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HIGHLIGHTS

Crop diversification is a dynamic pathway

towards sustainable agrifood systems.

Technological and institutional barriers restrict

uptake of crop diversification.

More coordination and cooperation among

agrifood system stakeholders is required.

The European Crop Diversification Cluster calls

for multiactor networks.
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GRAPHICAL ABSTRACT

Crop diversification is a nonlinear pathway
— requiring adaptive management over time
and in response to drivers

Regulations  Incentives Infrastrucures  Market

Climate Biotic factors Abiotic factors Knowledge

ABSTRACT

European cropping systems are often characterized by short rotations or even
monocropping, leading to environmental issues such as soil degradation, water
eutrophication, and air pollution including greenhouse gas emissions, that
contribute to climate change and biodiversity loss. The use of diversification
practices (i.e., intercropping, multiple cropping including cover cropping and
rotation extension), may help enhance agrobiodiversity and deliver ecosystem
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services while developing new value chains. Despite its benefits, crop
diversification is hindered by various technical, organizational, and institutional
barriers along value chains (input industries, farms, trading and processing
industries, retailers, and consumers) and within sociotechnical systems (policy,
research, education, regulation and advisory). Six EU-funded research projects
have joined forces to boost crop diversification by creating the European Crop
Diversification Cluster (CDC). This Cluster aggregates research, innovation,
commercial and citizen-focused partnerships to identify and remove barriers
across the agrifood system and thus enables the uptake of diversification
measures by all European value-chain stakeholders. The CDC will produce a
typology of barriers, develop tools to accompany actors in their transition,
harmonize the use of multicriteria assessment indicators, prepare policy
recommendations and pave the way for a long-term network on crop
diversification.

© The Author(s) 2021. Published by Higher Education Press. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)

1 INTRODUCTION

Over the past few decades, European agriculture has focused on
the production of only a very small number of crop species (the
so-called major crops) with the objective of increasing the
economic efficiency of agrifood systems, leading to a sharp
decline in within-field and landscape crop diversity!'l. These
agrifood systems are reliant on the overuse of external inputs
(i.e., synthetic fertilizers and pesticides) leading to strong adverse
impacts on the environment such as soil degradation, water
eutrophication and air pollution including greenhouse gas
emissions that contribute to climate change and biodiversity
erosion (e.g., soil microbes, birds and insects)' ). Currently, low
diversity cropping systems (i.e., monocropping and short
rotations) and associated global and long value chains dominate
European agrifood systems, leading to unsustainable food- and

feed-production! .

A transition of European agriculture from the current external
input dependent cropping systems to biodiversity-based or
ecologically-based ones relying more on ecosystem services,
along with the development of local and short value chains, is a
major path to face the challenges of balancing production with

environmental preservation[ 1,

Crop diversification is one of the levers that can contribute to
increasing within-field biodiversity which supports ecosystem
services and helps to close nutrient cycles allowing to substitute
for chemical inputs as well as supporting more diversified
agrifood systems at large.

2 WHAT IS CROP DIVERSIFICATION?

Crop diversification is the act or process of diversifying
crop production including annual and perennial crops for
food, feed, bioenergy, and green and white industrial uses. Crop
diversification practices include higher heterogeneity within
species and the way they are grown in spatial and temporal scales

(Fig. 1):

(1) In proximity within the same land area (e.g., row
intercropping, strip intercropping, mixed cropping, relay inter-
cropping and agroforestry);

(2) On the same land area within a growing season (multiple
cropping including cover crops during fallow periods); and

(3) On the same land area in successive growing seasons (crop
rotation).

Crop diversification can also include higher heterogeneity within
crop cultivars (i.e., genetic diversification) and/or mixture of

cultivars' .

Crops introduced in diversified cropping systems are:

(1) Major cash crops, i.e., crops with large volumes of
production in Europe (e.g., oilseed rape), benefiting from
important investments from agrifood system stakeholders (e.g.,
genetic improvements or steady market outlets);
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Low diversity rotation Intercropping:

increasing the number of crops

that are grown in close proximity crops that are grown on the
same land-area within a year

within the same land-area

Multiple cropping:
increasing the number of

Rotation extension:
increasing the number of crops
that are grown in successive
years on the same land-area

Combining crop practices:

using several diversification

practices on the same land-
area and over time

Fig. 1 From low diversity cropping systems to diversified cropping systems by means of intercropping, multiple cropping and/or extended rotations.

(2) Minor cash crops, i.e., crops with relatively low volumes of
production in Europe (e.g., lentil, pea), that have received
relatively low investments from agrifood system stakeholders;
and

(3) Multiservice cover crops, ie., crops that are grown to
provide specific ecosystem services (e.g., biomass production,
dinitrogen fixation, soil erosion prevention, and disease or pest
suppression).

Making smart use of the potential benefits of crop diversification
may secure the production of agricultural products for food,
feed, bioenergy and industrial uses, allowing food and nutrition

security[ !

while reducing the use of chemical fertilizers and
pesticides. Overall, crop diversification may increase resilience to
environmental changes through income diversification, restored

biodiversity and soil quality'" .

Crop diversification is not an objective per se, but a means to
redesign the current agrifood systems toward greater economic

and environmental sustainability! 1.

3 WHY IS THE POTENTIAL OF CROP
DIVERSIFICATION LOCKED-IN FOR
FARMERS AND THE AGRIFOOD
SYSTEM?

Actors of the European agrifood systems have coevolved toward
the production and use of major crops creating highly-organized
long value chains resulting in an important sociotechnological
lock-in of agrifood systems and a strong interdependency

between its actors'” ‘L.

Farmers willing to adopt crop diversification lack technical

knowledge, adapted equipment and locally-adapted minor crop
varieties, mainly due to lower research investments from public
institutions and private companies. Beyond farmers, value-chain
actors face relatively high transaction costs (e.g., collection and
storage) because of low, unstable production volumes and
scattered supplies of minor crops compared to highly-structured
value chains. Also, downstream value-chain actors find difficul-
ties in making the benefits of crop diversification visible enough
that consumers are willing to pay price premiums for the

U] Finally, public regula-

products of diversification practices
tions do not provide incentives for crop diversification as policies
are still very much centered on major crops and their associated
long value chains! . This unfavorable socioeconomic context
often renders minor crops less competitive than major crops,

especially in a globalized commodity market! >,

The importance of these barriers has been strengthened in time
as the dominant agrifood systems have benefited from massive
investments from all stakeholders. This has resulted in a strong
interdependency of agrifood system actors toward low diversity
systems, hindering the implementation and the support of

diversification practices! .

4 CROP DIVERSIFICATION IS A
DYNAMIC AND NONLINEAR PATHWAY
TOWARD SUSTAINABLE AGRIFOOD
SYSTEMS

Farmers who attempt to diversify their cropping systems face
numerous environmental, climatic and socioeconomic chal-
lenges which require adaptive management of their cropping
systems to limit trade-offs between economic, social and

[19,20]

environmental performance . Also, diversified cropping

systems produce a large range of crops requiring adapted value
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chains and coordination with other actors of the agrifood
system. This dynamic and nonlinear pathway to crop diversi-
fication requires all actors to continuously adapt their practices

U] There is no one-size-fits-

in a coordinated manner over time
all solution, i.e., a range of diversification practices should be
developed to address the diversity of local soil, climatic and

socioeconomic conditions across Europe.

5 WHAT IS THE EUROPEAN CROP
DIVERSIFICATION CLUSTER DOING?

In 2017, the European Commission launched six new projects
related to crop diversification ( ).

(1) DIVERSify and ReMIX focus on optimizing intercropping
for more sustainable cropping systems;

(2) TRUE and LegValue promote wider use of legumes which
are often minor crops although key candidates to support
diversification because of the ecosystem services they can
provide; and

(3) Diverfarming and DiverIMPACTS, whose scope is broader
than the other projects and includes multiple cropping and
rotation extension in addition to intercropping as well as
addressing how value chains should be reorganized.

Overall, the Crop Diversification Cluster (CDC) gathers more
than 120 actors and operates in 21 countries across Europe and
internationally to increase the impact of crop diversification
research and support scientific progress and actions enhancing
diversification measures by European farmers and through
innovations across the agrifood system.

Table 1 Research projects of the European Crop Diversification Cluster

The CDC has set up five working groups of partners from across
the Cluster projects to boost collaborations within projects and
to strengthen the outputs on the following topics ( ):

(1) Identifying barriers to crop diversification and solutions to

overcome them;

(2) Designing innovative cropping methods, decision tools and
new resources to support crop diversification;

(3) Developing indicators and multicriteria approaches for
assessment of performance at the field, farm, value chain and
landscape levels;

(4) Elaborating policy recommendations to facilitate the
implementation of crop diversification practices; and

(5) Disseminating outputs of the Cluster working groups,
communicating joint activities and forging international colla-
borations.

6 WHAT WILL BE THE MAIN OUTPUTS
OF THE CROP DIVERSIFICATION
CLUSTER?

The outputs of the CDC will be diverse in nature (e.g,
experimental data, stakeholder networks and policy recommen-
dations) and concern the whole agrifood system. Outputs come
from the transversal work within the Cluster working groups
and from the projects. Here is a list of the main expected outputs:

(1) A network of field experiments across European biogeo-
graphical regions and pedoclimatic conditions that demonstrate

Project Full name Coordinator(s) Duration

DIVERSify Designing InnoVative plant teams for Ecosystem Resilience and agricultural Alison Karley (UK) 2017-2021
sustainability

ReMIX Redesigning European cropping systems based on species MIXtures Eric Justes and Jean-Noél 2017-2021

Aubertot (France)

TRUE TRansition paths to sUstainable legume-based systems in Europe Pietro Iannetta (UK) 20172021

LegValue Fostering sustainable legume-based farming systems and agri-feed and food Frédéric Muel (France) 2017-2021
chains in the EU

Diverfarming Crop diversification and low-input farming across Europe: from practi- Ratl Zornoza (Spain) 20172022
tioners engagement and ecosystems services to increased revenues and chain
organization

DiverIMPACTS Diversification through Rotation, Intercropping, Multiple cropping, Antoine Messéan (France) 2017-2022

Promoted with Actors and value-Chains Toward Sustainability
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Exploiting the benefits of species diversity
in cropping systems

Legumes transitions paths to sustainable
legume-based farming systems
and agri-feed and food chains

Crop diversification systems for the
delivery of food, feed, industrial products
and ecosystem services to the value chain

organisation

VALUE

DIVERFARMING

L 2

Crop
— Diversification
2~ Cluster

Transversal work within the cluster working groups and the projects to:

share information, methods and results;

« increase the overall impact on crop diversification uptake;

«  sustain activities and infrastructures into the future.

Fig. 2 Relationships between crop diversification cluster projects.

benefits of crop diversification in terms of productivity,
ecosystem services and market opportunities;

(2) A harmonized and consistent set of indicators to assess the
sustainability performance of crop diversification at the field,
farm, value chain and landscape levels as well as a toolbox to
assist agrifood system actors in the selection of appropriate
indicators for sustainability assessment;

(3) Services to farmers and agronomists (advice, decision-
support and precision agriculture) to help them manage and
monitor their transition to more diversified cropping systems;

(4) Learning-for-innovation and multiactor platforms to net-
work case studies and crop diversification experiences across
Europe;

(5) Technical and organizational solutions to remove barriers to
crop diversification as well as economic approaches and
incentives to promote new business models along value chains;

(6) Development of new products or products with enhanced
value for the food/feed or industrial sectors (e.g., hemp for
insulation boards in the building sector, field peas and other
pulses for the food sector, short-chain fresh vegetables and
higher protein level for wheat under intercropping).

Also, policy recommendations will be made to foster the

development of crop diversification. In the form of policy briefs,
they will focus on the project outcomes within the context of the
following policies: the UN Sustainable Development Goals, the
reform of the Common Agricultural Policy, the UK Agriculture
Act, the EU Farm to Fork strategy and Food security. At the
CDC level, special attention is paid to ensure consistency in the
policy messages developed by each project and to deliver
common messages to the different stakeholders.

Special attention has been paid to scientific communication. The
Cluster organized the first European Conference on Crop
Diversification in September 2019 in Budapest which gathered

('] Several workshops

more than 200 international delegates
were held and themes such as collaboration among the projects,
breeding issues, policy recommendations, and technological and
value chain issues were discussed. In addition, the projects held
meetings back-to-back with the congress of the European
Society of Agronomy in 2018 and 2020. DIVERSify and ReMIX
hosted the Intercropping for Sustainability Conference co-
organized with agricultural stakeholders in January 2021. The
event included scientific sessions, workshops and panel debates
to discuss the practical adoption of intercropping, applying
research findings, and new and emerging tools and kit. ReMIX
and DIVERSIfy organized the event “Intercropping to boost
agroecology in European agriculture” in March 2021 attended by
European policymakers and advisors, and the Cluster projects
contributed to panel discussions. Additional conferences and
webinars will be held in 2021 and 2022 to share the results, boost
international collaborations and maintain the momentum
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toward the creation of a European network on crop diversifica-
tion;

(7) International cooperation beyond Europe is also a priority
for the Cluster. A symposium entitled “Crop diversification to
ensure sustainable food supply for the global population” was
organized at the American Association for the Advancement of
Science 2020 conference. Exchanges with China are foreseen to
help increase the global knowledge on diversification. The
Cluster has developed an external website to support commu-
nication and dissemination alongside an internal workspace for
all working groups to share documents and other information.

7 OUTLOOK ON FUTURE RESEARCH
ON CROP DIVERSIFICATION IN
EUROPE

The European Commission, through its Green Deal and the
Farm to Fork strategies, has set ambitious and coherent goals for
more sustainable agriculture!' ). European policies will need to
be adapted to support all actors of crop diversification to reach

these ambitious objectives! .

In addition to producing new scientific and technical knowledge
to speed up the transition toward agrifood systems compatible
with these goals, European agricultural research faces a
paradigm shift in its organization, approaches and methods:
capitalizing on past and existing projects, boosting multiactor
and impact-oriented projects and adopting a more holistic
approach. In the upcoming calls of Horizon Europe, crop
diversification remains a major entry point in several topics of
the program “Food, Bioeconomy, Natural resources, Agriculture
and Environment”.

The Cluster is working on a legacy plan to pursue its activities on

crop diversification in the future, beyond the lifetime of the
individual projects. To this end the CDC intends to set up and
maintain a network as well as an online platform to host outputs
of CDC projects and support networking on crop diversification:

(1) Improve visibility of CDC and more broadly crop
diversification initiatives in the EU;

(2) Build on previous experiences rather than start from scratch
for upcoming projects/initiatives;

(3) Share resources (data, experiments, tools and services)
related to crop diversification for scientists, policymakers and all
stakeholders of the agrifood chain; and

(4) Create synergies across initiatives over time by hosting
upcoming resources.

8 CONCLUSIONS

The six projects of the European Crop Diversification Cluster
funded by the EU address knowledge gaps at all levels of the
agrifood system that hinder crop diversification development as
a way toward an agroecological transition of European
agriculture. Propositions of reorganization of the agrifood
system and changes to agricultural policies and regulatory
systems will be made to enable and boost crop diversification
progress. The creation of a European network on crop
diversification will ensure the scientific and operational legacy
of the Cluster projects.

The large-scale implementation of locally-adapted diversifica-
tion strategies at the European scale will be a major leap toward
the challenges of sustainable food and feed production and
environmental preservation, supporting the ambitions laid out
in the 2019 European Green Deal.
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