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Afin de répondre aux attentes sociétales en matière d'environnement et de santé, la filière maraîchère est confrontée à une pression croissante pour produire avec moins d'intrants chimiques tout en fournissant des légumes frais, beaux et abordables. Pour faire face à ces défis, il est nécessaire d'avoir une approche systémique pour réorganiser la filière alimentaire. Un diagnostic sociotechnique a été réalisé en Provence pour identifier les facteurs freinant le développement de pratiques agroécologiques dans les systèmes maraîchers. Ce travail se focalise sur deux pratiques de gestion de la santé des sols : la diversification des cultures et l'utilisation de matières organiques. En parallèle d'une analyse bibliographique, trente entretiens semi-directifs ont été menés auprès de producteurs, d'agronomes, d'industriels agroalimentaires et d'acteurs de la grande distribution afin de comprendre leurs interactions et de recueillir des informations sur les paramètres influençant les pratiques agricoles et commerciales des maraîchers. Les résultats de ce travail soulignent le manque d'interconnexion entre les acteurs de la chaîne alimentaire, l'impact majeur des stratégies marketing de la grande distribution, ainsi que l'incohérence entre la demande sociétale pour la diminution de l'utilisation des produits phytosanitaires et les normes de qualité européennes. Par ailleurs, le faible développement de l'utilisation de matière organique résulte d'une faible structuration de la filière en PACA et d'un manque de connaissances sur ses bienfaits pour la santé des sols. Pour créer un changement durable, une approche systémique est indispensable afin d'établir des partenariats entre les exploitants et les distributeurs et entre les producteurs de matières organiques et les utilisateurs potentiels par le biais d'initiatives collectives et de formations.

This document was written by an Isara student in the framework of a convention with INRAE. For all citing, communication or distribution related to this document, Isara has to be mentioned. The transdisciplinary research project INTERLUDE to which my internship has contributed began in 2020 and will last over a period of 36 months; it aims at building territorial approaches to reduce phytosanitary product use in vegetable production systems. This project is divided into four case studies: two in the south of France and two in Martinique, a French region in the Caribbean Sea. These case studies all focus on the reorganization of food system stakeholders at a territorial scale and aim to promote the adoption of agroecological practices and the reduction of pesticide use.
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Ecodéveloppement, the research unit where I carried out my internship in Avignon is mainly centered around sustainable agricultural transition through systemic and territorial approaches. Its work focuses on horticultural systems, vegetable production, fruit production as well as diversified systems including plant and animal productions. In this study, an emphasis is placed upon soil health in vegetable farms in Provence-Alpes-Côte-d'Azur (PACA), and more specifically on the diversification of crop rotations and on the use of organic amendments in vegetable production systems to increase soil health.

Today, the vegetable sector must reconcile multiple challenges: ensuring consumer's health and food safety, promoting sustainability of farms and reducing the environmental impacts from the production until it reaches the consumers. To meet market requirements vegetable producers are pushed to reduce their chemical inputs while maintaining their productivity and income.

The south of France is a major production area for vegetables with very input intensive specialized systems. For instance, the treatment frequency index between 2016 and 2018 was of 8 for salad and of 14 for tomato in the PACA region (AGRESTE, 2020; Ministère en charge de l 'agriculture, 2016). This index was developed in 2006 to measure phytosanitary product application in farms. It is calculated annually to evaluate the number of product doses applied per hectare and helps the farmer follow the evolution of his pesticide, fungicide, and herbicide use.

In the Provence Alpes Côte d'Azur region, many vegetable farmers face telluric pest and disease problems such as cryptogamic diseases or parasites. For several years, vegetable farmers in the region have been confronted with problems of soil fatigue resulting from the intensification of practices (repeated mechanical interventions, use of nitrogen fertilization, soil disinfection, etc.). In addition, the progressive banning of chemical disinfection products [START_REF] Gard | Concevoir et expérimenter en réseau des combinaisons de pratiques pour une gestion durable des bioagresseurs du sol[END_REF] has caused a reemergence of nematodes, pathogens and telluric pests along with a decrease in yields.

A well-known pathogen called fusarium oxysporum f.sp latucae usually affecting tomatoes, was spotted for the first time on lettuce in the region in 2015 and is now spreading, causing great damage for producers [START_REF] Garnodier | La Fusariose de la Laiture, un pathogène émergent en plein champ et sous abri[END_REF]. Root knot nematodes also represent an important soil health issue in the region. In 2009, root knot nematode infestation was the most prevalent problem with 40% of farms in Provence losing up to 100% of their yields due to this parasite (Djian-Caporalino, 2010 as cited by Boulestreau, 2021, p. 24). Today, there are few available chemical treatments for these telluric pests and with the increasing awareness on the risks of phytosanitary product application, alternative solutions must be implemented.

Thankfully, several agronomic levers have been developed to reduce the use of chemical inputs while controlling soil pests and diseases. Among these levers are crop diversification and the use of organic amendments which have been highlighted by previous research as efficient ways to restore soil ecosystem balance and increase crop resistance towards telluric pests and pathogens. Despite these existing alternatives, producers in the region continue use phytosanitary products to deal with these issues. To understand why vegetable farmers are not reducing their chemical input use, we have analyzed the sociotechnical system at a territorial scale. More specifically we took interest in the obstacles responsible for this slow evolution and the factors which could facilitate the implementation of agroecological practices in Provence. According to a review from Wezel et al. agroecological practices can be defined as "agricultural practices aiming to produce significant amounts of food, which valorise in the best way ecological processes and ecosystem services in integrating them as fundamental elements in the development of the practices." [START_REF] Wezel | Agroecological practices for sustainable agriculture[END_REF] The failure of the Ecophyto plan is a reminder of why it is important to have a transdisciplinary and multistakeholder approach. The agroecological approach takes into account the whole system and not only the farm scale [START_REF] Wezel | Agroecology territories: places for sustainable agricultural and food systems and biodiversity conservation[END_REF]. Innovation and change must happen on every level through the redesigning of the system on a somewhat local scale. The territorial scale is a reasonable scale to focus on, since it takes into account the values and traditions [START_REF] Duru | Designing agroecological transitions; A review[END_REF], but also allows for a multi-stakeholder approach through the understanding of interactions between local actors from the food system. This promotes collective action through the combination of different interests to create meaningful change. The INTERLUDE transdisciplinary research project aims to promote this approach through the reorganization of territorial stakeholders involved in the food system to reduce pesticide use.

To gain a comprehensive vision of the system, a sociotechnical analysis was carried out using a new framework developed by researchers at INRAE. This methodological framework was designed to facilitate the application of sociotechnical analyses on a territorial scale and was put to the test in this project.

To better apprehend the agricultural intensification process in France and to provide information about the vegetable production systems in Provence, the socioeconomic context will be established in the next section. The different stakeholders' roles, their interactions and how this affect crop diversification and organic matter use will be explored. Preliminary research pointed out the fact that in most cases, the largest obstacles were related to the organization of stakeholders in the system and their interactions with farmers. Understanding the sociotechnical system and identifying potential lock-ins therefore represents an important step towards the conception of innovative agroecosystems. This work is the first step to finding territorial innovations to sustainable vegetable production which is the end goal of the overarching research project INTERLUDE. Understanding the sociotechnical system and identifying its main stakeholders is important in order to identify constraints and opportunities to innovation design and a step towards uncovering collective solutions.

Socioeconomic context of the study 2.1 Historical Context

Following the Second World War, agricultural models shifted from traditional animal-crop systems to more specialized and intensive models. This was one of the consequences of the Marshall Plan which allowed massive mechanization investments. At the same time, towards the end of the 1950s supermarkets emerged in France and developed rapidly until they became the main outlet for fruits and vegetables (Durbiano, 1996;[START_REF] Ritzenthaler | Les circuits de distribution des produits alimentaires[END_REF]. With the changes surrounding distribution channels and with the creation of the European Common Agricultural Policy in 1962, new quality norms on fruits and vegetables were introduced. These norms were meant to facilitate exchanges in Europe through the definition of calibers, sanitary requirements, and a labeling system [START_REF] Ctifl | Agroécologie: les attentes du consommateur, comment y répondre ? CTIFL[END_REF]. In a context of mass production and intensification of agricultural systems these norms created stricter prerequisites around visual aspects and contributed to the simplification of international exchanges (AND International, 2010).

Population growth and urbanization of society had a great impact on agriculture at the time. The beginning of mass consumerism and the expansion of cities all contributed to production intensification and to the conventional agricultural model we know today. The centralization of retailing companies in the 1980s further accentuated the influence of supermarkets on the horticultural sector. They became key players in the marketing chain, imposing their own rules over their suppliers and exacerbating competition between production basins in France (Durbiano, 1996).

In the south of France this resulted in the grouping of producers in big cooperatives and in the specialization of larger producers, some varieties were left behind and farming practices readjusted to fit supermarket requirements (Durbiano, 1996).

Characteristics of vegetable production systems in the PACA region

The Provence-Alpes-Côte-d'Azur region or PACA disposes of a diversity of agricultural systems compared to other French regions. Over the world it is well-known for its lavender, wine, and olives, but it is also a big vegetable production area (7 th region for vegetable production in France) [START_REF] Olivier | Les filières agricoles biologiques de Provence-Alpes-Côte d'Azur édition[END_REF]. Wine production is very present in the Var and Vaucluse while fruit and vegetable production are mainly concentrated in the Vaucluse and Bouches-du-Rhone departments. For the most part animal husbandry is located in the Alps with a majority of sheep farms [START_REF] Agreste | Normes de commercialisation dans le secteur des fruits et legumes[END_REF].

Market gardening represents 13,300 ha out of the 581,100 ha of cultivated land in the region and is the third most developed sector behind viticulture and arboriculture. In 2019, fresh vegetables represented 436 million €, i.e 13% of the total regional agricultural production revenues [START_REF] Agreste | Normes de commercialisation dans le secteur des fruits et legumes[END_REF]. In 2010 the PACA region accounted for 11% (3,390 out of 30,860) of all vegetable farms in the country [START_REF] Agreste | Normes de commercialisation dans le secteur des fruits et legumes[END_REF]. Organic vegetable production is developing at a steady rate in the region with a 20% surface increase in 2019. For the same year the share of organic vegetable surfaces was of 17,8% with 2 192 ha versus 7,8% on average in France (34 668 ha) [START_REF] Olivier | Les filières agricoles biologiques de Provence-Alpes-Côte d'Azur édition[END_REF].

The Mediterranean climate allows vegetable farmers to cultivate a large range of vegetable species all year long with annual average temperature of 15°C and average precipitations reaching 53 mm annually (Timeanddate, 2021).

PACA is the main production region in France for lettuce (27% of the national production), and also for zucchini (26% of the national production)1 and garlic (9% of the national production) and second production region for tomato (23% of the national production), eggplant (22% of the national production) and pepper (19% of the national production) also known as ratatouille vegetables (AGRESTE, 2021; Centre technique interprofessionnel des fruits et légumes (France), 2021).

In the 1960s, greenhouses and plastic shelters started to develop in the Bouches-du-Rhône, allowing farmers to extend growing seasons and to increase their revenue. They were also a way to protect crops from strong winds (Mistral), and to gain better control over different parameters (Chambre d'Agriculture Provence Alpes Côte d 'Azur, 2018;Richel, 2021). Nowadays, 72% of vegetable farmers in PACA cultivate vegetables in greenhouses and shelters [START_REF] Agreste | Pratiques phytosanitaires en production légumière en 2018[END_REF]. Many sheltered systems cultivate off ground, which are out of scope for this study but in this work we focus on crops cultivated in the soil.

The average age of vegetable farmers was 48 years in 2010, with 78% over the age of 40 and 15% over the age of 60. Among the farmers of (50 years or above), 70% have uncertainties about the future of their farm with no successors to take over [START_REF] Agreste | Pratiques phytosanitaires en production légumière en 2018[END_REF].

In the PACA region, there are three marketing schemes which structure the management of farms quite strongly:

-Diversified vegetable farmers who sell their products directly to consumers through short marketing channels (markets, farm sales, community supported agriculture systems...) -Specialized vegetable farmers who market almost all of their production through long marketing channels: wholesalers, or cooperatives which then sell to supermarkets or exporting companies.

-Mixed vegetable farmers who combine both marketing schemes (Chambre d'Agriculture Provence Alpes Côte d 'Azur, 2018).

If we compare these systems, there is a clear difference in phytosanitary use between diversified systems and specialized systems. Specialized producers use significantly more phytosanitary products than diversified producers (Jammes et al., 2019). This can be explained by the fact that diversified systems are less affected by pests and pathogens than specialized systems which cultivate few species.

Production, processing, and market outlets for vegetables in Provence

Throughout this study we have decided to focus mostly on conventional agricultural systems rather than organic systems, especially for the diversification issues. This choice comes from the assumption that the conventional systems are the ones which sell their products through longer marketing channels, and which are the most specialized as a result. Because of the requirements imposed by their clients, these producers encounter difficulties to diversify. The purpose of following section is to characterize the main stakeholders involved in the fruit and vegetable value chain as well as their operating modes. We have decided to overlook the role of certain stakeholders like seedling suppliers or seed companies, as they were not identified as barriers to crop diversification by the interviewed producers. On the contrary, they acknowledged the central role of research and development to facilitate the transition towards alternative practices.

Research & Development

In the PACA region, there are several institutes, technical centers and experimental stations which greatly contribute to the development of innovative practices. They help farmers to choose and cultivate diversified crops through knowledge exchange. For example, APREL has conducted several trials on alternative crop protection methods, crop diversification, and reduction of chemical input application. They also contribute to numerous projects within scientific interest groups and in particular on alternative vegetable protection methods (APREL, 2021). The PACA region also has 16 DEPHY farm networks, including three in market gardening. These networks focus on the reduction of phytosanitary products, soil health and, more generally, the transition to more sustainable practices. They offer guided support by advisors and allow the creation of a knowledge exchange network available to farmers wishing to introduce a new species into their rotation for example (Direction Régionale de l'Agriculture, de l'Alimentation et de la Forêt, 2021).

Direct sale

It is the shortest form of marketing channel with no intermediaries. Farmers who sell directly to consumers usually cultivate surfaces ranging from half a hectare to four hectares; they are usually part of the younger generations or have recently settled following a professional conversion and are eager to learn about agroecology or organic farming. In 2019 in PACA 65% of organic producers from all sectors sold their produce through at least one short marketing channel (RUBAT DU MERAC, 2019).

Producers from this category usually produce a variety of vegetables which can either be sold raw or processed to add value to their products before selling them directly to consumers. The sale is done on the farm, via local markets or via a community supported agriculture system (CSA).

Direct sales allow producers to talk to their consumers, an opportunity to provide information about their products and to make them want to try new products or simply communicate about agricultural practices. These interactions are occasions to familiarize consumers with different products which can be more difficult to sell via long circuits. For instance, at farmer's markets, consumers tend to buy several vegetables at once and can ask for recipe ideas which can push them to try new products. CSAs allow producers to choose what they want to distribute in priority; they decide what products are sold at what time through the creation of vegetable baskets. This system can serve as a financial guarantee and help producers popularize new crops or sell less common vegetables.

Farms combining direct sales and long channels

These farmers can be divided into two subgroups: those selling in majority to mass distribution and those only selling a part of their products through long channels. These vegetable farmers often have access to more machinery and are more specialized than those selling exclusively through short channels. They usually have larger surfaces and have been involved in agriculture for longer (Jammes et al., 2019).

Cooperatives

The grouping of producers in the form of cooperatives makes it possible to pool production and/or marketing tools and to guarantee larger production volumes. In France, 32% of fruit and vegetable volumes from French production go through these types of structures [START_REF] Levet | Diagramme de la distribution 2018, Schéma de la filière fruits et légumes frais[END_REF]. Because of their position in the marketing circuit, these actors could be key players in the diversification process since they can regroup smaller diversified farmers and provide them with more negotiating power towards retailers.

Cooperatives can sell to shippers, where products are transported all over the country to wholesalers or mass retailers' purchasing platforms [START_REF] Levet | Diagramme de la distribution 2018, Schéma de la filière fruits et légumes frais[END_REF]. They can also package their products without going through shippers and sell directly to wholesalers or mass retailers (Cavard-Vibert, 2019a, 2019b;[START_REF] Chaux | Productions légumières. T. 1: Généralités, Agriculture d'aujourd'hui[END_REF].

Wholesalers

In this category we will distinguish two types of stakeholders: shippers and market wholesalers.

Shippers are responsible for the preparation and shipping of vegetables all over the country. They usually engage in import and export of produce and in some cases, they own a production unit which allows them to secure supplies.

Large shipping companies establish agreements with producers for variety choices, production volumes and calendars. They can also work with cooperatives or producers which will either deliver pre calibrated and packaged products, or raw products which will go through their own packing station to be sorted cleaned, packed, labeled, and shipped to their clients.

Traditional shipping companies work with very different producers from small very diversified producers to massive, specialized producers. This diversity of suppliers enables them to sell a large range of fruit and vegetables to market wholesalers through verbal contracts. Larger shipping companies usually have they own brand for one or two products which they sell to mass retailers in large volumes through written contracts. Some shippers may develop a range of organic produce or old varieties to adapt to their clients' needs and demands and to stand out from competitors (Cavard-Vibert, 2019a;[START_REF] Chaux | Productions légumières. T. 1: Généralités, Agriculture d'aujourd'hui[END_REF].

Market wholesalers are in charge of the reception and redistribution of goods. They can regroup in national interest markets or in their own premises where they will receive products directly from producers. They may source certain products from shippers to meet their customers' demands when they aren't readily available in the region. Wholesalers mainly supply catering services or small fruit and vegetable retailers; they can also sell to food processors or supermarkets (Cavard-Vibert, 2019a;[START_REF] Chaux | Productions légumières. T. 1: Généralités, Agriculture d'aujourd'hui[END_REF].

Food processors

Food processors can be divided into two categories: primary and secondary processors. We took interest in this outlet to determine whether or not processing could be an opportunity for diversification. That fact that the region is a large vegetable production area could be a potential asset to secure processor's supplies and promote the origin of products (Ministère de l'Agriculture et de l'Alimentation, 2018).

Primary processors are in direct contact with producers, they can also get their supplies from wholesalers. They receive raw agricultural products which they peel, trim, seed, cut, slice, precook, and freeze on demand for their clients. Primary processors often work with secondary processors which produce more elaborate products (Ministère de l'Agriculture et de l 'Alimentation, 2018;[START_REF] Pouzet | DIAGNOSTIC DE L'INDUSTRIE AGROALIMENTAIRE EN PROVENCE-ALPES-CÔTE D'AZUR ET PROPOSITIONS DE REVITALISATION[END_REF] Secondary processors offer a different range of products such as canned goods, ready-made meals and more. When they do not get all their supplies from primary processors, they buy from wholesalers or shippers.

Their main customers are mass retailers, specialized retailers, and away-from-home catering services; they may also sell directly in their factory stores or online (Ministère de l'Agriculture et de l 'Alimentation, 2018;[START_REF] Pouzet | DIAGNOSTIC DE L'INDUSTRIE AGROALIMENTAIRE EN PROVENCE-ALPES-CÔTE D'AZUR ET PROPOSITIONS DE REVITALISATION[END_REF].

Specialized retailers

These include fresh food specialists, organic stores, or small fruit and vegetable vendors (independent or franchised networks). They place special attention to high quality product selection by offering fresh produce and often communicate on local products. For their supply, some use wholesalers or cooperatives and sometimes call upon "local" producers capable of supplying fairly large and regular volumes [START_REF] Levet | Diagramme de la distribution 2018, Schéma de la filière fruits et légumes frais[END_REF]. Some fresh food retailers and organic stores have their own purchasing structure which are in direct contact with cooperatives, shippers, or producers. They may also purchase from food processors, which allows them to offer other product lines.

Mass retailers

The supply circuit of fresh vegetables to supermarkets and hypermarkets varies greatly from one retailing brand to another. Most of supermarket supplies (80% by weight) are provided by central purchasing platforms which negotiate volumes and prices with their clients (cooperatives, producers, manufacturers, and wholesalers).

The additional 20% of supplies are directly secured by wholesalers, producers or cooperatives and do not go through the central purchasing office [START_REF] Levet | Diagramme de la distribution 2018, Schéma de la filière fruits et légumes frais[END_REF], offering greater flexibility and an opportunity for diversification. This type of distribution channel is the most popular amongst the French population and supplies most households. In 2019, 70 % of fruit and vegetables consumption in France is purchased in supermarkets and hypermarkets [START_REF] Levet | Diagramme de la distribution 2018, Schéma de la filière fruits et légumes frais[END_REF].

Away from home catering

This group of stakeholders encompasses catering services (school or company canteens, associations), as well as restaurants; resulting in a variety of operational modes, demands and suppliers.

Restaurants can either get products directly from producers, buy from small retailers or go to markets. Company or school canteens tend to use wholesalers, agri-food companies, or subcontract with specialized companies, such as Sodexo (Interfel, 2015). Depending on the organization and on the volumes needed they can order in bulk or plan their orders in advance.

According to their objectives, some may represent a barrier or an opportunity for new product development. Small restaurants, for example, may be looking for original, quality products to develop new recipes, offering opportunities for diversification. Created in 2013, the Agrilocal association is established in 36 departments including Bouches-du-Rhône and Vaucluse (Ministère de l'Agriculture et de l'Alimentation, 2020). This association is devoted to promotion of short marketing channels and of local economy for catering services. It has created a platform to link restaurants, collective catering and local producers and has developed a real opportunity for farmers wishing to sell different products through local outlets.

The use of organic waste in PACA

This work will attempt to identify the available resources available in the region as well as the factors explaining why the use of organic matter is slow to develop in the regional vegetable productions systems.

There is a clear separation between plant production and animal production areas in the PACA region. Animal husbandry, specifically sheep breeding, is mostly present in the northeastern part of the region in the Alps, while vegetable production is concentrated in the Bouches-du-Rhône and Vaucluse departments.

The separation between vegetable and animal production hinders the distribution of animal manure to vegetable farms. As a consequence, vegetable farmers usually buy fertilizers or amendments from cooperatives which sell normalized products. Still, a portion of farmers in the region (usually organic) have started to take interest in the use of compost or other types of organic amendments such as horse manure or organic waste from green space upkeep [START_REF] Vian | Acquisition de références techniques[END_REF].

Equestrian facilities are well developped in the Bouches-du-Rhône and-Vaucluse departments, making them an interesting source of organic matter for farmers in the area. According to the last report from Filière Cheval SUD, the local association dedicated to the equestrian sector, there were 39,000 documented horses/ ponies in the region in 2018 (Filière [START_REF] Cheval | Chiffres clés de l'observatoire économique de la filière équine Sud Provence Alpes Côte d'Azur[END_REF]. Poultry farms are also quite common around vegetable production areas and could represent an easily accessible form of organic matter with good agronomic properties. In 2019 there were 1,255,000 chickens raised in PACA (AGRESTE, 2019).

According to the NFU 44-051 norm an organic amendment can be defined as " […] vegetal and or a mix of animal and vegetal products destined to maintain or restore soil organic matter contents and to improve its physical/chemical/biological properties." [translated] (AFNOR, 2012). Sewage sludge will be excluded from this study but all other forms of organic matters fitting this definition will be identified and considered.

State of the art

Sociotechnical lock-ins

Farmers have continued using phytosanitary products despite available alternatives. This can be explained through an understanding of the whole system from production to consumption. To reach this understanding we conducted an analysis and started by looking at the sociotechnical system.

A sociotechnical system can be defined as "a relatively stable configuration of stakeholder collectives, their networks, their knowledge and practices, the artifacts and technologies they use, and the rules that frame their interactions." (Rip and Kemp 1998 as cited by [START_REF] Boulestreau | Analyzing barriers and levers for practice change: a new framework applied to vegetables' soil pest management[END_REF] The sociotechnical lock-in concept was theorized in the 1980s by Paul A. David. It states that when a technology is widely adopted by a group of people it becomes increasingly attractive to others and more efficient as a result [START_REF] David | Clio and the Economics of QWERTY[END_REF]. This phenomenon led to the development of lock-ins: certain emerging technologies were unable to develop even if they were more effective. The wide adoption of dominant technologies resulted in cost benefits and system scale economies placing emerging technologies at a disadvantage from the start and contributing to the structural organization of society around said dominant technologies.

This concept was first developed in the industrial sector and later used in various sectors, including agriculture, to explain the parameters that slow down change and which explain pesticide dependance in current agricultural systems [START_REF] Cowan | Sprayed to Death: Path Dependence, Lock-in and Pest Control Strategies[END_REF][START_REF] Lamine | Réductions d'intrants : des changements techniques, et après ? Effets de verrouillage et voies d'évolution à l'échelle du système agrialimentaire[END_REF][START_REF] Meynard | Socio-technical lock-in hinders crop diversification in France[END_REF][START_REF] Vanloqueren | Why are ecological, low-input, multi-resistant wheat cultivars slow to develop commercially? A Belgian agricultural 'lock-in' case study[END_REF].

A group of sociologists and agronomists from INRAE have recently tried to understand why the Ecophyto plan launched in 2008 by the French government did not reach its intended goal: reducing pesticide use by 50% by 2018. They argue that this plan failed partly because it did not consider neither the agroecosystem, nor the food system as a whole [START_REF] Guichard | Le plan Ecophyto de réduction d'usage des pesticides en France : décryptage d'un échec et raisons d'espérer[END_REF]. Based on the HLPE's definition, the food system involves all the elements and activities related to the production, processing, distribution, and consumption of food as well as the outputs generated from these activities [START_REF] Hlpe | Food losses and waste in the context of sustainable food systems 117[END_REF].

The reduction of pesticide use requires a systemic approach involving reorganization of local stakeholders. Today, many people still think of farmers as the only responsible party for pesticide use. It has been established that many systemic parameters come into play in farmer's practices. For a long time, farmers have been influenced by the advisory system which was mostly led by agrochemical companies. Up until now advisors in these companies, were sales technicians paid according to their sales, thus creating a bias in favor of these products [START_REF] Vanloqueren | Why are ecological, low-input, multi-resistant wheat cultivars slow to develop commercially? A Belgian agricultural 'lock-in' case study[END_REF]. This will no longer be accepted as a recent French law passed to prevent these kinds of conflicts of interest by separating the advisory and sales services for phytosanitary product application (Ministère de l'Agriculture et de l'Alimentation, 2021). Still the market and the idea that pesticides are needed to secure yields greatly contribute to chemical input dependance [START_REF] Guichard | Le plan Ecophyto de réduction d'usage des pesticides en France : décryptage d'un échec et raisons d'espérer[END_REF].

The whole production and supply chain is driven by consumer's demand and expectations. The disconnect between consumers and the agricultural world has led to a lack of knowledge about food production and constraints faced by farmers. An example of this gap has been illustrated by an unsuccessful advertising campaign for "ugly fruits and vegetables launched in 2013 by a famous French supermarket chain. This campaign aimed at fighting food waste and attempted to promote the sale of these less attractive products by selling them at lower cost. The failure of this initiative can be explained by food sociology. Debucquet and Lombart suggest that people's perception and relationship to nature impact their vision of imperfect fruit and vegetables. In their study they, interviewed a sample of 30 consumers and identified two consumer profiles: the "rooted earthlings" and "uprooted pragmatics". Rooted earthlings belong to older generations and cultivate a close relationship with nature while uprooted pragmatics are younger, from urban backgrounds and usually more distanced from nature. This last group had a positive perception of standardized produce which were viewed as normal and easy to prepare while imperfect produce triggered their suspicion and distrust. These consumers associated imperfect produce with GMOs and lower gustatory value [START_REF] Debucquet | Quand manger des fruits et légumes difformes contribue au bien-être alimentaire : analyse d'un oxymore par les valeurs[END_REF].

The failure of the ugly fruit and vegetable campaign can partly be attributed to the misconception of product quality resulting from the rising detachment between urban consumers and food production systems. Today, with the increasing trends for zero pesticides and zero waste, some consumers are realizing they have the power to vote with their credit cards and that their choices can have powerful impacts. This growing awareness about agricultural practices could bring about change in urban population's consuming habits. It is important to educate consumers and explain that many chemical treatments could be avoided if they were more lenient visual quality norms. This change of perception on product quality would have a positive impact on the reduction of phytosanitary products use.

Crop diversification and organic matter application to reduce system vulnerability

Several agronomic levers can be used to reduce the use of chemical inputs while controlling soil pest and diseases. Among these levers are crop diversification and the use of organic amendments. Organic matter application is an important lever but must not be used on its own to be efficient against telluric pests and fungi. It should be part of a systemic approach and combined with a diversified crop rotation to successfully improve soil health. An experiment carried out by a local experimental station suggests that the reduction of pesticide use related to telluric issues is only possible through a combination of several agronomic levers such as diversification and the use of organic matter in great quantities [START_REF] Gard | Concevoir et expérimenter en réseau des combinaisons de pratiques pour une gestion durable des bioagresseurs du sol[END_REF].

Crop diversification

Crop diversification is an important agronomic lever to disrupt the development of certain pests. It allows for a better control of populations while limiting the use of phytosanitary products [START_REF] He | Crop diversity and pest management in sustainable agriculture[END_REF][START_REF] Ratnadass | Plant species diversity for sustainable management of crop pests and diseases in agroecosystems: a review[END_REF]. Diversification can be done several ways: through the implementation of new species in time (cover crops, catch crops…) which will have agronomical properties; in space to increase biodiversity (intercropping, flower strips…), and finally through the incorporation of a new cash crop in the crop rotation. This last option raises multiple questions related to the marketing and sales of this new crop.

For this study, we have made the choice of focusing on the last type of diversification: the introduction of a new cash crop in the rotation. This allowed us to study the whole chain from production to distribution which would not have been possible if we had chosen to look at other forms of crop diversification.

This new crop can be a resistant or non-host species or variety, which can be useful for pest control especially when a specific pest has been identified as an issue [START_REF] Casagrande | Enhancing planned and associated biodiversity in French farming systems[END_REF][START_REF] Djian-Caporalino | Gestion des nématodes à galles: lutte conventionnelle et luttes alternatives[END_REF][START_REF] Morel | Innovating within or outside dominant food systems? Different challenges for contrasting crop diversification strategies in Europe[END_REF]. In general, the introduction of different species in crop rotations facilitates pest control by increasing the complexity of the trophic network and therefore the resilience of the system. Unfortunately, it would have been unrealistic to study all forms of crop diversification.

There are some obstacles to the implementation of a large number of crops at many levels in the food system: supply, production, retailing, marketing, and in the general organization between stakeholders. A research paper based on the analysis of 25 European case studies on crop diversification highlights different types of barriers from the production to the consumer level [START_REF] Morel | Innovating within or outside dominant food systems? Different challenges for contrasting crop diversification strategies in Europe[END_REF].

The results of this study reveal that the main barriers surrounding this issue are found at the production stage. The most common obstacles for producers seem to be lack of technical knowledge and experience, unsuitable equipment, unavailability of locally adapted plant material and the risk diversification represents to them [START_REF] Morel | Innovating within or outside dominant food systems? Different challenges for contrasting crop diversification strategies in Europe[END_REF]. However, these obstacles may vary from one farming sector to another, cereal crops are not faced with the same issues as vegetables for instance. Cereal producers wishing to start producing legumes may find it difficult to access varieties that are well adapted to their systems because little research is done on diversification species like chickpeas, or lupin. The way cereals are processed, and their distribution channels also differ from those of vegetables [START_REF] Meynard | La diversification des cultures: comment la promouvoir ?[END_REF].

The study from [START_REF] Morel | Innovating within or outside dominant food systems? Different challenges for contrasting crop diversification strategies in Europe[END_REF] was conducted in very different types of systems, including all kinds of diversification methods, while we will only be looking at the barriers linked with the introduction of a new cash crop in market gardening systems. In addition, the obstacles faced by other European countries can be different from those faced in France, and more specifically in the PACA region. For example, a Swedish vegetable farmer may be more impacted by the weather and the short growing season while a vegetable farmer in the south of France may have more issues with the marketing of his products.

We hypothesized that the other major holdbacks in the region are related to logistics and marketing. Indeed, adding a new species into the crop rotation can mean smaller volumes and new crops which can be harder for wholesalers to manage. Additionally, marketing smaller volumes for a larger number of products is less interesting economically for them [START_REF] Meynard | Socio-technical lock-in hinders crop diversification in France[END_REF][START_REF] Morel | Innovating within or outside dominant food systems? Different challenges for contrasting crop diversification strategies in Europe[END_REF].

Some of the crops produced may also be imported at a lower price from abroad making it difficult for locally grown produce to compete, unless these crops are easily available and have superior quality. The insufficient collaboration between the actors in marketing channels is also mentioned as a barrier in the study by [START_REF] Morel | Innovating within or outside dominant food systems? Different challenges for contrasting crop diversification strategies in Europe[END_REF]. For example, research may be conducted on how to cultivate a specific crop species but if the way this crop behaves in a crop rotation is not studied, it can be riskier for farmers to implement this new crop into their rotation.

Both studies agree on the fact that consumer's habits can form a potential hinderance. Consumers are more familiar with mainstream products and more likely to buy them. They may not want to buy new products, neither would they want to pay more for them [START_REF] Meynard | Socio-technical lock-in hinders crop diversification in France[END_REF][START_REF] Morel | Innovating within or outside dominant food systems? Different challenges for contrasting crop diversification strategies in Europe[END_REF]. [START_REF] Meynard | Socio-technical lock-in hinders crop diversification in France[END_REF] analyze the sociotechnical lock-ins for the introduction of legumes and the obstacles to their development in Northern France. Indeed, today it is well established that legumes possess interesting agronomic, environmental, and dietary characteristics, yet the development of these crops is relatively slow. They argue in their study that the way industrials and most stakeholders in agriculture have structured themselves favors major crops. This is what they call the interconnected self-reinforcement mechanism [START_REF] Meynard | Socio-technical lock-in hinders crop diversification in France[END_REF]. [START_REF] Meynard | Socio-technical lock-in hinders crop diversification in France[END_REF][START_REF] Morel | Innovating within or outside dominant food systems? Different challenges for contrasting crop diversification strategies in Europe[END_REF], agree that this is due to the optimization of logistics, the high demand for these products and the cost advantages of economies of scale. But also by the fact that industrials have adapted to these major crops with specific machinery. Major crops are easily accessible and therefore available for agri-food businesses and the stakeholders are used to working with the same network of people.

This interconnected self-reinforcement mechanism creates a complex situation where the dominant system is so well optimized that it makes it difficult to change. One possible way to create meaningful change is by taking a systemic approach and understand what the stakeholder's individual interests have in common to find a desirable outcome.

Other factors can also intervene in the sociotechnical landscape and change stakeholder's habits, goals, and expectations and it is important not to overlook them. The sanitary crisis we are facing today is one example of such factors: during the lock-down period consumers changed their purchasing habits and turned to direct sale at the farm.

Organic matter to enhance soil health and reduce chemical inputs

Studies show that in addition to boosting plant productivity, composts and soil amendments encourage high microbial diversity in the soil, thereby boosting the resilience of microbial communities and making it less sensitive to disturbances such as pathogens [START_REF] Levet | Diagramme de la distribution 2018, Schéma de la filière fruits et légumes frais[END_REF][START_REF] Usero | Effects of soil microbial communities associated to different soil fertilization practices on tomato growth in intensive greenhouse agriculture[END_REF]. Using organic amendments can also improve plant vitality since they enhance soil's nutrient and water holding capacities and therefore have an indirect impact on their tolerance to potential attacks. Some types of amendments release chemical compounds which can also help to create a hostile environment to telluric pests or parasites [START_REF] Collange | Root-knot nematode (Meloidogyne) management in vegetable crop production: The challenge of an agronomic system analysis[END_REF]. For composts the maturation stage can influence their efficiency on telluric pathogen and parasite control. For instance, stable composts may not have a sufficient effect on root-knot nematodes due to their slow release of chemical compounds resulting in low nematocidal product concentrations [START_REF] Collange | Root-knot nematode (Meloidogyne) management in vegetable crop production: The challenge of an agronomic system analysis[END_REF].

Different organic amendments and fertilizers will have effects on soil properties such as pH, micro-and macronutrient contents, which in turn will affect the microbial communities present. For livestock manure, for example, the animal species, the feed, the storage, the litter, and the management of the manure will have an impact on the composition and effects of this OM on the soil [START_REF] Rayne | Livestock Manure and the Impacts on Soil Health: A Review[END_REF]).

An Australian study on the effects of sawdust and chicken litter amendment combinations on the control of root knot nematodes in sweet potatoes and tomatoes, found that compost stimulated natural enemies present in the soil, which helped reduce the number of root knot nematode eggs [START_REF] Stirling | Surrounding the swollen roots of sweetpotato with a decomposing band of an organic amendment enhances nematode-suppressive services and reduces damage caused by rootknot nematode[END_REF]. The study concludes that more research should be conducted on different types of composts as they are a great way to increase soil health and should be implemented in systems struggling with root knot nematodes.

In contrast to the diversification issue, it is assumed that the use of organic amendments is a simpler change to operate and requires less adaptation on the farmer's end [START_REF] Wezel | Agroecological practices for sustainable agriculture[END_REF]. However, in the PACA region the availability of organic matter, transportation and how it is composted, and spread are real concerns to be addressed for vegetable farmers.

So far, no study has applied the sociotechnical analysis to this topic, the groundwork for these questions will be the identification of the offer and the analysis of the structural organization surrounding the actors involved with organic matter production, transformation, or distribution for vegetable producers in the region.

Goals and main questions raised

What are the socio economic and technical factors which hinder the reduction of phytosanitary products in market gardening systems in Provence? What changes can be operated to facilitate the adoption of agroecological practices?

This work as well as other projects from the Ecodéveloppement research unit helped to define the PACA case study and to formulate the following goal: understanding how to promote the coordination and reorganization of stakeholders to encourage crop diversification and the use of organic matter as levers to increase soil health. More specifically, during my internship I focused on the barriers and levers to the use of organic amendments and crop diversification which we chose to address separately one after the other.

When determining the action plan, we debated whether diversification and use of organic matter should be looked at together. Indeed, from an agronomic standpoint crop diversification and the use of organic amendments are complementary to prevent telluric pests and diseases and maintain a healthy soil. However, from a methodological standpoint, separating both issues was more coherent and realistic since the scope as well as the stakeholders involved in each issue were different. For crop diversification the scope was centered around conventional production systems while the organic matter issue involved all vegetable production systems including organic ones.

After gaining a basic understanding of the vegetable production systems in Provence through literature review based on scientific papers, grey literature, and preliminary interviews, a few more specific questions emerged. The following 8 questions have served as a foundation to identify the main barriers and levers to facilitate agroecological transition in Provence.

Crop diversification

• To what extent do mass retailers and food processors impact agricultural practices, especially the introduction of new crops?

• Could the territory's mass retailers and food processors develop new strategies and markets to encourage agroecological practices in vegetable production?

• Are retailer's marketing strategies barriers to crop diversification?

• To what extent are quality norms and European standards obstacles to crop diversification? Organic matter

• Are there enough local resources available to supply vegetable farm's demand?

• How can we best use the resources available to create organic amendments with soil-health boosting properties?

• What are the technical and organizational barriers to the composting of fresh plant material?

• How can the stakeholders from the PACA region (and perhaps other territories) be coordinated so that vegetable farmers have access to organic matter?

5. Methodology

Sociotechnical analysis

The analysis of the sociotechnical system is a means to better apprehend a given system and to identify obstacles and opportunities for change. It can help understand the issues stakeholders are faced with, their interactions, their desires and how they place themselves with regard to a specific problem. In this case, this method was used to understand the cause of the lock-ins around pesticide use in market gardening systems particularly looking at crop diversification and the use of organic amendments.

More specifically, the system of interest is the Provençal vegetable production basin in the southeastern part of the country, around Avignon. This area was not only chosen because it is a major fresh vegetable producing area in France, but also because vegetable growers in the area are confronted with telluric pest and disease problems and are struggling to find sustainable alternatives.

The method was based on a methodological guide [START_REF] Casagrande | Guide méthodologique pour le diagnostic sociotechnique dans des systèmes agrialimentaires[END_REF] created by researchers from INRAE after a series of studies on socitechnical systems in agriculture [START_REF] Belmin | Sociotechnical controversies as warning signs for niche governance[END_REF][START_REF] Boulestreau | Une démarche de co-conception d'innovations du système de culture au système agri-alimentaire pour une gestion agroécologique des bioagresseurs telluriques en maraîchage provençal 336[END_REF][START_REF] Della Rossa | Innovations developed within supply chains hinder territorial ecological transition: the case of a watershed in Martinique[END_REF]. The INTERLUDE research project will be the first to test this method and to evaluate it. This methodological guide for the socio-technical diagnosis of obstacles and opportunities for change in food systems describes the 5 steps to conduct a sociotechnical diagnosis which are listed below. Figure 3 shows the scheduling of the project tasks.

Unfortunately, due to time constraints during this 6 months period my work has been dedicated to the first 4 steps and I carried out the steps 2, 3 and 4. The application to the case study may stray from the steps listed in the previous section. This section is meant to describe the way the methodology was applied to our case study before and during my internship.

The first two steps of the sociotechnical analysis method are meant to get familiarized with the area and its stakeholders and are somewhat connected.

Step 1: Determining the system of interest and its boundaries

The case study originated from a field observation: the overuse of phytosanitary products in vegetable production systems and the aspiration for change towards agroecological practices.

The focus on sustainable management of soil health to reduce pesticide was further defined following previous work. In particular, Yann Boulestreau's PhD work around rootknot nematodes in sheltered vegetable systems [START_REF] Boulestreau | Une démarche de co-conception d'innovations du système de culture au système agri-alimentaire pour une gestion agroécologique des bioagresseurs telluriques en maraîchage provençal 336[END_REF]. His research had already highlighted the main issues faced by vegetable farmers in the area. His work focused on nematodes in sheltered vegetable systems and somewhat oriented the scope of this study towards the agroecological management of soil health to reduce pesticide use in Provençal vegetable production systems.

To gain further understanding of the sociotechnical landscape, my INRAE tutors carried out some preliminary interviews with technical advisors closely involved in the INTERLUDE project as partners. As advisors they are in contact with producers regularly and were able to give a global view of their issues and what influenced their practices. This preliminary work helped define the boundaries of the sociotechnical analysis and established the framework for my internship.

For the beginning of my internship, I conducted preliminary research to understand the sociotechnical context and learn about the main stakeholders involved in the issues of crop diversification and organic matter use respectively. The first two weeks were dedicated to grey literature on the main telluric pests and diseases in market gardening as well as some ways to control them using agroecological practices.

Step 2: Mapping the stakeholders and current innovations

After gaining a better understanding of the issues, I dedicated a large part of this phase to gain knowledge about the stakeholders involved in the diversification issue. To create an efficient working plan the internship was divided in two parts: one dedicated to the use of organic matter and the other on crop diversification. Since the two issues were complementary and the methodology quite similar, we decided to focus first on the crop diversification issue and later the use of organic matter. The literature research for both issues was conducted in the beginning and towards the end of the internship using Elsevier, HAL, Web of Science and Researchgate primarily.

This preliminary research consisted of identifying as many relevant stakeholders as possible on the territory, using google maps as well as online directories, I identified about 60 stakeholders which I placed on a map 2 .

2 See Figure 2 While constructing the map I created an excel sheet to keep track of all the types of stakeholders and listed all of them including their addresses and contact information. This list was later used to sample stakeholders for the interviews.

The list was sent to technical advisors working at the local chambers of agriculture, also involved in the INTERLUDE project. Unfortunately, we realized that because of their technical activities, they knew very well the farmers of the area, but weren't much in contact with retailers and wholesalers and were unable to tell us which stakeholders we should meet.

Step 3: Understanding the stakeholder's practice determinants

From there, we decided to call upon a private advisor also involved in the project who was more engaged in the marketing side. We carried out a preliminary interview and asked him for contacts toward the end of the interview. We then decided to use the snowball sampling method also known as the chain referral sampling method. This method was very efficient to get into contact with wholesalers, food processors and retailers which we have little contact with. People were also more inclined to accept an interview if they knew the person which introduced them to the project. To begin the technical advisor referred us to a vegetable producer which was then able to put us in contact with their clients or suppliers such as shippers, purchasing platforms or composting platforms. We also benefited from the guidance of an expert from the Regional Center for Innovation and Transfer of Agri-food Technologies which helped us identify relevant food processors.

Through this method I was able to create a list of relevant contacts including wholesalers, vegetable producers, food processing companies, cooperatives, seed companies and seedling nurseries, organic fertilizer manufacturing companies, composting platforms, horse stables, poultry farmers and more.

Because of the imparted time, choices had to be made to select which groups to focus on and for each group, which stakeholders to interview. To address entirely the first question on crop diversification a comprehensive review of different retailing brands should have been conducted. In this paper the question will be partially addressed. However, this topic will be further developed during the INTERLUDE research project.

The choice of interviewees was guided by their potential interest and ability to answer questions and hypothesis raised in section 4 (mainly concerning the sale of vegetables and the management of organic matter in the region).

When the interviewee was not able to call their contact and refer me directly, I was usually given permission to reach out to them in their name which was more efficient than calling random people on my contact list.

Prior to interviews I had created three standard interview guides: one for farmers, one for wholesalers and one for agri-food industrials. These three guides had similar structures with each time questions to understand the functioning of the company, the interviewee's job and questions relative to potential barriers and levers to crop diversification.

I carried out 30 semi-structured interviews in total, most alone and some in pairs with one of my supervisors. These can be categorized as follows: 22 for diversification and 21 for organic matter although only 8 were specifically interviewed solely on the topic of organic matter. Out of these interviews there were 6 producers, 6 wholesalers, 3 people working in distribution companies, 4 agri-food processors, 1 agri-food advisor, 3 agricultural advisors, 2 researchers, 1 person working for a waste recycling company, 1 person in charge of municipal waste collection, 1 person in charge of the horse sector in PACA and 1 local politician. Some of these stakeholders were located in the study area while others were located outside of this territory but strongly influenced local stakeholder's actions.

Interviewed vegetable farmers' profile types: Surfaces ranging from 2,4 ha to 1800 ha 1 mixed system with organic and conventional vegetables 1 organic system 4 conventional systems All producers had a significant part of their system involving sheltered vegetable systems some cultivated vegetables outdoors.

• All sold their produce through long marketing channels. • 3 sold their products to food processors • 1 sold small portions through direct sale on the farm.

Due to the sanitary crisis, it was at times, difficult to obtain formal interviews with stakeholders. Fortunately, because of the context many seminars and presentations which are normally organized in small conference rooms with a limited audience were organized online, recorded, and published on social media platforms making them easily accessible to a vast audience. These webinars served as a context overview and were used as a means to collect data on both crop diversification and organic matter use in addition to the interviews. Step 4: Characterizing obstacles and opportunity to innovation

After the data collection process and the analysis of individual interviews conducted in step 3, step 4 was dedicated to synthesis and cross analysis of all interviews to understand the stakeholder's individual desirable outcomes and finding out if and how they could converge.

Some interviews were recorded which facilitated the transcription process, for a minority of interviews I had to take notes along the way. I was then able to transcribe the information collected and to extract the elements in interview grids and mind maps 4 . For the mind maps I used the free version of Xmind, a software 4 Interview grids and mind maps can be found in appendix 6 and 7.

tool to create visual charts, mind maps and more. I created two separate ones for each topic and divided them the same way: barriers on one side and levers on the other.

For each interview I selected the relevant information which I placed on the mind map. In order to analyze the collected data and categorize the results, I created a code for each interview and marked it next to each branch on my mind map. This allowed me to easily retrieve the information from the transcripts and see if multiple people shared similar concerns. In order to increase the genericity of the data and to maximize the reliability of the results, the information only stated by one person and not mentioned in the literature was not included.

Consistency and trustworthiness:

While the questions varied from one group of stakeholders to another, the structure of the interview guides and the core elements of the questionnaires remained the same throughout the interviews for each category of actors 5 (for producers the guides were structured in 6 sections: General presentation of the farm, Management of soil health, Market outlets, Diversification, Organic Matter, Research and development).

In some cases, questions were taken out or added to adapt to their systems.

The goal of the first interviews was to confirm or refute the information found during the preliminary research stage. The snowball sampling method enabled us to highlight the existing connections between stakeholders and helped to cross check the information collected throughout the data collection process.

Once we had gained sufficient experience and a better understanding of the different types of stakeholders, the time spent on the different parts of the questionnaire shifted from the general questions to the most specific questions. In the beginning a significant part of the interview time was dedicated to the understanding of the stakeholder's company and work. After a few interviews extra focus was granted towards identifying the obstacles and levers to crop diversification or the use of organic matter.

Throughout this work presentations were given to experts from technical and research institutes working on other case studies of the INTERLUDE project. When the information collected was unclear, we were able to go back and contact the interviewees which could give additional information. In other instances, the research project's partners intervened to give their expertise and peer review our data and analysis based on their own experience. To maximize the reliability of the results, the information only stated by one person and not mentioned in the literature was overlooked.

Results

This section presents an overview of the current situation in Provence regarding the interactions between stakeholders for crop diversification and organic matter use and then presents the barriers and levers which hinder their development for vegetable producers.

6.1 Overview of the stakeholders and their interactions for diversification

The figure presented below was based on literature, qualitative interviews as well as a diagram created by the french technical institute for fruits and vegetables (CTIFL), depicting the different distribution channels and the corresponding volumes of fruits and vegetables on a national level 6 [START_REF] Levet | Diagramme de la distribution 2018, Schéma de la filière fruits et légumes frais[END_REF]. A first version of this diagram was created before the interview process and later readapted to fit the territorial scale. It was created to represent the flow of vegetables from producers to consumers in the region. The pathways followed by products are represented as arrows, the thicker the lines the bigger the flow of products (although the proportions are not exactly respected since regional quantitative data to support this representation is unavailable at this time). The brown arrows leaving the production box represent the different pathways vegetables can go through and each time they go through a different link of the distribution chain the color of the arrows change. Vegetables sold by producers Vegetables going through cooperatives Through shippers Through wholesalers Through food processors Through markets From supermarkets to consumers From specialized retailers to consumers From restaurants to consumers

As described in section 2.2, there are different types of distribution channels for vegetable producers in Provence. This diagram illustrates in greater detail these channels with a bigger emphasis on long marketing channels which represent larger volumes. Producers selling through long marketing channels are usually more specialized as a result of their obligation to supply large volumes to mass retailers. In France, households mainly purchase their fresh fruits and vegetables via supermarkets (70%), on this account we explored their practices and supply strategy for vegetables and how it affects crop diversity in the fields.

This figure shows the importance of wholesalers and supermarkets which share a large proportion of the product flow. Supermarkets can either get their supplies directly from producers through their purchasing platforms or from wholesalers or cooperatives which will go through their purchasing platforms. In Provence, it is quite common for big retailing companies to contact producers directly thus bypassing wholesalers. To maintain their activity, wholesalers choose to work with restaurants, catering services, agrifood industry.

Cooperatives are quite numerous in Provence, but they mainly commercialize fruits. Cooperatives for vegetables are not as numerous but rather well known and well established among mass retailing. The most famous ones have developed famous brands such as Les Paysans de Rougeline, but these are mostly offground cultivation systems which are out of scope for this study. For this reason, we have not collected data specifically on cooperatives but rather on mass retailers and food processors, in particular on their supplying systems.

• Supermarket's supplying systems Most Supermarkets are organized around purchasing platforms where most product's prices are negotiated. All over the country supermarket floor managers oversee the supply of their shelves on a local level; they know what vegetables to order and in what quantities. Every day, they call buyers from their purchasing platforms who are in charge of fulfilling these orders. In most cases, platform buyers call producers to negotiate prices and volumes early in the growing season.

Some retailing companies have national platforms, others have regional platforms where buyers are responsible for specific lists of products. In some cases, supermarket floor managers choose to bypass purchasing platforms and contact local producers directly to avoid paying extra fees, but this represents a small portion of volumes.

In the territory, we identified 9 platforms and surveyed one of them. The head of the buying department was able to share his experience working for the same large, specialized retailing company for 27 years. He explained that most experimented buyers are in charge of more delicate produce such as berries which are less predictable, while beginners start with apples or potatoes which can be stored easily. However, most vegetables cannot be stored for a long time and the entire supply chain must be very reactive and well organized to guarantee product freshness. As a result, supermarket buyers and floor managers must know 48 hours in advance what produce they need and in what quantities. Depending on the type of retailers some will favor lower price, whereas others will choose quality and geographical origin. All year-round mass retailers import produce when they are out-of-season in France to provide a constant range of vegetables.

To be able to sell their products to supermarket chains, farmers and agri-food companies must go through an audit to be referenced. Producers are usually referenced for large volumes of a single product; they must be able to fulfill their orders regularly and respect a list of requirements established with the buyers. Once they are referenced, an oral or written contract specifies the supply volumes and the price for a given period. Most supermarket chains have private labels which can have even more technical specifications: for example, no pesticide application after the flowering stage for strawberries. Depending on the vegetables, farmers can be guided towards certain varieties. Supermarkets tend to suggest "popular" varieties they know consumers will buy and are familiar with.

Vegetable producers are required by supermarkets to caliber and pack their produce according to specific norms; cooperatives can take care of the conditioning and quality control for their members. Packaging requirements vary depending on retailers, some provide producers with reusable plastic containers, others have cardboard containers, but every supermarket brand has its operating mode regarding conditioning: container size/color/material for packaging etc.

Farmers either deliver their products to the closest logistical platform or pay a carrier which will do it for them. The products will then go through quality control and be sent to the assigned supermarkets either that same day or the following day. This is the regular pathway for producers, cooperatives or wholesalers selling their vegetables directly to supermarkets.

• Food processors'supplying systems

As indicated in section 2.2, agri-food processors can be divided into two categories: primary processors and secondary processors. The first is in direct contact with producers while the second usually works with preprocessed products. Raw agricultural products are cut or frozen according to demand for secondary processors which prepare more elaborate dishes like ratatouille or soups.

From my surveys, I noticed that primary processors work jointly with producers to agree on what kinds of vegetables they should plant and which volumes they need. There are two types of supplying arrangements: those for farmers who produce vegetables specifically to agri-food processors and those for farmers selling mostly fresh produce and sparing their second-choice products for agri-food companies.

The process channel is demand-driven: primary processors only order vegetables they are asked to transform by their clients. Some vegetables require specific machinery to be prepared, (e.g.: green beans go through trimmers to separate and cut them on each end), which implies a certain specialization of processing chains. When they are not equipped, primary processors subcontract these operations to other companies.

In Provence, most of production is sold as fresh produce and primary processors cannot always find enough locally produced vegetables; as a result, they purchase vegetables from other regions or countries.

Due to the lack of primary processors, secondary processors order pre-processed vegetables from other regions. Vegetables grown in Provence are sent to the closest factory for the first processing steps and later transported to back to Provence where they are cooked and transformed into readymade products.

There is a growing concern over the origin of products with the rising demand for "made in France", but the gap between secondary food processors and farmers contributes to the slow evolution of supplying practices.

→ The wide range of stakeholders involved in the supply chain and their conflicting interests does not encourage dialogue between them. The market outlets for diversified productions are still limited and need to be secured to encourage the introduction of new crops into rotations.

6.2 Overview of the stakeholders and existing projects on organic amendments in Provence

Unlike in the previous section where the focus was drawn on marketing operations and retailers, here we focused on the supply and management of resources.

We consider two categories of organic matter, those originating from vegetal sources and those from animals. Figure 3 gives an overview of the different organic matter sources and their pathway to potential users.

Figure 5: Pathways for organic waste in Provence

There are 32 composting platforms in the PACA region, most of them are located in Alpes-de-Haute-Provence, Bouches-du-Rhône and Var departments; the largest units are in Bouches-du-Rhône and Vaucluse. Composting facilities differ in the type of inputs processed -food biowaste, wood, food processing industry waste, green waste, livestock manure -as well as in their treatment capacity, which ranges from less than 2,000 tons of waste per year to over 10,000 tons per year (Groupe Energies Renouvelables Environnement et Solidarités, 2007).

The 3 largest composting platforms produce around 80% of the organic amendments in the region7 and all of them are located in the study area:

• In Tarascon ≈ 120 000 tons/year • In Châteaurenard ≈ 80 to 90 000 tons/year • In Châteauneuf-les-Martigues ≈ 15 000 tons/year These platforms charge for incoming waste and later sell normalized products to regional farmers. Some provide extra services, for instance in Tarascon the platform offers delivery and spreading services for their customers thanks to support from contractors.

Beside these commercial channels, new projects supported by local municipalities and ADEME have emerged to encourage recycling of organic matter into usable amendments for vegetable growers:

A project in sheltered vegetable systems was launched by the Chamber of agriculture in the Bouches-du-Rhône department in 2016. Experimentations were carried out between 2017 and 2018 among a group of farmers to test the role of organic amendments on soil health. The results have shown positive effects of green waste or horse dung compost on soil structure and overall soil quality. Farmers have spread 30 to 40 tons per ha per year over a period of at least 5 years (Tosello, 2018). These regular compost applications have shown the restoration of the ecosystem equilibrium, resulting in better soil structures and less problems with soil pests or pathogens. The development of microorganisms and mycelia creates an antagonistic relationship with pests and pathogens which limits their emergence and increases aggregate stability in the soil [START_REF] Rayne | Livestock Manure and the Impacts on Soil Health: A Review[END_REF][START_REF] Terrestris ; Tosello | Loi biodéchets, vers une valorisation des biodéchets obligatoire pour tous en 2024[END_REF].

Burning of green waste has always been illegal but somewhat tolerated for farmers. To deter from illegal burning, a decree published in March 2021 increased the fine by 70%. Consequently, more people have started to take their gardening waste to municipal recycling platforms which are overwhelmed. To tackle this issue, PACA's municipalities have looked for new outlets to dispose of their organic waste. Among these initiatives, Chamber of agriculture in the Bouches-du-Rhône in partnership with the Aix-Marseille-Provence metropole puts farmers in contact with green waste disposal units to guarantee free delivery of normalized compost or mulch (Chambre d'Agriculture Bouches-du-Rhône, 2020).

Within the framework of the ADAMOS program, thanks to funding from ADEME 8 , wine growers and vegetable farmers in the Arc valley have been able to benefit from mulch deliveries from the Aix-Marseille-Provence metropolitan area's landfills (Association Régionale de Gestion et d'Etude des sols naturels et agricoles, 2019).

The Communauté d'Agglomération Luberon Monts de Vaucluse, is also developing a partnership with the CIVAM PACA group to deliver green waste free of charge to farmers (Chambre d'Agriculture Bouchesdu-Rhône, 2020).

Apart from green waste, there are other sources of organic matter which must be recycled. Available recycling solutions are methanization to produce biogas, or compost production on dedicated platforms. Other outlets are offered by industrial companies which use this raw material to produce more elaborate products i.e.: pet food or fertilizers. Organic waste manufacturers elaborate inputs for crop nutrition and soil fertility maintenance. Most of them collect raw material from other industries and process it to develop several ranges of products according to the needs of their customers. OvinAlp, a manufacturer based in the Alps, collects sheep manure, composts it, and then develops several normalized products sold to agricultural product suppliers. Some companies also offer delivery services to their customers and lend spreading equipment or spread it for them.

Since 2012, big organic waste producers, generating over 120 tons per year, have the legal obligation to develop separate outlets to recycle biowaste. The law will be extended to all organic waste producers in January 2024, regardless of the quantity they produce (Terrestris, 2020). This will affect most canteens, restaurants, retailers, and agri-food industrials which will be forced to find sustainable ways to recycle their waste.

An alternative for producers looking for free or cheaper organic amendments are professional arborists, landscape architects and gardeners which pay fees to dispose of their green waste in recycling centers. To avoid paying such fees, some try to get rid of their shredded wood and other forms of green waste by giving them away for free. Others develop their own platforms to make compost and sell it to professionals or amateur gardeners.

As explained in section 2.2, there are limited sources of animal manure in the vegetable production zones, where organic matter is needed. However, there are two resources which could be better exploited by vegetable farmers: poultry and equine manure.

In 2019 an Environmental and Economic Interest group was developed to help a group of poultry farmers better valorize their waste and in particular by-products such as manure or carcasses.

These products bear great agronomic value, especially for market gardening, yet links between farmers and vegetable farmers have to be organized to make better use of this local resource. A few options were explored by a group of students [START_REF] Bouche | Comment valoriser les coproduits de l'élevage de volaille en AB ?[END_REF]):

• composting manure on site and delivering normalized compost to vegetable farmers;

• exchanging manure with fermented forest litter from specialized recycling platform;

• selling the manure to a composting platform for 10€ a ton without quality control testing.

Out of these three options the one with the least constraints for poultry farmers was the second one. The fermented forest litter can be used as bedding to limit the development of pathogens in poultry houses and exchanged with free poultry manure. The poultry manure will then be used by the local recycling platform to create more elaborate products potentially available for vegetable farmers. The other two options were not selected largely because of economic reasons.

The same kind of initiatives are starting to develop in PACA, especially in the Var department where there are many horse stables and horse racing facilities. Another Environmental and Economic Interest group was recently launched as part of a call for projects from ADEME. The aim of this project is to improve air quality in Provence through the sustainable management of organic waste such as green waste and horse manure. The objective of this project is to reduce particles (PM2.5, PM10…) and ammonia emissions in the atmosphere. In the Var department the organic producer's association is developing a partnership between a horse stable and 5 farmers (4 vegetable farmers and 1 wine producer) to create a composting platform where they would share equipment. The horse stable would get rid of the manure for free and the 5 farmers would be able to make their own compost from a mix of green waste and horse dung.

Another national project recently began to find sustainable ways to manage horse manure in equestrian structures. This program called Val'fumier was engaged by the National Equestrian Group (GHN) and was conducted in three French regions from 2019 to 2020. A recent report based on 1056 interrogated structures presents the current situation in these three regions [START_REF] Ifce | La gestion du fumier de cheval en France-Val'fumier. Interfel[END_REF]. The main findings reveal that most horse stables store their manure on concrete platforms or directly on the ground and either donate it, exchange, or pay to evacuate it. Overall, these structures perceive manure as a burden and do not take much time to think about how to manage this resource sustainably.

The best solution for all would be to create partnerships amongst these different stakeholders while taking into consideration their individual desires and limitations. The next section will further expose the levers and barriers to the development of sustainable management.

→ The emerging projects in the region could be a model to organize the market on a local level.

There is still a need for public incentives and support to scale up organic waste recycling and use.

Barriers to crop diversification

Textbox 1: Synthesis of main barriers to crop diversification

The following bullet points outline the most mentioned barriers to crop diversification and will be developed further in this section. These points were extracted from a mind map which served as a basis for the analysis of the interviews. All of the findings listed in this textbox have been stated by at least 2 different sources. We chose to exclude the ones which were only mentioned by one source to enhance the consistency of the results.

• The laborious supermarket referencing and purchasing system: discourages some farmers from being referenced for more than one crop.

• The power struggle between supermarket, buyers and farmers.

• There are not many 1 st processors in the region, moreover, 1 st processors do not necessarily buy local products; they choose products according to quality, price, terroir of origin (marketing image). It is therefore difficult for producers to start cultivating less popular species because outlets are not guaranteed.

• Different packaging according to products and customers: producers and wholesalers have to manage the complexity of these requirements.

• Agri food processors (primary and secondary) only process what they have already sold: they work by contracts with their customers. They only place orders with producers for products that they are sure to sell, which puts prejudice on niche products.

• Retailers prioritize low prices and as a result local farmers may be at a disadvantage in comparison to foreign products.

• Labor force: difficult to find and to manage.

• Quality standardization: limits the sale of non-standard products with minor visual defects.

• Complexity of financial aid files (for farmers and wholesalers) + slow decision-making process by public financing institutions.

• Supermarket specifications + segmentation by products and by brand which do not consider the whole agroecosystem but only one product at a time.

• Regional specialization: vegetables are associated with regions/terroirs (asperge de Lauris, melon de Cavaillon, endive du nord, carottes de Créances, betterave rouge du Loiret…)

• Large and very specialized producers are sufficient to meet the market demand for certain niche products.

Social barriers to the lack of knowledge of other stakeholder's issues

Throughout the interviewing process, I noted that the different links of the distribution chain work independently and are often unaware of the challenges faced by other parties. In particular, mass retailers take little consideration for the needs and constraints faced by producers while food processors are often disconnected from the production step. Moreover, multiple interviewees mentioned they regretted that fact that consumers are not as familiar with the agricultural world as they were a generation ago.

• Relationship between mass retailers and producers

The way supermarket's purchasing departments work is a hindrance for crop diversification. Platform buyers rarely have agronomic training, nor do they understand the benefits of crop diversification or rotations. They usually have marketing backgrounds and have little knowledge about agronomy and the challenges faced by vegetable farmers. Because of the centralization of purchasing platforms, buyers are relatively far from production sites and rarely visit them, as a result they are not aware of farmer's constraints. They are usually in charge of a limited number of referenced products with very different origins and characteristics. They contact the same list of farmers regularly and negotiate volumes and prices for one reference. Discussions are generally done over the phone; this leaves little time to talk about agroecological practices. According to a purchasing platform manager, some supermarket buyers never see the products they order and do not feel concerned by production issues. This way of functioning does not take the agroecosystem as a whole but only part of it. The buyers usually have little interest in the farmer's crop rotation or any of the other products he could offer.

A specialized producer explained the type of market outlet as an important barrier to crop diversification:

« Pour notre circuit de vente à nous oui, voilà honnêtement on sert quand même des clients qui veulent un certain volume, plutôt que de la diversification. C'est-à-dire que à nous ils nous achètent de la tomate, à un autre producteur il va acheter le concombre, à un autre producteur il va acheter le melon…à un autre producteur il achète le poivron… C'est plutôt ça qui les intéresse, les clients qu'on sert nous hein ! Que d'acheter plusieurs produits au même exploitant. Y'a une simplification de logistique pour eux, de commandes, voilà et je pense qu'ils se rendent compte quand même que quand une exploitation est spécialisée dans un certain produit au niveau qualité et quantité ça doit correspondre. »

We serve clients which prefer getting large volumes rather than diversified products. That means they get their supply of tomatoes from us, their cucumber from another, their cantaloupe from another…That's what our clients are interested in at least, rather than buying many different products from the same producer. It's simpler for them from a logistical point of view, for the ordering and I think they noticed that when a farmer is specialized, they can get a certain kind of quality and quantity.

Another one of the farmers I interviewed, mentioned in April that he already knew when his customer would organize its next discount campaign on cucumbers. He explained that when supermarket marketing departments develop advertising and product discount campaigns, they usually print flyers and leaflets in January for summer sales. It means that prices and volumes are set for products which sometimes have not even been planted, independently of natural and meteorological hazards (spring frosts, droughts, floods…). As a result, pre-negotiated prices force producers to sell below production cost. Conversely, in the event of overproduction farmers are forced to find other outlets for their produce (wholesalers, food processors…) and in some cases must throw away their products. A buyer from a specialized vegetable retailing chain gave me an example of this kind of system malfunction: a producer called him to sell his strawberry production which ripened earlier than foreseen. Unfortunately, the supermarket had planned a discount campaign two weeks later and was unable to buy his production.

Some mass retailers have developed advertising campaigns praising the benefits of agroecology which seldom translate into concrete action. In certain instances, they have reviewed their technical specifications to orient producers towards the reduction of pesticide use while establishing slightly higher price commitments. However, the systemic approach proned by agroecology is not considered in mass retailer's supplying system which remains specialized and centered around price negotiations.

• Relationship between food processors and producers

The same way platform buyers and producers are disconnected there is little to no dialogue between production and the final processing step. This results in a disengagement among these two professions and a partial vision of vegetable production systems. Secondary food processors are not usually in direct contact with producers, when they want to develop a recipe with a new vegetable, they ask primary processors or wholesalers to look for this product. In some cases, if it is not available, producers can decide to diversify their production to satisfy the demand. When a farmer spontaneously decides to develop a produce to diversify his crop rotation, he can inform his clients, but in the end, he depends on the final processor to sell his production. This lack of systemic vision of distributors and processors creates a status quo situation.

Economic barriers

The price of products remains the dominant criterion for agri-food industry, wholesalers, and supermarkets.

Other criteria such as local production, zero pesticide residues etc. can be put into the equation if this added value is profitable to them. Given the increased risks associated with practice changes, the higher production costs and investments required for their agroecological transition, producers should be offered higher prices for their produce. Unfortunately, most of these parameters are not taken into consideration in price negotiations. This section describes the reality behind vegetable producers' insufficient gratification by mass retailers.

• Linked to mass retailers Supermarkets are known to put pressure on farmers to provide regular volumes, high-quality produce and low cost all year round. This power struggle between production and mass retailers is mainly a result of profit imbalance between retailing companies and producers which sometimes sell their produce at a loss while profit margins stay stable for supermarkets. A vegetable producer I interviewed mentioned that during December of 2020, supermarket buyers bought his salads around 15 to 20 cents each while the production cost was 28 cents. At this time restaurants were closed due to the Covid 19 pandemic and there was a salad overproduction. However, supermarkets did not change their prices and continued to sell them at around 1€ a piece.

This imbalance is reinforced by the supermarket buyers' remuneration scheme. When they are able to negotiate lower prices with farmers, Buyers can get bonuses on their wages. This creates a hierarchy between buyers and farmers which are often reminded that they are easily replaceable if they do not cooperate. As a result, buyers are not perceived as business partners or clients by farmers but rather as coercing people. This power struggle does not encourage farmers to reduce their pesticide use or to take risks since their main preoccupation is to sell their produce at the lowest price.

Quote from a technical advisor, original and translated citation:

« l'acheteur est payé sur le grattage qu'il fait, enfin ça doit dépendre des structures, mais une partie de son salaire c'est les primes qui sont liées à « combien j'ai réussi à gratter de l'argent par rapport à l'année dernière » un acheteur il négocie quoi…il n'est pas là pour faire du win-win. In addition, farmers are rarely compensated for developing agroecological practices. When they are, these compensations do not cover all additional risks. An interviewee working for a famous mass retailer declared they can only compensate farmers with a 15% price increase on products grown using agroecological practices, arguing this was the maximum price difference consumers would be willing to pay for. This raises ethical questions since supermarkets tend to make more profit claiming that these products are healthier and environmentally friendly.

• Linked to food processors Agri-food companies must respect certain rules for product labelling to avoid misleading consumers. If a product indicates it is local or from Provence this means the quantity of ingredients from Provence represents a large proportion of the product content, otherwise it can be misleading to the consumer. When given the choice between a French pepper and a Spanish pepper, food processors will most likely choose the cheapest, especially if this pepper is not the main ingredient in the recipe. As a result, local producers will have more difficulties selling their produce unless they represent large volumes in a recipe labelled as local or Provence origin.

A producer explained that when he was going through his transition to organic, his produce were less beautiful because he had to go through an adaptation phase. He was lucky to sell his produce to a primary food processor which didn't care about visual defects. This shows that food processing industry could be an interesting outlet for vegetable farmers choosing to start a new crop since this outlet is much less demanding in terms of visual quality. Unfortunately, farmers lack interest for industrial outlets, and seldom take advantage of this market.

Vegetable producers in Provence prefer to sell fresh produce as they believe they can get higher margins. Food transformation is seen as a secondary commercial outlet for vegetables with visual defects. As a result, many farmers will offer to sell their second-choice vegetables to agri-food processors but without real contract agreements. Transformation is viewed as a security option in case vegetable quality is not good enough to be sold directly on the fresh market. If producers had a separate production system for food industry only, they could save a lot of production costs and make more profit since these products do not require as much attention.

Barriers related to equipment/inputs

• Linked to producers and wholesalers

The differentiated packaging requirements according to products and customers was also cited as an obstacle to crop diversification by seven different stakeholders. These demands make the work more complicated for producers and wholesalers which have to manage different packages per produce and per client.

• Linked to food processors Primary food processors owning their factories can invest in machinery from time to time in order to process a wider range of vegetables. Although most vegetables go through more or less the same process for washing and freezing, for other operations such as cutting, specific machinery may be needed (e.g. green beans or peas). Food processors will only invest in this type of equipment if they have contracts and big volumes to process. Otherwise agri-food companies do not have the guarantee that they will sell significant volumes and do not invest in new machinery to process less common vegetables.

• Linked to producers A large producer mentioned that the development of new resistant varieties was an obstacle to crop diversification. He thought that there wasn't enough research to develop new varieties for certain crops which discouraged producers from cultivating more uncommon vegetables. Interviewing seed breeders could have given us more insight on this issue.

Equipment's economic profitability can also affect the introduction of certain vegetables in crop rotations. Another diversified producer mentioned he was grateful he inherited from his parent's spinach harvester which allowed him to be more efficient and reduce his production costs:

"We know someone who cultivates spinach, they are 5 and when they harvest them, they prepare 200 crates a day when we can make 400 with only 3 workers thanks to the harvester."

This same producer explained us that he could only efficiently produce radish if he invested in a radish harvester: "we tried cultivating radish, but we would need a harvester because harvesting by hand isn't profitable…we could barely pay our workers." Unfortunately, he did not cultivate enough surface to justify such an investment (50 000 to 60 000€).

Labor force barriers

Qualified labor is rare and usually it takes time to teach and manage employees on diversified farms which contributes to farmer's idea that is better to have a few species rather than a diversified system.

For farmers choosing to diversify, the availability of work force will come into account when choosing which crops are grown. A cantaloup producer wanting to start growing tomatoes will need more labor force.

The new crop introduced in the rotation should require equivalent labor force, time, and fit into the crop calendar to avoid the significant overlapping of workloads. Some crops like tomatoes and cucumbers require attention at the same period, this will need to be considered when deciding which crops to implement.

Since agricultural workers can be difficult to find, a lot of the labor force on vegetable farms comes from abroad. Foreign workers often come for 6 months on a seasonal contract and then, because of their work permit expiration, must leave for 2 months before coming back to work again. To get around this law, many farmers create two separate structures and alternate between these structures to keep their workers all year round without a two-month interruption. Visas can also be complicated to obtain for people coming from outside of Europe, like Maghreb counties. With the pandemic, many workers stayed stuck in their home country unable to come to work on time.

In PACA, much of the employees are seasonal foreign workers, this can lead to communication and relationship issues. A producer mentioned that some of his employees could not get along together or simply would not understand each other because of language barriers. The same producer told us some workers would simply not show up to work some days, without informing him. Another large producer admitted that managing employees was the hardest part of his job, especially since they sometimes had to retrain new people each season.

Red tape & legal barriers

Regulatory and administrative barriers and European quality norms hinder practice change. Public subsidies are insufficient to incentivize vegetable producers because of the administrative burden they represent.

Public funds such as the FEADER from the European Union is redistributed on a national and regional level through subsidies. These are available to encourage sustainable development and innovation within the agricultural sector. There are investment subsidies which can help invest in certain types of machinery or infrastructures.

When asked about their financial aids, wholesalers either did not know they were eligible nor were they aware of their existence. Out of the 6 interviewed vegetable producers most rarely received any financial aid. They usually did not take the time to fill out the paperwork, either because they did not to rely on subsidies or simply because application forms were too complex and time consuming.

The European regulation N° 543/2011 details the rules for the application of Council Regulation (EC) N° 1234/2007 in respect of the fruit and vegetables and processed fruit and vegetables sectors. The CEE-ONU norm on product standardization are a part of this European regulation and impose quality standards for the marketing and quality control of fresh fruit and vegetables. These standards are specified for 11 products: apples, citrus fruit, kiwifruit, lettuces, curled leaved and broad-leaved endives, peaches and nectarines, pears, strawberries, sweet peppers, table grapes and tomatoes. The CEE ONU norms involve further quality standards on 50 products like for tomatoes or apples. The application of the CEE ONU norms are not mandatory but most mass retailers choose to apply them and impose them in their production specifications.

According to the European law N° 543/2011, all products must follow minimum quality standards to be sold through mass retailing systems as fresh produce. Products respecting the minimum quality requirements must be: intact, sound, clean, fresh in appearance, practically free of pests or damage caused by pests, free of moisture or foreign taste and smell (European Commission, 2011).

Fruits and vegetables can be classified into 3 categories: extra, class 1 and class 2. According to their caliber and visual aspect like color or deformities they will be classified in either of these categories, extra being the best and class 2 being the bare minimum. An excerpt of these marketing standards applied to tomatoes can be found in appendix 5.

Products must go through quality checks and be certified to avoid violating these regulations. When this happens, companies can get fined by the General Directorate for Competition, Consumer Affairs and Repression of Fraud. Mass retailers must therefore follow these European regulations. They usually sell extra or class 1 products because they do not have the logistics to sell class 2 products. However, the application of these laws differs from one company to another. Their tolerance towards quality standards can also vary according to product availability. For instance, in the event of a product shortage due to climatic events, some companies may choose to sell slightly altered products to satisfy the demand, but in which case they risk getting fined.

These norms push supermarkets to always offer at least class 2 or extra products, meaning fruit and vegetable which do not fit into these imposed "beauty standards" are often rejected.

Sectorial and market barriers

• Regional specialization Diversified crop rotations including vegetables such as fennel, lamb's lettuce or chard are not very common in PACA. Mass retailers usually get their supplies in other regions or countries where they are produced on large scales in specialized systems. The market demand for these products is not as important and most of the time specialized producers are sufficient to meet this demand. This leaves little space for newcomers with smaller volumes.

Price wise, imported products remain more interesting but do not necessarily respect the same social and environmental regulations: supermarket buyers mainly take the price difference into account and not the social or environmental footprint.

In France as in many countries, certain regions are known for specific productions, these production basins often lead to inter-regional competition. This is also a prominent phenomenon in vegetable production. Consumers associate certain regions/ terroirs to specific products and tend to be more attracted towards quality labels such as protected geographical indications (IGP in France) and unconsciously associate regions to certain vegetables.

During one interview a food processor stated :

« Les légumes rentrent dans les catégories : la courgette de provence c'est la vraie courgette tandis que la courgette d'Ile de France ça va faire bizarre quoi. Pomme de terre provence ça fais pas rêver alors que les pommes de terre Val de Loire c'est plus parlant. Les légumes sont vraiment très identifiés à des régions.»

Vegetables are categorized, the zucchini from Provence is considered as the real zucchini wheras a zucchini from Ile de France sounds weird to people. The same thing is true for potatoes, potatoes from provence is not appealing to people while potatoes from Val de Loire are much more enticing.

Vegetables are strongly associated with regions. The vegetable sector is facing the specialization of its stakeholders. They have progressively organized themselves around brands such as Perle du Nord in the north for endives, or in the south Les paysans de Rougeline which are well known for their tomatoes. This results in further specialization and reinforcement mechanisms creating a lock-in situation in which stakeholders are structurally organized to deal with these products. The structures are able to meet mass retailers' standards while continuing to offer lower prices and large volumes.

• Mass retailer's specifications and referencing system Supermarkets favor some varieties because of conservation properties or consumer preference. A producer mentioned he chose his seeds according to supermarkets preferences: between two salad producers, they would choose the one growing blonde Batavia lettuce rather than green ones. From an agronomic point of view, varieties imposed by supermarkets are not always the most resistant. This often leads farmers to plant the exact same variety at the same time which facilitates disease and pest propagation.

Share of national production per region

Farmers must often wait from 6 months to a year before they are referenced in a supermarket system. The referencing process is very costly for supermarkets (10 000 € per reference, according to a Group Innovation Director from one of the largest mass retailing companies in the world), as a result when a farmer gets referenced for a product, it is for a long time. Two of the farmers I met admitted they felt very lucky to be referenced by one of the largest retailing brand in the world. One of them told me his parents used to sell their produce to this retailer and he took over. Another one had to wait a year and a half to finally get a spot to sell his salads. This mandatory procedure is discouraging farmers wishing to sell multiple vegetables.

Mindset barriers

Farmers close to retirement are usually less prone to change and face difficulty for the transmission of their farm. A couple I interviewed admitted they had been following a production routine for years and did not want to change their habits because they would soon be retiring. They were still unsure what to do because none of their children wanted to take over the farm. This is not an isolated case in the region as 70% of vegetable farmers over 50 years old declared being uncertain about the future of their farm during the last agricultural census [START_REF] Agreste | Pratiques phytosanitaires en production légumière en 2018[END_REF].

This same senior couple was relatively specialized with a simple crop rotation including tomato and salad for the past 30 years. They had followed their family footsteps and continued cultivating the same crops. Most of the farmers I interviewed took over the family business and continued cultivating more or less the same crops as their parents since they knew how to grow these crops and could keep the same clients. At this time, vegetable farming was already very specialized and chemical inputs were used more systematically, this was the norm and unfortunately today some farmers still think this way.

Five interviewees, mostly producers and wholesalers viewed organic agriculture as a separate system with specific standards, involving different consumers and stakeholders. Most of them perceived organic products as a way to attract new clients rather than a path toward more sustainable systems; they considered this approach as a trend driven by certain privileged customers and unable to replace conventional systems.

A producer mentioned he would never become organic because he believed they would not be fulfilling their role to feed the population:

« Personnellement le bio strict j'y ai jamais cru parce que je me suis toujours dis qu'en tant qu'agriculteurs on a une devoir et ce devoir c'est de nourrir le peuple et malheureusement on a un devoir de rendement. »

Personally, I've never believed in organic agriculture because I've always believed that as a farmer I have a duty to feed the population and unfortunately we have the obligation to produce high yields.

→ The barriers listed in this section reveal the multidimensional aspect of the crop diversification problem. The way the system is organized makes it impossible to address this issue without a combination of levers involving multiple stakeholders.

Levers to crop diversification

The following levers could help unlocking the previously described barriers to crop diversification. Some of the following levers were mentioned by interviewees or deduced from the overall understanding of the system combined with some research.

Knowledge levers

• Raising awareness among platform buyers As mentioned above, there exists a gap between production and distribution, in which purchasing, and marketing departments do not feel involved in production issues. This can be attributed to retailers' poor experience concerning agronomy or agroecology creating a detachment between them and farmers.

An agroecological transition can only be accomplished through a systemic approach which encourages knowledge sharing among food systems' stakeholders.

Given their significant influence, mass retailers have the responsibility to facilitate exchanges and information flow throughout the distribution chain. Organizing events to encourage knowledge sharing about agroecology and initiate dialogue is one of the ways to bridge this gap and create better relationships between producers and retailers. Educating supermarket buyers on agronomy could contribute to shifting their perception of farms from single product suppliers to complex systems with interacting crops and elements.

Diversification in the field must go hand in hand with buyers' diversification. Supporting buyers' versatility and adaptability is essential to encouraging systemic vision. Rather than having someone specialized in exotic fruit and apples for instance, buyers could be in charge of purchasing a list of vegetables from the same producer and follow their production calendar along with the potential issues they could face. The goal of this approach being to promote dialogue and trust between buyers and producers.

Economic levers

As mentioned in the previous section, supermarket buyers' remuneration schemes call for relentless price negotiations with farmers. This creates an unbalanced dynamic between farmers which sometimes do not get compensated accordingly to the quality they provide, and buyers which are not inclined to learn about sustainable practices.

Through our understanding of the system and our interviewees' experience we were able to identify concrete ways to promote trusting relationship amongst farmers and buyers. The following ideas are intertwined and would have to be combined to other levers to create long lasting change:

→ Finding an indicator other than the price to establish bonuses on platform buyer's wages. The idea would be to encourage buyers to purchase quality products rather than to push towards lower prices. Similarly, to the current system, buyers would receive bonuses if they favored products cultivated according to agroecological practices. This may motivate buyers to take interest in farmer's practices and to understand the crop rotation as a whole. → Encouraging partnerships rather than hierarchical relationships by developing multi-year contracts between retailers and producers with minimum commitments on price and production surfaces which would allow producers to plan diversified crop rotations in advance. → A young company 9 developed in 2020 has developed a new model based on transparency and agroecological transition. The concept is based on an app where consumers can get their groceries delivered at home. For each purchase made, the consumer receives a detailed receipt including what each share of the price goes into, including the company's own profit margins. Thanks to established partnerships based on agroecological transition, this retailer is committed to providing fair wages to their suppliers.

Technical lever

• Simplifying packaging system Packaging was pointed out as a complex issue by wholesalers and farmers selling to mass retailers, especially when multiple products were involved. Retailers could provide the same reusable containers which would be recorded in a computer system thanks to an electronic chip or QR code for traceability.

Creating standardized packaging systems would facilitate logistics especially for producers selling diversified products through long distribution channels.

Levers linked to the sector

• Simplifying referencing systems

In Provence some vegetable producers sell their produce directly to local supermarkets without going through referencing procedures developed by mass retailers. This is a controversial topic as some producers which are not referenced think it is a great way to sell multiple produce locally with better margins while others which are referenced think it disrupts other producers' organization. The issue lies in the fact that most supermarkets do not have people in charge of certifying product quality. This can cause customer dissatisfaction if low quality products are sold. To address this topic, fruit and vegetable floor managers could get trained as certifiers or establish written agreements with producers to certify product quality. A last option could be the development of specific fruit and vegetable sections for local products with more flexibly on product standardization similar to zero waste grocery shops.

Facilitating referencing systems could make producers more willing to offer diversified products to distributors. Most of the interviewees mentioned it was difficult to sell multiple products through supermarkets due to the cumbersome referencing system. To facilitate this process, which is usually done through the phone, a faster referencing process could be developed. Farmers would have the possibility to contact the closest supermarket fill in a form and shorten the referencing process from several months to a few days. As an alternative, retailers could develop systemic referencing processes. Producers and wholesalers often mentioned they could not sell multiple products to mass retailers because over the years their names had been associated to one produce.

This idea can be summarized by a wholesaler's quote:

« La GMS ils ont une image de tel fournisseur c'est tel(s) produit(s) et pour en sortir c'est compliqué, c'est-à-dire qu'aujourd'hui je travaille beaucoup avec Carrefour c'est mon plus gros client, ils m'achètent des salades et des courgettes et quand je leur propose des poivrons ils me disent non mais j'ai pas besoin de toi j'ai déjà mes fournisseurs. »

Mass retailers associate each of their suppliers with one product and to get out of this idea it's difficult for example today I work a lot with Carrefour they're my biggest client, they buy salad and zucchini from us and when I offer peppers, they tell me they don't need me because they have other suppliers for that product.

To go against this tendency, buyers should have access to the full range of products cultivated by a producer instead of having one referenced product per farmer.

• Partnerships between local producers and food processors Many of the fruit and vegetable agri-food companies in PACA are concentrated in the Vaucluse and Bouches-du-Rhône departments and the majority are secondary processors (Ministère de l'Agriculture et de l'Alimentation, 2018). Their geographical proximity to vegetable farms could be an opportunity to develop shorter supply chains and to establish partnerships with local producers.

An example of a successful partnership is an artisanal organic cannery working directly with farmers to create soups and other preparations. Their goal is to limit waste by processing seasonal production surplus, or ugly fruit and vegetables for local canteens and farmers. They also have their own brand and sell their products in nearby organic grocery stores in limited volumes.

Secondary processors could create separate production lines for the development of regional products which would be sold in a local perimeter. The first processing and secondary processing step would be operated in the same location partly mechanized and partly by hand as it is already the case for most companies in the region which is characterized by a large number of small companies (Ministère de l'Agriculture et de l'Alimentation, 2018).

These kind of initiatives could be an opportunity for producers wanting to diversify their crop rotation especially with consumers rising demand for local and zero waste produce.

Legal levers

• Facilitating access to quality labels for producers

In November 2018 the first Egalim law was enacted to promote equity and sustainability within food systems. A part of this law mentions supply requirements for collective catering, it states that at least half of the products must benefit from official signs indicating quality and origin or other quality labels. This has spread the popularity of environmental certification labels and High Natural Value labels (HVE in French) and encouraged a shift towards more agroecological practices.

Since 2018, the HVE label has become prominent and will soon become a requirement for producers selling their products to mass retailers or catering services. Most interviewed wholesalers explained that this label was becoming the norm for producers selling their vegetables through long marketing channels and that they were pushing producers to get certified. The demand to get certified comes from mass retailers however this certification is usually at the producer's own personal expenses. Some food processors or large wholesalers sometimes have their own technicians which can help accompany producers towards practice changes, but this is rarely the case. Providing such technical assistance could help guide producers towards certifications like HVE.

Organizational levers • Sharing certification costs

To incentivize farmers to change their production practices, certification costs could be spread out between producers and mass retailers through the support of advising departments which would provide free advising services to help producers get on the right path. This may accelerate change and take a burden off producers which would perhaps feel less forced.

• Developing cooperation and sharing resources among vegetable producers An interviewee working in a national wholesaler's network explained that there was an issue with the supply of wholesalers which would either favor the same large cooperatives or specialized producers with significant production capacity. She asserted that it was in vegetable producers' best interest to develop collective organizations. One could imagine a system where producers exchange their equipment or fields from one year to another to avoid planting the same botanical families on the same land from one year to another.

The best way to promote diversified farms is to preserve an intermediary between producers and retailers to take charge of logistics and product marketing. Today many vegetable producers in PACA spend large portions of their time organizing the logistics around product sales which takes away from their already limited time to tend to their crops. This work can be done by cooperatives or other types of collective organizations which exist in the region but are not as developed as in the north of France.

→ The combination of these levers could help to increase vegetable producer's ability to negotiate prices and contracts while securing outlets for potential niche vegetables.

Barriers to the development of organic matter use

Textbox 2: Synthesis of main barriers to crop diversification Like in the previous section the bullet points in this box summarize the most mentioned barriers to the use of organic matter (stated by at least 2 different sources).

• The storage of organic matter must be done in particular conditions and respect a spreading plan, many regulations overlapping but not always the same from one type of OM to another: European regulation, French and regional regulations.

• Composting facilities are considered classified installations for environmental protection.

(ICPE) which implies a number of rules: eg: composting facilities must have specific approval to process certain types of waste such as animal by-products [START_REF] Mieux Gerer Son Fumier | Règles de stockage et d'épandage du fumier 7[END_REF][START_REF] Rubio | Guide du compostage à la ferme[END_REF].

• Over 1000 tons of organic matter treated per year: obligation to declare a composting project to the town hall.

• Manure pits must be of at least: 2m 2 per horse for 2 months of storage or 4,6m 2 per horse for 6 months of storage [START_REF] Mieux Gerer Son Fumier | Règles de stockage et d'épandage du fumier 7[END_REF].

• Storage in the field is tolerated for maximum one year and it must be moved from one year to the other (and must not return to one same location before 3 years) [START_REF] Rubio | Guide du compostage à la ferme[END_REF].

• Global Gap certification implies traceability on inputs meaning farmers can't use a neighbor's animal manure on their crops: the amendments must be normalized.

• Presence of plastic residues, scrap metal when the mulch comes from recycling centers.

• Farmer's preference for commercial and normalized organic matter.

• Vegetable farmers, poultry farmers and horse facilities don't necessarily have the required equipment for composting or transportation.

• The source of organic matter may be far from the farmers: high cost for delivery.

• Vegetable farmers don't always the space to make or store compost/mulch.

• Delivery may be an issue when trucks cannot access the farms.

• Lack of awareness on benefits of organic amendment use for soil health.

Regulatory and administrative barriers

• Administrative inertia and lack of follow up Chambers or agriculture and associations such as the CIVAM or Agribio encourage stakeholder interaction and connection through training, projects, and shared equipment groups. Such projects have emerged over the past 5 years but have been fairly few in number. When discussing this issue with a town hall representative he partly attributed this delay to administrative inertia (red tape). He deplored France's excessive bureaucracy and added that European and national financial aid projects were never easy to obtain. Because of the technical turnover and small financial resources, projects can also be abandoned halfway. According to an agronomist formerly working at the chamber of agriculture, technical advisors are often young and not very well compensated, this results in frequent staff changes and inconsistency. This combined with the various overlapping regulations enhances project development complexity.

• Multiple regulations affecting production Organic matter is rigorously framed by European, national, and regional rules. As such, storage and spreading must be done in particular conditions according to the type of organic matter.

The Sanitary departmental regulations (RSD) apply to all equestrian structures and defines the rules on manure storage. The minimal distances for any equestrian installation including manure storage areas must be at least: -200 m away from a fish farm or a bathing area -50 m from housings and recreational areas -35 m from water sources, banks, wells -5 m from roads According to the law, composting facilities are categorized as classified installations for environmental protection (ICPE). As a result, they must have specific approval to process certain types of waste like animal by-products [START_REF] Mieux Gerer Son Fumier | Règles de stockage et d'épandage du fumier 7[END_REF][START_REF] Rubio | Guide du compostage à la ferme[END_REF].

If a composting platform handles over 1000 tons of organic matter (plant waste or animal manure) per year this platform is subject to town hall declaration. If it processed biowaste from food processing industries the limit is lowered to 700 tons per year [START_REF] Rubio | Guide du compostage à la ferme[END_REF]. Depending on equestrian structures and the way horses are kept the manure production can vary between 9 to 12 tons per horse per year with on average 46 horses per facility (Damiens, 2017;Doligez, 2020). This amounts to approximately 500 tons of manure per facility on average.

According to the directive on nitrates horse manure must be stored 2 months in a manure pit before it can be transported and stored somewhere else. This manure pit must measure at least: 2m 2 per horse if the manure is stored up to 2 months and 4,6m 2 per horse if it is stored for up to 6 months [START_REF] Mieux Gerer Son Fumier | Règles de stockage et d'épandage du fumier 7[END_REF].

Based on the responses of 1056 equestrian facilities surveyed nationally, 50% declared they stored their manure on bare ground in a field [START_REF] Ifce | La gestion du fumier de cheval en France-Val'fumier. Interfel[END_REF]. In France this type of storage for manure is tolerated for maximum one year provided that it is not always done on the same location and only if the manure has been stored in a manure pit for minimum 2 months beforehand. In the last case scenario windrows must be moved from one year to the other and must not return to one same location before 3 years [START_REF] Rubio | Guide du compostage à la ferme[END_REF].

Quality and traceability barriers

• Certification imposing traceability Certifications like Global Gap10 can cause complications for the development of "homemade" compost or non-standardized organic matter. In order to fulfill these requirements, producers have to keep detailed records of every input they use in their crops which pushes farmers to use normalized commercial inputs such as organic amendments which are less beneficial for soil life.

A producer mentioned during an interview:

"Our neighbor is a sheep farmer, but I can't use his manure because of Global Gap because it's not a standardized product;"

• Insufficient quality, lack of technical specification of composts A group of poultry farmers in the Vaucluse and Bouches-du-Rhône were exploring the possibility of creating a shared composting platform to sell their manure to local farmers. Eleven vegetable farmers were surveyed by bachelor students in 2021 to get a better idea of their expectations and interests. The report revealed that most vegetable farmers wanted composted manure [START_REF] Bouche | Comment valoriser les coproduits de l'élevage de volaille en AB ?[END_REF]. Interviewed vegetable farmers also indicated they wished for lab tests to certify the compost quality and composition in order to satisfy their norms' traceability requirements. The supplementary costs for poultry farmers to certify the quality of compost led them to abandon the idea of making their own. After evaluating the best possible solutions for poultry farmers, the report concluded that composting would take poultry farmers too much time, money and would likely not guarantee the best compost quality.

Due to the incoming growth of green waste, a number of municipal recycling centers are offering free mulch deliveries to farmers. Unfortunately, these products often do not go through sifting processes which leaves plastic residues, scrap metal and other unwanted objects which then land in farmers' fields and does not encourage them to continue using compost or mulch.

• Lack of trust in non-conventional products Green waste can be variable in quality and in its composition but in general it has a high carbon to nitrogen ratio. This type of organic amendment can generate nitrogen deficiency when it is not used regularly, in this case a complementary source of nitrogen can be used to prevent this (Chambre d'Agriculture du Var, 2019). On the other hand, fresh manure especially poultry manure can provide nitrogen burn due to excessive nitrogen content and must be quickly incorporated to the soil to avoid volatilization [START_REF] Gazeau | Matières Organiques -Fientes de Volailles[END_REF].

A farmer declared that non composted horse manure could contain unwanted seeds and bring weeds into crops, he added that the composting process was complicated, and that most producers he knew preferred buying normalized produce rather than making their own compost.

Technical barriers to compost production and spreading

A good composting process involves an adequate mix of organic matter with a carbon to nitrogen ratio close to 30, sufficient oxygenation and about 50 to 60% water content [START_REF] Bouvier | Les Fiches Matières Organiques[END_REF]. To obtain optimal parameters and reach the right temperature increase, windrows must be turned over regularly and watered. This process requires time and equipment, and farmers' busy schedules make it difficult for them to find enough time to maintain a compost. Vegetable farmers usually do not own the adequate tools for composting such as tipping trailers which are necessary to create windrows. This is mostly due to the fact that market gardening does not require much machinery compared to cereal cultivation for instance.

To avoid leaching and fully benefit from organic matter's properties compost or manure must be spread quickly following its delivery. Since vegetable farmers do not usually own manure spreaders, they can either borrow or lease this kind of equipment, but this often means they are not free to decide when they can use it.

Peri urban equestrian structures are faced with similar issues, they rarely own the appropriate equipment or sufficient storage space to make compost. In addition, equestrian facilities view manure as waste and generally do not want to spend time composting it. It is especially difficult for them to evacuate their manure when they are close to cities. The animals in these facilities spend more time in stalls which results in greater manure production and daily maintenance. This is not a problem for horses which have access to pasture all day.

Depending on the type of litter used by equestrian structures horse manure can be difficult to compost. For instance, when straw is present in the mix it is preferable to shred it before composting it. On the other hand, manure with wood chip litter is often less oxygenated and contains more lignin which takes longer to degrade [START_REF] Mouton | Fumier d'Equins et Compost[END_REF].

Logistical and storage barriers

Transporting raw organic matter to composting facilities is quite costly on the long run and is discouraging for poultry farmers or equestrian facilities which try to find local alternative outlets. Unfortunately, such outlets like free giveaway or trading with local farmers, are usually short-term solutions and are not enough to evacuate the totality of the volumes produced. In addition, appropriate tools for composting or to create mulch (shredders, tipping trailers) can be costly and small organic matter producers are not always inclined to invest in such equipment on their own.

The study on poultry farmers found that the majority of surveyed vegetable farmers prefer getting delivered because they do not own the equipment and prefer paying instead of having to take time to pick it up themselves [START_REF] Bouche | Comment valoriser les coproduits de l'élevage de volaille en AB ?[END_REF]. A project manager working for the regional horse association mentioned that equestrian centers were not well equipped to deliver horse manure and when they were, they refused to go over a 15 km radius because of financial and environmental costs. These same issues were also pointed out by poultry farmers.

A local advisor specialized in waste recycling and delivery admitted that organic matter transportation was a recurring problem in his work for the promotion of compost and mulch use. He stated in his interview that vegetable farmers usually have small surfaces and in the majority of cases the entire space is used for cultivation, leaving little space for storage. The size of vegetable farms could also occasion accessibility problems for delivery trucks which were unable to reach their destination.

According to a compost engineer from a local composting platform there were more requests from other agricultural sectors such as arboriculture of cereal cropping which he though could be explained by the fact that these farmers where more equipped than vegetable farmers to spread these products.

Implementation and organizational constraints

Given the technical and organizational limitations, vegetable farmers prefer using readymade commercial fertilizers which they can spread by hand rather than making their own compost which can be unpredictable. Others are simply used to proceeding a certain way and do not want to change their ways. Although there is a strict framework to limit burning, this practice is anchored in the agricultural world, people believe it avoids disease spreading and it is also much less constraining than to bring green waste to recycling platforms. Collective composting is seen as complicated as it demands land, organization and equipment sharing.

A recycling center manager mentioned during an interview that he thought there was a lack of communication on mulch availability in the region and thought that vegetable farmers would use it more if they knew they could get it delivered for free. Two technical advisors mentioned there is a lack of organization between equestrian facilities, professional arborists and vegetable farmers which could bypass large composting platforms and create partnerships.

Barriers related to knowledge

According to a technical advisor from the chamber of agriculture, the use of locally produced compost, mulch of fresh manure by vegetable farmers is still anecdotal and is mostly popular amongst organic vegetable farmers which are more informed on the benefits of organic matter use on soil health. The lack of knowledge on composting and on the benefits of organic matter was pointed out by four technical advisors. This was mostly attributed to the force of habit especially for older generations which took less interest in new practices and preferred working the same way they always had.

Out of 6 interviewed producers, two mentioned they used mulch on their crops as a means to fight against a soil pathogen while the others did not mention organic matter as a lever to improve soil health but they rather perceived organic amendments as a means to boost their soil's organic matter content and improve crop growth without considering the entire soil ecosystem.

In a webinar on horse composting regulations, an expert on horse care and nutrition stated that organic vegetable farmers did not necessarily know that they could use horse manure in their crops because of their organic label. This stems from a confusion between the different requirements and a lack of communication on the benefits of compost use.

A wine grower shared his experience with horse manure composting on a webinar organized by the regional horse association. Following up on his first attempts using homemade horse compost he concluded: "If we add up the economic and social barriers, it is sometimes better to buy a fertilizer than to make compost: there is a risk of making a bad compost and that it does not have the expected properties on the soil because of fast mineralization."

→ Cost and transportation are the main issues hindering the development of local organic matter and vegetable producers still need to be convinced of the benefits of its use. In addition, the use of organic matter requires specific equipment and training.

6.6 Levers to the development of organic matter use

Technical levers

• Sharing techniques for composting

Horse manure represents a great potential resource for market gardening in PACA due to the number of equestrian structures, but its composting is quite technical. Following multiple tests with horse manure composting, a wine grower mentioned three techniques to improve manure composting. On his first attempt his compost failed because it was too dry and compact. To address these problems, he tried mixing the horse manure with plant material with higher humidity contents, this allowed for a rapid increase in temperature. He also experimented with a shredder to break down dry manure and accelerate the thermophilic phase.

The last technique he tried out was certainly the easiest to implement for vegetable farmers which do not own a shredder. This technique consists of sowing the windrows with radish and mustard. He explained that the tap roots improve water and oxygen infiltration and could help compensate for physical or mechanical turning. This process also captures and stores excess nitrogen which could otherwise be lost through leaching.

A solution for small equestrian facilities wishing to find solutions for manure management is vermicomposting which requires very little investments and little maintenance. The first step is to create windrows measuring maximum 1,20 m to keep oxygen flow and then to add the earthworms in a mix of horse manure and green waste such as to maintain a 40/60 carbon ratio. This method to manage horse manure only requires a bit of watering with a simple pierced hose and earthworms which will then reproduce on their own.

• Partnerships and pooling of resources Another commonly mentioned obstacle to the use of compost is the lack of spreading equipment on vegetable farms. We have identified two potential available levers in the region. Equipment sharing could be a potential solution for vegetable farmers which produce their own compost. This can be done through equipment sharing cooperatives or through the creation of collective composting platforms. Another already existing option is by calling upon large local composting platforms or operators which offer spreading services. An interviewee mentioned that his parents used to pay a private operator to spread their compost but that these kind of arrangements are rare to find today.

The previous examples dealt with the recycling of organic matter involving its transportation. But a technical advisor also mentioned cover crop grazing by sheep was an emerging practice for organic producers. This type of agreement between sheep farmers and vegetable farmers has a great potential. On one end the sheep farmer gets to benefit from free forage for his flock and the vegetable farmer benefits from free sheep droppings without having to mechanically remove his cover crop.

Regulatory levers

• Improving the organization around local resource recycling

The new decree reinforcing the framework around green waste burning has generated an increase in the volumes collected by municipalities. Meanwhile the law on biowaste has contributed to the development of outlets for the recycling of organic waste into reusable resources for local farmers. Considering that in 2024 all biowaste producers, companies, or individuals, will be required to recycle their biowaste, this trend will continue to grow in the next years.

As a result of these regulatory evolutions, municipalities have started to reflect on alternatives for the evacuation of their compost and mulch which may improve the organization and the quality of products generated by this outlet in the future and inspire vegetable farmers to buy more of these products.

Economic levers

• Sharing costs through collective partnerships Equestrian facilities view horse manure as a burden and look for solutions to evacuate manure for free or at low costs (IFCE, 2020). As a result, horse manure is an abundant and financially accessible resource in the region. Partnerships between farmers and horse stables exist but are not well developed in PACA. When they do exist, these relationships rarely involve vegetable farmers but rather cereal producers which can trade straw or hay in exchange for manure.

The Environmental and Economic interest group involving vegetable farmers, a wine producer and a horse stable in the Var department could be replicated if it succeeds. Today this project has just begun but the end goal would be to create a collective composting platform which could equally benefit all parties. Today they are looking to work with a professional arborist which could provide green waste to balance out the manure and accelerate the composting process. If this project accomplishes its goal, the horse stable would have a long-term outlet for its manure and the farmers would be able to produce their own compost without having to deal with time, equipment, transportation, or storage issues while being able to manage the quality of the end product. Additionally, this would minimize costs for all parties as well as address multiple technical and organizational problems.

→ The organic resources available in the region could be better managed to allow vegetable farmers to use it in their fields. In order to achieve a better organization of stakeholders, small initiatives must continue to be supported by municipalities. Associations and technical institution also have an important role to endorse the use of organic matter by providing information on these resources and by helping to match supply and demand.

Discussion

Potential limits to keep in mind regarding the sampling

Conventional vs. organic farming Out of 6 interviewed vegetable farmers 4 had conventional systems, one had a mixed system, and one was organic. A choice was made to focus on conventional systems which are the main targets for the reduction of chemical inputs. We hypothesized that these stakeholders would have less developed agroecological practices and be more inclined to sell their products through longer marketing channels. Consequently, we assumed that the pressure of the supply system would generate lock-ins, preventing them from evolving towards agroecological practices. Because of these initial assumptions, the sample includes a majority of conventional systems, and the analysis is mainly focused on the current lock-ins. Favoring organic systems could have helped identify potential solutions and find transposable alternative models.

On the specific topic of organic matter, previous interviews with local technical advisors, conducted at the beginning of the project, led us to hypothesize that the main constraints were the availability of the resources and the organization of stakeholders; the type of market gardening system (organic or conventional) being a secondary factor in the use of organic amendments. For this reason, we decided to include both organic and conventional systems on this topic. However, we have seen that the way vegetable farmers view and use organic matter also depends on whether they are organic or conventional which should be studied further.

Sampling methods

The snowball sampling method is a simple and efficient method to identify interviewees but can be limiting if the goal is to target specific types of people. We asked at the end of each interview to be directed towards producers which had diversified their crops, or which used organic matter. However, we could not control who the interviewee would put us in contact with. To have more control over the relevance of the interviewees regarding our topics, pre-interviews could have been done beforehand to determine whether or not they were in the best position to answer our questions for instance if we had decided to focus specifically on producers with telluric problems. This approach would have been possible if the number of producers in the targeted group was large enough to make a selection, which unfortunately was not the case because of the wide range of stakeholders interviewed during these 6 months.

Most of the stakeholders we interviewed were categorized in one of the two topics we wanted to address.

For crop diversification we chose to question people involved in the food supply chain while, for organic matter, we contacted technical advisors and project managers in this field. Producers were interrogated on the two topics since both of them were relevant to production. Throughout the interviewing process we noticed that some vegetable producers would engage more on one of the two topics. In some cases, producers would elaborate more on the topic of crop diversification and overlook the use of organic matter under the assumption that there were insufficient resources available. Perhaps this would not have been the case if we had selected two different groups of farmers for each topic separately. One groups would have been questioned about crop diversification while the other group would have had questions about organic matter use.

A systemic approach to food systems to achieve more sustainability

The self-reinforcement mechanism described by [START_REF] Meynard | La diversification des cultures: comment la promouvoir ?[END_REF] shows that most of the barriers which hinder the development of sustainable food systems are intertwined and require a systemic approach. To unlock this complex situation, all stakeholders must get involved to facilitate the transition towards agroecological systems.

In the current food system, distributors play a prominent role which impacts agricultural practices. Their marketing strategy is based on offering the most competitive prices to their customers often neglecting environmental and societal costs.

The economic factor is one of the main factors coming into play in consumer's decision-making process along with the variety and origin of the product. The type of production model is the last criteria which guides consumers' buying habits. The CTIFL found that only 13% of the surveyed French consumers would agree to spend 20% more for "agroecological" fruits and vegetables which is less than the 25% required to create an interesting niche (CTIFL, 2021). There is a paradox between the consumer's expectation for healthy and environmentally friendly products and the constant search for the smallest price tags. However, this paradox can be partly explained by the lack of understanding and knowledge about the food systems.

Agroecology is still an obscure concept for a wide part of the population, according to a survey conducted by the French technical institute for fruits and vegetables (CTIFL), half of the French population does not know what agroecology stands for. Only 20% of the population declared they knew what agroecology was but, when asked to explain, few were able to give a complete explanation [START_REF] Ctifl | Agroécologie: les attentes du consommateur, comment y répondre ? CTIFL[END_REF]. This lack of understanding of agroecology coupled with the myriad of labels which are not always clear to consumers, can explain why agroecology is not a sufficient argument for consumers [START_REF] Commandeur | Agrécologie: Comment valoriser l'agroécologie, attendue par un consommateur qui n'est pas prêt à payer plus ?[END_REF].

To help vegetables farmers gain more economic recognition for their work. It is necssary to raise consumer's awareness on the impact of their every day dietary and lifestyle habits and to recreate a strong connection between people, their food and the way it is produced. To create new markets for agroecological products, it is necessary to educate consumers on the benefits of agroecology in terms of public health and environmental preservation. This is one of the conditions to make them accept the price difference between conventional and agroecological products. This work has not directly interviewed any consumers, but their point of view would be worth including in future research to understand the barriers and levers on their level.

Today some mass retailing companies are developing new initiatives to meet consumers expectations for less pesticides. But still a lot of work remains to support producers in their efforts towards less pesticide use [START_REF] Ducos | La grande distribution et les pesticides dans les fruits et légumes : 5 ans après, où en eston ?[END_REF]. This can be done through the hiring of technical advisors by mass retailing companies which can help guide producers toward change without establishing additionnal costs for producers. In parallel, supermarkets must also change their buying practices. Mass retailers dispose of sufficient financial flexibility to share the risks of the agricultural transition if they accept to use a part of their profit margins to accompany these changes [START_REF] Greenpeace | Le marché des composts en Provence-Alpes-Côte d'Azur: bilan des installations de compostage et étude du marché des matières organiques. Approche texte et image[END_REF]. Relationships with farmers should no longer be based on unethical price negociations but rather on constructive partnerships based on transparency and trust.

To build sustainable food systems, the different stakeholders of the supply chain must work together. Currently producers, processing and distribution companies act independently according to their own goals and concerns. This is further accentuated by the power imbalance between mass retailing companies and their suppliers. Governments can play a role by creating legal frameworks to address this imbalance; in France the first Egalim law was enacted in 2018 to instigate fair incomes to producers and to reinforce the sanitary, environmental, and nutritional quality of products. Because of some loopholes, this law did not reach its goals. In March 2021, the Egalim 2 was drafted by the parliament in an effort to introduce new guarantees for farmers. Some of the main propositions are:

• The obligation for food processors to establish pluriannual written contracts with producers for at least 3 years, to provide them with more visibility. In addition, buyers will no longer be able to automatically reduce prices on a contract if they find lower prices elsewhere. • Farmers will no longer risk financial penalties from retailers when they are unable to honor their contracts due to natural hazards. • The experimentation of a price tunnel will be conducted for a 5-year duration. This clause plans to establish a price range defining the maximum and minimum prices for products. • Promotion campaigns organized by mass retailers will be allowed only in the event of overproduction (after authorization of public authorities and an interprofessional agreement). This could prevent situations faced by producers when they are unable to supply a last-minute advertising campaign. • A new indicator the "remuneration score" will be tested for 5 years to display the impact of the price proposed to the farmer on his income. This proposal intends to inform consumers and may encourage supermarket buyers to guarantee fair wages to farmers. • For food processors, it will no longer be possible to put a French flag on a product without specifying where the ingredients come from. Until now, they were allowed to use a French flag on the product label even if the ingredients where not from France. In the future, only products for which the main ingredient was produced in French will be able to put a French flag on their packaging (République Française, 2021).

Fostering cooperation and collective action between farmers could be a promising path to establish a more favorable balance of power for producers and to prevent retailing companies from creating unhealthy commercial competition. This cooperation should go beyond specialized sectors and federate various vegetable farmers. Encouraging collective action in PACA would not only benefit farmers wanting to grow new crops, it would also facilitate the shift towards more sustainable systems on a more general level. As much as it is important to encourage collective action, such initiatives must be advertised, and information must be available to all and not only to already convinced parties. Research and technical institutes play an important role to support pioneering initiatives. Successful projects can motivate other more skeptical farmers to evolve.

In PACA, an opportunity worth developing would be the creation of collective composting platforms.

Partnerships between vegetable growers and other stakeholders like horse stables or professional arborists could provide cost effective solutions for vegetable farmers wishing to amend their soil. The first step to the introduction of animal manure into vegetable systems is through cooperation between animal farmers and vegetable farmers. The most natural way of combining crop diversification and animal manure would be to reincorporate animals into vegetable systems to create combined crop animal systems as recommended by the High Level Panel of Experts [START_REF] Hlpe | Agroecological and other innovative approaches for sustainable agriculture and food systems that enhance food security and nutrition[END_REF]). An ideal system would integrate animals into vegetable production, mixing grain crops or cover crops to introduce new species. This way, open field vegetables would be put into rotation including grain crops or vegetables used for animal feed. More research must be conducted to evaluate the viability of such systems for vegetable farmers as it is well known that animals require constant care and add additional constraints.

From the identification of barriers and levers to pesticide reduction to the design of innovative territorial food systems

As we have seen farmer's decisions in the field are greatly influenced by external factors such as norms market conditions, and the overall organization of the food supply chain. The combination of all these parameters can create a lock-in situation which requires a multi scale approach. To build on the sociotechnical analysis, and imagine sustainable food systems, finding coupled innovation is key. We must not only integrate innovations at the field scale but also consider a larger scale which can impact change positively or negatively. Meynard et al. define coupled innovations as an approach "involving production, processing, distribution and/ or consumption […] to take into account the synergies and antagonisms that could occur." [START_REF] Meynard | Designing coupled innovations for the sustainability transition of agrifood systems[END_REF] An example of a coupled innovation to create new outlets could involve building local partnerships between vegetable producers, food processors and retailers to elaborate new recipes incorporating less common vegetable species/varieties. Social media and the digital society add a new dimension by involving consumers in the product conception. New startups are using this model to empower consumers and allow them to express their needs and give their opinion. This new means of communication facilitates dialogue between processors and consumers on product composition, origin of ingredients and their price. In case of abnormal meteorological event or pest attacks leading to production disturbances, consumers could be notified of price fluctuations. This way consumers would understand farmer's constraints and be more inclined to accept these fluctuations. The risks taken by farmers would then be acknowledged and rewarded accordingly.

Promising projects to reduce pesticide use, beyond crop diversification and organic amendment

On a more long-term approach we must consider European regulations' impact on food systems. In France, 67% of food wastage occurs before it even reaches the consumer because of the downgrading and sorting of "non-conforming" products: 32% is lost at the production stage, 21% throughout the processing stage and 14% through distribution (ADEME, 2016). This generates economic, societal, and environmental costs which could be avoided if these non-conforming products were sold. This raises the question of the compatibility of the quality norms with the objective of pesticide reduction.

As awareness for food waste rises, new grocery store concepts are emerging. Near Brittany a zero-waste retailing chain has become very popular: NOUS anti-gaspi. This brand has opened 18 stores over the past 4 years in the northwestern part of France. Unfortunately, these kinds of initiatives have yet to develop in the south of France. These stores offer what "normal" supermarkets choose not to sell and educate their customers about the risks and challenges faced along the distribution chain and those faced by producers.

Products are sold at lower cost (on average 30% less), which attracts consumers wishing to make good deals. In addition, producers get to sell the abnormal vegetables they would usually have to throw away (NOUS anti-gaspi, 2019). These outlets create opportunities for producers growing vegetables using less phytosanitary products.

These types of initiatives challenge what society views as quality and contribute to the evolution of consumer habits. It is the retailers' job to bridge the gap between producers and consumers and one way to do so is by explaining why some products don't fit the norm and encouraging perception change.

For consumers, fighting food waste could significantly increase household's purchasing power and bring about changes in consumption habits. In France the majority of food waste occurs at the consumption stage, this means that 20 kg of food is wasted per year per capita. Consumers could be saving on average 159€ per year and put more money into quality products such as organic vegetables (ADEME, 2016).

Conclusion

To understand the current lock-in around phytosanitary products use it is important to remember that farmers are part of a food system involving multiple stakeholders which greatly influence their choices. To encourage practice change at the production scale, the whole system must adapt accordingly.

When it comes to mass retailers a few main points stand out. First of all, the relationship between producers and buyers is a great hindrance to the evolution of practices. The extensive power struggle based on price negotiations and the organization of purchasing platforms reinforces producer's tendency towards intensive production systems with recurring crops, reliant on mineral fertilizers and phytosanitary product application. Purchasing platforms are often detached from production either geographically or through the superficial relationship they share over the phone. Referencing procedures are an additional burden for producers willing to diversify their production.

Another major barrier to crop diversification lies in the outdated normalization system which imposes unrealistic beauty standards for fruit and vegetables. Most fruits and vegetables sold in France go through mass retailers which are forced to apply European norms and who voluntarily choose to apply CEE ONU requirements involving specific quality requirements on a larger range of produce. These norms are problematic for the reduction of phytosanitary product application since they were built for a conventional model and have not been adapted to fit evolving agricultural practices. They make it more difficult for farmers to limit their pesticide and fungicide use and contributes to a false idea that beautiful equals healthy. These standards have contributed to the idea that fresh produce should always look perfect and have disconnected consumers from the reality of production.

Regarding the use of organic matter, the barriers observed on the territory reflect a more general issue in France which is a consequence of the specialization of the French agriculture and the segmentation between animal husbandry and vegetal production. Looking through this larger lens, we can probably transpose part of the results to many other regions in France. Some parts of the country face great problems with nitrogen pollution (green algae in Brittany), while other parts of the country like Provence, lack animal manure which is a valuable resource for soil amendment and optimal plant growth. The main problems surrounding the development of organic matter in the Vaucluse/Bouches-du-Rhône area is the lack of organization between the different resources available and vegetable farmers. which mostly use normalized fertilizers and have little experience with other types of products such as compost or mulch. Throughout this study we were able to bring forward several exploitable resources like horse, poultry manure or green waste as well as emerging projects establishing a framework for vegetable farmers willing to use organic amendments in their crops. Still, awareness must be drawn to the existing initiatives and training on compost production and use should target a larger audience.

Field work is required in order to quantify the available resources adapted to vegetable farmer's needs and to guide waste producers towards cost effective recycling options. In addition, research and experimentation must still be conducted to evaluate the best way to use them efficiently against telluric pest emergence and development.

Abstract

To meet societal expectations and address environmental and health preoccupations, the market gardening sector is confronted with increasing pressure to produce with less chemical inputs while providing fresh, tasty, good-looking. and affordable vegetables. To face these challenges, it is necessary to have a systemic approach of the sector. A sociotechnical analysis was carried out in Provence to identify the factors hindering the development of agroecological practices to reduce phytosanitary use in market gardening systems. This paper focuses on two soil health management practices: crop diversification and organic matter use. Alongside with a literature review, thirty semi-directive interviews were conducted with producers, agronomists, agri-food industrials, and retailers to understand their interactions and gather information about parameters influencing vegetable producers marketing and agricultural practices.

Findings from this work point to the lack of interconnection between stakeholders in the food supply chain which goes against the agroecological approach on food systems, the major impact of mass retailers' marketing strategies, as well as the inconsistency between the societal demand to decrease pesticide use and European quality norms. On another note, the slow development of organic matter use results from a poor structuration of the sector in PACA along with a lack of knowledge about its value in the management of soil health. To create meaningful change, such problems require a systemic approach to establish partnerships between vegetable producers and retailing companies and between organic matter producers and potential users through collective initiatives and training.
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 14 Figure 1: Steps to conduct a sociotechnical diagnosis
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 5 Figure 5: Pathways for organic waste in Provence

Figure 1 :

 1 Figure 1: Steps to conduct a sociotechnical diagnosis (adapted from Casagrande et al., 2021)
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 3 Figure 3: Internship timeline

Figure 2 :

 2 Figure 2: Mapping of stakeholders This map served as a basis for the definition of our perimeter within our study area. I realized that most of the identified stakeholders were found within a 40km radius of the INRAE research station. This study area encompassed three departments: Vaucluse, Bouches-du-Rhône and the Gard departments which are all major vegetable production zones in the region.
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 4 Figure 4: Vegetable distribution channels in Provence
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 6 Figure 6: Map of vegetable production basins in France Figure based on the most recent numbers from 2017-2019 from the National technical institute for fruit and vegetables (Centre technique interprofessionnel des fruits et légumes (France), 2021).
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The interview guides can be found in appendix 1, 2 and 3.

According to an interviewed compost engineer from Veolia

ADEME: the national agency for ecological transition

https://www.omie.fr/

Sets standards for good agricultural practices. More information available at: https://www.globalgap.org
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Guide d'entretien Grossistes/Expéditeurs

Se présenter Puis-je enregistrer ? (RGPD) Projet INTERLUDE : INnovations TErritoriales pour la Réduction des produits phytopharmaceutiques en production LégUmière DurablE Favoriser les réorganisations des acteurs des filières amont et aval à l'échelle du territoire, pour faire évoluer les stratégies de ces acteurs et permettre l'adoption de leviers agroécologiques. Première étape du cas d'étude PACA (mon stage): Analyse du système sociotechnique (relations entre acteurs (maraîchers, grossistes, centrales d'achats, coopératives…), conséquences sur la capacité des agriculteurs à adopter des pratiques agroécologiques pour la gestion agroécologique de la santé des sols.) Contexte : Il existe plusieurs leviers techniques pour améliorer la santé des sols, permettant ainsi de réduire l'utilisation de produits phytosanitaires. Je m'intéresse à l'un d'eux : la diversification des rotations, donc le fait que l'agriculteur essaye de remplacer des cultures sensibles à certains bioagresseurs par des cultures résistantes ou non hôtes, pour réduire les intrants phytosanitaires. Objectifs de l'entretien : Comprendre les freins à la diversification des cultures, c'est à dire ce qui empêche les agriculteurs de diversifier leurs cultures, que ces freins soient internes à leur exploitation ou liés à d'autres acteurs. Je vais vous questionner sur : l'entreprise, sa stratégie, les approvisionnements et la logistique, les machines, la vente et votre expérience par rapport à la diversification. Pourrions-nous faire le tour de vos installations ? (pour la fin) Présentation de l'entreprise 1 Quelle est l'histoire de votre entreprise ? (Quelles sont vos valeurs ?)

2 Combien avez-vous de salariés ?

3 Quelle est la mission de votre entreprise ?

4 Quel est votre métier ? En quoi consiste-t-il ? Pouvez-vous me parler des autres différents métiers de l'entreprise (commercial, la personne en relation avec les producteurs, accompagnement technique, planification, l'agréeur, etc) ?

5 Avez-vous un contact direct avec les producteurs ?

6 Combien de tonnes de légumes traitez-vous par an ? Quel est votre chiffre d'affaires ?

7 Êtes-vous spécialisé dans certains produits ?