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Abstract  Agroecological transition corresponds to a systemic transformation con-
sisting in the ecologisation of agriculture and food. It concerns multiple stakehold-
ers (farmers, supply chains, natural resource managers, etc.) and is characterised by 
a deliberate political intention to bring about change. This chapter highlights a set 
of determinants of agroecological transition at play in transforming the techniques 
and the values underpinning both agricultural production and food consumption 
choices – both of which can lead to various new agri-food systems. Based on the 
literature on transition studies, we focus on several considerations that could help 
stakeholders to better engage in such a process: (i) transition takes place over time 
intervals that vary, depending on the analysis scale (the farm or the agri-food system 
as a whole); (ii) transition is complex, systemic and requires changes of the whole 
sociotechnical regime; (iii) transition implies strong connections between niche-
innovations and the dominant sociotechnical regime; and (iv) changes in values and 
individuals’ abilities are fundamental drivers. Hence, by focusing on the plurality of 
factors and stakeholders at work, we unpack the complexity of this transition, and 
in this way help the stakeholders to design and execute it. To conclude, we examine 
specific issues around the governance of agroecological transition.
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�Introduction: What Agroecological Transition Are We Talking 
About?

Faced with the urgency of sustainable development and the crises that the agricul-
tural sector is experiencing, successive governments in France have strengthened 
measures to make agriculture more ecological. Since the “Ecophyto 2018” plan 
adopted by the Ministry of Agriculture in 2008, and up until the new agricultural 
framework law (the Loi d’avenir of 13 October 2014) that makes explicit reference 
to agroecology, institutional measures have been strengthened to encourage farmers 
to adopt more sustainable practices. Farmers are urged to implement alternative 
production strategies to reduce synthetic input use and to combine economic, envi-
ronmental, and social performance. This political injunction to adopt agroecology is 
situated beyond the reference framework of organic agriculture, which today 
remains the only alternative framework officially recognised by government-
approved labelling.

This agricultural transformation also calls food into question (Francis et al. 2003; 
Barbier and Elzen 2012; Hinrichs 2014; Gliessman 2015). The FAO (2012: 8) 
defines the sustainability of our food as being closely related to that of our agricul-
ture, according to the following five criteria1: (i) protects ecosystem biodiversity; 
(ii) is accessible and culturally acceptable; (iii) is economically fair and affordable; 
(iv) is safe, nutritionally adequate, and healthy; and v) optimises natural and human 
resource use. The sustainability of agriculture and food systems thus simultane-
ously involves technical changes and the values that govern them: it requires the 
implementation of “non-technological changes such as those in consumer behav-
iour, social norms, cultural values, and formal institutional frameworks” (OECD 
2010: 32). This is even more relevant, given that our “agricultural practices are not 
primarily determined by agronomic or ecological science, but by markets, regula-
tions and agricultural support programs” (Weiner 2017: 869).

This systemic transformation consisting in ecologising our agriculture and food, 
which concerns multiple stakeholders (farmers, supply chains, or natural resource 
managers) and which is marked with a deliberate political will to change, is quali-
fied as an agroecological transition (Duru et al. 2015a). Note that it is a transition 
and not a revolution, because it does not explicitly entail the need for other changes 
relative to the capitalist foundations of the societal model underpinning our agricul-
ture and food (cf. Hinrichs 2014 or Brown et al. 2012 on this point).2 It is a transition 

1 The FAO adopted this definition during the International Scientific Symposium on Biodiversity 
and Sustainable Diets in 2010.
2 “processes of transition may contain weighty seeds of ambition; but typically do not anticipate a 
wholesale shift in the future economic mode of production” (Brown et al. 2012). Research discuss-
ing a profound transformation in the capitalist model, in particular through degrowth theories, does 
not, to our knowledge, cover the subject of the agroecological transition. Degrowth is nevertheless 
embodied by social movements supported by alternative agriculture models (cf. for example 
D’Alisa et al. 2014).
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in the making within our capitalist regime, to move towards a more sustainable 
agricultural and food system.

As this transition is currently underway, it is characterised by relative uncertainty 
because we cannot predict the end result (Lubello et al. 2017). The literature more-
over refutes the idea that this agroecological transition is based on a single model 
positioned as the archetype of a new agriculture, instead defending the idea of the 
coexistence of a plurality of possible models that can contribute to greater agricul-
tural ecologisation (Plumecocq et al. 2018). A major distinguishing feature of mod-
els supporting the agroecological transition is the representations and place granted 
to nature in the design of new solutions. The value attributed to nature underpins an 
ecologisation of agriculture that varies, depending on whether the new system aims 
at reducing its environmental impact or developing ecosystem services (Therond 
et al. 2017; Plumecocq et al. 2018).

The first route, which we called “weak ecological modernisation”, aims at 
increasing the efficiency of synthetic input use (Horlings and Marsden 2011) 
through the implementation of standardised management practices (Ingram 2008) 
and the adoption of precision agriculture (Buman 2013) or genetic engineering 
technologies (Vanloqueren and Baret 2009). It can also be based on the replacement 
of chemical inputs by biological ones that are less harmful to the environment 
(Singh et al. 2011).

The second route, which we called “strong ecological modernisation”, is based 
on a more radical redesign and significant biological diversification of agricultural 
systems (Kremen et  al. 2012). It is characterised by intensified interactions with 
components of the biophysical system in order to substitute synthetic inputs by 
ecosystem services, and requires locally adapted agricultural practices and cropping 
or livestock farming systems (Duru et al. 2015b). This redesign of agricultural pro-
duction systems is part of a broader change downstream to ensure sustainability 
across the entire agri-food system (Gliessman 2015). The recent literature also 
shows that food products strongly rooted in local production systems are those that 
address a broader range of sustainability concerns, whether in terms of biodiversity 
or ethics (Schmitt et al. 2017).

In this chapter, we focus on the agroecological transition following the route of 
strong ecological modernisation, broadened to include the question of food sustain-
ability. To highlight the issues of this agroecological transition, two principles will 
structure our reflection:

	(i)	 engagement of farmers and their advisers in building agroecological knowledge 
and techniques in situ to strengthen their capacities to change and to adapt;

	(ii)	 territorialisation of agriculture, promoting a reconnection between agricultural 
production and local food, and enabling fair compensation of farmers for their 
activities.

However, as with any structural change, the stakeholders driving this transition 
are faced with the entrenchment of the incumbent model. Agriculture has progres-
sively established itself as a coherent set of production and sales practices tied to the 
food industry (Meynard et al. 2015). For example, adopting a new pulse crop in crop 
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rotations in a territory to reduce the use of synthetic fertilisers, strengthen crop 
biodiversity, and reduce greenhouse gas emissions, but can be hindered if consumers 
are not accustomed to eating pulses, or by a lack of transformation infrastructure, or 
of suitable supply circuits, ultimately leading to low pay for farmers. Those eco-
nomic non-incentives do not encourage pulse farming (Magrini et al. 2016, 2018).

The aim of this chapter is to identify the broad range of concerns in transforming 
the values and techniques underpinning agricultural and consumption choices, in 
order to allow the stakeholders supporting this transition to build a governance 
approach adapted to these concerns. We draw on the literature on transition studies 
to identify the salient aspects and topics of interest regarding this agroecological 
transition.

This analysis is important, considering that little research on transitions has 
focused on the agricultural and food sectors (Picard and Tanguy 2016; Elzen et al. 
2017). Moreover, most of the analysis scales used are still the territory, the produc-
tion basin (Bui et al. 2016), or even an entire sector of agricultural activity (Elzen 
et  al. 2011; Magrini et  al. 2016, 2018), whereas the scale of the farm, which is 
nonetheless the central and essential link in any agroecological transition, tends to 
be overlooked (Chantre and Cardona 2014). This reflection will thus show that it is 
necessary to analyse the different variants of this agroecological transition on these 
different levels, from the agri-food system down to the farm scale, and that new 
conceptual and methodological developments in the fields of agronomy and system 
zootechnics are needed.

The first section goes over the theoretical foundations of transition analysis, in 
particular co-evolutionary approaches to sociotechnical changes, as well as their 
contribution to the analysis of the agro-ecological transition. Drawing on this theo-
retical clarification, the second section develops multiple topics of interest to explain 
the multi-dimensional nature of the agro-ecological transition, insofar as its imple-
mentation requires that the coherency of changes among a large number of stake-
holders in the agri-food supply chain be taken into consideration. The third section 
focuses on several main issues on the farm level. The conclusion opens different 
paths for deeper analysis with respect to the governance of this agro-ecological 
transition.

�The Theoretical Foundations of Transition Processes

The use of the concept of transition is relatively recent. It dates back to the nine-
teenth century, when it was used in different disciplines of the life sciences or social 
sciences and the humanities (Lachman 2013). For instance, Tocqueville used it to 
talk about the end of slavery; in political science, it initially designated the shift 
from socialist economies to capitalist economies; and it was used as the basis of 
some biology and population demographics publications. However, independent of 
its use, the word “transition” denotes a radical change of a systemic nature. Hence, 
transition approaches are focus primarily on deep-seated changes that very often 
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affect both social and technical values, as opposed to incremental changes or inno-
vations. The particularity of transition studies is that they highlight these interde-
pendencies between social and technical values, justifying the central use of the 
concept of “sociotechnical” regime to describe a coherent set of stakeholders, 
knowledge, rules, values, and artefacts governing an incumbent production model 
(Elzen et al. 2004; Geels 2004).

Among the different heuristic frameworks of the transition towards sustainability 
developed in this literature, the Multi-Level-Perspective (MLP) framework is one of 
the most cited (Brauch et al. 2016; Chang et al. 2017). Drawing on several social 
science disciplines (including economics, sociology, political science), the MLP 
approach is multidisciplinary and integrative by nature, allowing one to address 
societal change through its multiple components and to convey the complexity of 
this change. This research focuses primarily on the conditions of the transition, from 
a society based on the intensive use of fossil fuels to one based on the use of renew-
able resources to satisfy various societal functions such as food, energy production, 
or transportation (Foxon 2011). Any societal function can be the subject of a transi-
tion. Lachman (2013) thus defines a transition as when “[t]he dominant way in 
which a societal need (e.g. the need for transportation, energy, or agriculture) is 
satisfied, changes fundamentally”.

This systemic approach describes the mechanisms through which the target to 
achieve sustainability is confronted with a lock-in situation (section “Transitions are 
embedded in lock-in situations”), and the resources for the unlocking process that 
will initiate a transition (section “Unlocking in transition approaches”). The empiri-
cal literature on transitions specifically shows the importance of the conditions for 
the spreading of innovation niches in these processes (section “Scales and scopes of 
transition analysis: the major role of networks of stakeholders”).

�Transitions Are Embedded in Lock-In Situations

Sustainability transition approaches stem from the idea that the dominant produc-
tion system (for example, in the sense of a supply chain, sector, or food system) is 
locked in (Geels 2004, 2011). The only changes within the incumbent system aim 
at improving it and therefore strengthening the technological trajectory initially 
chosen. Because they remain incremental, these changes do not permit a radical 
change (that is, a change in technological paradigm). This lock-in is strengthened by 
the fact that the routines and standards within which stakeholders operate hinder 
their creative capacity, and because the multiple dependencies between the techni-
cal and social components of the system have become reinforced over time. Several 
studies adopting this co-evolutionary approach enable us to understand how these 
lock-ins are constructed in the agricultural sector (Cowan and Gunby 1996; 
Vanloqueren and Baret 2009). For example, the work of Magrini et al. (2016; 2018) 
shows how the political drive following the Second World War, based on the 
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conventional paradigm,3 discouraged the development of production alternatives 
with less use of mineral fertilisers, such as pulses farming. Instead, the specialisa-
tion of production by country (European cereals versus American soy), region, and 
farm, supported by the use of synthetic inputs and specific genetic changes, were 
promoted. Combined with market dynamics favouring certain species, the conven-
tional regime strengthened the economic competitiveness of a few main crops as 
well as geographically-concentrated industrial livestock farming, to the detriment of 
agriculture based on agrobiodiversity and the integration of cropping and livestock 
(Horlings and Marsden 2011; Duru et al. 2015b).

Evolutionary economists explain this lock-in through the concept of “increasing 
returns to adoption”. This key concept, coined by Arthur (1989), explains how one 
technology progressively “prevails over” the alternatives due to the fact that its per-
formance improves by being increasingly adopted. Five main types of mechanism 
(called “self-reinforcing”) feed this adoption practice and highlight the role of col-
lective action and knowledge. These mechanisms are illustrated for the conventional 
agricultural paradigm in (Magrini et al. 2017; 2018). We give a brief overview of 
them below:

	 (i)	 learning by using: the production performance of synthetic inputs and selected 
varieties and breeds increases with user experience;

	(ii)	 network externalities: the greater the number of adopters, the more beneficial 
it is for users to adopt the system to benefit from other products or services 
developed, such as services to support crop management, storage, and sale;

	(iii)	 scale economies and learning by doing: the unit cost of production is reduced 
over time by the volume effect and the improvement of the techniques and 
materials developed, such as agricultural mechanisation;

	(iv)	 informational increasing returns: the more this production paradigm develops, 
the more widely known and understood it becomes, thus incentivising others to 
adopt and develop it;

	(v)	 technological interrelatedness: other production technologies and standards 
are established in the food sector in relation to this agricultural production, 
such as seed quality criteria for food transformation (e.g. grain protein 
content).

These returns to adoption are said to be “increasing” because, as a system develops 
more users, the utility for each user is increased compared to alternative solutions. 
Knowledge on the dominant system is progressively consolidated compared to 
alternatives, which are more uncertain because they receive less investment. 
Stakeholders in the agricultural sector in particular highlight this problem of uncer-
tainty surrounding alternative crops (cf. Chap. 6). Hence, uncertainty surrounding 
alternative solutions, which have benefited from less investment and knowledge, as 

3 The conventional paradigm is often called the agri-industrial and agri-chemical paradigm due to 
the combined logic of a high degree of standardisation of agricultural production enabled by the 
accumulated use of synthetic inputs.

M.-B. Magrini et al.

https://doi.org/10.1007/978-3-030-01953-2_6


75

well as the inherent cost of the change, reinforces the initial choice over time, that 
is, the conventional paradigm.

To unlock such a lock-in, it is necessary to understand all the components of the 
system that determine the triggering of a new trajectory which can be consolidated 
over time through these same mechanisms of increasing returns to adoption. The 
multilevel approach developed by Geels (e.g. 2004) offers a framework to under-
stand how a new trajectory can begin.

�Unlocking in Transition Approaches

This theory of technological lock-in has allowed for the renewal of approaches to 
change by highlighting the co-evolutionary nature of trajectories. Its analysis frame-
work is however strongly focused on the role of technological innovation. The spec-
ificity of transition approaches has consisted in expanding this framework to 
consider the roles of a multitude of stakeholders, including civil society, and not 
only those using the technology (e.g. a way of producing). For example, new tech-
nological innovations can simultaneously trigger changes in scientific knowledge as 
well as in factors tied to the demand from civil society, in particular ethical factors. 
Many authors thus insist on the fundamental role of societal values, which legiti-
mise production decisions (Plumecocq et al. 2018). The incumbent production sys-
tem (e.g. the dominant sociotechnical regime) has built its coherency over time as a 
function of the progress of scientific knowledge, technologies and infrastructure, 
and networks of companies and markets. It has also based itself on values tied to 
consumer preferences and different institutions, defining a set of rules and standards 
structuring collective action (Elzen et al. 2004). As Geels (2012: 474) demonstrates, 
“an important implication is that the MLP does away with simple causality […] 
there is no single ‘cause’ or driver. Instead, there are processes on multiple dimen-
sions and at different levels which link up and reinforce each other”.

The second specificity of the MLP approach is that it offers three main levels of 
analysis that influence one another and steer the evolution of the sociotechnical 
regime (i.e. trajectories), presented as a diagram in Fig. 1. Major evolutionary fac-
tors, such as demographic shifts or environmental problems affecting all societal 
functions, can place the sociotechnical regime in a situation of crisis if the principles 
governing it do not provide a solution to these problems. These societal contextual 
elements, which constitute the 1st level of analysis (called the “landscape” accord-
ing to MLP terminology), open up windows of opportunity for radical changes. 
However, because the dominant regime (2nd level) does not constitute a space of 
radical innovation, the keys of the change operate on another level: that of innova-
tion niches (3rd level of analysis). These innovation niches are built by stakeholders 
outside of the dominant regime. They enable the development of new ways of pro-
ducing, transforming, or consuming in order to more radically address contempo-
rary pressures on the landscape. When these niches reach a certain stage of 
development and internal structure, they can spread in the dominant regime. They 
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can then choose between two main strategies: submitting to the selection factors of 
the dominant regime (“fit and conform”) or trying to modify them (“stretch and 
transform”) (cf. Smith and Raven 2012 for more details).

Organic agriculture is an emblematic example of this process: its network of 
stakeholders established itself progressively and is now spreading within the domi-
nant regime. For example, organic products are now sold in large retail chains and the 
rate of conversion to organic has increased over the past few years in France. Yet 
organic has not managed to reverse or replace the conventional regime, which remains 
dominant. It is by obtaining a quality marking that differentiates it on the market, that 
organic products are able to economically develop under the conditions of the domi-
nant regime. The specific aid for conversion provided by Europe is also evidence of 

Small networks of actors support novelties on the basis of expectations and visions.
Learning processes take place on multiple dimensions (co-construction).
Efforts to link different elements in a seamless web.

Elements become aligned,
and stabilise in a dominant design.
Internal momentum increases.

New configuration breaks through,taking
advantage of’ windows of opportunity’.
Adjustments occur in socio-technical regime.

External influences on niches
(via expectations and networks)

Socio-technical regime is ‘dynamically stable’.
On different dimensions there are on going processes

New regime
influences
landscape

Landscape developments
  put pressure on existing regime,
    which opens up,
      creating windows
         of opportunity for novelties

Technology

Policy
Culture

Science
Industry

Markets,user
preferences

Time

Niche-
innovations

Socio-
technical
regime

Socio-technical
landscape
(exogenous
context)

Increasing structuration
of activities in local practices

Fig. 1  The MLP approach to transitions (in Geels 2011)
The MLP approach is based on 3 levels of analysis: the landscape, the dominant sociotechnical 
regime, and innovation niches representing networks of stakeholders oriented towards radical 
innovation. The transition process encompasses all interdependencies that are woven between 
these 3 levels over time
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a change starting in the dominant regime. Hence, the organic innovation niche has 
progressively become a market niche and continues in itself to be an incubator for 
new practices prohibiting synthetic inputs that influence the dominant regime.

Many hypotheses support the role of niches as incubators of radical innovations: 
for instance, whereas their development outside of the dominant regime promotes 
the emergence and expression of new creative capabilities not limited by the rou-
tines and standards of the dominant regime, within that regime the initiation of 
economic activities by new entities is less hindered when taking risks (which are 
often prohibitive for established players that want to secure margins or pay off spe-
cific investments tied to already-established activities). In the MLP approach, the 
process of the change in the dominant regime starts, strictly speaking, when niches 
manage to spread within the regime and to influence its evolution around its major 
components (the stage of the “empowerment” innovation niche, in the sense of 
Smith and Raven 2012. This leads to a new alignment of the trajectories of different 
components of the regime (details in Fig. 2). The MLP framework is thus a funda-
mental co-evolutionary and diachronic approach.

This heuristic framework for transitions, which was developed in the 2000s, has 
been extended many times. This highlights the complexity of the processes of 
spreading innovation niches within the dominant regime to initiate a change in tra-
jectory, drawing in particular on the work of Smith et al. (2005), Smith and Raven 
(2012), and Raven et al. (2016). Various configurations are possible, depending on 
the type of ties maintained between niche and dominant regime stakeholders. There 
is often an overlap of networks of niche and regime stakeholders, as certain stake-
holders are present in both systems. This is particularly manifest in research on the 
agricultural sector, in which the sale of agricultural products does not necessarily 
benefit from alternative transformation and distribution networks. In other words, 
differentiated products can be distributed by dominant networks, with alternative 
networks remaining on the sidelines. For new practices to spread there must 
therefore be a minimum level of adaptive capacity in the dominant regime – and 

Technological
regime

User and market
regime

Socio-cultural
regime

Science
regime

Policy
regime

Fig. 2  The alignment of trajectories in socio-technical regimes in Geels (2004)
The sociotechnical regime is composed of multiple subsystems whose trajectories align with one 
another, providing coherency to the whole regime
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vice versa in the niche, in relation to the dominant regime. These two levels of 
analysis (regime versus niche) of the MLP approach must therefore be analysed 
together. This is why (Ingram 2015, 2018) proposes an “overlapping niche-regime 
space” rather than separating these two entities, as the MLP approach suggests.

Elzen et al. (2017) more particularly focus on the role of stakeholders that are 
intermediaries between the dominant regime and innovation niches. These interme-
diary stakeholders, called hybrids, are described as participating in an innovation 
niche while simultaneously having direct access to the dominant regime (for exam-
ple, through their participation in debate arenas or by holding positions at dominant 
regime stakeholders). They can also be “innovation brokers” that promote intercon-
nection between the dominant regime and niches, and which are highlighted as 
essential stakeholders in these transition processes (Klerkx et al. 2012). For exam-
ple, the research of Bouttes et al. (2018) reveals the major role of these stakeholders 
in the case of conversion to organic agriculture: for livestock farmers, the fact that 
the agricultural adviser supporting them was previously a part of the conventional 
system (at a chamber of agriculture) is a guarantee of credibility and legitimacy.

�Scales and Scopes of Transition Analysis: The Major Role 
of Networks of Stakeholders

Transition processes require us to consider multiple scales of analysis – whether the 
temporal (start and duration), geographic, or sectoral scale – in relation to the scope 
of the network of stakeholders observed.

The majority of research insists on the emergence and initial stages of these pro-
cesses, granting particular attention to the structuring of innovation niches. Some 
focuses more particularly on the emergence of the niche, which can be based on 
different strategies varying in their distance from the dominant regime. These con-
figurations of ties between niches and the regime vary, as indicated above (Ingram 
2015). For example, conservation agriculture is outside of the domain of the domi-
nant regime in order to allow stakeholders to develop their ideas and experiment 
freely (Vankeerberghen and Stassart 2016). In contrast, stakeholders in the Bleu-
Blanc Coeur supply chain chose to include themselves in the dominant regime from 
the emergence of the niche, to quickly access financial resources and allow it to 
spread faster (Magrini and Duru 2015; cf. also Elzen et al. (2008) or Diaz et al. 
(2013) concerning anchoring strategies). Different stages are often highlighted in 
these transition processes. In their analysis of the development of niches directed at 
structuring local food systems, Bui et al. (2016: 99) identify three key stages in a 
transition process: “the emergence of the initiative (Stage I); the construction of a 
sociotechnical niche through the enrolment of new stakeholders into the initiative, 
leading to the diversification of objectives and activities (Stage II); the construction 
of an alternative model impacting various components of the agri-food regime 
(Stage III). The increasing diversity of stakeholders involved in the niche progres-
sively leads to the construction of an alternative model, and the enrolment of local 

M.-B. Magrini et al.



79

authorities, through spill-over effects, then triggers deep changes in practices, strat-
egies and alliances of some regime stakeholders at the local scale” (page 99). The 
evolution of the network of stakeholders structuring the innovation niche allows 
them to access resources and, to a certain extent, determines their development up 
until the empowerment stage.

These publications show that an increase in the number of stakeholders involved 
in the process is a necessary condition of the transition. Increasing the size of the 
network of stakeholders makes it possible to progressively establish ties with cer-
tain stakeholders in the dominant regime. By participating in exchanges with niche 
operators, the dominant regime will be able to understand the stakes and opportuni-
ties of the development of the niche, and will push towards its own reconfiguration. 
These intermediary stakeholders constitute relays between the niche and the domi-
nant regime. They often enable access to public policy resources to help to develop 
the niche and spread innovative practices. For example, the structuring of certain 
locally-based food systems can involve local officials in the development of these 
niches in order to access new support devices (cf. the example of Bui et al. 2016). 
Another example of the role of political stakeholders is the policy of the city of 
Mouans-Sartoux in France. By organising the supply of school cafeterias with local 
organically-produced products, the elected officials of this commune have been suc-
cessful in structuring and perpetuating a network of stakeholders around this inno-
vation niche (Pérole 2017).

The social interactions that take place within niches or in relation to the domi-
nant regime are thus at the core of transition processes. It is therefore useful to grant 
particular attention to devices aiming at establishing a consensus between stake-
holders regarding visions of changes to carry out and possible routes for achieving 
common goals. This is precisely the goal of the TATA-BOX project, through carry-
ing out a territorial diagnosis followed by phases for designing, evaluating, and 
selecting agro-ecological transition scenarios (cf. Chap. 9). Among these devices, 
“transition arenas”, defined as spaces of shared dialogue between stakeholders 
engaged in moving towards a change in the system (Boulanger 2008), constitute an 
essential structure in the transition process (Duru et al. 2015b). Networks of stake-
holders built through these arenas are fundamental in the transition process, because 
by “building up a broadening network of diverse actors that share the debate, think-
ing and experimenting, conditions are created for up-scaling of innovation and 
breakthrough of innovations” (Loorbach and Rotmans 2010: 238). These authors 
thus emphasise that in a transition process, “we need both pioneers operating out-
side and inside the incumbent power structures” (ibid.: 243). For example, the RIO 
project in the Netherlands, based on the creation of a reflexive arena to rethink 
livestock farming systems, has enabled significant progress in establishing a con-
sensus of new ideas among livestock farmers, supply chain stakeholders, and con-
sumers (Bremmer and Bos 2017 in Elzen et al. 2017).

The scope of the transition process also depends on the sector in question. In 
agriculture and agri-food, two main situations can be distinguished, depending on 
whether the agro-ecological transition is mainly based on a departure from the dom-
inant regime in terms of production methods with little engagement of the down-
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stream, or whether it is embedded within a larger transition of the food system 
(Therond et al. 2017). In the first case, the agricultural products are not distinguished 
from those of the dominant regime; they are often sold at global market prices. 
There is no distinctive quality marking, even if production methods are more 
respectful of the environment (e.g. grass-fed livestock, conservation agriculture). It 
is the relationship to the upstream that is changed through decreased input con-
sumption or equipment needs. In the second case, beyond production methods, the 
transition includes a diversification of production (crops, animals, etc.), a modifica-
tion in input supply, both in the choice of inputs and in the ways of accessing these 
resources, and new organisations in product collection, storage, or transformation, 
as well as in consumers’ food habits.

From the time perspective, transition researchers agree that processes underway 
on the societal or industry level are staggered across a 25 to 50 year period and 
therefore involve one to two generations (Elzen et al. 2004, 2011; Geels 2004; inter 
alia). However, this period can be longer, depending on the extent of the change 
considered. Sovacool (2016) thus believes that while studies analysing the adoption 
of a new technology intended for consumers (such as the refrigerator or digital tech-
nologies) fit within short timeframes (around 25 years), transitions concerning in-
depth changes (such as large energy or transportation infrastructure) take place over 
longer periods (from 50 to 100 years). While authors analyse transitions ex-post by 
retracing the history of these processes over several decades, the majority of studies 
on transitions in the making present the state of these processes over shorter time 
periods and, generally speaking, over 5- to 15-year intervals, such as in the work of 
Elzen et al. (2011) on pig farming, Diaz et al. (2013) on green algae in Brittany, or 
Lascialfari et al. (Forthcoming 2019) on product innovation in the agri-food sector. 
These long intervals concern situations in which the transition requires getting a 
large number of stakeholders in the food supply chain on-board. By contrast, inde-
pendent of the timeframes observed on the societal or industry level, a farm can 
implement the transition over much shorter intervals of only a few years when 
changing its production system or the way that it sells its products.

This review thus allows us to propose that the combination of these multiple 
changes (or their alignment, in the words of the MLP framework) a fortiori prefig-
ures the different possible trajectories of the agroecological transition. While differ-
ent trajectories are possible, we continue to use the term “agroecological transition” 
(AET) to refer to these change processes as a whole.

�What Are the Determinants of the Agroecological Transition 
on the Scale of the Agri-Food System?

Considering the multidimensional nature of the AET and the fact that it involves a 
large number of stakeholders upstream and downstream of agriculture, below, we 
highlight a few of the noteworthy features of changes underway that predetermine 
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(or will predetermine) agroecological transition trajectories. We start by considering 
the importance of shared values, in particular those of farmers and consumers, so 
necessary to supporting the AET (section “What are the values underpinning the 
AET?”). We also show that various innovations related to transformation and sale 
infrastructure for agricultural productions (section “What new market infrastructure 
provides the basis for AET?”) have a significant influence on the AET. Lastly, we 
analyse the role of technical norms and standards in institutionalising the AET, or in 
the making of new collective action rules that can support the AET (section “On 
what new collective rules is AET based?”).

�What Are the Values Underpinning the AET?

Social values are one of the bases of collective judgement governing the acceptabil-
ity of individual or collective choices and decisions. For an individual, adhering to 
social values means recognising oneself as a member of a greater community based 
on moral principles. In this sense, our food choices pertain to worldviews varying in 
their degree of tacitness or implicitness, and in the extent to which they are owned 
or asserted. These worldviews relate to ethical or moral motives, amongst others, in 
such a way that food systems, which constitute interfaces between farmers and con-
sumers, as well as markers of cultural identity, are excellent observation posts to 
understand the role of values in the agroecological transition.

Consumers’ food choices are based on various lifestyle-related types of values. 
In Western countries, the topic of diet is currently crystallising around protein con-
sumption concerns. Abandoning a diet mainly based on animal protein derives from 
a variety of overlapping values today – environmental concerns, ethics in terms of 
animal well-being, nutritional or economic values: Amongst these, environmental 
or health-related values appear not to be foremost in the minds of consumers, despite 
the fact that they are stressed by scientific experts (Campbell 2009; Hartmann and 
Siegrist 2017; de Boer and Aiking 2018). Scientists now agree that it is necessary, 
in terms of the health of individuals and the planet, to balance animal and vegetable 
protein sources in our diet: “there is broad consensus that reduction of meat con-
sumption will be crucial for a transition towards more sustainable food consumption” 
(Hartmann and Siegrist 2017: 12). This is driving experts to highlight food informa-
tion and education to change the values underpinning consumption choices: “in 
order to move towards more sustainable food behaviour, consumers and citizens 
need to have better knowledge about the environmental consequences of their food 
behaviour. Otherwise, it will be unlikely that consumers will be motivated to change 
their food behaviour” (ibid.: 22). In France, decreasing animal product consump-
tion was recently included in new food guides (Anses 2016), but remains to be 
implemented at the level of food education programmes.

Lastly, the stakes involved in the AET require us to rethink the ways that interests 
and values can be combined to continue to ensure compensation for sector stake-
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holders, all the while meeting new social standards. To this end, an increasing num-
ber of consumers are willing to pay an additional price to assert their values by 
supporting agricultural activities that embody them (for instance buying products 
with “organic agriculture” labels or supporting small-scale family farming). Opinion 
polls tend to indicate that civil society recognises the difficulties inherent to farming 
(strenuousness of the work, low pay, etc.), which explains why, in 2016, “despite a 
context of economic crisis, which is usually restrictive for the consumption of house-
holds, two thirds of French people said that they were willing to pay more for prod-
ucts to ensure fair payment to farmers” (Gomant 2017: 15). A set of values 
(expressed in terms of social justice or solidarity) is thus driving a transition to a 
societal model in which the living and working conditions of farmers are expected 
to be better. The perception of deep-rooted imbalances in the distribution of added 
value in supply chains, which increase as supply chains get longer (Brown et al. 
2013; Schmitt et al. 2017), has encouraged the organisation of multiple business 
initiatives driven by the values of fair trade (Therond et al. 2017). This need to over-
haul the agricultural social model was stressed by the Etats Généraux de 
l’Alimentation4 in France, in 2017.

The modalities of food distribution in supply chains, as well as ways of indicat-
ing product qualities, closely reflect the value systems underpinning them. The 
increase in consumers’ preferences for local production places value on regional 
products (cf., for example, the BVA-INRA survey on the durum wheat supply chain, 
Triboulet et al. 2018). This leads us to consider the implications of changes in the 
organisation of the transformation and sale of agricultural products (section “What 
new market infrastructure provides the basis for AET?”).

�What New Market Infrastructure Provides the Basis for AET?

The theory of increasing returns to adoption shows that the logic of economies of 
scale has supported the development of large-scale collection, transformation, and 
distribution infrastructure (Magrini et al. 2016, 2018). Even when these economies 
of scale are not “economically” achieved, stakeholders’ belief in this principle has 
encouraged the geographic concentration of infrastructure over time. For example, 
in the meat sector, the research of Soufflet (1990) shows that over twenty years 
(1967–1987), slaughterhouses for cattle were not profitable even though they had 
been concentrated and increased in size. Considering a spatial redistribution of stor-
age and transformation infrastructure does not necessarily imply a financial loss, 

4 The États Généraux de l’Alimentation was a convention initiated by the State President in 2017 
with the purpose of collectively building new, sustainable, food and agricultural systems, on a 
“win-win” basis. It was based on broad, nation-wide public consultation, as well as over 20 work-
shops where experts came together to draw up proposals. This work was continued in 2018, pri-
marily through the enactment of a new Agriculture and Food law.
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because economies of scale are often decreasing, starting from a certain production 
and concentration threshold. Moreover, the industrial concentration of certain 
groups often leads to distancing from production basins, which “become anony-
mous”. Distributing infrastructure across the territory could promote territorial 
reconnection between agriculture and food in order to more directly valorise the 
diversity of crops farmed in territories.

As mentioned above, French consumers tend to want more local food rooted in 
their region. To meet this demand, large and medium-sized supermarkets, which are 
still the main place of purchase in Western countries (90% of food purchases in 
France), must develop their offering of regional products and therefore need to reor-
ganise their purchase centres and logistics circuits. The development of short cir-
cuits, such as AMAP (small-farmer associations), direct sale, or local markets also 
aims at meeting this demand. These alternative consumption relays are making sig-
nificant progress in France. According to the results of a recent survey, 42% of 
respondents had purchased a product from a short circuit over the past month. Once 
again, the shift in consumer values can orient the evolution of these distribution 
networks and lead farmers to rethink their ties to consumers.

The catering industry is an ideal place for promoting these connections. Recent 
experiments show that it is possible to develop a diet based on local production, but 
that this territorial transition takes place over a long period of time. In his text on 
Mouans-Sartoux (in the south-west of France), Pérole (2017) explains how this city, 
which decided “to reconquer its food sovereignty”, undertook a number of measures 
starting in 1998 that allowed it to become, in 2012, “the first commune in France 
with more than 10,000 inhabitants to switch to 100% organic in its cafeterias” 
based on quasi-local production. In 15 years, owing to the determination of the local 
council, this city has implemented a number of changes, such as buying back agri-
cultural lands, aid for converting farmers to organic agriculture, developing a 
municipal public company to prepare meals itself, and training cooks on how to 
cook with local products. The learning carried out and the internal reorganisation of 
production has ultimately made possible an agroecological meal price that implies 
no extra costs. Consumption values and habits have also changed in the targeted 
population, since the surveys carried out by this city show that in 2014, 66% of 
parents surveyed “believe that their own food habits have changed towards more 
organic and local”, whereas this number increased to 85% in 2016, almost 20 years 
after the initiative to engage this city in an agri-food transition.

This example also shows that stakeholders can decide to include a new activity, 
to achieve their goals, or to develop new hybrid methods for organising exchanges 
between the market and the hierarchy. Production contracts are organisational bases 
that facilitate these change processes, particularly to secure new investments 
(Cholez et al. 2017). They also promote the structuring of new spaces for dialogue 
between operators, encouraging knowledge exchange to reduce the uncertainty 
underlying the change (cf. Chap. 6).
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�On What New Collective Rules Is AET Based?

The evolution of the norms and standards structuring collective action is just as 
important on the consumer side of things as on the farmer side. Standards or certifi-
cations remain an essential tool for disseminating new rules and information, espe-
cially in the agri-food sector (Mazé 2017).

On the consumer side, the recognition of the agroecological practices associated 
with a product can allow consumers to orientate their consumption choices. 
However, confusion tends to prevail today in the information directly accessible to 
consumers or not. Magrini and Duru et al. (2015b) recall that the absence of specific 
labelling for livestock farming conditions in France makes it impossible for con-
sumers to make choices based on virtuous practices such as grazing. This is despite 
the fact that in the United States a label certifying farms where animals are exclu-
sively grass-fed (Grass Fed Label) has existed since 2009. Even if new certifications 
are implemented, their quality has to be assured. Hoibian (2010) reports that “only 
31% of people believe that the information on ‘green’ products has a scientific 
basis” and only “25% find it clear”. The increase in ecological claims surrounding 
massively-consumed products (“100% natural”, “respectful of the environment”, 
etc.) reinforce suspicions of “greenwashing”.

This calls to mind the current strategy of supply chains that are demonstrating a 
tendency to increase “agroecology” certifications. A recent study by Lhoste (2017) 
shows that many existing labels (e.g. “Nature et Progrès”, “Bleu-Blanc-Cœur”) cur-
rently tend to claim that they are agroecological, based on different principles in 
each specific case. This proliferation of food standards increases consumers’ confu-
sion and “risks resulting in additional costs to producers and limiting access to 
markets” through competition effects (Meybeck and Gitz 2017).

On the farmers’ side, labelling based on agri-environmental criteria can also help 
to change the focus of their decision-making by granting more priority to environ-
mental criteria than to yield criteria. This institutional framework is even more 
important, given that conversion to agroecology can result in a decrease in yields 
over the short term (Weiner 2017). Therefore, the development of standards or new 
practice measurement indicators is also a concern for farmers. Today, many initia-
tives exist to promote the development of new performance measurement indicators. 
For example, beyond organic agriculture standards based on method requirements, 
multiple attempts to develop new certifications are currently being tried out in 
France (such as HVE  – Haute Valeur Environnementale (high environmental 
value) – or the IDAE method – Indicateurs de Durabilité des Exploitations agri-
coles (farm sustainability indicators)). Nonetheless, confusion can be just as perva-
sive among farmers and their advisers. It is therefore essential to find a relevant 
balance between recommendations and minimum obligations to promote improved 
environmental performance and better product composition. More recently, the 
Etats-Généraux de l’Alimentation (cf. above) carried out by the French government 
suggested generalising an HVE certification label that would be more comprehen-
sive and integrate a degree of agricultural territorialisation. Ultimately, the new 
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label or labels that will be introduced could accelerate the transition process if they 
earn consumers’ trust.

Finally, note that the institutional framework can also be based on other regula-
tion devices that also merit analysis, such as public payments to farmers, either to 
offset lower agricultural income, as in Switzerland (Schmitt et al. 2017) or to com-
pensate for agri-environmental services (Reed et al. 2017). Through this system, 
consumers compensate farmers primarily through taxation rather than through 
prices, thus promoting food consumption that is less dependent on consumers’ 
incomes.

�The Determinants of the AET on the Farm Level

As mentioned above, few studies have carried out an in-depth analysis of an AET 
processes on the farm scale, whereas this is a key organisational level in the AET 
process. In this research, the farm is considered to be embedded within an agri-food 
system and an agricultural development system making up the incumbent socio-
technical regime. The AET of the farm therefore takes place through the reconfigu-
ration of the interactions between the different components of the regime: “changes 
in farming practices are contingent on a profound reconfiguration of the whole 
agri-food system, i.e. change in the practices and modes of coordination of all 
incumbent actors – farmers, processors, distributors, consumers, public policies, 
research and extension services” (Bui et al. 2016: 92). This research shows the need 
to design coupled innovations that promote interactions between the farm and sup-
ply chain operators (Meynard et al. 2015, 2017). Yet the literature on transition in 
agriculture has seldom analysed the transition processes at work on the farm and 
among farmers.

In particular, it is very interesting (and necessary) to analyse farmers’ adaptive 
capacities. These are defined as being aptitudes with respect to designing and imple-
menting adaptations or changes and managing new situations without compromis-
ing future options (Nelson et al. 2007; Marshall et al. 2014). They largely depend 
not only on farmers’ personal traits (in terms of risk perception, values and goals, 
attitudes and beliefs, integration within collective dynamics) (Moser and Ekstrom 
2010), but also on the prospects of the agricultural system with respect to the natu-
ral, physical, human, financial, and social capital of the farm (Nazari et al. 2015). In 
this section we emphasise the features of these adaptive capacities in the context of 
the AET of the farm. We start by focusing on farmers’ values, aims, and attitudes 
(section “Triggers of the AET for farmers: values, aims, and attitudes”), later turn-
ing to their perception of the risks associated with the AET (section “Farmers’ per-
ception of risks and uncertainty with regard to the transition”). We then address their 
learning dynamics for and during the AET (section “Farmers’ learning for and dur-
ing the AET”) and how innovative support devices can contribute to this (section 
“Reconfiguring exchange networks and “advisory” devices: is a shift towards a new 
regime of agricultural knowledge taking place?”). Finally, we discuss how the  
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technological innovations (section “Using technological innovations to aid the AET 
of farms”) may promote the AET of the farm.

�Triggers of the AET for Farmers: Values, Aims, and Attitudes

Changing values around food consumption and diet are driving agricultural produc-
tion systems to change. Organic agriculture, for instance, has made considerable 
progress over the past years, and in 2015 and 2016 in France, increases in consump-
tion and certified organic surface areas were 21.7% and 17%, respectively. Analysing 
farmers’ AET processes reveals that the values or motives behind these processes 
vary. Recent surveys show farmers’ growing interest in reducing the use of phytos-
anitary products.5 Their motivations are both extrinsic (opportunities related to the 
development of a market and a growing demand for these products) and intrinsic 
(return to more “agronomic” practices, desire to preserve ecosystem resources, limit 
pollution, respect nature, etc.) (Plumecocq et al. 2018), and potentially support the 
AET. Certain motivations also relate to expectations surrounding working condi-
tions. For example, the transition of cattle farmers to grazing systems is partially 
related (Lusson et al. 2014; Cayre et al. 2018) to the amount and nature of the work 
(e.g. “doing something other than riding a tractor”). The motivations behind the 
change can also be related to a renewal in the societal function (environmental, 
health, or ethics) of livestock farming (e.g. “producing healthily to eat healthy”) and 
to technico-economic motivations (savings on inputs). Four main triggers were 
identified that encouraged dairy farmers to transition towards agroecology: evi-
dence that it was possible to earn a living after adopting breeding practices that 
generate less milk yield; finding that they were stuck in technical ruts; differences 
between farmers’ values and practices; and external incentives or requirements 
(Coquil et  al. 2017). The transition allowed these livestock farmers to overcome 
difficulties while more closely following personal and societal aspirations (ethical 
values), even if this meant not following the standards recognised by the profession 
in the dominant regime. For some farmers, the AET thus represented a hope of 
working conditions more satisfying on the professional level, allowing them to bet-
ter align their aspirations and daily reality with society’s standards (Dessein and 
Nevens 2007; Barbier et al. 2015).

Farmers’ attitudes regarding change management (aversion vs. appeal, positive 
vs. negative viewpoint) were an important component in the AET. On the one hand, 
the ability to face the changes was related to their psychological disposition (in 
particular risk aversion) and their ability to manage the impact of those changes 

5 The findings of a survey by BVA (2015) show that 76% of farmers implement initiatives to reduce 
inputs, 45% say they have heard of agroecology and are interested in this initiative, and 40% 
implement innovative initiatives defined as practices “that are not commonly used”, such as bio-
control, crop associations, or the insertion of legume crops.
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(Marshall et al. 2014). A key factor in the success of farm transitions was the farmer 
having a proactive approach to the change while remaining attentive to global 
changes, the alternatives offered, and the various possible consequences (Coquil 
et al. 2014; Chantre et al. 2015). It was also beneficial to engage actively in the 
change rather than perceiving it as being costly or risky and thus enduring it. The 
situation prior to the transition was another determinant of the ease with which 
farmers would implement this transition. In the case of conversion to organic agri-
culture for dairy farming, Bouttes et al. (2018) emphasise the psychological ten-
sions experienced by farmers at this stage: they were facing a very low price for 
conventional milk and they had a large workload following the increase in farm size 
(by seeking economies of scale to amortise investments).

�Farmers’ Perception of Risks and Uncertainty with Regard 
to the Transition

Farmers’ perception of risks also affects their capacity to change. This dimension is 
even more important considering that the changes to be implemented in an AET are 
complex and uncertain for multiple reasons (Duru et al. 2015a, b): (i) they are sys-
temic; (ii) they are based on capacities that farmers may have lost (for example, 
efficient grazing management); (iii) they are highly dependent on local conditions, 
which means that farmers must adjust the nature and extent of these changes based 
on their production situation; (iv) they are uncertain because the response of the 
agroecosystem to new management practices is poorly known in advance; (v) they 
must correspond to local socio-economic opportunities (for example, a dairy that 
wants to purchase organic milk) and threats; and (vi) they must adjust dynamically 
to changes in the production context.

Even if farmers perceive the AET as a risky and uncertain process, their capacity 
to perceive other risks can engage them in a shift in practices. For example, one 
reason for dairy farmers to convert to organic agriculture is the perception that there 
are fewer risks and less uncertainty in the future of organic dairy farming than in 
that of conventional dairy. This is because farmers believe that over the short and 
medium term, organic milk prices will be more stable and consumer preferences 
more favourable (Bouttes et al. 2018). Another reason for change is related to con-
trolling market risks. Conversion to organic agriculture increases farm autonomy, 
which reduces exposure to the volatility of input prices. On the other hand, it can 
constitute a significant risk, often due to a lack of technical knowledge (Padel 2001). 
When deciding to undertake such a transition, farmers evaluate compromises 
between external factors such as product quality requirements, regulations, and 
prices, and internal requirements, such as risks related to new production techniques 
(Lamine 2011; Chantre and Cardona 2014; Bouttes et al. 2018).
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�Farmers’ Learning for and During the AET

AET requires farmers to develop their learning capacity for practices that differ 
from those of the dominant system and with which they are mostly unfamiliar 
(Darnhofer et al. 2010; Marshall et al. 2014). This relates to their capacity to design/
create alternative management methods in situ, to test and experiment with them, 
and to evaluate these experiments in order to derive lessons from them (Chantre 
et al. 2015). Furthermore and more generally, it relates to a variety of processes that 
can lead farmers to develop pragmatic judgements (Cristofari et al. 2018). Individual 
creativity in managing farm resources (the soil, plants, animals) relates to the way 
that this management integrates local pedoclimatic potential as well as the biologi-
cal potential of animal and plant resources as perceived by farmers. For example, 
certain dairy farmers crossbreed within their herd to create genetic types that are 
more suitable for local feed resources and to meet their objectives (Ollion et  al. 
2018). These changes in practices involve at least three new management entities: 
(i) the management of plant and animal agrobiodiversity (Martin and Magne 2015; 
Magne et  al. 2016, 2017; e.g. crossbreeding rotation types, the aptitudes and 
complementarities of breeds); (ii) managing integration between plant and animal 
production to reconnect the plant-soil-animal triad by closing biogeochemical loops 
(Bonaudo et al. 2014); and (iii) managing contact between domestic and wild fauna 
(Charrier et al. 2017) and production and sale (Nozières et al. 2014). Farmers 
are then led to move away from the professional standards and references of the 
dominant regime that regulated their initial practices (Meynard 2017). In particular, 
this includes revising the concept of performance in agriculture (Caron et al. 2014)). 
For example, accepting a decrease in the volume of milk produced per cow below a 
certain level (approximately 5000 to 6000 litres of milk) is not easy for many farm-
ers converting to organic agriculture, whereas this is nonetheless an essential factor 
in the success of the conversion (Bize 2017). This departure from prevailing profes-
sional standards and references implies the creation of other evaluation and steering 
benchmarks for farmers. It is a key phase in their learning process as a part of the 
AET (Chantre et al. 2015). In addition to the intentional experiments that they carry 
out, farmers can also make use of unforeseen events by transforming them into a 
learning opportunity, which becomes more interesting as the uncertainty becomes 
greater (Cristofari et al. 2018). Most often, these benchmarks are not established in 
isolation at the farm but within a group of farmers (Chantre et al. 2015). Therefore, 
as many studies have shown (e.g. Bouttes et al. 2018), farmers can experience the 
AET as a welcome opportunity for learning, escaping from their routine, and facing 
a new challenge. Maintaining such an experimentation and learning dynamic is 
essential if they are to adapt to changing economic, social, and ecological condi-
tions beyond the transition phase (Vogl et al. 2015).
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�Reconfiguring Exchange Networks and “Advisory” Devices: Is 
a Shift Towards a New Regime of Agricultural Knowledge 
Taking Place?

Agroecology is based on renewing knowledge on agricultural techniques by draw-
ing more on farmers’ knowledge (Warner 2007; Meynard 2017). Local experiments 
within different knowledge exchange communities are devices to create and spread 
agroecological knowledge. Analysing the features of these communities in depth 
allows us to understand what determines the capacity of these communities to pro-
mote the spreading of new knowledge and practices (Ingram 2018).

Beginning an AET implies that the farmer has taken a step back from the techni-
cal advice that goes hand-in-hand with purchasing inputs, and with respect to domi-
nant technical benchmarks and standards. This distance allows farmers to build or 
join other networks of stakeholders (peer networks as well as farmer adviser/facili-
tator networks) that are in phase with the production methods being implemented 
(Chantre and Cardona 2014; Coquil et  al. 2014). These peer exchange groups, 
which may or may not be hosted by an “adviser”, facilitate creativity, reassurance 
faced with the uncertainty over the expected results, the building of a new frame-
work of reference for action, and underlying values and reflexivity. In doing so, they 
facilitate the learning process (cf. Olsson et al. 2004), the management of risks and 
uncertainty, and the alignment of values and practices (Plumecocq et  al. 2018). 
Therefore, learning and experimentation are largely promoted via a collective pro-
cess in which production methods are proposed and discussed, ideas are integrated, 
practices are implemented at individual farms, and results are discussed in groups 
(Lamine 2011). These exchange devices are used in particular in the networks 
resulting from niches (Groupements d’Agriculteurs Biologiques (organic farmer 
groups), Centres d’Initiatives pour Valoriser l’Agriculture et le Milieu rural (cen-
tres for initiatives to develop agriculture and the rural space), etc.) and in instances 
of production under contract supported by strengthened advisory services and 
farmer field days on farms (Cholez et al. 2017).

These networks of stakeholders isolated from the dominant system (niches) con-
stitute learning networks, i.e., privileged spaces for experimenting with and pro-
gressively spreading novel knowledge and practices to the dominant sociotechnical 
regime (Ingram 2015, 2018): “By taking a different innovation and learning direc-
tion, niches, through the actions of their knowledge systems, challenge the 
dominance of the AKS [Agricultural Knowledge System], and seek to change it 
through diffusion of more radical ideas and practices” (Ingram 2018: 3). This inno-
vation dynamic is based on the AKS regime (Agricultural Knowledge System), in 
which knowledge production is primarily built around relations between “all rele-
vant knowledge producers and stakeholders, including the farmers” (van Mierlo 
et al. 2017: 9). It differs from the KBBE (Knowledge-Based Bio-Economy) regime, 
in which knowledge production is primarily based on combining “life science with 
techno-scientific innovations to develop the means for an efficient use of agricul-
tural resources” (Levidow et al. 2012; van Mierlo et al. 2017 cited in Elzen et al. 
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2017). These two postures define two types of knowledge production regime, 
through which niches conveying novel knowledge are likely to be integrated in dif-
ferent ways into the sociotechnical regime.

The case of selecting and evaluating varieties illustrates the existence of these 
two knowledge production regimes, and namely: (i) a dominant regime founded on 
the selection of lineages carried out by seed companies operating across very large 
geographic scales that tend to homogenise knowledge; and (ii) an innovation niche 
founded on selecting populations adapted to the local context through seed exchange 
between peers (country seeds network), primarily based on situated knowledge. 
While today, these two regimes tend to oppose one another, it is possible to imagine 
a process to hybridise these knowledge regimes in the context of a transition, in 
view of the values driving them (Fenzi and Bonneuil 2016).

The reconfiguration of knowledge regimes also calls into question the place that 
agricultural education could occupy in constructing this new knowledge, for exam-
ple with respect to the education system’s adaptive capacity to integrate knowledge 
established in these communities of practices or in agricultural innovation networks 
(Simonneaux et al. 2016). This adaptive capacity remains largely tied to actor net-
works that are structured between advisors and these niches (Ingram 2015).

�Using Technological Innovations to Aid the AET of Farms

While the AET aims at developing practices to provide ecosystem services, this 
does not mean that it uses no technological innovations. Identifying needs for tech-
nologies necessary or favourable to the AET is a major research concern (Therond 
et al. 2017). For example, selecting plant species or varieties that provide ecosystem 
services (e.g. soil structuring or coverage), or genetic animal breeds suitable for 
developing plant diversity (e.g. through greater ability to move around while graz-
ing) remain priority research pillars to facilitate the AET. This is also the case for 
self-guided autonomous hoeing or parcel weeding robots that do not use phyto-
pharmaceutical products. Progress in robotics may promote the farming of certain 
diversification plants (e.g. weeding crops with little coverage) or may free up farm-
ers’ time during their routine activities, thus increasing their involvement in other 
tasks. There are many examples of advances in robotics that can assist the AET, and 
agriculture has become the second largest market for professional robotics services 
(Bellon-Maurel and Huyghe 2016). Yet, with a view to achieving the best possible 
remuneration for farmers and reducing agricultural labour, the utility of these tech-
nologies must be considered with respect to the global cost of adopting new 
technologies.

Another type of technological innovation concerns knowledge capitalisation. As 
noted above, the changes needed to implement an AET are complex, situated, and 
uncertain for farmers. Information and communication technologies can contribute 
to understanding this complexity and reducing the uncertainty associated with it by 
making use of automatic data collection and processing. This is becoming more 
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significant as calculation capacities become stronger (Bellon-Maurel and Huyghe 
2016). Combined with these massive new datasets, the development of serious 
games such as Rami Fourrager® (literally, Forage rummy) (Martin et  al. 2011) 
allows farmers to use simulations to design and evaluate alternatives to their strat-
egy and current practices. Another example is the GECO application developed in 
France (Soulignac et al. 2017), which allows farmers to formalise knowledge and 
make it available or discuss it within the broader community.

The contribution of technological innovations to the AET is therefore largely a 
function of their capacity to promote the construction of agroecological knowledge 
and practices. These technological innovations are also fundamentally dependent on 
farmers’ capacities to adopt them or to integrate the results of these technologies 
into their decision-making systems.

�Conclusion

Without aiming to be exhaustive, this chapter has highlighted a set of concerns and 
determinants around which various agroecological transition trajectories could 
develop. Note that this transition takes place over time intervals that vary, depending 
on the analysis scale used (the farm or the agri-food system as a whole), but it com-
bines changes in food and agriculture to achieve the goals of sustainable food, 
according to the definition of the United Nations.

By focusing on a plurality of factors and stakeholders at work in these processes, 
we have presented the complexity of this transition, particularly in view of the inter-
actions that develop between innovation niches and the dominant sociotechnical 
regime, as well as the capacity of stakeholders to develop and spread new practices. 
We have specifically emphasised the role of the values that can orient these different 
processes, as well as individuals’ abilities to adapt to the change.

This complexity at work therefore makes it necessary to implement support 
methods on different scales, to help stakeholders to design and execute the neces-
sary changes. We propose to conclude this chapter by mentioning a few concerns 
specific to the issue of transition governance.

First of all, the shift in values associated with the transition shows that it is still 
necessary to create space for debate. The idea is not to create a uniform and shared 
vision but rather to democratically resolve controversies, the diversity of which may 
potentially spawn innovations, in order to allow each person to develop his or her 
project and to best position it within the landscape under reconstruction. This pro-
cess of public revealing contributes to legitimising these values, because even 
though they are progressing in favour of ecologisation, their legitimacy to support a 
large and coherent societal transformation movement remains uncertain (Borrás and 
Edler 2014). This is all the truer considering that some stakeholders doubt the very 
possibility of achieving change, as van Mierlo et al. (2017: 11) have emphasised “a 
large divide exists between those who think that we should and can change our ways 
of producing and consuming food, and those who doubt the potential of alternative 
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ways of farming to halt climate change and radically reduce environmental risks”. 
Additionally, the question of the legitimacy of the technological innovations chosen 
is coming up increasingly frequently, including in research communities (Schlaile 
et al. 2017). It therefore remains crucial to develop these arenas of discussion (i.e. 
transition arenas, Boulanger 2008) between different stakeholders to hone the new 
goals that a society, sector, or territory wishes to achieve. Constructing a common 
vision of the desired future, even if nobody can exactly foresee the system that the 
transition process will bring about, is an essential stage in the process. Moreover, 
even though starting these meetings may be difficult, their perpetuation over time 
will allow for the development of new and shared reflections that will address the 
legitimacy of the choices made. In this sense, the Etats Généraux de l’Alimentation 
launched by the French government in 2017 at national and regional level, as well 
as the participatory workshops of the TATA-BOX project across a delimited terri-
tory, constitute experiments in discussion arenas to facilitate the convergence of 
different visions. These “transition arenas” must receive the support of public 
resources (Smith et  al. 2005), for converging actions will stem from converging 
visions.

It is also necessary to define different modes of governance based on the inten-
tionality attributed to this transition (Smith et al. 2005). Given that it is embedded 
within a political intention, the governance mode can be more directive and coordi-
nated than in the context of a transition resulting from more contingent processes. 
Therefore, the state must increase pressure on the dominant regime to promote the 
change via regulatory measures, providing new resources, or the recognition of dis-
tinctive markings. It is also necessary to increase the allocation of resources to net-
works of stakeholders that constitute niches, in order to allow them to evaluate their 
devices and continue to develop. It also falls upon niches to exert pressure on the 
institutional framework, to drive it to in turn exert pressure on the dominant regime 
so that the latter is more inclined to adopt the practices resulting from niches (cf. the 
“stretch and transform” process in Smith and Raven 2012). The ability of niches to 
interact with the institutional framework, in particular through the acknowledge-
ment of elected officials, is recognised as an essential condition in the regime trans-
formation process (Beers and Van Mierlo 2017).

Given that the spreading of innovation niches conveying radical innovations to 
the sociotechnical regime is essential to the transition process, it remains necessary 
to better understand the complexity of the relations that are woven between 
stakeholders in the dominant regime and niches. Actor network approaches may be 
able to help with this.

This point also suggests that the adaptive capacities of the dominant regime are 
just as important as those of niches or of the farm positioned as an essential link in 
experimenting with alternatives. Research is therefore needed to better understand 
the sources of this capacity of regime stakeholders to adapt to and integrate new 
knowledge and practices built around a new conception of cropping systems or of 
commercialisation and retailing.
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Even though this chapter has focused on a conception of the agricultural system 
in relation to the food system, based on a sociotechnical transition approach, it 
nonetheless remains interesting also to focus on the socio-ecological systems litera-
ture. Transition governance must also be defined in a way that includes the manage-
ment of the natural resources affected by this agroecological transition.
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