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Abstract

The ProSys project aimed to identify agronomically efficient protein-based cropping systems that can
adapt to the context of climate change, meet environmental challenges, are economically viable and
represent an acceptable alternative for farmers and the industry. The potential of production and
environmental constraints encountered by legumes, under current conditions and in the context of climate
change, were studied. In addition, an experiment was conducted to study the previous effect of different
legume species. An innovation tracking has allowed to identify and analyze protein-producing cropping
systems that have been tested by farmers in the region who are satisfied with them. The positive
environmental impacts and the interest for the global production of proteins of cropping systems with
legumes were evaluated through long-term experimental follow-ups. Finally, the modalities of changing
farmers' practices towards plant protein producing systems were analyzed. The creation of working
groups with agricultural education and professionals from the agricultural world has enabled the
development of a set of tools and communication media to promote the results of the project.

Keywords: Plant proteins, Cropping systems, Sustainable production, Adaptation to changes,
Educational tools.

Introduction

The intensification of agriculture that began in the 1950s has led to the current dominant model,
characterised by arable and mixed crop-livestock production systems based on the use of synthetic
fertilisers and the choice of crop species offering the best short-term profitability. This has led to the
abandon of less productive species (such as legumes) in favour of wheat and oilseed rape (Schott et al.,
2010), to a loss of autonomy in terms of plant proteins and to an increase of phytosanitary uses and
environmental problems. Today, climate change and the depletion of resources are calling into question
the sustainability of this model (Millennium Ecosystem Assessment, 2005), and the challenge is to
produce proteins that are more autonomous, efficient and sustainable in this context. These changes in
practices are at the heart of the research questions. The result is: 1) in the biotechnical fields, questions
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about the technical feasibility and agronomic coherence of reintroducing legumes into cropping systems,
2) in the human and social sciences, an analysis of the socio-technical obstacles posed by the poor
integration of legumes into crop rotations (Meynard et al., 2013; European Parliament, 2011). Questions
are also being raised in the field of education in relation to the development of agro-ecology, more
specifically in the context of the Teaching to Produce Differently approach in agricultural education.

In Burgundy Franche-Comté (BFC), a French region, a large proportion of the land is used for mixed
farming and livestock, divided between arable land (50.8% UAA) and permanent grassland (46.7% UAA)
(2019). Grassland is mainly used for dairy and beef cattle production. The rape-wheat-barley rotation is
still dominant in arable crop rotations, where very few legumes are present. Local plant proteins are
therefore mainly derived from forage and arable crops. The question of developing the production of plant
proteins in cropping systems in the Burgundy Franche-Comté region is therefore becoming relevant, in
particular by integrating legumes into grassland or field crops to improve the sustainability of systems and
increase protein autonomy at different levels. The aim of the ProSys project (PSDR4) was to produce new
knowledge (on production potential and limiting factors, and their future development, nitrogen supply and
the environmental impact of legume-based cropping systems), to study the agronomic, economic and
environmental aspects of experimental cropping systems or those that have been tested by farmers, and
to analyse the conditions that would enable them to be adopted on a wider scale. The PSDR programme
(for and about regional development) aims to contribute to regional and territorial development through
research and development operations carried out in partnership with local players.

1. Territories studied and methods used

1.1 Presentation of the sites

The area studied is the Burgundy Franche-Comté French region. A number of approaches have been
used on this scale: maps of climatic indicators and econometric approaches have been carried out on the
entire region. The search for innovation covered a variety of cropping systems including legumes in place
in the area, in order to decipher the logic behind their inclusion in cropping and production systems (in
arable and mixed farming). They were located in the Yonne (89), Haute-Sadne (70), Sadne-et-Loire (71),
Doubs (25) and Territoire de Belfort (90) French departments. The farmers and industry players surveyed
to identify the obstacles and levers to changes in farming practices were chosen according to the issues
addressed: the role of collectives, issues linked to the industry, etc. The analysis of the surveys was then
supplemented by data obtained by the ISARA-Lyon team as part of the Legitimes ANR on the plateau of
southern Yonne (89) and northern Cote-d'Or (21).

At the same time, field trials and biotechnical data collected from farmers' plots were spread throughout
the region. The INRAE (French National Research Institute for Agriculture, Food and Environment)
experimental unit at Breteniére (21) was used for several trials, and plots from the Chambers of Agriculture
farmers' network, the farms of several agricultural colleges, experimental data obtained at ISARA in Lyon
in northern Isére, Ain and Jura departments, two plots monitored at Virey-le-Grand (71) and Migé (89)
and plots in the Loue catchment area (25) completed the experimental set-up.

1.2 Scientific and technical approaches

The aim of the project was to identify protein-based cropping systems that are agronomically efficient,
can adapt to climate change, meet environmental challenges, are economically viable and represent an
acceptable alternative for farmers and the industry. This involved bringing together agronomists,
ecophysiologists, geneticists, soil scientists, climatologists, economists and sociologists. All these skills
were brought together in the group of researchers and stakeholders.
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The network of players and researchers involved had already acquired a great deal of data relating to the
issue developed. The first step was therefore to identify all the players and researchers with existing data.
Several research projects, such as the PSDR-3 "Profile" project, the CASDAR (Agricultural and Rural
Development Trust Account) pea-colza-wheat project and the national Legitimes project, contributed to
the acquisition of data that we were able to use. The BFC Regional Directorate for Food, Agriculture and
Forestry (DRAAF BFC), the Chambers of Agriculture, Terres-Inovia and the cooperatives also have data
that were used in the project. In addition, several databases were used, such as the DONESOL data from
the Regional Soil Reference Frameworks Burgundy and Franche-Comté, the Graphic Parcel Referential
(RPG), agricultural statistics data (Regional Statistical and Economic Information Service of the DRAAF),
SIM climate data (SAFRAN-Isba-Modcou from Météo-France; Quintana-Segui et al., 2008) and simulated
climate data produced as part of the national project CoSAC (https://www.projet-cosac.fr/Presentation -
Cavan et al., 2020).

Qualitative surveys were also carried out using semi-structured interviews with farmers and other players
in the sector. The work was carried out in two main stages: an initial exploratory stage, carried out thanks
to projects by students at ISARA Lyon and Institut Agro Dijon, followed by a second stage in which the
hypotheses arising from the exploratory stage were examined in greater depth using case studies. The
surveys were conducted on a sample representative of the diversity of farmer and farm profiles in BFC,
and constructed using the snowball method (Mitchell et al., 1997). An econometric analysis based on soil
and climate data (soil type, temperature, rainfall, etc.) and agro-industrial data (location of processing
plants, cooperative collection areas, livestock density, etc.) was also carried out at the start of the project.

The final approach used was modelling. Several models were used in the various tasks. These models
were used to synthesise and link experimental data, and also to evaluate and make projections according
to different scenarios. The Azodyn-Pea crop model (Jeuffroy et al., 2012; Larmure et al., 2017) was
improved, in conjunction with the PIA (future investment programme) PeaMUST project, and incremented
on INRAE's Record platform. Data enabling future development of the Azodyn model for faba bean were
also acquired. The STICS crop model (Brisson et al., 2003) was used to simulate the nitrogen flows
generated by 10 legume species. The data from the surveys was processed using a multi-criteria
evaluation model. Finally, climatologists used the ARW/WRF regional climate model (Skamarock et al.,
2008) to simulate the regional climate for the recent past and for the future.

2. Results

2.1 Climate change: risks and adaptations in winter peas

Regional climate simulations have enabled us to estimate the possible characteristics of the climate over
the 21st century in Burgundy and Franche-Comté. To produce daily climate data at a spatial resolution of
8 km x 8 km, a dynamic downscaling approach based on the nesting of two domains has been used. The
regional climate simulations were carried out using the ARW/WRF limited-area climate model (Skamarock
et al., 2008). An initial set of climate data (ERA INTERIM climate reanalysis - Dee et al., 2011) was used
to validate the climate downscaling experimental setup over the so-called historical period (1980-2016:
Brulebois et al, 2017; Cavan et al.; 2020). From there, the model was forced with the bias corrected
climate projections (Bruyére et al., 2014) according to two IPCC trajectories: RCP 4.5 and 8.5
(Representative Concentration Pathway -- Taylor et al., 2011), leading respectively to an increase in
annual average terrestrial temperatures of around 2 and 4°C by 2100 respectively. Simulated daily
temperature data (Tmin and Tmax) combined with two agronomic models were used to assess changes
in winter frost stress and flowering date of pea (Pisum sativum L.) in Burgundy and Franche-Comté for
both the near future (2017-2049) and the far future (2050-2100).
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Winter frost damage (Figure 1) was estimated using the Lecomte et al. (2003) frost stress model adapted
for peas. This model accounts for the crop's effective frost resistance temperature, which is computed
daily by considering the variety (characterized by a maximum resistance threshold and an acclimation
period), the sowing date, and the temperature regime to which the plants are subjected. Frost stress
occurs when the daily minimum temperature falls below the crop's effective frost resistance temperature.
Throughout the entire winter period, the model computes a frost stress index expressed in degree-days
(°C.d), which corresponds to the cumulative daily frost stress intensity. This frost stress index has been
shown to be significantly correlated with the frost damage observed on the crop (Castel et al., 2017). The
results depicted in Figure 1 indicate that despite rising temperatures, frost intensity does not decrease
until 2050, even under the warming climate trajectory RCP 8.5. A clear decrease occurs after 2050, and
it is greater for the RCP 8.5 trajectory than for RCP 4.5. This is due to greater warming under the RCP
8.5 trajectory from 2050 onwards. Damage intensity decreases, but with a high degree of inter-annual
variability and a greater risk of damage for varieties with low maximum resistance. Previous work has
shown that with warming, the intensity of frost damage has decreased in the past, but the number of days
with damage has increased (Castel et al., 2017; 2019). In other words, more days of stress, but of less
intensity. To withstand frost, plants need to acclimate. Milder autumns and winters prevent this acclima-
tion, increasing their vulnerability. Hence, when frosts occur, even if they are of low intensity, they are
likely to cause damage. It is therefore advisable to offer and maintain pea varieties with good maximum
frost resistance and a short acclimation period until around 2050.
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Figure 1: Changes in the intensity of winter frost damage (frost stress index), for two maximum varietal resistance
temperatures (-13°C and -23°C), for several sowing dates (2, 10, 21 and 31 October) and several acclimation
periods (35 to 49 days in 2-day steps). Winter frost stress is assessed for each winter by the sum of the differences
between the crop's effective daily resistance temperature calculated by the model and the minimum temperature
when the latter is lower than the resistance. Mean trend (solid line) and envelopes of simulations carried out using
observed and simulated data: historical period (1980-2003) and future periods 2017-2049 and 2050-2100 according
to the two scenarios RCP 4.5 and RCP 8.5 (Van Vuuren et al., 2011).

In addition, the change in the date at which flowering starts has been simulated using an agronomic model
that uses the sum of temperatures since sowing and the photoperiod (day length) (Quinio, 2015), validated
using experimental data (CTPS 'Winter peas' 2007-2009, PIA PeaMUST 2012-2020). The advance in the
flowering stage between the current period and the distant future (2050-2100) will be of the order of 2
weeks on average for winter peas (cv. Isard), and around 3 weeks on higher ground. As a result, it will be
necessary to adapt here too, either by delaying sowing dates in autumn to avoid flower initiation stages
that are too early at the end of winter, or by using varieties whose flowering date is determined by the
photoperiod.
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If the entire crop cycle and all the climatic variables are taken into account, the entire crop-variety-
cultivation intervention system needs to be rethought. A crop model representing the overall functioning
of the pea crop and the impact of climatic stresses is currently being used to test ways of adapting to
climate change (Larmure et al., 2017).

2.2 Input management: Benefits and risks of lequmes

Legumes have the particular ability to fix atmospheric nitrogen through symbiosis with soil bacteria. Like
all other species, they also have the ability to absorb inorganic nitrogen from the soil when available.
Symbiosis, which is more energy-intensive and takes place within specific organs (nodules), occurs when
the stock of inorganic nitrogen in the soil is depleted. However, legumes do not have the same capacity
to absorb inorganic nitrogen from the soil and fix atmospheric nitrogen (Guinet et al., 2018).

Experiments were carried out in 2014 and 2016 at the INRAE experimental unit in Breteniére (21) to
compare the amount of nitrogen accumulated by 10 species of grain legumes and determined the origin
of this nitrogen (N2 from the air and inorganic N from the soil). 6 species were sown in March (fenugreek,
lupin, fababean, pea, lentil and common vetch) and 4 in May (soybean, common bean, chickpea and
Narbonne vetch). Two cereals were sown as a control: spring barley (sown in March) and sorghum (sown
in May). Barley and sorghum were fertilised with nitrogen. Due to unfavourable weather conditions, no
seed were harvested for chickpea and Narbonne vetch in 2014. The subsequent years (2015 and 2017)
an unfertilised wheat was cultivated to study legume pre-crop effect.

The total amount of nitrogen fixed averaged 129 kg N/ha for both years and for all legume species, with
values ranging from 60 kg N/ha for Narbonne vetch in 2014 to 344 kg N/ha for faba bean in 2016. The
proportion of nitrogen derived from the air was around 70% for most species. The highest values were
measured for faba bean and lupin (78%) while Narbonne vetch and common bean had the lowest values

(60%) (Figure 2a). At harvest, seed protein content varies between species, ranging from 18% for
common vetch to 42% for soybean.

The amount of nitrogen in wheat grown after legumes sown in March averaged 64.4 and 74.8 kg N/ha in
2015 and 2017, respectively. These values were higher than for wheat grown after barley. (60.3 and 54.3
kg N/ha in 2015 and 2017). The highest values were obtained after lentil and faba bean. For wheat grown
after legumes sown in May, the amount of nitrogen in wheat averaged 66.9 and 65.6 kg N/ha in 2015 and
2017, respectively. These values were much higher than for wheat grown after sorghum (45.8 and 45.5
kg N/ha in 2015 and 2017) (Figure 2b). The amount of nitrogen available for wheat was a function of the
amount of inorganic nitrogen remaining in the soil after the harvest of pre-crops and the amount of nitrogen
mineralised from legume residues. Residue mineralisation was influenced by the C/N ratio and the
biochemical composition of the residues of the different species (Guinet et al., 2020).
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Figure 2: (a) Origin of nitrogen accumulated in different legume species in 2014 and 2016 (Guinet et al., 2018).
(b) Amount of nitrogen present in the above-ground parts of wheat at harvest in 2015 and 2017 as a function of

41 Agronomic Innovations 86 (2024), 37-52



Ubertosi M., et al.

the previous crop (Guinet et al., 2020). Legumes or reference cereal sown in March (on the left side of the line) or
sown in May (on the right side of the line).

The various results obtained in ProSys confirm the benefits of introducing legumes into arable and mixed
farming systems. However, cross-analysis of the results of four long-term experiments in which the impact
of cropping systems on water quality was assessed, in contrasting soil and climate situations, shows that
the sustainability of these systems can sometimes be called into question in view of their potential
negative impact on water quality (Ubertosi et al., 2020). The introduction of legumes into crop rotations
can reduce nitrogen and plant protection inputs and, consequently, the pressure on water resources.
However, in certain circumstances, such as the turning over of temporary grassland or alfalfa, or the
resumption of tillage after direct sowing under cover, significant nitrate leaching has been observed,
sometimes up to 18 months after ploughing (Justes et al., 2001; Vertés et al., 2010) (Figure 3).

With regard to the dynamics of pesticides, the results of the experiments do not allow any clear
conclusions to be drawn. It would appear that the risks are mainly present in the weeks following the
application of pesticides, whatever the crop (legumes or cereals) and that the reduction in use results in
a reduction in the phytosanitary substances found in water (Figure 3). However, the introduction of these
crops into crop rotations is often associated with the introduction of new phytosanitary molecules. The
cross-effects and so-called 'cocktail' effects on environmental compartments (air, soil, water, biodiversity)
of this diversification of substances used in the field are still relatively unknown.

The management of these systems and the control of their environmental impact, particularly on the water
compartment, is a point of vigilance to be kept in mind, especially in the context of climate change. Rising
temperatures will have an impact on the mineralisation of soil organic matter. The predicted redistribution
of rainfall and longer dry periods in late spring and summer could encourage nitrate leaching by reducing
the amount of water drained and increasing the nitrogen available in the soil in autumn, the period most
at risk, thus leading to an increase in nitrate concentrations in draining water and then in ground water.
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Figure 3: Dynamics of nitrogen concentration in lysimeter water: (a) deep soils in the Plaisir-Fontaine catchment
(71); (b) herbicide-free plot, INRAE Breteniere experimental site (21).

2.3 Motivations for introducing legumes into cropping systems and assessment of their
performances
The introduction of legumes contributes to the diversification of current cropping systems and the supply

of nitrogen. These species thus represent a pillar of agro-ecological cropping systems that promote
ecosystem services (Kopke and Nemecek, 2010; Tibi and Therond, 2017).

However, despite the recognised benefits of legume crops, these species are very poorly represented in
current cropping systems (Magrini et al., 2016), and remain minor crops on which little investment has
been made throughout the sector (Meynard et al., 2013). This can be explained by a number of factors,
including lower yields than cereals, a lack of solutions to manage pests and a lack of technical advice and
references.
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However, some farmers continue to grow legumes and are satisfied with the results. Farmers are
therefore a source of innovative solutions that we have sought to identify. We identified and analysed
cropping systems implemented by farmers that successfully and satisfactorily integrated legumes, in order
to i) identify farmers' motivations for growing legumes, ii) list the different ways of integrating legumes into
crop successions according to the ecosystem services targeted, and iii) assess the performance of the
cropping systems implemented. This work was carried out in successive phases with advisors and
farmers in Burgundy and Franche-Comté, to identify the technical, systemic or organisational innovations
designed by farmers. A specification was followed to characterize these innovations in the form of
coherent practices, assess their agronomic, economic and environmental performance, and specify and
formalise the conditions for success (Salembier and Meynard, 2013; Salembier et al., 2016).

The results of the surveys revealed 11 different cropping systems grouping together 6 ways of introducing
legumes: temporary grassland, legume-cereal mixture, grain legumes, cover crop, permanent cover crop
and companion plant (Table 1). Among the cropping systems studied, 33 cases of legume insertion were
identified. The services most often observed by farmers when legumes were included in their cropping
systems were increasing the farm’s protein autonomy, improving soil structure, adding nitrogen to the soil,
regulating weeds and adding organic matter to the soil. These results illustrate the diversity of possibilities
for integrating legumes and the associated ecosystem services. In mixed crop-livestock farms, increasing
the farm's protein autonomy is the primary service provided by legumes, mainly through legume-based
grassland and legume-cereal mixtures. Companion plants and cover crops (temporary or permanent) are
occasionally used to feed livestock. On the other hand, in mixed and arable farms, grain legumes are
mainly used for sale The introduction of grain legumes makes it possible to introduce nitrogen into the
system while reducing the use of synthetic N fertilisers. The inclusion of legumes in crop mixtures or cover
crops helps to manage weeds (except in the case of poor establishment and development).

Table 1: Ecosystem services observed by farmers when legumes are introduced in cropping systems (green: large
number, yellow: moderate number, red: small number of occurrences of the service observed per type of legume
inclusion).

temporary legume- grain covercrop permanent companion
grassland cereal legumes(6) (7) covercrop plant(2)
observed ecosystem services (7) mixture (8) (3)
increase the farm's protein autonomy 7 8
improve soil structure 4 6_
nitrogen supply to the soil 2
weed regulation 6 7

feed and food production
reduce erosion 2
reduce water polution (nitrogen, pesticides)

3

add organic matter to the soil (promotes soil life)
decrease nitrogen fertilisation 5 6
6
2
3

reduce the use of pesticides 2 2 2

3
food traceability _
5

pest regulation
water resource management

work time distribution 4

limit soil crusting

disease regulation Zq
animal health _ 2 2

Our analysis also showed that the treatment frequency indices (TFI) for cropping systems with legumes
are lower (0.8 to 4.2) than those of reference cropping systems without legumes (4 to 6.7). The energy
cost of cropping systems with legumes is lower on average (10.2 GJ/ha) compared with reference
cropping systems (12.6 GJ/ha), which also vary considerably (6.1 to 14 GJ/ha). An analysis of the
agronomic reasoning associated with this feedback has made it possible to identify the conditions for
obtaining satisfactory performances and to extrapolate them to other situations. These examples of
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successful crops based on concrete cases are grouped together in a booklet and could serve as a source
of inspiration for other farmers to design cropping systems including legumes (Guinet et al., 2021).

2.4 The role of collectives in the agro-ecological transition

In mixed farming, fodder legumes are regularly grown and incorporated into rations. The ecosystem
services provided by legumes have led to the widespread use of these crops in organic farming. In arable
farming, the introduction of legumes into rotations is less widespread. In order to understand the
determinants of these choices, surveys were carried out among farmers growing pulses (Garcia, 2008),
in particular among farmers involved in technical groups. Since the 1950s, collectives have been at the
forefront of agricultural modernisation (Gerbaux and Muller, 1984), and it has been established that the
introduction of new crops requires a learning phase facilitated by exchanges between peers (Rivaud and
Mathé, 2011). The collectives surveyed were chosen in consultation with local stakeholders (Chamber of
Agriculture, cooperatives and DRAAF).

Analysis of the interviews highlights the cognitive and social contributions of the collectives to the
diversification process. To begin with, "getting off the beaten track" by introducing new crops reveals a
pioneering position, a quest for autonomy, breaking with the existing organisational system, based on
technical advice that disseminates knowledge developed by experts from outside the farm. The farmers
met are involved in research and learning, and participate in groups with the aim of sharing, seeking out
or building ad hoc knowledge and know-how. They are not closed to advice, but they analyse it as one
resource among other information resources, in order to develop their own assessment of what would be
relevant to do on their plots (Vergote et al., 2019).

Collectives are also a place for professional socialisation: they enable their members not to find
themselves alone in the face of their difficulties and to progress more quickly through the aggregation of
shared experiences; they provide a convivial atmosphere in a profession that is usually practised alone;
they also generate legitimacy, to dare together and move away from the existing technical system.

When it comes to the agro-ecological transition, collectives are a real support, a tool for implementing
innovations. However, the choice of new crops and the adoption of new farming practices are also the
result of an individual path, a personal trajectory following a triggering event. Among the farmers met, this
commitment may be a deliberate choice in the spirit of innovation, or it may be the result of the need to
find solutions to particular difficulties, or even impasses (resistance to insecticides or herbicides, extra
costs linked to over-application of treatments, falling yields). It can also be the result of serendipity
(Carnoye et al., 2019). Today, peer groups only involve a minority of farmers. This is not necessarily a
problem if these farmers play the role of “gatekeepers” or "door unlockers" (Polge and Torre, 2015), i.e. if
they are recognised by their peers as professionals whom others seek to imitate. Beyond the necessary
agronomic success that will enhance their approach, socio-economic and institutional recognition of their
contributions is essential. The Economic and Environmental Interest Group (GIEE) label is an example of
institutional recognition. But the recognition that is also needed to encourage a growing number of farmers
to take an interest and start working together, is better economic value for the produce resulting from
these agro-ecological practices and approaches, which are recognised as virtuous.

3. Contribution to regional and local development

The PSDR3 programme, which focused on seed legumes, helped to develop mutual knowledge and
cooperation between players in Burgundy who knew little about each other. Since then, joint work has
continued (work on climate change, leading to several publications and presentations to agricultural
professionals; presentations by researchers at Damier Vert and Tech'n Bio open days, etc.) on the
benefits of legumes and the cultivation techniques to be adopted for these crops. This programme has
helped to disseminate knowledge about protein crops and to test these crops on farmers and experimental
farms. Figures on the economic and environmental benefits of protein crops have been collected and
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published, helping to inform public authorities on a number of measures that could be taken to promote
these crops.

In 2015, helping to structure the plant and animal sectors in the Burgundy region, through innovative,
sustainable and more autonomous supply and use of proteins, was at the heart of the region's concerns.
Following the merger of the two original regions of Burgundy and Franche-Comté, a necessary audit of
the sectors at regional level also reinforced the need to address the issues surrounding the production of
plant proteins. The Regional Chamber of Agriculture was asked to set up a network bringing together the
main players in the region. The Groupe Opérationnel Proteins was born.

The PSDR4 ProSys project has therefore taken place in a regional context that is favourable to the themes
being addressed: soil and climate adaptation, positive environmental impacts and the economic value of
new sustainable protein-producing cropping systems. The sector contracts for arable crops, pigs,
standard milk cattle and beef cattle, signed in the region in November 2018, highlight the need to produce
quality plant proteins in BFC. The success of these commitments depends on improving the performance
of farms and the resilience of systems, securing and developing food autonomy, but also on coordinating
the sector and sharing scientific and technical references.

The aim of the project was to establish a complete overview of the data and references available to all
the players involved, and to provide them with objective means of assessing cropping systems with a view
to increasing protein content on a crop and rotation scale, while preserving the sustainability of the
systems (in economic and environmental terms). Agricultural advisers and teachers are looking for
technical references and tools to help them think about adopting new cropping systems for plant protein
production. The collective set up for this project is an appropriate framework for promoting this transfer of
knowledge and encouraging innovation.

The task of disseminating information began at the start of the project with the creation of a group of
researchers, teacher-researchers, teachers from agricultural colleges and players from the agricultural
world. Work on climate change and its adaptation, and work on cropping systems incorporating legumes
were disseminated and shared as they were acquired, notably through forums, seminars and working
meetings. Teachers at BFC high schools have been heavily involved from the outset of the programme,
playing an active part in developing the value-added approach and putting forward proposals for possible
developments, such as hosting experiments on high school plots. As far as the professionals were
concerned, the process was more complex to manage and the group mobilised was often 'Dijon-centric'.

Finally, the analysis of the drivers and barriers to change among farmers has provided essential
information for the choice of public policies to steer production towards greater economic and
environmental sustainability, and greater protein autonomy for the areas and crops covered by the project.
In this context, the ProSys project has made its contribution.

4. Discussion

A comparison of the project's initial ambitions with the final results shows a high degree of consistency. A
number of objectives have been achieved: regional climate modelling has made it possible to study the
climatic impacts on pea crops, data on the ecosystem services provided by 10 legume species has been
produced and cropping systems that meet the objectives set have been identified and studied.

However, certain objectives were only partially achieved or not achieved at all. The production potential
in a future climate context was to be studied on several leguminous species. Unfortunately, it was not
possible to develop ecophysiological models for species other than pea during the project. In addition, the
results of field experiments already in place in the region (Artemis network of cooperatives, Chambers of
Agriculture network, Dephy farms, etc.) were to be used and analysed to improve the catalogue of local
references. Co-design workshops were to be held with professionals: these workshops have been tried
out by the project's researchers as part of other research projects, but could not be implemented in our
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project. However, this aspect of "promotion to agricultural professionals", i.e. advisors, facilitators and
farmers, is an objective of the Proteins Operational Group led by the Chambre Régionale d’Agriculture
(CRA), in which the PSDR4 is a stakeholder. The researchers and players involved in the ProSys project
will therefore continue to pass on this knowledge beyond the end of the project. The actions undertaken
with the agricultural colleges and the DRAAF will also be carried out beyond 2020.

The challenges of plant and animal proteins are linked in the region: the chicken, beef and dairy cattle
sectors are emblematic of the region, with products under quality labels. Ensuring greater protein self-
sufficiency involves developing seed legumes and fodder legumes, optimising grassland management
and developing associated industries, and finally choosing crop systems suited to possible outlets for
animal and human food. The work carried out can all be linked to the issue of managing the nitrogen cycle
in the context of climate change, in a 'global health' context (Duru et al., 2017). In theory, nitrogen is an
inexhaustible resource because it is present in large quantities in the air. But in gaseous form, it is not
directly accessible to most living organisms. Only leguminous plants have the capacity to fix it, in
symbiosis with soil bacteria. The industrial synthesis of nitrogen in a form that can be assimilated by other
plants (ammonia and nitrate) (Haber-Bosch process) requires a great deal of non-renewable energy, and
the production, transport and spreading of this nitrogen result in the emission of greenhouse gases
(GHGs) in the form of CO2 and N2O. Poor synchronisation between nitrogen supply (whether from
fertilisers or legumes) and crop requirements leads to nitrate losses to water and pollution of the
associated ecosystem. Working on the flow of nitrogen and legumes, via a systemic approach, could
make sense in the region: from the capture of nitrogen from the air by legumes to the GHG emissions
inherent in the sector right through to the end consumers (humans or animals).

Conclusions

The PSDR ProSys project has made it possible to work on several of the major issues facing agriculture
today. The characterisation of climate change on the scale of the Burgundy and Franche-Comté region
and the associated impacts have produced results that can be extrapolated to other areas of France. The
social, economic and environmental context is forcing agriculture to evolve and even change radically.
Cropping and production systems have been re-analysed in the light of the new challenges: preserving
resources, saving inputs, protein self-sufficiency, etc. The results of the project on the ecosystem services
provided by legumes show the advantages and limitations of integrating them into cropping systems. One
of the major achievements of ProSys has been the ability to co-construct the project from the outset with
partners from education and professional farming, and to set up joint working groups on a number of
topics. Pooling knowledge and expertise, sharing innovations and developing supply chains are all key to
the successful development of sustainable, protein-producing cropping systems. In the current context of
agro-ecological transition, the scientific results of the project, as well as the approach to promoting
scientific results, partnerships and the co-construction of knowledge, are intended to be disseminated and
shared. The dynamics generated by the previous PSDR3 "Profile" project has thus been strengthened
and is likely to continue beyond the end of the ProSys project. One of the highlights of the project was the
closing WebTV (1st April 2021), which highlighted the results obtained jointly with the second regional
project (POEETE), on mixed farming (WebTV, 2020).

Ethics
The authors declare that the experiments were carried out in compliance with the applicable national regulations.

Declaration on the availability of data and models
The data supporting the results presented in this article are available on request from the author of the article.

Declaration on Generative Artificial Intelligence and Artificial Intelligence Assisted Technologies in the
Drafting Process
The authors used artificial intelligence to help them with the French-to-English translation process.

46 Agronomic Innovations 86 (2024), 37-52



ProSys - New sustainable protein-producing cropping systems in Burgundy-Franche-Comté

Author ORCIDs

Marjorie Ubertosi - id ORCIDs : 0000-0001-8761-3544
Christophe Lecomte - id ORCIDs : 0000-0001-9729-0013
Thierry Castel - id ORCIDs : 0000-0001-9650-9474

de Fornel Delphine : id ORCIDs : 0009-0002-5461-5804
Maé Guinet - id ORCIDs : 0000-0001-9904-4692
Annabelle Larmure - id ORCIDs : 0000-0003-4552-0491
Eric Lucot - id ORCIDs : 0000-0003-2427-5546

Bernard Nicolardot - id ORCIDs : 0000-0003-1852-4243
Wilfried Queyrel - id ORCIDs : 0000-0002-0901-2425
Corinne Tanguy - id ORCIDs : 0000-0001-5606-1214
Anne-Sophie Voisin - id ORCIDs : 0000-0002-0979-7162

Authors' contributions

Marjorie Ubertosi : Conceptualization, funding acquisition, project administration, supervision, visualization,
writing original draft

Christophe Lecomte : Conceptualization, funding acquisition, project administration, supervision, visualization,
writing review and editing

Castel Thierry, De Fornel Delphine, Guinet Maé, Joly Daniel, Larmure Annabelle, Lucot Eric, Nicolardot Bernard,
Petit Marie-Sophie , Queyrel Wilfried, Tanguy Corinne, Vergote Marie-Héleéne, Voisin Anne-Sophie : Writing
review and editing

Declaration of interest
The authors declare that they do not work for, advise, own shares in, or receive funds from any organisation that
could benefit from this article, and declare no affiliation other than those listed at the beginning of the article.

Acknowledgements

The PSDR 4 Bourgogne Franche Comté project teams would like to thank the BFC region and its agents, as well
as the support staff at the INRAE BFC centre.

Declaration of financial support
The studies presented in this article received financial support from the 4¢ PSDR programme (INRAE, Bourgogne-
Franche-Comté, ANR Legitimes, PIA PeaMUST) as part of the “ProSys" project.

References

Brisson N., Gary C., Justes E., Roche R., Mary B., Ripoche D., Zimmer D., Sierra J., Bertuzzi P., Burger P., 2003.
An overview of the crop model STICS. Eur. J. Agron. 18, 309-332.

Brulebois E., Richard Y., Castel T., 2017. Modalités et robustesse de la régionalisation du climat de la Bourgogne
Franche-Comté. Note technique d’avancement sur le projet Prosys, 10 p.

Bruyere C.L., Done J.M., Holland G.J., Fredrick S., 2014. Bias corrections of global models for regional climate
simulations of high-impact weather. In : Climate Dynamics 43.7, 1847-1856.

Carnoye L., Michaud F., Tanguy C., Vergote M.H., 2019. La transition agroécologique en grandes cultures en
Bourgogne Franche-Comté. Un essai de caractérisation des différentes formes de pratiques alternatives, Colloque
international AFEP-IIPPE, Lille, 3-5 Juillet.

Castel T., Lecomte C., Richard Y., Lejeune-Hénaut I., Larmure A., 2017. Frost stress evolution and winter pea
ideotype in the context of climate warming at a regional scale. QOilseeds and fats, Crops and Lipids 24, D106.

Castel T., Lecomte C., Richard Y., Lejeune-Hénaut I., Larmure A., 2019. Evolution rétrospective du risque gélif
hivernal en climat tempéré suite au réchauffement climatique. Bourgogne-Franche-Comté Nature. 29, 323-332.

Cavan N., Castel T., Pergaud J., Angevin F., Colbach N., 2020. Et demain? Robustesse des stratégies innovantes
de gestion des adventices face au changement climatique. Innovations Agronomiques 81, 209-225.

47 Agronomic Innovations 86 (2024), 37-52



Ubertosi M., et al.

Dee D.P., Uppala S.M., Simmons A.J., Berrisford P., Poli P., Kobayashi S., Andrae U., Baimaseda M.A., Balsamo
G., Bauer D.P., Bechtold P., 2011. The ERA-Interim reanalysis: Configuration and performance of the data
assimilation system. Quarterly Journal of the royal meteorological society. 137, 553-97.

Duru M., Justes E., Falconnier G., Journet E.P., Triboulet P., Magrini M.B., 2017. Analyse du concept de santé
globale pour accompagner les transitions agricoles et alimentaires : application au cas des légumineuses.
Agronomie, Environnement et Sociétés 7, 83-95.

Garcia E., 2018. Analyse des déterminants socio-économiques au développement des pratiques agroécologiques,
et notamment a l'insertion des légumineuses dans les assolements en Bourgogne Franche-Comté. Mémoire de
Master 2 mention Développement Agricole Durable : Sécurité alimentaire pour le développement, Université Paris
Sud. 95 p.

Gerbaux F., Muller P., 1984. La naissance du développement agricole en France. Economie Rurale, 159, 17-22.

Guinet M., Nicolardot B., Revellin C., Durey V., Carlsson G., Voisin A.S., 2018. Comparative effect of inorganic N
on plant growth and N; fixation of ten legume crops: towards a better understanding of the differential response
among species. Plant Soil 432, 207-227.

Guinet M., Nicolardot B., Voisin A.S., 2020. Nitrogen benefits of ten legume pre-crops for wheat assessed by field
measurements and modelling. European Journal of Agronomy 120, 126-151.

Guinet M., Queyrel W., Voisin, A.S., Jeuffroy M.H., Petit M.S., 2021. Retour d’expériences sur des systémes de
culture innovants intégrant des légumineuses en Bourgogne Franche-Comté. Collection PSDR 4- ProSys, 70 p.

Jeuffroy M.H, Vocanson A., Estrade J.R., Meynard J.M., 2012. The use of models at field and farm levels for the
ex ante assessment of new pea genotypes. Europ J. Agronomy, 42, 68-78.

Justes E., Thiébeau P., Cattin G., Larbre D., Nicolardot B., 2001. Libération d’azote retournement de luzerne : un
effet sur deux campagnes. Perspectives Agricoles 264, 22-26.

Kopke U., Nemecek T., 2010. Ecological services of faba bean. Field Crop Research 115, 217-233.

Larmure A., Bénézit M., Trepos R., Lecomte L., Jeuffroy M.H., 2017. Azodyn-Pea, a crop model to adapt pea crop
to climate change. 2nd Agriculture and Climate Change Conference 26-28 March 2017 — Sitges, Spain (poster).

Lecomte C., Giraud A., Aubert V., 2003. Testing a predicting model for frost resistance of winter wheat in natural
conditions. Agronomie 23, 51-66.

Magrini M.B., Anton M., Cholez C., Duc G., Hellou G., Jeuffroy M.H., Meynard J.M., Pelzer E., Voisin A.S., Walrand
S., 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.

Meynard J.M., Messéan A., Charlier A., Charrier F., Farés M., Le Bail M., Magrini M.B., 2013. Freins et leviers a la
diversification des cultures. Etude au niveau des exploitations agricoles et des filieres. Rapport d'étude, INRA, 226

p.
Millennium Ecosystem Assessment, 2005. Ecosystems and Human Well-Being. Synthesis, Island Press: 155 p.

Mitchell R.K., Agle B.R., Wood D.J., 1997. Toward a Theory of Stakeholder Identification and Salience: Defining
the Principle of Who or What Really Counts, Academy of Management Review 22, 853-886.

Parlement européen, 2011. Rapport sur le déficit de I'Union en protéines végétales: quelle solution a un probléme
ancien? Rapporteur : Martin Hausling, A7-0026/2011, 19 p.

Polge E., Torre A., 2015. Contribution a I'évaluation des dispositifs de gouvernance territoriale en Amazonie
brésilienne : une analyse des dynamiques d'interactions. 52éme Colloque ASRDLF, 7-9 Juillet, Montpellier.

Quinio M., 2015. Assessment of current climate risks on pea crop in France, based on the approach of ecoclimatic
indicators. Mémoire de Master ISARA-Lyon, 53 p.

Quintana-Segui P., Le Moigne P., Durand Y., MartinE., Habets, F., Baillon M., Canellas C., Franchisteguy L., Morel
S., 2008. Analysis of Near-Surface Atmospheric Variables: Validation of the SAFRAN Analysis over France, Journal
of Applied Meteorology and Climatology, 47, 92-107.

48 Agronomic Innovations 86 (2024), 37-52



ProSys - New sustainable protein-producing cropping systems in Burgundy-Franche-Comté

Rivaud A., Mathé J., 2011. Les enjeux cognitifs du défi environnemental dans les exploitations agricoles. Economie
Rurale 323, 21-35.

Salembier C., Meynard J.M., 2013. Evaluation de systémes de culture innovants congus par des agriculteurs : un
exemple dans la Pampa Argentine. Innovations Agronomiques 31, 27-44.

Salembier C., Elverdin J.H., Meynard J.M., 2016. Tracking on-farm innovations to unearth alternatives to the
dominant soybean-based system in the Argentinean Pampa. Agronomy for Sustainable Development 36, 1-10.

Schott C., Mignolet C., Meynard J. M., 2010. Les oléoprotéagineux dans les systémes de culture: évolution des
assolements et des successions culturales depuis les années 1970 dans le bassin de la Seine. Oléagineux, Corps
gras, Lipides, 17, 276-291.

Skamarock W.C., Klemp J.B., Dudhia J., Gill D.O., Barker D.M., Duda M.G., Huang X.Y., Wang W., Powers J.G.,
2008. A description of the Advanced Research WRF. Version 3. National Center for Atmospheric Research, Rapp.
tech. 125 p. Boulder - Colorado, USA.

Taylor K.E., Stouffer R.J., Meehl G.A., 2011. An Overview of CMIP5 and the Experiment Design. Bulletin of the
American Meteorological Society 93, 485-498.

Tibi A., Therond O., 2017. Evaluation des services écosystémiques rendus par les écosystémes agricoles. Une
contribution au programme EFESE. Synthése du rapport d'étude. Inra (France).

Ubertosi M., Prudhon M., Coffin A., Wager M., Badot J.M., Lucot E., 2020. Impacts de systémes de culture sur la
qualité de I'eau, Analyse croisée de dispositifs expérimentaux en Bourgogne Franche-Comté. Projet PSDR4
ProSys Bourgogne Franche-Comté, Série les 4 pages PSDR4. www6.inrae.fr/psdr-Bourgogne.

Van Vuuren D.P., Edmonds J., Kainuma M., Riahi K., Thomson A., Hibbard K., Hurtt G.C., Kram T., Krey V.,
Lamarque J.F., Masui T., Meinshausen M., Nakicenovic N., Smith S.J., Rose SK., 2011. The representative
concentration pathways: an overview. Climatic Change, 109, 5-31.

Vergote M.H., Tanguy C., Garcia E., 2019. Les collectifs producteurs de savoirs pour I'action : retour d’expériences
sur linsertion de légumineuses dans I'assolement en Bourgogne Franche-Comté, Innovations Agronomiques, 74,
105-120.

Vertés F., Jeuffroy M.H., Justes E., Thiebeau P., Corson M., 2010. Connaitre et maximiser les bénéfices
environnementaux liés a I'azote chez les légumineuses, a I'échelle de la culture, de la rotation et de I'exploitation.
Innovations agronomiques, 11, 25-44.

WebTV PSDR4 BFC Des protéines végétales pour I'homme et I'élevage. Séminaire final des projets PSDR-4
ProSys et Poeete, jeudi 1 avril 2021, Dijon, France :
https://www.youtube.com/playlist?list=PLT74_lg5ickS_k8TJpWdX5hAxFNOKAdLt

Project productions (additional references)

Arroyo Sanchez J., 2018. Transferts de nutriments des sols agricoles et impacts sur le macrofaune benthique dans
la Haute-Loue. Mémoire de master 2 « Qualité des Eaux, Sols et Traitements » (QUEST). Option : Systémes
Aquatiques et Bassin Versant (SABV), 66 p.

Astier M., Duc G., Ubertosi M., Lecomte C., Ben Chedly H., Petit M.S., Maire-Amiot A., 2016. PSDR 4: Un
programme d'aide a la structuration des filiéres protéines végétales en Bourgogne Franche-Comté. 7éres
Rencontres Francophones sur les Légumineuses RFL. Dijon, France, 31 mai-1er juin 2016 (Poster).

Bellassen V., Ay J.S., Hilal M., 2020. The drivers of spatial cropping patterns in Burgundy, Working Papers hal-
02894116, HAL.

Bertholon J., Laroche C., Ubertosi M., 2020. Comment répondre a I'autonomie protéique sur les exploitations en
polyculture-élevage ? [vidéo], écriture C. Colson, A. Cuenot, N. Déhé, G. Joly, C. Moureau et M. Sow, Réalisation
EDUTER AgroSup Dijon, Collection PSDR 4- ProSys, https://lwww.youtube.com/watch?v=BCYWbfNR7zY.

49 Agronomic Innovations 86 (2024), 37-52



Ubertosi M., et al.

Canovas L., 2018. Impact des pratiques agricoles sur la qualité des eaux - Etude et comparaison des facteurs
contrélant la dynamique des nitrates et du glyphosate sur la parcelle expérimentale de Virey-le-Grand (71). Rapport
de M1SEME, 32 p.

Castel T., Lecomte C., Richard Y, Larmure A., 2017. Modelling the regional evolution of frost damage on a winter
crop with warming in a temperate climate. 2nd Agriculture and Climate Change Conference, 26-28 March 2017,
Sitges, Spain.

Castel T., Lecomte C., Richard Y., Lejeune-Hénaut I., Larmure A., 2018. Evolution rétrospective du risque gélif
hivernal en climat tempéré suite au réchauffement climatique. Communication orale aux 75¢mes rencontres
Bourgogne-Franche-Comté Nature « Changement Climatique, humanité et biodiversité » St Brisson (58), 19-20
oct. 2018.

Farcy P., Laroche C., Ubertosi M., 2021. Rotations, associations et couverts végétaux [vidéo]. Ecriture C. Colson,
A. Cuenot, N. Dénhé, G. Joly, C. Moureau et M. Sow, Réalisation EDUTER AgroSup Dijon, Collection PSDR 4-
ProSys, wwwé.inrae.fr/psdr-Bourgogne.

Germain T., 2017. Le soja, une production croissante pour une demande en pleine expansion. Expérimentation
2016, Coopérative Bourgogne du Sud. Rapport de BTS, 18 p.

Guinet M., Voisin A.S., Nicolardot B., 2016. Quantification des flux d’azote induits par les cultures de légumineuses
et étude des traits explicatifs. RFL1, 1¢s rencontres francophones sur les légumineuses, 31 mai-1er juin 2016,
Dijon, France (Oral communication and proceedings).

Guinet M., Voisin A.S., Nicolardot B., 2016. Quantification of nitrogen fluxes induces by legume crops and
associated plant traits. Second International Leqgume Society Conference, 12-14 octobre 2016, Troia, Portugal (Oral
communication orale and proceedings).

Guinet M., Voisin A.S., Nicolardot B., 2016. Quantification des flux d’azote induits par les cultures de légumineuses
et étude des traits explicatifs. Atelier prospectif recherches légumineuses avec présentation des theses en cours,
Académie d’Agriculture de France, 10 novembre 2016, Paris, France, p.14-15 (Oral communication).

Guinet M., Voisin A.S., Nicolardot B., 2017. Quantification des flux d’azote induits par les cultures de légumineuses
et étude des traits explicatifs. RMT Réseau Mixte Technologique Systéme de Culture Innovant. Journée
"Fertilisation", 10 mai 2017, Paris, France.

Guinet M., Voisin A.S., Nicolardot B., 2017. Quantification des flux d’azote induits par les cultures de Iégumineuses
et étude des traits explicatifs. Journée du RMT fertilisation, 10-11 mai, Paris, France.

Guinet M., Nicolardot B., Revellin C., Durey V., Carlsson G., Lombard F., Pimet E., Bizouard F., Voisin A.S., 2018.
Comparaison de l'effet de la fertilisation azotée sur la croissance et la fixation symbiotique de dix espéces de
légumineuses. RFL2, 2émes Rencontres Francophones sur les Légumineuses, 17-18 octobre 2018, Toulouse,
France.

Guinet M., Voisin A.S., Durey V., Pimet E., Lombard F., Nicolardot B., 2018. Effets précédents des légumineuses
: fournitures et pertes d'azote liées a leurs résidus de culture : Impacts sur les rendements du blé suivant. RFL2,
2émes Rencontres Francophones sur les Légumineuses, 17-18 octobre 2018, Toulouse, France.

Guinet M., Nicolardot B., Revellin C., Durey V., Carlsson G., Voisin A.S., 2018. Comparative effect of inorganic N
on plant growth and N2 fixation of ten legume crops: towards a better understanding of the differential response
among species. Plant and Soil 432:207-227.

Guinet M., Nicolardot B., Durey V., Revellin C., Lombard F., Pimet E., Bizouard F., Voisin A.S., 2018. Comparative
effect of inorganic N on plant growth and N2 fixation of ten legume crops. In "20% Nitrogen workshop- Coupling C-
N-P-S cycles", INRA, Rennes, France.

Guinet M., Nicolardot B., Durey V., Revellin C., Lombart E., Pimet E., Bizouard F., Voisin A.S., 2019. Fixation
symbiotique de l'azote et effet précédent: toutes les légumineuses a graines se valent-elles ? Innovations
Agronomiques, 74, 55-68.

Guinet M., Nicolardot B., Voisin A.S., 2019. Comparaison de la multifonctionnalité relative aux flux azotés induits
par dix cultures de légumineuses. Agriculture Environnement et Sociétés, 9: 1, 4.

50 Agronomic Innovations 86 (2024), 37-52



ProSys - New sustainable protein-producing cropping systems in Burgundy-Franche-Comté

Guinet M., Nicolardot B., Voisin A.S., 2019. Multifunctional analysis of ecosystem services relative to the nitrogen
fluxes provided by ten legume crops. European Conference on Crop Diversification. Budapest, Hongrie, 18-21
septembre. Book of abstracts p.134-135.

Guinet M., 2019. Quantification des flux d’azote induits par les cultures de légumineuses et étude de leurs
déterminants : comparaison de 10 espéces de légumineuses a graines. Thése, école doctorale Environnement et
Santé. Université de Bourgogne-Franche-Comté, 251 p.

Guinet M., Nicolardot B., Voisin A.S., 2020. Provision of contrasted nitrogen-related ecosystem services among
grain legumes. Agronomy for Sustainable Development 40, 33.

Guinet M., Laroche C., Ubertosi M., 2020. Les services écosystémiques et agronomiques des légumineuses
[vidéo]. Ecriture C. Colson, A. Cuenot, N. Déhé, G. Joly, C. Moureau et M. Sow, Réalisation EDUTER AgroSup
Dijon, Collection PSDR 4- ProSys, https:/lwww.youtube.com/watch?v=gQP4VcFZwK8&t=6s.

Hounleke K., 2019. Caractérisation du potentiel de production et de I'effet précédent de légumineuses a graines
en Bourgogne Franche-Comté. Mémoire d’ingénieur AgroParisTech, 45p.

Larmure A., Brayer J.M., Chanis M., Lucot E., Monnet J.C., Castel T., Ubertosi M., 2020. Prise en compte des sols
pour I'évaluation du potentiel de production d’'une légumineuse d'intérét : le pois. Journées IGCS 2020, 20-22
octobre 2020, Bordeaux, France (Poster).

Laroche C., Queyrel W., Jeuffroy M.H., Voisin A.S., Lecomte Ch., Ubertosi M., Duc G., Petit M.S., 2018. Traque et
analyse de systémes avec légumineuses en Bourgogne Franche-Comté pour produire des références pour I'action.
RFL2, 2émes Rencontres Francophones sur les Légumineuses, 17-18 octobre 2018, Toulouse, France.

Lecomte C., Duc G., Klein A., Burstin J., 2016. Culture de pois : une offre variétale qui se diversifie. Journées Tech
& Bio, 27 mai 2016, Aiserey-France (Poster).

Lecomte C., Duc G., Klein A., Burstin J., 2016. Diversifier les variétés de pois pour répondre aux enjeux actuels.
RFL1, 1ées Rencontres Francophones sur les Légumineuses, 31 mai - 1er juin 2016, Dijon-France (Poster).

Lecomte C., Ubertosi M., 2019. L'insertion des légumineuses dans les systémes de culture. Séminaire sur la
fransition agroécologique. 21 novembre 2019, Paris, France.

Lecomte C., Laroche C., Ubertosi M., 2020. Impacts du changement climatique sur la culture du pois d’hiver et les
stratégies d’adaptation [vidéo]. Ecriture C. Colson, A. Cuenot, N. Déhé, G. Joly, C. Moureau et M. Sow, Réalisation
EDUTER AgroSup Dijon, Collection PSDR 4- ProSys, https://www.youtube.com/watch?v=Ip2VOER1MdQ&t=13s.

Munier-Jolain N., Abgrall M., Adeux G., Alletto L., Bonnet C., Cordeau S., Darras S., Deswarte C., Farcy P.,
Gavaland A., Justes E., Sciara G., Meunier D., Pernelle J., Raffaillac D., Gleizes B., Tison G., Ubertosi M., 2018.
Projet SYSTEM-ECO4 : Evaluation de systémes de grandes cultures  faible usage de pesticides. Projet System-
Ecod. Innovations Agronomiques, 70, 257-271.

Rakotovao H., 2018. Etude des effets du changement de pratiques sur 'activité biologique des sols et sur la qualité
de I'eau : évaluation du potentiel de I'Agriculture de Conservation pour répondre a la problématique de qualité de
I'eau dans I'Auxerrois. Master 2 SEME internship report, 62 p.

Ratel B., 2016. Régionalisation du risque gélif du pois d'hiver en Bourgogne Franche-Comté par modélisation
numeérique: validation du modéle WRF. Master 2 - Géo-Biosphere_Parcours ENVI/CLIM. internship report, 38 p.

Redoutet D., Laroche C., Ubertosi M., 2020. Intégration des légumineuses dans le systéme de grandes cultures
[vidéo]. Ecriture C. Colson, A. Cuenot, N. Déhé, G. Joly, C. Moureau et M. Sow, Réalisation EDUTER AgroSup
Dijon, Collection PSDR 4- ProSys, https://www.youtube.com/watch?v=MgruBaEvI7c&t=3s.

Revellin C., Laroche C., Ubertosi M., 2020. Comment obtenir des nodosités efficaces ? [vidéo]. Ecriture C. Colson,
A. Cuenot, N. Déhé, G. Joly, C. Moureau et M. Sow, Réalisation EDUTER AgroSup Dijon, Collection PSDR 4-
ProSys, https:/lwww.youtube.com/watch?v=r3BcDBr5dCQ

Revoyron E., 2016. Identification de leviers d'insertion des légumineuses dans les exploitations agricoles.
Trajectoires d’évolution et changements de pratiques dans les exploitations agricoles du Plateau Langrois (Cote
d’'Or). Mémoire de Master, Université Paris-Saclay, AgroParisTech, ISARA-Lyon, 53 p + annexes.

51 Agronomic Innovations 86 (2024), 37-52



Ubertosi M., et al.

Robin A., 2017. L'impact du Semis-Direct Sous Couvert Végétal sur la qualité de 'eau et des sols. Master 2 SEME,
Université BFC internship report 70 p.

Saint-Jalmes M., 2017. Traque et analyse de systémes avec légumineuses en Bourgogne Franche-Comté pour
produire des références pour l'action. AgroParis Tech internship report, 67 p.

Salomon S.A., 2017. Etude de la décomposition de systémes racinaires de différentes espéces légumineuses
étudiées au cours d'incubation en conditions contrélées. Master 2 Agronomie et Agroalimentaire, Spécialisation
Sciences et technologie de I'agriculture, de I'alimentation et de I'environnement, option sol, Montpellier SupAgro,
internship report, 40 p.

Schneider A., Pelzer E., Jeuffroy M.H., Guinet M., Voisin A.S., Corre-Hellou G., 2018. Analyse comparée de
certains services écosystémiques directement ou indirectement liés aux flux azotés des systémes avec
légumineuses a graines. RFL2, 2émes Rencontres Francophones sur les Légumineuses, 17-18 octobre 2018,
Toulouse, France.

Tanguy C, Vergote M.H., 2018. Les collectifs, producteurs de savoirs pour I'innovation : retour d’expérience sur la
production de Iégumineuses en BFC. RFL2, 2émes Rencontres Francophones sur les Légumineuses, 17-18 octobre
2018, Toulouse, France.

Tanguy C., Vergote M.H., 2019. Collectifs en agriculture : réhabiliter l'initiative pour la production de nouveaux
savoirs. 56eme colloque de 'ASRDLF, 4-6 juillet 2019, Lasi, Roumanie.

Tanguy C., Vergote M.H., 2019. Collectifs en agriculture : réhabiliter l'initiative pour la production de nouveaux
savoirs, Journée de recherche « Quels rdles des structures collectives dans le développement de filieres agricoles
durables ?», 26 juin, Ecole d’Ingénieurs de PURPAN, Toulouse, France.

Vergote M.H., Tanguy C., 2020. Collectifs d'échanges de pratiques pour écologiser I'agriculture : éclairer les
difficultés d'une approche volontaire. Développement Durable et Territoires, N° spécial «Les collectifs en
agriculture», 12 (1) (https://journals.openedition.org/developpementdurable/18861).

Thiel P., 2017. Caractérisation de la dynamique de I'eau et des intrants a la parcelle: comparaison de dispositifs.
Stage de M1 B2IPME, Université BFC, Dijon.

Ubertosi M., Lecomte C., 2016. ProSys: L’adaptation pédoclimatique, les impacts environnementaux positifs et la
valeur économique de nouveaux systémes de culture durables producteurs de protéines. Ecole-chercheurs PSDR-
4,15-18 novembre 2016, Toulouse, France (Poster).

Ubertosi M., Lecomte C., Boizet F., Astier M., 2016. ProSys, une démarche partenariale pour la construction du
projet PSDR Bourgogne Franche-Comté. Contribution a I'école-chercheurs PSDR-4, 15-18 novembre 2016,
Toulouse, France (Oral communication).

LEIEEJ:TNS article is published under the Creative Commons licence (CC BY-NC-ND 4.0)

https://creativecommons.org/licenses/by-nc-nd/4.0/
When citing or reproducing this article, please include the title of the article, the names of all the authors, mention
of its publication in the journal Innovations Agronomiques and its DOI, and the date of publication.

52 Agronomic Innovations 86 (2024), 37-52


https://creativecommons.org/licenses/by-nc-nd/4.0/

