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A B S T R A C T   

New forms of field experimentation are currently emerging to support transitions towards sustainable agricul-
ture, including “multi-actor experimental networks” (MAENs). Both in public policy and in academic research, 
such networks are increasingly presented as a promising approach for fostering sustainable farming system 
design. Many studies have inventoried, categorized and compared experimental processes to discuss them in 
relation to contemporary issues. However, to our knowledge, these studies have not considered how MAENs can 
be implemented, nor their various contributions to sustainable farming systems design. The present work 
therefore explores the mechanisms whereby MAENs, depending on the way they are managed, support partic-
ipatory design processes. Drawing on concepts from the design sciences, we studied 11 MAENs established across 
Europe to support intercrop (IC) design for field crops. Data on the characteristics of these 11 MAENs and their 
contributions to IC design were collected through individual and group interviews with the network pilots, and 
the study of individual MAEN documents. The analysis provides three types of results. First, we identify nine 
generative functions, that is, various processes through which experiments contribute to IC design, including: (i) 
finding one best option or highlighting contrasts between different ICs; (ii) highlighting the conditions that must 
be met for an IC to achieve certain effects; (iii) discovering new ICs or properties of ICs; and (iv) supporting the 
emergence/continuation of collective action for IC design. Second, we highlight different ways to manage 
MAENs, in other words ways to manage several experiments (in space and time) with a view to supporting 
participatory IC design. We show that this involves (i) coordinating several objects under design within a 
network of experiments, (ii) managing the coexistence of experiments guided by different logics in the same 
geographical area, and (iii) developing interactions between the experiments at a given point in time and over 
time to support IC design. Third, based on the previous results, we show consistency between the various con-
tributions of MAENs to IC design and the different ways in which the pilots managed them, and we highlight 
three strategies for managing MAENs to support IC design: MAENs supporting (i) R&D-led design; (ii) farmer-led 
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design; and (iii) distributed design. All these results provide mechanisms, points of reference, MAEN types and 
characteristics to inspire and foster the reflexivity of R&D actors interested in developing such participatory 
networks in the future.   

1. Introduction 

Historically and still today, field experiments are the method most 
widely used by agricultural research and development (R&D) organi-
zations to both produce knowledge and design innovations (Jas, 2001; 
Cardona et al., 2018; Maat, 2011). Nowadays, the most common field 
experimental approaches for designing agricultural innovations consist 
in experimenting on farm or on station with technical solutions designed 
by R&D, to solve problems encountered by farmers or to reach new 
performances (e.g. to manage specific pests, weeds, nutrient deficiency; 
or to reach performances toward the reduction of pesticide use). These 
types of field experiments are often called “analytical” or “factorial” 
experiments, and aim to understand the effects of techniques (e.g. va-
rieties versus fertilizers trials), the relationships between environment 
and techniques, as well as the interactions between the factors tested, 
and to identify the optimum for one or two factors (Johnston and 
Poulton, 2018; Silva and Tchamitchian, 2018; Lechenet et al., 2017; 
Makowski et al., 2019). Such experiments, which are mainly controlled 
by R&D actors (Drinkwater, 2002), are no longer considered sufficient to 
support transitions towards sustainable farming (Lacoste et al., 2022). 
New questions are being raised, for instance, how can field experiments 
contribute to the development of locally adapted and adaptive systems 
combining techniques, in time and space, which are conducive to nat-
ural regulations (Bonaudo et al., 2014)? How can they support capacity 
building for farmers in the design of systems tailored to their situations 
and preferences (Berkes, 2009)? And how can they foster the emergence 
of collective action as well as the sharing of knowledge and know-how to 
encourage change in spite of the many unknowns surrounding temporal 
and spatial ecological impacts (Brugnach et al., 2008; Šūmane et al., 
2018)? 

Against this backdrop, and to tackle these challenges, many new 
forms of experimentation are emerging, associated with the use of new 
concepts such as “participatory prototyping trials” (Périnelle et al., 
2021), “living labs” (Gamache et al., 2020) or “long-term system ex-
periments” (Silva and Tchamitchian, 2018). In this work, we explore the 
characteristics of a particular type of emerging approach, the value of 
which is being promoted by its developers and financers (e.g. Eip-Agri 
EU) to support the design of sustainable agricultural systems. This 
type of approach consists of networks combining different experiments, 
spread across different locations, evolving from one year to the next, 
each with its own logic, and with a specific and dedicated form of 
management involving actors from different professional backgrounds 
(e.g. farmers, R&D and agrifood systems actors). We call these ap-
proaches “multi-actor experimental networks” (MAENs), in line with the 
terms used by actors in the field (e.g. Eip-Agri EU). Although new ap-
proaches of this kind are developing, little is known about their diverse 
forms and how, depending on their characteristics and management, 
they contribute to the design of sustainable farming systems. 

Various researchers have conducted studies to inventory, categorize 
and compare experimental processes, so as to discuss them in the context 
of the abovementioned contemporary issues. Examples include the ty-
pologies of Caniglia et al. (2017), Lechenet et al. (2017), Snapp (2002), 
and Ansell and Bartenberger (2016), as well as the categorizations 
proposed by Debaeke et al. (2009), Deytieux et al. (2012), and Navarrete 
et al. (2021). Deytieux et al. (2012), for instance, distinguish between 
factorial and system experiments, with systemic approaches allowing for 
a wider range of agroecosystem interactions to be taken into consider-
ation. Moreover, Navarrete et al. (2021) distinguish between experi-
ments built on open-ended approaches, and those informed by 
deterministic approaches, with the former being able to capture the 

uncertain and evolving nature of the systems tested. The typology 
established by Caniglia et al. (2017) further identifies six types of ex-
periments that support the development of “an evidence-based sus-
tainable science”. These types differ according to the object of the 
experiment (exploring sustainability problems or solutions), as well as 
the interventions involved and the type of control thereof available to 
researchers. Lechenet et al. (2017), for their part, distinguish approaches 
based on the objectives set for an experiment, the representations that 
the experimenters have of what they are testing (e.g. systemic or 
analytical representation), how the experimentation is managed over 
time, and the different experimental layouts adopted. Likewise, Ansell 
and Bartenberger (2016) identify three different types of experimental 
processes according to the level of control of the experimental process, 
the experimental layouts applied (e.g. observational vs interventional), 
and the objectives of the process (e.g. isolating causalities). All these 
typologies reveal a wide variety of practices associated with experi-
mentation, including “innovation experiments”, “transition experi-
ments” (Caniglia et al., 2017), “generative experiments” (Ansell and 
Bartenberger, 2016), and “experimental iterative approach experiment 
[s] to design innovative cropping systems” (Lechenet et al., 2017). By 
introducing these concepts, all these authors have brought to light forms 
of experimentation explicitly conceived and implemented to support 
innovation, transition and change processes. However, this literature 
has not explored what we call MAENs, and it only partially describes the 
mechanisms underpinning the contributions of experimentations to 
design processes. The abovementioned studies mainly highlight “ob-
jectives” assigned to experimentation, without really studying their 
contributions to the emergence of new farming systems (over time). 

In another field of literature, studies have posited networks of ex-
periments involving different actors as a key approach to mobilize to 
support farming system design. Examples include the works of Leclère 
et al. (2018) and Périnelle et al. (2021) to support the design of diver-
sified systems, and the approaches based on step sequences presented by 
Reckling et al. (2020) and Husson et al. (2016), for instance, in which 
experiments are central to supporting the development of sustainable 
farming systems. While these studies emphasize the importance of 
experimentation for designing farming systems, and often identify 
general guidelines for optimizing their implementation, they do not 
analyse the characteristics of experiments and their effects on farming 
system design processes. 

In a third field of literature, authors – often drawing on theoretical 
frameworks from the social sciences- have explicitly studied the mech-
anisms and conditions that enable experiments to contribute to transi-
tion, innovation or design processes in agricultural systems. For 
example, Navarrete et al. (2018) have explored how “the [experimental] 
networks helped farmers to learn new agroecological practices by 
building analytical vs actionable knowledge, local vs generic knowledge 
(...) [and] engaged farmers in an agroecological transition”. Adamso-
ne-Fiskovica et al. (2021) and Aare et al. (2020) have studied the con-
ditions necessary for experimentation, as a demonstration tool, to 
support farmers’ learning. Lastly, Catalogna et al. (2018) have analysed 
the effects of what they call experimental itineraries on the learning of 
the farmers who implement them. 

The present research fits within and contributes to the latter field of 
literature aiming to understand how to implement experiments, and 
how to learn from them, to support transitions towards sustainable 
farming. More precisely, it explores a range of contextualized MAENs, 
and the specificities of their management, as well as their contributions 
to sustainable farming system design. This work seeks to shed light on 
the mechanisms whereby MAENs, depending on the way they are 
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deployed, support design activities, to take a reflexive look at the ben-
efits and limitations of this increasingly mobilized approach, and to 
support R&D actors who may wish to develop such networks in the 
future. To this end, we studied several MAENs supporting the design of 
intercrops (IC) known for their agri-environmental benefits, including 
reduced synthetic input needs (Pelzer et al., 2012; Jensen et al., 2020; 
Bedoussac et al., 2015). In the following section, we present the con-
ceptual framework we used to characterize MAENs and their contribu-
tions to design processes (Section 2). We then detail the method and the 
cases studied (Section 3). Finally, we present the results (Section 4) and 
discuss them in the last section (Section 5). 

2. Conceptual framework 

We developed this conceptual framework to establish heuristic 
markers to study the characteristics of MAENs and their contributions to 
design processes. 

2.1. Networks of field experiments: a semi-controlled process for 
exploring the unknown 

The literature on field experimentation is abundant (e.g. Walters and 
Holling, 1990; Hansen and Tummers, 2019), as are the definitions used 
to characterize this activity (Maat, 2011). Building on earlier research, 
this study considers experiments (whether on farm or on station) as 
“investigative processes” embedded in a socio-technical situation, 
involving technical instruments, data collection and analysis processes, 
and material objects (Lechenet et al., 2017; Ansell and Bartenberger, 
2016). The method consists in placing an imagined object in a real-world 
context to explore its characteristics and functioning, and to generate 
outputs as well as outcomes. What is known about the object before the 
experiment can vary (Gillier and Lenfle, 2018; Jobin et al., 2021). As 
Henke (2000) and Catalogna et al. (2018) point out, experimenting with 
a new object implies having in abstracto defined what it is, and having 
formulated hypotheses regarding its behaviour, its structure, its per-
formance, etc. We here define a “real context” as an existing situated 
socio-technical and biophysical environment with specific social, cul-
tural, geographical, and ecological characteristics. We consider that 
experimentation is a “semi-controlled” process: while it is intentional 
and managed, one cannot fully predict the reality or the results, as un-
expected events can influence the process, the actions and the outcomes 
(Weiland et al., 2017). The “semi-controlled” nature of the process re-
lates to the relationships between the experimenters and their actions, 
between their actions and the changes they induce, and between their 
actions, the changes induced and the dynamics of the socio-technical 
and biophysical environment (Schön, 1983; Weiland et al., 2017; Can-
iglia et al., 2017). Regarding outputs and outcomes, most R&D experi-
ments aim to gather evidence on how objects evolve, function and react 
when put to the test of real-life contexts (e.g. evidence of efficiency, 
causality, Caniglia et al., 2017; Henke, 2000). These experiments 
sometimes also seek to foster social learning and capacity building 
(Darnhofer et al., 2009; Kummer et al., 2012; Lacombe et al., 2018). 

A field experiment takes place and evolves in a specific location 
(Henke, 2000; Maat, 2011). Its spatial organization can be split into 
three levels (Lechenet et al., 2017): (i) the sites, that is, the different 
locations where the experiments are implemented; (ii) the plots, in other 
words the different areas in which the objects under experiment are 
trialled within a site (a site can be comprised of one or several plots); and 
(iii) whole fields, strips or microplots, terms which capture the spatial 
organization of the plots where an experiment takes place. Furthermore, 
we consider a multi-actor network of experiments as an actor-led dynamic 
combination of experiments with different logics, managed and imple-
mented by a range of actors (farmers, R&D and agrifood actors). 

2.2. Studying contributions to innovation processes through the prism of 
design activities 

We study innovation processes through the prism of design activities 
(see e.g. Prost et al., 2018; Salembier et al., 2021). We consider “design” 
as a process driven by a desire for change, striving to generate something 
that does not yet exist. This process consists of the gradual emergence of 
a new object, either material or immaterial, and its integration into 
socio-technical environments (Simon, 1969; Papalambros, 2015; Wynn 
and Clarkson, 2018; Hatchuel et al., 2017). 

To study the contributions of multi-actor experimental networks to 
design (so called MAENs), we draw on the notions and concepts of the 
Concept-Knowledge theory of design reasoning (Hatchuel and Weil, 
2003) and the work of Schön (1983). As these authors point out, the 
design of a new object is a process of exploration of the unknown, 
intimately linked to what the designers know and learn. A design process 
involves the formulation of a target, which refers to an unknown and 
desirable object (Le Masson et al., 2017). In other words, what exists is 
insufficient for the designers, who want something new (and desirable) 
to emerge, but do not yet know what this object will be since it is un-
known. According to Hatchuel and Weil (2003), the emergence of the 
new object relies on the gradual definition of its identity, which is the 
representation that the designer has of it, through the gradual charac-
terization of its properties: its composition, the way it can be used, by 
whom, when, and in what conditions, etc. As Hatchuel and Weil (2003) 
show, the gradual characterization of these properties involves pro-
ducing and gathering knowledge, developing systemic representations, 
assessing and choosing between different options, etc. Furthermore, 
these explorations arise through negotiations between designers and 
sometimes other stakeholders, to integrate the new object into 
socio-technical environments. Thus, the design process is highly dy-
namic and collective. As Schön (1983) demonstrated, the object under 
design evolves through encounters with unexpected or fortuitous situ-
ations over the course of the action (i.e. the implementation of the object 
in the real world). 

Studying the contributions of MAENs to farming system design 
therefore involves studying how MAENs, depending on the way they are 
managed, foster the emergence of new farming systems. 

2.3. Intercrops as an object under design 

In this research, we study experiments with ICs and the design of 
these ICs. Willey (1979) defines the IC concept as the cultivation of at 
least two species on the same plot, during at least part of their crop cycle. 
In the agronomic literature (e.g. Hauggaard-Nielsen et al., 2009, 2013), 
ICs are characterized by their structural dimensions, such as the species 
(and cultivars) intercropped and their spatial configuration (e.g. rows, 
alternate rows) which, once implemented, are difficult to change. ICs are 
also characterized by their management during the crop cycles, which 
involves technical choices that can be adjusted, such as irrigation, 
fertilization, pest management, tillage. In this analysis, we consider all 
the different arable ICs experimented with in the MAEN we studied (e.g. 
lupin + oat; pea + clover + serradella + phacelia + grass + vetch; pea +
spring barley; wheat + faba bean; vetch + oat; oat + camelina + clovers; 
spelt + clovers; wheat + lentils; barley + chickpea; sainfoin + ryegrass), 
and we use the concept of IC to denote the species intercropped, their 
spatial configuration, and the variants (ICVs) involved in their 
management. 

3. Presentation of the method and MAENs 

3.1. A multi-case study 

Our research builds on the methodological propositions of Salembier 
et al. (2021): we adopted a theory-building approach (Eisenhardt and 
Graebner, 2007) based on a multiple-case study with embedded units of 
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analysis (Yin, 2003). This approach allowed us to explore the conver-
gences and divergences between cases to contribute to a shared theo-
retical construct. We selected 11 cases, all part of the H2020 ReMix 
Project dedicated to arable intercrop development from 2017 to 2020, 
based on the following criteria: (i) R&D actors had set out to implement 
MAENs, to support the emergence of new ICs; (ii) they worked on a 
range of ICs, for different farming systems (organic, conventional), and 
for various outlets (feed, food for humans); (iii) they all managed one 
MAEN, involving farmers and other actors; and (iv) the R&D actors 
belonged to different organizations, with different backgrounds 
regarding intercrop practices and work with farmers. We use the term 
“pilots” to refer to the R&D actors who carried out the various tasks 
associated with the management of the experimental networks. More-
over, the study is based on their point of view (i.e. data on the charac-
teristics and the management of the experiment as well as the design 
processes at play come from the pilots’ statements and writings). 

3.2. Description of the MAENs 

We here present three overarching characteristics of the different 
cases studied (Table 1, Fig. 1). We provide a description of each case in 
the supplementary material. 

First, each MAEN involved two to 15 experiments per year (e.g. Fig. 1), 
spread across one to 13 sites, on station or on farms, and scattered across 
a region or the whole country (Table 1). Each experiment had its own 
logic:  

(i) each tested one or several ICs and ICVs; 
(ii) the experiments were deployed to achieve one or several objec-

tives, such as empowering farmers in IC design (Case 4), gaining 
knowledge on an unknown IC for scientific purposes (e.g. Case 9), 
or identifying components of the value chains that enable IC 
development (e.g. Case 6);  

(iii) the ICs experimented with were all formulated based on different 
design targets (e.g. IC to increase protein production for food and 
feed, Cases 9 and 10); 

(iv) each experiment included a dedicated data collection and anal-
ysis process (e.g. study of farmers’ practices, Case 9; statistical 
analysis of IC behaviour and performance, as well as informal 
conversations with farmers, Case 11);  

(v) each experiment had its own spatial organization, with one to 
nine plots, with experiments in whole fields, on strips or on 
microplots. 

Second, the actors involved in the management of the experiments varied, 
and they took on different roles. They contributed to (i) the design and 
implementation of the ICs, (ii) crop management, (iii) actions sur-
rounding the integration of the ICs into socio-technical environments (e. 
g. marketing), and (iv) the data collection and analysis processes. These 
actors had different levels of experience with both the management of 
MAENs and the design and practice of ICs. In some networks, the pilots 
controlled nearly all the interventions, and the farmers involved mainly 
followed advice or protocols formulated by the pilots (Cases 1, 2, 5, 6 
and 11). By contrast, in Cases 4, 8 and 9, the farmers experimented as 
they wished with ICs they had designed themselves. The pilots only 
controlled the process in consultation with the farmers: they proposed 
experimentation parameters, supported the data collection and analysis 
processes, and facilitated collective meetings (Case 8). Finally, in 
MAENs 3, 7 and 10, the pilots and farmers each performed their own 
experiments and mutually enriched one another. For example, when the 
farmers asked to collect data of interest to them, the pilots promptly 
assisted them with the analysis of their experimental results; conversely, 
the farmers participated in field visits or meetings to share their ideas, 
and sometimes to help the pilots in their analysis. 

Other actors, such as advisors (e.g. Cases 5, 9 and 10) or agrifood 
system actors (e.g. Cases 3 and 7 – supply chain, food processing, 

machinery industry), also took part in the process on occasion, often 
during field visits or collective meetings. We observed that the actors 
(farmers, food system actors) involved in the networks changed from 
one year to the next (some became involved while others left), as did 
their roles in the process (e.g. Case 6: in 2018, the pilots were the only 
ones collecting and analysing data when experimenting with a pea +
wheat IC on station, and in 2019, they invited farmers to contribute to 
these analyses during field visits). 

Third, all the MAENs evolved from one year to the next, based on de-
velopments in the design process, the results of the experiments, and the 
collective dynamics at play. For example, we observed the removal or 
addition of certain experiments (e.g. Fig. 1) and the adaptation of data 
collection and analysis processes, as well as reorientations or clarifica-
tions of the design targets and the arrival or departure of actors in the 
collective process, or changes to the actors’ roles. 

3.3. Data collection 

The data collection took place between January 2017 and October 
2020, and combined: 

1/ The collection of documents produced as part of the design-experiment 
process. For each MAEN, we collected available documents presenting 
the initiatives, their objectives, and their progress (slideshows, websites, 
minutes of meetings, press articles), as well as written material pre-
senting results (fact sheets, testimony booklets, articles) and videos that 
had been produced. We also collected the posters and narratives pro-
duced by the pilots each year to present major developments in the 
management of their respective networks, for the annual Work Package 
1 meetings of the ReMix project (February 2018 in Paris, France; 
February 2019 in Krakov, Poland; January 2020 in Witzenhausen, 
Germany). As for the narratives, their content was guided by questions 
asked to the pilots to make them clarify the experimental and design 
processes (e.g. “could you write up the story of how the design process of 
your MAEN was conducted from the beginning of the project, why you carried 
it out, the way you did and with whom, and the outputs obtained during the 
process?”). 

2/ Individual interviews. A total of 11 semi-structured interviews were 
carried out with the pilots of each network between December 2019 and 
October 2020, each lasting between one and three hours. Each interview 
was recorded and transcribed in full. In the interviews, the pilots 
explained which experimentation methods they had deployed, for what 
reasons, in what situations, what this had helped to design, and in what 
way. The following types of questions were discussed: how did the 
experimental network come into being? Did you have any previous 
experience with crop mixtures and managing an experimental network 
with farmers? What were the objective of the network and the desirable 
unknown? Who became involved, when, why, where, and to what end? 
How did you gather and analyse data? How did you valorize these data? 
What were the main learnings? Did you obtain unexpected results or 
encounter unexpected events, and how did you respond? How did the 
ICs trialled evolve from one year to the next? What evolved, and why? 
Etc. All the interviews were prepared and triangulated with the available 
written data on each network, using posters and narratives from each 
MAEN, and the co-authors of this article – most of whom have managed 
MAENs – also agree with the content of this article. 

3/ Collective interviews. In January 2020, during one of the ReMix 
project workshops, we organized three collective working sessions with 
all the pilots of the networks to discuss the management and evolution of 
their networks. The three questions addressed by the respective sessions 
were:  

(i) What are the different experiments being carried out in your 
network and what is their role in the network?  

(ii) Have you encountered surprises during the experiments, how did 
you manage them, and what have you learnt from them? 
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Table 1 
Characteristics of the 11 Design-Support Multi-Actor Experimental Networks. Column 3 presents the main objectives of the network: “S” stands for “Scientific pro-
duction of knowledge”, and “D” for “Development of IC practices on farm”.   

Case no. Main 
objectives 
(S/D) 

Geographical 
area of the 
experiment 

Initial target 
of the design 
process 

Background of the 
pilot (s) 
surrounding crop 
mixtures (B)/work 
with farmers (W) 

Objects under 
experimentation 
/ design 

Roles of the 
farmers (F) and 
pilots (P) 

Spatial 
organization of 
the network 

Data collection 
and methods of 
analysis 

1 Poland – 
Centre for 
Agricultural 
Advisory 
Services 

S+D Country-wide IC to limit 
nitrogen and 
herbicide use 
in cereal/ 
legume 
production 

(B) Various 
previous 
experiences / (W) 
Used to 
experimenting on 
farm 

3–4 ICs; 1–5 ICVs P: perform most 
interventions in 
the experiments 
F: follow advice 
/ pilots take 
measurements 

11 sites / 1–4 
plots/sites/ 
strips / on 
station + on 
farm under 
contract, in 
three regions 

Statistical analysis 
of IC behaviour & 
performance / 
informal 
conversations 
with farmers 

2 Greece – 
Aristotle 
University of 
Thessaloniki 

S+D Country-wide IC to increase 
legume 
species 
production 
and boost the 
local supply of 
proteins for 
human 
nutrition 

(B) Numerous 
experiences with 
various kinds of ICs 
/ (W) Used to 
carrying out 
experimentation 
with farmers 

2–4 ICs; 1–5 ICVs P: perform most 
interventions in 
the experiments 
F: follow advice 

1–4 sites / 1–4 
plots/sites/ 
whole fields, 
replication on 
microplots / on 
farm +
experimental 
station, in one 
region 

Statistical analysis 
of IC behaviour & 
performance / 
informal 
conversations 
with farmers 

3 Switzerland – 
FiBl 

D Country-wide IC for local 
protein for 
feed in 
organic 
farming, with 
lupin 

(B) Various 
experiences with 
different ICs / (W) 
Always work with 
local farmers 
(experiments on 
their farms) 

5–6 ICs; 1–4 ICVs P & F: 
experiment 
independently, 
and occasionally 
enrich each 
other 

7–10 sites / 1–5 
plots/sites/ 
whole fields 
and strips / on 
farm + on farm 
under contract, 
in one region 

Comprehensive 
analysis of IC 
behaviour & 
performance / 
study of farmers’ 
practices 

4 France – 
INRAE 

D One region IC tailored to 
farmer’s own 
design target 

(B) Numerous 
experiences with 
different kinds of 
ICs (scientific 
production, on- 
station 
experiments, on- 
farm experiments, 
etc.) / (W) Used to 
working with 
farmers 

25 ICs F: experiment 
P: support the 
farmers 

13 sites / 1–3 
plots / on farm, 
in one region 

Study of farmers’ 
practices 

5 Spain – 
INTIA 

S+D One region IC in organic 
farming, for 
food and local 
supply chain, 
with wheat for 
baking and 
pulses 

(B) One experience 
with ICs (for feed in 
organic farming, 
on-station 
experiment) / (W) 
Used to working 
with farmers 
(communicating 
and sharing results) 

4–9 ICs; 1–8 ICVs P: perform most 
interventions in 
the experiments 
F: follow advice 

1–5 sites / 1–9 
plots/sites/ 
whole fields 
and microplots 
/ on farm + on 
farm under 
contract, in one 
region 

Statistical analysis 
of IC behaviour & 
performance / 
informal 
conversations 
with farmers 

6 Germany – 
University of 
Kassel 

S+D One region IC for food, 
previously 
unknown in 
Germany, 
which 
increases 
wheat protein 
content 

(B) Few experiences 
with ICs / (W) Little 
experimental work 
with farmers 

1 IC; 4–8 ICVs P: perform most 
interventions in 
the experiments 
F: follow advice 

1–5 sites / 1–8 
plots/sites/ 
strips and 
microplots / on 
farm and on 
station, in one 
region 

Statistical analysis 
of IC behaviour & 
performance / 
informal 
conversations 
with farmers, 
qualitative 
interviews 

7 Netherlands 
– Louis Bolk 
Insttitute 

D Country-wide IC for food, to 
increase 
wheat protein 
content and 
facilitate 
legume 
production / 
IC with 
legumes 
tailored to 
farmer’s own 
design target 

(B) Few experiences 
with ICs / (W) 
Always work with 
farmers 
(experiments on 
their farms) 

9–12 ICs; 1–7 
ICVs 

F & P 
experiment 
independently, 
and occasionally 
enrich each 
other 

7–11 sites / 1–4 
plots/sites/ 
strips, 
microplots and 
whole fields / 
on farm and on 
farm under 
contract, in one 
region 

Statistical analysis 
of IC behaviour & 
performance / 
study of farmers’ 
practices 

8 Denmark – 
Roskilde 
University 

S+D Country-wide IC tailored to 
farmer’s own 
design target 

(B) Numerous 
experiences with 
different types of 
ICs (scientific 
production, on- 
station 

3–15 ICs; no ICV F: experiment 
P: support the 
farmers 

13 sites / 1–3 
plots/sites/ 
whole fields / 
on farm, 
scattered 

Study of farmers’ 
practices, farmers’ 
own data 
collection and 
evaluation and 
knowledge 

(continued on next page) 
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(iii) What kind of results have you shared with other people, and 
how? 

The discussions were recorded and transcribed. 

3.4. Data analysis 

The analysis began during the collective and individual interviews 
and the study of the written documents. It consisted of successive rounds 
of analysis specific to each MAEN as well as cross-cutting analyses to 
shed light on and categorize the convergences and divergences between 

MAENs following the multi-thematic coding approach (Dumez, 2013). 
For each MAEN, we performed a retrospective analysis of the evolution 
of the experimental network, the crop mixtures under design, and the 
collective actions undertaken. This retrospective analysis was then 
further developed across three complementary analytical subcategories: 

1/ The generative functions (GFs) of the experiments in a network. 
Focusing on the scale of each basic experiment within the networks, and 
based on our conceptual framework, we analysed and shed light on 
generative functions, which Hatchuel et al. (2013) define as the mech-
anisms underpinning the experiments’ contributions to intercrop design 
(i.e. how the experiments support the emergence of new intercrops and 

Table 1 (continued )  

Case no. Main 
objectives 
(S/D) 

Geographical 
area of the 
experiment 

Initial target 
of the design 
process 

Background of the 
pilot (s) 
surrounding crop 
mixtures (B)/work 
with farmers (W) 

Objects under 
experimentation 
/ design 

Roles of the 
farmers (F) and 
pilots (P) 

Spatial 
organization of 
the network 

Data collection 
and methods of 
analysis 

experiments, on- 
farm experiments, 
etc.) / (W) Used to 
carrying out 
experimentation 
with farmers 

around the 
country 

sharing / 
discussions on 
results with 
researchers and 
farmers 

9 Sweden – 
Swedish 
University of 
Agricultural 
Sciences 

S+D Country-wide IC producing 
self-sufficient 
protein feed 
(both as grains 
and as silage) 
for organic 
livestock 
farmers 

(B) Few experiences 
with ICs / (W) Little 
experience working 
on experiments 
following a multi- 
actor approach 

2–4 ICs; 1–4 ICVs P: perform most 
interventions in 
the experiments 
F: follow advice 

2–3 sites / 1–4 
plots/sites/ 
whole fields, 
strips and 
microplots 

Visual and 
statistical analysis 
of IC behaviour & 
performance / 
informal 
conversations 
with farmers 

10 UK – 
Scotland’s 
Rural College 

S+D Country-wide IC to increase 
protein 
production, 
for food and 
feed 

(B) Numerous 
experiences with 
different types of 
ICs (scientific 
production, on- 
station 
experiments, on- 
farm experiments, 
etc.) / (W) Used to 
interacting with 
farmers 

1–9 ICs; 1–2 ICVs F&P: 
experiment 
independently, 
and occasionally 
enrich each 
other 

One to 7 sites / 
1–5 plots/sites/ 
whole fields, 
strips and 
microplots / on 
farm, both 
under contract 
and without 
contracts 

Statistical analysis 
of IC behaviour & 
performance / 
informal 
conversations 
with farmers 

11 France – 
Terrena 
cooperative 

D One region IC to manage 
pests while 
limiting 
pesticide use, 
and which can 
be sold by the 
cooperative 
Terrena 

(B) Numerous 
experiences with 
various kinds of ICs 
/ (W) Used to 
experimenting on 
farm 

2–8 ICs, 1–2 ICVs P: perform most 
interventions in 
the experiments 
F: follow advice 

1–8 sites / 1–5 
plots/sites/ 
microplots – 
strips / on farm 
under contract, 
in one region 

Statistical analysis 
of IC behaviour & 
performance / 
informal 
conversations 
with farmers  

Fig. 1. Evolution of MAEN 3 over the three years of the ReMix project. Each coloured shape represents a specific IC (e.g. dark green squares are an IC combining 
lupin + oat). Circles represent sites (one to seven different sites) where experimenting with the same IC or ICV has been carried out. 
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their integration into new socio-technical and ecological environments). 
To capture these contributions as perceived by the respective pilots, we 
traced the evolution of i) the emerging ICs (ICs abandoned, the specific 
properties of emerging ICs, changes in their crop management, etc.), ii) 
collective dynamics (farmers joining or leaving an experiment, evolu-
tion of their roles, etc.), and iii) the evolution of the experimental pro-
cess (e.g. addition of new data collection methods). The analysis then 
consisted in identifying relationships between “the experiments” (e.g. 
what had been tested and analysed, the events encountered) and how 
they contributed to collective dynamics and the acquisition of knowl-
edge and know-how by the actor-designers to foster the development of 
emerging ICs. This enabled us to highlight different generative functions 
in each case study, and a cross-analysis shed light on convergences and 
divergences between generative functions, which we categorized and 
named. 

2/ Challenges in the management of experiments in a network, in support 
of IC design. For each network, we then analysed the ways in which the 
pilots coordinated experiments with different GFs (cf. results from the 
previous analysis), over time and in space, to support the design of ICs. A 
cross-cutting analysis of the 11 networks allowed us to identify and 
categorize the different logics underpinning the coordination of exper-
iments to enhance their complementarity and synergies and, in some 
cases, to organize the design of different ICs within the same network. 
Each of these categories captures a challenge in the management of 
MAENs. 

3/ Different MAEN management strategies. This third area of analysis 
builds on the results of the two previous areas: we characterized network 
management strategies for supporting design processes, on the scale of a 
whole network, and over the three years of the project. To this end, for 
each case, we analysed the consistency between: (i) the way experiments 
and interactions between the experiments were managed within the 
network; (ii) the ways in which the network as a whole contributed to 
the design of crop mixtures, relying on combination of GFs (e.g. design 
of new intercrops on farm, circulating agronomic knowledge to a wide 
audience); and (iii) the roles of the different actors involved. We then 
situated these results in relation to (iv) the particular situations of the 
pilots (e.g. past experience with ICs, purpose of implementing a MAEN, 
type of R&D organization to which they belong) and the characteristics 
of the network (e.g. number of ICs under experimentation, Table 1). 
After characterizing each network according to these four dimensions, 
we conducted a cross-analysis and identified strategy types. 

4. Results 

The results are organized into three subsections: (4.1.) the different 
contributions of the basic experiments to IC design; (4.2.) the range of 
ways in which diverse experiments were managed across networks to 
support design; and (4.3.) three strategies for managing MAENs to 
support IC design. 

4.1. Experiments’ contributions to IC design: nine generative functions 

Over the course of the ReMix project, in all the MAENs studied, new 
ICs were designed. This design was enabled by and stimulated the 
evolution of the experiments carried out within the network as well as 
the collective action dynamics. Through a longitudinal study, by 
unpacking the evolution and functioning of each network over a three- 
year period (Fig. 2), we were able to shed light on how each experiment 
contributed to the design of new ICs. This analysis identified nine 
generative functions, presented below, along with the way in which they 
were implemented in the MAENs studied (Table 2). We focus here on the 
general description of each GF, we do not specify the actors involved in 
the GF processes (who were farmers and/or R&D pilots). We distinguish 
between three main categories: (4.1.1.) scheduled experiments for 
validation, appropriation, optimization and decision making; (4.1.2.) 
surprises encountered during the experiments that contributed to the 
definition and evolution of design targets and to the discovery of new 
properties of the ICs; and (4.1.3.) experiments to foster different actors’ 
desire to get involved and support the emergence/maintenance of col-
lective actions. 

We outline different drivers of these generative functions, some 
intentional and planned, others resulting from unforeseen events. These 
unexpected events occurred either on one site or on the scale of the 
network (e.g. the 2018 drought across the entire area, Case 9). They can 
relate to unexpected bio-climatic hazards (e.g. aphid infestations on 
radish crop, Case 11), to the unexpected behaviour of a crop in a routine 
context (e.g. pea killed by frost during a “normal” winter, Case 6), to 
mistakes or difficulties in performing certain actions (e.g. a farmer 
sowed two species in one row instead of two separate rows, as planned, 
Case 3), to the socio-technical context (e.g. the inability to commer-
cialize harvested seeds without sorting them, which could only be 
overcome in the last season, Case 6), or to the vagaries of everyday life 
(e.g. due to a family event, a farmer did not tend to the weeds in his 
fields, resulting in very high weed pressure on the IC in the following 

Fig. 2. Modelling of an experiment-design process, illustrating the experiments’ contributions to the design of new ICs in Case 6. Each arrow refers to a generative 
function: yellow ones to “Exploring, verifying or validating the benefits of a crop mixture”; purple ones to “Highlighting the conditions required to achieve certain 
effects”; green ones to “Highlighting the feasibility of an IC”; blue ones to “Building on unexpected events to highlight new properties of the IC under design”; and red 
ones to “Fostering the involvement of different actors in the collective experiment”. “V” stands for “IC Variants”. 
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year, Case 3). 

4.1.1. Scheduled experiments for validation, appropriation, optimization 
and decision making 

GF1. Exploring, verifying or validating the benefits of a known IC. 
In nine cases, pilots, sometimes together with farmers, experimented 
with an IC of which the performance/effects had already been proven 
elsewhere, in order to explore, verify or validate its benefits in their own 
context. They did so on one site, either on an experimental station or on 
farm (under contract). Most of the time, the IC of interest was compared 
to sole crops, in strips or in whole fields. Sometimes, however, the 
experimentation did not involve any comparison, and simply sought to 
“see what happens”. Data collection and analysis was always geared 
towards quantifying and understanding the effects/performance of the 

IC. Regarding design processes, the results led either to validating the IC 
– which often involved trialling it again to observe the “year-on-year 
effect” – or to abandoning or adapting it. For instance, in Case 3 
(Table 3), the pilots experimented with a lupin + oat IC (80%/40% 
densities), already known to be beneficial in their context. Still, the first- 
year experiment revealed that the oat was too competitive. The lupin 
was unable to develop, which led the pilots to adjust the sowing den-
sities and to experiment with staggered sowing dates. 

GF2. Finding one best option or highlighting contrasts among 
different ICs. In these experiments, the pilots knew various ICs or ICVs, 
and wished to compare their behaviours, effects or performance in their 
own contexts. To this end, the pilots either grew (i) the various ICs in 
strips on a plot and followed the same observation process / took the 
same measurements for each IC iteration, or (ii) they carried out 

Table 2 
Characteristics of nine generative functions highlighted in the 11 networks studied.  

Type of GF Name of the generative 
functions (GF) 

Main characteristics of the experimental 
network concerned 

Type of knowledge produced Contributions to IC design and 
collective dynamics 

Cases 

Scheduled experiments 
for validation, 
appropriation, 
optimization and 
decision making 

GF1. Exploring, 
verifying or validating 
the benefits of a known 
IC 

One known IC was trialled on one site, 
on farm (contracted or not) or on 
station, on one or two whole fields or 
strips (for comparison with a pure crop), 
with a view to building evidence on the 
links between the behaviour of an IC 
and its effects/performance 
(comprehensive or statistical analysis). 

Effects, performance, and 
behaviour of an IC, 
sometimes in comparison 
with a reference (e.g. sole 
crop) 

Validating the IC, abandoning an 
IC, fostering IC adaptation 

1, 2, 3, 
5, 6, 7, 
9, 10, 
11 

GF2. Finding one best 
option or highlighting 
contrasts between 
different ICs 

A range of poorly known ICs or ICVs 
were compared. They were tested either 
on one site with strips or on one site 
across different whole fields; 
alternatively, different mixtures were 
implemented on different sites. 
Homogeneous data were collected on 
each IC to compare the behaviour of 
different ICs and their effects/ 
performance. 

Comparison of performance/ 
effects across the ICs or ICVs 
trialled, and the reasons for 
differences 

Identifying an optimal IC or ICV, 
ranking ICs to support decision 
making, fostering IC adaptation 

1, 2, 3, 
5, 6, 7, 
9, 10, 
11 

GF3. Highlighting the 
conditions required to 
achieve certain effects 
(validity domain) 

One IC was trialled on different sites 
(different contexts, crop management 
approaches). Homogeneous data were 
collected to identify the validity domain 
in which the IC reaches certain effects/a 
certain performance level, and to 
understand the reasons for this. 

Conditions required to 
achieve certain effects/ 
performance levels 

Abandoning the IC in some 
contexts, fostering the 
development of the IC in new 
contexts, fostering IC adaptation 
to better fit a context 

All 

GF4. Highlighting the 
conditions for 
developing an IC 
(feasibility) 

One IC was trialled on one or several 
sites. Data collection focused on 
highlighting the difficulties of, obstacles 
to or favourable conditions for the 
implementation of the IC in different 
contexts. 

Difficulties, obstacles and 
conditions favourable to the 
cultivation of ICs 

Abandoning the IC in some 
contexts, fostering IC adaptation 
/ fostering the involvement of 
new actors 

All 

GF5. Gaining know- 
how on ICs 

Introducing an IC during the experiment 
contributed to the acquisition of know- 
how. 

Know-how on an IC or ICV Know-how on IC management 1, 2, 3, 
5, 6, 7, 
9, 10, 
11 

Surprises encountered 
during the experiments 

GF6. Giving rise to, 
adjusting or specifying 
new design targets for 
ICs 

Unexpected events encountered during 
an experimental process led to new 
discoveries, and often to additional data 
collection and analysis processes to 
understand what was happening.  

New or enhanced design targets  

GF7. Discovering new 
ICs or properties of ICs 

Unexpected events encountered or 
farmers’ practices discovered during an 
experimental process led to new 
discoveries, and often to additional data 
collection and analysis processes to 
understand what was happening. 

New properties of the ICs 
under experimentation 

Fostering IC adaptation, 
abandoning an IC, fostering 
awareness of the new properties 
of the IC 

All 

Experiments to 
encourage 
involvement and 
support collective 
actions 

GF8. Fostering farmers’ 
desire to experiment 
with ICs 

Organization of field visits and 
collective meetings / distribution of 
seeds to farmers / management of 
equipment sharing. 

Knowledge provided by 
actors from different 
backgrounds and professions 

Evolution of the design target, 
involvement of new actors in the 
network 

All 

GF9. Fostering the 
emergence/ 
continuation of 
collective actions 
around IC design 

Sharing of experimental results, support 
for the data collection and analysis 
process, implementation of 
communication tools, circulation of 
agronomic content. 

/ Implementation and evolution of 
an IC to fit farmers’ contexts 

All  
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Table 3 
Quotes illustrating generative functions across the 11 networks. We refer to 
quotes from interviews with (*) and to document excerpts with (**).  

Name of the generative function Quotes 

GF1. Exploring, verifying or 
validating the benefits of a known 
IC 

Case 3 * - “we started with 40% oats (.) it 
had worked the years when my colleague 
had done it, and then it stopped working. 
We’ve reduced the amount every year, 
now we’re hoping to arrive at the 
right proportion”; Case 11 * - “last year, 
with lentil-wheat, we went to measure 
the height of the canopy, to see whether 
or not the wheat had a stake” 

GF2. Finding one best option or 
highlighting contrasts among 
different ICs 

Case 5 * - “The first year, we used two 
different varieties of chickpea. However, 
we saw that one variety was not 
beneficial, so we removed one (.) we 
can also compare the different mixtures, 
in the same year, using statistical 
analysis”; Case 9 * - “we expect different 
interactions, depending on the mixture 
and spatial arrangements, and that is 
what we wanted to evaluate”; Case 6 * - 
“we see some variation in the protein 
in the varieties, the level increases 
between one and two percentage points, 
for instance if you have say 10% protein 
content, then the increase could be from 
11 to 12. This increase seems to be 
lower for some varieties; with one 
year…”; Case 1 * “our central field is 
organic, so we tried to use the best 
mixture from our point of view (…) on 
one hectare (…) we used two types of 
pea, with one more leafy (…) to see 
how it works in the mixture (…) we 
wanted to show what is better for the 
mixture” 

GF3. Highlighting the conditions 
required to achieve certain effects 
(validity domain) 

Case 3 * - “Lupin is sensitive to 
limestone, so the idea was also to have 
the same IC everywhere to try to set 
the sensitivity thresholds, because in 
the literature you can find all kinds of 
thresholds and we didn’t know exactly 
how far we could go in terms of the pH 
level and limestone, or if it still worked, 
so the idea was to do this everywhere and 
see where it works and where it doesn’t 
and see whether it comes down to the 
limestone (…) [repetition of the IC] to 
multiply the sites and not just have 
one test site, to see if it was 
reproducible (.) to see if it worked in 
several conditions”; Case 11 * - “the 
robustness is also owed to the fact that 
it will be generalized, irrespective of 
the type of soil, climate, previous crop 
or rotation, of the type of tractor and 
sowing density (…) And well, we know 
what will happen, we know what 
advice to give, and the farmer knows 
what risk he is taking, and so that’s 
where the idea of gradually expanding it 
geographically is also to cater to diverse 
types of farming systems” 

GF4. Highlighting the conditions for 
developing an IC (feasibility) 

Case 9 * * - “The farmers also did not 
have the required machinery to 
perform 3:1 alternate row sowing as well 
as the later/delayed sowing of wheat in 
the rows between legumes”; Case 2 * - 
“we try to experiment outside the 
university farm, it’s important for us to 
demonstrate that all these 
experiments work in the farmers’ 
fields, to get feedback from them”; Case 
3 * - “we had started with the reference 
mix with one variety, which could be  

Table 3 (continued ) 

Name of the generative function Quotes 

found everywhere. After the first year 
some people had problems finding 
seeds, so they turned to the other 
variety” 

GF5. Gaining know-how on ICs Case 5 * - “we didn’t have any 
experience with these mixtures, so we 
decided to try different densities of 
wheat”; Case 6 * - “having the mixture 
and a place where I can often really 
observe, see what is happening, [it 
means] I can really learn about it, and I 
cannot do this on a farmer’s field because 
it is too far away, so [I get] to know the 
crop, [I get] into the results, and also it’s 
a bit controlled, [I get] a good starting 
seed, and then I can go out and invite 
people” 

GF6. Giving rise to, adjusting or 
specifying new design targets for 
ICs 

Case 5 * - “observing weed density (.) the 
first year we saw differences, so we 
decided to add a measurement (.) we 
saw visual differences in weeds, which is 
why the second year we also evaluated 
the weeds”; Case 9 * [after a very dry 
season] – “if you grow only one crop, 
faba bean or vetch, and the weather is too 
dry, all the crop will be destroyed, if you 
grow crop mixtures, the faba bean or the 
vetch will die, but at least, you get 
cereals, it’s a security or a way to 
manage risk. In normal weather 
conditions, the yields from crop mixtures 
is likely to be better than sole crops”; 
Case 6 * - “most of the farmers, in the 
end, they all sold it as fodder, they did 
not separate and all…”; “I interviewed a 
farmer, he said that mixing wheat with 
pea is very good for fodder, because if 
you separate it, when you have wheat 
with half peas it is not a problem for 
fodder, but when you want baking 
wheat, it is hard to separate out the peas, 
so then it becomes a question of 
whether it’s worth it. This farmer was 
not convinced it was worth it”; “I saw 
that they were not doing it, it obviously 
requires effort for them to do it because 
most of them don’t have the 
infrastructure to separate”; “there have 
been so many mixture experiments, the 
literature on mixtures is like (…) most of 
[the experiments] do not even consider 
these practical things, the goal is often 
to produce baking wheat but there is not 
a word about separation and so on” 

GF7. Discovering new ICs or 
properties of ICs 

Case 3 * - “He told me that his daughter 
got married the previous year and so 
weeding the maize wasn’t his priority 
and the problem is that we inherited the 
weed pressure from the maize and so 
actually even the sole crop was an 
associated crop [with weed] (…) it was 
in a context of strong weed pressure, 
and we saw that lentil-chickpea was 
useless, and flax seemed to have a small 
effect [on weeds] but the intercrop still 
needed improving, and on the other 
hand, he [the farmer] was quite happy 
with the oats”; Case 11 * - “Well we 
realized that the radish cover crop 
was attracting aphids rather than 
repelling them, so we wanted to test a 
sole crop the following year”; Case 3 * - 
“[Lupin + camelina + oat] – it does that 
(…) it’s something that suits it well, and 
actually lentils and camelina are quite 
lucrative, he’ll make a good gross 

(continued on next page) 
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randomized trials on microplots in order to collect enough data to use 
statistical tools (e.g. Anova), or (iii) they experimented with and qual-
itatively compared ICs grown in whole fields, on one or several sites. 
Regarding IC design, these experiments helped to identify optimal op-
tions and prioritize or choose between variants, and sometimes led to ICs 
deemed unsatisfactory being abandoned. For instance, in Cases 1, 2 and 
9 (Table 3), the pilots compared variants – different cultivars, spatial 
layouts, and/or sowing dates – of a same intercrop (wheat + oat +
barley + pea and wheat + faba bean). 

GF3. Highlighting the conditions required to achieve certain effects 
(specifying the validity domain). In all cases, the experiments high-
lighted the conditions under which an IC achieved certain effects. The 
ICs were implemented across different sites (two to seven), on station or 
on farm (plots under contract or not), to observe their behaviour in 
different biophysical and socio-technical conditions. As regards the IC 
design process, this knowledge sometimes led the pilots to abandon an 
IC deemed unsuitable for a particular context, while fostering its 
development in others or adjusting it to better suit a particular situation. 
Most experiments helped enhance the pilots’ recommendations. For 
instance (Table 3), in Case 3, the pilots wished to define “terroirs” in 
which ICs with lupin could be successfully grown. By replicating an IC 
with lupin on different sites over a three-year period, they were able to 
identify the maximum amount of limestone in the soil beyond which 
lupin no longer develops. In Cases 1 and 11, the pilots repeated ICs on 
various sites and, drawing on a homogenous body of collected data, they 
performed statistical analyses to characterize the validity domain of the 
IC (defined as the situations in which the performance of the IC was 
satisfactory/sufficient). 

GF4. Highlighting the conditions required for developing an inter-
crop (feasibility). For all the pilots, the experiments also contributed to 
highlighting the conditions required for implementing an IC. They 
gained knowledge on the IC’s feasibility through interviews or informal 

Table 3 (continued ) 

Name of the generative function Quotes 

margin and even if those ones don’t 
work, he’ll still have lupin to fall back on 
if ever it’s the lupin that grows that year; 
Case 3 * - “We recommended the 
unbranched [variety], but then he saw 
that it yielded far less than the 
branched one, and actually, the 
problem with the branched one is that it 
easily tends to spill over, especially as a 
sole crop, so he thought maybe if I mix 
the two, I’ll solve my spilling problem, 
but I’ll still improve the yield; because 
the branched variety yields far more than 
the unbranched one, so he thought ‘I’m 
going to mix the two’”; Case 4 * - 
“another intercrop that I found brilliant 
was Mr X who sowed lentil-barley. 
Normally lentils are sown in the 
spring around March and so we often 
do wheat-lentil; his idea was to sow 
his lentils in November, except that 
lentils are sensitive to frost so there is a 
risk of freezing, so he sowed them in 
barley, and what really surprised me is 
that when you see the plot at the 
beginning, you think there is only barley 
and actually the lentils managed to grow 
in the barley! Normally lentil is very 
small, 30–40 cm long, but here I have 
photos of lentils that are 60–70 cm long. 
I’ve never seen lentil that big, and 
actually it’s as if the lentil had managed 
to follow the growth of the barley, 
whereas my agronomic expertise would 
have led me to conclude that that doesn’t 
work because the lentil will be 
completely smothered by the barley. 
Still, we’d have to confirm whether 
there’s a risk of it freezing in other years, 
and whether lentils will systematically 
develop concomitantly with barley. I find 
it really interesting” 

GF8. Fostering farmers’ desire to 
experiment with ICs 

Case 11 * - “there are bits of fields, with 
visits to plots to show the other 
members, ‘here is the result of the 
intercrop’, or in the case of lentil-wheat, 
whereas lentil on its own will tend to spill 
and will get overrun by weeds, with 
lentil-wheat the wheat will have a killing 
effect, there will be fewer weeds (…) it 
gives security to the farmer, and also to 
the technician (…) there is an 
intermediary: field technicians, technical 
salespeople, who will go and deliver the 
advice to all their clients”; Case 8 * 
[testing the same intercrop across several 
farms] – “about the mixture of seven 
species, all the satellite farmers tried it 
the first year, the idea with this was to 
ensure that every farmer who had signed 
up for this – participating in ReMix – 
would have some kind of experiments 
to actually go and see; even though it is 
intercropping in the sense of mixing main 
crops, it still maybe serves some of the 
same functions you would be able to see 
in catch crops and it is not as risky as 
trying a catch crop”; Case 5 * - “the first 
year, we did a repetition of two mixtures 
to visit the field with farmers and ask 
them to be satellite farmers (…) it’s not 
scientifically proven, this is just an 
observation, they were in the field visit 
so they also saw the differences”; Case 
9 * - “also we had to convince the 
farmers that with crop mixtures the  

Table 3 (continued ) 

Name of the generative function Quotes 

productivity should be higher than when 
growing sole crops, because growing 
mixtures can require extra time and extra 
machinery, so in order to make up for all 
those things, you need higher 
productivity” 

GF9. Fostering the emergence/ 
continuation of collective actions 
around IC design. 

Case 8 * - “the learning by doing… I 
think that’s the way they [farmers] like 
to learn, and they reflect a lot, and that is 
also when they discuss things, they 
mostly say ‘I tried this’, ‘I have also seen 
this’, all of them, their input in the 
discussion is almost always based on 
something they have tried out at 
home, or have seen other people trying 
out”; Case 5 * * - “the best learning 
process for farmers is to visit trials and 
see in the field that mixtures work well”; 
Case 9 * - “if you do things by yourself, 
then you see the crop or the challenges, 
so for them, the idea with adopting it was 
also to see how it works, and if it works 
well then they can scale it up, the 
farmer will develop the mixture on 
the whole farm, because he already has 
experience from this trial”; Case 9 * - 
“[during visits] another farm had pea 
and wheat, and wheat as well for 
comparison, he was delighted, he looked 
around and found a lot more earthworms 
in the pea mixture, half the field had 
wheat and the other half had wheat-pea 
mixture, one of his big drivers was soil 
health, he was definitely very keen on 
that and he was delighted with what he 
found”  
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conversations with farmers (e.g. difficulties encountered, drivers for 
developing the IC in their area). As regards IC design, this knowledge led 
either to the involvement of new actors, called upon to help solve 
feasibility issues (e.g. supply-chain and food-processing actors, Case 7), 
or to adjusting the IC and the experiment (e.g. adding new experiments 
with grain sorting, Cases 5 and 6). In some cases, it also contributed to 
the reformulation of the design target to better account for issues 
encountered in real contexts. 

GF5. Gaining know-how on IC management. Experimenting affor-
ded an opportunity to implement and monitor ICs, and to collect and 
analyse data on them in a real-life environment. This always led to the 
acquisition of know-how, a key dimension of IC design processes (e.g. 
know-how to use an equipment to implement an IC, Case 3; know-how 
to observe crop development in order to determine at which point to 
trigger an action, Case 6). For instance, in Cases 5 and 6, the pilots 
explained that the first year of experimentation had allowed them to 
“get comfortable” with IC as a technique, which they had never applied 
or studied until then. 

4.1.2. Surprises encountered during the experiments that contributed to the 
definition and evolution of design targets and to the discovery of new 
properties of the ICs 

Unlike the previous generative functions, GFs 6 and 7 involved little 
to no planning on the part of the pilots: discoveries across the network 
resulted from unforeseen events and from what farmers had decided to 
explore in their own contexts. 

GF6. Giving rise to, adjusting or specifying new design targets for 
ICs. In five cases, during the three years of the project, the experiments 
contributed to the emergence, adjustment or specification of new design 
targets. In some cases, unforeseen events or the discovery of farmer 
practices previously unknown to the pilots led the latter to start 
designing new objects that complemented earlier ICs and could support 
their introduction or development in a new context (e.g. food processes, 
farming equipment). For example, in Case 7, following the on-farm 
experiment with wheat + faba beans in Year 1, the farmers and pilots 
identified the need to develop new food processing tailored to food- 
oriented ICs (i.e. dedicated to human consumption), so as to valorize 
the increased wheat protein content and facilitate pulse production. In 
other cases, the experiments contributed to the evolution of the design 
targets initially defined by the pilots and/or farmers. For instance, in 
Case 6, in the first year, when the farmers implemented a wheat + pea IC 
chosen by the pilot, he discovered that no farmer involved in the 
network had sold the IC they had grown: they had all used it for feed, 
whereas the pilot had expected them to implement it for food. Through 
interviews, the pilot realized that he had not taken into account the 
limited resources of involved farmers for separation for baking quality 
wheat. The design target thus evolved from “crop mixtures for food” to 
“crop mixture for food that can be sold locally, thanks to grain sorting”. 

GF7. Discovering new ICs or properties of ICs. In all cases, the pilots 
and farmers discovered new ICs or IC properties during the experiments. 
In some cases, unexpected events helped to reveal these, as in Case 11 
where the radish crop attracted aphids instead of repelling them, which 
led the pilots to test other repellent crops the following year, or in Case 
7, where a farmer decided to sell his forage locally through a supply 
chain that the pilots had not considered. In other cases, the pilots 
discovered ICs that the farmers themselves had imagined and imple-
mented on their farms, through interviews with them, observations or 
measurements in their fields. In all cases, these discoveries increased the 
range of ICs known to the pilots and the farmers (e.g. Case 7, maize +
faba bean for feed; Case 3, lupin as a relay crop, lupin + camelina +
lentil to reduce climate and economic risks, Table 3), and also led to the 
formulation of new research questions (e.g. in which conditions can 
lentil sown in autumn with barley develop and achieve satisfactory 
yields, Case 4). 

4.1.3. Experiments to encourage involvement and support the emergence/ 
continuation of collective actions 

GF8. Fostering farmers’ desire to experiment with ICs. In all cases, 
the pilots set up experiments with the aim of making new actors want to 
participate in the collective experiment (e.g. supply chain actors, Case 7; 
students, Case 9; farmers, Case 1). For this purpose, pilots developed 
methods to “convince”, “enable” and “instil a desire” in people to engage 
in the network. For instance, as a physical place, the site of the experi-
ment, whether on station or on plots under contract, served to organize 
field visits or collective meetings (Cases 1, 2, 3, 5, 7, 9, 10 and 11). Pilots 
often used strips and microplots to provide visual demonstrations of the 
results obtained and compare ICs, sometimes with a sole crop. These 
visits were also often coupled with indoor meetings, to present results, 
discuss difficulties encountered, interpret results, discuss participants’ 
projects, etc. The farmers involved in the network often played a key 
role, particularly by sharing their respective experiences (e.g. acting as 
“farmer-ambassadors” of an IC, Case 7). Another example is the orga-
nization of equipment sharing (e.g. grain separation equipment, Case 5) 
and seed access (e.g. Case 8). Sometimes, the pilots also paid the farmers 
to experiment with ICs free of risk (e.g. Case 1), or suggested that they 
experiment with ICs they knew, so as to facilitate implementation (e.g. 
Case 3, barley + lupin; Case 9, wheat + faba bean). Some pilots also 
offered to support the farmers in their technical choices, in the imple-
mentation of an IC, and/or with data collection and analysis (e.g. in 
Cases 7 and 8, the pilots suggested that the farmers implement strips, to 
be able to compare their results with sole crops; in Cases 3, 4 and 8, the 
pilots supported the farmers with the interpretation of their results). 

GF9. Fostering the emergence/continuation of collective action 
around IC design. The experiments also supported the emergence of 
collective action or served as a medium for such action. The pilots 
organized the collective sharing of experimental results during field 
visits or collective meetings, they circulated meeting minutes (Cases 1, 
2, 3 and 11), and provided farmers with interactive tools such as 
WhatsApp and Facebook groups (e.g. Cases 8, 9 and 10) to facilitate and 
enhance discussions on results. Beyond the network, most pilots 
generated a range of agronomic content (e.g. farmers’ testimonies, Cases 
4, 5 and 8; action rules, Cases 2 and 11; IC portfolios, Case 3), and 
circulated them through videos (e.g. Cases 5 and 11), physical pre-
sentations (e.g. training courses, Case 6), or written material (e.g. leaf-
lets, websites, Cases 3, 6, 7 and 8). 

4.2. Coordinating several experiments in a network to support IC design 

The cross-cutting analysis of the MAENs reveals that pilots simulta-
neously manage both the implementation of several experiments and the 
design of several ICs, and that they invent ways of managing this di-
versity. We here describe four categories of processes: 

1/ Coordinating several objects under design in a network of experiments. 
All the MAENs comprised several experiments, each spread across 
1–13 sites, either in a single region or country-wide, with each site 
consisting of one to nine plots. In all the MAENs studied, the pilots 
simultaneously experimented with two to seven ICs, and different ICVs. 
They coordinated the exploration of these objects in different ways. In 
some cases, all the ICs shared a common characteristic, which made it 
possible to organize or even orient exploration from the outset, based on 
a target shared throughout the MAEN (e.g. fostering the development of 
lupin in an area, Case 3). In these cases, the differences between the ICs 
under design related to the specific design targets of the farmers 
involved. This was the case of MAEN 3, with an IC on farm combining 
camelina + lupin + oat, to reduce climate and market risks, diversify the 
crop rotation, and limit the use of synthetic inputs. In other cases, the 
only feature shared by the whole MAEN was the desire to grow an IC, 
without there being any precise coordination of targets or technical 
choices (e.g. designing an IC tailored to different farming situations, 
Case 8). 

2/ Managing the coexistence of experiments with different logics in the 
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same geographical area. The analysis of each network shows that on a 
same site or plot, pilots have to manage the coexistence of experiments. 
This means contending with different technical parameters, data 
collection and analysis processes, forms of spatial organization of the 
experiments (e.g. whole fields, microplots, strips), several actors playing 
diverse roles in this process, and unexpected events with repercussions 
for various experiments at the same time. For instance, as illustrated in  
Fig. 3, one plot on an experimental station, which hosted wheat + faba 
bean, contributed simultaneously and in combination with other plots 
(i) to exploring the value of an IC in a particular context (GF1), (ii) to 
identifying the best cultivars for the local context (GF2), and (iii) to 
establishing its validity domain, by comparing crop management ap-
proaches and production contexts, on station and on farms (GF3). Such 
coexistence commonly involves trade-offs and, often implicitly, pilots 
choose experimental designs based on the GFs they consider to be of 
priority to the whole network. 

3/ Developing interactions between experiments at a given point in time to 
support the design of ICs. MAEN pilots manage the interactions between 
experiments at a given time in different ways: (i) some pilots in the 
networks studied took advantage of the diverse range of experiments to 
simultaneously explore different facets of an IC in a complementary way 
(e.g. Cases 3, 6 and 11). In Case 3, for instance, the lupin + oat IC was 
trialled on six sites in the same year to simultaneously explore the 
behaviour of different cultivars in different contexts, with different 
spatial layouts, sowing dates and tillage. (ii) In other cases, pilots 
leveraged the diversity of experiments to make their analyses more 
robust. For instance, in Case 6, the replication of the pea + wheat IC 
across several sites, on farm and on a station, confirmed its performance 
in different contexts. (iii) In some cases, pilots repeated an experiment 
with one IC on several sites in the same year, in order to limit risks and 
ensure that at least one site would provide usable results (e.g. Case 7). 
(iv) Finally, the networks provided an arena for dialogue between 
farmers with different levels of experience with ICs, as some were be-
ginners and others had been practising them for several years. 

4/ Managing interactions between experiments over time to support IC 
design. The networks were not rigid, they evolved over time along with 
the design process. We identified four ways in which pilots organized the 
interactions between experiments over time: (i) in several cases, the first 
year, pilots experimented with a little-known IC on one site on station to 
minimize risk taking, and if it proved beneficial, they then extended its 
implementation to the whole network. For instance, in Cases 2, 5 and 6, 
the pilots first experimented with pea + wheat and lentil + wheat on 
station, and suggested these ICs to farmers the following year. (ii) Over 
time, we observed that some pilots first sought to understand the func-
tioning of an IC before exploring its validity domain. In Case 11, for 

example, the oilseed rape + cover crop IC was first tested on microplots 
on station to demonstrate its effects on flea beetles, and then on farms on 
plots under contract to explore its validity domain. (iii) Sometimes, the 
experiments on station in the first year provided a physical place to 
invite and involve farmers who, once they had engaged with the 
network, started to experiment on their own farms (Cases 2, 5 and 8). 
(iv) We also observed cases where an IC introduced on a site – either by 
pilots or by farmers – inspired other members of the network to trial it in 
the following year (e.g. Cases 3 and 8). 

4.3. Strategies for managing MAENs to support IC design 

Based on the previous results, we identified three strategies for 
managing MAENs to support IC design (Fig. 4) and we characterized 
their main features (Table 4), namely the relationships between the 
characteristics of the MAENs and their management, contributions to IC 
design processes (through combinations of GFs), the roles of the actors 
involved, and particular R&D situations. 

4.3.1. MAENs supporting R&D-led design 
The first group comprises most of the MAENs (1, 2, 5, 6, 9 and 11). 

The pilots set up these networks for the in-depth exploration of one or 
several ICs and their different facets. Their main objective was to pro-
duce statistically robust knowledge on one or several ICs, to formulate 
general and low-risk recommendations to be disseminated and locally 
adapted, and often to publish this knowledge in scientific journals. 

In the “core experiments”, on station or on farm, during the three 
years of the project, only one or a few ICs were repeated over time, often 
on microplots (e.g. Case 5, lentil + wheat, chickpea + wheat). In these 
experiments, the pilots controlled crop management, data collection, 
and data analysis. In most cases, the protocols remained the same from 
one year to the next. The pilots often sought to identify optimal IC 
management approaches, or to gain knowledge on a range of options so 
as to enhance their recommendations, for instance on the effects of 
different cultivars, or sowing dates (GF2). Sole crops were systematically 
implemented in the trials to determine the value of the IC or ICV tested 
(GF1). These sole crops also aimed to demonstrate the benefits of the IC 
to farmers during field visits, and to foster their engagement in the 
network (GF8). In Cases 5 and 6, the pilots had little to no experience 
with ICs, and used the first year to develop know-how (GF7). 

Beyond these “core experiments”, the networks also included on- 
farm “satellite experiments” that were carried out in the first or sec-
ond year (Cases 5, 6 and 9). Most farmers experimented with the IC co- 
designed and further refined by the pilots (e.g. replicating what the pi-
lots had done on station in the first year – Fig. 2, Cases 2, 5 and 6; or 
implementing an IC known to the pilots, Case 1). In these experiments, 

Fig. 3. Contributions of different experiments to IC design in MAEN 7, in 2018. 
The grey rectangles represent three different the striped parallelograms are 
farm plots managed by R&D, and the plain parallelograms are managed by 
farmers. “Mono” refers to plots with the monospecific crops from the IC. The 
coloured shapes refer to the generative functions (GFs) described in Table 2: 
yellow for GF1, orange for GF2, purple for GF3, pink for GF6, and blue for GF8. 

Fig. 4. Different strategies for managing MAENs to support IC design processes. 
The strategies are presented in different colours and positioned along the co-
ordinates of control (x-axis) or objective (y-axis) of the processes. The numbers 
refer to the case studies presented in Table 1. 
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the farmers were free to choose how they managed the IC, or to follow 
the pilot’s guidelines (e.g. Case 11). For the pilots, these experiments 
were an opportunity to observe the behaviour of an IC in a “farming 
context” (Cases 5 and 9) and to develop their knowledge on the validity 
domain of an IC (GF3) and its feasibility (GF4). In some cases, when 
observing the farmers’ own practices, the pilots had to adjust the design 
target (e.g. to include harvesting, sorting and marketing, Cases 5 and 6). 

4.3.2. MAENs supporting on-farm design 
This strategy was observed in Cases 4 and 8. In these MAENs, the 

pilots had great expertise on ICs. They implemented these networks with 
a view to supporting farmers and strengthening their skills to enable 
them to design ICs tailored to their own situations and expectations. The 
scope of exploration was not imposed by the pilots from the outset, such 
that each farmer was free to envisage an IC tailored to their situation. 

The on-farm experiments were therefore central to the networks, 
strengthening the skills of farmers to design locally tailored ICs (GF9). 
The farmers managed the ICs themselves and carried out most of the 
data collection and analysis, and when necessary, they requested advice 
and support from the pilots. In the two cases, the pilots carried out in-
terviews with the farmers before, during and after the implementation of 
the IC, in order to find out what they had done, how, in which condi-
tions, why, the results obtained or whether they were satisfied, etc. 

In Case 8, the pilots implemented a particular experiment in the first 
year and suggested that all the farmers experiment with the same IC. The 
aim was to encourage the farmers to get involved in the network, 
enhance group cohesion (GF8), foster learning to help the farmers 
familiarize themselves with the IC, to obtain homogeneous data across 
the different farms to be able to collectively discuss and develop their 
understanding of the relationships between different IC management 
approaches and results (GF9). 

In the two cases, the pilots observed ICs that they already knew in 
new farming contexts and evaluated their performance, the conditions 
in which they were effective, and their feasibility (GF1, GF3 and GF4). 
They also discovered ICs they did not know (GF6), and formulated new 
research questions. In Case 4, the pilot used what he had learnt through 
interviews with farmers to write testimonies intended for other farmers 
(GF9). In Case 8, the pilots relied on the network to foster the sharing of 
experiences among farmers (beginners/experts) and to encourage them 
to support each other (GF9). 

These networks experimented with many different ICs, and accord-
ing to their pilots, the MAENs contributed to strengthening the skills of 
farmers to design locally tailored ICs, and helped the pilots discover new 
ICs and to gain knowledge about possibilities and barriers for using these 
practices (value chains, cultural barriers, etc.). 

4.3.3. MAENs supporting distributed design 
The experiments in Cases 3, 7 and 10 were initiated to support the 

distributed design of ICs. Both the pilots and the farmers experimented 
with ICs that they had designed. They enriched and supported each 
other in their explorations, for instance through joint analysis of the 
results obtained, and the IC trialled on farm gave the pilots ideas. These 
networks combined the pilots’ in-depth exploration of a few ICs over a 
three-year period (e.g. Case 3, lupin + oat, Figure 5) with the farmers’ 
explorations of one or several ICs they had envisaged and tailored to 
their own situations and objectives. At the same time, the pilots sought 
to generate agronomic content on a number of ICs while supporting the 
development of other locally tailored ICs on the farms in an area, and to 
discover new ICs. 

In these networks, the pilots experimented with ICs that they had 
chosen and that they knew to varying degrees. For instance, in Case 3, 
the pilots trialled lupin + oat, chosen as a reference because it had 
performed well in past trials. In Case 10, the pilots experimented with 
crops they already knew in sole crops – lupin + barley, bean or field 
bean – and others, such as oat + lentil, which was poorly known in their 
context. Through the experiments, the pilots looked to produce robust 
knowledge on these ICs by exploring or validating their benefits (GF1) 
and by finding best options or highlighting contrasts across a range of 
ICs or ICVs (GF2). The novice farmers involved in the network often 
experimented with these same ICs, on the advice of the pilots, because 
they were considered as the best known and involved the least risk to 
start with ICs. Through these on-farm experiments, the pilots gained 
knowledge on the conditions required in order to reach certain effects 
(GF3) and the feasibility of these ICs (GF4). 

Furthermore, from the first year, other farmers joined in the network 
because they were interested in growing ICs that they had envisaged. 
Their ICs often shared common features with those trialled in the rest of 
the network (e.g. in Case 3, farmers experimented with an IC involving 
lupin). In some cases, however, their ICs were very different, such as in 
Case 7, where the pilots trialled ICs for food that were relatively un-
known in the Netherlands – spring wheat + faba bean, spring wheat 
+ white lupin – while the farmers involved experimented with ICs for 
feed that they could easily use or sell locally, such as wheat + white 
clover and triticale + vetch. Through these on-farm experiments, the 
pilots discovered new ICs (GF6), which they often valorized through 
written or oral testimonies, technical articles, teaching, or field visits 
(GFs 8 and 9). These networks involved extensive interaction between 
the pilots and farmers and between experiments. For instance, we 
observed that ICs trialled on farm in Year 1 gave ideas to other farmers 
or pilots in Years 2 and 3. Moreover, farmers and pilots helped each 
other to interpret results, or to collect and analyse the data they both 
needed, and the most experienced farmers often advised the beginners 

Table 4 
Main features differentiating the three strategies for managing MAENs to support IC design.  

MAEN 
strategies 

Main pilots’ intentions when 
developing the MAEN 

Roles of the pilots (P) and 
farmers (F) 

Main traits of the 
experimental network 

GFs common to 
the cases 
concerned 

Main outcome of the design- 
experimentation process 

Supporting 
R&D-led 
design 

Producing statistically robust 
knowledge and references on one or 
several ICs, with a view to 
disseminating advice to be applied by 
farmers 

P: perform most 
interventions in the 
experiments, analyse and 
interpret the results 
F: follow advice 

Core experiments 
conducted on station or on 
farms under contract, and 
satellite experiments on 
farm 

GF1, GF2, GF3, 
GF4 

Formulation of generic and low- 
risk recommendations for IC 
management 

Supporting 
farmer-led 
design 

Strengthening farmers’ skills and 
supporting them in the design of ICs 
tailored to their own situations 

F: design and manage the 
experiment, draw 
conclusions from the results 
for future IC management 
P: support farmers in their 
activities (described above) 

Experiments are 
implemented on farm 

GF1, GF3, GF4, 
GF5, GF6, GF7, 
GF8, GF9 

Design and development of new 
ICs on farm 

Supporting 
distributed 
design 

Combining the ggeneration of 
agronomic knowledge dedicated to 
being widely disseminated and support 
to farmers in the design of ICs tailored 
to their own situations 

F&P: experiment 
independently, and 
occasionally enrich each 
other 

Mixture of experiments on 
station, and on farm (with 
or without contract) 

All the GFs Production of agronomic 
content to be widely shared, and 
new ICs designed and 
implemented on farm  
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and the pilots. 
In these networks, the pilots and farmers independently benefited 

from the respective experiments they managed, while also supporting 
each other in different ways over the course of their implementation. 
These networks contributed to the emergence of new ICs on farms, and 
afforded the pilots a deeper understanding of certain ICs that they 
wanted to recommend with assurance (limiting risks) as well as allowing 
them to discover new ICs imagined by farmers. 

5. Discussion 

5.1. Lessons for implementing and managing MAENs 

MAENs are a form of experimentation currently developing, which 
belongs to the broad and poorly defined category of on-farm experi-
ments (Lacoste et al., 2022; Toffolini and Jeuffroy, 2022). This study 
shows that there is no “one right way” to manage MAENs geared towards 
sustainable farming system design, but a range of approaches, tailored to 
the ambitions of their pilots and to the situations underlying the 
implementation of these networks (e.g. local goals, background and 
skills of the pilots, geographical scatteredness of the network). The 
cross-analysis of 11 cases allowed us to draw lessons on the relations 
between MAENs’ characteristics and management, expected outcomes, 
and R&D situations. 

We show that several MAENs have been set up and managed with the 
aim of supporting the step-by-step design (Meynard et al., 2012) of ICs 
tailored to farmers’ situations and preferences. In these cases (Type 2), 
the pilots deal with a large range of ICs at the same time within the 
MAEN, as every farmer designs his/her own system. To adapt to this 
diversity, pilots need to have a good understanding of a range of ICs (the 
pilots in Cases 4 and 8 worked and experimented with ICs for years), 
and/or be able to efficiently gather knowledge or facilitate the gathering 
of knowledge and the acquisition of know-how (Klerkx, 2020) in order 
to support farmers in the design of ICs that they have never experi-
mented with or encountered before (crops combined, their management 
in a specific situation, etc.). Moreover, in this type of MAEN, it is more 
difficult to draw general lessons on ICs and their management that can 
be shared widely, as every farm has its own situation. This challenge 
requires particular analytical skills, to produce knowledge from unique 
cases (Salembier et al., 2021; Quinio et al., 2022). Such 
experiment-based design processes lead to several outcomes, often 
mentioned in earlier studies. The first are approaches developed to 
support on-farm design processes, and the building and management of 
local collectives around a common issue (Aare et al., 2020; Périnelle 
et al., 2021). Another outcome is the learnings achieved by the pilots, 
who discover new ICs on farm, and the new research questions they 
formulate. These learnings enrich the pilots’ knowledge and compe-
tencies, which contribute to enhancing their background to support 
other farmer-led design processes. Finally, we observed that pilots 
produce leaflets dedicated to a wide audience, presenting testimonies of 
farmers involved in the MAEN. Such content offers a way to share 
farmers’ experience with a wide audience (Salembier et al., 2021). In the 
cases we studied, the main motivation for pilots to engage in developing 
such networks was their desire to put their scientific expertise at the 
service of locally adapted on-farm IC design. These MAENs thus closely 
resemble the networks described by Périnelle et al. (2021) and Leclère 
et al. (2018), who shed light on other possible outcomes of these pro-
cesses (such as the identification of innovative assessment criteria used 
by the farmers). In these MAENs, farmers are the core designers of 
innovative ICs, and the pilots’ main aim is to contribute to increasing 
farmers’ design capacities. Further researches could explore how to 
build on and hybridize existing agronomic methods and tools to support 
farmers’ design activities in MAEN (such as Farmer Field Schools, Braun 
et al., 2006; Bakker et al., 2021; Vaarst et al., 2007); Design workshops, 
Jeuffroy et al., 2022; Famers’ innovations tracking, Salembier et al., 
2021)? 

Another type of MAEN which we identified, similar to what Snapp 
(2002) calls the “mother-baby trials”, aims firstly to produce knowledge 
and references on ICs dedicated to a broad range of farmers (considered 
as future users) and advisors, and/or to scientific applications. In these 
MAENs, R&D pilots are the main designers of a small number of ICs 
(they aim to identify the best options to be applied by numerous 
farmers). They sometimes discover IC candidates for the first time (e.g. 
Case 2), and they explore their characteristics in depth (e.g. they seek to 
validate the ICs’ performance in different contexts as well as their 
feasibility), with a view to sharing robust knowledge on ICs that could be 
shared to scale out IC (e.g. general rules to manage IC in different sit-
uations). In most cases, R&D pilots make structural choices regarding 
the ICs with which to experiment: they themselves choose the species to 
intercrop their spatial arrangement, as well as monitor and control most 
of the experimental process (e.g. spatial arrangement, replicates). 
Farmers then mostly choose options between proposals made by R&D, 
and are sometimes in charge of designing and experimenting with the 
management of the IC. The main output of such MAENs is the knowledge 
produced on ICs (e.g. assessment of their performances, definition of 
their validity domain, identification of “best” technical options), 
formalized through scientific papers or documents dedicated to farmers 
or advisors. Another associated outcome is the adoption of IC practices 
by some of the farmers involved in the network. The extent to which the 
results can be scaled out beyond the confines of the MAEN is highly 
dependent on the nature of the results produced and their value for 
farmers, and on the media used to disseminate the knowledge (scientific 
papers, technical leaflets, farmer- or advisor-oriented journals or web-
sites). In three cases, the MAENs were created in connection with 
advisory networks (Terrena cooperative network in France, an advisory 
network in Poland, Fibl network in Switzerland), and future studies 
could further explore the connection between the formalisms used to 
share the content produced in these MAENs and the development of ICs 
elsewhere. 

Finally, several MAENs are run to both produce knowledge on ICs for 
wide dissemination and support the local design of ICs. In these MAENs, 
both pilots and farmers are considered as designers of the ICs that they 
want to create and which the pilots wish to see widespread in a region. 
In these MAENs, ICs emerge from co-design processes, where the “co” 
can take various forms (Lacombe et al., 2018). Pilots sometimes propose 
that novice farmers try less risky IC options which the pilots already 
know, to help them get familiar with this technique. Other times, they 
design ICs to produce knowledge to be shared widely and to get the 
support (ideas, knowledge) of experienced farmers involved in the 
network. Experienced farmers can also ask the pilots for support in the 
step-by-step design of poorly known ICs adapted to their own context 
and expectations. We refer to these MAENs as “distributed” (to borrow 
the term used by Prost, 2021), as the design effort is distributed among 
actors: both pilots and farmers contribute to the design of each other’s 
objects of interest (local ICs, experimental ICs to produce general 
knowledge). Our characterization of this type of network adds to the 
descriptions provided by Navarrete et al. (2018), and we show that one 
way to coordinate the various explorations in a network is to structure it 
around a shared design target (e.g. “ICs with lupin”). For the R&D pilots, 
these networks afford deeper knowledge on a few ICs, to produce and 
widely share agronomic content while exploring a range of poorly 
known ICs thanks to the farmers involved. This kind of MAEN thus aims 
to reach two objectives, very often disconnected: knowledge production 
dedicated to a wide audience, and local co-design activities. Further 
researches could explore: in which conditions do the pilots of these 
networks can deal with these two objectives? And what are the back-
ground and the competencies necessary to manage such network? 

This work also enriches the descriptions and typologies of experi-
ments mentioned in the literature (e.g. Caniglia et al., 2017; Lechenet 
et al., 2017; Snapp, 2002; Ansell and Bartenberger, 2016), focusing on 
the particular case of MAENs. We show that MAENs differ from the 
“farmers’ field networks” and “experimental networks” described by 
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Doré et al. (2008) and Lechenet et al. (2017), developed to “represent the 
diversity of existing systems and environments (soil and climatic types) in the 
studied area”, and which aim to detect the causes of problems or to 
produce knowledge on natural processes, without explicit links to design 
processes. Numerous concepts have been used to describe experimental 
networks aiming to support design processes and involving diverse ac-
tors participating in the process: participatory prototyping trials 
(Périnelle et al., 2021), collective on-farm experimentations (Navarrete 
et al., 2018), mother-baby trial networks (Snapp, 2002), etc. In this 
work, we proposed to call them MAENs, to identify and name this 
particular kind of experiment with a unified vocabulary, without how-
ever obscuring the diversity of management practices at stake. Further 
research could explore the value of such networks and their limits, as 
well as adaptations necessary to implement MAENs around other 
innovative objects beyond the field level (e.g. cropping system mosaics, 
territories, supply chains), and the roles and contributions of actors 
beyond the R&D pilots-farmers pair (e.g. equipment industry, supply 
chain actors). 

Besides the differences between the MAENs we studied, we also shed 
light on common challenges for their management: coordinating several 
objects under design in the network of experiments, managing the 
coexistence of experiments with different logics in the same geograph-
ical area, developing interactions between experiments at a given point 
in time to support the design of ICs, managing interactions between 
experiments over time to support IC design. And further researches 
could deeply explore ways to keep participating actors motivated and 
engaged throughout a long-term process characterized by unpredictable 
evolutions (as Aare et al., 2021 started to do), and how the interactions 
between research and development actors are set and can evolve. These 
first results also call for further refining our understanding of these 
challenges, and for creating tools and methods to support the estab-
lishment of MAENs (e.g. digital tools to facilitate the collective collec-
tion, sharing and analysis of different types of data, and tools to map the 
complementarities between experiments as well as their interactions). 
Future studies could also take this analysis further by exploring the skills 
required by MAEN pilots (e.g. Fiorelli et al., 2014), as well as these 
networks’connections or potential synergies with other kinds of 
design-oriented experiments (e.g. living labs, Gamache et al., 2020). 

5.2. Experimentation to support the design of sustainable farming systems 

The pilots of these MAENs stated that their aim was to support IC 
design. This article has explored in what way they go about reaching this 
goal. We here discuss our findings from three different perspectives. 

1. The longitudinal study of interconnected experimentation and 
intercrop design processes allowed us to identify a range of functions, 
served by experimentation in design processes, which have rarely been 
presented together. As outlined by Navarrete et al. (2021) and Lacoste 
et al. (2022), four of these functions are well known and are most 
frequently cited to justify experimental agronomic work: experimenting 
to validate technical proposals (GF3), to optimize a technique or find the 
best option and choose alternatives (GF4), and to identify validity do-
mains (GF5) or feasibility domains (GF6). As we have shown, these 
functions help designers to choose between options (decision-making 
process), to select or exclude certain options, and to know which option 
would achieve the desired result, where and why. Historically, these 
experimentation functions have guided R&D actors in formulating 
decision-making or action rules, which are then shared with farmers to 
help them tackle the problems they encounter in their fields (Salembier 
et al., 2018). Our results shed light on other generative functions of 
experimentation that have received little attention in agronomic 
research: beyond the processes surrounding validation, decision making 
and understanding, experimentation also contributes to the exploration 
of alternatives, to challenging designers by giving rise to surprises, and 
to developing collective action dynamics – all of which contribute to the 
implementation of “design” processes (see Section 2). For instance, our 

results show that, in all cases, the experiments enabled the pilots to 
discover new ICs or unknown properties of ICs (GF8), which led them to 
reorient or broaden their explorations. These discoveries were especially 
afforded by surprises resulting from unexpected events or from the 
exploration of what farmers were doing in their respective situations. 
The generative power of putting ideas to the test of real contexts, 
particularly through experimentation, is a mechanism that has already 
been widely discussed in the literature on experimentation and design 
processes. For example, Schon and Wiggins (1992) speak of a “reflective 
conversation with the materials of a design situation”, de Ansell and 
Bartenberger (2016) talk about “generative experiments”, Caniglia et al. 
(2017) discuss “out of control experiments”, and Toffolini et al. (2020) 
mention that “putting into action the object under design enriches and 
even re-orientates the design process, as well as the associated knowl-
edge generation”. Irrespective of the experimenter’s level of control, 
experimentation, by its very nature, is therefore a source of surprise and 
discovery (see Section 2), and this process appears to be amplified in the 
context of a network involving a range of actors. Although a growing 
number of studies describe or mention the implementation of experi-
mental processes that are flexible (Lechenet et al., 2017), open-ended 
(Navarrete et al., 2021) or uncontrolled (Caniglia et al., 2017), meth-
odological processes still need to be developed to collectively learn to 
manage these surprises on the scale of a network, so as to no longer 
endure them but harness their generative power to feed design processes 
(e.g. to help reformulate the design target; to detect, trace and valorize 
the emergence of new properties). 

2. Our results also show that generative functions are closely linked 
and interconnected, with each other and with the characteristics of the 
management of the MAEN. We observed that functions complement and 
enhance one another in time and space, and their combination is 
instrumental to step-by-step progress in design processes (Meynard 
et al., 2012). For example, we show that some pilots use the MAENs to 
explore different facets of the same IC, to validate the benefits of ICs in 
certain contexts before suggesting that farmers experiment with them, 
or, as Navarrete et al. (2018) and Aare et al. (2021) have shown, to 
enable farmers and R&D actors from diverse backgrounds to share their 
experiences and know-how over the course of experiments. The typol-
ogy of MAENs that we developed reveals that different approaches exist 
for fostering complementarity between experiments. These strategies 
specifically depend on what has to be designed in the network (e.g. ICs 
tailored to each farm, or generic IC rules recommended to a broad panel 
of farmers). They also vary depending on the pilots’ visions and un-
derstanding of innovation in agriculture (e.g. from their perspective 
where does innovation come from? What is the role of farmers in 
innovation processes?), which is deeply related to the role they assumed 
in this process, which can range from helping farmers to design by 
themselves, to designing general management rules ready to be widely 
shared. Our characterization of the interactions between experiments is 
informed by a longitudinal study, and thus enriches studies focusing on a 
given moment in time, which distinguish between types of experimen-
tation without studying their complementarities (e.g. Lechenet et al., 
2017). Our findings confirm the need, already identified by Navarrete 
et al. (2018), to further develop the characterization of approaches to 
fostering complementarity between experiments. Moreover, MAENs are 
just one of a number of approaches mobilized in co-design processes. In 
line with the work of Aare et al. (2021), this work calls for further 
research on the complementarities between experimentation and other 
approaches (innovation tracking, serious games, socio-technical diag-
nosis, etc.) to better foster synergy when implementing them in support 
of design and transition processes more broadly. 

3. Studying experiments that support design processes calls for dis-
cussing evidence gathering through experimentation. In most previous 
research studies, the robustness of evidence of causality or effectiveness 
hinges on the ability to predict, with the greatest possible certainty, the 
effects of actions under certain conditions, to limit all risk taking by a 
farmer. This evidence is often developed (as recommended in most peer- 
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reviewed journals) by accumulating statistically representative obser-
vations. Some of the experiments we studied followed this standard, 
particularly those seeking to validate the value of an IC, or to shed light 
on its conditions of effectiveness, often to foster the scaling out of that 
IC. However, other experiments we studied deviated from the standard, 
and involved various iterative evidence-building processes covering 
spatial and temporal in-field variability. Furthermore, in some cases, a 
single observation in the fields led to changes to the IC tested. In line 
with the advances made surrounding action or intervention research 
processes (e.g. Argyris et al., 1985; David, 2000), this calls for further 
formalizing the different ways of developing evidence, by investigating 
them through the prism of the diverse functions served by experimen-
tation in design processes. Such evidence-building processes reflect the 
real-life contexts that farmers face, where evidence is also enhanced by 
experiential learning, always subject to surprises in their action situa-
tions (e.g. Catalogna et al., 2018; Ingram et al., 2018). 

6. Conclusion 

In a context where new forms of experimentation are emerging or 
growing to support transitions towards sustainable farming, this article 
specifically explored the characteristics of Multi-Actor Experimental 
Networks and their contributions to cropping system design processes. 
In this work, we studied these contributions using a theoretical frame-
work inspired by the design sciences. The cross-cutting analysis of 11 
MAENs implemented in 10 European countries, centred around inter-
crop design, allowed us to identify nine functions served by these net-
works to support the emergence of new ICs. We also highlighted several 
mechanisms enabling the pilots of these networks to articulate experi-
ments guided by different logics, thereby capitalizing on their comple-
mentarities to support design processes, and three strategies to manage 
MAENs, tailored to different R&D contexts and expectations. 

This research, which builds on the research method of and general 
lessons drawn by Salembier et al. (2021), highlights points of reference, 
mechanisms, and types of strategies that could help future MAEN pilots 
to reflect on the implications of their methodological choices when 
engaging in the development of such a network. Also, such experimental 
processes are shown to be of particular value for intercrops that are not 
widely implemented in farming practice but represent largely uncharted 
territory for science and practice and are characterized by increased 
complexity such as food grain intercrops (Timaeus et al., 2022). 

Finally, this study opens up several research avenues. First, as the 
analysis was conducted from the perspective of MAEN pilots from R&D, 
further studies could enrich and explore these results from the farmers’ 
perspectives, to assess whether and how these kinds of MAENs 
contribute to anchored farming system design. More broadly, future 
work could explore in more detail the roles of the actors involved in the 
participatory and social processes to enable the realization of design- 
experimentation processes (Koole, 2020; Fiorelli et al., 2014; Toffolini 
et al., 2021) Second, this work calls for further research on the skills 
needed to bring about and sustain such multi-actor networks, in 
complementarity with other existing methods and tools, to support 
innovation processes for a variety of transition paths (Klerkx, 2020; 
Källström and Ljung, 2005). Lastly, all the MAENs we studied were part 
of an H2020 project, and future studies could explore how to coordinate 
a network of MAENs across Europe, in order to support the sharing and 
valorization of knowledge on and experience with their management. 
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