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Martin Hvarregaard Thorsge

Department of Agroecology, Aarhus University, Aarhus, Denmark

Food systems have been framed as a “wicked problem” due to the complex
socio-ecological impacts they foster, ranging from contributing nearly a quarter
of anthropogenic greenhouse gas emissions to a myriad of social impacts (e.g.,
health, food safety, and food security). In the European green transition for
food systems, multiple actors are involved. However, farmers play a unique and
critical role as agricultural land managers and navigators of social, political, and
environmental factors. Using cover cropping and intercropping as examples,
we illustrate the complexities arising when decision-making and governance
at multiple levels lead to tradeoffs and unexpected consequences at the farm
scale. Amid complexity, we propose a conceptual model to address the question:
how is an agricultural green transition best fostered? We find that changes
are incremental, transformative or both depending on the level of analysis.
Additionally, incoherence in agronomic recommendations across academic
disciplines and policy agendas creates challenges at the farm scale that trickle
up and can thwart sustainable agricultural land use. Although transdisciplinarity
and knowledge production with farmers through co-creation are essential
for food system transformation and can be part of the solution, it is crucial to
examine the nature of change processes and to consider how knowledge and
innovation are adopted. By balancing top-down and bottom-up approaches
and distributing burden from the farm scale to governance and food systems, a
more transformative green transition for European food systems with coherence
across multiple agroecological objectives could be achieved.

KEYWORDS

food system transformation, agricultural transition, sustainable farm systems,
agricultural governance, transdisciplinary action research

1 Introduction

The unintended negative impacts of current food systems on people and the environment
have been framed as a wicked problem (Rittel and Webber, 1973). Although much scientific
literature and new policies have focused on transitioning toward sustainable agriculture as part
of the European Green Deal (Peeters et al., 2020), how to foster a green transition continues
to be contested and contextual (Boix-Fayos and de Vente, 2023). Some of the contestations
arise from the broad range of approaches to sustainability transitions stemming from different
disciplines and perspectives (Loorbach et al., 2017). Disciplinary differences can, to some
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extent, be addressed through transdisciplinary initiatives with
frameworks for governance that include non-scientific actors to create
horizontal co-innovation (Fernandez Gonzdlez et al., 2021). However,
in practice, agricultural governance includes varying degrees of
diverse farmer engagement and empowerment in decision-making
processes (Boix-Fayos and de Vente, 2023; Loorbach et al., 2017).

Farmers have been acknowledged as critical actors within
agroecological transitions, they should not be seen as a homogeneous
group but as a system of actors making decisions based on a diverse
range of factors (Lacombe et al., 2018; Weituschat et al., 2022). This
acknowledgment has inspired micro-AKIS and other co-innovation
processes that include farmers, their networks, and other place-based
factors as key components of transition processes (Lacombe et al.,
2018; Sutherland and Labarthe, 2022). Despite the growing body of
knowledge supporting participatory innovation models and
co-concepts (e.g., co-production, co-design, co-learning), many
conventional governance systems continue to pass the burden of
transformative change mainly to farmers and their farm systems.

In this article, we first position ourselves within existing
scholarship on the agricultural green transition. Second, we propose
a conceptual model. Third, we use the conceptual model to explore
two illustrative examples of a conventional scenario (cover cropping)
and an exploratory scenario (intercropping) to highlight the
implications for transition. Finally, we return to our initial research
question and discuss how an agricultural green transition is
best fostered.

2 Agricultural green transition

Transition is understood as both a concept and a process; reused
knowledge is in a position of power, and ideally, actors should be able
to leverage novel and established knowledge to make changes (Carlile,
2004). In this context, practical and political challenges should
be recognized to explain innovation adoption (Carlile, 2004). The
European agricultural green transition is similarly shaped by multiple
actors and challenges. Power dynamics with governance systems as
part of a socio-technical regime (e.g., policy, science, industry) shape
the overarching goals, methods, and practical actions farmers are
required to take (Geels, 2011). Conversely, participatory research and
co-concepts have gained much political traction as effective means to
enable transformative change (Hakkarainen et al., 2022). For example,
designing agroecological farming systems with farmers by sharing
project leadership provided a useful bridge between theory and
practice (Lacombe et al., 2018). It enables farm system transformation
by accounting for the diversity of farmers’ situations and their local
food systems (Lacombe et al., 2018). However, systemic and policy
factors that create power dynamics, feedback loops and trade-offs
influence farmer decision-making and have significant implications
for the agricultural green transition (Gemtou et al., 2024).

When considering a green transition in Europe, although
we acknowledge the plethora of actors, we find a simple conceptual
model focused on burden and benefit distribution useful to
understand why initiatives are not providing the transformative
changes intended in the field of agriculture (Figure 1). The conceptual
model for transitions in agriculture describes three scenarios
(conventional, exploratory, and aspirational) across three broadly
conceived organizational levels critical for transition: governance,

Frontiers in Sustainable Food Systems

10.3389/fsufs.2024.1456987

food, and farm system for burdens, and society, food, and farm system
for benefits.

The organizational levels would ideally distribute the burden and
benefits of transition equally to enable a holistic transformation
toward sustainability (aspirational scenarios). However, drawing on
illustrative examples in Denmark, there are imbalances in burden and
benefit distribution. In the conventional scenario (e.g., Denmark’s
cover cropping policies), burdens are concentrated at the farm system
level, and benefits are concentrated at both societal and food system
levels (e.g., environmental risk reduction and average percent of food
cost to farmers compared to other actors in the supply chain). In a
transition context, it is also important to understand the impacts of
scenarios that are under exploration (proposed, not adopted). In the
exploratory scenario burdens are concentrated at the governance level
(e.g., intercropping), and benefits are concentrated at the societal level
(e.g., farmers paying for carbon emissions). In many cases, farm
system benefits are uncertain at best. To better contextualize this
model, we will explore the present lack of equal burden distribution
in conventional and exploratory scenarios and reiterate that burden
balancing will require an intentional and collaborative effort.

3 Science meets policy meets farmer:
two illustrative examples

Many agricultural practices are identified as potentially supporting
an agricultural green transition (Wezel et al., 2014). Practices can
be categorized into two main groups: those that entail increases in
efficiency or substitutive practices and those that require some degree
of redesign on a cropping systems or landscape level. For this exercise,
we chose to select practices that require redesign, as they generally
imply more complex interactions between sectors and systems.
Among the redesign practices, cover cropping and changes in crop
spatial distributions via intercropping have similarities we deemed
advantageous in our context and are at different implementation
stages from a policy perspective. Agronomically, the two practices
have similarities in that implementing cover cropping or intercropping
does not require specialized equipment or technology (although it can
leverage them if available). While both practices may impact crop
yields, the impacts are not of a magnitude that renders the practice
either overly attractive or completely untenable to producers (Li et al.,
2023; Marcillo and Miguez, 2017). Furthermore, the benefits of both
practices are most significant and reliable at the societal level, with
potential benefits at the farm level being possible, but to a lesser degree
and with less certainty (Figure 1). This similarity in societal and farm-
level benefit distribution, coupled with the distinct policy phases of
cover cropping (advanced) and intercropping (nascent), rendered
them ideal for exploring how burdens have been distributed in a
conventional policy intervention, as well as how they are evolving in
an exploratory phase of policy intervention.

In the European Union, Denmark implemented some of the
earliest policies relating to cover crops stemming from the 1991
Nitrates Directive (Kathage et al., 2022) and has active research related
to intercropping (e.g., Aare et al., 2021). We, therefore, chose to rely
heavily on literature describing the current contexts of cover cropping
and intercropping in Denmark. Denmark has historically exhibited
some of the most comprehensive policy interventions related to
agricultural production in the European Union (e.g., Andersen et al,
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FIGURE 1

(A) Burden distribution and (B) benefit distribution conceptual
models with three scenarios (conventional, exploratory, and
aspirational) for an agricultural green transition with shapes
representing burden or benefits across levels (narrow is less burden/
benefit, wide is greater burden/benefit).

2017; Bocker and Finger, 2016), providing a richly documented and
favorable context for comparison.

3.1 Conventional scenario: cover cropping

Annual cropping systems often result in periods where the soil is
fallow, meaning there is no actively growing crop. In numerous temperate
agricultural production systems, the fallow period exacerbates the risk of
nutrients leaching from the soil, thereby polluting groundwater and
surface water bodies (David et al., 2010; Withers et al.,, 2014). Cover crops
(also known as catch crops) may be grown during these fallow periods to
increase nutrient retention in the agroecosystem while concomitantly
reducing nutrient pollution and are a common practice associated with
green transition efforts (Boix-Fayos and de Vente, 2023; Figure 2).
Recognizing the societal benefits that can be reaped from the use of cover
crops in Denmark, a suite of policies has been incrementally enacted since
1985 that includes several regulations requiring actively growing plants in
the autumn through the use of autumn-planted crops and cover crops
(Dalgaard et al,, 2014). When designed, the regulations had a singular
focus on reducing nitrate leaching from agricultural land in Denmark,
which influenced its implementation. These singular focus-driven policies
have had transformational impacts on farm system planning and have
unintentionally forced farmers to juggle contradicting best practices from
various disciplines. For example, the policies have contributed to an
increase in autumn-planted crops, which have been linked to the
development of herbicide resistance in problematic weeds (Colbach and
Diirr, 2003; Moss, 2017). The best management practices proposed to
address this issue (e.g., delayed planting of winter crops) directly
contradict practices encouraged by the cover crop policies (early planting
of winter crops; Dalgaard et al,, 2014). In Denmark, cover crops from the
Brassicaceae family are effective at reducing nitrate leaching (Kumar et al,,
2023). They are therefore favored by regulations, but can lead to disease
carry-over into cash crops (e.g., Brassica napus). The policies focus on
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reducing excess nitrogen has also limited the use of leguminous cover
crops and their attendant benefits (Allam et al., 2023; Snapp et al., 2005).

To maximize the probability of nitrate retention, requirements for
timings of cover crop establishment have become increasingly calendar-
based despite the increase in weather variability (Madsen et al., 2009).
The timing requirements have also resulted in additional fieldwork
during periods of the growing season that are both crucial to farmer’s
economic viability (e.g., crop harvest) and are subject to variable weather
conditions. These small windows of high activity force farmers to make
complicated decisions regarding trade-offs between following
regulations when they may or may not be granted a weather exemption,
incurring fines or other sanctions, harvesting their crops in a timely
manner, and potential long-term soil compaction issues stemming from
fieldwork on wet soils (Nawaz et al., 2013). Furthermore, the policies are
updated and released on an annual basis, adding to the uncertainty
farmers already face (e.g., weather, markets, labor availability) and
making long-term crop rotation planning difficult. While the well-
intended regulations have been part of a successful campaign in reducing
nitrogen pollution on a national scale in Denmark (Kronvang et al.,
2008), the narrow focus on nutrient management may have come at the
expense of increased pesticide use (Guinet et al.,, 2023; Gunasinghe et al,,
2020), loss of long-term soil fertility (Biichi et al., 2018), and reduced
freedom for farmers to respond to situations in the most sustainable
manner (Iversen et al., 2024). As a result, one could argue that the farm
system has incurred the majority of the burden in this example.

3.2 Exploratory scenario: intercropping

Legume-cereal intercropping is a reemerging practice in the
European green transition that includes growing two or more crops
simultaneously in the same field. Although methods and species
combinations vary widely, this practice, especially when implemented as
a legume-cereal intercrop, has the potential to reduce environmental
harm through the reduction of inputs (e.g., synthetic fertilizers) while
maintaining stable yields and providing plant-based proteins for people
and livestock (Glaze-Corcoran et al., 2020; Jensen et al., 2020; Maitra
etal, 2021). Legume-cereal intercropping is not yet widely included in
policy support schemes, but exploratory studies have looked at potential
forms of policy support and necessary changes to the food system. These
studies have suggested that changes needed to implement intercropping
at the farm scale are minor compared to the transformations necessary
at the food system and governance levels (Figure 2). For example, a wide
range of actors participating in focus groups in Denmark and other
European countries identified strategies to enable intercropping that
primarily involved transformations in governance and food systems to
be more flexible and diverse through system-oriented research and
support schemes (Stone et al., 2024; Stone and Thorsoe, 2024, under
review). A study in Denmark found similar results that for intercropping,
farm-level issues (e.g., technical challenges, lack of knowledge) were less
important than issues beyond the farm gate (Aare et al., 2021). Another
Danish study highlights the host of actions needed by a variety of actors,
in addition to farmers, to increase the use of species mixtures in Europe,
including crop advisors, food system logistic managers, food ingredient
producers, millers, machinery advisors and cooperative directors
(Hauggaard-Nielsen et al., 2021). To enable widespread intercropped
grains within food markets in Europe, a system for sorting or
incorporating blended legume-cereal products or for providing the
tested varieties and value chains necessary would require significant
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levels (farm system, food system, and governance). With narrower sections representing less burden and the arrows representing re-distribution

buy-in and a series of transformations beyond the farm gate. Conversely,
at the farm scale, intercropping can be incorporated into large and small,
organic and conventional farming systems using similar equipment and
methods already in use, and the required operations have less dramatic
impacts on day-to-day operations and planning compared to cover
cropping. Thus, in this example, the burden is concentrated at the
governance and food system levels rather than at the farm level, as in the
cover crop example.

4 Discussion: how is an agricultural
green transition best fostered?

The illustrative examples exemplify that on-farm experimentation
is not likely to produce a successful green transition unless integrated
into a more comprehensive governance framework and value chain that
aligns with and provides coherent support for new farming system
models. Based on our model we propose that depending on the
approach, transitions can be both incremental and transformational.
Transition with increased burden distribution across levels, balancing
influence from the top down and bottom up, could support more
holistically transformative knowledge and innovation adoption in the
context of the agricultural green transition in Europe.

The conventional and exploratory scenarios lack balance between
top-down and bottom-up approaches and represent a lack of burden
distribution across organization levels in European agriculture. Multi-
level perspective transition models have addressed their potential
bottom-up bias by developing transition pathways that offer different
change scenarios balancing agency (e.g., farmer decision-making) and
structure (e.g., governance; Geels, 2011). Geels et al. (2017)
additionally emphasized the importance of alignment across niche,
regime and landscape levels to support socio-technical transitions and
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provided a useful holistic framework for assessing niche momentum
with innovation potential and the potential lock-ins based on regime
tensions. In the context of low-carbon transitions, current regime
stability and active resistance to changes by incumbent actors using
politics and power were important to understanding systemic changes
(Geels, 2014). Similar dynamics are essential to acknowledge and
design for when considering an agricultural green transition.

Other models focus on farmer agency and highlight “good
farmer” mindsets or inner dimensions that shape trajectories for
sustainable farm system changes (Balker et al., 2023; Guerra and Syed,
2024; Burton, 2004; Burton et al., 2020). Although our goal was to
illustrate the position of farmers in transition, we found that
governance and food system structures can limit agency at the farm
system level, impacting some farmers more than others. Further, at
the food system and governance levels, actors may have different
interpretations of what constitutes the most critical challenge to
address to support transition, as illustrated in the dairy sector
(Thorsee et al,, 2020). In this transition context, inequalities may arise.
For example, co-innovation processes centering farmers as
co-producers of research in a living lab context without paying for
their labor is emblematic of the imbalance in burden outlined in the
conventional scenario. Given the European investment in living labs
as an important model for the agricultural green transition, imbalances
could grow despite attempts toward increased farmer participation,
which might continue to include primarily privileged farmers.

The mission-oriented agricultural innovation systems approach
highlights the direction-setting roles policymakers and the public
sector have and emphasizes that it is essential to focus on who is
excluded (Klerkx and Begemann, 2020). Greater inclusion in
transition processes extended beyond the farmer to include a broader
range of actors engaged in the food system, such as future farmers,
eaters and activists could support more balanced transitions. A
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transformative change model for understanding local food systems
also emphasizes the power political, bureaucratic, and public spheres
of actors hold in a process of transformative incrementalism (Buchan
et al, 2019). According to Buchan et al. (2019), “the path to
transformative change is long, incremental, and laden with power
relations and struggles” This intriguing model is also supported by
Klerksx and Begemann (2020), who assert that transformation is made
up of small wins instead of sudden radical changes.

From a systems perspective, different roles and actions will
be required at each level to enable holistic transformations in agriculture.
Research and innovation are challenging to fund in farmer-led
initiatives requiring governance and the converse for implementation.
These three levels (governance, food, and farm) also have their own
interpretation of problems and how they should be addressed. Even
when addressing the same problem, farmers may focus on the lack of
legume markets, food system actors may focus on processor standards,
and governance may focus on the resource shortage. This highlights the
limits of top-down or bottom-up coordination across levels as each
operates within different codes of meaning. Alroe and Noe (2014) offer
a polycular framework to address wicked problems, supporting various
codes of meanings in interdisciplinary research, moving from first to
second order observation (which shares multi-perspective orientation
of transdisciplinarity; Fernandez Gonzdlez et al., 2021). By adopting
perspectivism as a scientific philosophy, science is seen as observer-
dependent and thus supports many concurrent scientific truths related
to complex problems, which has important implications for an
agricultural green transition.

5 Conclusion

Amid tensions between bottom-down and top-up approaches and
between agency and structure, we assert that a balance of these
components is relevant in the context of an agricultural green
transition. We found that a commitment to rebalancing burden across
governance, food and farm systems is essential for positive
transformative change toward food system sustainability in Europe.
The implications for governance structures include the need to
incorporate a systems perspective and a transdisciplinary approach to
balance multiple priorities and practices in a way that can be effectively
translated to a variety of conditions at the farm scale. Given the diverse
and changing nature of environmental and social landscapes in which
farm systems operate, coherent yet place-based policies could deliver
an enabling policy environment for the agricultural green transition.
In this context, utilizing social theory and evidence-based practices
within research and policy development processes is critical to
overcoming challenges. Future transdisciplinary action research to
analyze and recommend food and farm system scale policy schemes
based on their system transition potential would be useful, but only if
there is buy-in and willingness to adopt changes across levels of
governance. Fostering environments where a diverse group of farmers,
researchers and policymakers can co-create agendas for a sustainable
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