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EXECUTIVE SUMMARY OF THE PROPOSAL

In the 20 th century, agriculture has experienced major gains in productivity via homogenization and intensive input use, two key components of the dominant model of agriculture in developed countries. This model is jeopardized with the awareness of rapid global change, increased environmental stochasticity and the need for greater sustainability of agriculture. A new paradigm is emerging, in which biodiversity and the mechanisms underlying its dynamics are considered assets for a sustainable agriculture relying more on ecological functions within agroecosystems. Crop genetic diversity should play an essential role in this context, as a key element contributing to agriculture multi-functionality and to the resilience of agroecosystems under rapid climatic change and decreased chemical inputs. However, the use of genetic diversity within agroecosystems faces ecological, socio-economic, organizational and regulatory challenges.

The main goal of the project is to better evaluate the possible roles of within-crop genetic diversity to reinforce the multi-functionality and resilience of cropping systems under global change. WHEATAMIX focuses on wheat in the Paris production basin, both a central crop and a major component of human nutrition. WHEATAMIX develops a highly multidisciplinary approach involving geneticists, agronomists, ecophysiologists, ecologists, economists, and management scientists, as well as key stakeholders ("Chambres d'Agriculture", farmers). It is structured in four complementary work-packages: -WP1 will characterise key morphological/ecophysiological traits and genetics of wheat varieties, as well as their plasticity under intra-and inter-variety competition. We will examine the plastic response of these traits to plantplant interactions and test how traits complementarity affects the performance of varieties in blends through experiments and modelling. -WP2 will quantify multiple ecosystem services provided by variety diversity within wheat fields: yield (including grain quality) and its stability, regulation of foliar diseases, insect pest and weed biocontrol, maintenance of soil fertility, along with biodiversity conservation. We will analyse trade-offs and synergies among ecosystem services, as well as links between particular baskets of services and bundles of traits. -WP3 will study the techno-economic interest of blends and associated baskets of services for -and their acceptability by-key stakeholders. We will explore the organisational and economic bases of blend choice by the wheat chain (from seed companies to millers), with a focus on the Paris basin. Existing lock-in to the use of within-field diversity will be analysed.

These 3 WPs will use common, complementary experimental approaches: i) individual plant phenotyping to characterize traits and their plasticity for 50 wheat varieties; ii) a main diversity experiment (65 100m2 wheat plots with 1, 2, 4 or 8 varieties, under low input) to quantify variety diversity effect on ecosystem services; iii) replicates of the same diversity experiment in 5 sites across France using smaller (7m2) plots, under low and high input, to test the robustness of wheat diversity under a wide range of environmental conditions; iv) a network of 50 farms, encompassing agro-climatic variability in the Paris basin, to compare the ecological and technoeconomic performance of blends with that of monocultures, in direct link with key stakeholders. -WP4 will combine results from WP1-3 (agro-ecological and techno-economic benefits of blends, associated organisational changes) and mobilize key stakeholders to build scenarios of the development of wheat variety blends in the Paris Basin considering various future climatic and economic contexts. Opportunities offered by and impacts of the introduction of wheat variety blends in the Paris production basin will be assessed on the basis of these scenarios. A strategy for the dissemination of project results will also be implemented.

CONTEXT, POSITION AND OBJECTIVES OF THE PROPOSAL

Over the last 50 years, homogenization has been the dominant paradigm of agriculture in industrialized countries, both within fields (systematic inputs to buffer environmental variations, use of a single, genetically homogeneous crop variety in each field), at landscape scale (consolidation) or country scale (specialization). This model is jeopardized with the awareness of rapid global change and the need for a more sustainable agriculture that are becoming challenging issues for agricultural managers and agronomic sciences. This is particularly true in a perspective of reduced fertilizer and pesticide inputs 1 . Crop genetic diversity may provide essential ecological services in low-input agricultural systems [START_REF] Hajjar | The utility of crop genetic diversity in maintaining ecosystem services[END_REF][START_REF] Carvalheiro | Natural and within-farmland biodiversity enhances crop productivity[END_REF] , including adaptability to agroenvironmental changes, yield stability against environmental stochasticity, and improved resistance to pests and pathogens. These perspectives, largely based on ecological studies, remain to be tested for agroecosystems and key crop production sectors. Our project is interdisciplinary and combines fundamental and action research to analyse the ecological, social and economic mechanisms that have to be accounted for when assessing the opportunities offered by and impacts of a better use of agrobiodiversity in agriculture in a context of global change. To this end, we will develop a comprehensive analysis of the agro-ecological and socio-economic effects of increasing within-field diversity of wheat crop through the use of variety blends (cultivar mixtures), along with scenarios corresponding to plausible trajectories for the use of variety blends over the next decades, in a major wheat producing area, i.e. the Paris basin (>50% of French wheat production).

OBJECTIVES, ORIGINALITY AND NOVELTY OF THE PROJECT

The overall objective of this project is to study the agro-ecological benefits of an innovation (use of variety blends within wheat fields) in the context of a multifunctional agriculture under global change, and to analyse the opportunities and challenges of this innovation for the economy, organisation and regulation of the wheat sector. To achieve this goal, we will address the following questions: -What is the range of wheat variety traits and their plasticity in blends (i.e. potential range of functional diversity offered by the use of variety blends)? -Can we combine traits within variety blends to increase complementarity in terms of resource use? -To what extent can intra-field diversity foster the delivery of multiple ecosystem services under a range of environmental conditions and address the need for more sustainable agriculture? -Can we design blends on the basis of variety traits in order to enhance yield and its stability, the delivery of baskets of ecosystem services, and the sustainability of wheat cropping systems? -What is the impact (opportunities and challenges) of introduction of variety blends on the organisation and economics of the wheat supply chain? Variety blends have long received attention in agricultural sciences. However our proposed research is novel in at least four ways:

First, we will renew the analysis of variety functional diversity and plasticity within blends, taking advantage of (1) novel trait-based approaches to quantify variety diversity and its potential effects in the field and (2) novel experimental and modelling approaches in ecophysiology and genetics. Until now, variety blends were mainly studied under a disease resistance perspective, and variety traits involved in other aspects of agroecosystem functioning and services have been ill-studied. This largely impedes blend design in a context of multifunctionality and sustainability of agriculture.

Second, we will develop a unique study of the mechanisms linking variety diversity to agroecosystem functioning and the delivery of a range of ecosystem (dis)services. We will promote a close collaboration between teams involved in ecology, microbial ecology, phytopathology and agronomy, to assess 6 services: yield and yield stability (including grain quality), regulation of foliar diseases, biocontrol of pests, biocontrol of weeds, maintenance of soil fertility, and biodiversity conservation. We will use complementary approaches, from a main diversity experiment inspired by up-to-date designs used in ecosystem ecology to analyse and understand plant diversity effects (e.g. in North America [START_REF] Loreau | Linking biodiversity and ecosystems: towards a unifying ecological theory[END_REF][START_REF] Tilman | Biodiversity and ecosystem stability in a decade-long grassland experiment[END_REF] , Europe BIODEPTH and Jena biodiversity experiment [START_REF] Roscher | The role of biodiversity for element cycling and trophic interactions: an experimental approach in a grassland community[END_REF][START_REF] Scherber | Bottom-up effects of plant diversity on multitrophic interactions in a biodiversity experiment[END_REF] ), to a network of wheat fields (variety blends versus the corresponding pure variety cultures) in Paris basin farms to test the robustness of our findings and their relevance in a real agricultural context. This will be a key step in understanding the relationships between bundles of variety functional traits and baskets of ecosystem services to be delivered.

Third, we will develop a multidisciplinary and multi-actors approach involving both researchers (economists, ecologists, ecophysiologists, geneticists, and agronomists) and agricultural stakeholders (farmers, 'Chambres d'Agriculture') to characterize the opportunities and lock-ins for the management of genetic diversity within agroecosystems. Thanks to a farm network animated by 6 Chambres d'Agriculture, we will perform an ideotype conception for wheat blends in Paris Basin. The technoeconomic benefits of these blends will be tested under different farming strategies including contrasting input levels (fertilizer, pesticide). Exchanges with stakeholders of the wheat sector will help to pinpoint the agro-economic conditions under which blends may provide increased services. Various actors of the wheat chain will benefit from WHEATAMIX:

-Farmers and farm networks, through a better stability of production and quality under reduced inputs (eg. in the context of 'Plan EcoPhyto'), -Crop breeders trying to switch to new breeding schemes based on diversity and variety blends, -The whole wheat sector, which may benefit from a more stable production both in time and space (note that our project will also evaluate constrains due to grain heterogeneity), -Society as a whole, which may benefit from the ecosystem services provided by blends and subsequent increased sustainability and human health (fewer pesticides and fertilizer, more biodiversity…). All results will be efficiently disseminated to the actors of the wheat sector, thanks to a tight collaboration with the Chambres d'Agriculture (their advisory services and farmer network), as well as through different meetings and workshops with stakeholders.

STATE OF THE ART

Intensive agriculture is both responsible for large greenhouse gas emission and is also extremely vulnerable to the subsequent change in climate. Worldwide impacts are expected to eventually reduce yields because of higher temperature, change in rainfall and increased drought and plant pathogen attack risks. Similarly, intensive agriculture is responsible for a decrease in agrobiodiversity at plot and landscape scales, which has negative feedback on some key services for agriculture as pollination or biocontrol of pests 8 . Producing crop varieties that will tolerate future global change remains challenging, because of increased climatic variability and new public policies that call for a lower use of chemical inputs [START_REF] Pitrat | Quelles voies pour réduire l'usage des pesticides ?[END_REF] , whose impacts on future yields remain largely unknown. An alternative to be explored is the use of genetically diverse crops, in particular selected variety blends, which may be more resilient (on the short term) and more adaptable (on the long term) to changing environmental conditions and stress [START_REF] Phillips | Evolutionary plant breeding for low input systems[END_REF] .

Agroecosystem services and intra-specific genetic diversity -Evolutionary ecologists have long known that genetic diversity controls the ability of populations to adapt to environmental change. Species richness has been shown to be a key factor of ecosystem functioning that tends to increase the mean primary production and decrease variability in this production [START_REF] Tilman | Biodiversity and ecosystem stability in a decade-long grassland experiment[END_REF] . However, the ecosystem services provided by intraspecific diversity have only partly been explored, either in natural ecosystems or agro-ecosystems, despite early studies about the role of composite cross populations [START_REF] Harlan | A composite hybrid mixture[END_REF][START_REF] Suneson | An Evolutionary Plant Breeding Method[END_REF] or blends on yields or disease resistance [START_REF] Lammerts Van Bueren | The need to breed crop varieties suitable for organic farming, using wheat, tomato and broccoli as examples: A review. Njas -Wagening[END_REF] . Except few studies of the effect of genotype mixtures on insect diversity or soil microorganisms [START_REF] Chateil | Crop genetic diversity benefits farmland biodiversity in cultivated fields[END_REF][START_REF] Crutsinger | Plant Genotypic Diversity Predicts Community Structure and Governs an Ecosystem Process[END_REF] , most studies have addressed production aspects. When surveying the abundant literature on the impact of blends on cereal yield, about 2/3 of blends are over-yielding the mean of parental performances [START_REF] Lecarpentier | Coupling genetic and eco-physiologic models to simulate temporal evolution of cultivar mixtures and composite populations[END_REF] , demonstrating generally positive interactions between genotypes within blends. However, most studies analysing the origins of blend performance to better understand complementarity effects are focussing on disease control (i) to develop a broader characterisation of phenotypic/functional diversity among varieties, including both above-and below-ground traits, relevant for a range of services to be delivered in a global change context. Indeed, crop genetic diversity is likely to enhance the delivery of numerous ecosystem services, by favouring greater biodiversity 2 and enhancing interspecific interactions between crop pests and their predators [START_REF] Ninkovic | Effect of within-species plant genotype mixing on habitat preference of a polyphagous insect predator[END_REF] . Similarly, varieties with different rooting and nutrient uptake patterns (e.g. main forms of N uptaken) and different influences on soil microbiota could allow complementarity effects and enhancement of soil fertility.

(ii) to study the plasticity of variety traits in single variety cultures and blends, using individual-based plant modelling. 3D plant models able to describe feedback loops that exist between resource acquisition (light, nitrogen [START_REF] Chelle | Phylloclimate or the climate perceived by individual plant organs: What is it? How to model it? What for?[END_REF] ) and the development of plant organs 22 could be major tools to explore trait plasticity according to environmental and management conditions.

From an agro-ecological to an agronomic and socio-economic assessment of the potential of intraspecific genetic diversity -In agro-ecology, a main hypothesis is that genetic diversity within a cultivated species could improve ecosystem functioning, the crop yield and its stability, and possibly other services through complementarity and insurance effects in the same way as species [START_REF] Scherber | Bottom-up effects of plant diversity on multitrophic interactions in a biodiversity experiment[END_REF][START_REF] Macfadyen | Parasitoid diversity reduces the variability in pest control services across time on farms[END_REF][START_REF] Fenzi | Pour Une Socio-Anthr. L'environnement[END_REF][START_REF] Whitlock | The role of genotypic diversity in determining grassland community structure under constant environmental conditions[END_REF][START_REF] Cook-Patton | A direct comparison of the consequences of plant genotypic and species diversity on communities and ecosystem function[END_REF] . However, to what extent the ecological potential of variety blend use can be jeopardized by technical, social and economic features of the agricultural sector is unclear and challenging.

Either for models [START_REF] Prost | Lack of consideration for end-users during the design of agronomic models : a review[END_REF] or for decision support [START_REF] Cerf | Participatory design of agricultural decision support tools: taking account of the use situations[END_REF] , the participation of end-users during the step of design has been shown to be efficient for their future use outside the field of research. In the same way, the design of innovative cropping systems, based on a prototyping approach, is based on the mobilization of a collective and distributed knowledge, including the future users themselves [START_REF] Reau | Les ateliers de conception de systèmes de culture pour construire, évaluer et identifier des prototypes prometteurs[END_REF] .

In the case of participatory design of decision-aid tools, Cerf et al. [START_REF] Cerf | Participatory design of agricultural decision support tools: taking account of the use situations[END_REF] show the role played by the test of an innovation prototype by its future users. In the case of innovative cropping system design, its assessment is also a necessary step helping to adapt it so that it can reach the objectives targeted. Thus, the production of blends adapted to the needs and motivations of the main stakeholders of the wheat chain must result from a co-designing between geneticists, agronomists/agro-ecologists and end-users. In this context, the use of an ideotyping approach as proposed by Donald 30 is very pertinent. It consists in defining a plant model in terms of traits that allow the plant to reach some performance objectives [START_REF] Rasmusson | An Evaluation of Ideotype Breeding[END_REF] and in selecting for those traits.

We must underline that, while mixing crop varieties is an old practice, it has so far never been fully assessed using a comprehensive approach crossing ecological, agronomic and socio-economic views.

The economic impact of variety blends has not been analysed in the (agricultural) economic literature. However, these impacts can be related to general economic issues or mechanisms. On the one hand, blend may affect competition and market interaction at different levels of the supply chain. One issue is related to firm strategies and product differentiation. On the seed market, blend can be considered as product bundle and may be leads one or several seed companies to have different product lines and discrimination strategy [START_REF] Armstrong | A more general theory of commodity bundling[END_REF] . On the commodity market, blend could be an opportunity for some grain merchant to adopt a differentiation strategy [START_REF] Porter | Choix stratégiques et concurrence: techniques d'analyse des secteurs et de la concurrence dans l'industrie[END_REF] . Another issue is related to the management of the supply chain with this new kind of product. The operational research literature provides a set of interesting model to address issues related to the coordination among actors [START_REF] Cachon | Contracting to Assure Supply: How to Share Demand Forecasts in a Supply Chain[END_REF] as well as tractability of batches [START_REF] Gavirneni | Benefits of co-operation in a production distribution environment[END_REF] .

The diffusion of variety blends also raises interesting questions that are related to the economics of innovation. One issue is related to the accumulation of knowledge and the learning of the potential adopter. Many studies have emphasized the risk of lock-in the agricultural sector: some innovations involving a lower use of inputs may not be adopted by farmers despite their positive impact on both economic and ecological performance of farms [START_REF] Cowan | Sprayed to Death: Path Dependence, Lock-In and Pest Control Strategies[END_REF] . This situation is partly due to the uncertainty that farmers face when adopting such innovations. This calls for new procedures between science and stakeholders for producing scientific and evidence-based knowledge about the effectiveness of such innovation compared to conventional technologies [START_REF] Vanloqueren | How agricultural research systems shape a technological regime that develops genetic engineering but locks out agroecological innovations[END_REF] .

PROGRAMME AGROBIOSPHERE
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POSITION OF THE PROJECT

The forecasted climate changes and the ongoing changes in objectives assigned to agriculture by new public policies [START_REF] Pitrat | Quelles voies pour réduire l'usage des pesticides ?[END_REF] are of such a magnitude that there is a general agreement on the need for a re-evaluation of agricultural practices at the country scale [START_REF] De | The New Green Revolution: How Twenty-First-Century Science Can Feed the World[END_REF][START_REF] Paillard | Food Security by[END_REF] particularly via renewed strategies for agroecology research [START_REF] Lovell | Integrating agroecology and landscape multifunctionality in Vermont: An evolving framework to evaluate the design of agroecosystems[END_REF] . More specifically, the issue of increased climatic variability, including increased extreme climatic events, and decreased pesticide and fertilizer inputs, remains relatively unaddressed despite its crucial role for the environmental, agronomic and economic efficiency of farming systems. Both French and European agricultural policies, responding to an increasing concern of society for environmental questions, aim at limiting the negative impact of agriculture on environment and health. The joint action of a reduced use of inputs and an increased weather stochasticity leads to stronger environmental heterogeneity for the crops, both in time and space. There is thus a double need to secure crop production in face of changing climatic conditions and increasing environmental stochasticity, while protecting the environment, which is threatened by agricultural practices [START_REF] Loreau | Ecology -Biodiversity and ecosystem functioning: Current knowledge and future challenges[END_REF] and emissions of greenhouse gases. A search for models of sustainable farming is therefore promoted ('Grenelle de l'Environnement'), which could rely on a better use of the ecological features of agroecosystems to ensure an ecologically sustainable functioning of productive ecosystems and a continued renewal of natural resources 42 . Different levers need to be mobilized to develop sustainable farming systems, as improving crop rotation, using inter-cropping cultures, and increasing the diversity of cultivated species [START_REF] Pitrat | Quelles voies pour réduire l'usage des pesticides ?[END_REF][START_REF] Meynard | Freins et leviers à la diversifi cation des cultures[END_REF] . However, main crops such as wheat, maize or oilseed rape are dominant productions that presently structure the agricultural activity [START_REF] Meynard | Freins et leviers à la diversifi cation des cultures[END_REF] at the farm and regional level. Considering the increasing world demand for bread wheat in the next years, improving the sustainability of such a key crop is required, and will have strong consequences. Moreover, wheat yield have reached a plateau since two decades in France and other countries, demonstrating how global change (evolutions in cropping practices and climatic change) is already impacting the wheat sector [START_REF] Brisson | Why are wheat yields stagnating in Europe? A comprehensive data analysis for France[END_REF] . Exploring the potential of use of blends with high yield under low environmental predictability and low input is therefore a strategy deserving better attention.

Therefore wheat within-field genetic diversity, which was greatly decreased by the widespread use of genetically homogeneous inbred lines, could play an essential role in new agro-ecological approaches, as a key element for future agroecosystem adaptation to global change. The presence of genetic diversity within fields is indeed likely to provide crucial ecological services:

(1) The commercial life expectancy of a wheat variety is ca. five years, partly due to breakdown of disease resistance. Combinations of varieties (blends) differing in their resistance to pathogens should increase the effectiveness of crop resistance [START_REF] Finckh | Cereal variety and species mixtures in practice with emphasis on disease resistance[END_REF][START_REF] Vallavieille-Pope | Management of disease resistance diversity of cultivars of a species in single fields: controlling epidemics[END_REF][START_REF] Kiaer | Grain yield increase in cereal variety mixtures: A meta-analysis of field trials[END_REF] .

(2) Crop varieties that were bred for intensive farming and optimal conditions are unlikely to be adapted to more variable and sub-optimal conditions (climatic variation 1 , disease pressures) especially with limited chemical inputs [START_REF] Lammerts Van Bueren | The need to breed crop varieties suitable for organic farming, using wheat, tomato and broccoli as examples: A review. Njas -Wagening[END_REF][START_REF] Murphy | Breeding for organic and low-input farming systems: An evolutionary-participatory breeding method for inbred cereal grains[END_REF][START_REF] Wolfe | Developments in breeding cereals for organic agriculture[END_REF] . In contrast, crop genetic diversity is expected to stabilize production and favour adaptation to environmental change, which remains to be tested in practice [START_REF] Mundt | Performance of wheat cultivars and cultivar mixtures in the presence of Cephalosporium stripe[END_REF] .

(3) Crops are an important part of agroecosystem biomass; the genotypes of such "foundation" species can influence the composition of surrounding communities, trophic networks [START_REF] Bukovinszky | Direct and indirect effects of resource quality on food web structure[END_REF] and ecosystem functioning [START_REF] Whitham | A framework for community and ecosystem genetics: from genes to ecosystems[END_REF] . More genetic diversity within agroecosystems could therefore improve their ecosystem functioning and services (as pest control [START_REF] Crutsinger | Plant genotypic diversity predicts community structure and governs an ecosystem process[END_REF] , mycorrhizal symbioses [START_REF] Gianinazzi | Agroecology: the key role of arbuscular mycorrhizas in ecosystem services[END_REF] and soil fertility [START_REF] Schweitzer | Plant-soil-microorganism interactions: Heritable relationship between plant genotype and associated soil microorganisms[END_REF] ) and favour input reduction.

(4) Considering the need for innovative and low-input cropping systems, the expected phenotypic plasticity of blends, as well as the ability to customize their composition to fit a given environment, can increase/stabilize wheat yield and therefore contribute to the diffusion of new cropping practices. Crop genetic diversity can thus be a major asset for a growing number of farmers who try to reduce chemical inputs, but also have to cope with climatic or parasitic risks. However, the shift towards more environmentally-friendly farming is slow, and there is an urgent need for additional research in this direction [START_REF] Kiers | Ecology -Agriculture at a crossroads[END_REF][START_REF] Ostergard | Time for a shift in crop production: embracing complexity through diversity at all levels[END_REF] . The recent evolution of French variety registration rules, with Value for Cultivation and Use (VCU) criteria now considering the performance of varieties under low input conditions, is a first step toward a better use of genetic diversity. However, registration of wheat blends is not presently considered, even if allowed for other species (rapeseed, turfgrass). At the same time, there is a general consensus on the fact that blends are not adapted to present wheat sector, from seed breeders to processing industry. Though, many French farmers are presently using blends in their fields (30 identified partners), finding a direct interest, despite the absence of advising services and specific grain gathering. Therefore there is a need for an in-depth analysis of strengths and weaknesses associated to blend introduction in wheat sector, in particular its actual potential to enhance the multifunctionality and sustainability of wheat farming, and for interdisciplinary research engaging key stakeholders. This could spur the emergence of models of agrobiodiversity.

Position regarding the AGROBIOSPHERE call -WHEATAMIX aims at assessing how intra-specific diversity can provide ecosystem services, and thus improve agroecosystem adaptation to global change. The project thus falls perfectly within the second theme of the AGROBIOPHERE call "Stratégies d'adaptation innovantes".

Regarding the components of global change considered, WHEATAMIX will focus on the two main constraints responsible for wheat yield stagnation in France: evolution of cropping practices, with specific attention to reduction in nitrogen and pesticide use, and climate change (weather stochasticity). It will also consider the evolution of public policies and regulations at French and World level (PAC, seed registration rules, Plan EcoPhyto…).

Concerning the time frame considered, one aim of the project is to provide timely solutions for the development of a sustainable and productive wheat sector: the time horizon of our study will thus range from present time to the next 30 years. About 5 to 10 years would be necessary to develop robust methods to combine varieties and evaluate blends, adapt seed registration/trading rules, and disseminate blends in French farmland. A horizon covering the next 30 years and considering various future climatic and economic contexts will allow us to consider higher weather stochasticity, and better assess the interest and limit of intra-specific crop diversity, as well as the development of specific blend-breeding programmes.

Regarding spatial scales, WHEATAMIX will consider and integrate a range of scales. We will focus on the field level to study the genetic, agronomic, and ecologic processes determining ecosystem (dis)services provision by blends. We will use experimental trials in 5 locations in France and study 50 farm fields in the Paris basin to account for agro-climatic variations and test the robustness of our results. In complement, we will focus on the level of farms and wheat sector in the Paris basin to study the potential of and lock-ins affecting the use of blends.

Consistently with the Agrobiosphere call text, we will develop scenarios for variety blend integration, considering various levels of the wheat chain. How multiple ecosystem services can be better delivered thanks to variety diversity in a context of low input agriculture, and how this can drive individual or local strategies for farmers and other actors of wheat sector (advisory services, processing, grain gathering…) will be a major concern for the project.

Position vis-à-vis other national or international projects -Our project will build on, and has strong connexions with current or recent projects on (1) the conservation and optimal use of genetic diversity (CESAB project 'NETSEED', involving I. Goldinger; ANR 'BREEDWHEAT', involving B. Andrieu, S. Lemarié and J. Enjalbert; EC-FP7 'SOLIBAM', involving I. Goldringer and S. Lemarié) that focus on crop diversity management, genomics for elite breeding or breeding for organic agriculture, respectively, but do not consider blends; (2) the impact of climate change on agriculture (two INRA-ACCAF-Metaprogram: 'Climagie' project involving J. Enjalbert and I. Goldringer and 'CLIFF' project, involving S. Saint-Jean, C. Pope and J. Enjalbert), Climagie working on intra-and inter-specific diversity of turfgrass, while CLIFF do not address this question, focussing on evolution of epidemics under climate changes,; (3) the role of plant species diversity in agroecosystems (ANR 'DISCOVER' project, involving X. Le Roux and F. Poly) but that did not consider intra-specific diversity; and (4) ecological engineering to enhance agriculture sustainability (ANR 'AZODURE' project, involving X. Le Roux and F. Poly) that evaluates the potential of maize inoculation by Azospirilum. The main originality of our project is to gather a range of up-to-date approaches and skills from a range of disciplines to examine how crop diversity can be an asset for a sustainable and multifunctional agriculture adaptable to global change. In particular, link with BREEDWHEAT project will be made through both modelling approaches and phenotypic and genetic diversity descriptions. As within-field diversity is not studied in BREEDWHEAT, WHEATAMIX research will provide original and complementary results on yield stability and trait plasticity in blends. WHEATAMIX will also have some connections with PHENOME project, as V. Allard is heading the Clermont-Ferrand platform. The different phenotyping efforts planned in the project could benefit from ongoing developments on high-throughput field phenotyping equipments. WHEATAMIX will be tightly linked to the Labex BASC, with 5 teams (EGC, BIOGER, Agronomy, GV, BIOEMCO) participating to its axes 2 & 3: "Understanding and improving the adaptive capacity of agroecosystems through knowledge of genetics and evolution" and "Biodiversity enhancement and management for sustainable social-ecological systems". Some connections will be made with EC-FP7 project PROAKIS about advisory services and knowledge systems for agro-ecological transitions in Europe.

SCIENTIFIC AND TECHNICAL PROGRAMME, PROJECT ORGANISATION

SCIENTIFIC PROGRAMME AND PROJECT STRUCTURE

To address opportunities for a better management of genetic diversity within agroecosystems through the wheat blends analysis, we need a multidisciplinary and multi-actor approach. We thus structured our project around three workpackages based on cohesive groups of disciplines: in WP1 geneticists and eco-physiologists develop a mechanistic study of plant interactions in blends; in WP2 ecologists, epidemiologists and pathologists study how blends can affect the associated communities (biodiversity and functions); in WP3, agronomists, economists and management scientists analyze how blends development can be hosted by the actors of the wheat chain. WP4 is dedicated to a trans-disciplinary synthesis, strengthening the trans-WP exchanges due to the work based on shared experimental designs. WP0 is dedicated to the management of the project and the critical coordination of work between teams on common experiments. This general organisation is illustrated in Fig. 1. 1-Central diversity experiment -This experiment will analyse ecosystem services on large plots presenting contrasted levels of wheat diversity. The experimental area, located in INRA-Versailles experimental domain, will contain 65 large plots (10 x 10 m) sown with wheat at a density of 220 seeds/m 2 . Wheat pure lines and blends of 2, 4 and 8 varieties (equal proportion for the varieties used in a given mixture) will be sown in mid-October of Year 1 & 2. Since variety traits will not be characterized before the end of year 1, blends will be randomly chosen from a pool of 20 varieties to determine blend composition, using a "broken stick" approach to minimize blend similarity at high level of variety diversity. The 20 varieties will be chosen 1) to maximize differences in their selection history, differences in selection targets being likely related to differences in key traits (height, N use,…) 2) to represent the main varieties cultivated in the Paris basin (7 varieties). Because the aim of this experiment is to identify diversity effects and associated causal mechanisms rather than to compare the performance of individual blends according to their composition, 15 replicates for each diversity level (i.e. blends with different compositions) will be used for levels 2, 4 and 8 varieties per plot. In addition, all 20 varieties will be also cultivated as monocultures (20 + 3*15 =65 plots). Furthermore, this experiment will concentrate on the effect of varietal diversity under low input crop management plan: the Nitrogen dose will be calculated using the balance sheet method (Azofert software) taking into account soil N availability for a 70% optimal yield objective. Fertilization will be provided at heading/flowering time. No fungicides/pesticides will be used, and chemical weeding will be done on demand, after scoring weed density per plot.

2-Multisite trials -The previous experimental scheme (65 plots) will be replicated, in year 1 and 2, in 5 locations (INRA centers) across France (Clermont-Ferrand, Mons, Montpellier and Le Moulon), albeit on smaller plots (7m²), to examine contrasted environmental conditions. In each site, the 65 plots will be observed under low and high input, defined according to local cropping system and targeted yields. Note that in year 2, plots will be added to allow the complete observation of all 2-variety-blends (28 plots) based on the most contrasted varieties present in the assay (year 1 result of WP1).

3-Chambres d'Agriculture Farm

Network -An on-farm assessment of eco-systemic services linked to the use of wheat blends will be set-up. In year 1, CA will organise the farm network, based on 50 farmers spread out in the Paris basin (6 French departments: 18; 27; 36; 41; 45; 77), and presenting a range of cropping systems, intensification and "terroir" effects. Field trials will be carried out in year 2 and 3, in large plots (c.a. 1ha). In each farm, one 4-variety-mixture chosen by the farmer will be compared to its components in pure stand. CA will manage the techno-economic survey of blend performances as regards to the corresponding monoculture/cultivar, while additional ecosystem analyses will be performed (see WP2). Blend composition as well as crop management and performances assessment will be defined during an "ideotyping" exercise (WP3.1).

DESCRIPTION BY TASK

WP 0: PROJECT MANAGEMENT Task coordinator: Jérôme Enjalbert Partners: GV, Agronomie, BIOGER, BIOEMCO, EGC, LEM, GAEL Main objectives. Due to the multidisciplinary nature of WHEATAMIX, as well as the challenging experimental schemes deployed, its coordination will requires specific attention and skills. WP0 therefore organises the project management in four tasks, in order to manage the necessary dialogue between the different partners, while keeping clear specific objectives, organising collective experimental schemes, and creating exchanges with the stakeholders of the wheat chain.

Task 0.1: Project supervision (J. Enjalbert + WP leaders): The core management of WHEATAMIX will consist, beside the administrative duties, supervision of experiments, and follow-up of progress of each task, in the organising of key events structuring Wheatamix partnership:

a two-day early kick-off meeting, held right at the start of the project, allowing a first exchange between the different scientific teams and the CA partners. The aim of the meeting will be to fine tune the work plans of each task, as well as visit the Versailles site where the diversity experiment will be implanted, -meetings at the end of each year, where partners present the progress of each task, with invited experts to provide feedback, and discuss improvements of the work plans. Gauffreteau). One engineer will be recruited (Year 1, 2 and 3) and supervised to organize the exchanges with the Chambres d'Agriculture, and coordinate the studies conducted by the Farm network (surveys and data collection). In relation with the task 3.1, this engineer will set-up workshops on blend design (ideotyping) and will contribute to protocol dissemination, evaluation, result analyses of field experiments and reporting to the network.

Task 0.4: Information exchanges and dissemination. (I. Bonnin). Wheatamix will organize one scientific conference on the impact of intra-specific diversity on ecosystem services, three targeted meetings with stakeholders of different parts of the wheat chain (WP4), and a final meeting, broadly open to the public and private actors, where principal conclusions of the project will be debated with stake-holders and policy makers.

The quality of the management will be assessed by the capacity of the different partners to reach jointly the deliverables listed in each task, and to propose new research or development path.

WP 1: WHEAT TRAITS GENETIC VARIABILITY AND PLASTICITY IN RELATION TO NEIGHBOUR PLANTS

Task coordinator: Vincent Allard Partners: GDEC, EGC, GV, LEM Main objectives. WP1 will characterize functional and architectural traits of individual plants among wheat varieties, along with their plasticity according to intra-or inter-variety competition, and will explore how differences in traits between wheat varieties can produce complementarities for resource acquisition, and possibly better plant performance of the blends. WP1 will thus identify and quantify variety traits relevant for blend performance. To achieve this goal, we will (i) explore wheat genetic variability for key root and leaf architectural traits and functional traits, including their possible plasticity in response to plant-to-plant
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interaction, (ii) evaluate the genetic bases of traits involved in mixing ability of varieties grown in mixtures, (iii) explore the role of trait differences and plasticity for potential mutuality effects using modelling approaches, and (iv) develop efficient phenotyping designs for traits of varieties to be used in blends. WP1 results will be used in WP2 to characterize the functional diversity that might explain changes in agroecosystem functioning and service delivery, and will help to propose new breeding schemes (WP4).

Task 1.1: Phenotyping traits of varieties relevant for blend performance [GDEC, EGC, GV, LEM]

T.1.1.1. Phenotypic variability screening

Objectives -Objectives -We will describe the genetic variability of root and aerial characteristics of wheat varieties in isolated/pure stand to (i) characterize variable traits potentially involved in blend performance, (ii) describe the architecture of each line studied, and (iii) classify the screened varieties according to plant architecture (light foraging), rooting depth and N form utilization. Methods -A selection of 50 wheat genotypes will be screened at the single plant level in the field and in the lab, on years 1 and 2, to identify genetic variability of root and leaf architectural traits and key functional traits. This pool will include the 20 genotypes used in the WP2 diversity experiment and multisite trials (see WP2), as well as the most common elite genotypes used by farmers in Paris Basin (WP2&3).

Root architecture screening will be performed on year 1 on young wheat seedlings. Simple traits such as the number of seminal roots and maximum rooting angle will be measured under lab conditions, as they show a good correlation with wheat architecture at later stage (anthesis), in particular rooting depth [START_REF] Manschadi | Experimental and modelling studies of drought-adaptive root architectural traits in wheat (Triticum aestivum L.)[END_REF][START_REF] Manschadi | Genotypic variation in seedling root architectural traits and implications for drought adaptation in wheat (Triticum aestivum L.)[END_REF] . The methodology proposed, as developed by Bengough et al. [START_REF] Bengough | Gel observation chamber for rapid screening of root traits in cereal seedlings[END_REF] , will use vertical chambers allowing a reproducible and high throughput screening. An existing facility hosted in CIRAD, Montpellier will be used to minimize development time and cost. This method has recently been used successfully to study the genetic determinism of root architectural traits.

Concerning root functional traits, [START_REF] Crutsinger | Plant Genotypic Diversity Predicts Community Structure and Governs an Ecosystem Process[END_REF] N labelling will be used to characterize the main N forms used by 30 varieties including the 20 varieties in the blends studied in WP2. Ammonium-nitrate labelled either for ammonium or nitrate will be applied to roots of each variety under controlled conditions to characterize ammonium vs nitrate absorption by roots [START_REF] Maire | Trade-off between root nitrogen acquisition and shoot nitrogen utilization across 13 co-occurring pasture grass species[END_REF] . We will also measure leaf N concentration, specific leaf area and total matter concentration, along with root specific length, nitrogen concentration and total matter concentration which are traits widely used to assess plant functioning and N economy [START_REF] Cornelissen | A handbook of protocols for standardised and easy measurement of plant functional traits worldwide[END_REF] .

Screening of aerial architecture will be performed throughout plant development (emergence to flowering) for wheat individual grown in pure culture in the field so as to characterize the main traits that play a role for competition for light. In year 1 we will (i) use fast phenotyping methods to screen the whole set of genotypes in field conditions. This will involve the use of gap fraction measurements [START_REF] Jonckheere | Review of methods for in situ leaf area index determination: Part I. Theories, sensors and hemispherical photography[END_REF] from which LAI and mean leaf angle will be estimated at several dates along the cycle. This will also involve measuring simple architectural traits at flowering (number of green leaves, plant height, tiller number) and taking silhouette photographs of individual plants. We will also test innovative methods for 3D digitizing: a FARO Photon 120 LIDAR will be rent to the Plateau Xylosciences from INRA-Nancy; a Microsoft Kinect will be tested for indoor measurements using FARO software http://www.faro.com/scenect/scenect#main). Based on these results a subset of around 10-20 genotypes representative of the observed variability in plant architecture, will be considered for additional measurements in year 2. Here we will characterize the size of mature leaves, sheath and internodes, the leaf and curvature and azimuth, the tiller number and position. The methodology for these measurements has been established in previous works performed at EGC (3D/Arvalis and ECHAP/MEEDAT), it involves the characterization of organ size by scans [START_REF] Dornbusch | Lamina2Shape-An image processing tool for an explicit description of lamina shape tested on winter wheat (Triticum aestivum L.)[END_REF] and stature and leaf insertion from silhouette photographs [START_REF] Tackenberg | A New Method for Non-destructive Measurement of Biomass, Growth Rates, Vertical Biomass Distribution and Dry Matter Content Based on Digital Image Analysis[END_REF] and 3D digitizing. For this we can use our 3D digitizer (Polhemus) or if possible more efficient LIDAR/Kinect alternatives. The collected data will be used parameterise organ size and leaf geometry as a function of position along the stem for the studied varieties.

T.1.1.2 Studying trait plasticity and the importance of trait complementarities for resource acquisition in a context of plant-plant interaction

According to trait values characterised for pure varieties, 8 varieties will be selected within the ones used in the diversity experiment (WP2), based on the variability of rooting depth, and contrasted light and N foraging strategies (T.1.1.1). All monocultures (8), all possible 2-variety-blends (28, including the ones observed within the diversity design) and the blend of 8 varieties (1) will be grown in the field under high and low N supply in 3-4 locations of the multi-site trials. We will (i) measure the same plant traits under variety-variety interactions to evaluate trait plasticity, and (ii) finely analyse the mechanisms through which increased trait variability could allow more efficient light and nitrogen foraging, in particular under low N availability. The implantation of the blends in the multi-site trial will allow in situ characterization of trait plasticity according to environmental conditions, and fine mechanisms allowing complementarity and possibly better plant performance in blends, including grain production per plant. A subset of these 28 blends and the corresponding monocultures will be studied under controlled conditions in order to test more precise ecophysiological hypotheses. In particular wheat blends grown in rhizotrons will allow direct characterization of plant root profiles at adult stage and testing the effect of contrasted root traits on N acquisition.

Task 1.2: Phenotyping designs to study genetics of blend performance [GV, EGC] Objectives -We aim to (i) study the impact of functional and architecture traits on the fitness of individuals in a genetically heterogeneous crop, (ii) develop optimal experimental designs to characterize genetic variability for the response in mixed stand and (iii) analyse the genetic bases of traits involved in general and specific response to mixed stands (mixing ability).

Methods -We will compare different designs for large scale phenotyping of genotypes in pure and mixed stands. While a time-consuming approach (all pure + all binary mixtures) is necessary for the identification of key traits and their responses to plant-to-plant interaction, it raises limits for the study of a large set of genotypes such as those used during the breeding process for instance, which will be of major importance for WP4. We are thus investigating alternative blend phenotyping designs: precision sowing of individuals at fixed position with controlled neighbouring, alternate row (pure stand) plots with randomly chosen neighbours and mixed rows plots.

Using previous phenotyping design, we will evaluate in year 1 the set of 30-50 genotypes studied in T1.1., to assess the genetic variability on yield components and simple architectural traits (height, earliness, yield component, as well as LAI measures using EGC methods), in pure and mixed stands. If reliable, the method will be extended in year 2 and 3 to the study of 300 lines from a highly recombining and diverse population (MAGIC population developed by GV in coll. with NIAB). The phenotypic and molecular data produced in previous or on-going GV projects (Arvalis and BREEDWHEAT project) will allow for association mapping of mixing ability traits, as fine genotyping data (9K & 420K SNP array) are or will be shortly available (PhD S. Thepot, BREEDWHEAT project).

Further, Task 1.2 will characterize individual plant performance (biomass and grain yield) in mixed versus pure stands (mixing ability) using the most appropriate experimental design. Following Gallais [START_REF] Gallais | Modèle pour l'analyse des relations d'associations binaires[END_REF] we will apply to blends the quantitative genetics concepts and define the general mixing ability (GMA) as the average performance of a genotype in blends including that genotype, and the specific mixing ability (SMA) as the deviation in performance of a blend from that predicted by the GMA of both components. For blends with a larger number of varieties, we will evaluate the relevance of the concept of ecological combining ability [START_REF] Allard | Population Studies in Predominantly Self-Pollinating Species. XIII. Intergenotypic Competition and Population Structure in Barley and Wheat[END_REF] that quantifies the difference in yield of all components when grown in a blend or separately in pure stands [START_REF] Finckh | Plant competition and disease in genetically diverse wheat populations[END_REF] . This will allow us to detect which genotypes tend to favour neighbour genotypes within blends while being not significantly penalized (good mixing ability). The genetic bases of mixing ability will be analysed through association mapping as previously described. This approach will be complemented by the overall results obtained in WP1 and WP2 on the structure of correlations among traits, that will allow us to identify groups of genotypes with contrasted values for key traits. These groups, that can be viewed as analogs of the heterotic groups in hybrid breeding, would thus provide a functional basis for SMA Task 1.3: Ecophysiological modelling of trait plasticity and resource capture [EGC, GV] Objectives -This task will develop a model of plant-to-plant interaction, using results of T1.1, so as to simulate how the structure of the plants in a blend changes within one growth cycle, depending on the characteristics of blend components. The model will focus on competition and complementarity in resource capture for light and for nitrogen, between plant components, depending on their architectural/functional traits and plasticity, in absence of disease and weeds. It will make use on actions currently undertaken by the EGC partners (founded externally from this project): The present task will incorporate the main results of (a) and (b) in order to improve the individual-based model of plant-to-plant interactions within a blend (c), incorporating N economy and adaptive aspects of plant geometry to neighbouring plants. This work will take place in Year 3 so as to benefit fully of the developments of actions a-c. Model simulation will be assessed through a comparison with the results of the multisite trial in T1.1 (Yield component and N acquisition), as well as individual plant monitoring performed by GV partner (BAP project). The model will then be used for sensitivity analysis in T1.3, focussing on the impact of trait variability on competition outcomes.

Direct links with other WPs: WP1 will determine key variety traits and their plasticity, which will be used in WP2 to compute bundles of traits associated within the trial plots studied (to be linked to ecosystem baskets: T2.5). Traits determined in WP1 will also be used in Tasks T2.1 to T2.4 to better understand the observed relationships between variety diversity and aspects of ecosystem functioning. Results from T1.2, and more generally WP1,2&3, will guide the search for new breeding systems adequate for the design and use of variety blends (WP4).

WP 2: IMPACT OF VARIETY BLENDS ON AGRO-ECOSYSTEM FUNCTIONING AND BASKET OF SERVICES

Task coordinator: Xavier Le Roux Partners: LEM, Agronomie, BIOEMCO, BIOGER, CA, CERSP, EG, EGC, MNHN Main objectives. WP2 will build on the characterization of the morphological and functional traits associated to wheat variety performed in WP1, with the following main objectives: • analyse the relationships between the intra-specific wheat diversity used in fields and key agro-ecosystem services and associated key aspects of agro-ecosystem functioning. We will focus on six interconnected services which are likely to be important for variety blends use in a context of low input agriculture: (1) grain yield and quality, including their inter-annual variability, (2) maintenance of soil fertility, (3) regulation of important foliar diseases for wheat, i.e. rusts and septoria leaf blotch, (4) biological pest control, (5) regulation of weeds, and (6) maintenance of biodiversity at the level of wheat fields. This will allow better understanding of the role of wheat variety diversity for service (possibly disservice) delivery at plot to field scale, in particular if low input is used as promoted by recent initiatives, e.g. Plan EcoPhyto. Studying the impact on services at larger scales is not feasible in this project.

• study which services are compatible or not, especially with grain yield and quality, and what are the links between trait syndromes of wheat variety blends and bundles of services accounting for the observed tradeoffs and possible synergies among the services. This will help us to evaluate to what extent we can, from an agro-ecology point of view, promote a basket (or a bundle) of biodiversity-based services in low-input wheat crop systems while preserving biodiversity, which will feed the socio-economic analysis of possible use of blends in the wheat sectors and scenarios of blend use in the next decades developed in WPs 3&4.

One challenge for WP2 is to both (i) properly explore the causal mechanisms explaining the relationships observed between wheat variety diversity and a range of ecosystem functions and services, and (ii) test the robustness of these relationships under a range of realistic conditions (climate, soil and high-and low-input agricultural practices in particular). A single field trial or situation can hardly allow us to reach these goals, and we will thus use 3 complementary approaches (Table 2.1): test the robustness of these relationships and allow analysis of the stability of key services over a range of climate and soil (according to site) and management (low or high input) conditions. • A farm network in the Parisian basin will allow us to assess the impact of wheat variety diversity on the targeted services (including yield) and farmland biodiversity at the field scale in a range of environmental and realistic agricultural contexts for the production basin analysed in WP3 and 4.

Table 2.1: Synthetic view of the complementarity allowed by the 3 experimental and field-trial approaches used in WP2 and type of measurements planned for each. X: measurements of the different variables planned for all plots as presented in the text ; (X): measurements of these variables planned on selected plots and years ; (*): only measurements of proxies of services, no measurements of ecosystem status/functioning.

To build on the complementarity of sites and approaches, the following strategy and time frame are planned: (1) on years 1 & 2, grain yield and quality will be surveyed on all plots of the diversity experiment and multi-site trials (first column of Table 2.1); (2) throughout this period, a wide range of variables will be measured on the main diversity experiment plots to quantify key aspects of agro-ecosystem functioning and to characterize the levels of delivery of 6 services including yield (first line of Table 2.1). Yield data obtained during the first year on the main and multi-site trials will be used to identify the 2 variety blends that appear as the most generalists according to yield mean and variance observed across sites and management conditions, along with the 2 best blends and one blend performing poorly at each site and for each management (5 sites x 2 management, thus a maximum of 32 blends assuming lack of overlap among all the blends identified). The 32 blends will then be studied along with monocultures of the varieties included in these blends (maximum: 20) on year 2 on all multi-site trials to test the robustness (through soil, climate and management conditions) of agroecosystem multifunctionality and of the causal mechanisms underlying the diversity-services relationships identified with the diversity experiment. In addition, on each of the 50 CA farms, one 4-variety blend viewed as a potential good performer and suitable for cropping by farmers, and the 4 corresponding monocultures, will be studied at field scale using proxies of services on years 2 and 3. This will allow testing the robustness of the conclusions raised from the diversity experiment and multi-site trials in real conditions. WP2 is organised in 5 Tasks: the first 4 analyse relationships between variety diversity and ecosystem services, and Task 5 synthesises their results to analyse trade-offs and synergies between services and the dependence of bundles of services to trait syndromes of variety blends. Task 2.1: Provisioning services: grain yield and quality, and their stability facing environmental variations (GDEC, Agronomie, CA) Objective and working hypothesis -We aim to evaluate the effect of increased variety diversity within wheat fields on grain yield and quality, which provides information on processing (breadmaking) quality, and the robustness of the observed effect across a range of soil/ climate/ management conditions. We will also assess the inter-annual stability of this effect. Our working hypotheses are that (1) increased variety diversity will increase both grain yield and its stability particularly under low input management due to functional
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Task 2.2: Supporting service: maintenance of soil fertility (LEM, BIOEMCO, CERSP) Objective and working hypothesis -We will analyse the effects of wheat variety diversity on the activity, abundance and diversity of microbial functional groups involved in nutrient cycling and can induce feedback on plant growth and fitness, and ecosystem functioning [START_REF] Lata | Grass populations control nitrification in savanna soils[END_REF][START_REF] Reynolds | Grassroots ecology: Plant-microbe-soil interactions as drivers of plant community structure and dynamics[END_REF] as well as actual and time-integrated soil ammonium and nitrate concentrations, and plant N status, which provides information on soil fertility status. We will also evaluate the stability of these effects across a range of soil/climate/management conditions and between years. Our working hypotheses are that (1) variety diversity will influence soil fertility e.g. if varieties differ in their preference for N forms (assessed in WP1) and in their influence on key soil microbial groups (mineralizers, nitrifiers and denitrifiers), which ultimately determines the level of forms of mineral N available to wheat plants; and (2) high variety diversity will allow complementarity effects, e.g. through differences in root depth and mineral N preference, leading to higher total N uptake at blend scale. Methods -For each of the 65 plots of the diversity experiment, soil will be sampled from the 0-20cm layer. Ten 8cm-diameter soil cores will be taken on each plot and pooled. Four sampling dates will be studied in the diversity experiment: early May, early June and harvest time during year 1, and one date for year 2 chosen according to the results obtained during year 1 (i.e. 65 plots x 4 dates over the project = 260 samples). Soil will also be sampled once on the 32 selected blends and the 20 monocultures for each of the multi-local sites on year 2 (5 sites x 52 = 260 plots). This will lead to a total of ca. 520 samples. Fresh soil sub-samples will be used for microbial activity/flux measurements and other sub-samples will be frozen. Resin bags [START_REF] Robson | Neglect of mowing and manuring leads to slower nitrogen cycling in subalpine grasslands[END_REF] will be buried at 10cm during two-weeks-periods prior to each sampling campaign to assess the time-integrated soil ammonium and nitrate concentrations. For each fresh soil sub-sample, actual soil moisture and ammonium and nitrate concentrations will be determined. Nitrifying-and denitrifying-enzyme activities will be measured on fresh soil samples for 2 dates on year 1 and once on year 2 (195 samples) for the main experiment, and once on year 2 for the 260 samples from multi-site trials as described by Patra et al. [START_REF] Patra | EFFECTS OF GRAZING ON MICROBIAL FUNCTIONAL GROUPS INVOLVED IN SOIL N DYNAMICS[END_REF] . For 130 samples from the main diversity experiment (i.e. once per year), soil DNA will be extracted. An additional 130 soil samples from the multi-sites trials (year 2 sampling, likely selected only under low input) will be added. The abundance of key microbial groups will be measured by quantitative PCR targeting key genes on the 260 samples: 16S for the total bacterial community ; amoA-AOB and amoA-AOA for ammonia oxidizers [START_REF] Le Roux | Effects of aboveground grazing on coupling among nitrifier activity, abundance and community structure[END_REF] ; and nirK and nirS for denitrifiers [START_REF] Henry | Quantitative detection of the nosZ gene, encoding nitrous oxide reductase, and comparison of the abundances of 16S rRNA, narG, nirK, and nosZ genes in soils[END_REF][START_REF] Henry | Quantification of denitrifying bacteria in soils by nirK gene targeted real-time PCR[END_REF] . The genetic diversity of 3 key microbial groups (i.e. 3 genes selected according to activity and abundance data) will be assessed on 65 samples (one date -diversity experiment) through pyrosequencing.

Task 2.3: Regulating services: foliar fungal pathogen regulation, weed regulation, and aphid biocontrol (BIOGER, CA, CERSP, EGC) Objective -We will quantify the effect of variety diversity on foliar pathogen regulation, weed regulation, and aphid biocontrol, three important regulating services for wheat crops. Task 2.3a: Foliar fungal pathogen regulation (BIOGER, CA, EGC) Working hypothesis -We assume that the combination of varieties differing in their resistance to pathogens or the use of varieties with high genetic diversity should increase the effectiveness of resistance to major wheat pathogens in a context of low input of pesticides as promoted, eg. by the Ecophyto2018 plan [START_REF] Pitrat | Quelles voies pour réduire l'usage des pesticides ?[END_REF] . Methods-The variety monocultures and blends will be evaluated for their level of resistance to Septoriatritici blotch (STB) caused by Mycosphaerella graminicola, and yellow and brown rusts caused by Pucciniastriiformis and P. triticina, which are the most damaging wheat fungal foliar diseases in Europe. Disease severity will be assessed 3 times during the season on 15 plants in monocultures and on 30, 48 and 64 plants in mixtures of 2, 4 and 8 varieties, respectively. Each notation consists of disease area per plant. The experiment will be conducted during the 2 years in Versailles and on one year on selected plots of the multi-site trials. The experimental results analyzed and compared with a model (based on fungal pathogen dispersal within a variety blend, based on the 3D canopies built in WP1 [START_REF] Gigot | Potentialiteś des associations de varieteś pour limiter la progression eṕideḿique de la septoriose du ble : role des mećanismes de dispersion des spores par la pluie dans un couvert veǵetal heteŕogeǹe[END_REF] ). Visual assessments of disease levels will be made by farmers in the common on-farm setup using a unified protocol.

Task 2.3b: Weed regulation (CERSP, CA, Moulon) Working hypothesis -We expect that a higher diversity of wheat varieties will hamper weed growth, due to a better use of available resources (including soil nutrient as well as space and light), as already demonstrated with species diversity [START_REF] Knops | Effects of plant species richness on invasion dynamics, disease outbreaks, insect abundances and diversity[END_REF] . Methods-Soil coverage kinetics by wheat will be compared with weed diversity and coverage, which will be assessed twice on year 1 (May-June) in all plots of the diversity experiment and on the multi-site trials using respectively 5 1m² and 5 1/2 m² quadrats per plot [START_REF] Chateil | Crop genetic diversity benefits farmland biodiversity in cultivated fields[END_REF] . If herbicide application is necessary on the plots of a given trial, a measurement will be taken just before application and herbicide input will be recorded. A more qualitative assessment of weed diversity and coverage will also be performed in the CA fields by farmers, with methods used for nation-wide weed monitoring [START_REF] Fried | Environmental and management factors determining weed species composition and diversity in France[END_REF] .

Task 2.3c: Aphid biocontrol (CERSP, CA) Working hypothesis -We assume that increased variety diversity will increase both the abundance of prey 52 (see also task 2.4) and the diversity of habitats (e.g. via contrasting plant architecture [START_REF] Langellotto | Responses of invertebrate natural enemies to complex-structured habitats: a metaanalytical synthesis[END_REF] ) available to invertebrate predators, thus increasing their abundance and diversity and the effectiveness of biological control on pests like aphids. Methods-Aphid control will be assessed by placing live aphids on adhesive tape and recording a daily predation (removal) rate [START_REF] Östman | The relative effects of natural enemy abundance and alternative prey abundance on aphid predation rates[END_REF] and by estimating aphid abundance per plot. This will be done twice a year (May and June), during two years, in the 65 plots of the diversity experiment and in the 52 selected plots of the multi-site trials. For predation rate, ten adhesive tapes with 5 live aphids will be placed in each plot and aphid removal will be measured after 24 hours. A similar protocol will be used in CA sites by the farmers themselves, supervised by CERSP. Aphid abundance will be estimated by recording aphid numbers on a random sample of 50 tillers per plot [START_REF] Elliott | Fixed precision sequential sampling plans for the greenbug and bird cherry-oat aphid (Homoptera : Aphididae) in winter wheat[END_REF] .

Task 2.4: Agro-biodiversity preservation (CERSP, BIOEMCO, CA) Objective and working hypothesis -We will quantify the effect of variety diversity on above-and belowground macrofauna. We will focus on taxa that likely provide services but that are also mobile enough to move among experimental treatments and select their preferred habitat: (i) earthworms for belowground soil macrofauna, which contribute to soil aggregation [START_REF] Six | A history of research on the link between (micro)aggregates, soil biota, and soil organic matter dynamics[END_REF] and dynamics of soil organic matter [START_REF] Bardgett | The biology of soil, a community and ecosystem approach[END_REF] , and promote plant growth via increased mineralization [START_REF] Scheu | Effects of earthworms on plant growth: patterns and perspectives[END_REF] , and (ii) key aboveground invertebrate communities that live in crops and include important pest predators. Our working hypothesis is that increased variety diversity will increase the total amount or diversity of resources (food sources or habitats) for a range of macroorganisms, thus increasing their diversity [START_REF] Crutsinger | Plant genotypic diversity predicts community structure and governs an ecosystem process[END_REF] . Methods-Assessment of soil macrofauna (i.e. size>2mm) will be achieved once a year for each of the 65 plots of the diversity experiment, and once on year 2 for the 32 selected plots of the multi-local sites and corresponding varieties grown in monocultures (particular taxa could be targeted for the latter according to results obtained on year 1). We will apply the TSBF method [START_REF] Anderson | Tropical soil biology and fertility: a handbook of methods[END_REF] with 5 replicates per plot, which consists in extracting soil blocks (25x25x30 cm) and sorting out manually macrofauna. Densities of soil macrofauna sorted out in large taxonomic groups and as much as possible to family level will be determined. Earthworms will be identified to species level. Collembola diversity and density will be assessed using five 5cm diameter soil cores pooled for each plot and extraction by the Berlese method. Aboveground invertebrates (ground beetles and spiders) will be collected on the same plots using pitfall traps (3 replicates per plot) according to Chateil et al [START_REF] Chateil | Crop genetic diversity benefits farmland biodiversity in cultivated fields[END_REF] . Earthworm and aboveground invertebrate diversity and abundance will also be conducted yearly in the CA fields by farmers, on a voluntary basis, using the simplified protocols of the "Observatoire Agricole de la Biodiversité" (http://observatoire-agricole-biodiversite.fr/) run by CERSP. Objective and methods -Whereas each of the Tasks 2.1 to 2.4 will analyse the relationships between variety diversity and particular aspects of agro-ecosystem functioning and a particular service, Task 2.5 will promote 3 types of synthetic analyses, using all the data obtained from Tasks 2.1 to 2.4:

-multivariate analysis [START_REF] Cadotte | Using Phylogenetic, Functional and Trait Diversity to Understand Patterns of Plant Community Productivity[END_REF] will be applied to key variables measured in tasks 2.1 to 2.4 (including variety trait diversity accounting for results of WP1, mean and variance of wheat yield, soil fertility, disease prevalence, aphid levels, weed levels, species composition and diversity of biological communities from micro-organisms to insects, along with soil/climate conditions) to statistically identify the best predictors of crop yield and stability. This will be complemented by GLMs and path analyses [START_REF] Roux | Soil environmental conditions and buildup of microbial communities mediate the effect of grassland plant diversity on nitrifying and denitrifying enzyme activities[END_REF] to test for possible direct vs. indirect relationships between variety diversity and associated traits, diversity levels of key taxonomic groups, key aspects of agro-ecosystem functioning, and yield. All these analyses aim at a better understanding the determinants of yield as a key service, viewed as the variable to be explained and its dependency on variety diversity, agrobiodiversity, and supporting and regulating services. -multivariate analysis of service levels reported on the different plots will be used to identify tradeoffs/synergies between the 6 services (possibly disservices) studied. This aims at identifying possible 'baskets' of services, with a particular attention to grain yield and its temporal stability. -For either the main diversity experiment or multisite plots, we will test the congruency (e.g. with Spearman coefficient) between matrices of variety diversity (or variety trait matrices), matrices of variables characterising agro-ecosystem functioning, and matrices of service levels. We will also identify syndromes of traits at variety blend scale that would relate to particular bundles of services, using the framework proposed by Lavorel et al. [START_REF] Lavorel | Linking functional traits of plants and other trophic levels for the quantification of ecosystem services[END_REF] .

WP2 main outcome is to get a broad view of by which mechanisms variety diversity, through morphological and functional trait diversity, influences yield and its stability at plot/field scale in a land/management change context, and whether the resulting increase in farmland biodiversity is a mere byproduct of increased crop diversity or can also favour crop yield via increased regulating and supporting services.

Direct links with other WPs: WP2 will use the determination of variety traits and their plasticity done in WP1 and available at the end of year 2 for data analysis; it will identify baskets of agro-ecosystem services and trade-offs among services/disservices that will be used by WP3 in years 3 & 4.

WP 3: ASSESSING BLEND PERFORMANCE IN FARM FIELDS, AND THEIR IMPACT ON THE WHEAT SUPPLY CHAIN

Task coordinator: Stéphane Lemarié Partners: GAEL, SADAPT, Agronomie, GV, LEM Main objectives Even if it has not been widely recognized in the economics literature on agricultural innovation 92 , the success of an innovation depends not only on its impact on productivity but also on whether it is in line with the strategy of various actors of the supply chain.. In some cases, the constraint of the economic system may lead to a lock-in situation that impedes the diffusion of the innovation [START_REF] Cowan | Sprayed to Death: Path Dependence, Lock-In and Pest Control Strategies[END_REF] . In the case of wheat blends, we have to consider an economic system, from the seed company to the miller, including the advisory services, the farmers, and the warehousing organisations (cooperatives, retailers...). Thus, the aims of WP3 are to (i) promote the collaborative design of blends between scientists and farmers accounting for agroecological blend performances (WP2) and farmers' knowledge and expectations, (ii) assess the agronomic and economic performance of blends in farmer's fields, and (iii) analyse the impacts (positive and negative) of variety blends for all the actors of the wheat supply chain, both in terms of economic interest and in terms of knowledge exchange and accumulation for this type of innovation. WP3 is divided in two complementary tasks. T3.1 focuses on blend performance at farm level. Based on a participatory process, we will define the objective(s) targeted by farmers when they use blends, design blends in accordance with those objectives, and assess them experimentally in a network of 50 farms in the Paris basin (link with WP2). T3.2 will allow assessing the impact (opportunities and drawbacks) of blend use for the other actors of the wheat supply chain in the Paris basin. Based on a survey of a representative sample of actors, we will analyze the economic interest of these actors for blends and the process of knowledge accumulation and diffusion by advisory services. Two main complementarities between these two tasks should be underlined. First, the needs of the downstream supply chain's actors (e.g. the quality of flour suitable for millers) that are analyzed in the second task will be important to define the type of blends that should be tested in the first task. Second, the participatory approach used in the first task will provide interesting inputs to the second one to better understand the heterogeneity of the demand for blends by different actors and the way blend-related knowledge should be created and circulated.

Task 3.1: Collaborative design of blends, and their techno-economic assessment at the farm scale (Agronomie, SADAPT, GV) Objectives -This task aims at designing blends adapted to several requirements, and assessing them in farmers' fields, in comparison with pure line varieties. Mixing varieties in a same field is not a common practice in this area. The farmers need some rules to choose the right varieties to be mixed on their farm, which corresponds to particular environmental and socio-economic conditions. An ideotyping approach involving farmers and the main stakeholders who have an impact on the variety farmers' choice (customers, advisors…) will be implemented to design blends for a given context and given objectives. Methods -In a first step, the farmers and other stakeholders will define a hierarchy of agronomic goals for the blends by clarifying their needs and motivations (environmental, economic, social, political…). This work will rely on individual interviews of the different actors and on collective working groups. A particular attention will be paid to the testimonies of farmers already using wheat blends in their farms.

The second step will consist in proposing strategies for blend design to meet the agronomic/quality goals previously listed. We will convert those strategies into target traits or bundles of traits of the varieties to assemble. This designing work will build up on results from the WP1&2 and will also rely on existing knowledge (scientific, technical, expert) in agronomy, ecophysiology and genetic extracted from literature, but also from interviews with farmers already using blends. Once designed, the blend ideotypes will be built with existing varieties. Finally, the blends will be assessed in comparison with pure line varieties, in close link with farmers and advisors from CA, in the farm trial network (WP0.3). The field trials will be carried out over a two year period in around 50 farms spread out in the Paris basin, providing results obtained under highly contrasted conditions at a large regional scale. Whereas WP2 will characterize the blend performance as regards to the corresponding monocultures in an agroecological perspective only, WP3 will use a broader range of criteria (agronomic, socio-economic, and ecological). To improve the understanding of the performances observed in the different trials, some indicators will be calculated to quantify the main biotic and abiotic environmental conditions that may have hindered the crop development at each location. The calculation of those indicators will be based on observations and measurements made during the cropping period. Two rounds (2 years) of design, building and evaluation of blends will occur during the project. The blends designed in the second round will be improved in light of the results obtained during the first round evaluation step.

Task 3.2: Impacts of blends on the value chain of wheat sector (SADAPT, GAEL)

Working hypothesis -The seed choice made by farmers depends on the range of products supplied by the seed companies, the knowledge related to the performance of blends, and the downstream valorisation of the production after the farm gate. Seed blends may also be favoured by particular policies dedicated to ecosystem services (e.g. agri-environmental schemes). The objective of this task is to conduct an integrated analysis of the multiple techno-economic determinants of the seed choices within the wheat supply chain. These determinants cover three main issues:

-The seed supply and seed regulation. A blend can be considered as a bundle of inbred line varieties. Is there an interest for a given seed company to develop and sale such bundles, or should the seed company continue to sell only inbred seed and let the retailers or the farmers make there own blends? If selling blend is interesting for some seed companies, how should seed regulation be adapted to let such a product been sold, knowing that the regulation has a direct effect on the competition between firms? -The collect by cooperatives. The blends that are collected could be considered as equivalent to some other wheat production (and mixed with them) or, alternatively, they can represent an opportunity to develop new markets downstream. What are the circumstance and the commercial strategy of a given cooperative that Methods -These 3 issues will be addressed through a series of about 30 face-to-face interviews with principal actors of the wheat chain including: advisory services (chambers of agriculture, regional cooperatives), seed retailers and harvest collectors (e.g. farmers' cooperatives), seed companies, and regulatory institution (CTPS). We will also analyze experiences of blend introduction for wheat in foreign countries. Special attention will be paid to the Danish case, where a farmer-based advisory organization ("Danish Knowledge Center") has organized a knowledge system to create blends with farmers and assess their performance through experimental settings. In addition, economic modelling will be used to address two issues: the competition between seed companies with blends and the organization of a separate blend collect. Particular attention will be paid to analyze the determinants of possible diffusion of blends, paying much attention to (i) who develop the blends (a seed company, a seed retailer, the farmer), (ii) the heterogeneity of blend performance among farms in one region (cf. task 3.1) and (iii) the eligibility of farmers who adopt blends for some specific agricultural and environmental policy (e.g. Common Agricultural Policy, agri-environmental schemes (MAE), EcoPhyto). Methods -We will make use of the major constraints and opportunities associated to blend use identified along the wheat chain in WP3, and the agroecological benefits and drawbacks of using blends at field scale (yield, grain quality, multifunctionality potential, particularly under low input conditions) as revealed by WP2. The yield stabilizing effect and its interest for risk management will be analysed with specific attention to global change context, using external (prescribed) climatic scenarios and their consequences on yield instability (link with WP2 and with ACCAF metaprogramme and use of Climator results on impact of climatic scenarios on yield variations). Scenarios of blends development in the Paris Basin will be built.

Direct links with other

Such narrative scenarios will be based on a comprehensive list of socio-economic leverages and impediments identified by the WP3 at the individual farm level on the whole area of the Paris basin, accounting for possible baskets of services delivered identified in WP2, providing as much as possible concrete solutions to ease blend development in favourable contexts. A workshop with stakeholders will be organized to question how wheat blends could be traced in grain gathering network, or which adjustments in the processing industry could ease their economic development.

Task 4.2: Defining rules to design appropriate blends which should be transferred to stakeholders (GDEC, Agronomie, BIOEMCO, and remaining partners) Objective -We will use outputs of WP1/2/3 to sketch rules to design appropriate blends in the Paris basin according to the targeted baskets of services to be delivered. In particular, we will assess what kind of advice/information need to be provided to farmers/cooperatives to choose the mixture of varieties adapted to a given situation (variety traits to be documented, tools to assess the complementarities and antagonisms of traits, seed registration rules, information provided in official seed catalogue…).

Methods -A specific workshop on rules to be built and refined will be organized with scientists, technical advisers, organisms in charge with registration and assessment of varieties, farmers, seed companies and food companies.

Task 4.3: Proposing new breeding schemes for blend production (GV, BIOEMECO, and remaining partners) Objective -We aim at developing new schemes specifically designed for breeding blend components. Indeed, though WP1/2/3 consider existing varieties, varieties could be specially bred to optimize blends. WP1/2 outputs will determine key traits and their genetic bases that will have overall beneficial effects on agroecosystem functioning (e.g. traits favorable to N uptake) or particular baskets of services (e.g. production and its inter-annual stability, soil fertility and biocontrol of major pests). These WPs will also demonstrate to what extent and how the stability and multifunctionality of wheat cropping systems can be enhanced if varieties with contrasting trait values are mixed. WP1, and in particular Task 1.2 will also provide knowledge of the genetic bases of key traits involved in plastic response to plant to plant interactions, and characterize the genetic variability for mixing ability of genotypes.

Methods -We will apply to blends quantitative genetics concepts developed for breeding for hybrid value and explore different breeding strategies relying on general/specific mixing ability approach (cf Task 1.2), on more functional approach (groups of genotypes based on key traits), or on a mixed approach integrating both. The proposed breeding schemes will be discussed with public and private breeders during a specific workshop.

Task 4.4: Project results and guidelines dissemination (GV and remaining partners) Objective -We aim at disseminating the results of the project to a broad range of professionals involved in wheat production (cooperative societies, seed companies…) and more generally to institutions involved in the development or the application of national/international agri-environment schemes (territorial institutions, ministries, etc.). Methods -Scientists and a range of farmers/stakeholders will have intensively interacted throughout WHEATAMIX, especially thanks to the collective working groups set up in the WP3. Part of WP4, we will organize 2) a national congress on variety blends with international invited keynote speakers (complementary fundings will be sought). We will also produce a methodological guide for blend design associated to particular baskets of services (e.g. production and its inter-annual stability, soil fertility or biocontrol of major pests): this will be disseminated as paper copies to a wide range of stakeholders during events organized during the last year of the projects, through the actors mobilized in this project and more particularly Chambres d'agriculture. The guide will also be dowloadable on the project web site. 

TASKS SCHEDULE

DISSEMINATION AND EXPLOITATION OF RESULTS. INTELLECTUAL PROPERTY

Dissemination and exploitation of results -The results of our study will be communicated (1) to farmers, agriculture stakeholders and policy makers, (2) to scientists from various disciplines, and (3) to the general public.

Our project only makes sense if results are disseminated to the entire farming community and to policy makers, so that they can be used for decision-making in agri-environmental public policies. A first and essential dissemination will occur thanks to the collaboration of Chambre d'Agriculture, and through the 50 farms involved in the Paris basin network. Additional audience will be reached through the production of leaflets and posters, and thanks to the final conference involving stakeholders, managers and decision makers (WP4). Scientific publications will be privileged to communicate our results. Publications will target high-rank international journals, either within each discipline (e.g. Ecology Letters, Ecology, Molecular Ecology, Genetics, Journal of Applied Ecology, Conservation Biology) or, as much as possible, at the interface between disciplines (Agriculture, Ecosystems & Environment, Human Ecology, World Development, Economic Botany, Renewable Agriculture and Food Systems, etc..). Our work may also appear in books published as part of this project. The two-day workshop on diversity issues in agriculture, organized at the end of the first year, as well as the final meeting, will be good opportunities to communicate about this project. Finally, the project will be advertised on the BASC and partners websites, with a homepage hosted by GV. In addition, we will propose a scientific symposium, as a Eucarpia meeting or a side-event of another congress focusing on agro-ecology. Several partners of the project are involved in teaching, so that the results will also be disseminated to students enrolled in ecology, conservation biology or agronomy courses. Finally, some results will be presented to the public, during events such as the Science Festival (in which CERSP and UMR-GV take part each year) or as part of public lectures at Muséum national d'Histoire naturelle. One indicator of success of WHEATAMIX dissemination will also be its ability to federate additional studies, and to take advantage of the shared experimental designs to develop complementary analyses (e.g. blends effect on genetic structure of specific pathogen or soil microorganisms, on mycotoxin production,…), attracting other scientists within related communities, as the BASC Labex.

Intellectual property -The results and methods developed during the project will be public, and made available to the scientific community as well as public and private actors of the wheat chain. Principal complementarities between the different teams have been developed in WP descriptions. In Brief, WHEATAMIX consortium is proposing a balanced contribution of geneticist, ecologists, eco-physiologists, agronomists, economists, management scientists, Chambre d'Agriculture members and farmers, to develop an integrated approach relevant for a better definition and development of agro-ecology. Our main challenge will therefore be to develop efficient collaboration and maintain close interaction between diverse partners with complementary skills. We are confident with this issue, as the work performed by the different communities on shared experimental designs as well as the dedicate transdisciplinary WP4 will allow efficient diffusion of concepts, fruitful brainstorming, and stimulate the birth of new ideas (as witnessed by the present document). Moreover most partners (UMR-GV, BIOGER, CERSP, GAEL…) have been collaborating fruitfully together in regional to European projects. Here follows the description of partners activities in relation with WHEATAMIX.

Partner 1-GV: The Plant Genetics laboratory (UMR 320 CNRS-INRA-UPS-AgroParisTech) studies the genetics and evolution of quantitative traits. Within this lab, the DEAP team (Diversity, Evolution and Adaptation of Populations, resp. I. Goldringer) analyses the evolutionary mechanisms involved in on-farm and experimental dynamic management of genetic resources, using innovative participatory approaches to promote sustainable and realistic agro-ecosystems. DEAP has expertise in quantitative and population genetics, as well as theoretical conservation biology (metapopulations). DEAP is partner of the Breedwheat project, as well as two INRA metaprogrammes (ACCAF-Climagie and SELGEN-CropDL). DEAP has good experience of interdisciplinary work with partners CERSP, BIOGER, EGC and has a strong partnership with a national network of farmers involved in the management and use of agrobiodiversity (RSP). Such partnership ensures the development of socially and economically realistic research projects, which are funded by various European (SOLIBAM), national (FRB) and regional (PICRI) sources.

Partner 2-Agronomie -INRA-AgroParisTech UMR 211. The Agronomie research team aims at producing knowledge and methods to design and assess sustainable cropping systems. Research tackles four themes: (1) biologic regulation in agro-ecosystems, (2) interaction between genotype, environment and cropping practices, (3) methods for design and assessment of cropping systems and (4) global agronomy. Research programs have been conducted for a long time to design with models ideotypes of sustainable cropping systems and to develop tools coupling statistical and agronomic approaches to assess varieties and characterize their resistance to different environmental stress. In particular, researchers from the unit showed the interest of hardy varieties adapted to low input cropping practices to reduce the environmental impact of wheat production. Partner 3-Bioemco -CNRS/ IRD/ UPMC/ UPEC/ ENS UMR 7618, Team "Biodiversity and ecosystem functioning" Bioemco is a large laboratory (mixed research unit) affiliated to the National Centre for Scientific Research (CNRS), Institute of Research for Development (IRD) and the University Pierre and Marie Currie. About 100 scientists, 50 technicians and 50 PhD are working in this laboratory. The general objective of the laboratory is to contribute to the emergence of the so-called "ecogeochemistry" in which the dynamics of energy and nutrients in the ecosystems is considered as the result of interactions between the chemical and physical components of the environment (hydrosphere, atmosphere, soil), the physiology of organisms, the diversity and organization of communities, the hierarchical structure of the ecosystem. Questions are studied on model ecosystems (cropfields, grasslands, savannas, fresh water ecosystems) in order to get both a general and theoretical understanding of ecosystem functioning and a predictive knowledge of ecosystem dynamics. Within BIOEMCO, the team "Biodiversité" aims more specifically at studying ecological interactions, networks of interactions and ecosystem functioning. The members of the project are particularly knowledgeable in soil ecology and soil macrofauna.

Partner 4-BIOGER UR -INRA Grignon (Biologie et Gestion des Risques en Agriculture). BIOGER is a leading French research institute in fungal plant pathology (http://www.versailles-grignon.inra.fr/bioger). This institute gathers teams working on major fungal crop pathogens using multidisciplinary approaches from functional genomics, evolution and population genetics to epidemiology and modelling. The team "Plant Disease Epidemiology" has a long-standing expertise in the following fields: qualitative epidemiology of wheat rusts and, Research at CERSP relies strongly on long-term nationwide participatory biodiversity monitoring programs, for which CERSP has international leadership (e.g. WP leader in the past FP7 programs EuMon and SCALES). The "BEC" team involved in the WheatAmix project focuses on understanding the fundamental ecological mechanisms underlying biodiversity changes and several researchers have already worked on the impact of agricultural practices on biodiversity. CERSP will therefore provide expertise in participatory monitoring (e.g. via the "ObservatoireAgricole de la Biodiversité"), in the study of wild farmland biodiversity, in the assessment of ecosystem services and in multivariate statistics. The team has already worked with partners of the project (UMR-GV, BIOEMCO) and will complement the skills of LEM and BIOEMCO by expanding the number of taxonomic groups included in the project and allowing in-site participatory measurements of biodiversity by farmers.

Partner 6-CA -Five departmental extension services ("Chambres d'Agriculture" 27, 36, 41, 45, 77) and FDGEDA18 over 3 regions of the Paris Basin can relay the project in their regional coordination bodies. These six organizations work with groups of farmers (GDA, CETA) and identified farmers who practiced wheat varietal mixtures. For three years, each department has conducted at least one trial to compare mixtures of varieties with their components in pure stands in different pedoclimatic conditions and make these references available to the project.

Partner 7-EGC -UMR1091 INRA-AgroParisTech Environnement et Grandes Cultures has recognized expertise in the analysis and modelling of the relations between crops and their environment, focusing on the scientific questions raised by durability of agriculture in the context of global change. It has a total permanent staff of 105 and is organized in three research teams with complementary competencies in plant ecophysiology, agronomy, physics, chemistry and a strong experience in the development of process-based models to simulate these interactions. They have an extended experience both in modelling and in experimental work both in field and in controlled conditions. Wheat is an important model species for EGC, and specifically the modelling of interactions between wheat and foliar fungi, as modulated by climate, crop practices (including N fertilisation) and phenotypic traits. The laboratory has been working for a long time on particle atmospheric transfer in relation to biological contamination (aerial fungal diseases, gene flow by air-borne pollen transfer), on the understanding of the plant-pathogen interaction at plant and canopy scale.

(https://www4.versailles-grignon.inra.fr/egc).

Partner 8-GAEL -INRA/UPMF UMR1215. Grenoble Applied Economics Laboratory. GAEL was evaluated "A" by the AERES in 2010. GAEL involves 20 full time researchers on two main themes: the economics of innovation and the experimental analysis of consumer behaviours. A large part of these researches are applied to agriculture related sectors: innovation in seed and biotechnology, analysis consumption behaviour for food. Wheatamix is more particularly related to the researches on innovation. GAEL has a long experience in analyzing the drivers of innovation in the seed sectors (intellectual property rights, industry structure, seed regulation).

Researchers from GAEL are involved in several multidisciplinary projects concerning crop genomics (Breedwheat, Amaizing, Rapsodyn, Peamust) as well as participatory plant breeding (SOLIBAM). 

SCIENTIFIC JUSTIFICATION OF REQUESTED RESSOURCES

Our budget slightly exceeds the recommended maximum amount (140 k€), and the ratio of CCD PM/ permanent PM (38%) due to the large number of partners (11), the multiple field experiments, and the labour intensive experiments. A large fraction (40%) of non-permanent PM are master students; we believe that their involvement in large scale projects is key to their scientific training. The presented budgets have been tightly adjusted to the tasks, and we will look for complementary funding (INRA/region/Labex), to support our two meetings (scientific and stakeholders), as well as develop connected analyses.. 6.1. PARTNER 1: GV Equipment One node to the GV-computing cluster and a phenotyping CCD camera:

12 000€ Staff Two master students, working o phenotyping experiments and genetic anayses 5 240€ An engineer will be recruited during 24 months (Yr2-3) to organise the experiments in the farm network, and between Wheatamix partners, collect, cure, analyse data and disseminate the results 88700€ A PostDoc will be recruited during 12 months (Yr3) to i) assess the genetic variability of yield components and simple architectural traits in pure and mixed stands of the 50 common genotypes and 300 MAGIC lines, ii) association mapping of mixing ability traits using the available SNP data 44 350€ Operating costs -Travel Project management -T0.1 coordination -farm-network visits 10 000€ Participation of the team to Wheatamix project meetings 6 000€ -Others Final scientific and stakeholders meetings organisation 15000€ Field consumables, publication costs 19 500€ Total 200 790

PARTNER 2: AGRONOMIE

Equipment

Two computers and small equipment related to computer use: 4000€ Staff A funding of 5240€ is asked for the grants of two master students who will assist us to: i) Organize and analyze the available data produced by the partners in previous projects, and prepare a first list of rules for ideotyping, ii) analyze the first year trial results and prepare the second ideotyping exercice. An engineer will be recruited during 12 months in the first year of the project to design and build blends through an ideotyping approach with the partners: 44350€ Operating costs Travel: The abundant exchanges with stakeholders (interviews, working groups) and the visits on the field trials need a substantial budget for travels: 10000€ We are also asking for 4000 € to allow the members of the projects to attend an international conference.

Plant and soil analysis: Nitrogen rate of the crop at the harvest and at the flowering period: 5.5€ x 2 years x 50 trials x 3 repetitions x 2 varieties x 2 stages = 6600€ Soil characterization for a dynamic characterization of water and nitrogen available for the crop (mineral and organic nitrogen, structure, carbonate): 11.5€ x 2 years x 50 trials x 3 repetitions = 3400€

Fourth

  , we will develop scenarios of variety blend use in the wheat sector, corresponding to realistic and timely options for the development of blends in the Paris Basin, linking their ecological and technoeconomic interests in a global change (climate and management) context.Expected results -This project will provide a general overview of the possible impacts of an introduction of wheat blends in the Paris basin on multiple ecosystem-services provided by wheat cultivation, with a specific attention to the stability of production under increased agro-climatic stochasticity. Due to the dominant role of wheat in the Paris basin, the project would have significant implications at the regional scale. The main outcomes of WHEATAMIX will be:-Identification of key wheat phenotypic traits involved in the performance of wheat blends, both through experimental and modelling approaches (WP1 & 2) -Quantification of tradeoffs and synergies among services provided by variety blends and associated bundles of traits, and baskets of services that can be delivered or not in a context of reduced fertilizer and pesticide inputs, increased agrobiodiversity and/or increased weather stochasticity (WP2) -Delivery of new breeding methods to select varieties for blends, and guidelines to efficiently combine varieties, and evaluate blend performance (WP1-4) -Delivery of scenarios of variety blend use in the wheat sector and identification of leverages for a beneficial use of variety diversity in the wheat chain in the Paris basin (WP3 & 4)

  in the Paris basin by C.A.

Figure 1 :Figure 2 :

 12 Figure 1: General organisation of the WHEATAMIX project.Description of the three common experimental designs -Measuring ecosystem (dis)services associated with blends necessitates parallel work of the different teams on shared experiments. Three main designs will concentrate our experimental efforts: 1) one central diversity experiment, 2) a related multi-site experiment, 3) a network of on-farm experiments (Fig.2).

Task 0. 2 :

 2 Coordination of the operational setup and survey of diversity experiment (S. Saint Jean -C. Pope): One engineer will be recruited (Year 1 and 2) and supervised to set-up the diversity experiment, and then plan, coordinate and participate to the various samplings and scorings performed by technician or scientists on this transversal experiment. Task 0.3: Coordination of studies based on CA's collaboration (Farm network). (I. Bonnin & A.

  3D model of C and N economy within a wheat plant that simulates plasticity of plant architecture depending on light and nitrogen availability. This model is being developed in 2013-2014 within the Breedwheat project, extending the NEMA model to the vegetation cycle 68,69 b. A dynamic, 3D model of wheat plant architecture expressing the plasticity in plant geometry for resource capture, extending the Adel-wheat model 70,71 c. A model coupling ADEL based model of plant-to-plant competition for light in blends, with an individual-centred genetic modelling (PhD work co supervised by EGC and GV).This work is integrated in the ongoing ACCAF-Climagie project. The models (a) and (b) consider a homogeneous crop in which all plants are supposed to perceive a same environment and develop identically, while model (c) considers competition between plants but is restricted to a simple process description (eg. plant plasticity only depends on competition for light).

40 •

 40 -GUI-AAP-06 -Doc Scientifique 2013 16/A main diversity experiment (INRA Versailles site located in the Parisian basin, see description in WP0) with 65 100m 2 plots including 1, 2, 4 or 8 varieties will allow analysis during two years of the causal relationships between variety diversity and ecosystem functioning and services. • Multi-site field trials (5 French experimental sites: Moulon+Mons+Clermont+Rennes+Montpellier) will

Task 2 . 5 :

 25 Analysis of trade-offs and synergies between services, and identification of corresponding variety blend trait-syndromes (LEM, BIOEMCO, BIOGER, CERSP, EGC, GV)

  -AAP-06 -Doc Scientifique 2013 21/40may favor this last alternative (new market)? If some new markets are opened, what is the efficient way to organize the separate collect of these blends? Is cooperation among collectors an interesting way to improve this efficiency? -The knowledge accumulation and diffusion. The knowledge on the performance of blends is based on multiple evidence, which can possibly be produced by advisory services, farmers, scientist, etc. Does blend introduction necessitate new forms of production and validation of such knowledge? What is the adequate organization among actors and should this organization be different compared to the current one that is adapted to inbred varieties?

2 ) 2 )Task 4 . 1 :

 2241 WPs: WP3 will make use of the determination of baskets of agro-ecosystem services and trade-offs or synergies among services/disservices, including yield and grain quality, as key determinants that could influence farmers' motivation to use variety blends. WP3 results will be used by WP4 in years 3 & 4 to develop scenarios of blend development in the Paris basin during the next decades, along with guidelines to design adequate blends in this production basin.WP4. DEVELOPMENT OF SCENARIOS, DESIGN RULES AND BREEDING SCHEMES FOR BLEND DEVELOPMENTTask coordinator: Sébastien Barrot & Isabelle Bonnin Partners: BIOEMCO, GV, BIOGER, BIOEMCO, CA, CERSP, EGC, GAEL, GDEC, LEM, SADAPT Main objectives. WHEATAMIX will produce considerable data and information about wheat variety traits, the effects of blends on main ecosystem services, the underlying ecological mechanisms, and the economical, technical or organisational implications of such blends. Since the first 3 WPs of the project develop either ecophysiological, agro-ecological or socio-economical approaches, in WP4 we will build a transversal analysis and use other WPs' results to (i) develop scenarios for the use of wheat blends in the Paris Basin and (ii) synthesize and disseminate project results to key stakeholders. Possible baskets of services and corresponding variety (trait) diversity at field scale Scenarios of blend development in the wheat sector in the Paris basin (WP4) Possible baskets of services and corresponding variety (trait) diversity at field scale Scenarios of blend development in the wheat sector in the Paris basin (WP4) Scenarios of blend development in the wheat sector in the Paris basin (WP4) Scenarios of blends development in the Paris Basin (GAEL, Agronomie, LEM, and other partners) Objective -Building on WP2&3 results, we aim at assessing plausible trajectories for blend use in the wheat sector, according to the ecosystem (dis)services they can provide including production, by building scenarios of blend development in the Paris Basin over the next 3 decades.

Paris

  (1) a final WHEATAMIX symposium open to a wide audience including stakeholders from the Basin or relevant at national scale (FARRE, FNAB, …), key scientists, heads of relevant research insitutes (INRA, CIRAD…), and technical institutes (ARVALIS, …), along with relevant policy makers (from the Ministry of Agriculture, of Environment…), and (

  -AAP-06 -Doc Scientifique 2013 26/40 more recently, of septoria leaf blotch, virulence surveys on a national basis; quantitative epidemiology of airborne fungal diseases, analytical studies of sporulation, infection and dispersal in relation with weather factors; analysis of spatial-temporal spread of diseases; use of the host genetic diversity as a means of controlling disease and increasing the durability of resistance; theoretical ecology and spatial-temporal processes; spread of primary inoculum and early stages of epidemics. Partner 5-CERSP -UMR MNHN-CNRS-UPMC 7204 Conservation des Espèces, Restauration et Suivi des Populations, team "Ecological Bases of Conservation" (BEC). CERSP consists of two research teams, which are interested in the study of the reciprocal interactions between human societies and biodiversity, with the aim to enhance the conservation of biodiversity and ecosystem services.

  (www.grenoble.inra.fr) Partner 9-GDEC INRA UMR 1095, Clermont-Ferrand. UMR GDEC has a recognised expertise in wheat genomics, quantitative genetics and ecophysiology. The ABC team focus on wheat adaptation to abiotic stress using both ecophysiological and quantitative genetics approaches in particular within the context of increasing wheat nitrogen use efficiency (NUE). UMR GDEC leads the Breedwheat project and the ABC team is involved in several work packages. The Wheatamix project is an opportunity to extend our research
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) Contribution to the project -GV Enjalbert Jérôme CR INRA Genetics 27 Project coordination -GV Goldringer Isabelle DR INRA Genetics 12 Quantitative genetics of Blend -GV Bonnin Isabelle CR INRA Genetics 12 Stakeholders interactions and dissemination -GV Lecarpentier Christophe PhD Ecophysiology 24 Genetic-Ecophysiology modeling -GV Technician (x3) TR INRA Field trials 29 Field trial management -GV To be Hired -IE Agronomy 24 Coordination of Farm survey/trials (SHARED) -GV To be Hired -Scientist Genetics 12 Phenotyping and genetic mapping -AGRONOMIE Gauffreteau Arnaud IR INRA Agronomy 8 Ideotype design -AGRONOMIE Jeuffroy Marie-Hélène DR INRA Agronomy 3 Impact analysis of blend dissemination -AGRONOMIE Technician (x2) TR INRA Agronomy 9 Field trial 2-AGRONOMIE To be Hired -IE Agronomy 12 Organisation of ideotyping(Farmers network) -BIOEMCO -BIOEMCO Technician (x1) Technicien Ecology 8 Soil macrofauna sampling -BIOGER Pope Claude DR INRA Epidemiology 10 Blends pathology -BIOGER Technician (x2) TR INRA Engineer Advisory services 10 Coordination of activities of the 6 Chambres d'Agriculture (Farmers network) -EGC -

The LEM is composed of seven research groups, one of them being involved in the WheatAmix project. One of the main research axes of this team is the study of the mechanisms and environmental drivers that control the levels of the activity insured by model microbial organisms or functional groups involved in soil N cycle. The different possible regulation levels are taken into account, namely changes in the abundance, diversity and specific activity of the organisms, using up-to-date tools (qPCR, high-throughput sequencing…). This team has already worked on the effect of plant (species) diversity on soil microbial groups part of national (DISCOVER) and European (VITAL) projects, and has been involved in the large Jena Biodiversity experiment. It will also bring skills in complex data analysis through multivariate methods, GLMs and path-analyses for WP2. The expertise of this partner complements skills of other WheatAmix partners, in particular those of Bioemco on soil fauna ecology, of INRA Grignon on plant root growth and architecture and plant N economy, along with those of Bioemco and CERSP for ecological data analysis. X. Le Roux, who will coordinate the WP2, has experience of the coordination and management of projects and structures: in particular, he has coordinated a FP6 European project, and a FP7 project (BiodivERsA). 

Operating costs

Travel: To achieve the sampling of soil macrofauna and collembola (WP2) 9000 € are necessary to go to the field site, extract blocks of soil and sort out the fauna. We are also asking for 3600 € to allow the members of the projects to attend an international conference.

Consumables: A part from the necessary small field equipment and consumables (2000 €), 2000 € are necessary to by [START_REF] Crutsinger | Plant Genotypic Diversity Predicts Community Structure and Governs an Ecosystem Process[END_REF] N labeled ammonium (65 plots X 2 years X 15.3 €), 9900 € are necessary for [START_REF] Crutsinger | Plant Genotypic Diversity Predicts Community Structure and Governs an Ecosystem Process[END_REF] N measurements (4 measurements X 65 plots X 2 years X 19 €), and 6000 euros for the identification of soil fauna by international experts.

PARTNER 4: BIOGER

Equipment 2 data acquisition pads for collecting field data for 2 binomes during 2 days per scoring mainly in the diversity trial and also the multisite trials 3 000 € Staff AJT 3 months (WP2 ) 6 689 € will participate to the analysis of resistance to major foliar diseases as the function of diversity of plots in the factorial experiment" (65 plots for 2 years, 3 scorings per cropping season on individual plants).

Travel

Field sampling travel for following the diversity experiment during all the cropping season, going to do the scoring and the third year to travel in the multisite plots (1 000 € x 4 years) 4 000 € Meetings between partners of the project & one international colloquium 3 000 € Other expenses A sample of some blends will be identified using microsatellite markers to assess the contribution weight of varietal component to disease reduction, Microsatellites analysis for variety identification (3 years) 5 000 € Additional analyses 5 000 € Total 23 000 €

PARTNER 5: CERSP

Post-doctoral researcher 24 months (24 x 4500)= 108 000€ The postdoctoral researcher will be in charge of the study of below-and aboveground biodiversity (months 6-30): collection of samples in the field, species identification (highly time-consuming) and data analysis. He/she will be sharing his/her time equally between CERSP and BIOEMCO and will be supervised jointly by E. Porcher and S. Barot. He/she should be familiar with the taxonomy of at least one arthropod group (training for other groups will be provided by hosting labs) and have strong skills in uni-and multivariate statistics. He/she will be helped by CERSP and BIOEMCO technicians and master students (see below) for sample sorting and identification.

Master students

12 months (12 x 483) = 5 800€ Two master students (year 1 and 2) will be studying the relationship between wheat diversity and species diversity of specific taxonomic groups (springtails and carabids), under the joint supervision of E. Porcher and the postdoc researcher. They will assist the postdoctoral researcher in the field, help with species identification (for which they will receive training) and analyze their own dataset. Operating costs 1000 pitfall traps and other field material 4 000€ Stereo zoom microscope for invertebrate identification 2 000€ Travel to experimental sites (6 sites in France, 2 to 4 times a year) 7 500€ 26 600€ "Design of novel methods and use of novel instruments for phenotyping plants indoor and outdoor. (running the Faro Lidar for 3D imaging of wheat canopies in the field and analysing the data the compute light penetration, and characterize leaf geometry and (ii) defining protocols for indoor phenotyping, Post Doc 12 Months (T1.2) 50 900€ Designing a 3D, structural-functional, individual-based model, of wheat simulating plant to plant interactions for light and N capture in a wheat association. This will results in an individual-based model of a wheat plant growing in a field, implementing and assessing model in which the genotype differs between plants.

PhD 3 years half grant 18 month

46 720 € "Influence of the levels of wheat biodiversity on spore dispersal of fungal pathogens" He/she will be cosupervised by EGC(S.SJ) & BIOGER, and will develop by the means of biophysical approaches and field experiments, criteria for limiting spread of fungal aerial diseased within blends. A model will be developed to describe the pathogen splashing within a heterogeneous virtual plant canopy (3D plant models developed in WP1) in order to rank different criteria of the design of wheat variety blend (proportion, level of resistance and number of varieties). The half of the grant will be asked to other funding. Operating costs T1.1 3D Faro lidar, rental and consumable to build a mobile carrying platform 6 000 € T1.1 building a system of indor2D and 3D image acquisition (consumableand software):

3 000 € T1.1&T2. 24 months (24 x 3875)= 93 000€ Competencies: Analysis of the in situ effect of wheat variety diversity on soil microbial activity, abundance and diversity implies a huge amount of work and high number of samples, and the ability to use ANR funding is thus requested for a post doctoral fellow for 24 months (years 2 and 3). He/she will be responsible for the analysis of the impact of variety diversity on the abundance and diversity of key soil microbial functional groups involved in N cycling: use of a range of molecular tools to characterise the copy numbers of target functional genes, and the diversity of functional groups of interest. He/she will be supervised by X. Le Roux and A. Cantarel. He/she will benefit from other measurements performed by different project participants (WP1 and tasks 2.1 to 2.4 mainly). He/she will have a solid background in microbial ecology and the ecology of N-related groups, and experience in advanced, molecular ecology such as environmental DNA extraction, quantitative PCR and pyrosequencing. He/she will have to lead the study of the relationships between variety diversity levels and the activity, abundance and diversity of key soil functional groups part of Task 2.2, and will also participate in the field campaigns and microbial activities measurements on year 3.