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Abstract

In response to the sustainability issues that agriculture faces in advanced economies, agroecology has gained increasing relevance in
scientific, political, and social debates. This has promoted discussion about transitions to agroecology, which represents a significant
advancement. Accordingly, it has become a growing field of research. We reviewed the literature on and in support of farm transi-
tions to agroecology in advanced economies in order to identify key research challenges and suggest innovative research paths. Our
findings can be summarized as follows: (1) Research that supports exploration and definition of desired futures, whether based on
future-oriented modeling or expert-based foresight approaches, should more explicitly include the farm level. It should stimulate
the creativity and design ability of farmers and other stakeholders, and also address issues of representation and power among
them. (2) Research that creates awareness and assesses farms before, during or after transition requires more holistic and dynamic
assessment frameworks. These frameworks need to be more flexible to adapt to the diversity of global and local challenges. Their
assessment should explicitly include uncertainty due to the feedback loops and emergent properties of transitions. (3) Research
that analyzes and supports farms during transition should focus more on the dynamics of change processes by valuing what hap-
pens on the farms. Research should especially give more credence to on-farm experiments conducted by farmers and develop new
tools and methods (e.g., for strategic monitoring) to support these transitions. This is the first review of scientific studies of farm
transitions to agroecology. Overall, the review indicates that these transitions challenge the system boundaries, temporal horizons,
and sustainability dimensions that agricultural researchers usually consider. In this context, farm transitions to agroecology require
changes in the current organization and funding of research in order to encourage longer term and more adaptive configurations.
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1 Introduction

In response to the sustainability issues that dominant agricul-
tural models face in advanced economies, a variety of alter-
native agricultural models has emerged, including organic
agriculture (Lotter 2003), agroecology (Altieri 1989), eco-
efficient agriculture (Keating et al. 2010), and regenerative
agriculture (LaCanne and Lundgren 2018). Among these
multiple models, agroecology has gained increasing rel-
evance in scientific, political, and social debates in recent
years (Wezel et al. 2009). This was first identified in France
following the “Agroecology Project for France” set up by the
Ministry of Agriculture in 2012 (MAAF 2016). Since then,
the European Commission’s Farm to Fork and Biodiversity
strategies have recognized the potential benefits of agroecol-
ogy for a greener, more sustainable, and more resilient Euro-
pean agriculture (European Commission 2020a, b). These
political orientations are likely encouraged by the increasing
evidence for greater sustainability of agricultural and food
systems in agroecology compared to their dominant counter-
parts (van der Ploeg et al. 2019; Boone et al. 2019; Borsato
et al. 2020; Zira et al. 2021).

This development of agroecology has rapidly fostered
discussions on transitions to agroecology, which constitute
a significant step forward in advanced economies, and a real
challenge. Most farms in Western Europe are highly pro-
ductive, with few yield gaps (Global Yield Gap and Water
Productivity Atlas 2021). However, they are also highly
specialized (Eurostat 2021a), strongly dependent on syn-
thetic inputs (Eurostat 2021b), closely integrated with agri-
food industries and export-oriented (Eurostat 2021c). These
features of agriculture in advanced economies contradict
the principles of agroecology enacted by the FAO (2018)
(i.e., diversity, synergies, efficiency, recycling, resilience,
co-creation and sharing of knowledge, responsible govern-
ance, circular and solidarity economies, human and social
values, culture and food traditions) to transform agricultural
and food systems and meet sustainable development goals
(FAO 2022).

Transitioning a farm to agroecology entails systematically
changing the entire system of farming practices towards the
implementation of agroecological principles. It thus requires
diversifying the species and genetic resources (Fig. 1), which
can increase farm resilience to perturbations (Dardonville
et al. 2022). It also involves taking advantage of synergies
among these components of agrobiodiversity, between agro-
biodiversity and associated biodiversity, and among types of
agricultural production (Duru et al. 2015b). Strengthening
these synergies can improve ecological functions and increase
resource-use efficiency (Lemaire et al. 2014). The latter also
involves recycling nutrients and water within farms, among
farms, or between farms and industries at the local level to
limit environmental pollution. Contributing to circular and
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solidarity economies requires reconnecting farmers to consum-
ers (Borrello et al. 2020). These changes are expected to meet
sustainability challenges at local and global levels.
Agricultural researchers have a key role to play about
agroecological transitions, both in analyzing and supporting
them. Agroecology has been the topic of productive con-
ceptual debates (Altieri 1989; Francis et al. 2003; Wezel
et al. 2016; Gliessman 2016), and research on agroecologi-
cal agriculture has covered a broad range of themes (Mason
et al. 2021). However, transitions to agroecology have only
recently become a growing field of research, with a few
articles published each year in the 1990s and 2000s, to ca.
150 each year in the 2020s (Web of Science query from
1992-2021 using the topic [(transiti* AND (agro-ecol* OR
agroecol*)]; query performed 21 February 2022). Concep-
tual frameworks for transitions to agroecology have emerged
to help design (Duru et al. 2015a) or scale (Ferguson et al.
2019) transitions, but empirical studies of them remain rare.
To date, most agricultural research on transitions to agro-
ecology has focused on designing and assessing more sustain-
able cropping systems at the field level (e.g., Le Bellec et al.
2012; Lesur-Dumoulin et al. 2018). This research does not suf-
ficiently encompass the systemic changes that occur at the farm
level, and the complexity of interactions and trade-offs that
farmers must manage on their farms and between the farms
and their environment. Transitioning to agroecology involves
multiple changes to several aspects of farmers’ daily work
(e.g., objectives, values, management practices, work organi-
zation, sales management, professional networks) (Coquil et al.
2014, Chantre et al. 2015; Bouttes et al. 2019b). The farm can
thus be considered the level that connects the two management
levels of transitions: that of biophysical processes and that of
socioeconomic processes. This is why it is important to focus
on transitions to agroecology as they actually happen on farms.
This article reviews the literature on and in support of farm
transitions to agroecology in advanced economies to iden-
tify key research challenges. We first explain the theoretical
framework we built to investigate farm transitions and then
describe the collaborative methods used to develop the review.
Next, we identify three state-of-the-art research activities —
supporting the exploration and definition of desired futures;
creating awareness of and assessing farm states, performances
and dynamics before, during and after transitions; and ana-
lyzing and supporting farms during transitions — to identify
key research challenges and suggest promising research paths.

2 Methods
2.1 Theoretical framework of farm transitions

A farm is a technical and economic unit that operates
under a single management and performs economic
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Fig. 1 Agroecological landscapes with (left) several fruit tree species combined in a circular orchard (photograph: T. Nicolas) and (right) a mix-
ture of species in a cover crop at the edge of a wood (photograph: L. Paravano).

activities in agriculture within an economic region (Euro-
stat 2021d). Within this region, which also defines an
ecological environment, food production, processing, and
consumption are strongly connected, which suggests that
the transitions of farms and the entire agricultural sec-
tor to agroecology cannot be isolated from those of pro-
cessing and consumption (Francis et al. 2003; Gliessman
2016; Anderson and Maughan 2021). Thus, the farm level
is considered to be nested within socio-ecological and
socio-technical system (Geels 2002). As a consequence,
if changes at the farm level are key, they can be hindered
by the multiple organizations, strategies or representations
of other actors upstream and downstream of the farm (e.g.,
Meynard et al. 2018). This perspective extends the concep-
tualization of a farm beyond what agronomists usually use,
in which the influence of the environment on the farm is
limited to climatic and market conditions. It considers an
entirely new set of inputs, outputs, and surrounding actors
to conceptualize farm transitions to agroecology. It also
challenges the knowledge-production approaches (Com-
pagnone et al. 2018) that agronomists may want to use to
analyze and support these transitions. Many scientists and
non-scientists recommend placing value on farmers’ expe-
riential knowledge and learning to address the complex
and situated issues of farms within sociotechnical systems
(e.g., Leeuwis 2000). This requires transdisciplinary work
between farmers and other actors (e.g., advisors, experts,
researchers) (e.g., Méndez et al. 2013; Hazard et al. 2018).
These elements shape our theoretical framework of farm
transitions to agroecology. Transitions in society result
from co-evolution processes (Rotmans et al. 2001; Geels
and Kemp 2007). Following this logic, coupled innova-
tions in the agricultural sector are described as enablers
of transitions, by simultaneously and consistently diver-
sifying cropping systems and the sociotechnical system
in which they are embedded by revising factors such as
processing techniques (Meynard et al. 2017), markets

(Magrini et al. 2016), farm equipment (Salembier et al.
2020), or cultivar breeding (Vanloqueren and Baret 2009).
Such an ambitious approach implies that farm transi-
tions follow a step-by-step approach and are open-ended.
Objectives are regularly redefined due to changes in farm-
ers’ thinking, mismatch between expected and observed
results, or innovations in the sociotechnical system.

The literature on transition management suggests sev-
eral models of transition-management cycles. One of the
most common models follows successive stages: (i) struc-
turing the problem and envisioning and establishing the
transition arena; (ii) developing coalitions, images and
transition agendas; (iii) mobilizing actors and conducting
projects and experiments, and (iv) evaluating, monitoring
and learning (Kemp and Loorbach 2006). This concep-
tualization echoes several other conceptual frameworks
that have been developed to support change and learn-
ing processes in agriculture, such as describe-explain-
explore-design (Giller et al. 2008) and step-by-step design
(Meynard et al. 2012). These frameworks focus on the
gradual nature of transitions over time and their particular
rhythms, with a combination of slow and rapid adaptive
changes at different spatial scales.

Extending these stepping stones, we conceptualize farm
transitions to agroecology as an open-ended succession
of stages that starts with an initial unsatisfactory situation
with or without a few agroecological principles imple-
mented. This is followed by an uncertain and unpredictable
transitory stage characterized by step-by-step changes that
ultimately result in a given point at which agroecological
principles are widely implemented. Despite reflecting this
implementation, this point can either reflect or differ from
the multiple desired futures imagined at the beginning of
the transitions (Fig. 2). This point is not an end in itself; it is
followed by further experimentation, monitoring, learning,
and adaptation processes towards continuous improvement
of the farm (Darnhofer et al. 2010). These slow and rapid
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Research activities: Research activities:
Creating awareness on and assessing
farm initial state and performance (3.2)
Supporting the exploration and
definition of various futures (3.1)
Assessing their expected performance

(3:2)

transitions(3.3)

to help monitor it (3.2)

= Stage of initial unsatisfactory
situation

with or without a few agroecology
principles implemented

Analyzing and supporting farms during

Assessing the farm during the transition

Transitory stage

step-by-step implementation of
agroecology principles

Research activities:

Assessing the transition pathway (i.e. the
dynamics of changes) (3.2)

Assessing actual-point performance (3.2)

Stage of actual point
agroecological principles
implemented

Several possible
future pathways

Several possible
desired futures

Time

Fig.2 Conceptualization of farm transitions to agroecology and research activities that focus on and support the transitions. Numbers in paren-

theses refer to sections of the article.

changes involved in implementing agroecological principles
at the subsystem (e.g., cropping system) and farm levels
occur along with other slow and rapid changes in the broader
sociotechnical system.

Agricultural research contributes to each stage of tran-
sition processes. At the beginning, research can assess
the initial situations to create awareness of and frame a
problem or an objective and induce the need for change.
It can also help to explore possible futures and their likely
performance. During the transition, research can monitor
and support the step-by-step changes required to reach
these futures. When agroecological principles are imple-
mented, research can assess the performance reached, as
well as the transition pathways taken and their effects.
These activities remain relevant after the transition to con-
tinue adapting and improving the farm when new prob-
lems arise (e.g., new contextual changes) and/or when
new objectives are defined. Thus, research on and in sup-
port of farm transitions to agroecology combines three
types of research activities that cross the transition stages
(Fig. 2): (i) supporting the exploration and definition of
desired futures; (ii) creating awareness of and assessing
farm states, performances and dynamics; and (iii) analyz-
ing and supporting farms during transitions to consider the
transition’s step-by-step nature.

2 swer INRA@

2.2 Identification of current knowledge, research
challenges, and innovative research paths

The literature describes several methods to define a research
agenda for agricultural issues. Examples include eliciting
questions from a large and diverse group of individuals and
then iteratively voting on the questions to identify those
most relevant for policy (e.g., Pretty et al. 2010; Sutherland
et al. 2011; Ingram et al. 2013). They also include targeted
exploratory workshops that use creativity and innovative
design methods to help researchers from different scientific
disciplines identify questions that break with the status quo
(e.g., Brun et al. 2021), as well as discussions generated
from a keynote presentation prepared by a few specialists to
elicit cross-disciplinary questions (e.g., Giller et al. 2011).
Our method was most similar to the last one.

First, the lead authors (LP and GM) identified key concep-
tual and methodological research topics on farm transitions
to agroecology that they had defined (Section 2.1). These
research topics reflect recent literature that provides new
insights into farm transitions. They then brought together
French agricultural researchers from multiple disciplines who
had previous research experience on these topics, regardless
of institution, age or gender (Supplementary Material 1). The
lead authors then organized subgroups of 2—4 researchers
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for each key research topic. Researchers in these subgroups,
who were chosen for their cross-disciplinary backgrounds,
shared expertise on the topic but had not necessarily worked
together before. The lead authors asked each subgroup to
summarize the research on each topic to review ongoing chal-
lenges and highlight innovative research paths (i.e., research
fronts or emerging questions identified as promising). The
subgroups discussed preliminary versions of these summa-
ries with the lead authors and then presented their summaries
during a 2-day webinar attended by approximately 200 par-
ticipants. The presentations and questions that followed were
recorded to keep track of participants’ comments, questions,
and ideas. Following the webinar, the lead authors grouped
all of the research challenges identified in the presentations
into broader categories that represented the three research
activities defined (Section 2.1). To verify the novelty of these
challenges, the lead authors performed additional literature
reviews to assess the knowledge and conceptual and meth-
odological gaps identified.

3 Key research challenges and innovative
research paths on and in support of farm
transitions to agroecology

3.1 Supporting the exploration and definition
of desired futures

3.1.1 Ongoing challenges

Exploring and defining desired futures as targets to aim for is
necessary for transition. These targets are desires or visions
that sustain the farmers’ determination for change. These
targets sometimes focus on previously identified solutions
(e.g., reintroducing livestock, diversifying crops), but they
are sometimes much more open, and their solutions remain
unknown (e.g., having more free time to spend with family).
They define a horizon (whose distance depends on farmers’
ability and willingness to project into the future) that, to be
reached, will require farmers to be creative. Exploring and
defining these targets can provide the incentive for farmers
to reconsider their values and goals or help them define a
plan that meets their existing values and goals. By envi-
sioning desired futures, farmers can develop strategies and
rationales for action during transitions. Once the transitions
have begun, these visions still have several functions, such as
paving the transition pathway through frequent backcasting
exercises or questioning the choices made and how well they
fit with the desired futures. Because transitions are open-
ended and depend on changes in the farm environment, these
visions should not be considered normative end-points, but
rather open-ended heuristics that support farmers’ decisions
without undermining their adaptability and agility.

Research helps explore and define desired futures in
many ways. Future-oriented modeling is one approach
for defining and assessing ex ante future farm systems or
their subsystems (e.g., cropping systems) (Keating 2020).
Among the models available, some use optimization algo-
rithms to identify the most promising options according
to certain criteria (Rossing et al. 1997; Bergez et al. 2010;
Britz et al. 2021), while others simulate scenarios pre-
defined by farmers (Rodriguez et al. 2014; Le Gal et al.
2022). For instance, Pissonnier et al. (2019) used simula-
tion to assess the influence of radical innovations in farm
functioning on three types of performances — pesticide use,
work organization, and economics — of apple production
systems in which sheep were used to control grass growth
in pesticide-free rows between trees. Use of these models by
end-users, especially farmers, remains low, since the models
are usually complex and have small domains of validity.
These models may be easier to use as serious games in
which farmers collectively design potential farm system or
subsystem configurations and use a farm model to assess
them (Hernandez-Aguilera et al. 2020). For instance, in for-
age rummy (Martin et al. 2011), groups of farmers design
alternative configurations of pastoral or crop-livestock farm
systems and assess their performance. Playing the game
thus helps identify locally relevant future farm systems.

In contrast, expert-based foresight approaches, which
have been developed in agricultural sciences (e.g., van der
Meulen et al. 2003; Freibauer et al. 2011; Bourgeois and
Sette 2017; Mora et al. 2020), often operate at much larger
levels than that of farms (Eames and McDowall 2010),
ranging from regions or sectors (Bergez et al. 2011) to all
of Europe (Poux and Aubert 2018). They have difficulty
combining micro and macro levels, which is reflected well
by the range of actors who have participated in them (e.g.,
no farmers). Accordingly, only a few integrated foresight
approaches consider the agronomic consistency of the farms
they design. For instance, Poux and Aubert (2018) devel-
oped a scenario based on integrated crop-livestock systems
that included typical crop rotations and related cropping
practices. However, this challenges the local relevance of
macro-agronomic scenarios that were designed to function
in larger-level scenarios (e.g., Europe).

3.1.2 Innovative research paths

We identified three complementary research paths that should
be investigated to support the exploration of desirable futures
for farms: supporting farmers’ creativity, addressing issues
of farmers’ representation and power, and adapting foresight
approaches to more explicitly include the farm level.

(i) Supporting farmers’ creativity and design ability Con-
sistent with a vision of agroecology as a bottom-up
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approach guided by farmers’ needs, abilities and strate-
gies, several researchers suggest considering farmers as
designers of their own farm systems whom agricultural
researchers and advisors should support (e.g., Salembier
et al. 2020; Rossing et al. 2021; Prost 2021). This approach
values farmers’ creativity and ability to tailor solutions
to their own contexts, especially when defining desired
futures for their farms. The challenge for research is to
develop methods, tools, and knowledge that support farm-
ers’ own future-oriented design processes by encouraging
their creativity (Prost 2021) and showing them that other
ways of doing exist and can be effective. “Disruptive”
knowledge (Vogl et al. 2016; Toffolini et al. 2017) such as
functional trees (e.g., organizing knowledge by relating an
objective to multiple farming techniques, some of which
are unusual, such as crop mixtures with 7-10 species)
can stimulate exploration of scenarios of novel farm sys-
tems (Quinio et al. 2022). Inspiring examples, identified
by tracking on-farm innovation or system experiments,
can also support this exploration since they embody the
systemic reasoning required to design scenarios of inno-
vative agroecological systems (Goulet 2013; Salembier
et al. 2021). Exploration also helps farmers frame their
issues and plans (Chizallet et al. 2020). Several partici-
patory design methods based on participants exchanging
knowledge have been developed to organize this explora-
tion, such as structured design spaces (e.g., KCP method,
Berthet et al. 2016), use of drawings or sketches (e.g., RIO
method, Bos et al. 2009; Elzen and Bos 2019) or simu-
lation modeling (e.g., Rodriguez et al. 2014). However,
research on this topic is required to help farmers address
design fixations (i.e., processes that result in focusing on a
few unvaried solutions) while exploring ideas and realistic
actions (Crilly 2019; Quinio et al. 2022).

(ii) Addressing issues of representation and power Farm-
ers’ desired futures and plans are contingent on coupled
innovations that involve multiple influential actors (e.g.,
upstream input suppliers, food processing actors, consum-
ers, institutional actors, Klerkx et al. 2017; Meynard et al.
2017; Aare et al. 2021; Boulestreau et al. 2021) who can
hinder or support on-farm change processes. Issues of rep-
resentation and power must be addressed when including
these actors in exploring desirable farm futures, because
they may have different representations of the problems to
address, the objectives to reach or the systems to design.
The literature in agroecology addresses these issues of
representation and power, but does so mainly through
conceptual thinking. It explains how agroecology can
give power back to certain actors, especially farmers (i.e.,
“those who do agriculture” vs “those who know agricul-
ture” (e.g., Coolsaet 2016)), unlike the dominant regime
(e.g., Anderson et al. 2021). As described by Barnaud and
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Van Paassen (2013), few authors address how to consider
power asymmetries when setting up a multi-stakeholder
process (see also Jeuffroy et al. 2022), although this is a
central question when imagining new methods to explore
desirable farm futures with diverse agricultural actors.
Including them requires carefully selecting which actors
to bring together, aligning their representations through
participation and facilitation, and knowing how to man-
age the influence of the diverse actors on the definition
of system boundaries and the range of alternative options
considered. Power issues could hinder farmers’ creativity
(either farmers do not dare to explore, or key players do
not allow them to). It could also place them in the posi-
tion of being underlings of influential upstream and down-
stream actors (e.g., processing actors may prevent the use
of a pest-resistant cultivar because it would disrupt their
processing). Avoiding this pitfall requires preparing and
managing multi-actor settings to explore new solutions
(Bos et al. 2009) and identifying, framing and brokering
knowledge (Berthet and Hickey 2018). Sociotechnical
analysis can be an initial tool to better understand actors’
representations, anticipate power issues and identify inno-
vative paths that could bring together several actors to
yield systemic change, as done for crop diversification in
France (Meynard et al. 2018).

(iii) Adapting foresight approaches Foresight approaches
include concepts and methods that represent potential
futures and organize an open and transparent discussion
about the diversity of these futures and visionary plan-
ning. One research challenge is to consider the farm level
in foresight approaches so that their results can inspire
farmers. Since farms are nested in larger systems (socio-
ecological and sociotechnical ones), foresight approaches
must be revised to represent and combine the contrasting
visions of actors involved in the multiple levels of action.
In the “territorial agroecological transition in action”
(TATA-BOX) research project, researchers developed a
participatory method (Bergez et al. 2019) that includes
a normative foresight step to design a “territorial agro-
ecological system”. This system is a new organization
of local agriculture that meets expectations of local
actors by considering current local issues and scenarios
of exogenous forces, with the iterative use of graphical
tools (e.g., conceptual diagrams, rich pictures, cognitive
maps). Pelzer et al. (2020) used a participatory approach
to design and assess prospective scenarios of crop diversi-
fication with legumes at the regional level. This required
defining and simulating future cropping systems at the
field and regional levels. Although these two examples
considered the levels of the rural region and the agricul-
tural sector, they under-represented the farm level, which
indicates the need to integrate it more completely.
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3.2 Creating awareness of and assessing farm
states, performances, and dynamics

3.2.1 Ongoing challenges

Assessments are crucial in transition processes: they help
frame the problem, adjust the changes undertaken, and
identify the pathways actually taken. Regarding the role of
assessment in transition processes, research can help cre-
ate awareness of and assess farm states, performance and
dynamics during the three stages of the transition process,
each of which has different challenges.

First, research can support assessments of farm system
states, both the initial state as well as desired and projected
states, in their overall complexity (e.g., agronomic, eco-
nomic, organization, values). This is a real challenge that
aggregates several dimensions to assess patterns of farm
performance from the perspective of scientific frameworks
such as sustainability (Marchand et al. 2014; Coteur et al.
2016) or resilience (Dardonville et al. 2021), as well as from
farmers’ individual perceptions (Jones and Tanner 2017).
Assessing the initial state is particularly crucial for fram-
ing the problem: it helps identify the problems that farmers
actually encounter and also identify new objectives and/or
problems involved in implementing transitions to agroecol-
ogy. Research has developed several types of tools and meth-
ods to support this assessment. Diagnostic-type assessments
are key for framing initial problems, but few methods exist
to perform them (e.g., de Koeijer et al. 1999), and they are
often limited to technical aspects, which ignores issues that
are potential major obstacles for farmers such as organiza-
tion and work issues (Delecourt et al. 2019) or cognitive
issues (Toffolini et al. 2017). Process-based simulation is a
common approach used to assess farm system states (Ross-
ing et al. 1997; Lobell et al. 2006; Le Gal et al. 2011; Ewert
et al. 2015), but integrating accurate descriptions of farm
systems and farmers’ concerns, especially social criteria at
the farm level (Dumont et al. 2021), into these simulations
remains a challenge. Multicriteria assessment tools based
on indicators (e.g., Sadok et al. 2009; Iocola et al. 2020;
Soulé et al. 2021) are another option to assess farm system
states. However, one of their disadvantages is an imbalance
among sustainability dimensions, and that social sustainabil-
ity is less detailed than other dimensions and is always based
on objective indicators (e.g., number of free days per year)
rather than on farmers’ perceptions (e.g., satisfaction with
the free time). Life cycle assessment (LCA), widely used to
assess environmental impacts of agricultural systems and
products, is another option for assessing farm system states
that considers the entire production cycle (e.g., Nemecek
et al. 2015). Nonetheless, current LCA methods misrepre-
sent less intensive agroecological systems since they focus
on products without considering other ecosystem services

provided by agricultural systems and rarely consider aspects
that agroecology aims to improve (e.g., soil health, biodi-
versity, impacts of pesticide use) (van der Werf et al. 2020).
The outputs of these tools are difficult to share with farmers,
even though it is crucial that farmers take ownership of these
assessments. These assessments are key in creating aware-
ness and encouraging farmers of the need to change. They
also help farmers to define their own objectives and influ-
ence the paths taken. This raises issues about how to design
assessments to enroll farmers. Some articles insist on the
importance of co-designing assessments with farmers, espe-
cially in peer-to-peer exchanges, and other agrifood actors
(e.g., Guzman et al. 2013; Boulestreau et al. 2021; Leclere
et al. 2021), but they remain rare. Even rarer is research
on how initial assessments shape the subsequent transition
process.

Second, assessments are needed to monitor farms dur-
ing transitions to agroecology. Farmers need indicators to
describe effects of the changes they implement and the abil-
ity of these changes to achieve their desired results. These
indicators would allow farmers to adjust their practices
iteratively and more easily during transitions. Many indi-
cators developed by researchers reflect precise and quanti-
fied objectives, but most of them require too many meas-
urements, are too specific, or are calculated at time steps
unsuited to farmers’ practices. Toffolini et al. (2016) studied
the indicators that farmers use when changing techniques
and found that they relied mainly on simple, visual, and
qualitative indicators that were not usually developed in
research. In this sense, some promising studies are emerging,
such as visual assessments of soil quality based on simple
indicators such as color, smell and the presence of earth-
worms (e.g., Alaoui et al. 2020; Lujan Soto et al. 2021).
Assessments based on qualitative observation are intended
for farmers who want to quickly assess the effects of changes
in practices.

Third, assessments are useful to assess the transitions
themselves, that is, qualify and identify, after transitions,
the main changes in farm states (i.e., farm structure, the
farmer’s mindset, objectives and management practices) and
how the transitions unfolded. To qualify the dynamics of the
transitions and their changes, most studies assess states at
regular intervals. Several studies (e.g., Lamine 2011; Padel
et al. 2020) qualified levels of changes in practices, such
as by using the efficiency-substitution-redesign framework
(Hill and MacRae 1996). Although these approaches provide
heuristic devices for the diversity of pathways involved in
farm transitions, they cannot relate all of their dimensions.
To this end, mixed approaches seem a promising pathway
(e.g., Colnago et al. 2021). For instance, in longitudinal
studies conducted in two French dairy regions, Bouttes
et al. (2019a, 2019b, 2020) used a mixed approach that com-
bined inductive-content analysis of farmers’ discourse and
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statistical analysis of multiple indicators to analyze step-by-
step changes in farming practices. They showed that besides
changing farm technical and economic performances, farm-
ers changed their level of satisfaction in the land, herd, farm
economics and social aspects, as well as their perceived
adaptive capacity.

3.2.2 Innovative research paths

The innovative research paths we identified focus on the
properties that assessment frameworks require to be suit-
able for farms transitioning to agroecology. The frameworks
should be more holistic, more flexible, more dynamic, and
explicitly address uncertainty.

(i) More holistic assessment frameworks for farm functioning
and farm sustainability Based on the principles of agroecol-
ogy, the scope of farm assessments has expanded greatly to
become holistic. This expansion is a way to acknowledge
the complexity of the agroecological phenomena at stake,
but this is also a way to include what farmers value in their
work, for their farms and for society. Assessment should
consider the multiple interactions, which are enhanced on
agroecological farms, among farm subsystems that deliver
services (e.g., cover crop termination via grazing) as much
as they deliver raw products (e.g., meat). The functional
units that make sense to farmers may also differ, such as
when additional activities (e.g., processing, selling) strongly
interact with farming practices (e.g., local customers for
dairy products demand a continuous supply of products,
whereas long value chains accept interruptions during the
year). More generally, agroecology generates new relation-
ships between farms and their sociotechnical systems to
meet the global challenges of sustainability. This means that
assessments of farming practices should include those that
define the farm within its sociotechnical system (e.g., Mar-
tin et al. 2020) and the ability of changes to address global
challenges (e.g., Aguilera et al. 2020). This is the aim of
several approaches. Metabolic approaches (i.e., studies of
exchanges of matter and energy between a system and its
environment (e.g., Guzman et al. 2018)) have emerged to
address overall production efficiency. The issues involved
in producing high-quality food (e.g., van der Ploeg et al.
2019) have been considered using new indicators such as
nutritional value, safety, and organoleptic properties (e.g.,
Peri 2006). Circular and solidarity economy approaches
(e.g., Velasco-Muiioz et al. 2021) aim to expand economic
sustainability beyond issues of profitability. To improve the
social dimension of sustainability assessments (Janker and
Mann 2020), several studies consider subjective well-being
measures as useful indicators to describe sustainable and
resilient farm systems (e.g., Jones and Tanner 2017). Thus,
subjective assessments are a promising way to consider the
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social dimension of sustainability, via satisfaction (Perrin
et al. 2020), aesthetics (Boeraeve et al. 2020), and work
conditions (Duval et al. 2021). In the same spirit, analyz-
ing peer exchanges about their transitions to agroecology
provides privileged access to the way farmers assess their
situations (Slimi et al. 2021). These peer-to-peer exchanges
create awareness of the need to transition, provide useful
support for the transition, and help researchers understand
what farmers consider relevant. The remaining challenge
is to combine these different approaches to develop a more
holistic assessment of agricultural system performance that
would also be meaningful and relevant for farmers.

(i) More flexible assessment frameworks to adapt to global
and local challenges Agroecology involves addressing
diversity in a broad sense, which makes the assessments
more complex (Catarino et al. 2021). For instance, imple-
menting an agroecological system on a farm depends on
the farmer’s willingness and the larger enabling environ-
ment of the farm (e.g., Ryschawy et al. 2019), since practices
implemented at a given level can influence other levels. The
assessments are more complex because they must address
the increasing expression of specific local characteristics
(e.g., soil-climate contexts) and farmers’ individual charac-
teristics (e.g., personal values) that accompany agroecology
(Coquil et al. 2018; Bezner Kerr et al. 2022). This requires
flexible frameworks in which a subset of indicators can be
selected based on the farm’s context (e.g., MESMIS, Lépez-
Ridaura et al. 2002). Farmers use many specific indicators
that differ from those developed in agricultural research to
assess the status of new farm systems (Toffolini et al. 2016).
Flexible assessment frameworks are expected to facilitate
farmers’ and other actors’ participation (e.g., TAPE, Mottet
et al. 2020) and even adoption for individual use, which
has been low to date. This includes frameworks that define
assessment criteria that can be adapted to each situation,
as well as visualization tools that can be adapted to each
context (e.g., literacy, experience in interpreting graphs).
These challenges are critical to facilitate ownership of the
assessment results, create awareness, and induce the need for
change in farmers and other actors in the agrifood systems.

(iii) More dynamic assessment frameworks To date, farm
system assessment has been based mainly on snapshot
measurements of sustainability indicators. This makes it
more difficult to confirm the presumed potential of agroeco-
logical farming to increase farm resilience (Leippert et al.
2020; Soulé et al. 2021). Global changes, especially climate
change, threaten the future of farms due to predictable and
highly impacting trends, as well as unpredictable extreme
events. We thus need to better consider farm system dynam-
ics to assess the diverse dynamics of changes and their influ-
ence on farm performance patterns, as well as unexpected
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results. This focus is essential to understand how to consist-
ently prioritize changes during transitions. Two main types
of approaches exist to assess these dynamics: means-based
(or causal), at a single point in time, and effect-based, over
time (van der Werf and Petit 2002; Dardonville et al. 2021).
From a means-based perspective, a survey at a single point
in time is used to collect data on pre-defined properties con-
sidered favorable for farm system dynamics from a research-
er’s or other actor’s perspective (e.g., diversity, connectivity)
(Diserens et al. 2018). Its main disadvantage is that it ignores
threshold effects and interactions among properties. For
instance, diversity is always considered a factor of resilience,
regardless of its level (Cabell and Oelofse 2012; Dardonville
et al. 2020), even though diversity beyond a given threshold
might complicate management too much for most farmers.
The effect-based perspective uses longitudinal surveys of
farm samples to obtain a range of quantitative and qualita-
tive data and to relate the multiple changes that occur on the
farm. Its advantage is that it integrates the logic that under-
lies farmers’ decisions and assigns meaning to quantitative
data (e.g., Chantre et al. 2015). However, this approach is
costly, which limits the size of farm samples (Bouttes et al.
2019a, 2020). Accordingly, developing evidence from local
case studies should be based on cross-case analysis. A third
approach is to focus on slow variables (e.g., soil organic mat-
ter) that are key determinants of the long-term performance
and resilience of farms (van Apeldoorn et al. 2011) and pro-
vide information about their legacy effects (Pullens et al.
2021). However, this requires identifying the slow variables
relevant to agriculture, which available assessment frame-
works do not adequately represent.

(iv) Assessment frameworks that explicitly address uncer-
tainty One challenge when assessing agroecological farms
is their high uncertainty. This uncertainty is due to the nature
of the dynamics involved (e.g., ecological, human interac-
tions), which are fundamentally uncertain and include mul-
tiple feedback loops and emergent properties. These dynam-
ics are not fully understood, and it is not possible to know
everything about them on each farm.

By testing and monitoring these systems, experimentation
is one approach used to assess uncertainty and decrease it in
their results, as long as system experiments are performed
(Dejoux et al. 2003; Simon et al. 2017; Ciaccia et al. 2020).
A complementary approach is to model the farm or its sub-
systems. Traditional process—based models (e.g., FASSET,
Berntsen et al. 2003; FLORSYS, Colbach et al. 2021) can
simulate the unknown. However, the novel interplay between
farm entities and farming practices induced by agroecol-
ogy might challenge the domain of validity of most of these
models, thus requiring careful interpretation of outputs.
Hybrid modeling approaches are promising ways to integrate
scientific and expert knowledge into parsimonious models.

They are not necessarily process-based and can consider
effects of practices for which data are not yet available (e.g.,
IPSIM, Robin et al. 2013; PERSYST, Ballot et al. 2018).
Another promising path is to assume that a farm’s behav-
ior is not purely deterministic. In this way, uncertainty is
no longer considered as marginal noise around predictable
dynamics but rather as a core element of the dynamics.
When adopting this perspective, properties such as resil-
ience (Tittonell 2020), vulnerability (Bouttes et al. 2019a),
viability (Sabatier et al. 2015) or robustness (ten Napel et al.
2011) become as important as productivity when assessing
system performance. Thus, studies of agroecological sys-
tems increasingly focus on the ability of different system
configurations to address uncertainty (e.g., Paut et al. 2020;
Benoit et al. 2020). Beyond system configurations, recent
algorithmic developments provide tools to explore manage-
ment options themselves. This is the case for recent develop-
ments in viability theory that can search for resilient man-
agement options in an agroecosystem. For instance, Sabatier
et al. (2017) used viability theory to quantify engineering
resilience (i.e., return time after a perturbation) and ecologi-
cal resilience (i.e., magnitude of a perturbation that a system
can tolerate) of a mixed-species livestock farm system.

3.3 Analyzing and supporting farms
during transitions

3.3.1 Ongoing challenges

The term “transition” implies the presence of “processes”.
Recent studies of farm transitions include longitudinal studies
that describe the long-term and experiential nature of transition
pathways (e.g., Sutherland et al. 2012; Chantre and Cardona
2014; Falconnier 2016; Coquil et al. 2017; Aare et al. 2021;
Hazard et al. 2021). These studies highlighted the diversity of
dimensions that explain these pathways (Merot et al. 2019),
the learning processes involved (Mawois et al. 2019; Mari-
nus et al. 2021), and the role of experiments in the learning
process (Ingram 2010; Catalogna et al. 2018; Périnelle et al.
2021). These change processes can be considered as “step-
by-step design” processes (Meynard et al. 2012). This term
highlights that farmers in transition are constantly assessing,
generating new solutions and testing these solutions in their
context, which makes them designers of their farms. Simi-
larly, using concepts from natural resource management, other
studies analyze transitions as adaptive-management processes
during which farmers address uncertainties through constant
reassessment and learning (e.g., Prost et al. 2018; Bouttes
et al. 2019b). Beyond their different conceptual foundations,
these studies analyze farmers’ change processes “in the mak-
ing” to bridge the gap between thinking and doing in design
processes (Lacombe et al. 2018). This raises several analytical
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questions about these processes, especially their drivers, steps
and dynamics. For instance, Merot et al. (2019) combined sev-
eral indicators of change to describe conversion processes to
organic farming, which enabled them to qualify the intensity
and speed of change during these transitions. This perspective
also challenges the knowledge and tools that support the moni-
toring of these long-term, adaptive, and interactive processes.
Approaches must be developed to make use of ecological and
biological dynamics of the farm and its environment, and to
support farmers’ learning processes. For instance, to encourage
changes in farm systems, Périnelle et al. (2021) and Leclere
et al. (2018) brought together farmers with diverse farming
experiences and combined tracking of on-farm innovation with
farmers’ assessments in participatory prototyping experiments
designed from farmers’ own innovations.

3.3.2 Innovative research paths

We identified four directions for innovative research. The
first two address the need to improve understanding of actual
change processes on farms: the activities that farmers engage
in and their specific dynamics. The last two include revising
the methods and tools used to analyze and support monitor-
ing of farms during transitions: the role that experiments
may play and the need for strategic tools.

(i) Improving understanding of what happens on farms dur-
ing transitions Identifying the activities that these transi-
tions involve for those who implement them in a change
process has renewed interest in farmers’ skills, creativity and
knowledge, with multiple promising perspectives. Several
studies investigate ways to value the innovative pathways
farmers have taken that inspire others. These studies inves-
tigate ways to support farmers by encouraging their own
exploration, such as by tracking farmer innovations (Salem-
bier et al. 2021) or long-term iterative monitoring (Dogliotti
et al. 2014; Falconnier et al. 2017; Prost et al. 2018). The
idea is to increase farmers’ ability to design their own path-
ways of change by valuing their “creativity of action” (i.e.,
addressing conditions and adapting objectives flexibly and
incrementally to situational contexts) (Milestad et al. 2012;
Coquil et al. 2017). Other studies are based on the idea that
farm transitions to agroecology are a knowledge-intensive
process (e.g., Holt-Giménez and Altieri 2013; Coolsaet
2016; Teixeira et al. 2018; Bendfeldt et al. 2021) that should
value farmers’ knowledge along with scientific knowledge.
They are reactivating the research approach that studies how
practitioners’ knowledge can fuel innovation (Rossing et al.
2021) and how science can make it explicit, make use of it or
articulate with it (e.g., Ingram 2008; Girard 2015; Toffolini
et al. 2017; Girard and Magda 2020). Many questions are
already known (but not answered): how to make farmers’
knowledge explicit, how to make it relevant for others even if
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produced under different agricultural conditions, and how to
formalize it. Other questions are emerging, such as the con-
nection with the digitization of agriculture and how digital
technology can generate, formalize, capitalize, and circulate
this distributed knowledge (e.g., Carolan 2020).

Some recent studies that address the nature of farm transi-
tions highlight the huge diversity of factors that define farms,
which sometimes differ greatly from the traditional model
of family farms (e.g., collective farming, farms managed by
hourly workers, “company” farms that delegate farm manage-
ment; see Nguyen and Purseigle 2012; Agarwal and Dorin
2019). This should help to consider how transitions are per-
formed on all types of farms. Increasing the number of collec-
tive farms could be an opportunity to manage the complexity
of more diversified agroecological farms, or farms that develop
practices beyond raw production, such as processing, direct
selling or short-supply-chain selling. At the same time, they
challenge the construction and management of commons (i.e.,
land that is shared, managed and maintained collectively) and
the development of individual and collective farming practices.

(ii) Analyzing and modeling dynamics of processes involved in
changes on thefarm Future research should analyze transitions
in the making to better understand the reality of farm change
processes. As mentioned, this involves considering the multiple
dimensions included in these transitions (e.g., biophysical, eco-
logical, technical, cognitive, social). It also requires considering
their specific temporal dimensions to define short-term (e.g.,
actions, events, crises) and long-term (e.g., soils, landscapes,
ecological processes, social arrangements) horizons and goals.
Understanding and quantifying the dynamic properties of farm
systems is a particularly open research path. We have men-
tioned recent developments for quantifying farm robustness,
flexibility, vulnerability, and resilience. Future developments
in viability-based modeling could be used to explore transition
dynamics when the objective is not clearly defined. Other stud-
ies focus on conflicts among temporal dimensions that must be
managed when trying to adopt agroecological, and thus more
complex, farm systems. For instance, Paut et al. (2021) studied
differences in temporal dynamics between crop types within
systems that combined perennials and annuals. They demon-
strated complex trade-offs between immediate provision of the
production service and other ecosystem services in the future
depending on the management strategies selected. Although
some studies have already provided insights (e.g., Chantre et al.
2015; Merot et al. 2020), organizing the diversity of farm transi-
tion pathways to identify types or styles of transition dynamics
remains a huge challenge.

(i) Giving a new role to experiments to analyze farms dur-
ing transitions Agricultural sciences mainly use observa-
tion, modeling and experimentation to analyze phenomena.
Beyond the challenges involved in the first two approaches,
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experimenting with farm transitions also faces major chal-
lenges. Long-term system experiments, defined in oppo-
sition to factorial experiments, were an initial attempt to
experiment with farm changes in the making (Silva and
Tchamitchian 2018). Multi-actor platforms of experiments
(EIP-Agri 2017; Fieldsend et al. 2021) and now living labs
(Gamache et al. 2020; Toffolini et al. 2021) have maintained
the idea of learning-by-doing, but they have widened the
range of actors concerned by connecting multiple actors in
local experiments. These forms of experiments, with their
wide range of actual practices, generate multiple methodo-
logical questions about how to monitor them, how to analyze
the large amount of data they generate at overlapping tempo-
ral horizons and organizational levels, and how to make the
results of single non-reproducible experiments more general
(Simon et al. 2017; Deytieux et al. 2018; Rivero et al. 2021).

Another innovative perspective for experiments is to value
on-farm experiments (Lacoste et al. 2022; Catalogna et al.
2022), that is, to make use of farmers’ trial and error when
they transition to agroecology. This perspective raises research
questions about how to produce science with sometimes heter-
ogeneous agronomic data, how to formalize and share what is
happening on each farm, how the perspective raises questions
about current innovation ecosystems, how to acknowledge and
share each farmer’s creativity, and how single experiments can
support transitions of other farmers. Several recent studies have
shown the benefits of collectively sharing results of on-farm
experiments to support changes in practices to those that are
more sustainable, mostly from an agronomic perspective,
such as intercropping (Aare et al. 2021), introducing rarely
used or underused species (Leclere et al. 2018) or developing
legume-based cropping systems (Périnelle et al. 2021). These
approaches need to be expanded to the systemic issues raised
by transitions to agroecology (e.g., interactions between farm
enterprises, upstream-downstream coordination).

(iv) Developing strategic tools to support farms during tran-
sitions Research also faces many challenges when focusing
on ways to support transitions in the making. Much research
has focused on farmers’ decision-support tools, with differing
degrees of success in their adoption (e.g., McCown 2001;
Cerf et al. 2012; Rose et al. 2016); however, one can wonder
whether supporting farmers’ decisions still matters. Since
farmers who are transitioning are involved in the step-by-
step process of adaptive design, there may be less need for
decision-support tools (DSS) and greater need for design-
support tools (Prost 2021) that would support assessment,
creativity, observation and action (e.g., a new method for
managing wheat based on monitoring its N nutrition status
(Ravier et al. 2018)). An interesting approach would be to
develop tools to support farmers in strategic monitoring (vs
tactical and operational monitoring) of the farm systems
they are developing. As mentioned (Section 3.2.1), farmers

need indicators to describe the effects of the changes they
implement on patterns of farm performance. Information
about long-term effects could be included in these strategic
tools. We identified several pioneering studies that focused
on developing tools for strategic monitoring (e.g., Hémidy
et al. 1993; Hochman et al. 2009). Does supporting farm
transitions to agroecology revive the need for such tools (e.g.,
Pissonnier et al. 2017; Le Gal et al. 2022), or does agro-
ecology come with specific questions that these tools should
address? For instance, can these tools capture the ecological
processes that should be considered when trying to develop
agroecological systems? This question remains open.

4 Conclusions and perspectives

We reviewed the growing literature on farm transitions to
agroecology in advanced economies. To support this review,
we developed an original conceptualization of farm transi-
tions to agroecology. We identified three types of research
activities on and in support of transitions: supporting the
exploration and definition of desired futures; creating aware-
ness of and assessing farm states, performances and dynam-
ics throughout transitions; and analyzing and supporting
farms during transitions.

For each of these research activities, we identified state-
of-the-art research and highlighted key research challenges
and promising research paths (Fig. 3). Our work highlights
that support of the exploration and definition of desired farm
futures suffers from low adoption of the methods and tools
developed by researchers and lack of integration of the farm
level in expert-based foresight approaches. There is there-
fore a need to explicitly integrate the farm level in these
approaches and develop new methods and tools that stimulate
farmers’ and other actors’ creativity while addressing issues
of representation and power among them. We also observe
that farm assessments do not sufficiently integrate social cri-
teria or the full range of farmers’ perceptions, and they are
not developed or used enough to raise farmers’ awareness of
the need to change. These assessments also tend to misrepre-
sent the complexity of agroecological systems and consider
such systems over temporal horizons that are too short. More
holistic, flexible, and dynamic assessment frameworks that
explicitly address uncertainty are needed. We also come to
the conclusion that support of farms during transitions to
agroecology suffers from a lack of knowledge about farm-
ers’ change processes and a lack of monitoring methods and
tools. Studies focusing on actual change processes, notably
their temporal dimensions, are needed, as is the renewed use
of experiments and DSS to support change.

When considering these challenges, it is clear that agri-
cultural sciences must address cross-cutting challenges on
this relatively recent topic of farm transitions to agroecology.
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Fig.3 Summary of findings across the three research activities that address farm transitions to agroecology. DSS: decision-support system.

Farm transitions to agroecology require reconsidering the
system boundaries, studied dimensions, and site-, space-,
and time-specificity of farm systems. They also require
navigating across organizational levels (from the field to
food system) to consider their imbrications, synergies, and
antagonisms when combining innovations in the context of
specific socio-technical systems, each with its own collective
rules. Navigating short- and long-term temporal horizons
emerges as another cross-cutting challenge overlooked by
agricultural sciences. Navigating this is complex due to the
unpredictable interactions between natural, technological,
and social components of farm transitions. Because these
interactions generate both predictable issues and surprises,
farm transitions need to be considered as open-ended, evo-
lutionary and adaptive processes. Finally, supporting farm
transitions to agroecology requires building knowledge and
tools whose content and layout are meaningful to farmers.
This interdisciplinary review built topical presentations
during a webinar that helped identify research challenges
and promising research pathways on farm transitions to
agroecology. One of its limits is that although the review
focused on advanced economies, all co-authors work in
France, which could have resulted in overemphasizing
research that addresses problems there. Another limit is
that the review was restricted to research conducted in
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advanced economies; some additional challenges and
pathways identified for low- and middle-income regions
might also be relevant in advanced economies. A third limit
is that the review focused on the farm level, whereas it
is clear that farm transitions are influenced by the socio-
technical context in which they are embedded. According
to Anderson et al. (2021), “the large-scale transformation
of food systems is actually many transformations, in which
cultural shifts, policy changes, struggles and networks
intervene in complex, dynamic, often contradictory ways”,
and farm transitions are just one of these transformations.
Further research is needed to identify the complex relations
between farms and their broader socio-technical systems,
especially the market and policy regulations that can pro-
mote transition at scale.

The challenges involved in farm transitions to agroecology
also challenge research organization and funding. Working
on transitions means working on long-term processes. This
requires visibility regarding the means assigned to research.
More adaptive management of research projects is also
needed to keep up with the reality of transition processes,
which are themselves adaptive. This goes against current
procedures in which research questions, partnerships and
deliverables must be set before projects start. At the same
time, research needs to be extremely responsive to emerging
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issues and explore them with agility. In particular, when
research is oriented to support transitions, it should involve
non-scientific actors and be organized for social learning
and dynamic monitoring so the actors can adjust to emerg-
ing requirements while having time to establish solid col-
laborations. Acknowledging that most budgets for agricul-
tural research are currently spent on projects, the question
remains: are the current forms and requirements of these
projects adapted to these challenges?
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