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Abstract

Agriculture can benefit from crop diversification to facilitate its transition to more sustainable agrifood systems. However,
these practices remain rare in Europe. One major barrier is the existence of sociotechnical lock-ins. To clarify the dynamics
at work, we analyzed the relationships between actors involved in 23 crop diversification experiences across 11 European
countries. The novelty of this paper lies in the systemic analysis of the network of actors involved in crop diversification
experiences. Using data from qualitative interviews and cognitive mapping approaches, we identify and describe the role of
actors and the key relationships in crop diversification and detect relationships that are currently missing. Our study shows
that in the different European countries, similar relationships act as levers or barriers to crop diversification, with farmers and
researchers playing a crucial role. The most important cognitive factors that influence the choice of farmers to diversify are
environmental and health concerns and the desire to make profit and innovate. We relate the cognitive factors to organizational,
technical, economic, and political factors and suggest levers for crop diversification based on successful crop diversification

experiences.

Keywords Agroecological transition - Cognitive mapping - Social-ecological systems - Qualitative approaches -

Dynamics of agri-food systems

1 Introduction

As cropping systems have undergone greater simplifica-
tion and specialization, food production has soared, largely
thanks to the heavy usage of agrochemicals and mechani-
cal interventions (Nerlich et al. 2013). The unfortunate side
effects have been negative environmental, socioeconomic,
and health outcomes (Frison 2016). This agricultural shift
is manifest throughout the agrifood landscape: the num-
ber of mixed crop-livestock farms is declining, value chains
are optimizing logistics and exploiting economies of scale,
and most European countries are witnessing a loss of farms
and people in rural areas (Meynard et al. 2018). Current
cropping systems are less resilient to climate changes and
are strongly linked to lower levels of farmland biodiversity,
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agroecosystem functioning, food quality, and human health
(Duru and Therond 2015; Meynard et al. 2018). To tackle
these problems, the European Union (EU) recently adopted
the Farm to Fork strategy, a pillar of the European Green Deal.
This approach seeks to make agrifood systems fairer, health-
ier, and more environmentally friendly (European Comission
2020). One means of reaching these objectives is to develop
and adopt more diversified agrifood systems (Tamburini et al.
2020; Beillouin et al. 2021).

Crop diversification boosts diversity in agricultural sys-
tems by exploiting space (e.g., intercropping), time (e.g.,
multicropping and extending crop rotations), and genetic
diversity (e.g., cultivar mixtures) (Messéan et al. 2021a).
This strategy can positively affect crop yield, biodiversity,
and ecosystem services (e.g., soil quality, water quality, and
pest/disease regulation) while also increasing environmen-
tal and economic resilience (Beillouin et al. 2021). Despite
its numerous potential benefits, crop diversification is not
widely used in Europe. Previous studies have indicated a
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range of sociotechnical lock-ins that hamper the transition
to more diversified cropping systems (Meynard et al. 2018;
Morel et al. 2020; Messéan et al. 2021a).

Long and highly organized value chains have been estab-
lished around major crops such as wheat and oilseed rape,
which has led to actor interdependence and has thus lim-
ited crop diversification opportunities (Frison 2016; Magrini
et al. 2016; Morel et al. 2020). Upstream, farmers often
lack the resources required for crop diversification, namely
suitable equipment and locally adapted varieties for crops
such as grain legumes and hemp (Morel et al. 2020). Down-
stream, logistics are complicated for small volumes of minor
crops (e.g., lentils, peas) because costs are high, facilities are
lacking, and actors must confront new and/or challenging
management systems. At the market level, local minor crops
do not compete well with similar crops or other crop types
(e.g., soybeans) that can be produced more cheaply elsewhere
in the world. They therefore cannot become established
within existing stable markets. Additionally, consumers often
have little knowledge about crop diversification and its ben-
efits, making effective communication difficult. Moreover,
while the EU’s Common Agricultural Policy (CAP) dur-
ing the 2014-2020 programming period contained a number
of instruments promoting crop diversification, incentives
remained sparse, limiting the scope of implementation (Bac-
car et al. 2020). Past work has underscored the need for all
types of actors, including researchers, to better coordinate
efforts aimed at overcoming barriers to crop diversification
(Montrone et al. 2015; Meynard et al. 2018; Morel et al. 2020
Antier et al. 2021; Marette 2021; Rodriguez et al. 2021).

The processes involved in the transition to more sustain-
able European agrifood systems are complex and non-linear,
requiring constant adaptation (Messéan et al. 2021a). Farm-
ers frequently lack the technical knowledge needed to
diversify their cropping systems (Morel et al. 2020), a pro-
cess that requires redesigning crop and commercialization
regimes alike. Knowledge is not acquired via a simple trans-
fer of information among actors. Instead, there is dynamic
learning, internalization, and integration (Roling 1988) that
involves multiple actors (Macken-Walsh et al. 2022). Vari-
ous studies have highlighted how important it is for farmers
to acquire various kinds of knowledge from various stake-
holders, including experience-based knowledge and informal
knowledge through peer-to-peer learning and mutual support
(Sﬁmane et al. 2018; Blom and Rossing 2022).

Multiactor networks benefit from a diversity of perspec-
tives, interests, and ideals. Members share “formal” and
“informal” knowledge, which fosters more sustainable prac-
tices and policies (Sol, 2012 in Meynard et al. (2018)). In such
networks, farmers are active partners who co-produce knowl-
edge and practices (Simane et al. 2018; Lamprinopoulou
et al. 2014). To develop better strategies for encouraging
crop diversification, it is essential to identify key relation-
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ships, successful approaches, and remaining gaps to develop
a culture of knowledge sharing and innovation.

Taken together, the different actors involved in a crop
diversification experience can be perceived as a social organi-
zation. These actors include farmers, researchers, extension
officers, enterprises, processors, retailers, consumers, infras-
tructures, and institutions determining public policies and
social norms affecting the interactions between the actors.
The joint actions of these actors can contribute to enhance
or limit the development of innovations in the agrifood sys-
tem. In line with transition approaches and system analysis
of sociotechnical regimes (Geels 2002; Macken-Walsh et al.
2022), this work aimed to study crop diversification from a
systems perspective. We sought to look beyond technologi-
cal innovation to consider structural features such as ideals,
practices, knowledge, policies, infrastructure, and market
mechanisms. Mapping and understanding the relevance and
the nature of relationships among actors of these social orga-
nizations is crucial to explore the dynamic and the context of
agricultural innovation. This study is therefore also grounded
in social network theory (Liu et al. 2017), where model-
based approaches describe the proximity of actors within
networks and the dynamics of innovations diffusion. This
theory takes a non-linear perspective when examining actor
interactions in the context of different relationship groups.
Social relationships are strongly affected by human factors
such as preferences, perceptions, cognitive processes, and
their related behavioral responses. As opposed to data-driven
approaches, knowledge-driven modeling techniques such as
cognitive mapping are promising approaches for taking into
account these human factors in a social network analysis
(Stakias et al. 2013; Vanwindekens et al. 2014). To under-
stand the cognitive mechanisms in operation, this study looks
at the self-determination theory (Deci et al. 1994), which
considers the degree of autonomy behind human actions
(internal desires vs. external pressures). Actions following
more autonomous choices (identified regulation and intrin-
sic) increase the probability and sustainability of change
(Moller et al. 2006; Garini et al. 2017).

Crop diversification initiatives are highly variable because
they are strongly context dependent and customized by spe-
cific combinations of actors, agronomic innovations, local
markets, and value chain organization. We must better
understand the influence of different actors, socioeconomic
interactions, and cognitive processes if we wish to facil-
itate the transition toward crop diversification and, as a
consequence, more sustainable agrifood systems (Meynard
et al. 2018; Weituschat et al. 2022). During the H2020
project DiverIMPACTS (http://www.diverimpacts.net/), an
online survey was administered to assess crop diversification
experiences (CDEs) across Europe. It collected data on the
innovative systems being used, which helped to identify the
main contributors and hurdles in CDEs (Drexler et al. 2018).
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Drawing on information for 128 CDEs, the findings under-
scored that communication and relationships among actors
were key elements in the dynamic of the CDE:s.

Based on these propositions, this study thus delved deeper
into the social networks associated with CDEs across 11
European countries. The goal was to arrive at broader lessons
about the dynamics in operation and to identify the main rela-
tionships between actors in European crop diversification.
Two specific objectives were pursued: (i) mapping main rela-
tionships between actors using knowledge-driven modeling
approaches to identify and understand which one signifi-
cantly contributed to CDE dynamic by taking into account
actors’ worldviews and (ii) achieving a comprehensive view
on actor relationships and responsibilities which lead to agri-
cultural change and innovation in the contexts of CDEs.

The novelty of this paper lies in the comprehensive view of
the system which was obtained through the systemic analysis
of the network of actors who are involved in crop diver-
sification experiences. This allows us to highlight the key
relationships in crop diversification and the key relationships
that are currently missing among actors in the value chain.
We also study the roles of actors in the different dynamics
of crop diversification experiences. We highlight the cogni-
tive factors influencing the choice of farmers to diversify and
link them to organisational, technical, economic, and politi-
cal factors. We suggest levers for crop diversification based
on successful crop diversification experiences.

2 Materials and methods

The data underpinning the research were collected in 2019
during qualitative interviews of actors involved in 23 CDEs

Fig. 1 Experimental fields visit in Belgium. Map of partner countries
(orange) and location of crop diversification experiences (blue) whose
actors were interviewed. Nota Bene - Location of experiences were
fuzzified. Simplified climatic zones are based on Metzger et al. (2005):

across 11 European partner countries (Fig. 1) and three sim-
plified climatic zones: (i) Atlantic, (ii) Mediterranean and
Alpine South, and (iii) Continental, Pannonian, and Nemoral
(Metzger et al. 2005). The collection of these qualitative
data followed an exhaustive quantitative survey of 128 CDEs
carried out in 2018 (Drexler et al. 2018). This preliminary
quantitative survey aimed to have a first overview of the diver-
sity of CDE:s in fifteen European countries, highlighting main
success and failure factors, enablers, and drawbacks of inno-
vative practices linked to crop diversification. The results of
the quantitative survey influenced the present study in two
ways: (i) in the selection of the main topic, as relationships
between actors were highlighted in the survey as a major
factor in CDEs development, and (ii) in the selection of the
crop diversification experiences for being qualitatively inter-
viewed. In this section, we detailed how the CDEs to be
further analyzed were selected and how the data were col-
lected and analyzed.

2.1 Selection of crop diversification experiences
(CDEs)

We selected a subset of 23 CDEs (Table 1) from the
broader collection of 128 CDEs that were documented dur-
ing the previous quantitative survey. Strongly constrained by
the research project structure, the selection consisted of a
multi-stage purposive sampling formalized in a systematic
procedure including quantitative and qualitative approaches
(Fig.2).

The first step was a two-fold clustering of the 128 CDEzs,
based (i) on the structure and overall level of success per-
ceived by the respondent (clustering 1) and (ii) on the detailed
success factors linked to each CDE (clustering 2). The input

Simplified climatic zone
Atlantic and Lusitanian
® Boreal
@ Continental, Panonian and Nemoral

@ Mediteranean & Alpine South

35°N -

0° 20’°E
Data from DiverlMPACTS consortium, WP1 surveys (2018-2019)
Climatic zones based on Metzger et al (2005)

Atlantic = Atlantic Central, Atlantic North and Lusitanian, Continental
= Continental, Panonian and Nemoral, and Mediterranean = Mediter-
ranean and Alpine South.
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Table 1 Description of the 23 CDEs that were selected for being qual-
itatively analyzed. Abbreviations for new diversification practices: /
intercropping, M multicropping, R rotation. Abbreviations for initia-
tors: A advisor(s), At authorities, CC commercial company(-ies), F
farmer(s), Rs researcher(s), PP partner(s) of the program. Zones are

aggregated climatic zones based on Metzger et al. (2005): Atl., Atlantic
Central, Atlantic North, and Lusitanian; Cont., Continental, Panonian,
and Nemoral; and Med., Mediterranean and Alpine South; see map of
Fig. 1). Farmers (n) is the number of involved farmers. Initiators are the
initiators of the CDE.

Crop diversification experience Zone Starting date Size (ha) Farmers (n) New practices Initiator(s)
Cover crops in a water protection area Cont 1993 200 45 M F
Development of early maize variety Atl 2008 1500 75 M CcC
Intercropping by organic farmers Atl 2015 >2000 >200 I A
Intercropping with grain legumes Med 2008 500 70 I Rs
Zucchini and grass/clover intercropping Atl 2008 65 1 I Rs
Minor crops cultivation Atl 2014 400 30 R, M A, CC
Promotion of sugar beet as a biogas substrate Atl 2011 1500 20 R At, CC
Cultivation of foreign mustard Med 2010 7 5 R F
Rotation, cover- and companion cropping Atl NA NA NA R, I F
Hemp in crop rotations Atl 2010 150 20 R F Rs
Catch crops to reduce nutrient leaching Cont 2001 480 1 R A, At
Conservation agriculture and cover crops Med 2013 6 20 R, M At
Four-year rotation of potato crops Med 2000 500 100 R A
Minor crops cultivation Cont 2016 165 R F
Seeds for minor crops, processing, and trading Cont 2013 100 R Rs
Cooperative for local and diversified products Cont 2014 20 I CcC
Culture of soybean Atl 2013 30 10 R PP
Value chain for old varieties of cereals Cont 1986 48 2 R, M, 1 F
Processing of organic fruit and vegetables Cont 1990 60 R,M, 1 F
Intercropping sunflower with lucerne Cont 2017 80 I F
Production of lentils A 2015 3600 300 R A, CC
Use of heritage cereals for nutrient density Atl NA NA 1 R F
Rape seed-wheat-barley system Atl 2005 6000 17 I F

variables of the quantitative survey used in this step are
detailed in Fig.2. The results of these clustering and addi-
tional input variables were used to qualitatively select the 23
CDEs by the two researchers leading this study.

We aimed to target approximately 2 CDEs for each of the
12 partner institutions while covering the wide diversity of
CDE:s revealed by the quantitative survey. The CDEs were
classed as either (A) a value chain innovation, subdivided in
(A.1) food-main crops, (A.2) food-minor crops, and (A.3)
non-food crops or as an (B) agronomic innovation, subdi-
vided in (B.1) cover crops and (B.2) intercropping. When it
was feasible, we selected one value chain innovation (class
A) and one agronomic innovation (class B) in each region,
avoiding as much as possible (i) experiences described as less
successful by promoters, (ii) marginal ones in terms of size
(low farm area and/or low number of farmers involved), and
(iii) most recent ones. Even if this set of constraints was taken
into account, some selected CDEs only involved a small num-
ber of farmers or applied only on a reduced area. Before the
final selection, we included a discussion and validation step

@ Springer

with local partners to ensure the relevance of the identified
CDE:s. One partner did not have the opportunity to conduct
interviews related to one of its two selected CDE:s.

The selection procedure and the internal constraints lead to
alist of CDEs highlighting the diversity of ongoing dynamics
aiming to valorize the potential benefit of cropping systems
diversification. While heavy heterogeneity can be considered
an issue in comparative studies including statistical analyses,
it is an added value in the descriptive approach used in this
study (Allmark 2004).

The CDEs were carried out on farmed surface areas rang-
ing from 6 to 6,000 hectares (ha). Diversification mainly
involved introducing new cash or cover crops. Intercrop-
ping and multicropping were utilized to a lesser extent. The
CDEs were initiated by different actors, including farmers,
government authorities, researchers, agricultural advisors,
and commercial companies. Most (n = 17) were paid for
by the farmers themselves, although sometimes national
and/or European funding was available. A smaller number
of CDEs (n = 6) were supported by public- and/or private-



Identification and description of relationships...

Page50f19 67

Fig.2 The 23 crop
diversification experiences that
were interviewed were selected
using a systematic multi-stage
purposive sampling. Clustering 1
Structure and

overall success

Input variables :

- area of the CDE

- number of farmers

- state of the CDE (project life)
- duration of the experience

- overall successfulness of the
CDE

Characterisation of the selected CDEs —

sector funding. Farmers were always among the participants,
mostly in an individual capacity but sometimes as part of
informal groups or farmers’ associations. Testing mainly
took place on farms and was led by farmers and/or farm-
ers’ associations; sometimes, it took place on research plots
made available by commercial firms or public scientific
institutions. Thirteen CDEs were carried out using organic
farming practices. Fourteen CDEs included upstream activ-
ities such as seed production, organizational preparation,
and input development with a view to promoting produc-
tion, effective equipment usage, and breeding. Fifteen CDEs
included downstream activities such as product processing,
quality assurance, logistics, transportation, marketing, and
sales.

A general description of the 23 selected CDE:s is provided
in Table 1 and is provided with more details in Appendix of
Supplementary Materials S1.

2.2 Data collection, coding, and data processing

We used a cognitive mapping approach for analyzing sys-
tems of practices (CMASOP) (Vanwindekens et al. 2013,
2014) to describe the social networks and their role in CDE
development and implementation. This approach centers on
(1) open-ended interviews, (2) inductive coding, (3) individ-
ual cognitive mapping, (4) social cognitive mapping, and, in
some cases, (5) comparative analyses.

Results from the quantitative survey

Additionnal
Input variables

Clustering 2
Success factors

Input variables :
- localisation (country,

Input variables :
- professional expertise of involved actors

- technical solutions/tools applied region)
- availability of inputs (including seeds) - practices before/after the
- market conditions CDE

- main tageted outcome
(environmental protection,
production stability, new
income,...)

- amount of financial resources committed,
- available timeframe of the initiative

- commitment of the involved actors

- organization of actors

- communication activities

- general public interest

- other

Selection of CDEs +«—— Discussion and

validation with
partners

|

Qualitative interviews

2.2.1 Step 1—data collection

Data were collected in accordance with grounded theory
(Glaser and Strauss 1967). This inductive approach makes it
possible to identify the range of factors that boost or impede
innovation without using predefined concepts, which can
cause important elements to be missed.

Apart from introductive and conclusive phases, the core
of the interview grid is structured around three main open-
ended questions, each of them subdivided into questions
either mentioned by the interviewed actor in answers or used
by the interviewer to ask for details (Table 2). The complete
interview grid is proposed in Appendix of Supplementary
Materials S1.

Within each CDE:s, local partners were asked to identify
and select actors from different levels of the value chain
(farmers, manufacturers,...) to be qualitatively interviewed.
Atthe end, each CDEs involved one to six interviewed actors.
In total, 53 interviews were conducted, translated, and tran-
scribed by the 12 partners. These transcriptions are the corpus
of our study.

2.2.2 Step 2—coding

The study’s corpus was coded by identifying the relation-
ships between two actors of the food systems and their
influence on the dynamic of the CDE, as described by the
interviewees. Coding took place at the quote level. A single

@ Springer
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Table 2 Main part of the qualitative interview grid.

1. Can you describe the evolution of the project since the very beginning and how you were involved?

- Who was involved?
- When did it start?
- Which diversification strategies were implemented?

- What was new?

- Why did you start/join this project? What were your initial motivations, the triggering factors?

2. What contributed to the success of the project, or, on the contrary, made its implementation complicated?

- How is the project a success? What is a successful project according to you?

- What problems did/do you encounter? How did you get around problem(s)?

- How was your relationship with other actors?

- How is the knowledge you gained on the subject shared, inside/outside the project?

- How was your project funded?

- Concerning what is working or not, can you point out evolution since the beginning of the project: new constraints or

resolution of old constraints?
3. In general, how do you feel about the project?
- If you were to do it again, what would you do?

- How do you see the project in the future?

quote can be coded by multiple relationships if various actors
were involved. We identified 5 actor categories containing 17
actors (Table 3).

Based on what they provided, relationships were classified
into five main groups:

1. Knowledge: knowledge, information, or lack thereof,
encompassing activities such as knowledge creation, dif-
fusion, advice, monitoring, farmer experience sharing,
and actor coordination

2. Materials: labor, animals, and resources such as equip-
ment, seeds, feed, and farm products

3. Administration: formalities related to agreements between
people, quality criteria, certification, incentives, policies,
and legislation

4. Funding: funds, processes that result in profits, subsidies,
and market-related processes that influence financial
investments

5. Ideals: mindsets or worldviews, encompassing people’s
own ideals, specific objectives, or expectations imposed

by external parties (e.g., market demand, interest, or con-
cern) as well as the influence exerted via trust

Actor relationships were also characterized based on their
directionality, which was determined by the causes, influ-
ences, and flows at play. Additionally, they were designated
as positive or negative when they promoted or hindered the
CDE, respectively.

Using this systematic coding approach, we reduced the
subjectivity that arises when dealing with qualitative data
(i.e., interviews) and that can affect the results (ElSawah et al.
2013; Jones et al. 2011; Vanwindekens et al. 2013; Vanermen
et al. 2020).

2.2.3 Step 3—individual cognitive mapping

We generated a list of relationships identified at the CDE
level, which was independent of relationship occurrence in
the interviews and the number of interviews for each CDE.
The lists were used to build 23 individual cognitive maps

Table 3 Categories of agrifood

. . Actor catego
actors involved in crop gory

Actors

diversification experiences. (*)
Local authorities = national,
regional, and municipal
government officials.

Farmer
Upstream value chain actor
Downstream value chain actor

Institution

Society

Farmers, fellow farmers, farmers’ unions
Suppliers
Processors, retailers, collectors, traders

Researchers, advisors, European institutions, local
authorities(*), federations, banks, insurance companies

Consumers, citizens, media

@ Springer
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(ICMs), where the nodes were the CDE’s actors and the lines
were the relationships between them.

2.2.4 Step 4—social cognitive mapping

The ICMs were then compiled into social cognitive maps
(SCMs) expressing the basic structure of CDE actor net-
works, which were described using two graph theory
indicators—relationship weight and actor centrality. In the
SCMs, a relationship’s weight was the sum of the CDEs that
mentioned the relationship. Actor centrality was the cumu-
lative weight of the relationships an actor entered into and
departed from Ozesmi and Ozesmi (2004).

2.3 Data analysis and data interpretation

After being coded and processed, the content of the inter-
views was explored and analyzed to reach our two goals.

First, we highlighted the relationships among actors that
significantly contributed to CDE dynamic using (i) syn-
thetic tables of graph theory indicators (e.g. weights of
relationships, centrality of actors) and (ii) graphs, like SCMs,
complete or filtered according to categories of actors or
groups of relationships.

Secondly, we achieved a comprehensive view on actor
relationships and responsibilities in initiating CDE using (iii)
tools allowing researchers to retrieve quotes that are behind
the relationships of these SCMs, complete or filtered ones.

3 Results and discussion
3.1 Overall social network

The overall SCM displays the full network of actors that
were involved in the CDEs (Fig.3). Near the top are the
actors that largely initiated or drove the relationships; near
the bottom are those who were mainly impacted by the rela-
tionships. Farmers were the most central actors (centrality
= 240). They were often mentioned in interviews because
they were linked to all the other actors. Their activities could
extend beyond agricultural production to supplying seeds,
processing food products, participating in trade, and acting
as retailers. Researchers were the second-most central actors
(centrality = 67). They were mostly linked to institutional
actors, farmers, farmers’ unions, and processors. The actors’
relationships were characterized using the graph theory indi-
cators (Fig.4).

3.2 Key relationships influencing the crop
diversification experience

We observed eight key relationships (weight > 12) that
differed in their patterns of relationship type (Fig.5). The
relationships involved actors in three categories: farmers,
institutions, and society. They were all directed toward farm-
ers, except for the relationship between farmers and fellow
farmers, which was bidirectional. A farmer’s relationship to
themselves was also described as a way to express their
own motivations. The eight relationships led to different
outcomes, including the strengthening of existing CDEs, or
their long-term establishment, and either fostered or ham-
pered crop diversification depending on the context. Fellow
farmers, researchers, and advisors played a major role in
boosting knowledge and information exchanges. European
institutions and local authorities had an administrative influ-
ence on farmers’ choices via policies and regulations. Finally,
both farmers and consumers tended to act based on their ide-
als. We describe the relationships and provide main quotes in
the text in the Appendix S1 (which are sorted by relationship
type: 1-7).

3.2.1 The self relationship farmers—farmers

Farmers were self-motivated to adopt crop diversification as
a result of ideals and/or funding. Eight of the 24 farmers
interviewed in this study undertook crop diversification to
produce healthy food and protect their families, the envi-
ronment, animals, and plants. Using, for example, “the least
possible spray tank. . . the least possible use of carcinogens
for me, my environment, my family. And first me” (Farmer,
Atlantic).

Three interviewed farmers were curious and excited to
experiment with new agricultural practices and/or value
chains, pointing out that “We like to innovate and keep up
with new processes. We are very open for learning new
things” (Farmer, Atlantic).

For example, Dutch farmers included grass clover in their
crop rotations and row cropping while Italians extended their
potato rotation to four years, cultivating potatoes, carrots,
tomatoes, maize, and vegetables. A German farmer tried out
sugar beet for biogas substrate. They were willing to take
the risk when they had diverse agricultural activities or when
they received financial support from other actors. Of the 23
CDEs, 12 were completely self-funded, and 5 were funded by
combining the farmers’ own resources with research money
from local authorities (national level) and/or European insti-
tutions.

@ Springer
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Federations Local authority European Institutions
4 3 13
Farmers 5
\\\\\
// N
/ Suppliers 4 Fellow farmers 4 Traders Citizens Collectors Researchers 3 5

\

\

|

4 4 3 7

Processors Advisors Farmers' unions

Consumers

Retailers

interviewed or specifically mentioned by another actor, whereas the
latter is any other farmers who influenced the crop diversification exper-
iment but who were not necessarily directly involved.

Fig.3 Overall social cognitive map. Farmers occupied a central posi-
tion and were directly linked to all the other actors. Only relationships
with a minimum weight of three are shown (w > 3). Farmers were
distinguished from fellow farmers: the former is the farmer who was
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Fig.5 Proportion of
relationship types within the
eight key actor relationships
observed.
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Some farmers also considered the financial implications
of crop diversification. The potential for better returns was
an incentive for change. A desire to become more self-
sufficient was another motivation. For example, a Belgian
farmer looked for more lucrative crops than wheat and tried
to grow peas and lupins that he gave as feed to his cows.
He is closing the cycles on his farm and noted that “in other
words, we are becoming more self-sufficient, this means that
we will buy less from suppliers” (Farmer, Atlantic).

From these results, we uncovered three of the main factors
motivating farmers to diversify: (i) a desire to protect the
environment, (ii) a hedonic curiosity and need to innovate,
and/or (iii) an aspiration to boost earnings via the policies
and financial incentives offered up by local authorities. This
concurs with the findings of Weituschatetal. (2022) as well as
Bonke and Musshoff (2020). Implementing CDEs based on
the two first motivation factors requires a higher willingness
by farmers to take risks. In our study, we found that farmers
were more willing to take such risks when they had diverse
agricultural activities or when they received financial support
from others.

3.2.2 Consumers—farmers

This relationship highlights the direct influence exerted by
consumers on farmers. Consumption patterns reflect choices,
and the interview quotes associated with this relationship
were mainly associated with ideals.

For eight CDEs, consumer-driven market demand had a
crucial positive influence on the dynamic. One strategy was

Researchers->Farmers

oA
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Proportion

Knowledge . Ideals . Funding . Administration

0

. Materials

for farmers to adapt their production patterns to respond to
consumers. There were niche markets in which consumers
were concerned about environmental issues and were ready
to pay a fair price for vegetables, potatoes, old varieties of
cereals for all kinds of products, sarrasin, lentils, quinoa, lit-
tle spelt, and tan products. For example, they cared about a
product’s origin or production system. Another strategy is for
farmers to sell directly to consumers on the farm or on farm-
ers’ markets. It is a way to skip intermediaries and to achieve
better prices for farmers. With the help of direct market-
ing, farmers and consumers can build a closer relationship.
It allows farmers to better inform consumers about produc-
tion methods and the role of diversification. Farmers and
consumers consider that this aspect will become even more
important in the future. Interviewees acknowledge, however,
that direct marketing requires higher efforts in marketing and
building up a network of reliable customers.

In contrast, for five CDEs, market demand was either
saturated or non-existent in the target area. Interviewees men-
tioned that consumers lacked awareness about nutrition and
agrifood systems. For example, they do not recognize the
difference between organic and integrated production. In
some countries, consumers were unfamiliar with the product
(sweet corn was uncommon for Belgian or Hungarian con-
sumers while it was sold in Germany, Sweden, Switzerland,
and England), or they were consuming it in small quantities
(mustard).

At the global scale, market prices fluctuated with supply,
and it was difficult for farmers to predict whether there would
be demand for their products: “Basically the difficulties come
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from the fact that the market has such a great influence. When
they can offer good prices the territories dedicated to these
varieties grow significantly, if the prices go down the territo-
ries shrink. [...] The market price is key in these decisions
unfortunately” (Institution, Continental).

Situating themselves on local markets reduced this uncer-
tainty. British farmers mentioned that they would not be
affected by Brexit for the wheat sold on the local market,
while Hungarian farmers were affected because England
stopped buying organic sweet corn from them. Additionally,
potential profits drove farmers toward crop diversification.

Our study highlighted that crop diversification relies on
consumers with a high degree of awareness of the benefits
afforded by crop diversification. We have already highlighted
the role of direct relationships between farmers and con-
sumers as it is the case for direct marketing. But retailers
could also serve the role of raising consumer awareness
because they market to and communicate with consumers.
Because they involve consumers in product choices, cooper-
ative supermarkets are a good first step in the right direction.
However, they remain relatively rare.

3.2.3 Fellow farmers—farmers

We noted the crucial importance of relationships among
farmers, namely between the farmer who was interviewed or
occupied a central role in the CDE and fellow farmers within
their family and social environment. These relationships were
often bidirectional and provided ideals, knowledge and mate-
rials.

In the interviews, there were several references to how
farmers’ ideals are shaped by other farmers. For example,
a Dutch farmer said that his motivation to experiment with
mixed cropping was “To show my son that there are other
ways of farming. We are not a farm with 300 milk cows, and
we do not want to be that big anymore.”

Knowledge and information flowed between farmers and
fellow farmers at various scales. For example, exchanges
occurred within families, among neighbors in the same vil-
lage or region, among farmers within the same country, or
even among farmers in different countries. One farmer spec-
ified that “[The knowledge is] shared through [a farmer’s
association] and Whatsapp groups and between friends
and farmers that visit our farm” (Farmer, Continental) and
another one that “Through years of experience, knowledge
exchange with colleagues, farmers came from all over the
country” (Farmer, Continental).

One British farmer talked to organic spelt farmers in Nor-
way. Most transfers happened on-site: “The key element is
that we were able to meet regularly, to observe in the fields,
and to be connected to concrete cases. We also managed to
get some farmers with different profiles to work together. By
telling them: faced with this problem, what would you do?
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Sometimes the exchanges between them have been rather
fruitful” (Institution,Atlantic).

Exchanges could also occur in more structured settings—
farm visits, demonstrations, workshops, or experimental
trials—as well as part of informal occasions, such as during
conversations or on social media. Usually, information on
positive experiences was more common, though three farm-
ers highlighted the need to talk about mistakes to avoid them.
One Swiss farmer had the opportunity to see a failed demo
strip of mustard eaten by pollen beetles and other insects
and compare it to the crops of his neighbors, working more
intensively.

Farmers tended to look locally first in their networking
efforts, which they trust more easily. However, they could
miss connecting with certain colleagues, which could dis-
courage them from pursuing crop diversification. Effectively
transferring information to fellow farmers required good
communication skills, which entailed a certain amount of
work for the farmers. A Swedish farmer was convinced
by conservation agriculture when he was in England. He
affirmed that he did not know any farmer in Sweden who
did it and was only in contact with someone from Denmark.
He made the effort to find colleagues who have the same
interest and want to share their knowledge, but at this time in
Sweden, he did not find anyone with experience in conser-
vation agriculture.

Farmers also exchanged material resources that facilitated
the transition toward crop diversification. These interactions
took the form of (i) selling agricultural products to fellow
farmers (e.g., soybean and other protein crops used as feed),
(ii) selling/exchanging seeds or manure, and (iii) sharing or
renting out expensive equipment such as sorting machines or
seed sowing machines. The connection between crops and
livestock gave many opportunities to farmers. For example,
Belgian farmers were asked to cultivate organic vegetables
on the land of a pig producer to complete his land rotation. In
the other way, an English farmer who had cover crops asked
a shepherd if his sheep could graze the cover crops.

Within Europe, different countries have very different
production costs, which can generate competition among
farmers. Such differences may act as a barrier to crop diver-
sification in some regions. One farmer mentioned that hemp
and cereals grown in Eastern countries are much cheaper and
Western countries can not compete with it. He nevertheless
pointed out that “high prices in our region will probably not
be the case, because hemp is also cultivated in neighboring
countries. And, in our region, the grounds are too expensive,
so hemp is now cultivated abroad where it is much cheaper.
We are thus not able to compete with this” (Farmer, Atlantic).

We found that fellow farmers were the most frequent
source of information for farmers, as has been observed
elsewhere (Caron et al. 2014; Reyes-Garcia et al. 2014).
While direct learning can take multiple forms, we noted
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that farmers had a clear preference for direct observations.
When communicating with peers, farmers acquired practical,
experience-based knowledge. When information and advi-
sory services were lacking, peer-to-peer networks allowed
farmers to engage in exchanges and demonstrations within
their regions, which is an effective way to foster local knowl-
edge (Guerra et al. 2017; Marchand et al. 2021; Blom and
Rossing 2022). Nevertheless, if farmers find themselves in
areas with competitive markets, fellow farmers may be reluc-
tant to contribute to such networks (Morel et al. 2020).

3.2.4 Researchers—farmers

During the CDEs, researchers were also highly influential
actors. Relationships between researchers and farmers gen-
erally support knowledge and, to a lesser extent, materials
and ideals exchanges.

Three CDEs were initiated by researchers working at
research centers and/or universities. As part of research pro-
grams, researchers explored crop diversification strategies
through the introduction of sugar beet in crop rotations for
biogas substrate, the implementation of conservation agricul-
ture practices in a rapeseed-wheat-barley rotation, the inclu-
sion of cover crops within a typical rotation. They mainly
carried out field measurements and evaluations regarding fer-
tilization, yields and weed management, and soil analysis
regarding, among others, soil biodiversity. The interactions
with farmers—the potential system end users—came in dur-
ing a later step, when knowledge and results were shared.

In this type of CDE, researchers gathered, analyzed, and
shared information via a top-down approach: “we may advise
farmers on some usual mistakes. We could afford to make
mistakes, and by making mistakes we learnt and can help
farmers avoid those mistakes” (Institution, Mediterranean).

They took findings from a diversity of specific case stud-
ies in order to be able to gain in genericity and highlight
general knowledge applicable at broader scales. Outside of
monitoring efforts or group exchanges, knowledge transmis-
sion to farmers often happened on farms on training days or
during open-house events. The advantage was that partici-
pants saw experiments being carried out in different regions
and at different times of year. Information was also shared
in more formal settings, including during seminars or dur-
ing workshops for students and local farmers at agricultural
high schools. One challenge was that farmers often expected
more practical knowledge, such as in the form of guidelines.
However, guidance was often lacking because much remains
of value under too specific conditions. Examples underlined
are soybean and hemp crops, plant species in cover crops,
or intercropping with perennial crops. There is substantial
debate regarding innovative agricultural systems that will
benefit from the contribution of new scientific research.

Ten CDEs were launched by the farmers themselves.
Upon observing promising results, they sought support with
follow-up work, measurement-based monitoring, or indica-
tor usage. In this type of CDE, the interaction was more
bottom-up, driven by farmers who were seeking to exchange
knowledge. Researchers either contributed formal knowl-
edge that could be experimented under local conditions or
collaborated with farmers on field experiments, developing
the formal knowledge from specific results. For example,
researchers in the Netherlands could advise on companion
and strip croppings that they previously studied, while in
Belgium, they were discovering the cultivation of soy with
the farmer. In both cases, there were some failures. However,
some interviewees highlighted that it is important to conduct
experimental research projects where there is room for mis-
takes (thanks to the funds for research). Farmers should then
be warned about the mistakes so that they can be avoided
and about the “many issues at stake: soil characteristics, the
availability of proper machinery, the need to avoid soil com-
paction, an important problem in our silty soils. Then there
are issues with weed management. If farmers are able to deal
with all those issues, they may be able to adopt conservation
practices, otherwise it may be difficult” (Institution, Mediter-
ranean).

A third way in which knowledge was exchanged between
farmers and researchers was within group settings, where
farmers and researchers were on equal footing and could
both provide their specific input. One group even included
consumers. In all situations, the goal was the same: to help
farmers to succeed in their crop diversification and identify
the issues being faced. Researchers played a monitoring and
advisory role, but they also promoted innovation through the
production of new scientific knowledge. The major advan-
tage of these types of exchanges was that they included
both theoretical and practical knowledge within a frame-
work where farmer feedback and discussion were valued.
Co-created knowledge between researchers and farmers,
integrating resulting discoveries into farming practices, is
positively impacted the dynamic of CDEs (Lang et al. 2012).

Some farmers involved in the CDEs felt that practical
knowledge such as management schemes was lacking. A
potential compensatory mechanism is knowledge transfor-
mation, which focuses on providing practical knowledge
and means that can be used to bring sustainable inno-
vation in agricultural systems (Wuelser et al. 2012). In
this context, it is essential to highlight the importance of
the co-production of knowledge, knowledge transformation,
and engagement with actors outside of academia over the
longer term that characterize transdisciplinarity (Schneider
and Buser 2018). Researchers from different disciplines col-
laborate with non-academic actors to generate information
that helps provide concrete solutions to crucial problems
(Mauser et al. 2013; Popa et al. 2015). Scientific efforts
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focused on agricultural transitions should promote transdis-
ciplinary approaches because they help ensure that jointly
developed innovations correspond to local values, increas-
ing their impact and likelihood of acceptance (Macken-Walsh
et al. 2022; Rossing et al. 2022).

Furthermore, the relationship between researchers and
farmers is also dependent on ideals. This manifests itself in
the willingness of farmers to participate in applied research
projects. One interviewee pointed out that their participation
in an experiment required farmers to be willing to question
their management strategy.

3.2.5 Advisors-farmers

In seven CDEs, advisors made the link between theoretical
knowledge and practical knowledge. They sought out solu-
tions and reliable information; they kept track of experiments
on certain topics; and they provided guidance to farmers
based on local conditions. For example, the agricultural ser-
vice of a French commercial company learned about lentils
management schemes tested in different regions and advised
farmers locally. Advisors also learned from the farmers” work
and helped diffuse knowledge to other actors.

Farmers followed the advisors’ guidance when it fit with
farming conditions and was practical to implement. When
advisors raised awareness about specific issues (i.e., water
protection areas), farmers were more sensitive about the sub-
ject and could understand the knowledge behind the advice.

Relationships between farmers and advisors that are based
on shared awareness and on trust favor the development of
the CDE. Different interviewees emphasized the role of trust,
which grows around a personal connection, noting that “this
contributes to the success of the water protection here” (Insti-
tution, Continental).

Building trust requires a certain level of shared ideals
and the ability of the advisors to put themselves in the
farmer’s shoes and anticipate risks. However, a sustainable
relationship can be hindered by competing interests, market
competition for advisory services, and/or a lack of techni-
cal knowledge (e.g. to adapt pest management practices).
An institutional actor pointed out “some problems linked to
some reluctant concurrent advisers who are our partners in
the region. They do not say anything but they do not move and
they try to put obstacles to our efforts by influencing farmers.
As soon as they do not want to move, they will make trouble”
(Institution,Atlantic).

Advisors appeared to act as intermediaries in the con-
version of formal knowledge to informal knowledge. As
emphasized elsewhere, advisors support farmers in the
decision-making process, but action only results if the two
parties have a high level of trust and share common goals
(Garini et al. 2017; Macken-Walsh et al. 2022; Rossing
et al. 2022). However, in our study, advisors found toward
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the bottom of the SCMs did not trigger structural changes.
Their role was to guide pre-existing crop diversification
efforts and to provide counsel aimed at customizing tech-
niques/technologies. A previous study showed that advisors
working at private companies could have a vested interest in
input sales, and they tended to adopt conservative positions
when farmers sought counsel about redesigning cropping
systems; in tandem, advisors with agroecological expertise
were scarce (Garini et al. 2017). This finding stresses the
importance of educating advisors about the long-term bene-
fits of crop diversification (Baccar et al. 2020; Meynard et al.
2018) and highlights the risks of replacing public-sector advi-
sory services with private-sector advisory services.

3.2.6 Relationships between public institutions and
farmers, European institutions-farmers and local
authorities—farmers

Public institutions at all levels, European institutions and
local authorities, also play an important role in the develop-
ment of CDEs. The relationships between these institutions
and farmers were mainly associated with administration,
funding, and the underlying ideals.

European institutions influenced farmers’ choices, farm-
ing practices, and agricultural transitions through CAP
legislative and funding measures. They had concrete impacts
on farm management that were either direct, via the green-
ing program that required to introduce a rotation, or indirect
via research programs for example. Local authorities pro-
vided concrete support to farmers via the municipal, regional,
and/or national objectives they had established through regu-
lations, funding opportunities, and/or specific projects. They
served as a functional intermediary between European insti-
tutions and farmers.

The CAP’s first pillar includes the greening program. One
of the practices required by the program is crop diversifica-
tion by introducing a minimum of three crops into the total
land use. Five interviewees mentioned this requirement as
marking a turning point for them. Farmers with too many
hectares in monocultures had to introduce a rotation. It also
brought about changes in agrifood systems because it helped
establish a greater range of markets, such as the market for
green manure seeds in Hungary. The farmer involved noted
that “there were additional payments, [...]. It was not much,
but I was glad that we were appreciated. In the past, I over-
came incredible difficulties. Today my son sees no other way
than organic production” (Farmer, Continental).

However, the CAP exhibits certain weaknesses in regard
to crop diversification. EU subsidies drove farmers’ choices
through their policy requirements. While some farmers
implemented crop diversification for personal reasons, others
were seeking to boost earnings. It was possible to adopt a
crop diversification system and meet subsidy requirements
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without considering the sustainability of nutrient cycles and
water management. Furthermore, the CAP reforms changed
the subsidy regime. If farmers rely on the subsidies to make
up for lower yields, the movement toward crop diversifica-
tion will stop if those subsidies are no longer available. Two
French farmers talked about previous subsidies for grain
legumes such as peas, which decreased drastically. Farm-
ers that adopt crop diversification for monetary reasons only
may have gaps in knowledge of this approach. A good level
of knowledge and ownership is however important to effec-
tively manage risk such as unfavorable weather conditions.
Farmer engagement can be boosted by using policies based
on transferring knowledge and encouraging independence in
the choice of production systems and measures such as the
approach taken by outcome-oriented policies (Burton and
Schwarz 2013; Wezel et al. 2018).

Atregional and national levels, local authorities employed
research and monitoring to develop effective policies that
encouraged farmers to adopt certain farming practices.
Research efforts could be part of a broader project involving
several different actors, advisors and/or researchers, farmers,
and to a lesser extent value chain actors. Actors would dis-
cuss common goals and reach a state of mutual agreement.
Such approaches could avoid situations in which farmers
were faced with strict administrative requirements and regu-
lations that were viewed as constraining and demeaning. In
one CDE, it was reported that a positive lever was the strong,
trust-based collaboration that was established between farm-
ers and local authorities (municipal level): “It has something
to do with trust. That’s very important, I think. If a farmer, or
we, promise or promise something, the spoken word is true
and you can count on it. This has created a certain basis of
trust over the years. It used to be that way and I think that’s
very important” (Institution, Continental).

However, according to different actors in four CDEs, farm-
ing policies were not always adapted to local conditions.
They may be copied from other countries and lack speci-
ficities of farms or of the region (e.g., region including basin
with water reservoirs). Fundings supported by those poli-
cies may then be limited. For example, a farmer in Hungary
brought an end to his crop diversification process because
the small size of his farm made it impossible to respect the
required isolation distances between sunflowers and corn.

In addition, certain incentives may disappear when a sus-
tainable practice becomes widespread, as it was the case in
Switzerland for the cultivation of grain legumes, or when
sustainability objectives are reached, such as reaching a bet-
ter water quality level in a water conservation area. Such can
give rise to a paradoxical situation in which farmers receive
no recompense for good work but are rewarded for harmful
work.

Many actors also expressed frustration over general pol-
icy differences related to crop diversification among areas,

regions, and countries. These differences made it hard for
farmers and other actors to understand current legislation
and access funding, given that similar funding sources may
impose different requirements.

The relationships of public institutions with farmers fit
with previous work (Garini et al. 2017; Weituschat et al.
2022) in suggesting the following: although there is as yet
no general agreement, highly standardized EU policies show
limited or even negative effects on the implementation of
crop diversification, while policies adapted to local condi-
tions seem to hold more promise. Our results highlight that it
isimportant for policies to be context-sensitive and to allocate
funding to farmers committed to genuine crop diversification
practices. This simultaneously raised questions about pol-
icy fairness and legitimacy because farmers would discuss
how different rules were being applied in different contexts.
Inconsistencies also exist among policies at different levels
(Lamprinopoulou et al. 2014; Borremans et al. 2018).

When farmers begin moving toward crop diversification,
they face risks in terms of yields and market fluctuations.
Interviewees called for authorities to offer better financial
supportregimes, similar in design to current subsidies for sus-
tainable production systems. Such was also noted by Antier
etal. (2021). Moreover, policies must be structured to persist
over the longer term. Indeed, a change in policy planning
involving a change in financial incentives may mislead farm-
ers in their choices, discouraging them from adopting crop
diversification.

3.3 Value chain actors relationships

Besides the eight key relationships previously highlighted,
value chain actors played an important role to practically
enable farmers to produce, value, and market their diversified
crops. Actors pointed out that “[Our] initiative is certainly
successful because the different involved actors in the supply
chain are satisfied. There is an economic return for all levels”
(Farmer, Mediterranean).

Processors were the third most central actors. They played
a key role in the CDEs because they attributed new value to
crops, created new value chains, and/or processes adapted to
intercrop productions. For example, in order to value sugar
beet as biogas in Germany, a cooperative treated the beets dif-
ferently and processed them directly from the field through
the mashing unit. An essential part of value creation is own-
ing the necessary mechanical equipment. Processors must
also adapt their quality criteria to different production types.
For example, they have to manage peas that might be a bit too
wet or vegetables that are a bit damaged. However, two pro-
cessors in Poland felt restricted by controlling institutions
which did not adapt their requirements to the field reality.
They also claimed recognition by local authorities of organic
processing. This actor group was concerned about profitabil-
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ity because of their position in the middle of the value chain.
They must therefore balance the necessity of paying farmers
a fair price and selling to consumers at an affordable price.

Retailers faced the same issue as they occur at the inter-
face between producers or processors and consumers. Seven
retailers mentioned that selling to consumers locally grown
products (mustard, lentils, quinoa, potatoes, or vegetable
juice) was profitable for the farmers and for them. So, they
“[we] try to be as seasonal as possible, sometimes we experi-
ment by removing bananas and stuff like that, to really expose
the national produce and try to buy from the smallest pro-
ducers first, and if they don’t have what we need we go up
the chain, still focusing on being as sustainable as possible”
(Downstream value chain actor, Continental).

In three of these cases, the coordination of the whole value
chain by a federation or a commercial company helped to
guarantee earnings at all levels. All the steps were presumed
to be transparent to all. Retailers gathered information from
producers and consumers. They kept each other informed
of their expectations, and they responded to requirements
imposed by producers, consumers, institutions (e.g., feder-
ations), and/or local authorities, and then they “[we] have
transparency between us. On what the agriculture sector of
our company can collect from farmers as info. Or on what
the food sector of our company can collect from their cus-
tomers as info. On them, their ideas of innovations to put
in place, products to deploy. There is a lot of exchange. It’s
interesting” (Downstream value chain actor, Atlantic).

Retailers also had influence over producers and consumers
because they chose which products to market. At local scales,
consumers could be involved to help retailers make decisions
around prices, as it occurs in cooperative supermarkets. At
multinational scales, farmers found an advantage in having
a greater diversity of retailers. It contributed to stability and
helped adapt crops and contracts to market fluctuations. Over
time, long-term partnerships gave rise to trust and shared
economic responsibility and, as a consequence, room for
experimentation of different crop combinations.

Seed suppliers were directly involved in five CDEs. In six
CDEs, seeds were supplied as part of research projects. Seed
development was driven by the suppliers’ ideals, the mar-
ket demands made on farmers, and/or societal expectations
around greater sustainability. However, people’s resistance
to novelty was an impediment in research and development
related to new crop varieties. A Dutch seed producer men-
tioned that early maize varieties could be more sustainable
than corn cultivation, which most people don’t know about. In
addition, crop diversification requires a range of specialized
equipment. Interviewees from different CDEs mentioned the
lack of sorting and storing machines for mixed crops, a
harvesting machine for hemp, a mowing machine for grass
clover, and special machines for no-till agriculture. Often, the
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necessary financial investment presented a major barrier for
different value chain actors: “Yes, we do not sort, at least for
now, because we estimate that the cost is very high in order
to invest in it” (Downstream value chain actor, Atlantic).

In five CDEs, farmers or collectors bought the required
tools altogether. One of them mentioned that it might become
a problem when the farms are located far away from each
other and need the shared machine at the same time.

Collectors were often part of a wider range of value-chain
activities. They established contracts with farmers to guaran-
tee them earnings. Collectors thus supported farmers in their
diversification efforts because yields for minor crops (lentils,
potatoes, or vegetables depending on the country) are unpre-
dictable, especially because effective growing practices are
poorly studied and documented. “Farmers should not go into
lentil production without a contract. [...] We buy lentils only
if they are contracted with us X months before harvest. But
that means we do not buy after harvest. If the farmer sows
lentils, he has a contract” (Downstream value chain actor,
Atlantic).

The results show that it was helpful when the relationships
between value chain actors and farmers were coordinated by
federations or farmers’ unions. Such groups have a fuller
understanding of the entire value chain and its actors, which
helps to guarantee earnings at all levels (Meynard et al.
2018). They also enabled different actors (e.g., from farm-
ers to retailers) to jointly invest in the equipment needed
for minor crops, to produce sufficient volumes of minor
crops, and to reduce both collection and management costs
(Meynard et al. 2018; Morel et al. 2020). Nevertheless, it
requires a shift in how actors view interactions (Morel et al.
2020). The involvement of consumers in the choice of prod-
ucts and prices enabled retailers to raise awareness about
local and diversified products, as well as to better identify
the needs of the consumers. Selling locally was usually seen
as more profitable (Stein and Santini 2022).

Around the value chain actors, controlling institutions and
authorities may adapt their quality requirements and recog-
nize the processing of diversified crops (Antier et al. 2022).
The development of adapted machinery and seeds for minor
crop varieties/cultivars and crop mixtures may also be sup-
ported by research and policies (Meynard et al. 2018; Antier
et al. 2022).

3.4 Implications of the relationship classes

Sustainably transitioning to crop diversification systems
demands shifts at all levels of the agrifood system
(Gaitan-Cremaschi et al. 2019). The social network analy-
sis showed that key participants in knowledge sharing and
information flows are farmers, advisors, and researchers.
Research should seek to strengthen relationships and exchanges
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of both knowledge and innovations among all value chain
actors, upstream and downstream (Bonke and Musshoff
2020). It is essential to look beyond crop fields and farming
systems. Our work here confirms that this systemic perspec-
tive is still missing (Lamprinopoulou et al. 2014).

Our results highlighted the importance of trust to support
CDEs’ success. Building trust was therefore crucial to sup-
port knowledge exchanges among actors. That trust needs to
be nourished over time via collaborations and shared experi-
ences. Similar results were noted in earlier studies (Hodson
and Marvin 2010; Huxham and Vangen 2013; Koole 2020).
Trust was an essential component that positively influenced
the dynamics of the CDEs because it encouraged reflective
learning that went beyond the simple acquisition of knowl-
edge and that strove to translate discoveries into joint actions
aimed at achieving common goals (Koole 2020).

Moreover, ideals of actors greatly influence the adoption
of crop diversification systems. Our social network analysis
identified that farmers, consumers, citizens, retailers, Euro-
pean institutions, and local authorities formed relationships
that greatly influenced the ideology of the actors of the agri-
food system.

Practically, administrative matters including policies can
steer those ideals. Farmers, European institutions, and local
authorities are the actors that dealt the most with administra-
tive matters. Both at EU and local levels, policies require
farmers to be internally motivated and to take ownership
of policy goals (Moller et al. 2006; Garini et al. 2017,
Bonke and Musshoff 2020). To ensure policy effective-
ness, farmers must possess a certain level of knowledge
about the agroecological importance of crop diversification
and how to go about implementing such systems. Training
programs and advisory services are needed to better dissem-
inate knowledge. Such outcomes fit with previous research
(Dedeurwaerdere et al. 2015; Forney 2016; Samane et al.
2018) that found that farmers involvement in knowledge
co-production and social learning processes helped to boost
the implementation of environmentally friendly practices. A
DiverIMPACTS policy brief (Messéan et al. 2021b) empha-
sized that crop diversification could be well suited to the
EU Farm2Fork strategy. If such systems are properly imple-
mented at broader scales, food production could become less
dependent on fossil fuel-based agricultural inputs, display
smaller environmental footprints, and help guarantee food
security.

4 Conclusion
The main goal of this research was to arrive at broader

lessons about the dynamics in operation in European crop
diversification experiences (CDE). Using knowledge-driven

modelling approaches, our study gained more insights on the
roles of the different actors, their key relationships, cognitive
processes, and organisational, technical, economic, and polit-
ical factors which lead to agricultural change and innovation
in the contexts of CDEs.

Novelty in our research refers to the comprehensive view
of the farming system obtained through the systemic analy-
sis of the network of actors involved in crop diversification
experiences.

We found that farmers are at the core of every crop diver-
sification experience, as they are also the initiators of most
CDE:s. Farmers are often self-motivated through ideals, envi-
ronmental and health concerns but also by the desire to make
profit and innovate. They cite fellow farmers as their most
important partners in sharing knowledge, experience, and
materials. Farmers’ participation in unions and associations
has often favored the initiatives. On a larger scale, however,
the actors felt that there is a lack of product recognition in
the market, limiting CDEs growth and development.

Another finding of our work was that researchers are the
second most important actors as they have also been the
initiators of some CDEs through scientific programs, bring-
ing farmers and other key actors together. Most interactions
take place at a local level, however, international exchanges
often provide solutions and new ideas. The field experiments
conducted through the scientific programs provide greater
opportunities to test new farming practices that farmers could
not afford to risk. Transdisciplinary approaches seem promis-
ing as they help ensure that jointly developed innovations
correspond to local values and provide concrete solutions
to all actors. State and private agricultural advisors provide
more practical knowledge on agrotechnology, materials and
support mechanisms. It is therefore important to provide
training opportunities for the advisors about the design of
agroecological systems and stress the importance of long-
term planning.

European institutions and local authorities have played
an important role in promoting diversification in agriculture
through targeted financial support and additional require-
ments to basic payments. Nevertheless, policies related to
crop diversification have often been inadequate to local cli-
matic, social, and organizational conditions. Also, making
diversification practices dependent on support mechanisms
does not ensure a future of CDEs. Effective policies could
help guide these shifts, but it is essential to further develop
transdisciplinary projects, network coordination, and com-
munication with citizens in order to support CDEs in the
long run.

Crop diversification will not occur without value chain
diversification. Value chain actors played a major role in
overcoming technological, logistical, and market-related bar-
riers. Research and policy should therefore seek to strengthen
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relationships by promoting knowledge exchange and inno-
vation and directing support measures for the diversification
of value chains.

In summary, our systemic analysis of crop diversification
networks suggests that a broader transition is only possible
if there is a shift in the behavior and mindset of all actors
involved. Effective policies could help guide these shifts, but
it is essential to further develop network coordination and
communication with citizens. Our study explored the func-
tional roles played by actors and showed that in the different
European countries, similar relationships act as levers or bar-
riers to crop diversification. Future research could study the
differences between private and public actors to better under-
stand power dynamics within agrifood systems.
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8.

Acknowledgements We want to thank all actors interviewed and the
researchers that carried out the qualitative interviews. We want to
address a special thank to Louise Legein who was involved during the
early stages of the study. Our warmest thanks go to Antoine Messéan for
his unfailing commitment to coordinating the DiverIMPACTS project.
We would like to thank the two anonymous reviewers and the editors
whose questions, comments and suggestions helped improve and clarify
this manuscript.

Author Contributions FVW conceived and designed the methodologi-
cal approach for the data collection and the data analysis and developed
the R-scripts for the data analyses. FVW, RF, IRC, II, SC, LC, PR, JS,
LV, DD, and AS lead the data collection in their own countries. MAC
performed the qualitative analysis of the data and wrote the first draft
of the paper. MAC, RF, IRC, II, SC, LC, PR, JS, LV, DD, AS, DS, and
FVW contributed to the orientation of the context of the study, the data
analyses, the discussion of the results and the writing of the paper.

Funding This research was carried out in the framework of the project
DiverIMPACTS - “Diversification through Rotation, Intercropping,
Multiple Cropping, Promoted with Actors and value chains towards
Sustainability.” This project is supported by the European Union’s
HORIZON 2020 research and innovation programme under Grant
Agreement no 727482 and by the Swiss State Secretariat for Education,
Research, and Innovation (SERI) under contract number 17.00092.

Data Availability As the qualitative interviews could contain sensitive
information, the data of this research is not publicly available.

Code Availability Three original R-packages have been used and/or
developed in the framework of this study. All of these are publicly
available on official repository and/or main DevOps platforms:

e Duckles B, Sholler D, Draper J, Laderas T (2022). gcoder
Lightweight Qualitative Coding. R package version 0.1.0, https://
github.com/ropenscilabs/qcoder.

* Vanwindekens, F. (2019). cogmapr Cognitive Mapping Tools
Based on Coding of Textual Sources. R-packages, Web Applica-
tion and User Manual. Hosted on cran (https://CRAN.R-project.org/
package=cogmapr) and gitlab for the development version, https://
frdvnw.gitlab.io/cogmapr/.

* Vanwindekens, F. (2018). surveyvisualizr R-packages, Web
Application and User Manual. Hosted on gitlab, https://frdvnw.gitlab.
io/surveyvisualizr/dev/.

@ Springer

Declarations

Ethics approval The authors state that the research described in this
article was conducted in accordance with the recommended standard
principles of objectivity, transparency, and ethics.

Consent to participate Informed consent was obtained from all indi-
vidual participants of the qualitative interviews.

Consent for publication Not applicable.
Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indi-
cate if changes were made. The images or other third party material
in this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your
intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copy-
right holder. To view a copy of this licence, visit http://creativecomm
ons.org/licenses/by/4.0/.

References

Allmark P (2004) Should research samples reflect the diversity of the
population? J Med Ethics 30(2):185-189. https://doi.org/10.1136/
jme.2003.004374, https://jme.bmj.com/content/30/2/185.full.pdf

Antier C, Viguier L, Messéan A, Baret PV (2021). Recommendations
for overcoming barriers to crop diversification towards sustainable
agriculture. https://doi.org/10.5281/zenodo.5824417

Antier C, Baret PV, Rossing W et al (2022) How to support the
development of crop diversification? The importance of an
approach at the value chain level. https://doi.org/10.5281/zenodo.
6382721

Baccar R, Vandewalle A, Duhamel S (2020) Needs for training and
advisory as well as for formal education - Deliverable 6.3. https://
doi.org/10.5281/zenodo.4478544

Beillouin D, Ben-Ari T, Malézieux E, Seufert V, Makowski D (2021)
Positive but variable effects of crop diversification on biodiversity
and ecosystem services. Global Change Biol. https://doi.org/10.
1111/gcb.15747

Blom M, Rossing W (2022). A participatory approach to improving
farm logistics. https://doi.org/10.5281/zenodo.6375849

Bonke V, Musshoff O (2020) Understanding German farmer’s intention
to adopt mixed cropping using the theory of planned behavior.
Agron Sustain Dev 40(6):1-14. https://doi.org/10.1007/s13593-
020-00653-0

Borremans L, Marchand F, Visser M, Wauters E (2018) Nurturing
agroforestry systems in Flanders: analysis from an agricultural
innovation systems perspective. Agr Syst 162:205-219. https://
doi.org/10.1016/j.agsy.2018.01.004

Burton RJ, Schwarz G (2013) Result-oriented agri-environmental
schemes in Europe and their potential for promoting behavioural
change. Land Use Policy 30(1):628—641. https://doi.org/10.1016/
j-landusepol.2012.05.002

Caron P, Biénabe E, Hainzelin E (2014) Making transition towards eco-
logical intensification of agriculture a reality: the gaps in and the


https://doi.org/10.1007/s13593-023-00906-8
https://doi.org/10.1007/s13593-023-00906-8
https://github.com/ropenscilabs/qcoder
https://github.com/ropenscilabs/qcoder
https://CRAN.R-project.org/package=cogmapr
https://CRAN.R-project.org/package=cogmapr
https://frdvnw.gitlab.io/cogmapr/
https://frdvnw.gitlab.io/cogmapr/
https://frdvnw.gitlab.io/surveyvisualizr/dev/
https://frdvnw.gitlab.io/surveyvisualizr/dev/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/jme.2003.004374
https://doi.org/10.1136/jme.2003.004374
https://jme.bmj.com/content/30/2/185.full.pdf
https://doi.org/10.5281/zenodo.5824417
https://doi.org/10.5281/zenodo.6382721
https://doi.org/10.5281/zenodo.6382721
https://doi.org/10.5281/zenodo.4478544
https://doi.org/10.5281/zenodo.4478544
https://doi.org/10.1111/gcb.15747
https://doi.org/10.1111/gcb.15747
https://doi.org/10.5281/zenodo.6375849
https://doi.org/10.1007/s13593-020-00653-0
https://doi.org/10.1007/s13593-020-00653-0
https://doi.org/10.1016/j.agsy.2018.01.004
https://doi.org/10.1016/j.agsy.2018.01.004
https://doi.org/10.1016/j.landusepol.2012.05.002
https://doi.org/10.1016/j.landusepol.2012.05.002

Identification and description of relationships...

Page 17 0f 19 67

role of scientific knowledge. Curr Opin Env Sust 8:44-52. https://
doi.org/10.1016/j.cosust.2014.08.004, sl: Sustainability gover-
nance and transformation

Deci EL, Eghrari H, Patrick BC, Leone DR (1994) Facilitat-
ing internalization: the self-determination theory perspective.
J Pers 62(1):119-142. https://doi.org/10.1111/j.1467-6494.1994.
tb00797.x

Dedeurwaerdere T, Polard A, Melindi-Ghidi P (2015) The role of
network bridging organisations in compensation payments for
agri-environmental services under the EU common agricultural
policy. Ecol Econ 119:24-38. https://doi.org/10.1016/j.ecolecon.
2015.07.025

Drexler D, Vanwindekens F, Legein L et al (2018) Survey of European
crop diversification experiences - first results of the DiverIM-
PACTS project. https://doi.org/10.5281/zenodo.1476997

Duru M, Therond O et al (2015) Designing agroecological transitions;
areview. Agron Sustain Dev 35(4):1237-1257. https://doi.org/10.
1007/s13593-015-0318-x

ElSawah S, Mclucas A, Mazanov J (2013) Using a cognitive mapping
approach to frame the perceptions of water users about managing
water resources: a case study in the Australian capital territory.
Water Resour Manag 27(9):3441-3456. https://doi.org/10.1007/
s11269-013-0357-5

European Comission (2020) A farm to fork strategy, for a fair, healthy
and environmentally-friendly food system. https://eur-lex.
europa.eu/legal-content/ EN/TXT/?uri=CELEX:52020DC0381,
Accessed: 2023-06-21

Forney J (2016) Blind spots in agri-environmental governance: some
reflections and suggestions from Switzerland. Rev Agric Food
Environ Stud 97(1):1-13. https://doi.org/10.1007/s41130-016-
0017-2

Frison EA (2016) From uniformity to diversity: a paradigm shift from
industrial agriculture to diversified agroecological systems. Tech.
Rep. Bioversity Reports 149, Bioversity International, Louvain-
la-Neuve (Belgium)

Gaitan-Cremaschi D, Klerkx L, Duncan J, Trienckens JH, Huenchuleo
C, Dogliotti S, Contesse ME, Rossing WA (2019) Characterizing
diversity of food systems in view of sustainability transitions. A
review. Agron Sustain Dev 39(1):1-22. https://doi.org/10.1007/
s13593-018-0550-2

Garini C, Vanwindekens F, Scholberg J, Wezel A, Groot JC (2017)
Drivers of adoption of agroecological practices for winegrow-
ers and influence from policies in the province of Trento,
Italy. Land Use Policy 68:200-211. https://doi.org/10.1016/j.
landusepol.2017.07.048

Geels FW (2002) Technological transitions as evolutionary recon-
figuration processes: a multi-level perspective and a case-study.
Res Policy 31(8-9):1257—-1274. https://doi.org/10.1016/S0048-
7333(02)00062-8

Glaser B, Strauss A (1967) The discovery of grounded theory: strate-
gies for qualitative research. Observations (Chicago, Ill.), Aldine
Transaction

Guerra J, Blesh J, Schmitt Filho AL, Wittman H (2017) Path-
ways to agroecological management through mediated markets in
Santa Catarina, Brazil. Elem Sci Anth 5. https://doi.org/10.1525/
elementa.248

Hodson M, Marvin S (2010) Can cities shape socio-technical transitions
and how would we know if they were? Res Policy 39(4):477—
485. https://doi.org/10.1016/j.respol.2010.01.020, special Section
on Innovation and Sustainability Transitions

Huxham C, Vangen S (2013) Managing to collaborate: the theory and
practice of collaborative advantage. Routledge

Jones NA, Ross H, Lynam T, Perez P, Leitch A (2011) Mental models:
an interdisciplinary synthesis of theory and methods. Ecol Soc
16(1). https://www.jstor.org/stable/26268859

Koole B (2020) Trusting to learn and learning to trust. A framework for
analyzing the interactions of trust and learning in arrangements
dedicated to instigating social change. Technol Forecast and Soc
161:120260. https://doi.org/10.1016/j.techfore.2020.120260

Lamprinopoulou C, Renwick A, Klerkx L, Hermans F, Roep D (2014)
Application of an integrated systemic framework for analysing
agricultural innovation systems and informing innovation poli-
cies: comparing the Dutch and Scottish agrifood sectors. Agr Syst
129:40-54. https://doi.org/10.1016/j.agsy.2014.05.001

Lang DJ, Wiek A, Bergmann M, Stauffacher M, Martens P, Moll P,
Swilling M, Thomas CJ (2012) Transdisciplinary research in sus-
tainability science: practice, principles, and challenges. Sustain Sci
7(1):25-43. https://doi.org/10.1007/s11625-011-0149-x

Liu W, Sidhu A, Beacom AM, Valente TW (2017) Social net-
work theory, John Wiley & Sons, Ltd, pp 1-12. https://doi.
org/10.1002/9781118783764.wbieme0092, https://onlinelibrary.
wiley.com/doi/pdf/10.1002/9781118783764.wbieme0092

Macken-Walsh A, Henchion M, Regan A (2022) ‘Come aboard’ the
systems-based approach: the role of social science in agri-food
research and innovation. Irish J Agr Food Res. https://doi.org/10.
15212/ijafr-2020-0146

Magrini MB, Anton M, Cholez C, Corre-Hellou G, Duc G, Jeuffroy
MH, Meynard JM, Pelzer E, Voisin AS, Walrand S (2016) Why
are grain-legumes rarely present in cropping systems despite their
environmental and nutritional benefits? Analyzing lock-in in the
French agrifood system. Ecol Econ 126:152-162. https://doi.org/
10.1016/j.ecolecon.2016.03.024

Marchand F, Cooreman H, Pappa E, Perifanos I, Alexopoulos Y,
Debruyne L, Chiswell H, Ingram J, Koutsouris A (2021) Effective-
ness of on-farm demonstration events in the EU: role of structural
characteristics. J Agric Educ Ext 27(5):677-697. https://doi.org/
10.1080/1389224X.2020.1847151

Marette S (2021) Sustainability and consumer willingness to pay for
legumes: a laboratory study with lentils. Sustainability 13(6).
https://doi.org/10.3390/su13063408

Mauser W, Klepper G, Rice M et al (2013) Transdisciplinary global
change research: the co-creation of knowledge for sustainabil-
ity. Curr Opin Env Sust 5(3):420-431. https://doi.org/10.1016/j.
cosust.2013.07.001, open issue

Messéan A, Viguier L, Paresys L, Aubertot JN, Canali S, Iannetta PP,
Justes E, Karley A, Keillor B, Kemper L et al (2021a) Enabling
crop diversification to support transitions towards more sustainable
European agrifood systems. Front Agric Sci Eng. https://doi.org/
10.15302/J-FASE-2021406

Messéan A, Viguier L, Paresys L, Stilmant D (2021b) Promoting crop
diversification for more sustainable agri-food systems: DiverIM-
PACTS policy brief. https://doi.org/10.5281/zenodo.5957276

Metzger MJ, Bunce RGH, Jongman RHG et al (2005) A climatic strat-
ification of the environment of Europe. Global Ecology and Bio-
geography 14(6):549-563. https://doi.org/10.1111/j.1466-822X.
2005.00190.x

Meynard JM, Charrier F, Le Bail M, Magrini MB, Charlier A, Messéan
A et al (2018) Socio-technical lock-in hinders crop diversification
in France. Agron Sustain Dev 38(5):1-13. https://doi.org/10.1007/
s13593-018-0535-1

Moller AC, Ryan RM, Deci EL (2006) Self-determination theory and
public policy: improving the quality of consumer decisions without
using coercion. J Public Policy Mark 25(1):104-116. https://doi.
org/10.1509/jppm.25.1.104

Montrone E (2015) Etude des démarches des organismes stockeurs
visant une agriculture durable. Master’s thesis, Terres Inovia, 1
avenue Lucien Brétignieres, 78850 Thiverval-Grignon. https://
dumas.ccsd.cnrs.fr/dumas-01259579

Morel K, Revoyron E, San Cristobal M, Baret PV (2020) Innovating
within or outside dominant food systems? Different challenges for

@ Springer


https://doi.org/10.1016/j.cosust.2014.08.004
https://doi.org/10.1016/j.cosust.2014.08.004
https://doi.org/10.1111/j.1467-6494.1994.tb00797.x
https://doi.org/10.1111/j.1467-6494.1994.tb00797.x
https://doi.org/10.1016/j.ecolecon.2015.07.025
https://doi.org/10.1016/j.ecolecon.2015.07.025
https://doi.org/10.5281/zenodo.1476997
https://doi.org/10.1007/s13593-015-0318-x
https://doi.org/10.1007/s13593-015-0318-x
https://doi.org/10.1007/s11269-013-0357-5
https://doi.org/10.1007/s11269-013-0357-5
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0381
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0381
https://doi.org/10.1007/s41130-016-0017-2
https://doi.org/10.1007/s41130-016-0017-2
https://doi.org/10.1007/s13593-018-0550-2
https://doi.org/10.1007/s13593-018-0550-2
https://doi.org/10.1016/j.landusepol.2017.07.048
https://doi.org/10.1016/j.landusepol.2017.07.048
https://doi.org/10.1016/S0048-7333(02)00062-8
https://doi.org/10.1016/S0048-7333(02)00062-8
https://doi.org/10.1525/elementa.248
https://doi.org/10.1525/elementa.248
https://doi.org/10.1016/j.respol.2010.01.020
https://www.jstor.org/stable/26268859
https://doi.org/10.1016/j.techfore.2020.120260
https://doi.org/10.1016/j.agsy.2014.05.001
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1002/9781118783764.wbieme0092
https://doi.org/10.1002/9781118783764.wbieme0092
https://onlinelibrary.wiley.com/doi/pdf/10.1002/9781118783764.wbieme0092
https://onlinelibrary.wiley.com/doi/pdf/10.1002/9781118783764.wbieme0092
https://doi.org/10.15212/ijafr-2020-0146
https://doi.org/10.15212/ijafr-2020-0146
https://doi.org/10.1016/j.ecolecon.2016.03.024
https://doi.org/10.1016/j.ecolecon.2016.03.024
https://doi.org/10.1080/1389224X.2020.1847151
https://doi.org/10.1080/1389224X.2020.1847151
https://doi.org/10.3390/su13063408
https://doi.org/10.1016/j.cosust.2013.07.001
https://doi.org/10.1016/j.cosust.2013.07.001
https://doi.org/10.15302/J-FASE-2021406
https://doi.org/10.15302/J-FASE-2021406
https://doi.org/10.5281/zenodo.5957276
https://doi.org/10.1111/j.1466-822X.2005.00190.x
https://doi.org/10.1111/j.1466-822X.2005.00190.x
https://doi.org/10.1007/s13593-018-0535-1
https://doi.org/10.1007/s13593-018-0535-1
https://doi.org/10.1509/jppm.25.1.104
https://doi.org/10.1509/jppm.25.1.104
https://dumas.ccsd.cnrs.fr/dumas-01259579
https://dumas.ccsd.cnrs.fr/dumas-01259579

67 Page180of 19

M.A. Cornu et al.

contrasting crop diversification strategies in Europe. PLoS One
15(3):0229,910. https://doi.org/10.1371/journal.pone.0229910

Nerlich K, Graeff-Honninger S, Claupein W (2013) Agroforestry in
Europe: a review of the disappearance of traditional systems and
development of modern agroforestry practices, with emphasis
on experiences in germany. https://doi.org/10.1007/s10457-012-
9560-2

Ozesmi U, Ozesmi SL (2004) Ecological models based on peo-
ple’s knowledge: a multi-step fuzzy cognitive mapping approach.
Ecol Model 176(1-2):43-64. https://doi.org/10.1016/j.ecolmodel.
2003.10.027

PopaF, Guillermin M, Dedeurwaerdere T (2015) A pragmatist approach
to transdisciplinarity in sustainability research: from complex sys-
tems theory to reflexive science. Futures 65:45-56. https://doi.
org/10.1016/j.futures.2014.02.002, ’ Advances in transdisciplinar-
ity 2004-2014°

Reyes-Garcia V, Aceituno-Mata L, Calvet-Mir L et al (2014) Resilience
of traditional knowledge systems: the case of agricultural knowl-
edge in home gardens of the Iberian Peninsula. Glob Environ
Change 24:223-231. https://doi.org/10.1016/j.gloenvcha.2013.
11.022

Rodriguez C, Martensson LMD, Jensen ES, Carlsson G (2021) Com-
bining crop diversification practices can benefit cereal production
in temperate climates. Agron Sustain Dev 41(4):48

Roling N (1988) Extension science, information systems in agricultural
development. Cambridge University Press, United Kingdom

Rossing W, Colombo L, Koole B, Messéan A (2022). Producing action-
able knowledge for crop diversification. https://doi.org/10.5281/
zenodo.6353589

Schneider F, Buser T (2018) Promising degrees of stakeholder inter-
action in research for sustainable development. Sustain Sci
13(1):129-142. https://doi.org/10.1007/s11625-017-0507-4

Stakias G, Psoras M, Glykas M (2013) Fuzzy cognitive maps in social
and business network analysis. Studies in Computational Intel-
ligence 444:241-279. https://doi.org/10.1007/978-3-642-28409-
0-10

Stein AJ, Santini F (2022) The sustainability of “local” food: A review
for policy-makers. Rev Agric Food Environ Stud 103(1):77-89.
https://doi.org/10.1007/s41130-021-00148-w

@ Springer

Samane S, Kunda I, Knickel K et al (2018) Local and farmers’
knowledge matters! how integrating informal and formal knowl-
edge enhances sustainable and resilient agriculture. J Rural Stud
59:232-241. https://doi.org/10.1016/j.jrurstud.2017.01.020

Tamburini G, Bommarco R, Wanger TC, Kremen C, Van Der Heijden
MG, Liebman M, Hallin S (2020) Agricultural diversification pro-
motes multiple ecosystem services without compromising yield.
Sci Adv 6(45):eabal715. https://doi.org/10.1126/sciadv.abal715

Vanermen I, Muys B, Verheyen K, Vanwindekens F, Bouriaud L, Kardol
P, Vranken L (2020) What do scientists and managers know about
soil biodiversity? Comparative knowledge mapping for sustainable
forest management. Forest Policy Econ 119. https://doi.org/10.
1016/j.forpol.2020.102264

Vanwindekens FM, Stilmant D, Baret PV (2013) Development of a
broadened cognitive mapping approach for analysing systems of
practices in social-ecological systems. Ecol Model 250:352-362.
https://doi.org/10.1016/j.ecolmodel.2012.11.023

Vanwindekens FM, Baret PV, Stilmant D (2014) A new approach for
comparing and categorizing farmers’ systems of practice based
on cognitive mapping and graph theory indicators. Ecol Model
274:1-11. https://doi.org/10.1016/j.ecolmodel.2013.11.026

Weituschat CS, Pascucci S, Materia VC, Tamas P, de Jong R, Trienekens
J(2022) Goal frames and sustainability transitions: how cognitive
lock-ins can impede crop diversification. Sustain Sci 1-17. https://
doi.org/10.1007/s11625-022-01156-5

Wezel A, Vincent A, Nitsch H, Schmid O, Dubbert M, Tasser E, Fleury P,
Stockli S, Stolze M, Bogner D (2018) Farmers’ perceptions, pref-
erences, and propositions for result-oriented measures in mountain
farming. Land Use Policy 70:117-127. https://doi.org/10.1016/j.
landusepol.2017.10.020

Waeelser G, Pohl C, Hirsch Hadorn G (2012) Structuring complexity
for tailoring research contributions to sustainable development:
a framework. Sustain Sci 7(1):81-93. https://doi.org/10.1007/
s11625-011-0143-3

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1371/journal.pone.0229910
https://doi.org/10.1007/s10457-012-9560-2
https://doi.org/10.1007/s10457-012-9560-2
https://doi.org/10.1016/j.ecolmodel.2003.10.027
https://doi.org/10.1016/j.ecolmodel.2003.10.027
https://doi.org/10.1016/j.futures.2014.02.002
https://doi.org/10.1016/j.futures.2014.02.002
https://doi.org/10.1016/j.gloenvcha.2013.11.022
https://doi.org/10.1016/j.gloenvcha.2013.11.022
https://doi.org/10.5281/zenodo.6353589
https://doi.org/10.5281/zenodo.6353589
https://doi.org/10.1007/s11625-017-0507-4
https://doi.org/10.1007/978-3-642-28409-0-10
https://doi.org/10.1007/978-3-642-28409-0-10
https://doi.org/10.1007/s41130-021-00148-w
https://doi.org/10.1016/j.jrurstud.2017.01.020
https://doi.org/10.1126/sciadv.aba1715
https://doi.org/10.1016/j.forpol.2020.102264
https://doi.org/10.1016/j.forpol.2020.102264
https://doi.org/10.1016/j.ecolmodel.2012.11.023
https://doi.org/10.1016/j.ecolmodel.2013.11.026
https://doi.org/10.1007/s11625-022-01156-5
https://doi.org/10.1007/s11625-022-01156-5
https://doi.org/10.1016/j.landusepol.2017.10.020
https://doi.org/10.1016/j.landusepol.2017.10.020
https://doi.org/10.1007/s11625-011-0143-3
https://doi.org/10.1007/s11625-011-0143-3

Identification and description of relationships... Page 190f19 67

Authors and Affiliations

Marie-Aline Cornu’ . Rebekka Frick? - Iman Raj Chongtham3 - lleana locola* - Stefano Canali* - Luca Colombo® -
Pawet Radzikowski® - Jarostaw Stalenga® - Loic Viguier” - Déra Drexler® . Anne Schneider® . Didier Stilmant'© -
Frédéric M. Vanwindekens'

Marie-Aline Cornu
marie-aline.cornu @hotmail.fr

Rebekka Frick
rebekka.frick @fibl.org

Iman Raj Chongtham
raj.chongtham @slu.se

Ileana Iocola
ileana.iocola@crea.gov.it

Sustainability, Systems and Prospectives Department,
Walloon Agricultural Research Centre, Rue du Bordia, 4,
Gembloux 5030, Belgium

Department of Food System Sciences, Research Institute
of Organic Agriculture, Frick 5070, Switzerland

Department of Biosystems and Technology, Swedish
University of Agricultural Sciences, P.O Box 190, Lomma
23422, Sweden

Stefano Canali 4 CREA Research Centre for Agriculture and Environment,
X . Via della Navicella 2-4, Rome 00184, Italy
stefano.canali @crea.gov.it
Luca Colombo 5 FIRAB Fondazione Italiana per la Ricerca in Agricoltura
u . Biologica e Biodinamica, Via Pio Molajoni 76, Rome 00159,
l.colombo @firab.it Ttaly
P?zillezlili) ?:ﬁlf?@\fs];l ulawy.ol 6 IUNG Institute of Soil Science and Plant Cultivation—State
P &P yp Research Institute, Czartoryskich 8, Putawy 24-100, Poland
’;g{; sﬁa\;v@g ita:lengala | 7 ECO-INNOV-Unité Impacts Ecologiques des Innovations en
g ung.pulawy.p Production Végétale, INRAe, Paris, France
{;?écv\illﬁ?;rerl @inrac fr 8 OMKi Okolégiai Mezégazdasagi Kutatéintézet (Hungarian
~vigwer. ’ Research Institute of Organic Agriculture), Miklés tér 1.,
Déra Drexler Budapest 1033, Hungary
dora.drexler @biokutatas.hu 9 Terres Inovia, Thiverval-Grignon 1 Avenue Lucien
Anne Schneider Bretignieres, 78850, France
a.schneider @terresinovia.fr 10

Didier Stilmant
d.stilmant@cra.wallonie.be

Sustainability, Systems and Prospectives Department,
CRA-W Walloon Agricultural Research Centre,
Rue du Serpont, 100, Libramont 6800, Belgium

@ Springer


http://orcid.org/0000-0002-9117-7543

	Identification and description of relationships between actors involved in crop diversification experiences across Europe
	Abstract
	1 Introduction
	2 Materials and methods
	2.1 Selection of crop diversification experiences (CDEs)
	2.2 Data collection, coding, and data processing
	2.2.1 Step 1—data collection
	2.2.2 Step 2—coding
	2.2.3 Step 3—individual cognitive mapping
	2.2.4 Step 4—social cognitive mapping

	2.3 Data analysis and data interpretation

	3 Results and discussion
	3.1 Overall social network
	3.2 Key relationships influencing the crop diversification experience
	3.2.1 The self relationship farmers–farmers
	3.2.2 Consumers–farmers
	3.2.3 Fellow farmers–farmers
	3.2.4 Researchers–farmers
	3.2.5 Advisors–farmers
	3.2.6 Relationships between public institutions and farmers, European institutions–farmers and local authorities–farmers

	3.3 Value chain actors relationships
	3.4 Implications of the relationship classes

	4 Conclusion
	Acknowledgements
	References


