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Introduction: In France, land use is dominated by a narrow range of crops. As crop diversification is increasingly promoted to transform the food system, outlets for diversification crops need to be identified. We assess the scope for introducing diversification crops from farmers’ fields to canteen plates, and the agroecological, environmental, work-related and nutritional impacts of their introduction.

Methods: We focus on three diversification crops: chickpea, squash, and millet, to partly replace soft wheat, potato, and durum wheat, respectively. For each crop, we define three scenarios of low (1), medium (2) and high (3) integration into institutional catering on a national scale. We assess the scenarios against the amount of diversification cropland area needed and their expected impacts.

Results: Diversification crops can be developed through institutional catering. Taking the case of chickpea, in Scenario 1, chickpea flour is introduced in a cake served once every 20 days, replacing 30% of the soft wheat flour used. This amounts to 874 ha cropped. In Scenario 2, chickpea flour partly replaces wheat flour in all preparations, and 4,048 ha are required. In Scenario 3, raw chickpeas are also introduced into new recipes and 20,958 ha are needed. All three diversification crops support the establishment of agroecological cropping systems, with enhanced nutrient cycling in particular, and reduce their environmental footprint, notably by avoiding pesticide use. Diversification crops do not generate work constraints for farmers and cooks. However, they have a lower productivity per unit area than the reference crops, although they do improve several nutrition parameters such as fiber intake.

Discussion: We show for the first time that institutional catering provides a tangible outlet for developing diversification crops and improving the sustainability of agriculture. Our scenarios can support concerted actions between farmers, supply-chain actors, cooks and policy makers, as well as communication to eaters surrounding their impacts on agriculture.
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1 Introduction

In France, 48% of the 26.8 million ha of arable land is covered with annual grain and tuber crops (Agreste, 2022). This land use is dominated by a very small number of crops: wheat (5.1 million ha), barley (1.8 million ha), corn (1.5 million ha), rapeseed (1.2 million ha), and sunflower (0.6 million ha). This specialized and input-intensive agricultural model has been criticized for contributing to exceeding several planetary boundaries, particularly in relation to climate change, biodiversity loss, and interference with nitrogen cycling (Rockström et al., 2023). The ability of the current food system to provide healthy diets for all people is another major concern. A number of related chronic diseases, such as obesity and diabetes (Blüher and Stumvoll, 2020), have emerged on every continent. There is therefore growing recognition that the current food system is at the core of a nexus of environmental, economic and social issues (Godfray et al., 2010; iPES FOOD, 2015).

To transform the food system and make it sustainable, the development of diversified farming systems has become increasingly popular, as illustrated by the content of the European “Farm to Fork” strategy (European Commission, 2020). These diversified systems “intentionally include functional biodiversity at multiple spatial and/or temporal scales in order to maintain ecosystem services that provide critical inputs to agriculture, such as soil fertility, pest and disease control, water use efficiency, and pollination” (Kremen et al., 2012). Thus, diversified farming systems require crop diversification in time and space. In France, achieving this diversification is a real challenge given the country’s current land use. Moreover, the lack of agronomic knowledge on diversification-crop cultivation, along with technological and socio-economic lock-ins such as low diversification-crop consumption habits, have been identified as obstacles to the development of diversification crops (Magrini et al., 2016; Meynard et al., 2018).

Within the food systems of advanced economies, institutional catering has a major impact on production and consumption practices. In France, it represents about 3.562 billion meals served every year (MASA, 2023) to a diverse range of eaters: young children in kindergartens, children at primary school and high school, patients or the elderly in the health and social sector, workers in the public and private sectors, prison inmates, and so on. Research has shown that sustainability transitions in institutional catering are feasible (Martin et al., 2022), with cases of organic and often local procurement by canteens that vary in size and have different organizational models (deferred vs. cook-serve meals, i.e., central units sending out meals to satellite canteens vs. meals cooked and served on site at canteens). Institutional catering can thus be used as a lever to facilitate the consumption of diversification crop products by eaters and, indirectly, the spread of diversification crop production in farmers’ fields (Figure 1).
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FIGURE 1
 Diversification crops such as chickpea (left, photo credit: Guillaume Martin) can be served in canteen plates (right, photo credit: Romain Marion).


We assessed the scope for introducing diversification crops from farmers’ fields to canteen plates and the multiple ways in which this influences the establishment of agroecological principles in cropping systems, the prevention of environmental impacts, work constraints for farmers and cooks, and the nutritional features of the food produced. We performed this assessment for three diversification crops: chickpea, millet, and squash, to partly replace soft wheat, durum wheat, and potato respectively, based on the outcomes of a crop selection process with cooks (Section 3.2).



2 Literature review

Diversification crops have remained understudied by the research and development community over the past decades (Meynard et al., 2018). Their national yield trends have either stagnated or declined and farmers have been growing them less and less as reported by Peltonen-Sainio et al. (2016) for Finland. This has strengthened the status of major crops. Yet the recent agroecological turn observed in several countries [e.g., France (MAAF, 2016) and the United Kingdom (Cusworth et al., 2021)] has shed light on features of diversification crops that have not received sufficient attention, such as the value of the low harvest index of minor cereals to return sufficient crop residues to the soil, and that of nitrogen fixation by pulses to avoid or reduce synthetic fertilizer use. Owing to these traits, minor crops provide supporting and regulating services, with effects on provisioning services (Stokes et al., 2023). Hence the current momentum to reconsider the use of diversification crops in agriculture. However, encouraging diversification-crop production requires addressing the technological and socio-economic lock-ins to their use (Magrini et al., 2016; Meynard et al., 2018), especially low consumption habits.

Multiple agronomic studies (Ladha et al., 2016; Liang et al., 2023) have experimented the diversification of crop rotations, sometimes with minor crops, but they do not link to the necessary changes in food consumption patterns. Few studies (Nette et al., 2016; Saget et al., 2020) have assessed the environmental impacts of substituting major crops (e.g., wheat) foodstuffs with diversification-crop equivalents but they do not address the area needed if this substitution and the related consumption of diversification-crop foodstuffs are being upscaled. Model-based scenario analyses (Ibarrola-Rivas et al., 2022; Kaufmann et al., 2022) are very useful to assess this balance between production and consumption at a large scale, according to hypotheses regarding among other things land use and human diets. However, by focusing on rather broad product categories (e.g., cropland products, monogastric livestock products), such studies do not take into account the role or potential role of diversification crops in more sustainable food systems. Moreover, such studies are focused on society’s consumption as a whole and do not focus on the potential leverages offered by sectors that institutions can influence most via public procurement such as institutional catering.

In order to spread in farmers’ fields and in canteen plates, we posit that diversification crops must meet the requirements of sustainable food systems, i.e., delivering food in “a way that the economic, social and environmental bases to generate food security and nutrition for future generations are not compromised” (FAO, 2018). This entails economic profitability for farmers, social benefits for farmers, cooks and society at large and a positive or neutral impact on the natural environment. As economic variables are extremely sensitive to value chain formation factors, we excluded profitability issues from this study. We conserved four main conditions to the spread of diversification crops: (i) fostering the establishment of agroecological principles in cropping systems to promote supporting and regulating ecosystem services and (ii) limit the environmental footprint of cropping systems; (iii) limiting work constraints for farmers and cooks; and (iv) providing eaters with sufficient, nutritious and healthy food.



3 Materials and methods


3.1 Definition of an indicator system

A host of evaluation methods can be applied to agricultural systems (Soulé et al., 2021). However, none of them jointly consider the four above-mentioned goals. This is especially the case for assessing the extent to which a diversification crop limits work constraints for both farmers and head cooks. Thus, none of these existing methods are fully suited to assessing the impacts of introducing diversification crops from farmers’ fields to canteen plates. We therefore selected indicators from available methods and complemented them with ad hoc ones to develop an indicator system that matched our four evaluation goals. Indicators of foods’ nutritional value are standard indicators used to describe nutritional composition, as are food productivity indicators based on energy and protein content (Table 1). Indicators capturing the achievement of agroecological and environmental objectives and the work constraints induced for farmers were borrowed from the MASC (Sadok et al., 2009) and IDEA (Zahm et al., 2019) methods. They aligned with the criteria assessed and were clear indicators, easy to gather data for or to estimate—i.e. the necessary data were easily available—, and focused on the crops themselves, not crop rotations or cropping systems. Ad hoc indicators of work constraints for cooks had to be established; we defined and discussed them with a group of head cooks and came up with three scores reflecting their priorities when selecting foodstuffs: versatility of use, ease of cooking and conservation.



TABLE 1 Indicator system developed to assess the introduction of diversification crops in food systems against reference crops.
[image: Table1]



3.2 Selection of diversification crops and reference crops

The list of possible diversification crops is extensive. To establish a list of candidate crops, we considered the crops grown as part of niche initiatives such as short supply chains (e.g., cooperatives collecting, sorting and packing crop harvests just before their sale by another entity) and direct sales by farmers, assuming they are manageable. Earlier work focused on pioneering institutional catering initiatives (Martin et al., 2022) had already shed light on a number of innovative uses of diversification crops and corresponding foodstuffs, which enabled us to further narrow down the list of crops. Based on this shortlist, we organized a workshop with three head cooks previously surveyed (Martin et al., 2022), who managed three different types of kitchens (cook-serve with a few hundred meals per day, deferred with 1,500 meals per day, and deferred with several thousand meals per day) and who we knew experimented with new cooking practices in their kitchen, particularly using diversification crops and related foodstuffs. We asked them to select the most promising crops and to identify the reference crops and foodstuffs that they would substitute. We also asked them to consider the maximum level of substitution – as it might not be possible to fully substitute reference foodstuffs –, and to provide the current levels of consumption of the reference and diversification foodstuffs in their kitchens.

The head cooks produced three proposals:

• organic chickpea flour to substitute conventional soft wheat flour. The maximum substitution level was deemed to be 30%, as the head cooks pointed out difficulties with eaters accepting meals beyond this level of substitution due to bitterness;

• organic millet to substitute durum wheat semolina. The maximum substitution level was deemed to be 30%, as the head cooks mentioned that they mixed semolina and millet to make it easily acceptable by eaters; and

• squash to substitute potato. The maximum substitution level was deemed to be 30%, as the head cooks mentioned that preparations become too watery beyond this level.



3.3 Data collection

We extracted data on reference crops and related foodstuffs from the scientific literature, French public databases on agricultural practices (Agreste, 2020), and food composition databases (USDA, 2023). The public data on agricultural practices applied to reference crops was provided by 1,866 field surveys on soft wheat, 999 on durum wheat, and 1,060 on potato (Agreste, 2020). Data (e.g., fertilization rates) is provided as average from the entire set of fields surveyed without accounting for the variability related to factors such as soils and climate conditions.

Due to the lack of investment in research and development surrounding diversification crops, we drew from different sources to gather the elementary data necessary to calculate the indicators in Table 1: scientific literature; gray literature; public databases; and interviews with farmers and cooks. Nitrogen fixation and harvest index data were found in scientific articles. The composition of foodstuffs and the current land use they represent were extracted from public databases (Agreste, 2022; USDA, 2023). For each diversification crop, we conducted interviews with 10 farmers all across France. They were randomly selected from a national database (owned by Ecocert France®) of organic farmers, filtering for farmers growing such crops. We conducted the interviews over the phone, using a questionnaire that covered all the stages of crop management (crop establishment, tillage, sowing, fertilization, weeding, irrigation, pesticide application, harvesting, storage, and processing), the complexity of crop management, crop yield, and direct production costs. The interview data were used to create a typical crop management pattern for each crop. We also noted specific feedback on crop problems that the farmers faced. These typical patterns and associated direct costs were triangulated with technical factsheets developed by advisory services (e.g., Marguerie, 2017; Chambre d’Agriculture Centre-Val de Loire, 2019; Mansion-Vaquié et al., 2022), to ensure the consistency of the data used and to fill any gaps in the data. Using these patterns, we estimated average values for the considered indicators namely the cumulative sum of soil perturbations through tillage, freshwater consumption, the number of field interventions, synthetic nitrogen fertilizer use, the number of pesticide applications, and the N balance of crop cycles. As with the farmers, the three head cooks accustomed to preparing foodstuffs using diversification crops were also asked to answer a questionnaire in order to gather data on foodstuffs’ versatility of use, cooking complexity, and shelf life.



3.4 Scenario design and assessment

The scenarios are based on the 3.562 billion meals served every year by institutional catering in France. We defined three scenarios for each diversification crop, following a gradient of integration into institutional catering meals and aligning with the guidelines on amounts and frequencies of reference foodstuffs set by the Groupement d’Etude des Marchés en Restauration Collective et de Nutrition [a public-led initiative that provides nutritional recommendations for institutional catering over 20-day periods (Groupe d’étude des marchés de restauration collective et nutrition, 2015)] and the Programme national nutrition santé [a public-led initiative that sets nutritional standards (Ministère de la Santé et de la Prévention, 2023)]:

• Scenario 1 corresponds to low integration: diversification foodstuffs are introduced at the above-mentioned substitution rate and on an occasional basis, that is, in a single recipe of a single component of a meal (i.e., a starter, main dish or dessert) served once every 20 days.

• Scenario 2 corresponds to medium integration: diversification foodstuffs are introduced at the above-mentioned substitution rate and every time the reference foodstuff is used, that is, in several components of a same meal and several times in a 20-day cycle. Data on the amounts of reference products used were provided by the pioneering head cooks interviewed.

• Scenario 3 corresponds to strong integration: this scenario adds to Scenario 2 by integrating diversification foodstuffs into other components of the meal, that is, without substitution and in more innovative, often unusual preparations. Data on the amounts of diversification products used were provided by the pioneering head cooks interviewed.

We calculated the gross amounts of diversification foodstuffs used based on the net amounts, factoring in the data on storage and processing waste provided by the farmers and head cooks. Based on this gross value and the diversification crops’ yield, we estimated the agricultural land needed to produce each diversification crop. We organized two workshops to present the scenario outputs to researchers in agronomy and head cooks, respectively. Discussions helped to validate or slightly refine the scenarios to improve their consistency. We assessed the agroecological, environmental, work-related, and nutritional impacts of the introduction of diversification crops by comparing the reference and diversification crop indicators presented in Table 1.




4 Results and discussion


4.1 Main features of the diversification crops and reference crops

Soft wheat is the main winter crop grown in France (4.808 million ha). In conventional cropping systems, it generally follows an oilseed crop and precedes another cereal (Figure 2). The dominant practice remains deep tillage followed by shallow operations to prepare for sowing. Fertilization rates are quite high, with an average of 174 kg N/ha, and pesticides are used seven times over the course of the crop cycle. Irrigation remains a marginal practice. The mean yield is 7.1 t/ha, and farmers and cooperatives master storage well. Likewise, the processing by millers is efficient, with 26% loss as bran.
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FIGURE 2
 Main features of the crop management patterns for the diversification crops (dark gray, data from interviews with farmers) and reference crops [black, data from Agreste, 2022].


Chickpea is a spring crop (sown in mid-March in most cases) seldom found in France (about 20,000 ha). Under organic conditions, in most cases it follows a cereal. The soil remains bare without a cover crop until sowing, as farmers consider cover crop termination during winter to be too complex. Chickpea tends to be followed by another cereal. While the soil preparation is similar to that of wheat, far less input is used: it consists of seeds only, as the plant can fix atmospheric nitrogen and is as of yet not subject to significant pest pressure. Weeding is crucial and consists of mechanical interventions with a weed harrow or a cultivator. Yields are limited to 1.1 t/ha. Storage is not problematic. Milling leads to 20% loss.

Durum wheat (303,000 ha in France) under conventional farming is managed in a very similar way to soft wheat, with the exception that fertilization rates are higher by 17 kg N/ha and pesticide use is limited to five applications. Irrigation is also necessary in the Southern part of France, resulting in an average irrigation rate as high as 83 m3/ha on a national scale. Furthermore, harvests are smaller than for soft wheat, with 5.4 t/ha, and milling losses to prepare semolina are higher, amounting to 33%.

Millet is not common in France. Public data indicate about 70,000 ha of “other cereals,” including millet, buckwheat, quinoa and so on. It is a summer crop sown in mid-May, usually grown following and preceding many different crops (cereals, pulses, oilseeds). It is not preceded by a cover crop, with the soil left bare during winter in most cases. Under organic conditions, the dominant practice for soil preparation is limited to shallow operations, for instance using cover crops and cultivators. Like chickpea, organic millet requires very few inputs – only seeds. Owing to the crop’s intrinsic competitive ability, farmers do not control weeds. They just sow and harvest the crop at maturity with a combined harvester. Yields are as high as 1.9 t/ha. Shelling losses lead to 60% loss as bran.

Potato is the second most grown tuber crop in France (19,000 ha) after sugar beets. When grown in a conventional way, it requires a lot of inputs, from seedlings (40,000 seedlings/ha) to water (516 m3/ha), fertilizers (189 kg N/ha), and pesticides (18.8 applications). However, it is a highly productive spring crop with an average yield of 43 t/ha, and harvesting is facilitated by widespread mechanic harvesters. Storage is complex and requires low temperatures. Losses at this stage are as high as 20%.

Squash is another uncommon summer crop in France (about 9,000 ha). Farmers either sow it with a seeder, generally in early May, or they transplant seedlings (10,000 seedlings/ha) in late May, an operation that can be time consuming. The approach chosen depends on the area grown. Under organic conditions, deep tillage and manure application (16 t/ha) prior to sowing the crop are preferred. While most farmers consider irrigation necessary (1,167 m3/ha on average), some do not, especially those who sow the crop. Weeds can be controlled using a weed harrow and/or a cultivator. The harvesting involves manual work and is costly but the yield is high, with 13 t/ha. While storage does not necessarily require cooling, losses are unavoidable, at around 12%.



4.2 Scope for introducing diversification crops

In Scenario 1, chickpea flour is introduced in a cake preparation served once every 20 days to replace 30% of soft wheat flour. One portion of cake is considered to contain 15 g of wheat flour. Across the 3.562 billion meals served annually on a national scale, this amounts to 2,671.5 tons of flour, 3,366.0 tons of soft wheat when including milling losses, and 474 ha cropped. A total of 961.7 tons of chickpea flour could therefore be introduced, requiring 874 ha (Figure 3). In Scenario 2, chickpea flour replaces 30% of all the wheat flour in all preparations. According to the head cooks interviewed, 34.7 kg of wheat flour are used for every 10,000 meals, in cakes, sauce binders, and béchamel sauce. On a national scale, this amounts to 12,368.1 tons of flour, 15,583.8 tons of soft wheat, and 2,195 ha when including milling losses. Chickpea could therefore be cropped over 4,048 ha to produce the necessary 4,452.5 tons of chickpea flour. In Scenario 3, chickpea flour is used in the same way as in Scenario 2, but chickpea flour and raw chickpeas are also used in new recipes such as salads, socca and panisses. The head cooks interviewed reported that this high level of integration involves 25 kg of chickpea flour and 34.7 kg of raw chickpea for every 10,000 meals. When including milling losses, this adds up to a total of 23,054.0 tons of raw chickpea, which corresponds to 20,958 ha.

[image: Figure 3]

FIGURE 3
 Overview of the raw amounts and area needed for each diversification crop based on its level of integration into the meals.


In Scenario 1, millet replaces 30% of durum wheat semolina, which is served once every 20 days at a rate of 30 g/eater. Annual semolina needs on a national scale amount to 5,343.0 tons, which corresponds to 7,079.5 tons of durum wheat. Shelled millet could be introduced at an annual rate of 1,602.9 tons, which represents 2,564.6 tons of raw millet and 1,350 ha. In Scenario 2, millet replaces 30% of durum wheat semolina every time it is served. Semolina consumption is similar to wheat flour consumption – 34.7 kg of wheat flour is used for every 10,000 meals. Thus, 3,710.4 tons of shelled millet would be required on a national scale, or 3,125 ha of millet crop when taking shelling losses into account. In Scenario 3, as for chickpea, millet is used to partially replace semolina but it is also introduced through a new recipe: a cake containing 8 g of millet per portion, served twice in every 20-day cycle. This increases the amount of raw millet needed to 10,496.0 tons and the crop area to 5,524 ha.

In Scenario 1, squash is used in a soup served twice in every 20-day cycle, replacing 30% of the potato used so as to sufficiently preserve the texture of the soup and ensure a balanced nutritional content. This soup uses 100 g of potato per eater, which corresponds to 35,620.0 tons of potato on a national scale. Thus, 10,686.0 tons of squash are needed, which requires producing 12,823.2 tons over a surface area of 986 ha when taking losses from storage into account. In Scenario 2, squash is used to replace 30% of all the potatoes used. The head cooks use 100 kg of potatoes for every 10,000 meals, that is, 123,680.6 tons over a year on a national scale. This translates into a total of 3,425 ha of squash to produce the necessary 44,525.0 tons before storage loss. In Scenario 3, squash is further integrated, with its introduction through new recipes for starters, main dishes, and desserts, leading to the consumption of 110 kg for every 10,000 meals. The necessary amount of squash, factoring in storage loss, is 91,523.6 tons, representing 7,040 ha.



4.3 Impacts of the introduction of diversification crops

The three diversification crops considered foster the establishment of agroecological principles in cropping systems (Figure 4). As a pulse, chickpea provides nitrogen for the next crop (29 kg/ha). Chickpea and millet have slightly lower harvest indexes compared to soft wheat and durum wheat respectively, which results in higher shares of crop residue returning to the soil and enhanced nutrient cycling with proportionally less outflows. All three diversification crops require fewer tillage interventions compared to the reference crops, leading to lower cumulated sums of soil perturbations, especially in the case of squash (30 cm vs. 75 cm for potato), and better preservation of the soil structure. Overall, these three crops are minor crops in France’s landscape, covering less than 0.1% of farmland. Extending their area can thus contribute to landscape heterogeneity, a key factor for biological pest control.

[image: Figure 4]

FIGURE 4
 Comparison between the reference and diversification crops. Data are averages from public data for the reference crops (from 1,866 field surveys on soft wheat, 999 on durum wheat, and 1,060 on potato; Agreste, 2020) and from 10 farmer interviews for each diversification crop (see Section 3.3 for all details). Arrows indicate the direction of change, while their colors—dark green, light green, orange, blue, and red—represent improvement, slight improvement, stability, a slight degradation, and a significant degradation, respectively.


All three diversification crops reduce the environmental footprint of cropping systems. They all require fewer field interventions (6 to 8 vs. 12.6 to 24 for reference crops) and no synthetic inputs – neither N fertilizers nor pesticides –, while potato, for instance, is sprayed 18.8 times per crop cycle. Still, whereas the N balances of chickpea and millet indicate a drastic reduction of N loss, in the case of squash, since organic N fertilization is high, the N balance of the crop is slightly poorer (+ 11 kg N/ha compared to potato). Millet even has a negative balance, indicating soil mining. The same can be observed with freshwater consumption. While chickpea and millet do not require irrigation, squash receives more than twice the amount of water that potato does (1,167 vs. 516 m3/ha), although some farmers have managed to avoid irrigation and still obtain high yields.

Diversification crops do not generate work constraints for farmers. All three diversification crops are easy to manage—even easier than the reference crop in the case of millet and squash. Such crops do not require additional machinery and can be managed with the same machinery used for major crops. Production costs are lower than those of the reference crops in the case of chickpea and millet, as these crops are rustic and input costs are limited to seeds, whereas the reference crops considered are synthetic N fertilizer- and pesticide-intensive. For squash and potato, these costs are similar. In kitchens, according to the head cooks we interviewed, the diversification products are as easy to store and use as the reference crops. They even afford greater versatility of use in the case of millet and squash, as they can be added to desserts, which is far less the case for durum wheat and potato.

The main drawback of diversification crops is that they produce significantly less food per unit area than the reference crops. Their energetic productivity rate ranges from 2,857.6 Mcal/ha/yr. (in the case of millet) to 4,020.8 Mcal/ha/yr. (in the case of chickpea), which is lower than the values found for the reference crops. The same applies to protein productivity, with productivity reduction factors in the range of 76.0 to 250.9 kg protein/ha/yr. Even chickpea, despite being a pulse, produces less protein per hectare than soft wheat, which has half the protein content but a much higher biomass production rate. As a consequence, the introduction of diversification crops involves severe cuts in the production of the reference crops. For example, producing 23,054.0 tons of chickpea in Scenario 3 requires 20,958 ha and reduces the production of soft wheat by 148,803.4 tons. Moreover, fiber provision is only improved in the case of wheat flour substitution with chickpea flour and durum wheat semolina substitution with millet. As for protein provision, it is only improved in the case of chickpea flour. In the case of squash, the fiber and protein contents are reduced compared to potato, but both crops have overall low fiber and protein contents. Micronutrients (e.g., beta carotene) are the only nutritional parameter that improves in the case of substitution with squash.



4.4 Institutional catering: a lever to support the spread of diversification crops

The use of diversification crops is being reconsidered, both in agriculture and in the food system at large. Crop diversification pathways have been observed (Revoyron et al., 2022), but their sustainability hinges on establishing stable outlets (Mawois et al., 2019). Our scenario analysis based on 3,562 billion meals served every year at national scale shows that there is real potential for creating such outlets by introducing products from diversification crops in institutional catering. While chickpea covers about 20,000 ha in France, we estimated that its introduction in institutional catering could require another 874 to 20,958 ha, depending on the level of integration into meals. Just one portion of cake served once every 20 days with 30% chickpea flour creates an outlet for 874 ha. Similar figures were found for millet and squash in the three scenarios studied. These findings show the multiplier effect of institutional catering on the food demand that needs to be met by farmers and other agricultural supply chain actors. This is the reason why public procurement within institutional catering is often presented as a lever for mass change from farm to fork (Perez-Neira et al., 2021; Swensson et al., 2021; Bizarro and Ferreiro, 2022). While this sector is often depicted as having a highly negative environmental impact (e.g., García-Herrero et al., 2021), sustainability transitions have been shown to be feasible in all types of institutional catering establishments (Martin et al., 2022), and sustainability initiatives have proven efficient for supporting change toward more sustainable consumption behavior (Sullivan et al., 2021). Institutional catering can thus be regarded as a credible solution to create outlets for the spread of diversification crops although that would require investments into value chain formation, which were beyond the scope of that paper.

Earlier findings have shown that farmers are able to implement crop diversification (Revoyron et al., 2022) and that cooks are able to change their practices in order to achieve greater sustainability (Martin et al., 2022). We have also found that the integration of selected diversification crops in fields and of products made from such crops within kitchens appear fully feasible for farmers and cooks in terms of management complexity and workload. Work-related factors are often major barriers to change in agriculture (Malanski et al., 2019) and in the catering sector (Fitzgerald et al., 2016). Agronomic knowledge to manage diversification crops has often been lost (Magrini et al., 2016; Meynard et al., 2018), as has the knowledge needed (e.g., recipes) to cook products made from diversification crops (Magrini et al., 2021). These issues generate uncertainties for farmers surrounding crop management, yield potential, workload, and expected prices (Marra et al., 2003) and, for cooks, around preparation, workload and acceptance by eaters (Magrini et al., 2021). But such hindrances can be preempted, reducing risk aversion by appropriately selecting the crop species that are easiest to adopt and manage, as well as products made from such species that do not entail additional work in the kitchen. These findings illustrate the need to consider crop diversification as a desirable option if and only if the crops introduced and their suitability are taken into account from farm to fork, so as to select crops that can be introduced as easily as possible within the current sociotechnical system. This is already happening with farmers growing chickpea often between a cereal and an oilseed crop, and serving canteens with chickpea flour in the Southwest of France in previously surveyed pioneering initiatives (Martin et al., 2022).

In this article, we focused on farmers and cooks, but the diversification crop products considered potentially affect a wider range of operators involved in foodstuff collection, sorting, processing and packing. The spread of diversification crops would clearly challenge their current practices, as collection companies, for instance, have thus far preferred a centralized strategy focused on a few crops, and diversification crops would require more complex logistics (Magrini et al., 2016; Meynard et al., 2018). Only by integrating this whole chain could sustainable food supply chains be achieved (Jordan et al., 2023), linking on-farm crop production to end-use markets with the support of relevant infrastructure, policy, finance, and Research and Development. This calls for interconnected changes or coupled innovations both upstream (e.g., breeding efforts suited to diversification crops) and downstream (e.g., new quality standards for diversification crop products; Meynard et al., 2017), in turn raising the need for participatory design approaches involving such a diverse range of stakeholders.



4.5 Diversification crops for institutional catering: a sustainable option but still requiring further research

As other authors have already suggested, the spread of diversification crops could both strengthen the agroecology of cropping systems and limit their environmental footprint (Zhang et al., 2018; Mawois et al., 2019). The overarching reason for this is that diversification crops require little input. One could argue that we compared diversification crops managed following organic specifications to reference crops managed conventionally. Still, the estimated differences between crops would apply even in the case of conventional management of both the diversification crops and the reference crops: owing to their intrinsic features (N-fixation ability, low harvest index, etc.), diversification crops promote nutrient provision and recycling. Because they are not very present in the French landscape, they are likely to experience lower pest pressure. And because diversification crops have been neglected by Research and Development, recommendations for their fertilization are lacking – as are authorized pesticides, for the number of diversification crops without matching plant protection solutions has increased in recent years (Lamichhane et al., 2015). Thus, input use remains very low even under conventional management, therefore not undermining the potential for the spread of diversification crops. This means that there is value in promoting diversification crops in both the conventional and organic sectors.

The main priority needs to be investment into improving diversification crops’ potential productivity, which remains far beneath that of reference crops. This is mainly due to the lack of Research and Development on minor crops that has led their yields to stagnate or even decline over time, as Peltonen-Sainio et al. (2016) have shown in the case of Finland. This particularly applies to breeding efforts. In the 1970s, more than 100 species were bred by INRA, the French National Research Institute for Agriculture, Food and the Environment. Less than 10 species were still studied in the 2000s (Bonneuil and Thomas, 2009). Moreover, farmers lack technical recommendations for the management of diversification crops. This is also why surveyed farmers’ answers regarding certain practices, such as soil preparation, revealed a high heterogeneity that could not be attributed to soil-climate conditions. Faced with these issues, participatory breeding (Ceccarelli and Grando, 2020) and on-farm experimentation (Toffolini and Jeuffroy, 2022) with diversification crops offers ways to produce locally relevant genetic material and knowledge and to put innovation into practice in situ with a view to inciting more farmers to grow such crops. Such breeding and agronomic efforts could allow for closing the food production gap induced by the substitution of reference crop products with diversification crop products.

Beyond productivity gaps, diversification crops provide partial answers to several nutrition issues currently challenging food systems in Europe. Research has shown that 85% of French adults do not eat enough fiber (at least 25 g/day), which increases risks of inflammatory bowel disease (IARC, 2018). Using chickpea flour and millet as substitutes of soft wheat flour and durum wheat semolina is a way to increase fiber intake. The proposed substitutions also contribute to strengthening dietary diversity, which is key to healthier, more balanced diets (Ruel, 2003). Chickpea flour allows for replacing a source of cereal, one of the main components of European diets. Squash allows for increasing the intake of vegetables that are often lacking in European diets compared to tubers. Specific micronutrients are also found in diversification crops. This is the case of squash, which is high in beta-carotene and vitamin C (USDA, 2023), two key micronutrients for human metabolism and immunity. Thus, the nutritional value of diversification crops ought to be considered across a wider range of parameters than those usually taken into account with reference crops.




5 Conclusion

This is the first article to explore the scope for introducing diversification crops and associated products from farmers’ fields to canteen plates. We show the multiplier effect of institutional catering even with very low levels of integration in meals, raising the need for hundreds of additional hectares of minor crops. Expanding diversification crops on farms would strengthen their agroecology and reduce their environmental footprint without entailing additional work for farmers. These findings have implications for several stakeholders. They show policy makers the need to make consistent decisions to incentivize change at both the production and consumption stages, and that institutional catering is a real lever to support on-farm change. They also show cooks their own concrete impacts on agriculture through very basic changes in practices. Finally, they show farmers why they should further target institutional catering procurement to sustain their crop diversification pathways.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Author contributions

MA: Investigation, Writing – review & editing. LP: Conceptualization, Methodology, Supervision, Writing – review & editing. GM: Conceptualization, Funding acquisition, Methodology, Supervision, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. The authors acknowledge the support of Agropolis Foundation via the Louis Malassis Prize.



Acknowledgments

The authors thank all the farmers, advisors, researchers and head cooks interviewed for their time and for sharing their expertise.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Agreste (2020). Chiffres et Données - Enquête pratiques culturales en grandes cultures et en prairies - Principaux résultats. 21. Available at: https://agreste.agriculture.gouv.fr/agreste-web/download/publication/publie/Chd2009/cd2020-9 PK _GC2017b.pdf [Accessed December 13, 2023].

 Agreste (2022). Chiffres et données - Statistique agricole annuelle 2021. 64. Available at: https://agreste.agriculture.gouv.fr/agreste-web/download/publication/publie/Chd2215/cd2022-15_SAA_2021DéfiniifV2.pdf [Accessed December 13, 2023].

 Ayaz, S., Moot, D. J., McKenzie, B. A., Hill, G. D., and McNeil, D. L. (2004). The use of a principal Axis model to examine individual plant harvest index in four grain legumes. Ann. Bot. 94, 385–392. doi: 10.1093/aob/mch154 

 Barbieri, P., Starck, T., Voisin, A.-S., and Nesme, T. (2023). Biological nitrogen fixation of legumes crops under organic farming as driven by cropping management: a review. Agric. Syst. 205:103579. doi: 10.1016/J.AGSY.2022.103579

 Bizarro, S., and Ferreiro, M. D. F. (2022). Sustainable public procurement in Portugal: the case of two public school canteens. Reg. Sci. Policy Pract. 14, 560–575. doi: 10.1111/rsp3.12508

 Blüher, M., and Stumvoll, M. (2020). “Diabetes and obesity” in Diabetes complications, comorbidities and related disorders. Endocrinology. eds. E. Bonora and R. DeFronzo (Cham: Springer), 1–49.

 Bonneuil, C., and Thomas, F. (2009). Gènes, pouvoirs et profits. Recherche publique et régimes de production des savoirs de Mendel aux OGM. Paris: QUAE.

 Ceccarelli, S., and Grando, S. (2020). Participatory plant breeding: who did it, who does it and where? Exp. Agric. 56, 1–11. doi: 10.1017/S0014479719000127

 Chambre d’Agriculture Centre-Val de Loire (2019). Le millet. Available at: https://centre-valdeloire.chambres-agriculture.fr/fileadmin/user_upload/Centre-Val-de-Loire/122_Inst-Centre-Val-de-Loire/Produire_Innover/Recherche_Innovation/CRA_PRDAR/PRDAR_Agronomie/2019/2019_Millet.pdf [Accessed December 13, 2023].

 Cusworth, G., Garnett, T., and Lorimer, J. (2021). Agroecological break out: legumes, crop diversification and the regenerative futures of UK agriculture. J. Rural. Stud. 88, 126–137. doi: 10.1016/J.JRURSTUD.2021.10.005

 European Commission (2020). Farm to fork strategy. Available at: https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy_en [Accessed December 13, 2023].

 FAO (2018). Sustainable food systems - concept and framework. Available at: https://www.fao.org/3/ca2079en/CA2079EN.pdf [Accessed April 2, 2024].

 Fitzgerald, S., Geaney, F., Kelly, C., McHugh, S., and Perry, I. J. (2016). Barriers to and facilitators of implementing complex workplace dietary interventions: process evaluation results of a cluster controlled trial. BMC Health Serv. Res. 16:139. doi: 10.1186/s12913-016-1413-7 

 García-Herrero, L., Costello, C., De Menna, F., Schreiber, L., and Vittuari, M. (2021). Eating away at sustainability. Food consumption and waste patterns in a US school canteen. J. Clean. Prod. 279:123571. doi: 10.1016/J.JCLEPRO.2020.123571

 Godfray, H. C. J., Crute, I. R., Haddad, L., Lawrence, D., Muir, J. F., Nisbett, N., et al. (2010). The future of the global food system. Philos. Trans. R. Soc. B Biol. Sci. 365, 2769–2777. doi: 10.1098/rstb.2010.0180

 Groupe d’étude des marchés de restauration collective et nutrition (2015). Recommandation nutrition. Available at: https://www.economie.gouv.fr/files/files/directions_services/daj/marches_publics/oeap/gem/nutrition/nutrition.pdf [Accessed December 13, 2023].

 IARC (2018). Les cancers attribuables au mode de vie et à l’environnement en France métropolitaine. Lyon Int. Agency Res. Cancer. Available at: http://gco.iarc.fr/resources/paf-france_fr.php.

 Ibarrola-Rivas, M.-J., Unar-Munguia, M., Kastner, T., and Nonhebel, S. (2022). Does Mexico have the agricultural land resources to feed its population with a healthy and sustainable diet? Sustain. Prod. Consum. 34, 371–384. doi: 10.1016/J.SPC.2022.09.015

 iPES FOOD (2015). THE NEW SCIENCE OF SUSTAINABLE FOOD SYSTEMS overcoming barriers to food systems reform. 22. Available at: http://www.ipes-food.org/_img/upload/files/NewScienceofSusFood.pdf [Accessed July 13, 2021].

 Jordan, N. R., Wilson, D. S., Noble, K., Miller, K., Conway, T. M., and Cureton, C. (2023). A polycentric network strategy for regional diversification of agriculture: theory and implementation. Front. Sustain. Food Syst. 7:1012759. doi: 10.3389/fsufs.2023.1012759

 Kaufmann, L., Mayer, A., Matej, S., Kalt, G., Lauk, C., Theurl, M. C., et al. (2022). Regional self-sufficiency: a multi-dimensional analysis relating agricultural production and consumption in the European Union. Sustain. Prod. Consum. 34, 12–25. doi: 10.1016/J.SPC.2022.08.014

 Kremen, C., Iles, A., and Bacon, C. (2012). Diversified farming systems: an Agroecological, systems-based alternative to modern industrial agriculture. Ecol. Soc. 17:art44. doi: 10.5751/ES-05103-170444

 Ladha, J. K., Rao, A. N., Raman, A. K., Padre, A. T., Dobermann, A., Gathala, M., et al. (2016). Agronomic improvements can make future cereal systems in South Asia far more productive and result in a lower environmental footprint. Glob. Chang. Biol. 22, 1054–1074. doi: 10.1111/gcb.13143 

 Lamichhane, J. R., Arendse, W., Dachbrodt-Saaydeh, S., Kudsk, P., Roman, J. C., van Bijsterveldt-Gels, J. E. M., et al. (2015). Challenges and opportunities for integrated pest management in Europe: a telling example of minor uses. Crop Prot. 74, 42–47. doi: 10.1016/J.CROPRO.2015.04.005

 Liang, Z., Xu, Z., Cheng, J., Ma, B., Cong, W.-F., Zhang, C., et al. (2023). Designing diversified crop rotations to advance sustainability: a method and an application. Sustain. Prod. Consum. 40, 532–544. doi: 10.1016/J.SPC.2023.07.018

 MAAF (2016). Le projet agro-écologique en 12 clés. 2016. Available at: https://agriculture.gouv.fr/le-projet-agro-ecologique-en-12-cles [Accessed December 13, 2023].

 Magrini, M.-B., Anton, M., Cholez, C., Corre-Hellou, G., Duc, G., Jeuffroy, M.-H., et al. (2016). Why are grain-legumes rarely present in cropping systems despite their environmental and nutritional benefits? Analyzing lock-in in the French agrifood system. Ecol. Econ. 126, 152–162. doi: 10.1016/J.ECOLECON.2016.03.024

 Magrini, M.-B., Fernandez-Inigo, H., Doré, A., and Pauly, O. (2021). How institutional food services can contribute to sustainable agrifood systems? Investigating legume-serving, legume-cooking and legume-sourcing through France in 2019. Rev. Agric. Food Environ. Stud. 102, 297–318. doi: 10.1007/s41130-021-00146-y

 Malanski, P. D., Schiavi, S., and Dedieu, B. (2019). Characteristics of “work in agriculture” scientific communities. A bibliometric review. Agron. Sustain. Dev. 39:36. doi: 10.1007/s13593-019-0582-2

 Mansion-Vaquié, A., Ginoux, V., and Huillet, A. (2022). Les courges pour le marché de gros. Available at: https://hautegaronne.chambre-agriculture.fr/fileadmin/user_upload/Occitanie/069_Inst-Haute-Garonne/CDA31/1_Productions_et_techniques/Productions_vegetales/Maraichage/CDA31-fiche_courge-10-2022-.pdf [Accessed December 13, 2023].

 Marguerie, M. (2017). Culture du pois chiche en bio. Available at: https://www.bio-provence.org/IMG/pdf/bio_de_paca_pois_chiche.pdf [Accessed December 13, 2023].

 Marra, M., Pannell, D. J., and Abadi Ghadim, A. (2003). The economics of risk, uncertainty and learning in the adoption of new agricultural technologies: where are we on the learning curve? Agric. Syst. 75, 215–234. doi: 10.1016/S0308-521X(02)00066-5

 Martin, G., Pujos, L., and Magrini, M.-B. (2022). Micro-level sustainability transition pathways of institutional food services in France. Front. Sustain. Food Syst. 6:284. doi: 10.3389/FSUFS.2022.943020

 MASA (2023). Amélioration de la qualité des repas en restauration collective: mobilisation des acteurs et premiers résultats - Analyse n°189. Available at: https://agriculture.gouv.fr/amelioration-de-la-qualite-des-repas-en-restauration-collective-mobilisation-des-acteurs-et [Accessed December 13, 2023].

 Mawois, M., Vidal, A., Revoyron, E., Casagrande, M., Jeuffroy, M.-H., and Le Bail, M. (2019). Transition to legume-based farming systems requires stable outlets, learning, and peer-networking. Agron. Sustain. Dev. 39:14. doi: 10.1007/s13593-019-0559-1

 Meynard, J.-M., Charrier, F., Fares, M., Le Bail, M., Magrini, M.-B., Charlier, A., et al. (2018). Socio-technical lock-in hinders crop diversification in France. Agron. Sustain. Dev. 38:54. doi: 10.1007/s13593-018-0535-1

 Meynard, J.-M., Jeuffroy, M.-H., Le Bail, M., Lefèvre, A., Magrini, M.-B., and Michon, C. (2017). Designing coupled innovations for the sustainability transition of agrifood systems. Agric. Syst. 157, 330–339. doi: 10.1016/J.AGSY.2016.08.002

 Ministère de la Santé et de la Prévention (2023). Le programme national nutrition santé. Available at: https://sante.gouv.fr/prevention-en-sante/preserver-sa-sante/le-programme-national-nutrition-sante/ [Accessed December 13, 2023].

 Nette, A., Wolf, P., Schlüter, O., and Meyer-Aurich, A. (2016). A comparison of carbon footprint and production cost of different pasta products based on whole egg and pea flour. Food Secur. 5:17. doi: 10.3390/foods5010017 

 Peltonen-Sainio, P., Jauhiainen, L., and Lehtonen, H. (2016). Land use, yield and quality changes of minor field crops: is there superseded potential to be reinvented in northern Europe? PLoS One 11:e0166403. doi: 10.1371/journal.pone.0166403 

 Perez-Neira, D., Simón, X., and Copena, D. (2021). Agroecological public policies to mitigate climate change: public food procurement for school canteens in the municipality of Ames (Galicia, Spain). Agroecol. Sustain. Food Syst. 45, 1528–1553. doi: 10.1080/21683565.2021.1932685

 Revoyron, E., Le Bail, M., Meynard, J.-M., Gunnarsson, A., Seghetti, M., and Colombo, L. (2022). Diversity and drivers of crop diversification pathways of European farms. Agric. Syst. 201:103439. doi: 10.1016/J.AGSY.2022.103439

 Rockström, J., Gupta, J., Qin, D., Lade, S. J., Abrams, J. F., Andersen, L. S., et al. (2023). Safe and just earth system boundaries. Nature 619, 102–111. doi: 10.1038/s41586-023-06083-8 

 Ruel, M. T. (2003). Operationalizing dietary diversity: a review of measurement issues and research priorities. J. Nutr. 133, 3911S–3926S. doi: 10.1093/JN/133.11.3911S 

 Sadok, W., Angevin, F., Bergez, J.-E., Bockstaller, C., Colomb, B., Guichard, L., et al. (2009). MASC, a qualitative multi-attribute decision model for ex ante assessment of the sustainability of cropping systems. Agron. Sustain. Dev. 29, 447–461. doi: 10.1051/agro/2009006

 Saget, S., Costa, M., Barilli, E., Wilton de Vasconcelos, M., Santos, C. S., Styles, D., et al. (2020). Substituting wheat with chickpea flour in pasta production delivers more nutrition at a lower environmental cost. Sustain. Prod. Consum. 24, 26–38. doi: 10.1016/J.SPC.2020.06.012

 Soulé, E., Michonneau, P., Michel, N., and Bockstaller, C. (2021). Environmental sustainability assessment in agricultural systems: a conceptual and methodological review. J. Clean. Prod. 325:129291. doi: 10.1016/J.JCLEPRO.2021.129291

 Stokes, A., Bocquého, G., Carrere, P., Salazar, R. C., Deconchat, M., Garcia, L., et al. (2023). Services provided by multifunctional agroecosystems: questions, obstacles and solutions. Ecol. Eng. 191:106949. doi: 10.1016/J.ECOLENG.2023.106949

 Sullivan, V. S., Smeltzer, M. E., Cox, G. R., and MacKenzie-Shalders, K. L. (2021). Consumer expectation and responses to environmental sustainability initiatives and their impact in foodservice operations: a systematic review. J. Hum. Nutr. Diet. 34, 994–1013. doi: 10.1111/jhn.12897 

 Swensson, L. F. J., Hunter, D., Schneider, S., and Tartanac, F. (2021). Public food procurement as a game changer for food system transformation. Lancet. Planet. Heal. 5, e495–e496. doi: 10.1016/S2542-5196(21)00176-5 

 Tailleur, A., and Dauguet, S. (2020). Estimation des quantités d’azote restituées par les résidus souterrains et aériens des cultures. Available at: https://www.arvalis.fr/sites/default/files/imported_files/4-3-507148258720720602.pdf [Accessed December 13, 2023].

 Toffolini, Q., and Jeuffroy, M.-H. (2022). On-farm experimentation practices and associated farmer-researcher relationships: a systematic literature review. Agron. Sustain. Dev. 42:114. doi: 10.1007/s13593-022-00845-w

 USDA (2023). FoodData Central. Available at: https://fdc.nal.usda.gov/fdc-app.html#/ [Accessed December 13, 2023].

 Zahm, F., Barbier, J. M., Cohen, S., Boureau, H., Girard, S., Carayon, D., et al. (2019). IDEA4: une méthode de diagnostic pour une évaluation clinique de la durabilité en agriculture. Agron. Environ. Sociétés 9, 39–51.

 Zhang, H., Li, Y., and Zhu, J.-K. (2018). Developing naturally stress-resistant crops for a sustainable agriculture. Nat. Plants 4, 989–996. doi: 10.1038/s41477-018-0309-4 


Copyright
 © 2024 André, Pujos and Martin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fsufs-08-1412281-t001.jpg
Goal

Fostering the establishment
of agroecological principles

in cropping systems

Limiting the environmental
footprint of cropping

systems

Limiting work constraints

for farmers and head cooks

Providing sufficient and

nutritious food

Criterion
Nut

nt provision

Nutrient cycling

Structural stability of the soil

Crop diversification

‘Water consumption

Energy consumption

Synthetic fertilizer use

Pesticide use

‘Water pollution

Crop management
Economic viability of the crop
Versatility of use of the foodstuff
Ease of cooking the foodstuff
Foodstuff conservation

Fiber provision

Protein provision

Energetic productivity

Protein productivity

Indicato
N fixation,

Harvest index

Sum of il perturbations through tillage

Presence in the landscape

Freshwater consumption

Number of field interventions

Synthetic N fertilizer use

Number of pesticide applications

N balance of the crop cycle

Crop management complexity
Production costs

Range of meal components
Cooking complexity

Shelf life

Fiber content

Protein content

Net energy yield

Net protein yield

nit
kgN/halyr

No unit

m

%
mhalyr

No unit

kgN/halyr

Units/ha

kgN/halyr

1-3 range
1-3 range
1-3 range
1-3 range
1-3 range
%

%
Meal/halyr

Kg protein/ha/
yr

Data source

Barbieri et al. (2023)

Ayaz etal. (200); Ta
(2020

lleur and Dauguet

Interviews with farmers and Agresic
(2020)

Agreste (2022)

Interviews with farmers and Agreste
(2020)

Interviews with farmers and Agresic
(2020)

Interviews with farmers and Agreste
(2020

Interviews with farmers and Agreste
(2020)

Interviews with farmers and Agreste
(2020)

Interviews with farmers

Interviews with farmers

Interviews with cooks

Interviews with cooks

Interviews with cooks

USDA (2023)

USDA (2023)

Interviews with farmers and Agreste
(2020)

Interviews with farmers and Agreste
(2020)





OPS/images/fsufs-08-1412281-g003.jpg
Scenario 1 Scenario 2

Low integration Medium integration
v

: 962 tons 4,453 tons

874ha 4,048 ha

Cas®s 5

2,565 tons 5,937 tons

1,350 ha 3,125 ha

12,823 tons 44,525 tons

986 ha 3,425ha






OPS/images/fsufs-08-1412281-g004.jpg
m—“m-mmmmmm

Nutrient provision N fixation (kg/ha)

Nutrient cycling Harvestindex 045 049 NA nA NA

Energetic productivty Net energyyield (Mcal/ha) 40208 18,4941 28576 126846 29630 27,6920

760 4374 1258 7430

i i
svucurasabiivarinesoil | sumotsoiperurssionstam |33 4w m (w0
copdverstcation pesecentendcet) 01 0 @ o1 21 @ o1 1
e consumpion riercsimpain ey 0 o 0] s 0 S (s o e e s R
e [— o s & & mus W s ou &
i eriiersse smveienrentrmenania | o e @y o ws 4 o 3 4
esicideuse Nuberofpesicdeappicatons 0 69 @ o 4 @ o s 4
e potuion Nsaee ot roperdetienial | w1 Qe ws G e s P
[ (op managament compedty || [Eay | oy || || o | bt Q|| ia |
e e o e et FORIT I YIRS IS
Vst use ofthe ot Rargeof mesl ompones o e B o owa P e we QA
s of conkin the oot Cookingcomplesty Tl T = = T =0 =
e e va  ma Eh e e ) M we
e e comen 4 ws 2 P e o P ou
ortenrision [S—— 2 w3 QP om0 w1 G 1 20 4

] « &

« « «

Protein productvity Net proteinyield kg protein/ha) 309 522





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Potential for and impacts of mainstreaming diversification crops through institutional catering



		1 Introduction



		2 Literature review



		3 Materials and methods



		3.1 Definition of an indicator system



		3.2 Selection of diversification crops and reference crops



		3.3 Data collection



		3.4 Scenario design and assessment









		4 Results and discussion



		4.1 Main features of the diversification crops and reference crops



		4.2 Scope for introducing diversification crops



		4.3 Impacts of the introduction of diversification crops



		4.4 Institutional catering: a lever to support the spread of diversification crops



		4.5 Diversification crops for institutional catering: a sustainable option but still requiring further research









		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fsufs-08-1412281-g001.jpg





OPS/images/fsufs-08-1412281-g002.jpg
Chickpea

e

squash

Soft wheat

Ourum wheat

pougn | coreat e [I— y
st | virohor | 190kga e Taa | Onlrmenin | wiieg |y
Rot. harrow | Feb-Mar, uStor JoAug. &
ough | cerea seor
wechanized | onsarmgrin | shetig
G| vorotor | 32k coen
Rot. harrow May Aska: o fosses: 60%
oy ncor
st | pioun Wl
cgeen | ot mamow | Metanied | 16Yhaof | 4y up, | Weedharow Tim | 12Cinpax corea
e | Weedharow | 199%0 sep-oct
pougn | cereaseeer | 178Kga Weed aron [— P
Oiseets | Vorocutor | I0kgha | incldoiks | s | Hewicde | 69 Taghe | OMamen | Mg | oy
fotnarow | Octow, | syniheich sication P
pougn | coretseear | 191kg1ma [— PRI (N G
Oilseeds Vibrocultor 120kg/ha incl. 188 kg 83m’/ha Herbicide 49 S.4/ha o ’hm: Milgloses. Cereal
ot narow | Octow. | et soicaton p
e | o | S o gma cuthtor Wechanizea | 7 inplosor
cgeen || Poud 0000 | o tioks | stomma | wewicse | 165 i | inpie coen
manure ot Harrow ety synthetic N application Jul.-Aug. Losses: 20%

Mar.Apr.






OPS/images/cover.jpg
& frontiers | Frontiers in Sustainable Food Systems

Potential for and impacts of
mainstreaming diversification
crops through institutional
catering












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers Frontiers in Sustainable Food Systems






