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Introduction

Adoption of crop diversification is a pillar of agroecological transition [START_REF] Poux | An agroecological Europe in 2050: multifunctional agriculture for healthy eating[END_REF]) but faces many barriers, which emerged historically along the specialisation trend of modernisation. These barriers occur at different levels of the agri-food system, reinforce each other and create a situation of socio-technical lock-in [START_REF] Meynard | Socio-technical lock-in hinders crop diversification in France[END_REF]. They have been described mainly by studies focusing on conventional agriculture, rather oriented to commodity markets and involving temporal diversification (integration of a new crop in the rotation). However, diversification initiatives can involve a wider range of strategies and contexts. Our objective was to investigate whether the presence and conjunction of barriers could be specifically related to some diversification strategies. Developing such understanding would contribute to fine-tune research, innovation and political action in line with the type of crop diversification promoted.

Materials and Methods

We studied 25 European case studies (CS) led by local organisations supporting annual crop diversification at food system level in the DiverIMPACTS project. To characterise the diversity of innovation strategies across the cases, we introduced the concept of "food system innovation settings" combining (i) a type of innovative practice promoted at the farm level (temporal diversification with longer rotations, spatial diversification with strip-cropping or multi-species cover crops and leys, intercropping), (ii) a type of value chain supporting that innovation (commodity market, local market, direct arrangements between livestock and arable farmers), and (iii) a type of agriculture involved (organic or conventional).In the initial phase of the project, CS teams attended co-innovation workshops where they used the method of causal analysis and drew a "problem tree" (AUSAID, 2003;[START_REF] Van Mierlo | Reflexive monitoring in action. A guide for monitoring system innovation projects[END_REF] to explore the different barriers that could limit or imped the diversification process. Further interviews were carried out to deepen the description of barriers they faced. A Multiple Correspondence Analysis (MCA) of the presence/absence of the different barriers to diversification raised by CS was carried out across the 25 case studies. Farming strategies, value-chains and type of agriculture were integrated as supplementary variables in the MCA to explore their relation with groups of barriers.

Results

We highlighted 46 different barriers to crop diversification across the cases, at different levels: production, downstream operations from farm to retailing, marketing and consumers, contracts and coordination between actors. We were able to distinguish 3 ideal-types of "food system innovation settings", contrasted in their proximity with dominant food systems, that were linked to different combinations of barriers: (i) "Changing from within" where longer rotations were fostered on conventional farms involved in commodity supply chains, (ii) "Building outside" where crop diversification integrated intercropping on organic farms involved in local supply chains , (iii) "Playing horizontal" where actors promoted alternative crop diversification strategies, either strictly speaking horizontal at spatial level (e.g. strip cropping) or socially horizontal (arrangement between farmers) without challenging directly the vertical organisation of dominant regime value chains. Major challenges faced in each case are presented in the table below.

Food system innovation setting Main barriers to crop diversification

Changing from within

Current situation is still profitable; power unbalance between the agroindustry and loosely coordinated farmers which constraints innovation at the farm scale with the necessity to fit to existing downstream infrastructures and requirements; cultural inertia and complexity of integrating systemic long term thinking in short term profit-oriented simplified farming systems; belief that technological innovation (machinery) or new phytosanitary products are compulsory to allow change; doubts in the possibility to differentiate new crops based on ecological or health benefits for conventional commodity crops.

Building outside

Actors share strong values and are convinced of ecological practices but struggle in developing new value chains, securing profitability and efficient coordination because of high transaction costs, low and/or uncertain yields/quality of minor crops in organic conditions. Although alternative actors are confident in the possibility to differentiate new local products based on sustainability criteria, doubts remain as far as fair prices are concerned because competition exist with organic products produced cheaper in other conditions.

Playing horizontal

Uncertainties and lack of knowledge on the sustainability and profitability of innovative practices that have been poorly documented; cognitive frames need to be changed to integrate such new practices and support decision making at new scales (strips, territorial collaboration); suitable contracts are required to secure partnerships between farmers and ensure fair mutual benefits; difficulties in communicating to average consumers with no agricultural background of specific implemented practices apart from the positive impact on landscapes.

Discussion and Conclusions

This analysis was based on interviews with innovation teams who mostly belonged to farming related organisations (farmer's associations, agricultural R&D, extension or advisory services) at the beginning of the DiverIMPACTS programme. This work thus provides a static initial diagnosis of the challenges faced from farmers' perspective. Innovation and transition are dynamic processes. Further research should explore to which extent this first overview of challenges will condition innovation actions undertaken and how actors' perception of barriers at different levels of food systems change during the process, enriched by other value chain actors' points of view, modified and informed by action. Our work showed that different innovation settings in terms of agricultural practices and value chain can result in contrasted patterns in the combination of barriers. This diversity of challenges has to be taken into consideration to develop targeted research, innovation and policy actions according to the food systems they seek to support. We will formulate specific recommendations in that sense but think that both the characterisation of food system innovation settings (e.g. integrating more detailed variables) and the corresponding adapted action priorities deserve further investigation.
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