N
N

N

HAL

open science

Transition to legume-based farming systems requires
stable outlets, learning, and peer-networking

Marie Mawois, Andrea Vidal, Eva Revoyron, Marion Casagrande,

Marie-Helene Jeuffroy, Marianne Le Bail

» To cite this version:

Marie Mawois, Andrea Vidal, Eva Revoyron, Marion Casagrande, Marie-Helene Jeuffroy, et al.. Tran-
sition to legume-based farming systems requires stable outlets, learning, and peer-networking. Agron-
omy for Sustainable Development, 2019, 39 (1), pp.1-14. 10.1007/s13593-019-0559-1 . hal-02453506

HAL Id: hal-02453506
https://hal.science/hal-02453506
Submitted on 23 Jan 2020

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-02453506
https://hal.archives-ouvertes.fr

This is an author produced version of a paper published in Agronomy for Sustainable
Development.

This paper has been peer-reviewed but may not include the final publisher proof-corrections
or pagination.

Citation for the published paper:

Mawois M, Revoyron E, Vidal A, Jeuffroy MH, Le Bail M (2019) Transition to legume-based
farming systems requires stable outlets, learning and peer-networking. Agron. Sust. Dev.
39 :14. doi : 10.1007/s13593-019-0559-1

Access to the published version may require journal subscription.




Transition to legume-based farming systems requires stable outlets,
learning and peer-networking

Marie Mawois', Andréa Vidal', Eva Revoyronl’z, Marion Casagrandez’3 , Marie-Héléne J euffr0y4,
Marianne Le Bail’

' USC1432 LEVA, INRA, Ecole Supérieure d’ Agricultures, Univ. Bretagne Loire, SFR 4207
QUASAYV, 55 rue Rabelais, 49100 Angers, France

*ISARA Lyon, Département Agroécologie et environnement, Université de Lyon, 23 Rue Jean
Baldassini, 69364 Lyon, France

*ITAB (Institut Technique de I’ Agriculture Biologique), 525 route de Gotheron, 26320 Saint Marcel
les Valence, France

*UMR Agronomie, INRA, AgroParisTech, Université Paris-Saclay, 78 850 Thiverval-Grignon, France
"UMR SAD-APT, INRA, AgroParisTech, Université Paris-Saclay, 75005 Paris, France

Abstract

Legume cultivation has been declining for several decades in France and in Europe as a whole. This is
the result of the agri-food system lock-in around major crops, which has led to a strong simplification
of cropping systems and a specialization of territories, in which legumes have been marginalized.
Introducing or increasing legume production on farms has become a key issue in many European
countries. Studies investigating the process of change of farmers growing legumes are missing. We
analyze here the trajectories of farms cultivating legumes, with a view to understanding how and why
farmers have modified their practices over the long term, and to what extent this can help to support
further introduction of legumes on farms. We interviewed 26 farmers growing legumes, in two French
regions (Burgundy and Pays de la Loire), to understand the changes of their practices in terms of
legume introduction over time. We developed a methodology to analyze farmers’ trajectories, based
on the identification of (1) agronomic-coherence phases during which practices are stable, and (2) the
process of change from one coherence phase to another. The analysis of the 26 trajectories allowed us
to distinguish four transitional pathways according to the speed of change, the type of legumes
cultivated, and the level of legume introduction. Here we show for the first time that the transition to a
high and sustainable level of legume introduction in farms, whether progressive or as a rupture,
required the combination of three levers: (1) the stability of outlets (on-farm consumption or market
opportunities), (2) knowledge and local references on the preceding crop effect of legumes, and (3) the
farmer’s involvement in peer networks. Our results constitute a fruitful pathway to encouraging
changes for both individual and collective support for farmers to facilitate the introduction of legumes.

Keywords: Changes of practices; Innovation; Diversification; Trajectory; Transitional pathways;
Agricultural advisory services



1 Introduction

Crop diversification is often presented as an efficient means to increase the sustainability of agri-food
systems (Altieri 1999; Médiene et al. 2011; Kremen et al. 2012; Meynard et al. 2013). Among the
variety of crops that can be used, legumes (Fig. 1) afford interesting agronomic, environmental, and
nutritional benefits (Voisin et al. 2014). Yet the surface area under legume crops has been decreasing
regularly in France and the rest of Europe, since the 1960s in the case of forage legumes, and since the
1990s in that of grain legumes (Schott et al. 2010; Magrini et al. 2016; Reckling et al. 2016). Several
reasons explain this trend, mainly related to the increasing organization of agricultural supply chains
around simplified cereal-based systems (Meynard et al. 2016) that were developed to increase food
self-sufficiency after the Second World War. Due to the history of their development and to the
coordination that has developed among agricultural actors, these systems benefit from more references
(Zimmer et al. 2016), expertise, and adapted inputs (Vanloqueren and Baret 2009). This path
dependency has progressively led the socio-technical system to a situation of lock-in, and to the
specialization of farms and supply chains around a few major crops (Magrini et al. 2016; Lamine et al.
2009; Vanloqueren and Baret 2009), thus marginalizing the others such as legumes. Today, this
constitutes an obstacle to the emergence of innovations. As a solution, theoretical studies suggest that
the development of “innovation niches” may contribute to the emergence and diffusion of innovations,
which could then be adopted within the dominant system (Geels and Schott 2007; Voisin et al. 2014).
Many studies have highlighted the obstacles to legume cultivation at farm and territorial level in
Europe, as well as the levers that facilitate it (Meynard et al. 2013, 2016; Magrini et al. 2016; Zimmer
et al. 2016; Zander et al. 2016). They provide an interesting framework to understand change at agri-
food, territory and supply-chain level, yet they do not allow an in-depth understanding of the ongoing
processes of change at farm level. This is the question that the present study aims to answer by
investigating the processes of change in cropping practices over time, with a view to understanding
knowledge requirements, resource management, and the decisions of those farmers who have chosen
to grow legumes. The processes of change, within “niches” in which the lock-in of the dominant
regime is overcome, have been studied with regard to the conversion to organic agriculture (Lamine
and Bellon 2009) and the reduction of pesticide use (Chantre et al. 2011; Chantre et al. 2015). These
studies developed the notion of transitional pathways over the long term at farm level, and gave us the
foundations on which to build our framework. To describe processes of change towards more
sustainable practices, the same authors used the ESR framework (Hill and MacRae’s 1995), which
distinguishes three types of strategy for change : efficiency (E, optimizing the current system without a
broader modification), substitution (S, replacing some components of the system by others), and
redesign (R, reorganizing production systems according to ecological principles). Understanding
transitional pathways requires a detailed analysis of farmers’ trajectories, in order to identify the
drivers of their cropping systems, their interactions with their socio-technical and economic
environment, and their learning processes (Chantre et al. 2015; Chantre and Cardona 2014; Toffolini
et al. 2016). These analyses of pathways identify the mechanisms of farmers’ adoption of practices,
which can then be used in more general support towards change. There is widespread agreement that
analyzing innovative practices (i.e. highly different from current ones), allows us to identify levers that
can be implemented on other farms, and to design development scenarios for these systems (Jackson
2002; Weiner et al. 2010).

The objective of our study was therefore to analyze various individual farmers’ trajectories that
reflected the dynamics of long-term change in the introduction of legumes, and to identify the drivers
of that change (i.e. events triggering the decision to develop legumes) and the conditions in which they
emerged. To this end, we developed a conceptual framework to formalize farmers’ trajectories, on the
basis of previous research on other types of farming systems (Chantre et al. 2015; Chantre and
Cardona 2014). Performing this analysis on two contrasting regions in France allowed us to identify a
variety of transitional pathways for legume introduction on farms. In addition to the description of the
different pathways of change concerning legumes on the surveyed farms, we analyzed the drivers of
change (why and on what basis did farmers decide to develop legumes?) and the process of change
itself, i.e., the procedures used to concretely implement these changes and the necessary learning
process. Our results then allowed us to make propositions to support the introduction of legumes
during transitional pathways on a broader spectrum of farms.



2 Material and Methods

2.1 Conceptual framework

We analyzed the change in legume cultivation over time, using the concept of farmers’ trajectories
(Moulin et al. 2008; Chantre et al. 2015) that identifies successive “agronomic-coherence phases”
separated by “transition periods”.

A coherence phase corresponds to a period during which agronomic practices (in our case, those
pertaining to legumes) as well as the decision rules behind these practices are considered to be stable,
corresponding to a certain degree of legume introduction in the cropping systems.

We proposed a conceptual framework to characterize “agronomic-coherence phases” through classes.
This conceptual framework (Table 1) consists of:

(1) a classification of crop sequences involving legumes (Table 1A), based on the agronomic
literature on legumes (Nemeck et al. 2008; Carrouée et al. 2010; Voisin et al. 2013; Jeuffroy et al.
2015; Schneider et al. 2015), and on the ESR (Efficiency, Substitution, Redesign) analysis framework
proposed by Hill and MacRae (1995) and used by agro-ecology researchers (Rosset and Altieri 1997;
Gliessman 2007; Lamine et al. 2009). We thus defined four types of crop sequences, from short
sequences with few legumes to long sequences involving several species of forage and/or grain
legumes: (1) the current dominant conventional crop sequence (C) in the region; (2) the “Alfalfa” crop
sequence (A) corresponding to the current dominant crop sequence, extended by a temporary alfalfa
grassland as a starter crop; (3) a “Substitution” crop sequence (S) where an annual legume crop
replaces a cereal of the previous crop sequences (C or A); (4) a “Redesign” crop sequence (R) where
legumes are introduced into long crop sequences with numerous crops, including intercropping, and
significantly modified practices (soil tillage, fertilization, weeds and pest control) compared with the
current system.

(i1) the characterization of legume introduction on farms (Table 1B), with both the percentage of
the farm UAA (Utilised Agricultural Area) — excluding permanent grassland areas — cultivated with
legumes, and the number of legume species cultivated.

(iii)  the characterization of farmers’ strategies, including the main objectives for integrating
legumes on farms, the type of legume species cultivated, and the main use of legumes (on-farm
consumption and/or sale) (Table 1C).

We thus defined nine “agronomic-coherence classes” resulting from the cross-comparison of the
previous criteria (Table 1D). In class 0, farmers do not cultivate legumes. In class 1, the level of
legume introduction is low (less than 10% and only 1 species). The legume grown can be a grain
legume sold off the farm (class 1a) within a short crop sequence, or an alfalfa crop for feeding the
herd (class 1b). In class 2 (10-20%), the level of legume introduction is higher. Legumes are
cultivated either with a view to improving the farm’s protein independence, along with the quality of
forage for feeding the herd (class 2a), or for sale and chosen for their benefits for the following crop
(class 2c¢), or both (class 2b). Class 3 is defined by a high level (> 20%) of legume introduction into
long crop sequences, with a view to valorizing the agronomic benefits of legumes and to making the
system efficient (class 3a). This agronomic benefit can be associated with the objective of protein
independence for the herd (class 3b), or sale on niche markets with a high added value (class 3c).

A transition period is defined by significant changes in farmer’s legume management choices,
aiming a new set of goals to the agroecosystem and leading thus to another coherence phase. Each
transition period involve drivers of change and process of change. The “drivers of change” correspond
to the factors cited by the farmers themselves as triggering the decision to change the strategic
management of legume crops (e.g. increasing the frequency of grain legume in a crop rotation).These
drivers can be: (i) external to the farm, related to its socio-technical environment, such as the
structuring of markets and supply chains at territorial level or changes in the regulatory context
(Meynard et al. 2016); or (ii) internal to the farm and related to changes in the farmer’s organizational
choices or values (Navarrete and Le Bail 2007; Darnhofer et al. 2010; Mawois et al. 2012). The
“process of change” corresponds to the procedures used by farmers to concretely implement the
changes and the necessary learning process (how? using what resources? what learning?), from its
initiation up to its adoption (or discontinuance) and ultimately its stabilization in a new coherence
phase (Cerf et al. 2010; Chantre and Cardona 2014; Chantre et al. 2015).



2.2 Data acquisition

2.2.1 Study area and survey sample

The study was carried out in two French regions: the Langrois Plateau in Burgundy (B, eastern
France), and the region of Chateaubriant in Pays de la Loire (P, western France). The two study areas
have sharply contrasting soil and climates. Region B is characterized by shallow soils combined with
frequent frost and drought events for crops. The yield variability is therefore greater than in zone P,
which is characterized by silty soils and a temperate climate.

The sample consisted of 13 farmers in zone P (further denoted with the letter P) and 14 farmers in
zone B (further denoted with the letter B). They were drawn from a larger explorative survey of 73
farmers that aimed at identifying the agronomic and economic determinants of legumes introduction
(Mawois et al. 2017). In this study, our sample represents the diversity of the situations encountered in
those two regions in terms of legume practices. Farms in zone P are oriented towards mixed farming
(annual crops and dairy or beef). Maize, grain cereals, and grasslands, for feeding the herd (including
with hay), cover most of the farm land in these systems. In zone B, arable farms (further denoted with
the letter A) and mixed farming (further denoted with the letter M) are predominant and cultivate
mainly wheat, barley, and rapeseed. The sample is composed both of mixed farms (20) and arable
farms (6) in conventional (19) or organic (7) farming (organic farms are further denoted with “*”).
Alfalfa, intended for on-farm consumption, is the main legume grown on the mixed farms in both
study areas. It is also grown on arable farms of zone B, where farmers deliver it to a cooperative that
dehydrates it and sells it mainly to local livestock farmers. Other protein crops are also cultivated for
the feed stuff markets (e.g. peas), and processed by local cooperatives with appropriate infrastructure
(sorting and storage). In zone P, a lupin supply chain for human consumption is managed by a
cooperative.

2.2.2 Interviews with farmers

In-depth surveys were carried out in 2016 in the form of two series of semi-structured interviews on
each farm. The first series of interviews aimed at understanding the individual farmers’ trajectories
and focused on: (i) the current cropping systems and practices of the farm, to understand the general
characteristics as well as decision-making rules of the cropping system and the technical management
of legumes; and (ii) the evolution of the farm and its management since 1990, with a focus on the
changes in cropping systems and practices concerning legumes. A first analysis of these data enabled
us to roughly outline farmers’ trajectories, showing the dynamics of change for legume introduction
over the time. The second series of interviews more specifically addressed the processes of change on
the farm with respect to legumes, and included 2 steps: (i) validation and improvement, with the
farmer, of the trajectory built from the first interview, and (ii) analysis of changes in practices for
legume introduction, specifying the nature of the change, the drivers of change, and the learning
processes.

2.3 Data analysis

All the interviews were recorded and transcribed into a data base describing for each farm:

1) an overview of the farming system in 2016 (labor; equipment; plots and soil types; livestock;
main inputs and outputs of the system) with a detailed description of the cropping systems’ and
legume crops’ management rules and principles

i) the nature and date of the main changes that occurred in the strategic management of legumes
between 1990 and 2016, corresponding to changes in one coherence phase of the farming system to
another with regards to legumes

i) for each transition period, from one coherence phase to another, information cited by the
farmers on the elements that triggered the changes (drivers of change), and the procedures used by
farmers to concretely implement these changes (process of change), including the experimentation and
learning processes involved

2.3.1 Building the farmer’s trajectories

Based on the conceptual framework and the data gathered from the interviews, we framed the
individual trajectories of change of the 26 farms. First, we characterized the current (in 2016)
coherence phase of the farms (based on the classes described in table 1D). Second, we traced the



successive agronomic-coherence phases since 1990, for each farm. Finally, we identified the drivers of
change cited by the farmers and the processes of change involved for each transition period during
farms’ trajectories. Based on the analysis of the overall sample of farms, we distinguished different
types of drivers and processes in order to highlight those that had a significant effect on the
maintenance of or increase in the level of legumes.

2.3.2 Identifying transitional pathways

We built a typology of transitional pathways by grouping together trajectories that were similar
(Chantre et al. 2015) in terms of the sequence of phases and the intensity of the change regarding
legumes. Drawing on the literature on transitions (Lamine and Bellon 2009; Petit and Aubry 2014), we
defined the intensity of the change by: (i) the speed of the change, corresponding to the number and
duration of agronomic-coherence phases covering the 1990-2016 period; and (ii) the difference
between the original system and the current one, corresponding to the nature of the change between
two successive coherence phases. For example, a pathway can be described both as: (i) progressive or
abrupt change dynamics, and (ii) the predominance of minor changes (progression between coherence
phases within the same class, Table 1C) or major changes (progression between coherence phases
pertaining to different classes).

3 Results and discussion

3.1 Current agronomic-coherence phases of legume introduction on farms

First, we characterized the current agronomic-coherence phases of the 26 farms (Fig. 2). The fact that
no farmer interviewed is in class 0 is consistent with the aim of our study. Five farms, mainly located
in zone B, are in class la. They cultivate grain legumes (peas or lupin), in an opportunistic way, if
there is nothing more profitable to produce. The three farms in class 1b are mixed farmers in zone P
who use alfalfa for feeding the herd. For those farms (in classes 1a and 1b), the area under legumes is
less than 10% of the UAA, and the number of species is low. Six farms are currently in class 2, and
have an area between 10 and 20% of the UAA under legumes. Farms in zone B benefit from the
services of a dehydration factory, which enables them to valorize a greater area of alfalfa (class 2a and
2¢). In zone P, the only mixed farmer in phase 2a aims at being self-sufficient in forage legumes by
cultivating an intercrop of triticale, vetch, and grain peas, in addition to alfalfa, as the mixed intercrop
is easier to store. The other farmers from zone P in class 2b are livestock farmers who aimed at
achieving feed-independence for their herd and benefitting from the effect of diversification of their
arable area. Classes 3a, 3b, and 3c are represented by two different types of farm with different
objectives: a) organic farms (mainly in zone B), which consider legumes both as a protein-rich product
for feeding animals and as a source of nitrogen, and which grow legumes in intercrops, for better
control of pest populations; and b) conventional mixed farms in zone P, which use the preceding crop
effect on soil structure improvement to move towards a reduced or no tillage system, with the area
under legumes ranging between 20 and 50% of the UAA, including various legume species.

Our analysis of current agronomic-coherence phases highlights a wide diversity of current situations
concerning legume introduction on farms, in which farms cover all 3 classes of agronomic-coherence
phases in both regions. Moreover, legumes are introduced both on mixed farms and on arable farms,
and both in organic farming (predominant in the third class) and in conventional farming. Thus,
despite many obstacles to legume introduction on farms (Meynard et al. 2013; Voisin et al. 2014;
Magrini et al. 2016), our study shows that they are still cultivated in all types of farming system
(mixed or arable farms; organic or conventional systems) and both regions.

3.2 Pathways of change on farms with respect to legume introduction

The frame of the 26 individual trajectories of change (Fig. 3) allowed us to identify different
coherence phases that farmers passed through to introduce, increase, and/or stabilize (or not) legumes
in their cropping systems. We highlighted a diversity of pathways in terms of: (i) the number and the
classes of “agronomic-coherence phases” experienced by farmers over time; (ii) the duration of the
phases; and (iii) the gaps between two successive phases (from continuous change to more radical
change). The transition from a conventional crop sequence (phase 0 or 1) to a high level of legume
introduction (phase 3: more than 20% of the UAA) occurred in 6 farms from our sample. It takes from



2 years to 7 years, with a mean of 5 years. We identified four main types of pathways with regard to
the introduction of legumes.

Pathway A, “Instability”, corresponds to five farms which cultivate between 0 and 2 protein crops in
an area representing less than 10% of the UAA, throughout the trajectory, without challenging the
dominant crop sequence. These 5 farms were in phase la in 2016. They produced legumes
opportunistically and the level of legume introduction as well as the types of legumes cultivated was
instable over time. Since 1990, three farms changed coherence-phase from class 0 to classla. Two
farms gave up alfalfa at the beginning of the pathway, changing from phase 2a or 2b during the 1990s
to phase la today. The changes undergone during the 2010s resulted from a substitution of oilseed
crops and cereals by grain legumes, in reaction to technical obstacles mainly related to the control of
harmful pest populations on these species that predominate in terms of sequences and landscapes.
These changes were strengthened by an increase in European subsidies allocated to protein crops
(PM1, BA1, PMS). In such pathways, the level of legume introduction remained low and farmers
could replace them at any time by other, more attractive crops.

Pathway B, “Stability”, is characteristic of mixed farms (except for farmer BA7, who stopped his
livestock farming but continued to produce alfalfa to sell to other livestock farmers with whom he had
worked in the past). This “stability” pathway B was organized around alfalfa. Depending on the
region, the change resulted in either the introduction or the increase of alfalfa. In zone P, farmers had
not cultivated alfalfa in the 1990s. The change from phase O to phase 1b occurred around 2007, in
response to a strategic choice with a view to improving protein self-sufficiency in a context of
increasing soy prices. Up to now, these farms have maintained this alfalfa-based crop sequence, thus
staying within class 2 (Table 1). For farms in zone B that have been cultivating alfalfa since 1990, the
change from one phase to another (between 2a, 2b and 2c¢) was characterized by an increase of their
forage legume areas or by the introduction of a grain legume in their crop sequences. In such
pathways, the proportion of legume crops on farms remained stable (between 5% and 20% of the
UAA), directly linked with the amount of legumes required for feeding the herd and/or with the
storage and sell capacities.

Pathway C, “Continuous increase”, covers seven farms that progressively increased legume
cultivation within crop sequences, going through 3 coherence phases in average within the pathway.
The initial agronomic coherence phases, which differed between zone B (phase 2b) and zone P (phase
0), determines the current level of legume introduction (higher degree of introduction in B). These
farms progressively changed their crop sequences, from “Classic” (in zone P) or “Alfalfa” (in zone B),
to “Substitution” or, even more broadly, resulting in “Redesign” crop sequences. In zone P, the first
legume introduced was alfalfa (and possibly grain legumes) in a proportion lower than 10% of the
UAA, changing from phase 0 to phase la or 1b. Later, farmers gave legumes a strategic place within
the cropping system, thus reaching “Substitution” or “Redesign” crop sequences (phase 3) with
adapted crop management (for example, reduction in nitrogen fertilization on the crops planted after
legumes, and simplified seeding techniques). In zone B, the transition from phase 2b to phase 3
resulted from a conversion to organic agriculture.

Pathway D, “Disruptive increase”, concerns the trajectories with the most radical changes, spanning
multiple coherence phases within a rather limited period. These changes resulted in a radical revision
of farmers’ strategy in terms of cropping plan and crop sequences. Transition phases were long (3 to 7
years): Farmers empirically tested the changes (new crops or practices) prior to stabilizing their system
with a high level of legumes. The transition was fairly smooth for two farms, from phase 0 (no
legumes) to phase 2a/2b (intermediate level of legume introduction), but more radical for 5 farms,
from phase 0 to phase 3a/3b/3c¢ (high level of legume introduction) with the implementation of a
“Substitution” or “Redesign” crop sequence.

Despite the general decrease in the surface area under legumes, both in France and in the rest of
Europe (Voisin et al. 2014; Magrini et al. 2016; Zander et al. 2016), we show transitional pathways
towards more legumes in farms. As other studies have already noted (Lamine and Bellon, 2009;
Chantre et al. 2011; Chantre et al. 2015), changes were implemented step by step. This
progressiveness of transition pathways may produce robustness, as seen in the conversion toward
organic farming (Lamine 2011). If the sustainable introduction of legumes is to be supported, it is
crucial that we consider the progressiveness of the change process. Moreover, depending on the farms,
the dynamic of change concerning legume crops differs in terms of (i) the speed of the change; (ii) the



type of legumes cultivated; and (iii) the level of legume introduction. This diversity of situations leads
to individual adaptation of legume introduction, rather than the massive generic option designed for a
wide range of farms and agricultural conditions (Prost et al. 2016).

Agronomists have recently proposed the concept of “step by step design” (Meynard et al. 2012), to
underline the processes leading from the current situation to the desired one (Chantre and Cardona
2014). That type of method produces very particular and local design solutions (Prost el al. 2016).
Nevertheless, once the new system has been designed (after several feedback loops), the way to
support farmers in introducing such systems on their farms is rarely addressed. Our analysis of the
various types of pathways and agronomic-coherence phases could therefore be useful for agronomists
and farmers to design “intermediate cropping systems” together. The idea is not to identify in which
trajectory the farmer is, but to be able to support farmers to make choices and redesign their system by
discussing the various ways they could take. Hence, supporting farmers in the introduction of more
legumes on farms does not require one to be an expert on legumes, but rather to be able to identify the
dynamics of change and to support farmers’ ability to change (Dulcire 1997; Toffolini et al. 2017).

3.3. Drivers of change with respect to legumes

The transition from phase 0 to phase 1a (introduction of legumes on a one-time basis) was frequently
associated with external drivers of change (Fig. 3), related to the economic and regulatory context
(price of crops and subsidies) (Table 2, quote 1 and 2). When the sale price of the legume crop,
combined with European subsidies due to Common Agricultural Policies (CAP), was more attractive
than that of the major crops, the farmer decided to sow this crop (thus reasoning mainly on an annual
scale). However, when this driver occurred alone, the introduction of legumes could very quickly be
compromised by a change in the context (Table 2, quote 3). Such situations often occurred in Pathway
A, in which economic and regulatory contexts were the main drivers of change. Within this
“instability” pathway A, the benefit of the crop was only evaluated at crop level (gross margin of the
crop). When considering grain legumes in crop choice, farmers are often faced with their low
economic value according to standard assessments conducted at crop level, i.e. low gross margins
and high production risks compared to competing crops (Preissel et al. 2015). In such an approach (i.e.
comparing margins and risks at crop level), the contribution of legumes crops to subsequent crops in
the cropping systems (pre-crop benefits) is underestimated by the farmers. The scale of the crop
sequence is a better basis for the assessment of legume competitiveness (Schneider et al. 2010;
Preissel et al. 2015; Reckling et al. 2015; Zander et al. 2016). Moreover, the instability of prices and
subsidies, along with the varying severity of pest populations’ impact on yields, increase uncertainty
on crop gross margins (Meynard et al. 2013) in a context of a lack of information and advisory support
on these crops (Zimmer et al. 2016). Even though the economic and regulatory context often trigger
the introduction of legume crops on farms, this driver alone appears as insufficient to maintain the new
crop. To achieve more widescale and sustainable legume introduction in farms over time, farmers
often cited the role played by other drivers.

A change in farmers’ objectives with regard to livestock management (wish to be self-sufficient
and/or to improve the herd’s health) resulted in forage legume increases on farms (alfalfa or sainfoin
on certain organic farms in zone B). This change was often stable (10 to 20% of the UAA,
corresponding to the area required to cover at least a portion of the herd’s needs). The livestock
managements’ driver often occurred in pathway B, “Stability”. According to the surveyed farmers,
alfalfa was often cited as a quality forage source, primarily for its protein content and also for its
positive impact on herd health (limiting acidosis, favoring rumination, etc.) (Table 2, quote 4). These
changes were sometimes facilitated by external factors related to the socio-economic context: the
soybean price increase resulted in the decision to reduce nitrogen supplements (Table 2, quote 5) or
the development of market opportunities within the territory, as shown in other studies (Magrini et
al. 2016). In zone B, the collecting areas of the dehydrated alfalfa factory increased steadily (from 800
ha in 1996 to 1500 ha in 2015), thus allowing farmers to increase their alfalfa crop area (Table 2,
quotes 6 and 7). The presence of the dehydration factory was a lever to mitigate the difficulties of
storing alfalfa hay and afforded flexibility to livestock farmers, who could either sell their surplus or
purchase it after dehydration for the deferred consumption by their herd. In addition, the factory could
take care of the harvesting, thus removing one of the main technical and organizational obstacles
related to this crop. For the same reasons, the absence of alfalfa processing solutions in zone P, which



would permit both long-term storage and a reduction in the workload (harvest and post-harvest work
done by the factory), is an obstacle to the development of this crop (Table 2, quote 8). In zone P,
market opportunities around Lupin supply triggered the introduction of protein crops on farms. But the
collecting area was limited by the cooperative’s selling capacities. Finally, these drivers (the decision
to change livestock management and/or the market opportunities within the territory) triggered the
introduction or increase of legumes crops n farms. Yet the room for manoeuvre at farm level, to
increase the surface area under legume crops, remains narrow. The proportion of legumes crops on
farms is limited by the herd’s requirements (the quantity of consumed legumes proteins), the available
land to grow legumes on, and/or the storage and selling capacities of the cooperatives (Huygue and
Delaby 2013; Schneider et al. 2015; Mawois et al. 2017).

The consideration of the economic and agronomic benefits of legumes, evaluated on a multi-year
basis, led to systems in which legumes were even more present (in terms of % of the UAA, number of
species, and introduction within crop sequences). These benefits were determined on a rotation-based
approach and met multiple objectives which are consistent with the literature on legume crops (Table
2, quotes 9 to 13): (i) to reduce nitrogen supply for the following crop (Cernay et al. 2016); (ii) to
improve yield of the following crop (Bennett et al. 2012; Schneider et al. 2015); (iii) to break weed
cycles (Deytieux et al. 2012; Bennett et al. 2012); and (iv) to improve soil structure (Nemecek et al.
2008, Kopke and Nemecek 2010). Furthermore, we found that the more the pre-crop benefits of
legumes were taken into account in the management of the cropping system, the higher the level of
legume introduction was (case of farms in Pathway D). Our results are thus consistent with those of
Toffolini et al. (2016) who highlighted the fact that farmers mostly use knowledge on pre-crop
benefits when they are redesigning their systems. Farms with more than 20% legumes often consider a
combination of these effects to justify the choice to introduce legumes. Taking into account the pre-
crop benefits of legumes led to the implementation of “Substitution” or “Redesign” sequences, with an
adaptation in the technical management of the following crop (reduction of inputs, soil tillage, etc.).
Contrary to situations in Pathway A (pre-crop benefit evaluated at crop level), the pre-crop benefit of
legumes was greater when considered in a rotation-based approach (Preissel et al. 2015; Reckling et al.
2015; Zander et al. 2016), and supports the stable introduction of legumes (Pathway C and D).
Changes valorizing legumes could be triggered by drivers of change related to the available resources
at farm level (mainly surface areas and labor force). They could be related to a change in the structure
of the farm itself (increase in available resources). For instance: increasing the surface area of the farm
allowed the farmer to grow legumes without reducing the areas of other crops (PM2, BM3%*); when
livestock farming activities were stopped, labor and land were freed up (PM9, PM12); when a new
farmer settled on the farm, this could change the strategic objectives and provide new opportunities
(PM6*; BA6; BA13*; PM7).

Changes could also be related to farmers wishing to change the strategic direction of the farm in order
to change their workload as a way of life. For example, this is the case of farmers who integrated
legumes to stagger the workload (Table 2, quote 14). Such situations often occurred in Pathways C
and D, in which we note that the limited available resources at farm level (PM6*: limited UAA; BA6
and PM9: limited workforce) could facilitate change in favor of legumes

These drivers of change highlighted in our study (economic and regulatory context; management of
herds’ feed; economic and agronomic benefits; available resources) are consistent with those in other
studies (Meynard et al. 2013; Magrini et al. 2016; Mawois et al. 2017). Our results however allow a
better understanding of how these drivers occur. We see that they did not all occur in the different
pathways, and not at the same time. We found that certain changes were triggered only in the presence
of certain drivers of change. The economic and regulatory context was often the main driver occurring
at the beginning of the change. But, as we have shown, it was not sufficient to lead to stable
introduction of legumes on farms when it occurred alone (case of Pathway A). Most often, change was
triggered by a combination of drivers. The transition to a high level of legume introduction (pathway
C and D) was often triggered by the combination of agronomic considerations, with driving factors
external to the farm (market opportunities within the territory, economic and regulatory context, etc.).
The pathway with the most significant rupture (pathway D) was encountered by farmers having lower
risk aversion to change (Table 2, quote 15). Some farmers believed that the risks of technical errors in
the conversion to organic agriculture were largely offset by their conviction that it was the only way of
reaching a profitable system (PM6*, PM11*, PM10*). Behind the drivers previously cited, step-by-



step changes in pathways B and C were also often a response to the progressive emergence of
organizational, environmental, and ethical concerns internal to the farm (increased independence for
the herd or for crop inputs, observations of environmental impacts, desire for independence with
respect to technical structures). These results converge with those of other studies (Darnhofer et al.
2010; Nave et al. 2013), showing that farmers’ strategic choices are determined largely by their
personality, preferences, and competences, and are reinforced by the opportunities offered by their
external environment.

The drivers of change highlighted here induce willingness to change, and make the introduction or
development of legumes on the farm possible. The way in which farmers actually tested this change,
either effectively implementing it or rejecting it, is related to the process of change, i.e., the procedures
to concretely execute these changes (how did farmers execute the changes? what learning process was
necessary?).

3.4. Processes of change with respect to legumes on farms

During the process of change, behavioral postures when faced with difficulties encountered in the
technical management of the crop have a major influence on the changes implemented. The
management of weed infestation, the control of pest populations, and harvest management emerge as
key practices for the success of these crops — with differences, depending of the crop (weed infestation
and harvest appear as key issues for alfalfa). A significant decline in legume yields or failures related
to technical difficulties, reinforced by the lack of local references, often led to: (i) the discontinuance
of the crop (Table 2, quote 16); or (ii) mechanisms of “substitution” of legume species by other crops.
By contrast (farms in pathway C and D), when the farmer encountered technical difficulties, he
favored legume introduction (Table2, quotes 17 and 18). When the technical management is
controlled, legumes are more likely to be maintained, although this requires learning through
experience and adjustments (trial and error) in practices on the crop sequence level: in pathway C,
adjustments took place in a step-by-step way with several phases during the trajectory; in pathway D,
the change was more disruptive, with only two phases during the trajectory but with a long transition
period with many technical adjustments. These adjustments led to the implementation of a crop
sequence consistent with the introduction of the legume (“Redesign”). The resolution of these
technical difficulties reduced yield uncertainty and therefore the economic valorization of the crop and
subsequent crops. It generally resulted in the stabilization of the crop, quickly or more slowly,
depending on the farmer and the resources mobilized during the change process. The comparison of
successful or disrupted individual experiences may become a means to produce an “appropriate
action” reference (Cerf et al. 2010) in the implementation of a technical lever. Focusing on the
learning process during phases of experimentation may thus highlight key practices and evaluation
indicators to be shared across territories.

To benefit from support in the implementation of and follow-up to the technical management of a
legume, all farmers in the sample called upon the technical advisors of the Chamber of Agriculture or
the cooperative. However, the significance of this support for learning varied widely, and was
inadequate for many farmers (Table 2, quotes 19 to 21), as Zimmer et al (2016) have also shown.
Farmers in pathway A mainly made use of classic information resources (journals, websites, advisers)
to introduce the change, mainly on a few plots, to limit risks. Farmers in pathway B mainly based
themselves on observations in the field, in order to manage technical adjustments progressively (PM7,
PMS5, BM14), thus justifying processes of minor change over the long term (Table 2, quote 22). A few
of them (PMS8, BA7, BM4) completed these observations through their involvement in farmer
networks or by following local tests. On farms in pathway C, we observed a transformation in the
learning methods used in the management of changes over the course of their pathway. In fact, the first
resources mobilized by farmers were similar to those in pathways A and B (classic information
resources and observations in the fields). Later, considering the pre-crop effect of legume resulted in a
need to mobilize other resources to manage benefits on the following crops. Farmers in pathways C
and D therefore combined two types of resource: (i) involvement in exchange networks within the
territory (for example: PM4, PM3, LO9, PM2: network on conservation tillage — BASE — in zone P;
BA1, BA7, BM3*: network for agricultural development — GDA — in zone B) (Table 2, quote 23);
and (ii) reference to experiments that are carried out either by themselves on the farm (PM3, BM3,
PM11*, BA9*, BM5*, BA6*: Table 2, quote 24) or by their neighbors or local development entities



(PM6*, PM9, PM10*, PM2, PM4, BMI11). The farmers that display the highest levels of legume
introduction (Pathway C and D) combined both individual and group forms of experiences to
compensate for a lack of local technical resources and to ensure that agronomic innovation is properly
adapted to their specific use, both for forage legumes and for grain legumes (Table 2, quotes 25 and
26).

Here we show the importance of networks for robust transitions towards the increased introduction of
legumes: the more farmers are involved in networks and in building local references and knowledge,
the more they cultivate legumes sustainably. Our results agreed with those of studies on the effects of
collective dynamics and networks on learning and technical change (Darré 1994; Norton et al. 1999;
Warner 2007; Schneider et al. 2009; Girard 2015). During the process of change, the new knowledge
and know-how that was applied contributed primarily to reducing the farmer’s aversion to risk
(Lamine et al. 2009).

Our results are consistent with Chantre et al. (2015) and Chantre and Cardona (2014) who clearly
demonstrated, in the context of innovative practices for the reduced application of pesticides, that the
farmers who adopted the most sophisticated reasoning in this regard diversified their “learning styles”
over time, during the course of their pathway of change, and combined individual and collective forms
of experience. In our sample, the involvement of farmers within group networks is clearly associated
with an increase in the introduction of legumes. Meynard et al. (2018) maintain that these networks
animate dynamics of collective change through learning based on peers’ experience. On the other
hand, contrary to the findings of studies on the reduction in pesticide use (Chantre et al. 2011; Chantre
et al. 2015), the technical trials carried out by neighbors or members of the network are enough for
many farmers in our sample to assess the best way to integrate legumes within their system, without
needing to carry out trials on their own farm prior to adopting the crop. One can assume that, for many
farmers, introducing a legume seems to be less risky than decreasing their use of pesticides.

These results call into question the prescriptive methods of advisers (Cerf et al. 2010) used for
individual support, and show the importance of the availability of technical references on the territorial
scale, regarding crop sequences rather than the crops themselves (Meynard et al. 2013, 2016). In the
literature, the role of peer groups has long been highlighted in innovation processes in agriculture
(Darré 1985). The group dynamic is identified as an important factor in the construction of
professional identity and as a factor of reassurance during periods of transition and departure from a
“dominant” professional identity when levels of uncertainty are high (Goulet et al. 2008; Lamine et al.
2009; Goulet 2017). In addition to being a source of innovation, local networks encourage the
development of a narrative of experiences on which farmers can draw in order to better pinpoint
problems in their specific situation and to identify possible solutions (Cerf et al. 2010). In this sense,
our findings are consistent with the study by Meynard et al. (2013), who highlight the fact that
supporting farmers through the strengthening of experiments and advisory networks, as well as sharing
innovative experiences within farmer groups, appear to be crucial in ensuring the endurance of these
crops on the farms and within the areas in which they are introduced. As advisers are not the only
source of information for farmers, helping farmers to combine a variety of learning sources could be a
way to support change on farms. Such approaches requires innovative pedagogical approaches such as
farmer to farmer methods, which hare often highlighted as a key factor in agroecological expansion
(Altieri et al., 2012). It could enable to compare, in addition to their results, their respective intentions
and reasons for implementing a given innovation and applying their own evaluation indicators, which
are generally not the same ones that agronomists have established (Toffolini et al. 2016). This
comparison may be an opportunity to improve on-station and on-farm trials by more systematically
bringing together farmers in terms of the way of wording the problem, of constructing ad hoc
evaluation indicators, etc. Moreover, the knowledge intensity of agroecological practices (Tomich et
al. 2011; Altieri and Nicholls 2012; De Schutter 2010) such as the introduction of legumes, requires
complementary research to fill in the gap between generic scientific knowledge and local knowledge
with a view to locally adapting agricultural innovations (Caron et al. 2014; Duru et al. 2015). In this
way, researchers recently developed new participative approaches for helping farmers in designing
innovative systems (Lefévre et al. 2014). In this work, farmers were involved in the prototyping
process to design cropping systems tailored to the local conditions of the participant farms. However,
as Casagrande et al. (2015) have shown, when looking for capitalization and operationalizing existing
knowledge and experiments, even though such a participatory approach is relevant, the designed



prototypes might lack creativity. To overcome the lack of creativity and support farmers introduce
more changes, Prost et al. (2016) suggest drawing on recent design theories such as C-K Theory
(Hatchuel et al. 2013; Ezzat et al. 2016), which focus on the mechanisms that allow an exploration of a
part of the unknown, to favor creativity.

Finally, because legumes are not dominant in the study regions, networks are critical for accessing
knowledges and references. Even though the economic and regulatory context often triggers the
introduction of legume crops on farms, it appears as insufficient to maintain the new crop over time.
Technical difficulties often occurred and can lead to the discontinuation of the crop. The involvement
in peer-networks appears here as a response to the lack of knowledge and reference. A finding which
is consistent with the growing body of farmer-to-farmer extension work (Holt-Giménez 2010; Guerra
et al. 2017). These studies showed that regulatory context can provide an economic incentive to begin
an agroecological transition by creating a price-differentiated market but it is limited in stimulating a
broader scaling up of agroecological production without external network linkages. These findings can
be useful to question the way in which public policy (such as CAP) could foster robust transitions
toward agroecological practices on a wide scale.

4. Conclusion and perspectives

Change with respect to legume introduction on farms is progressive. The transition from a
conventional crop sequence to a high level of legume introduction takes from 2 years to 7 years into
our sample. It occurs through several successive agronomic-coherence phases or, more radically,
through long transition phases. The analysis of pathways of change in practices related to legume
introduction on farms allowed us to highlight a variety of drivers and processes of change. If a
farmer’s strategy is purely economic and/or if there are limited market opportunities (internal to the
farm in the case of on-farm consumption by the herd, or external), he or she will not consider legumes
to be a stable long-term option. However, if his or her needs increase, supported by a more stable
external market opportunity (example of the dehydration factory in zone B or the lupin supply chain in
P) and by the acknowledgement of the pre-crop benefits of legumes for the entire crop sequence, these
crops will be present to a greater degree and will also be integrated better into crop sequences. In this
case, the process of change towards the increased introduction of legumes, whether progressive or as a
rupture, requires learning through experience via involvement in peer exchange networks. In these
networks, experiences are combined in order to solve the technical difficulties encountered and to
address a lack of local references for crop management

The stage at which a farmer is on his or her pathway of change, and the relationship between
innovative practices and learning methods, involving a greater or lesser degree of interaction between
individual and collective experiences, must all be taken into consideration to adapt support for change
to a farmer’s situation. We believe that these different elements constitute fruitful pathways to
encouraging changes in the support for farmers on an individual and collective level, in order to
facilitate the increased introduction of legumes.
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Fig. 1: In Pays de la Loire, market opportunities around Lupin supply triggered the insertion of protein

crops on farms. Difficulties encountered in weed infestation for Lupin sole crop (a) can cause the
farmer to discontinue it. By contrast, weed management, through Lupin-cereal intercropping for

example (b), supports the maintaining of the crop but requires learning through experience and
adjustments.
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Fig. 2: Distribution of the current agronomic-phases of the 26 farms.
B= Farms located in zone B (Burgundy, eastern France), and the; P= Farms located in zone P (Pays de la Loire,
western France); M= Mixed farms; A= Arable farms; * = Organic farms
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Fig. 3 : Transitional pathways in farms with respect to legumes insertion.

B= Farms located in zone B; P= Farms located in zone P; M= Mixed farms; A= Arable farms; * = Organic farms. The trajectories of change of the 26 farms are characterized
by successive agronomic-coherence phases: [ class 0; (3 class 1a; class 1b; 3 class 2a; class 2b; class 2¢; O3 class 3a; class 3b; class 3¢ and for
transitional periods. The transition from one coherence phase to another is triggered by one or multiple drivers of change : X economic and regulatory context; @ Outlet
(livestock management or market opportunities); € valorization of pre-crop benefits; A change in available resources (areas, labour, livestock farming, materials).




(A)Type of crop " Conventional " " Alfalfa " " Substitution " " Redesign "
sequences C A S R
Description of |The current dominant conventional crop|Sequence C, extended by a temporary alfalfa|S1:Sequence C,in which a protein  |Elongation of the sequence within
crop sequences |sequence within the territory grassland as a strarter crop crop is integrated at the start of the which the legume is integrated,
+ Introduction of legumes if they are valorized |+ possibly a grain legume cropping plan, to replace a cereal possibly in intercropping
well (compared to main crops) S2 :Sequence A, in which a cereal is
replaced by a protein crop
(B) Legume . . . . . . .
. ﬁ Lowlevel of legume insertion Intermediate level of legume insertion High level of legume insertion
insertion
o -
70 legumes in 0-10% 10 -20% = or>20 (up to 50%)
crop area
Number of . 0-1 species 2 species 2-5 species
legumes species
(C) Strategies Opportunistic way Improving the economic independence Valorize pre-crop services (agronomic and economic)
. One-time Self-sufficient I@rove protein Economic . .| Food self-sufficiency for Posmomng on mf:he

Lo Conventional | . . . . independence Valorize the agronomic . markets with a high

Objectives diversification Feed in forage i . benefit at crop . the herd and valorize the .
crops and diversify services of legumes . . added value and valorize
crops legumes . sequences level agronomic services . .
cropping systems the agronomic services

Legumes Alfalfa with or Protein crops and/or

g. No legumes | Grain legumes Alfalfa without other Alfalfa and protein crops p Protein crops and forage crops
cultivated forage crops

forage
Main use of On-farm On-farm On-fa.rm On-farm consumption .
Sale . . consumption and Sale On-farm consumption Sale
legumes consumption | consumption ; and sale
sale

classes

Table 1 Conceptual framework for establishing agronomic-coherence phases. Coherence phases (D) were obtained by cross-referencing a category of crop sequences including
legumes (A) with the degree of legume integration within the cropping system (B) associated with a strategy (C).




Table 2 Examples of quotes for drivers and process of change

a) Drivers of change with respect to legumes Pathway

1 Ichoose my pea cropping plan solely based on the price of rapeseed. So long as I can continue A
to grow rapeseed, I will (BA1)

2 What motivates us to cultivate peas is the CAP”. Today, they pay a couple hundred euros more D
when you cultivate peas [...] We're already valorizing them a bit on the level of sales, and it’s
true that the fact of getting a CAP subsidy motivates us (BA13%)

3 It’s going to be profitable because we’ll have a protein subsidy, so we’re going to get an A
AEM? [ ...] Next year, they re announcing a decrease of €100 per ton for soybean, so that
doesn 't really make us want to embark on cultivating those crops (BAl)

4 Ifalfalfa is cultivated on farm, it’s mainly because of its positive effect on rumination as well as C
its calcium and protein content (PM11)
I save 21,000 euros a year on nitrogen supplements (PM6%*) D
Nearby, there’s a factory, so we can grow it. Otherwise it wouldn’t work (BA7) B
We take 80 tons and then leave the rest to the factory and it sells it. That pays for a portion of B
the dehydration cost (BM14)

8  If'there was a dehydration factory near my farm, I wouldn’t hesitate to increase the area of B
alfalfa grown. But without one, constraints in terms of labor force organization, and the quality
of the final product are too important (PMS8)

9  The wheat that comes afterwards is really good wheat. We can reduce the nitrogen supply, so D
it’s beneficial (BA6)

10 /...] we’re not going to have to add nitrogen, because the peas and lupins will be there to D
provide nitrogen to the following cereal (PM10%*)

11 After faba beans, we get 15 more quintals compared to wheat following maize (PM13) D

12 The beneficial effect is enormous in terms of weed control... it really cleans the field (BA13%*) D

13 Initially, legumes revitalize the life of the soil (PM9) D

14 Lupin is planted in September, wheat in October, and afterwards, in November, it will be faba
beans. It’s because I'm trying to divide up my time... (PM9)

15  I'm taking fewer risks by changing than by remaining in this situation! (PM13) D
b) Process of change with respect to legumes Pathway

16  The constraint was the harvest. The yield was already very small, and we didn’t always manage A
to harvest under the best conditions (BM10)

17 [...] The wheat afterwards is dirty because the pea crop lets numerous weeds. I tried to grow D
alone peas, lentils, faba beans, but, after all these years of experience, I banned myself from
growing these crops alone; they are always in intercropping (BM5*)

18  Weed infestation is binding for lupin. Lupin-triticale intercropping hinders weed infestation D
(PM10%*)

19  For them, protein crops are too specific and there is no technical advisory today (PM2) C

20  That is the way it is in these big institutes, there is a certain slowness (BM5*) D

21 We cropped soya for the first time, it is not a common crop in the region. Nobody, even our B
advisory services, could really help us (BM14)

22 [ like to observe things for myself, but that takes time (BM14) B

23 [...] we share many information and experiences within the GEDAR. The first year when I D
cultivated peas, I was very involved in the exchanges, it helped me (BA6)

24 [ wanted to make experiments and I had read in magazines that intercrops were possible. As C
weed infestation in alfalfa is very binding, I tried (PM3)

25  The BASE network allows me to benefit from the experience of others, whether good or bad, C
and therefore to establish new references. On top of that, I have to carry out my own
experiments to confirm what I hear about the agronomic benefits of legumes and to understand
the processes to be able to act on them (PM3)

26 I have contacted some institutes’ advisors, some bases were interesting but insufficient. Then, it D

is more through trainings and networking with other organic farmers... (BA13%)

(1) Common Agricultural Policy; (2) (Agri-environmental Measure)



