Dalgaard et al. 2003; Gomez et al. 2015). The
epistemological plurality within agroecology is reflected in our results; which show that of 3,235
publications on agroecology, only 12.6% are related to transdisciplinarity forms. Previous authors have
divided agroecology in hard and soft agroecology (Dalgaard et al. 2003), arguing that a soft system
perspective includes the viewpoints of people, operating at farm to regional levels and with engaged
scientists. Our results show that the majority of the 68 publications analyzed (87.4%) can be considered as
close to hard agroecology even though they consider actors in their research process. However, they also
show that not all soft agroecology has the same characteristics. For example, there is a diversity of
conceptions of agroecology and the subjects or levels of analysis do not delimit a transdisciplinary
approach. Contrary to what was expected, topics such as system design and social movements, which are
considered by Brym and Reeve (2016) as central issues in agroecology, are little addressed with
transdisciplinarity, whereas participatory design approaches are increasingly advocated in specific
disciplines (Meynard 2017; Berthet et al. 2018). Besides, most soft researchers continue to have a rather
positivist paradigm, where researchers maintain a ‘neutral” function seen as a source of scientific legitimacy
(Montenegro de Wit & lles 2016). As a consequence, stakeholders become passive objects of study, which

can limit the researcher capacity to recognize, frame and assess problems from the perspectives of actors.
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This reflects that agroecology is appropriated with a diversity of scientific paradigms and approaches

(multi/inter/trans-disciplinary).

Agroecologist have criticized the top-down scheme of conventional agricultural science under which
research is not contextualized according to the local conditions and necessities (Altieri 1989; Norgaard &
Sikor 1995). Our results show that the use of transdisciplinarity does not necessarily differ from
conventional agricultural settings, where farmers are also heard, and practical studies are conducted in
controlled experimental or even farmers’ fields. Likewise, a transdisciplinary framework does not
necessarily lead to social empowerment and legitimacy (Brandt et al. 2013). On the one hand, this shows
that the associated terms to transdisciplinarity can sometimes be reduced to a buzzword or a mere
involvement of stakeholders in the research (Scholz & Steiner 2015a), either in a consulting or a
participative way (Mobjork 2010), rather than a deep integration of knowledge. On the other hand, as our
results show, “researchers’ function” (table 1), is the main variable that differentiates the type of
transdisciplinary approach. This can be the result of scientists' epistemological premises of how to interact

with other stakeholders to integrate and legitimize non-scientific knowledge (Norgaard and Sikor 1995).

However, we notice a weak epistemological theorization of transdisciplinarity in agroecology. Despite the
vast literature of transdisciplinarity in sustainable sciences, only few publications (particularly Méndez et
al. 2013; Francis et al. 2013; Lamine 2018; Popa et al. 2015) were used as theoretical references to
transdisciplinarity; in contrast with references used from participatory research. The difficulty of only using
participatory research as a theoretical basis is that it is not exclusive of transdisciplinarity; since
participation in a disciplinarity approach is used as a consultative process to test, implement or create
knowledge based on the real world (Mobjork 2010; Hazard et al. 2019). Therefore, we see that
transdisciplinarity in agroecology is subdivided into an instrumental or epistemological approach. In an
instrumental approach, transdisciplinarity is used as a bridge of knowledge between science, movements,
and practice (Caporali 2011); meanwhile, an epistemological approach represents the linkage of
epistemological discourses (Gomez et al. 2015). This same subdivision can be applied to dichotomies that
we found in our clusters; where 61% of our publications (Cluster 1&2) represent an instrumental approach

and 39% (Cluster 3&4) include an epistemological approach.

In summary, the transdisciplinary approaches in agroecology are weak and do not necessarily achieve both
the theoretical premises and social movements requests. Accordingly, to achieve these requests, should all
agroecological research be transdisciplinary? Some interviewees, on the one hand, argue that producing

context-dependent knowledge is essential to interact with stakeholders in order to understand from different
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perspectives the complexity of the real-world problems. On the other hand, others argue that the object of
study in agroecology are problems that deal with high uncertainty and high social stakes or share interests.
In either perspective, agroecology needs scientific pluralism (Hazard et al. 2019), where disciplinary and
interdisciplinary approaches respond to the demands that arise from a transdisciplinary process. Both
disciplinary and interdisciplinary approaches can help fill knowledge gaps that do not need a permanent
dialogue (e.g. biological mechanisms that require experimental or laboratory analysis) but are embedded in
a transdisciplinary context or problematic that offers a common conceptual and methodological framework.
Nonetheless, we invite researchers to have a reflexive process about the premises that drive their research.

4.2 Barriers for practicing transdisciplinarity

The information obtained in the already presented statistical results and complementary comments from
the interviews helps us understand the motives and barriers of why other research in agroecology might or
might not retake a transdisciplinary approach. The following section assembles three barriers that determine

the practice of transdisciplinarity.

Matrix of disciplines- In agroecology the use of multiple disciplines is linked to the capacity to tackle
complex problems (Caporal et al. 2006); however, it is not clear whether it should include disciplines with
different or similar concepts and methods and levels of analysis (Stokols et al. 2003). Caporal et al. (2006)
argued that it is necessary to integrate social sciences since the use of only natural sciences cannot address
the complexity of a phenomenon. In our results, most of the publications include disciplines that are closely
related (Cluster 1 & 2) mostly with a background in natural sciences. This can be explained by the
institutionalized notion of agroecology in themes of life sciences (Nicot et al. 2018), which dismisses the
contributions of social sciences (Wezel et al. 2018). More generally, historians and sociologists of science
teach us that disciplines are the result of social and institutional mechanisms to maintain boundaries
between different established cognitive orders which constraint individuals (Kuhn 1962; Abbott 2010).
Furthermore, our interviews show that more than just including social sciences, the challenge is to
operationalize a transdisciplinary framework among researchers and at the individual level. The challenge
is to create a common representation system, among scientists of different disciplines; where a common
theoretical, methodological, conceptual and problematic understanding emerges. This does not mean that
specialized knowledge cannot be created but rather that there is a general understanding among disciplines
allowing integration rather than a juxtaposition of disciplines. However, most interviewees highlight that
they were not trained to do transdisciplinary research, and this requires a willingness and ability to

incorporate knowledge that can be abysmally different from their disciplines. Guimarées et al. (2019) argue
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that their abilities are an inherited nature of their personality and their experiences and could hardly be
acquired through training. Nonetheless, opening the disciplinary matrix and having a common

representation system has the potential to transition to more collaborative forms of transdisciplinarity.

Collaboration- The type of collaboration among researchers and non-academic can be differentiated on
effective and symbolic participation; effective participation leads to empowerment and involves non-
academics in all phases of the research (Mobjérk 2010). We identified four factors that influence the type
of collaboration. First, our interviewees achieve a greater engagement and legitimacy by attending non-
academic needs or directly benefiting them. Second, the power relationships between stakeholders,
priorities, opportunities, interest or the age of the stakeholders can delimit the type of collaboration. Third,
establishing a relationship with stakeholders is a time-consuming process whereas researchers are mostly
evaluated on the number of publications (per year or over time) and engaged in 3 to 4 years projects. For
example, a research can last more than 6 years (Cluster 4) in order to build trust, a strong social network
and achieve a “thick” legitimacy. However, our interviewees argue that, once this relationship is established
the research process can even be faster than conventional research. Fourth, researchers’ function
(functional vs. collaborative or transformative) (Table 1) can also determine the type of collaboration.
Scientists with a collaborative or transformative stance are criticized for creating knowledge that lacks
objectivity and rigor or the risks of being over politicized (Stassart et al. 2018). However, as our
interviewees mention, their role is not only to produce knowledge, but they are also communicating,
negotiating and engaging with the stakeholders, research and finance institutions; breaking barriers between

disciplines, and supporting the dissemination of outcomes (Latour 1991).

Reflexivity- In general there is heterogeneity and a lack of reflexivity on researchers' theoretical and
practical transdisciplinarity framework. Popa et al. (2015), state that transdisciplinarity does not aim for a
common theoretical and methodological framework, but it encourages a reflexive process to reduce the risk
of becoming a consulting science with no social or political legitimacy. Reflexivity is understood as a
creative process to critically evaluate the values and assumptions of all participants, that help develop
unique langue and methodologies (Popa et al. 2015). Our results show a lack of reflexivity between
researchers and non-scientific actors. For example, when asked to our interviewees how non-scientific
actors thought about what their function was or how they felt in transdisciplinary research, most
interviewees did not know or assumed that people felt listened and grateful for contributing to the process.
However, social movements have expressed there is no reciprocal association and researchers do not feel

accountable for the impact of their outcomes (Duncan et al. 2019).
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4.3 Institutionalization of transdisciplinarity in agroecology and future perspectives

The institutionalization of transdisciplinarity in agroecology has the potential to influence its conception
and practice which may be contingent of local epistemic cultures and institutional framings. For example,
Cluster 3 denotes how the French institutional history has been influenced by strong theorists on
transdisciplinarity and systemic thinking (de Freitas, Nicolescu, Morin 1994); who contributed and inspired
French researchers and institutions (Teixeira 2004; Hubert & Mathieu 2016). In 2017, INRAE conceived
interdisciplinarity and transdisciplinarity as essential frameworks to pursue an agroecological transition and
articulate different disciplines, to co-produce knowledge having scientific rigor (Caquet & Tixier-Boichard
2020). The institutionalization has had a positive effect in terms of funding projects and assembling projects
with interdisciplinary backgrounds. However, in many other European countries funding for agroecological
research is still limited or nearly absent (Pimbert & Moeller 2018; Wezel et al. 2018). In our results, we
found that 37% of the publications did not mention funding sources or assured that there was no funding,
and most of the interviewees had difficulties financing their research; whether because financing institutions
do not consider transdisciplinarity or because it is difficult to deliver all the results of a process that can
take years. However, nowadays transdisciplinarity is increasingly becoming a legitimate approach in
European panels and projects that promote agroecological transitions. For example, in European programs
like Horizon 2020, innovation projects foster knowledge exchange, partnerships, co-learning and a
horizontal dissemination trough learning hubs or other platforms that support sustainable agroecological
transitions (HLPE 2019; EIP-AGRI 2020). The institutionalization of transdisciplinarity in agroecological
research can impulse a more integrative knowledge production or else risk becoming a new buzzword that

does not transcend an extractive scheme of participation.

CONCLUSION

This study aimed to reflect on the transdisciplinary research that is practiced and formalized by European
agroecologists. Transdisciplinarity, can be defined lato sensu as the practices of collaboration between non-
academic actors and scientists, in knowledge production processes, which through reflective processes seek
to integrate different knowledge systems. Our results show that the share of researches with a
transdisciplinary approach in agroecological researches in Europe is still limited (13.1%) and under
construction. There is room for enhancing transdisciplinarity in agroecology, through the confrontation of
practices and experiences of researchers and involved actors. The content analysis revealed that the word
agroecology is mostly used as a buzzword or is related to conception of agroecological zoning. Despite the

criticisms of agroecology towards vertical and unidirectional schemes of stakeholder participation on
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conventional agriculture, we found that the participation of non-scientific actors remains passive in field
studies and experiments. In addition, the citation analysis revealed that practical studies lack a theoretical
basis on transdisciplinarity. The combination of interviews and HCPC revealed four different ways of
practicing and understanding transdisciplinarity. However, in 61% of publications (Groups 1 and 2),
stakeholders and researchers establish unequal collaborations and roles. Subsequently, there is a disparity
between the theoretical and practical framework of transdisciplinarity, which questions the type of
contributions that agroecology makes to transition towards sustainable food systems. We conclude that
although transdisciplinarity in agroecology is a quite young approach that is still under construction, this
approach needs to be supported since it has the ability to address wicked problems. Likewise, agroecology
needs a scientific pluralism, where, disciplinary and interdisciplinary approaches respond to the demands
that arise from a transdisciplinary process. Additionally, researchers need to start a reflexivity process of
their theoretical and practical frameworks, to achieve an effective collaboration with non-scientific actors
that promotes social and political legitimacy. In that sense, institutional frameworks can help promote a
more horizontal creation of agroecological knowledge, that could better legitimate transdisciplinarity

through funding and evaluation of researchers.
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Supplementary material
Supplement 1 Scopus query search

TITLE-ABS-KEY/("agroecolog*" OR "agro-ecolog*") AND TITLE-ABS-KEY ("participat*" OR
"transdisciplinar*" OR "multidisciplinar*" OR "interdisciplinar*" OR "system* research*" OR "system*
approach*" OR "system* think*" OR "action research" OR "community-based" OR "farmer led" OR
"Ethno*" OR "cross-disciplin*" OR ((stakeholder* OR farmer* OR peasant* OR communit*) PRE/2
(involvement OR engagement OR experiences)) OR ("knowledge*" PRE/ 2 (system* ))) AND ( LIMIT-
TO ( AFFILCOUNTRY,"France” ) OR LIMIT-TO (AFFILCOUNTRY,"United Kingdom" ) OR LIMIT-
TO ( AFFILCOUNTRY,"Netherlands” ) OR LIMIT-TO ( AFFILCOUNTRY,"Germany" ) OR LIMIT-
TO ( AFFILCOUNTRY,"Italy" ) OR LIMIT-TO ( AFFILCOUNTRY,"Spain" ) OR LIMIT-TO
(AFFILCOUNTRY,"Belgium™ ) OR LIMIT-TO ( AFFILCOUNTRY,"Denmark" ) OR LIMIT-TO
(AFFILCOUNTRY,"Sweden" ) OR LIMIT-TO ( AFFILCOUNTRY,"Switzerland" ) OR LIMIT-TO
(AFFILCOUNTRY,"Austria" ) OR LIMIT-TO ( AFFILCOUNTRY,"Hungary" ) OR LIMIT-TO
(AFFILCOUNTRY,"Norway" ) OR LIMIT-TO ( AFFILCOUNTRY,"Croatia" ) OR LIMIT-TO
(AFFILCOUNTRY,"Finland" ) OR LIMIT-TO ( AFFILCOUNTRY,"Czech Republic" ) OR LIMIT-TO
(AFFILCOUNTRY,"Poland" ) OR LIMIT-TO ( AFFILCOUNTRY,"Portugal” ) OR LIMIT-TO
(AFFILCOUNTRY,"Slovakia" ) OR LIMIT-TO ( AFFILCOUNTRY,"Greece" ) OR LIMIT-TO
(AFFILCOUNTRY,"Latvia" ) OR LIMIT-TO ( AFFILCOUNTRY,"Lithuania” ) OR LIMIT-TO
(AFFILCOUNTRY,"Slovenia™ ) OR LIMIT-TO ( AFFILCOUNTRY,"Estonia" ) OR LIMIT-TO
(AFFILCOUNTRY,"Romania" ) OR LIMIT-TO ( AFFILCOUNTRY,"Luxembourg" ) )

Supplement 2 Interviewees questionnaire

Questionnaire for semi-structured interviews to researchers active in agroecology and transdisciplinarity:
What is your scientific background and current area of knowledge?

Can you tell me what is your experience in doing transdisciplinary research?

Why did you decide to do transdisciplinary research? How would you define transdisciplinary research in
agroecology and what are the key elements attached to this approach?

Under what conditions do you think research in agroecology should have a transdisciplinary approach?
And why?

In your experience how long does transdisciplinary research takes?

Who funds this type of research (i.e. universities, farmers, NGO’s, private sector)?

Of the type of research, you do find a difference or advantage of doing transdisciplinary research?

What makes stakeholders engage/commit to participate in the research and does their participation change
over time? Why and what type of changes? And what makes them disengaged?

How many actors should you work with and how much time should they in the research process, so it is
considered transdisciplinary research?

How were the stakeholder(s) chosen or how did they incorporate themselves?

How do you think stakeholders perceive/feel about participating in the research (i.e. do they think is their
job to create, provide knowledge for science)?

Have the stakeholders used the outputs of the research? If so what type of impact did it have? Is there a
dissemination process in the research?

Do you think that there is a willingness from different stakeholders to create a dialogue and learn from
each other? Why?

To your knowledge have the culture (incl. religion), history, interests, etc. have become a challenge to
overcome to do transdisciplinary research? If so, what approaches did you take to solve this?

During the research process (beginning formulation, as a data source and/or at the end for validation)
when do you consider to be important for stakeholders to incorporate their opinions, needs, values, etc.?
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In which part of a research (beginning formulation, as a data source and/or at the end for validation) do
you think their opinions, needs, values, etc. are most fruitful?

How would you describe the process/methodologies/tools you use to incorporate the knowledge, opinion,
needs, etc. of the stakeholders? And why is it useful to follow them?

Do you work with a team of researchers from different disciplines? If so, what disciplines?

What role do you think you play as a researcher in this type of transdisciplinary approach?

Supplement 3 References used for typology of transdisciplinary practices in agroecology
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Berthet, E. T., Barnaud, C., Girard, N., Labatut, J., & Martin, G. (2016). How to foster agroecological innovations?
A comparison of participatory design methods. Journal of Environmental Planning and Management, 59(2), 280-
301.

Binder, N., & Vogl, C. R. (2018). Participatory Guarantee Systems in Peru: Two Case Studies in Lima and
Apurimac and the Role of Capacity Building in the Food Chain. Sustainability, 10(12), 4644.

Bretagnolle, V., Berthet, E., Gross, N., Gauffre, B., Plumejeaud, C., Houte, S., ... & Gaba, S. (2018). Towards
sustainable and multifunctional agriculture in farmland landscapes: lessons from the integrative approach of a
French LTSER platform. Science of the Total Environment, 627, 822-834.

Céceres, O. M., & Garcia, S. R. (2018). Nuevos actores e innovaciones sociales para el desarrollo rural: El caso de
las zonas periurbanas de Madrid y Guadalajara (Espafia). AIBR: Revista de Antropologia Iberoamericana, 13(3),
431-456.

Cabhier, J. P., Salembier, P., & Matta, N. (2017, April). Fostering rural actors' empowerment through
“multiviewpoints” methods and ICT tools. In 2017 Fourth International Conference on eDemocracy &
eGovernment (ICEDEG) (pp. 102-109). IEEE.

Canali, S., Ortolani, L., Campanelli, G., Robacer, M., von Fragstein, P., D'Oppido, D., & Kristensen, H. L. (2017).
Yield, product quality and energy use in organic vegetable living mulch cropping systems: research evidence and
farmers’ perception. Renewable Agriculture and Food Systems, 32(3), 200-213.

Chowdhury, A., Odame, H. H., Thompson, S., & Hauser, M. (2015). Enhancing farmers’ capacity for botanical
pesticide innovation through video-mediated learning in Bangladesh. International Journal of Agricultural
Sustainability, 13(4), 326-349.

Coolsaet, B. (2016). Towards an agroecology of knowledges: Recognition, cognitive justice and farmers’ autonomy
in France. Journal of Rural Studies, 47, 165-171.

Cuéllar-Padilla, M., & Calle-Collado, A. (2011). Can we find solutions with people? Participatory action research
with small organic producers in Andalusia. Journal of Rural Studies, 27(4), 372-383.

das Chagas Oliveira, F., Calle Collado, A., & Carvalho Leite, L. F. (2012). Peasant innovations and the search for
sustainability: the case of Carnaubais territory in Piaui State, Brazil. Journal of Sustainable Agriculture, 36(5), 523-
544,

de Marco Larrauri, O., Pérez Neira, D., & Soler Montiel, M. (2016). Indicators for the analysis of peasant women’s
equity and empowerment situations in a sustainability framework: A case study of cacao production in Ecuador.
Sustainability, 8(12),

Delgado, A. (2008). Opening up for participation in agro-biodiversity conservation: The expert-lay interplay in a
Brazilian social movement. Journal of Agricultural and Environmental Ethics, 21(6), 559.

30



Dumont, A. M., Vanloqueren, G., Stassart, P. M., & Baret, P. V. (2016). Clarifying the socioeconomic dimensions
of agroecology: between principles and practices. Agroecology and Sustainable Food Systems, 40(1), 24-47.
Emeana, E. M., Trenchard, L., Dehnen-Schmutz, K., & Shaikh, S. (2019). Evaluating the role of public agricultural
extension and advisory services in promoting agro-ecology transition in Southeast Nigeria. Agroecology and
Sustainable Food Systems, 43(2), 123-144.

Espelt, R., Pefia-L6pez, |., & Rodriguez, E. (2018). ¢ Economia alternativa o tecnopolitica? Activismo desde el
consumo cooperativo de productos agroecoldgicos. CIRIEC-Espana, (93), 293-318.

Francis, C., Breland, T. A., @stergaard, E., Lieblein, G., & Morse, S. (2013). Phenomenon-based learning in
agroecology: a prerequisite for transdisciplinarity and responsible action. Agroecology and Sustainable Food
Systems, 37(1), 60-75.

Garcia-Llorente, M., Pérez-Ramirez, 1., Saban de la Portilla, C., Haro, C., & Benito, A. (2019). Agroecological
strategies for reactivating the agrarian sector: the case of Agrolab in Madrid. Sustainability, 11(4), 1181.

Girard, N., Magda, D., Noseda, C., & Sarandon, S. (2015). Practicing agroecology: Management principles drawn
from small farming in misiones (Argentina). Agroecology and Sustainable Food Systems, 39(7), 824-840.
Géngora, R., Milan, M. J., & L6pez-i-Gelats, F. (2019). Pathways of incorporation of young farmers into livestock
farming. Land Use Policy, 85, 183-194.

Goris, M., Van den Berg, L., da Silva Lopes, I., Behagel, J., Verschoor, G., & Turnhout, E. (2019). Resignification
practices of youth in zona da mata, Brazil in the transition toward agroecology. Sustainability, 11(1), 197.
Guzman, G. I., Lopez, D., Roman, L., & Alonso, A. M. (2013). Participatory action research in agroecology:
building local organic food networks in Spain. Agroecology and Sustainable Food Systems, 37(1), 127-146.
Hazard, L., Steyaert, P., Martin, G., Couix, N., Navas, M. L., Duru, M., Lauvie A, & Labatut, J. (2018). Mutual
learning between researchers and farmers during implementation of scientific principles for sustainable
development: the case of biodiversity-based agriculture. Sustainability Science, 13(2), 517-530.

Hvitsand, C. (2016). Community supported agriculture (CSA) as a transformational act—distinct values and
multiple motivations among farmers and consumers. Agroecology and Sustainable food systems, 40(4), 333-351.
Isaac, M. E., Cerda, R., Rapidel, B., Martin, A. R., Dickinson, A. K., & Sibelet, N. (2018). Farmer perception and
utilization of leaf functional traits in managing agroecosystems. Journal of Applied Ecology, 55(1), 69-80.

Isgren, E., & Ness, B. (2017). Agroecology to promote just sustainability transitions: Analysis of a civil society
network in the Rwenzori Region, Western Uganda. Sustainability, 9(8), 1357.

Jacobi, J., Schneider, M., Bottazzi, P., Pillco, M., Calizaya, P., & Rist, S. (2015). Agroecosystem resilience and
farmers' perceptions of climate change impacts on cocoa farms in Alto Beni, Bolivia. Renewable Agriculture and
Food Systems, 30(2), 170.

Jewitt, S. (2000). Unequal Knowledges in Jharkhand, India: De-Romanticizing Women’s Agroecological Expertise.
Development and change, 31(5), 961-985.

Klingen, K. E., Graaff, J. D., Botelho, M. I. V., & Kessler, A. (2012). Farmers’ visions on soils: A case study among
agroecological and conventional smallholders in Minas Gerais, Brazil. The Journal of Agricultural Education and
Extension, 18(2), 175-189.

Kmoch, L., Pagella, T., Palm, M., & Sinclair, F. (2018). Using local agroecological knowledge in climate change
adaptation: a study of tree-based options in Northern Morocco. Sustainability, 10(10), 3719.

Lamine, C. (2018). Transdisciplinarity in research about agrifood systems transitions: A pragmatist approach to
processes of attachment. Sustainability, 10(4), 1241.

Lamine, C., Magda, D., & Amiot, M. J. (2019). Crossing sociological, ecological, and nutritional perspectives on
agrifood systems transitions: Towards a transdisciplinary territorial approach. Sustainability, 11(5), 1284.

Levain, A., Vertes, F., Ruiz, L., Delaby, L., Gascuel-Odoux, C., & Barbier, M. (2015). ‘I am an intensive guy’: the
possibility and conditions of reconciliation through the ecological intensification framework. Environmental
management, 56(5), 1184-1198.

Lieblein, G., Arvid Breland, T., Salomonsson, L., Sriskandarajah, N., & Francis, C. A. (2008). Educating
tomorrow's agents of change for sustainable food systems: Nordic agroecology MSc program. Journal of Hunger &
Environmental Nutrition, 3(2-3), 309-327.

Lieblein, G., Breland, T. A., Francis, C., & @stergaard, E. (2012). Agroecology education: Action-oriented learning
and research. The journal of agricultural education and extension, 18(1), 27-40.

Lund, T., Francis, C., Pederson, K., Lieblein, G., & Rahman, M. H. (2014). Translating Knowledge into Action at
the Norwegian University of Life Sciences (UMB). The Journal of Agricultural Education and Extension, 20(5),
537-554.

McAllister, G., & Wright, J. (2019). Agroecology as a practice-based tool for peacebuilding in fragile
environments? Three stories from rural Zimbabwe. Sustainability, 11(3), 790.

31



McCune, N. M., Gonzalez, Y. R., Alcantara, E. A., Martinez, O. F., Fundora, C. O., Arzola, N. C., Cairo P.C.,
D'Haese M., Deneve S & Hernandez, F. G. (2011). Global questions, local answers: soil management and
sustainable intensification in diverse socioeconomic contexts of Cuba. Journal of Sustainable Agriculture, 35(6),
650-670.

Moneyron, A., Lallemand, J. F., Schmitt, C., Perrin, M., Soustre-Gacougnolle, I., & Masson, J. E. (2017). Linking
the knowledge and reasoning of dissenting actors fosters a bottom-up design of agroecological viticulture.
Agronomy for Sustainable Development, 37(5), 41.

Montoya, P. A. T., & Valencia, N. M. (2018). Accion colectiva y asociacién de heterogeneidades en mercados
agroecologicos campesinos: Asoproorganicos (Cali, Colombia). Revista colombiana de sociologia, 41(2), 83-101.
Monzote, F. R. F., Bello, R., Alvarez, A., Herndndez, A., Lantinga, E. A., & van Keulen, H. (2012). Identifying
agroecological mixed farming strategies for local conditions in San Antonio de los Bafios, Cuba. International
Journal of Agricultural Sustainability, 10(3), 208-229.

Moraine, M., Grimaldi, J., Murgue, C., Duru, M., & Therond, O. (2016). Co-design and assessment of cropping
systems for developing crop-livestock integration at the territory level. Agricultural Systems, 147, 87-97.

Moraine, Marc, Pauline Mélac, Julie Ryschawy, Michel Duru, and Olivier Therond. "A participatory method for the
design and integrated assessment of crop-livestock systems in farmers’ groups." Ecological indicators 72 (2017):
340-351.

Navarrete M., Djian-Caporalino C., Mateille T., Palloix A., Sage-Palloix A.-M., Lefévre A., Fazari A., Marteu N.,
Tavoillot J., Dufils A., Furnion C., Pares L.,& Forest I. (2016). A resistant pepper used as a trap cover crop in
vegetable production strongly decreases root-knot nematode infestation in soil. Agronomy for Sustainable
Development, 36(4), 68.

Osbahr, H., & Allan, C. (2003). Indigenous knowledge of soil fertility management in southwest Niger. Geoderma,
111(3-4), 457-479.

Pérez Sanchez, A. F., Rosique Gracia, J., Turbay Ceballos, S. M., & Machado Vargas, M. M. (2016). Estudio de la
seguridad alimentaria y nutricional de unidades camesinas productoras de café en redisefio agroecoldgico (Cuenca
del rio Porce, Antioquia).

Pissonnier, S., Dufils, A., & Le Gal, P. Y. (2019). A methodology for redesigning agroecological radical production
systems at the farm level. Agricultural Systems, 173, 161-171.

Reyes-Garcia, V., Molina, J. L., Calvet-Mir, L., Aceituno-Mata, L., Lastra, J. J., Ontillera, R., Parada M., Pardo-de-
Santayana M., Rigat M., Vall¢s J., & Garnatje, T. (2013). “Tertius gaudens”: germplasm exchange networks and
agroecological knowledge among home gardeners in the Iberian Peninsula. Journal of Ethnobiology and
Ethnomedicine, 9(1), 53.

Rover, O. J., De Gennaro, B. C., & Roselli, L. (2017). Social innovation and sustainable rural development: The
case of a Brazilian agroecology network. Sustainability, 9(1), 3.

Ryschawy, J., Debril, T., Sarthou, J. P., & Therond, O. (2015). Analysis of support networks used by farmers
making the agroecological transition: an initial study in the Tarn-Aveyron region. FOURRAGES, (222), 143-148.
Ryschawy, J., Martin, G., Moraine, M., Duru, M., & Therond, O. (2017). Designing crop-livestock integration at
different levels: Toward new agroecological models?. Nutrient Cycling in Agroecosystems, 108(1), 5-20.

Salliou, N., & Barnaud, C. (2017). Landscape and biodiversity as new resources for agro-ecology? Insights from
farmers’ perspectives. Ecology and Society, 22(2).

Salliou, N., Muradian, R., & Barnaud, C. (2019). Governance of ecosystem services in agroecology: when
coordination is needed but difficult to achieve. Sustainability, 11(4), 1158.

Sanchez, D. F., Koerkamp, J. K., Rossing, W. A., Lantinga, E. A., & van Bruggen, A. H. (2006). Re-inventing
sustainable cropping systems in Costa Chica, Mexico. Changing European farming systems for a better future New
visions for rural areas, 435.

Schiller, K. J., Klerkx, L., Poortvliet, P. M., & Godek, W. (2020). Exploring barriers to the agroecological transition
in Nicaragua: A Technological Innovation Systems Approach. Agroecology and Sustainable Food Systems, 44(1),
88-132.

Schunk, D., & Hannon, B. (2004). Impacts of a carbon tax policy on Illinois grain farms: a dynamic simulation
study. Environmental economics and policy studies, 6(3), 221-247.

Stassart, P. M., Crivits, M., Hermesse, J., Tessier, L., Van Damme, J., & Dessein, J. (2018). The generative potential
of tensions within Belgian agroecology. Sustainability, 10(6), 2094.

Staver C., Bustamante O., Siles P., Aguilar C., Quinde K., Castellén J., Somarriba F., Tapia A., Brenes S., Deras M.,
& Matute N. (2013). Intercropping bananas with coffee and trees: Prototyping agroecological intensification by
farmers and scientists. Acta Horticulturae, 986,79-86.

32



Taverne, M., Clément, S., Prost, L., & Barcellini, F. (2019). Evaluation of the Operationalisation of the TATA-BOX

Process. In Agroecological Transitions: From Theory to Practice in Local Participatory Design (pp. 229-259).
Springer, Cham.

Teixeira, H. M., Van den Berg, L., Cardoso, I. M., Vermue, A. J., Bianchi, F. J., Pefia-Claros, M., & Tittonell, P.
(2018). Understanding farm diversity to promote agroecological transitions. Sustainability, 10(12), 4337.
Toderi, M., Powell, N., Seddaiu, G., Roggero, P. P., & Gibbon, D. (2007). Combining social learning with
agroecological research practice for more effective management of nitrate pollution. Environmental Science &
Policy, 10(6), 551-563.

Valencia, V., Wittman, H., & Blesh, J. (2019). Structuring markets for resilient farming systems. Agronomy for
Sustainable Development, 39(2), 25.

Vallejo-Rojas, V., Ravera, F., & Rivera-Ferre, M. G. (2016). Developing an integrated framework to assess agri-
food systems and its application in the Ecuadorian Andes. Regional Environmental Change, 16(8), 2171-2185.
Wolff, L. F., & Gomes, J. C. C. (2015). Beekeeping and agroecological systems for endogenous sustainable
development. Agroecology and Sustainable Food Systems, 39(4), 416-435.

33



