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WELCOME MESSAGE

The European Society for Agronomy is a scientific society that aims to build bridges between
scientists, not only agronomists, but also colleagues from different disciplines to address the
major societal and environmental issues related to agriculture, and to promote the science of
agronomy and its use in agriculture and rural development throughout Europe.

If the main audience remains European, with this new edition of ESA 2024, we were
310 participants, coming from 28 different countries worldwide, highlighting the international
importance of the ESA network.

The last Congress in Potsdam (Germany; 2022) was dedicated to digitalization for the
transformation of agriculture. This edition extended the discussions with synergies between
technologies to face an uncertain future. For the new edition, we chose resilience to echo with
the ability of agricultural systems to recover from unpredictable, sometimes extreme events,
and to highlight the inventiveness of human management to build resilience in its many
applications and definitions. At this point of rapid expansion and related promises of
technological innovations, the Scientific Committee of ESA 2024 wanted to create a
momentum to pause the rapid expansion of technical innovations in soil and crop management
and to embed them with more social issues, such as the well-being of farmers and their social
connectedness to society at large, over the long-term.

This is the essence of the science of agronomy, nourished by transdisciplinarity but
transcending it to become an independent discipline with its own concepts and approaches to
meet the challenges of the transformational change we need for a viable future.

The word synergy was also used to encapsulate the idea, perhaps idealistic, but certainly
humanistic, of the supreme value of diversity.

We hope that the 18" ESA Congress inspired you to initiate or strengthen synergies.
Together, we could promote the role of scientific voices for building a better world for next
generation, represented during our conference by the numerous young researchers, PhD and
Master students.

Prof. Dr. Edith Le Cadre
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KEYNOTE SPEAKERS

Synergies between disciplines

Prof. Dr. Mika Tarkka received a MSc in plant physiology in 1995 and a PhD on mycorrhizal
symbiosis in 2001 from the University of Helsinki. After working as a research associate for
mycorrhizal-bacterial interactions at the University of Tubingen, he moved to the Helmholtz
Centre for Environmental Research - UFZ in Halle. He is the Head of the Department of Soil
Ecology at the UFZ in Halle and holds an adjunct professor's title at the Institute of Biology of
the University of Leipzig. In addition, he is a member of the German Centre for Integrative
Biodiversity Research (iDiv) Halle-Jena-Leipzig. Prof. Tarkka's research focus is molecular
plant microbe interactions. His particular research interests include the influence of climate
change on plant beneficial microbes and their relevance for plant growth and health. He works
experimentally to investigate how changes in land use and environment influence the
distribution of plant associated microbes, and how the diversity of the microorganisms affects
the host plant.

e Keynote speech: Uncovering rhizosphere microbial resilience and potential to
support plant growth (here)

Synergies between researchers, farmers and society

Prof. Dr. Johanna Jacobi leads the Agroecological Transitions research group at ETH Zdrich.
She studied Geography, Biology and Social Anthropology at the university of Freiburg. For her
PhD studies at the University of Bern, she conducted research together with the cooperative
El Ceibo on the resilience of cocoa farms in Bolivia to climate change. After a postdoctoral
project at the University of California, Berkeley, on agroforestry, she lived and worked in Bolivia
for several years, doing research on food system sustainability and resilience in Latin America
and Africa. Her research focuses on agroecology as a transformative science, a practice and
a social movement using participatory action research and transdisciplinary methods and
political ecology approaches.

e Keynote speech: Co-creation of knowledge and transformations in agri-food
systems (here)

Synergies between short- and long-term goals

Dr. Guillaume Martin (42) holds a MSc in plant sciences from Wageningen University and a
PhD in agricultural sciences from Toulouse University. He is a research director in the Joint
Research Unit AGIR (Agroecology, Innovation, Territories) at INRAE’s Occitanie-Toulouse
centre. He is also editor for Agricultural Systems. He positions his work in the field of farming
systems research and focuses on pasture-based and crop-livestock farming at the farm and
territory levels. Since his early career, his ambition has been threefold: (i) to develop tools
enabling farmers to design sustainable and resilient systems; (ii) to develop methods informing
farmers and farm consultants on the most sustainable and resilient systems and on pathways
towards such systems; (iii) to explore the potential of innovative systems improving farm
sustainability and resilience. His research builds on systems, interdisciplinary and participatory
approaches. He has authored more than 60 articles in international scientific journals.

o Keynote speech: Reconciling short- and long-term goals in agrifood systems:
what role for agricultural sciences? (here)


https://events.institut-agro.fr/event/1/attachments/1/287/ESA2024_keynote_Tarkka.pdf
https://events.institut-agro.fr/event/1/attachments/1/288/ESA2024_keynote_Jacobi.pdf
https://events.institut-agro.fr/event/1/attachments/1/286/ESA2024_keynote_Martin.pdf
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Synergies of technologies

Prof. Dr. Simon Cook is an independent consultant who specializes in science-enabled
change in agrifood systems: on-farm; within-industries and globally. Graduating from Reading
University with an MSc in Pedology and soil survey and from Cambridge with a PhD in applied
biology, in 1990 he moved to Australia to join CSIRO to develop wide-area applications of
digital soil mapping, based on satellite and airborne remote sensing, to support farm-scale and
regional decisions. From this he picked up and led the CSIRO research group on precision
agriculture, which developed practical uses of digital technologies for the grains, sugar and
wine industries in Australia. In 2000 he switched to global development to lead projects in Latin
America, Africa and South-East Asia on behalf of the International Center of Tropical
Agriculture, then for the Challenge Program of Water and Food for the CGIAR, and finally as
inaugural director for the CGIAR CRP for Water, Land and Ecosystems. In 2016 he returned
to Australia to establish the Centre for Digital Agriculture at Murdoch and Curtin universities.
In 2022 he returned to Cali, Colombia, where he currently lives. He focusses on the
endogenous changes that digital technology enables in agrifood systems.

e Keynote speech: Is agronomy keeping up with digital agriculture? (here)


https://events.institut-agro.fr/event/1/attachments/1/285/ESA2024_keynote_Cook.pdf
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Impact of climate change on maize productivity and nitrogen cycling in the sub-humid
tropics: a field case study under rainfall extremes in Zimbabwe (Oral #158)

Abderrahim Bouhenache, Rémi Cardinael, Hugues Clivot, Regis Chikowo, Armwell Shumba,
Emmanuel M. Matimba, Hope Mazungunye, Sylvie Recous, Gwenaélle Lashermes

Presenter: Abderrahim Bouhenache (abderrahim.bouhenache@univ-reims.fr)

Keywords: sub-saharan Africa; mulch; heavy rainfall; drought; 15N labelling

Changes in rainfall patterns and extreme wet and dry events are more frequent and will
intensify globally because of global warming disrupting the water cycle (Rohde, 2023). This is
particularly the case in Southern Africa with an increasing intensity and frequency of rainfall
extremes. These events often lead to water stresses ranging from droughts to waterlogging,
which may adversely impact the soil-crop processes (Kim et al., 2024) and reduce crop
productivity and nutrient use efficiency. However, studies using rainfall manipulation
experiments remain scarce. Most of such existing experiments have been conducted on
natural ecosystems such as grasslands and woodlands in the northern temperate regions, with
a clear gap on croplands in the tropics and poor focus on interactions with nutrient cycling
(Beier et al., 2012).

To better understand the soil-crop nitrogen (N) dynamics under rainfall extremes, a field-scale
rainfall manipulation experiment has been carried out in 2022-2023 and 2023-2024 cropping
seasons in Harare, Zimbabwe (17°42'13.5"S 31°00'29.4"E) under sub-humid conditions. This
is a part of a large 1.5 ha new long-term experiment established since November 2022 and
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registered  within the Global Long-Term  Agricultural  Experiment  Network
(https://glten.org/experiments/368). Three main rainfall treatments replicated three times were
established: reduced rainfall (-30%), normal rainfall and heavy rainfall (events of 100 mm/24h).
The reduced rainfall treatment is achieved with an exclusion system above the maize canopy
using transparent shelters covering about 30% of the plots surface. The heavy rainfall events
are simulated with an irrigation system, and two events are applied per cropping season. Within
these rainfall treatments, the study focused on four cropping systems treatments, resulting
from the combination of two N fertilization levels (0 and 80 kg N ha™ yr?), with or without
mulching (0 and 6 t DM ha! yrl). A bare soil treatment was also set up and monitored to study
the soil functioning without crop. Key variables related to biomass production and N dynamics
such as leaf area index, crop biomass and N uptake, yield, soil temperature, soil water and
mineral N, mulch decomposition, and emissions of nitrous oxide (N2O) were monitored from
the first cropping season. An in-situ experiment using 15N labelled fertilizer was conducted
during the second cropping season to study the fate of fertilizer under the three rainfall
treatments with and without mulch. Labelled N fertilizer was applied on microplots as basal
application, first and second topdressing using non-cumulative split application approach with
both soil and plant N and 15N monitoring at different stages of plant growth.

The first-year results indicate that N dynamics in the soil were slightly affected by rainfall
treatments and the presence of mulch. Total aboveground biomass and grain yield were
negatively affected by reduced rainfall and absence of N fertilization. Mulch exhibited a
buffering effect in topsoil layers, reducing soil temperature variations and maintaining moisture
for a longer period during dry spells. The decomposition kinetics of the mulch were little
affected by rainfall treatments but was quick, with 50% of initial dry mass decomposed in about
70 days. These results suggest a highly variable impact of rainfall extremes on biomass
production, maize residue decomposition and N cycle depending on their timing, intensity and
frequency of occurrence. Results from plant N uptake and from the ongoing analysis of the
15N labelling experiment, along with the planned modelling work with the STICS soil-crop
model should provide further clarification on the interaction between rainfall patterns and N
cycle, as well as the short and long-term consequences on plant biomass production and
recycling.

References

Beier, C., Beierkuhnlein, C., Wohlgemuth, T., Penuelas, J., Emmett, B., Kbérner, C., ... &
Hansen, K. (2012). Precipitation manipulation experiments—challenges and recommendations
for the future. Ecology letters, 15(8), 899-911.

Kim, Y. U., Webber, H., Adiku, S. G., Junior, R. D. S. N., Deswarte, J. C., Asseng, S., & Ewert,
F. (2024). Mechanisms and modelling approaches for excessive rainfall stress on cereals:
Waterlogging, submergence, lodging, pests and diseases. Agricultural and Forest
Meteorology, 344, 109819.

Rohde, M. M. (2023). Floods and droughts are intensifying globally. Nature Water, 1(3), 226-
227.


https://glten.org/experiments/368

18" Congress of the European Society for Agronomy

Comparison of organic and conventional crop management in Estonia since 2008 (Oral
#297)

Evelin Loit-Harro, Liina Talgre, Indrek Keres, Ivo Voor, Maarika Alaru, Mailiis Korge, Merili
Toom, Viacheslav Eremeev

Presenter: Evelin Loit-Harro (evelin.loit@emu.ee)

Keywords: yield; quality; dietary fiber; microbiological diversity

The aim of agriculture is to produce food of high nutritional quality in sufficient quantity, while
being sustainable and taking care of the soil.

The aim of this study was to compare and analyse the impact of organic and conventional
growing systems within the same rotation to the yield and quality of spring barley, red clover,
winter wheat, field pea and potato, as well as to assess the soil nutrient content and
microbiological diversity in time.

The field experiment was established on 2008 on the experimental field of the Estonian
University of Life Sciences (58° 22" N, 26° 40" E) and the data has been collected since. Soil
type is Stagnic Luvisol (sandy loam surface texture, C 1,38% and N 0,13%, pHkci 6,0). The
field was divided by nitrogen treatments: three different treatments in organic plots (Org0, Org |
with winter cover crops, and Org Il with winter cover crops and manure) and four different
treatments in conventional plots receiving mineral nitrogen (NO, Nlow, Naverage, and Nhigh).
The five-field crop rotation was based on following order: spring barley with undersown red
clover, red clover, winter wheat, field pea, potato.

The average yield in organic system was generally lower compared to conventional system.
However, in organic systems, the yield was the most stable. The most fluctuating cropping
system was the most intensively managed N3. Protein content was in positive correlation with
mineral nitrogen rate. Winter wheat protein content was the highest in N2 and N3, which
received 100 and 150 kg of N/ha. Flour water absorption and dough development was the best
in conventional treatments with higher N rate. However, dietary fiber content (beta-glucan
and arabinoxylan) was only impacted by yearly temperature and precipitation and it did not
depend on fertilization. The biomass and diversity of weeds was higher in organic systems,
being the highest in Org | by the end of the second rotation. This indicates that the cover crops
were not as suppressive as expected.

The content of all studied macronutrients in the soil has decreased over the years. The soil
nitrogen content was the least affected by the treatment with cattle manure in organic system.
The greatest nitrogen loss was from the soil of conventional treatment with the highest nitrogen
rate. The potassium content of the soil decreased the most. The most sustainable in terms of
soil fertility was the manure treatment in the organic system, while the conventional system
with the highest nitrogen rate was the most vulnerable. Biodiversity and abundance of soll
microorganisms depended on soil carbon content. The microbial diversity and abundance
increased during the second rotation in most treatments. Decrease in bacterial diversity was
seen NO and N3. Treatments with low to average mineral nitrogen input were favourable for
soil microbes

Ground beetle abundance and diversity was also higher in organic treatments. The highest
values were detected in Org I, where cover crops and cattle manure was used. The most of
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the springtails was detected in Org Il and N2 treatments, correlating with the higher organic
matter content in soil. Treatment NO, where organic matter content was low and pesticides had
further inhibiting effect, contained the smallest number of springtails.

Overall, the organic treatment with the winter cover crop and the cattle manure, despite the
lower vyields, provided the stability and the highest values in biodiversity measurements in
weeds, ground beetles and springtails. Conventional treatments with the medium mineral
nitrogen input resulted in the higher yield and acceptable quality and it was also favourable to
biodiversity in soil and among springtails.

References

Keres et al. 2020 Long-term effect of farming systems on the yield of crop rotation and soil
nutrient content. Agricultural and Food Science
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Evaluating homemade dry manure tea as an alternative to synthetic fertilizers in spinach
cultivation (Oral #149)

Hana Lamouchi, Crystele Leauthaud, Chiara Pistocchi, Claire Marsden, Nassim Ait-Mouheb

Presenter: Hana Lamouchi (hana.lamouchi@cirad.fr)

Keywords: organic fertilization; spinach; north African agriculture; plant-soil interactions;
agroecological practices

1. Introduction

In the current agricultural landscape, the intensive use of synthetic fertilizers to meet the
nutritional needs of crops, such as spinach, presents significant environmental and economic
challenges. Historically, various cultures, especially in North African countries, have turned to
organic methods like homemade manure tea (HMT) (Azeez et al., 2014). This tea, obtained by
infusing manure in water, is known to facilitate the decomposition of organic matter and
enhance nutrient release (Leauthaud et al., 2022). Although anecdotal accounts praise the
benefits of HMT in terms of plant growth and soil quality improvement, there remains a lack of
empirical studies validating these claims.

The quantity and quality of nutrients provided by these teas are not well-documented (Eudoxie
and Martin, 2019).

Given these gaps, this study aimed to assess the impact of HMT on spinach biomass and leaf
metrics in comparison to a synthetic fertilizer with equivalent concentrations of nitrogen (N),
phosphorus (P), and potassium (K). Spinach (Spinacia oleraceae L.) was chosen due to its
rapid growth rate, high nitrogen demand for optimal development, and its significant agronomic
and nutritional importance (Pandjaitan et al., 2012; El-Saady, 2016).

2. Materials and Methods

The study focused on preparing Homemade Dry Manure Tea (HMT) using a popular North
African technique before cultivating Lazio spinach in soil from Cazevieille, France, employing
a completely randomized experimental design with five distinct treatments. Treatments T1 and
T2 varied HMT dosages, with T1 being a lower typical dose and T2 six times the NPK content
of T1. Three control treatments were also established: W (water only), S1, and S2, involving
synthetic fertilizers designed to match the nutrient concentrations of HMT doses. The spinach
was grown under controlled conditions for 41 days before harvest. Measurements included
leaf count and dimensions, stem and petiole lengths, and both fresh and dry biomass weights.
Chemical analysis of the aerial parts was conducted to assess nutrient content.

3. Results and Discussion

In our study examining the impact of homemade dry manure tea on the growth, morphology,
and nutrient uptake of spinach, we observed that the use of a peasant dose of HMT resulted
in a dry biomass comparable to that of a synthetic fertilizer with the same NPK concentration.
This finding suggests that HMT, when used in modest amounts, could emerge as a viable
alternative to synthetic fertilizers. Plants treated with T1 and S1 dosages displayed leaves
noticeably longer and broader than those in the W control group. However, the plant roots did
not exhibit significant variations in dry biomass between the different treatments.

12
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Our analysis also disclosed heightened potassium absorption in plants subjected to the T1 and
S1 treatments, compared to the W control group. This revelation is in line with previous studies
highlighting the positive influence of increased potassium intake on the growth and yield of
various plants.

Nonetheless, observations related to the T2 treatment raised concerns. Indeed, plants
exposed to this treatment showed a significant decline in dry biomass, morphological
measurements, and nutrient uptake. This trend suggests that high doses of HMT might contain
components toxic to spinach. Moreover, the high salinity in HMT could play a pivotal role in the
observed toxicity in the T2 treatment. It is also conceivable that other factors, such as
micronutrient imbalances, or even microbial effects, are influencing these outcomes.

4. References
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Variability in arbuscular mycorrhizal fungi abundance and diversity within cocoa-based
(Theobroma cacao L.) agroforestry systems across pedoclimatic conditions (Oral #200)

Kouadio Meliton Djezou, Germain Droh, Sabine-Karen Lammoglia, Jean-Claude N’zi

Presenter: Kouadio Meliton Djezou (djezou_k@yahoo.com)

Keywords: arbuscular mycorrhizal fungi; cocoa production; climate change adaptation; soil
health; sustainable agriculture

1. Introduction

In the context of global challenges such as climate change, declining soil fertility, and the aging
of cocoa orchards, the sustainable production of cocoa in West Africa is under significant threat
(Ameyaw et al., 2018). As the region contributes over 70% to the world's cocoa supply, these
challenges call for a profound reevaluation of conventional agronomic practices. This requires
looking into innovative sustainable cultivation strategies that can bolster crop resilience,
enhance soil health, and ensure economic viability for cocoa farmers. Arbuscular mycorrhizal
fungi (AMF), which form symbiotic relationships with the roots of cocoa plants, offer a promising
mechanism for achieving these goals. The symbiosis between cocoa plants and AMF can play
a pivotal role in enhancing nutrient uptake, improving water retention, and increasing
resistance to pathogens and environmental stressors (Leye et al., 2015). Given the diverse
and complex ecosystems within which cocoa is cultivated, understanding the dynamics of AMF
within cocoa agroforestry systems is crucial for developing sustainable agricultural practices.

2. Materials and Methods

This study adopts an innovative methodological approach to assess the impact of agricultural
practices on arbuscular mycorrhizal fungi (AMF) communities associated with cocoa plants.
Composite soil samples were collected from 110 cocoa agroforestry plantations across the
entire cocoa production zone in Coéte d'lvoire. The collected samples were analyzed to
determine soil physicochemical properties and AMF spore density. Spore extraction was
performed using the wet sieving method as described by Gerdemann and Nicolson (1960).
After extraction, the spores underwent meticulous counting and detailed morphological
analysis.

3. Results

The analysis of the total density of the spore after wet sieving of soil samples from 110 different
cocoa plantations revealed significant variations in spore density between the sampling sites
(p<0.05). This variability extends to the species richness of mycorrhizal fungi, which was
observed to differ among cocoa plantations. Notably, the genus Glomus, Acaulospora, and
Gigaspora emerged as the most frequently encountered across the sites. Furthermore, soil pH
was found to directly influence mycorrhizal spore abundance, with a notable correlation
identified. Specifically, slightly acidic pH conditions (pH < 7) were found to adversely impact
spore density, suggesting a sensible balance between soil acidity and the thriving of
mycorrhizal fungi populations.

4., Discussion

In alignment with previous studies, the abundance and diversity of the natural communities of
arbuscular mycorrhizal fungi are largely influenced by the soil properties in cocoa-based
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agroforestry systems. The genus Glomus, Acaulospora, and Gigaspora have been identified
as generalist symbionts prevalent in numerous rhizospheres highlighting the significant role of
soil physicochemical properties on the diversity and abundance of mycorrhizal spores (Pontes
et al., 2024). Notably, low soil pH is shown to adversely affect spore density (Droh et al., 2022),
underscoring the intricate relationship between soil health and the symbiotic interaction with
cocoa plants. The presence of Acaulospora across different sites illustrates the potential of
specific AMF species in enhancing plant health and soil fertility, thereby advocating for the
integration of AMF-based strategies into cocoa agroforestry management.
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1. Introduction

The use of subterranean clover (Trifolium subteranneum L.), an annual pasture legume,
combined with correction of soil phosphorus (P) deficiency has led to major improvements in
the productivity of both livestock and crop production systems in southern Australia. The
climate across this region ranges from Mediterranean through to temperate. Under these
conditions, annual plants need to flower at an optimal time in spring to minimise the exposure
of flowers and young seeds to frost, whilst also ensuring that seed development and maturation
has occurred prior to the onset of the hot, dry conditions of summer. Subterranean clover
cultivars with appropriate flowering times have been selected to fit the range in growing season
lengths (~5-9 months) across this large agricultural zone. Serradella species (Ornithopus spp.)
are viable alternatives to subterranean clover and offer an opportunity to diversify the legume
base of these pastures, but there are gaps in the availability of cultivars with flowering times
that will fill all climatic niches. Certain serradella cultivars also lack stable flowering dates
(Boschma et al. 2019) and this is a problem for species persistence in self-regenerating
pastures. Flowering responses to low (vernalising) temperatures and photoperiod essentially
determine flowering date. The aim of this study was to characterise the nature of the interaction
between a cultivar’s flowering time response to photoperiod and its response to vernalisation
and to understand how this interplay influences the time of flowering by each cultivar.

2. Materials and Methods

Two cultivars of yellow serradella (O. compressus L., ‘Yellotas’ and ‘Avila’), French serradella
(O. sativus Brot., ‘Erica’ and ‘Serratas’) and subterranean clover (‘Coolamon’ and ‘Goulburn’)
were subjected, in controlled-environment plant growth chambers, to ‘vernalised’ (9 weeks at
5 °C), or ‘unvernalised’ treatments (0 weeks at 5 °C) followed by five photoperiod treatments
(11, 12, 13, 14 or 15 h with a weighted mean daily temperature of 18 °C). Appearance of the
first flower was measured using thermal time from sowing to first flower (°C d). Critical
photoperiods were defined for each cultivar by identifying the minimum photoperiod at which
there was no additional decrease in time to flower for unvernalised plants when grown under
longer photoperiods. A reverse sigmoidal function was fitted to the data from this experiment
and data from a historic dataset (Goward et al. 2023). This model described how time to flower
by unvernalised plants was modified by growth in photoperiods from 8 to 20 h.

3. Results

Differences were observed between the cultivars in the time to flower when unvernalised and
grown in short photoperiods. Under relatively short photoperiods, the ‘vernalised’ treatment
was sufficient to reduce time to flower to a minimum, reflecting the intrinsic earliness of each
cultivar. Growth in photoperiods 212 h reduced the need for vernalisation to promote earlier
flowering. This interaction between responses to photoperiod and to vernalisation differed
among the cultivars with some cultivars expressing different critical photoperiods (13 or 15 h).
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The reverse sigmoidal model described the interaction of photoperiod and vernalisation
responses reasonably well and indicated differences among cultivars in the rate at which the
response to photoperiod would override the need for vernalisation.

4. Discussion

This study showed that if plants are not fully vernalised after a mild winter, increasing
photoperiods during spring (>12 h) will override the need for vernalisation. This should permit
the plant to still flower in a timely manner. As such the interaction of a cultivar’s responses to
photoperiod and vernalisation provides a safeguard mechanism that protects flowering and
seed production. The cultivar-specific responses observed in this experiment indicate there
may be significant challenges for modelling flowering time of individual genotypes because of
the considerable time and resources required to parameterise factors such as the critical
photoperiod of each genotype/cultivar.
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Perennial grain crops improve soil microbial biomass, activity and soil carbon
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Soil biodiversity is threatened by intensive agriculture that relies on annual grain crop
production, thus leading to a decline in soil functions and ecosystem services. Perennial grain
crops have a positive impact on the soil microbial community, but the responsive microbial
groups and the magnitude of their response remain uncertain. To better understand how soil
microbial community composition is influenced by different crops and their management, we
analysed soil microbial biomass and community composition, bacterial growth and soil total
carbon in five cropping systems: organic perennial intermediate wheatgrass (IWG, Thinopyrum
intermedium, Kernza®) sole cropping, organic IWG-alfalfa intercropping, organic biennial
grass-legume mixtures ley cropping, organic annual wheat or rye cropping and conventional
annual wheat cropping. The analysis was carried out at three time points under two growing
seasons at four different soil depths. After five years, the IWG sole crop had greater amounts
of soil total fungi and bacteria, arbuscular mycorrhizal (AM) fungi, saprotrophic fungi and gram-
negative (G-) and gram-positive (G+) bacteria compared to annual wheat. Crop perenniality
influenced the soil microbial community structure although precipitation, soil temperature and
water content were the main drivers of the patterns and temporal variations of the microbial
community assembly. Perennial crops with inherent long-term land cover together with
reduced tillage and low nitrogen input management increased the proportions of fungi relative
to bacteria, AM fungi to saprotrophic fungi, G- bacteria to G+ bacteria, and the growth rate of
total bacteria. This resulted in a more active soil microbial community with higher microbial
biomass than annual wheat, which contributed to the increased soil total carbon storage in
0-30 cm soil layer in a Scandinavian climate. The findings emphasize the importance of
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combining a no tillage strategy with long-term vegetation cover to increase soil quality, which
in turn potentially improve the delivery of final ecosystem goods.
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1. Introduction

Intensive agriculture has been promoted since the green revolution in the 1960s to boost crop
yields and satisfy increasing food demand (Mann, 1999). Such intensification led to
modifications in agricultural practices with higher fertilization, increased pest control and
intense varietal selection among others. Additionally, the increase in the overall agricultural
land cover led to marked changes in land use at the expense of natural and semi-natural
habitats (Tscharntke et al., 2005). Because of these changes occurring at local and landscape
scales, agricultural intensification strongly shaped ecosystem properties (Matson et al., 1997)
and resulted in an important loss of biodiversity in many taxonomic groups (e.g. Hole et al.,
2005; Gonthier et al., 2014). Despite the key role of symbiotic microorganisms in plant nutrition
and protection, the impact of agricultural intensification on these microorganisms is not fully
understood. Organic farming, which has been proposed as an alternative farming system,
aimed at promoting more efficient soil natural ecosystem services (e.g. organic matter cycling,
storage, redistribution of mineral nutrient...), should be favorable for microorganisms. It may
promote a higher microbial diversity thanks to lower anthropic disturbance and higher plant
diversity. It is also expected to strongly affect species composition and result in changes in
plant growth and health.

2. Materials and Methods

We sampled plants in pairs of winter wheat fields (one organic and one conventional) along a
distance gradient to the edges (hedgerow versus grassy), in 20 landscape windows selected
along an uncorrelated gradient of organic farming and hedgerow density. Firstly, we analyzed
the relative effect of organic farming and field edge types on endophytic microbial assemblages
associated with wheat plants. Secondly, we tested the effect of the farming practices
characterizing farming systems on endophytic microbial assemblages associated with wheat
plants, and related these changes with wheat performance in the field. To achieve these goals,
we collected environmental data through farmer interviews, soil analyses, and plant
inventories. We also analyzed root microbiota through next-generation sequencing at
vegetative and flowering stages.

3. Results

We demonstrated that organic farming shaped microbial composition and increased fungal
and bacterial richness in most phyla. In contrast to bacteria, fungal communities were
heterogeneously distributed within fields, having a higher diversity for some phyla close to field
edges. Fungi responded more strongly to the field scale while bacteria were more affected by
landscape scale. Effect of organic farming at the field level was mostly due to soil
characteristics and field management, and a little to plant diversity in the field. Microbial
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responses were more pronounced at the late developmental stage, likely as a result of
accumulative effect of management actions during plant development. Seed production and
resistance to pathogens were related to specific phyla that are important for seed production
and/or wheat resistance to septoriose.

4. Discussion and Conclusion

The present study provided a better understanding of the effect of organic farming and of its
scale of influence on plant-associated microbiota. We showed the positivet effect of organic
agriculture at both field and landscape scales on wheat endophytic richness providing
evidence that agricultural management needs to be considered at several spatial scales. More
especially, we demonstrated that increasing the percentage of organic agriculture at the
landscape scale can maintain higher bacterial richness even in conventional fields. We
stressed also the importance of soil characteristics and management in shaping microbiota
composition and diversity. Plant seed production and resistance to pathogens were related
with particular microbes, such as Alphaproteobacteria and Glomeromycota. This work
advances our understanding of how farming system, and particular agricultural practices affect
plant microbiota, and plant performance through microorganism-mediated changes. It supports
the use of microorganisms as pillars of sustainable crop production.

5. References

Gonthier DJ et al., 2014. Biodiversity conservation in agriculture requires a multi-scale
approach. Proc R Soc B., 281:1358

Hole DG et al.,, 2005. Does organic farming benefit biodiversity? Biological Conservation,
122:113-130.

Mann C., 1999. Crop scientists seek a new revolution. Science, 310-314.

Matson, PA et al. 1997. Agricultural intensification and ecosystem properties. Science,
277:504-5009.

McLaughlin A, Mineau P, 1995. The impact of agricultural practices on biodiversity. Agri
Ecosyst Environ., 55:201-212.

Tscharntke T, Klein AM, Kruess A, et al. 2005. Landscape perspectives on agricultural
intensification and biodiversity — ecosystem service management. Ecology letters, 8:857-874.

21



18" Congress of the European Society for Agronomy

Availability and nutritional contribution of organic waste products in agriculture, using
Sweden as a case study (Oral #146)

Elsa Lagerquist, Sigrun Dahlin, Christine Watson, Ingrid Oborn

Presenter: Elsa Lagerquist (elsa.lagergvist@slu.se)

Keywords: biofertilisers; circular economy; nutrient recycling; organic fertilisers

(1) Modern food production largely rely on a linear nutrient flow, with nutrients entering the field
as bought fertilisers, or potentially as farmyard manure, but with little return of nutrients from
the society. Returning organic waste products is a way of closing nutrient cycles between
agriculture and society, contributing to a circular economy where resources are reused
(Rosemarin et al., 2020), and maintain or increase soil organic matter content compared to
using mineral fertilisers (Katterer et al., 2011). Moreover, in organic farming, crop nutrition
largely depends on manure, and low manure accessibility has been argued to contribute to the
low adaption to organic farming in regions where crop production is dominating (Nordin, 2021).
The aim of this study was to assess the current availability of the organic waste products biogas
digestate, mainly produced from food waste and farmyard manure, sewage sludge (although
currently not allowed in organic farming), and other organic nutrient sources. Furthermore, we
aimed at comparing the nutrient of these materials to crop nutrient demands of today as well
as a future scenario with more land cultivated with organic farming management methods,
using Sweden as a case study.

(2) Crop production conditions vary greatly in Sweden, a country that stretch from 55°N to
69°N. It has fertile plains in the south, but also much land that is difficult to cultivate with annual
crops and where forestry and animal husbandry dominate. The change in latitude also cause
differences in cropping season characteristics. To account for this Sweden is divided into eight
production areas and the study uses these production areas when estimating crop nutrient
demand and availability. Data on land cultivated with different crops and their yields, and
production and nutrient content of biogas digestate, manure, sewage sludge and other waste
product-based fertilisers produced in Sweden have been obtained from national statistics and
from communication with biogas digestate facilities, a sewage sludge certification body and
the Swedish Environmental Protection Agency.

(3) The availability of organic waste products from society (biogas digestate and sewage
sludge) suitable for use in agriculture, and their potential to cover regional crop nutrient
demand, vary between production areas, with higher availability in areas with much crop
production and a larger population size, i.e. the southern part of the country. The availability of
farmyard manure is unsurprisingly lower in areas with a large proportion of specialised crop
production farms. The nutritional quality of biogas digestate compared to farmyard manure is
similar for total nitrogen, on average somewhat higher for mineral nitrogen concentrations (kg/t
wet weight), and lower for phosphorous and potassium concentrations. Total nitrogen and
phosphorous concentration of sewage sludge is substantially higher than those both in biogas
digestate and farmyard manure, linked to higher dry matter content. The data are currently
being evaluated, scenarios defined and nutrient demands for these different scenarios
calculated.

(4) Although biogas digestion of manure can increase its nutritional value (Cavalli et al., 2016)
low nutrient concentrations per wet weight and bulkiness of these products are disadvantages,
as well as for sewage sludge. There are methods to be used to dehydrate these products or
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extract the nutrients from the solid or liquid phase and hence increase their fertiliser value
(Monfet et al., 2018). However, this comes at a cost of reduced contribution to soil organic
matter and soil fertility. Therefore, these methods are more interesting in areas where there is
less crop production and hence longer distances to arable fields and these products could
instead be sold to regions with more production.
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1. Introduction

Nitrogen (N) fertilization in agroecosystems can lead to non-desirable environmental impacts
such as water pollution by nitrate leaching and the emission to the atmosphere of the
greenhouse gas nitrous oxide. The application of nitrification inhibitors (NIs) such as
dimethylpyrazole phosphate (DMPP) and dimethylpyrazole succinic acid (DMPSA) has been
proven to be an efficient management option to avoid N2O losses when applied together with
an ammonium-based fertilizer (Huérfano et al., 2018). Both DMPP and DMPSA have shown
that they can induce some changes in non-target microbial populations different from nitrifiers
in a single crop-cycle (Corrochano-Monsalve et al., 2021). Nitrification is a process known to
be greatly inhibited by low pH conditions, thus the performance of Nlis regarding both their
effect on nitrifiers and on non-target microbial populations may not be the same depending on
soil pH level. On the other hand, liming is a usual management in agricultural soils.
Consequently, the objective of this work was to determine by means of a metabarcoding
approach the performance of both NIs on soil microbial diversity under a slightly acidic pH
condition in comparison with a neutral pH one.

2. Materials and Methods

A three-year experiment with Italian ryegrass (L. multiflorum Lam. var. Trinova) crop was
carried out in Zamudio (Northern Spain) where two different pH level conditions of 5.5 (“low
pH”) and 7.0 (“high pH”) were maintained, adjusting the pH by means of calcined dolomite
application. Within each pH level condition, three fertilizer treatments were assayed:
ammonium sulphate (AS), AS+DMPP and AS+DMPSA. Nlis were applied at a rate of 0.8% of
the ammonium-N of AS. Each year, ryegrass was sown and then cut and fertilized three times,
a total amount of 600 kg N ha! were applied. At the end of the experiment soil samples were
taken and soil microbial diversity was analyzed through bacterial 16S rRNA and fungal ITS
massive amplicon sequencing using lllumina technology. Sequence quality control,
taxonomical and diversity analyses were conducted using QIIME2 2023.9.

3. Results

Alpha-diversity analysis showed that soil pH did not alter soil microbiota richness, while under
low pH, AS application induced a decrease in their relative abundance, this decrease not being
observed when NIs were applied. On the other hand, beta-diversity analysis signaled that
neither pH nor the application of AS had any impact on the variations detected among
treatments, while the application of NIs was responsible for 30% of the variation of the bacterial
composition and 13% in the fungal composition of soils (p<0.05).
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4. Discussion

Most studies showing an effect of pH on soil microbiota have stablished comparisons of wide
pH-ranges, between either different soils or same soils for an amount of time from twenty to a
hundred years (Zhalnina et al., 2015). So, probably pH may have a more evident pivotal effect
on microbial diversity when either long-term treatments or a wider range of pH to the one we
have assayed are considered. Regarding the impact of NIs, provided that their target
microorganisms are ammonia oxidizing bacteria, our results on beta diversity are of special
interest because they indicate that DMPP and DMPSA can affect non-target microorganisms,
both bacteria and fungi. This points to the need of future investigations on this topic.
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In intensive vegetable production systems, cover crops are usually incorporated into the soil
by disking prior to the subsequent crop. In recent years, silage tarps have gained popularity
amongst farmers in Quebec as a suitable tool for no-till cropping systems. Termination of cover
crops by roller-crimping is another strategy used by organic farmers. However, these practices
have not been studied extensively in vegetable cropping systems in Eastern Canada. Our main
objective was to assess the impact of cover crop termination with or without tillage on soil
health indicators.

A 2-year field experiment (2022-2023) was conducted on a clay loam at a research site in
Saint-Augustin-de-Desmaures, QC, Canada. An annual spring-seeded cover crop mixture was
terminated in mid-July, followed by a vegetable crop in both years. In 2022, a mixture of field
peas and oats was seeded, while in 2023, the cover crop mixture consisted of field peas and
faba beans. Treatments were arranged in a split-plot design with four blocks. Cover crop
termination methods were ascribed to main plots. They consisted of 1) roller-crimping, 2) flail-
mowing and tarping, 3) flail-mowing and incorporation by disking, and 4) a fallow control with
no-cover crop. The subplot factor was the fertilization rate of vegetable crops based on
provincial nitrogen recommendations (0%, 50%, and 100%). After the termination of cover
crops, broccoli and beetroot were transplanted in 2022 and 2023, respectively. At harvest time,
soil samples were collected at a 0-10 cm depth, and soil health indicators were measured
using soil-based lab tests.

The use of spring cover crops resulted in a higher proportion of water-stable aggregates
(>2mm) and a larger mean-weight diameter of stable aggregates compared to the no-cover
crop control. Soil respiration values were higher in the treatments with cover crop than in the
no-cover crop control, and soil bulk density was higher in the roller-crimped cover crop
treatment than in the other treatments. Broccoli and beetroot yields were lower in the roller-
crimped treatment compared to the other treatments. Surprisingly, yields were similar between
the no-cover crop control and cover crops incorporated by disking. Nonetheless, our results
showed that establishing spring-seeded cover crops into organic vegetable production
systems offers some soil health benefits in the short-term.
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1. Introduction

Soil organic carbon (SOC) sequestration is essential for sustaining soil health and food supply
in agroecosystems (Turmel et al., 2015). The amount of organic C stored in soil reflects a net
balance between C inputs and outputs (Kuzyakov and Domanski, 2000). Soil is a complex
matrix with a spatially heterogeneous distribution of SOM at different spatial scales (Schliter
et al.,, 2022). Soil aggregate-size classes govern microbial accessibility, nutrient status of
habitats, and SOC recalcitrance (Trivedi et al., 2017). Tillage intensity significantly influences
The heterogeneous distribution and dynamic changes of soil microorganisms, consequently
shaping spatio-temporal patterns of SOC decomposition. However, little is known about the
microbial mechanisms by which tillage intensity regulates the priming effect (PE) dynamics in
heterogeneous spatial environments such as aggregates.

2. Materials and Methods

Herein, a microcosm experiment was established by adding 13C-labeled straw residue to three
distinct aggregate-size classes (i.e., mega-, macro-, and micro-aggregates) from two long-term
contrasting tillage histories (no-till [NT] and conventional plow tillage [CT]) for 160 days to
observe the spatio-temporal variations in PE. Metagenomic sequencing and Fourier transform
mid-infrared techniques were used to assess the relative importance of C-degrading functional
genes, microbial community succession, and SOC chemical composition in the aggregate-
associated PE dynamics during straw decomposition.

3. Results and Discussion

Spatially, straw addition induced a positive PE for all aggregates, with stronger PE occurring
in larger aggregates, especially in CT soil compared to NT soil. Larger aggregates have more
unigue microbial communities enriched in genes for simple C degradation (e.g., E5.1.3.6,
E2.4.1.7, pmm-pgm, and KduD in Nitrosospeera and Burkholderia), contributing to the higher
short-term PE; however, CT soils harbored more genes for complex C degradation (e.g.,
TSTAZ3, fcl, pmm-pgm, and K06871 in Gammaproteobacteria and Phycicoccus), supporting a
stronger long-term PE. Temporally, soil aggregates played a significant role in the early-stage
PEs (i.e., < 59 days after residue addition) through co-metabolism and nitrogen (N) mining, as
evidenced by the increased microbial biomass C and dissolved organic C (DOC) and reduced
inorganic N with increasing aggregate-size class. At a later stage, however, the legacy effect
of tillage histories controlled the PEs via microbial stoichiometry decomposition, as suggested
by the higher DOC-to-inorganic N and DOC-to-available P stoichiometries in CT than NT. Our
study underscores the importance of incorporating both spatial and temporal microbial
dynamics for a comprehensive understanding of the mechanisms underlying SOC priming,
especially in the context of long-term contrasting tillage practices.
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Figure 1. Eastern Germany with 12 locations and two distinct lupine growing areas (south
indicated in blue and north in pink); size and color of the circles denote for each location, (A)
GHG emissions per unit land, (B) grain yield per unit land and (C) GHG emissions per unit
grain (carbon footprints)

1. Introduction

Reducing greenhouse gas (GHG) emissions from agriculture is crucial in combating climate
change, as this sector contributes significantly to overall anthropogenic GHG emissions. In
crop production major emissions, stem from the production of Nitrogen (N) fertilizer and related
nitrous oxide (N2O) emissions in the field. The broader integration of legumes in crop rotations
can potentially support climate change mitigation, as they can fix atmospheric nitrogen through
symbiotic relationships with soil bacteria and reduce the reliance on synthetic fertilizers and
respectivelyespectiveGHG emissions (van de Noort, 2016). Narrow-leaved lupin (Lupinus
angustifolius), a legume well-suited well suited to temperate climates with specific nutritional
qualities, has the potential to reduce carbon footprints associated with agriculture and human
nutrition (van de Noort, 2016). By processing it into protein-rich plant-based milk and meat
substitutes, lupin could significantly contribute to reducing the carbon footprint of the German
food sector. In this study, weand hence aim to investigate lupin carbon footprints for various
locations and over several years in Germany, to understand how lupin growth patterns relate
to GHG emissions and to explore its potential for mitigating climate change in key German
growing regions.
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2. Materials and Methods

In this study, we analyzed GHG emissions from various lupin genotypes across 14 sites in
Germany's main growing regions from 2002 to 2015. Data were sourced from post-registration
variety trials published in annual reports by state-level authorities (e.g., Jentsch et al., 2017;
Zenk et al.,, 2017). The dataset includes genotype-, location-, and year-specific yield
information (grain yield, thousand kernel mass, grain protein content) and management data
(timing, type, and amounts of sowing, fertilization, plant protection measures).

GHG emissions associated with lupin cultivation were quantified using a life cycle assessment
(LCA) approach, considering all cultivation stages from land preparation to harvesting. The
system boundary was defined from cradle to farm-gate, specifically focusing on GHG
emissions. Emissions stemming from material and energetic inputs (e.g., diesel for field
operations) were estimated using emission factors from established databases, while N20
emissions were assessed using the IPCC Tier 2 approach. Lupin cultivation for all genotypes,
locations, and years was assumed to occur on a 500-hectare farm with an average plot size
of 20 hectares and an average farm-to-field distance of four kilometers. Data management and
LCA calculations were performed using R Studio to comprehensively quantify GHG emissions.
Functional units considered were GHG emissions per unit land (carbon footprint land; CFPL),
per unit grain (carbon footprint grain; CFPG), and per unit protein (carbon footprint protein;
CFPP). Statistical tests, specifically ANOVA, were utilized to assess significant differences in
CFPL, CFPG, and CFPP among genotypes, locations, and years.

3. Results and Discussion

Across numerous combinations of lupin genotypes, locations, and years, the carbon footprint
per unit land, grain, and protein was assessed. Notably, N.O emissions were identified as the
leading contributor to total greenhouse gas emissions in lupin cultivation, followed by
emissions from diesel use, seed sowing, and fertilizer application. GHG emissions stemming
from plant protection products comparatively low due to small dosages applied per hectare.
Significant differences were observed among genotypes, locations, and years for all functional
units investigated (Figure 1). While there is limited potential to further reduce N.O emissions
concerning the carbon footprint per unit land (Figure 1), advancements in breeding and
management practices could enhance the carbon footprint per unit grain and protein. To
comprehensively evaluate the climate change mitigation potential of lupin and other legumes,
conducting a life cycle assessment at the crop rotation level is planned, considering lupin's role
in substituting mineral nitrogen for the subsequent crop. Additionally, employing
agroecosystems models and adopting a model-based Tier 3 approach for estimating N-2O
emissions will enhance the analysis. Plans also include broadening the assessment to
encompass the entire value chain, considering production, transport and processing to
different food items, to thoroughly assess the climate change mitigation potential of regionally
produced lupin-based proteins.

4. References

Jentsch, U., Glnther, K., Guddat, C. (2017) Landessortenversuche in Thiringen, Blaue Lupin,
Versuchsbericht 2016. Thiringer Landesanstalt fur Landwirtschaft, Jena; Themenblatt-Nr.:
23.02

Van de Noort, M. (2016) Lupin: An Important Protein and Nutrient Source, Sustainable Protein
Sources. Elsevier https://doi.org/10.1016/B978-0-12-802778-3.00010-x

Zenk, A., Pietz, G., Michel, V. (2017) Sommergetreide und Leguminosen 2017, Ergebnisse
Landessortenversuche - Anbaugebiet ,D-Nord/ MV Siid“. Landesforschungsan

29



18" Congress of the European Society for Agronomy

Increasing circularity — Impacts of co-product management on soil carbon and
greenhouse gas emissions (Oral #236)

Kairsty Topp, Christine Watson, Julie Ryschawy, Lucas Soerensen, Martin van ittersum,
Myriam Grillot, Tommy Dalgaard

Presenter: Kairsty Topp (kairsty.topp@sruc.ac.uk)

Keywords: co-products; REA; soil carbon; nitrous oxide

1. Introduction

In Europe and the UK, farms have typically become highly specialised with little or no
integration between crops and livestock enterprises either between or within farms, resulting
in an agricultural system that is highly dependent on purchased inputs for the supply of
nutrients to both crops and livestock. The consequence of this specialisation has meant there
is a risk of soil fertility declining in arable areas. In contrast, in livestock dominated areas, there
has been an excessive build-up of nutrients in the soil, increasing the risk of pollution (Watson
et al., 2019). Pollution of the environment coupled with greenhouse gas emissions from
agriculture has resulted in increasing interest in the concept of the nutrient circularity.
Frequently overlooked in assessing nutrient circularity in agricultural systems, is the return of
nutrients to the soils which are critical for maintaining soil health and rebuilding natural capital.
Co-products, such as crop residues, provide materials that can be manipulated and used in
different ways to enhance soil fertility. Here, the effect of co-product use on-farm has been
assessed through a rapid evidence assessment (REA). The review focused on assessing the
effect of co-product management on soil nutrient status, carbon stocks and nutrient losses.

2. Methodology

The focus of the REA was to assess the effect of the co-product management on soil nutrients,
carbon stocks and nitrous oxide emissions. The REA conducted in SCOPUS on 26/2/2023
was restricted to systematic reviews and meta-analysis, and articles published in English. The
co-product management options included in the search term were catch crop, grazed and
ungrazed cover crops, waste, manure, residues, composts, digestates and straw. Initially 236
papers were identified of which 20 contained data directly relevant to European climates.
Papers that reported the results at a global scale were excluded from the analysis. The data
extracted was the effect of the application of the co-product on soil nutrients, carbon stocks or
nutrient loss relative to the same management without the addition of the co-product.

3. Results

The results indicate that there are few meta-analyses or systematic reviews that report the
effect of the use of co-products on soil nutrients and nutrient loss from agricultural systems.
Composts and treated manures were only reported in one paper each. The co-products of
cover crop residues and manure, crop residues were reported in twelve, seven and four
papers, respectively. These papers mainly focused on soil carbon and nitrous oxide emissions.
Except for crop residues and soil carbon, the number of observations included in each of the
mean data points ranges from 362 for nitrous oxide emissions from manure to 966 for nitrous
oxide emissions from cover crops. The effect of including cover crops was to increase nitrous
oxide emissions by a factor of 2.25 (range 0.64-5.95), more than doubling the initial emissions.
This compares with a factor of 1.8 (0.6-3.63) and 1.49 (0.98-2.16) for manures and crop
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residues, respectively. The comparable values for soil carbon were 1.08 (1.04-1.13), 1.11
(1.05-1.29), 1.14 (1.03-1.24) for cover crops, manures and crop residues respectively.

4. Discussion

The REA highlighted that there is currently a lack of meta-analyses or systematic reviews that
assess the effect of co-product use that is specifically relevant to European agriculture.
Although the results from the global meta-analysis may be relevant, it is important to recognise
that crops, and pedoclimatic conditions may influence the magnitude of these effects. The
results highlight that use of cover crops, manures and crop residues are likely to increase both
soil carbon storage and nitrous oxide emissions. Increasing soil carbon is likely to improve the
soil structure and improve fertility. However, from a net zero perspective, this needs to be
traded off against the increase in nitrous oxide emissions. It is also important to recognise that
the papers assessed have focused on soil carbon storage, which may not result in long-term
carbon sequestration. This work also highlights the importance of assessing all the flows within
the farming systems and identifying opportunities within the entire system to mitigate
emissions. The social and economic implications of co-product utilisation also need to be
considered.
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Figure 1. Geographical distribution of the origin of the cultivars studied

1. Introduction

Providing solutions to facilitate agro-ecological, dietary and energetic transitions is a way to
limit consequences of the climate change. Due to their ability to fix nitrogen in the soil and their
nutritional qualities, pulses are crops that can contribute to these transitions. However, the
poor varietal offer in pulses is an obstacle to increase their cultivation, especially for lentils
(Lens culinaris Medik.). The main lentil cultivar is Anicia: obtained in 1966, it represents up to
80% of the French lentil production (Terre Univia, 2022). Participatory variety selection may
lead to an improvement of varietal offer for underutilized crops (Chable et al., 2014; FAO,
2011).

Lyon is one of the cities with the highest increase of temperatures in the South of France:
hence, between 1980 and 2009, the climate changes from temperate humid to
submediterranean (Leliévre et al., 2011). In the metropolitan area, various actors including the
Metropolis of Lyon, carry a strong political will to screen lentil varieties in order to enlarge the
varietal offer and be able to provide nutritious organic pulses to collective restaurants.

The aim of this study is to conduct a multi-criteria evaluation of numerous lentil varieties to
select those best suited to the many challenges facing the Metropolis of Lyon.
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2. Materials and Methods

This project involves several types of actors: researchers, CRBA (Centre de Ressources de
Botanique Appliquée, an associative seed bank), Metropolis of Lyon, the Pauline & Valérie
Mercan Foundation, farmers, catering professionals and healthcare professionals.

The first step of the project is to collect varieties from seed banks (IPK genebank, GEVES,
INRAE, ProSpecieRara, CRBA). The received samples were cultivated in order to multiply and
screen the varieties. Participatory meetings have been organized to identify agronomical and
nutritional traits of interest. The chosen agronomical traits were characterized according to
established protocols (Ahmad et al., 2021; UPOV, 2015). In the second year of the project, a
mother-baby trial has been set up in several on-farm experimental sites according to the
methodology developed by Snapp (2002) to select lentils adapted to the various microclimates
corresponding to the farms located in the experimental area.

3. Results

110 lentil samples were collected from seed banks and evaluated according to their seed
phenotype and distance from their origin center of cultivation. Among them, 35 varieties,
representative of the observed diversity, were sown and evaluate in field in 2023, leading to
the identification of five different clusters (PCA analysis). The most discriminating traits were
the color of the grain, the time of flowering and the yield.

Finally, 14 varieties have been collected in sufficient quantity to integrate a mother-baby trial
in 2024 (Figure 1). In addition, five control varieties provided in large quantity by partner
farmers and ProSpecieRara have been sown in the five on-farm experimental sites.

4. Discussion

The initial varieties have been pre-selected, particularly from an agronomic point of view,
thanks to this first original screening. They are now going to be assessed for morphologic and
agronomic traits but also for nutritional traits (analyses of proteins, fibers, minerals, trace
elements) which will help to identify varieties and maybe ideotypes corresponding to the criteria
of the project’s stakeholders. Moreover, the developed methodology will be applied to other
pulse crops (peas and beans).
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1. Context description and research question

An increasing number of farmers are considering the impact of conservation practices on soil
health to guide sustainable management of vineyards. Understanding impacts of soil
management on soil organic carbon (SOC) is one lever for adoption of agroecological practice
with potential to help maintain or improve soil health while building SOC stocks to mitigate
climate change (Amelung et al., 2020). Despite the potential of perennial cropping systems as
C sinks, a major part of the world’s agricultural landscapes remains dominated by specialized
practices and, although winegrowers understand how to improve SOC, they face real or
perceived challenges in adopting soil conservation practices. In this study, we analyzed
extension specialists’ perceptions of the challenges and opportunities to maintain or increase
SOC in vineyard soils in two main wine producers, in France and in the United States. Our
goal was to characterize current practices and better understand the challenges at the farm
level (structural barriers, trade-offs, conflicts of interest, education and training) regulating
adoption of practices favorable to SOC. The 4 contexts are USA-cool, USA-warm, F-cool and
F-warm vineyards.

2. Method and Theoretical background

To identify universal principles in vineyard soil management, we conducted exploratory semi-
structured interviews in both warm and cool climate areas in France and in United States, to
get some universal practices and challenges, not depending on climate variation. The results
could then, be transposed to any other vineyard. We identified 16 extension specialists in each
country; eight in cool climates and eight in warm climates. Our hypothesis was that the
structure of the supply chain in each of the four regions (France/warm, France/cool, U.S./warm,
U.S./cool) would impact barriers and levers for adoption.

3. Results and Discussion

We found seven SOC-favorable practices already managed in France and USA, both in cool
and warm climates. All extension specialists reported that cover crop, organic fertilization,
tilage reduction, grazing, agroforestry, mulching and herbicide use reduction are already
implemented by some winegrowers and should be further incentivized. We found details about
cover crop characteristics including the surface area of cover crop, the diversification of
spontaneous and sown the species in cover crop, and turning over the cover crop. Using
compost or returning pruning residues to the soil were highlighted by interviewees as important
practices for organic fertilization. We found economic, agronomic, educational, conflict of
interest and structural challenges to practice adoption. 69% of the extension specialists
mentioned the cost of the practice as the first challenge to adoption SOC-favorable practice,
and the potential negative impacts of yield. An agronomic challenge identified specifically was
concerns over competition of cover crop with vine vigor. Education and training of winegrowers
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needed included knowledge to implement the practices at the field scale and systems redesign
at the farm scale. Conflicts of interest included potential food safety issues associated with
livestock grazing, particularly in table grape production. A first structural barrier identified
included climate of the location of the vineyard for competition for water and nitrogen, which is
a big issue with the actual change of the climate. A second structural barrier identified included
planting density for agroforestry in Protected Designation vineyards and availability of organic
fertilizers next to the farm. Greater emphasis on addressing the challenges to adoption of SOC-
favorable practices is urgently needed to inform national and regional agricultural policies in
both countries.
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1. Introduction

Cultivating cover crops is considered one of the most promising practices for agricultural soil
carbon sequestration (Kaye and Quemada 2017). However, biophysical estimates of the
potential for offsetting greenhouse gas emissions (GHG) by cover crops have been critiqued
as unrealistic (Moinet et al., 2023). This is due to the omission of agronomic and
socioeconomic constraints, such as the length of the growing season. Understanding and
incorporating farmers’ views on the feasibility of soil carbon sequestration practices is an
indispensable step before implementing any schemes for carbon sequestration in agricultural
land.

We developed and tested a methodological framework to quantify the potential adoption of
cover crops in three European countries (the Netherlands, Germany and Spain). Using this
framework, we answered the following research questions: (1) What is the current adoption of
cover crop cultivation? (2) What is the potential and adoption gap for the cultivation of cover
crops? (3) Which agronomic constraints hinder further implementation?
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2. Materials and Methods

Qualitative interviews were conducted with agricultural experts in each region (n = 8) to gain a
deeper understanding of the farming systems and used to formulate a context-specific
guestionnaire distributed online at the three study sites.

We developed a framework that allowed the quantification of adoption gaps, identifying
constraints that lie beyond the farmer’s immediate control or those that can be optimised
through best management. Data was collected through an online survey among 321 farmers
in three European countries (Germany, the Netherlands and Spain). Farmers were asked to
report their crop rotation, cover crop cultivation and area of crops sown in spring. Based on
these data, we quantified the potential agronomic adoption and relative adoption gap.
Afterwards, farmers were asked to evaluate drivers and constraints linked to their adoption
gap. Comparing adoption rates across different edaphic and environmental settings provided
a context-specific overview of opportunities for increased adoption (Figure).

3. Results

First results show that the current adoption of cover crops varies greatly depending on climate:
While almost all farmers employed cover crops in the Netherlands, around 80% of the farmers
did so in Germany and only 10% in Spain.

In Germany and the Netherlands, current adoption rates are close to the attainable potential,
with further expansion limited due to existing winter cover in the crop rotation. On average, the
adoption gaps were around 25% and 20% of the agricultural area in the Netherlands and
Germany, respectively, when considering the share of land with a spring-sown crop. In Spain,
adoption is constricted by water availability. Only a few farmers adopt cover crops in irrigated
arable land.

Agronomic constraints generally impede the further expansion of cover crops. In the
Netherlands and Germany, the most cited constraints were related to cover crop
establishment, especially after a late harvest of a previous crop.

4. Discussion

Our findings show that, based on growing seasons, there is only a small gap for cover crop
expansion in Germany and the Netherlands. Moreover, the continuous implementation of
cover crops faces challenges from weather constraints, particularly following late harvests and,
in Spain's case, water availability, which make the successful establishment of a cover crop in
all fields and all seasons challenging.

Given the narrow-identified gaps and the fact that most of those gaps can be explained by
agronomic constraints outside management optimisation, continuous adherence to the
practice might not be feasible. Based on these insights, there is a limited agronomic potential
for additional C sequestration by cover crops in Europe.

Despite multiple policies and regulations encouraging adoption, based on the agronomic
constraints presented here, we estimate that some of the forecasted biophysical potentials of
C sequestration are overestimated by at least 70% for our study sites, without considering
other limiting factors, such as saturation or leakage effects.
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Figure 1. DEXi PM sustainability evaluation of codesigned strategies

1. Introduction

Viticulture is facing emerging challenges not only because of the effect of climate change on
yield and composition of grapes, but also of a social demand for environmental-friendly
agricultural management. Adaptation to these challenges is essential to guarantee the
sustainability of viticulture. Grapevine varieties are susceptible to fungal attacks, insects, and
wood diseases (Mian et al., 2023). In 2016, French vineyards exhibited a notably high Pesticide
Treatment Frequency Index (Fouillet et al., 2023), thereby presenting potential risks to
groundwater, air quality, soil integrity, and human health. Transitioning to low-input viticultural
systems is urgent. This study uses DEXiPM (DEcision eXpert for integrated Pest Management)
to evaluate sustainability across economic, social, and environmental pillars in low-input
vineyard systems. The Rieutort vineyard watershed (France, Hérault) serves as a case study,
adopting a participatory approach. Interviews with winemakers characterized the area and its
pesticide use. A role-playing game was used to design agricultural practice change strategies.
DEXiPM Grapevine qualitatively evaluates innovative and virtual cropping systems. Strategies
are simulated to assess sustainability and compared with initial situations. This study focuses
on DEXiPM Grapevine simulations and results to identify promising sustainable vineyard
systems for broader regional adoption.

2. Materials and Methods

Types of Vineyard Operations Considered: Data from a survey in the Rieutort watershed
provided information on 23 vineyards. Four types were considered: HEV-Coop mixed, HEV-
Coop 100% PGI, Organic -Saint Chinian, and PDO-Saint Chinian.

Evaluation of Low-Input Vineyard Systems Sustainability:
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Presentation of DEXiPM Grapevine Tool: DEXiPM Grapevine operates based on a detailed
and transparent tree structure, aggregating simple information to estimate complex variables.

Number of Simulations: Co-designed strategies by experts and local actors were simulated
with DEXiPM Grapevine to evaluate their impact at the farm and watershed scales to assess
practice changes.

3. Results

Sustainability of HEV-Coop mixed Strategies: Initial situations showed low environmental,
medium economic, and high social sustainability. Co-designed strategies significantly
improved sustainability across all pillars.

Sustainability of HEV-Coop 100% PGI Strategies: Initial situations showed low environmental
sustainability. Co-designed strategies improved environmental and economic sustainability but
slightly decreased social sustainability (Figure 1A).

Sustainability of Organic -Saint Chinian- Strategies: Initial situations exhibited high
sustainability across all pillars. Co-designed strategies further improved environmental
sustainability while maintaining economic and social sustainability.

Sustainability of PDO-Saint Chinian- Strategies: Initial situations showed medium
environmental sustainability and high economic and social sustainability. Co-designed
strategies significantly improved environmental sustainability (Figure 1B).

4. Discussion

DEXiPM Grapevine highlighted modest sustainability improvements, primarily in
environmental pillars across all vineyard types. Expert-co-designed strategies showed better
sustainability enhancements compared to locally designed ones. Key practice changes
included herbicide elimination, cover crop development, and adopting resistant varieties.
However, DEXiPM Grapevine only provides qualitative evaluations of system sustainability
and does not simulate changes in pesticide content or yield outcomes. Further studies using
mechanistic models could provide detailed insights into these aspects.

5. Conclusion

Adopting low-impact viticultural practices requires system redesign at various scales. The
RippViti project aimed to develop and evaluate pesticide reduction strategies at a vineyard
territory scale. This study evaluated environmental, economic, and social sustainability of
innovative strategies using DEXiIPM Grapevine. Most evaluations showed improved
environmental performance without compromising economic and social sustainability. The
widespread adoption of proposed agronomic strategies could lead to reduced environmental
impacts in vineyard practices.
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Figure 1. Grain yields of (A) two cultivars and a local landrace of finger millet in Kenya, given
no fertilizer, wood ash only, synthetic fertilizer only, and the combination; (right), five cultivars
of cowpea in Uganda at three sites

InnoFoodAfrica was a Horizon 2020 project running from 2020 to 2024, with the aim of
improving productivity and sustainability of food systems in Ethiopia, Kenya, South Africa and
Uganda. The work-package on crop production practices used Farmer Participatory Research
(FPR). Experiments in each country tested the impact of certain inputs on modern cultivars
and local landraces, with three iterations. Several (usually pre-existing) teams of 10 — 20
farmers were engaged for work on each crop. The crops were faba bean, teff, maize and
orange-fleshed sweet potato (OFSP) in Ethiopia; cowpea, finger millet, amaranth and OFSP
in Kenya; cowpea, Bambara groundnut and OFSP in South Africa; and cowpea, finger millet,
sorghum and matooke banana in Uganda. Seeds and inputs were provided by the project. The
farmers did the work under the guidance of local experts and, importantly, made the decisions
on how to proceed based on the outputs of the research. Since communities were involved,
eating quality of the harvest was investigated and formed an important part of the decision-
making process. In the first iteration, the full factorial of cultivars and inputs, with replicates,
was established on 2 — 4 farms. In the second iteration, the number of treatments was reduced,
the size of the plots was increased, and several “baby trials” demonstrating favoured
combinations of cultivar and input were established on participating farms. The third iteration
was a scaling-up phase, with fewer but the best treatments in the replicated experiments and
more baby trials.

Both genetics and management contributed to improved yields. The best modern cultivars
outyielded landraces 1.2-fold to 5-fold, even with low inputs, and the most effective input
packages increased yields by similar margins.
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One of the key management factors was sowing in rows instead of broadcasting. This enabled
weed control by hoeing instead of hand-weeding, and the application of inputs, such as lime
in Ethiopia, to only 25% of the plot. To ease the consistency of row spacing, a farmer in Uganda
invented a simple row-marking tool consisting of nails driven into a plank towed by ropes.

Farmers chose which treatments to combine. Manure-fertilized amaranth in Kenya had strong
stems, while synthetically fertilized amaranth had large seed heads, so the farmers chose a
50 : 50 blend for the next round, producing plants that both stood well and yielded well. Adding
a foliar fertilizer, containing micronutrients, boosted yield further. Wood ash, a traditional seed
protectant for finger millet in Kenya, boosted yields in combination with synthetic fertilizer
(Figure 1A).

Traditional and modern knowledge conflicted when it came to sowing of Bambara groundnut
in South Africa. Culturally, this may not happen until after 15 December, but the climate has
changed enough that this is several weeks too late for maximum yield.

Dual-purpose crops were not successful. Amaranth and cowpea leaves are traditional green
vegetables, but the best cultivars for vegetable use were not the best for seed production, and
leaf harvest set back potential seed yield.

Rhizobium inoculation of faba bean was clearly effective in Ethiopia; that of cowpea in Kenya
was less so, suggesting that the soils were deficient in more than just N and that the condition
of the inoculum was not optimal.

Eating quality was an important determinant of choices. Nitrogen-fertilized OFSP was almost
universally watery and of poor texture, unfertilized being much preferred; and in several cases,
the second-highest yielding cultivar of OFSP was preferred over the highest-yielding. One new
cowpea cultivar, NaroCowpea-2, was praised by the Ugandan farmers for its excellent flavour,
although another often yielded more (Figure 1B). When the faba bean crop was harvested,
some of the Ethiopian farmers preferred their landrace, but 6 months later said that the new,
2.5x higher yielding cultivar, was just as good.

The project demonstrated several ways in which yields, profits and nutrition could be raised on
farms. Continued access to inputs, such as fertilizers, outside the project is a challenge. It is
up to each farmer to decide how to proceed.
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The agro-ecological transition confronts the agricultural world, and agronomists in particular,
with the need for new, more systemic knowledge on a variety of objects and scales to go
towards diversified cropping system (Ditzler 2022). The means that have been implemented
for majority crops such as wheat or corn in intensive production systems cannot be deployed
for such diversified systems and are not enough to fully equip the transition of agri-food
systems (Lacoste et al. 2021). It is therefore necessary to rethink the very means of producing
this knowledge. Regarding experimentation as a major mean for knowledge production in
agricultural sciences, the most common practices remain those led by an analytical approach,
within the researchers’ controlled environment of experimental stations. Other types of
experiment are being developed or reconsidered, such as long-term system experiments (eg
Longis et al. 2024) or experiments led by R&D with farmers (Salembier et al. 2023), or even
experiments carried out by farmers themselves (Catalogna et al. 2022), these types being
interestingly characterized by their collective nature. We therefore assume that innovation
towards agro-ecological practices is based on more or less complex combinations of these
different forms of experimentation and implies more collective and multi-actor dimension. It is
through this prism that we have decided to approach experimentation.

In this communication, we analyzed these diverse processes of experimentation in relation
with the way they renew knowledge production. We conducted 31 semi-structured interviews
with stakeholders from French institutions, including researchers, advisors from chambers of
agriculture or cooperatives, and leaders of development groups. These stakeholders were
selected based on their involvement in experimental projects with inter- or intra-organizational
partnerships, and who had a role within the experiment that gave them a comprehensive view
of it. These interviews were completed by documentary analysis (mainly meeting reports or
experiments’ valorizations) and participation in events such as trial visits.

The inductive and comparative analysis of these stories of experimentation processes enables
us to characterize their diversity according to several axes of interpretation. We in fact identify
the diverse intertwining of the “How” (experimental set-ups, in their biophysical and
organizational dimensions) and the “Why” (objectives assigned to the implementation of
experimentation). This allows us to construct ideal-types (Weber, 1949) of collective
experimentations that differently contribute to fuel transitions towards agroecology. This
analysis seems to us to be a necessary step towards a better understanding of collective
agronomic experiments in the context of diversification of agricultural systems, in order to
provide better tools for these complex, multi-stakeholder processes.
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Historically, cocoa cultivation in Cote d'lvoire has moved from the east in the mid-20th century
to the west of the country in recent years. The preferred method of cocoa cultivation is on
previous forest land use, after clearing and burning the primary forest and girdling the residual
trees (Norris et al., 2010). Today, there are 4.4 Mha of cocoa cropping systems cropped by
around one million farmers (FAOSTAT, 2024). The average yield per hectare has been
declining steadily for the past twenty years, from 700kg of dry beans per hectare to
500 kg ha. In addition, the market price for chemical or organic inputs such as fertilizers and
pesticides, which could help alleviate these problems, is substantially rising, while the
investment capacity of farm households is declining. As a result, farmers are using few or no
inputs to improve soil quality or combat pests and diseases. Consequently, there is an urgent
need to find agroecological solutions that farmers can implement autonomously to restore the
support, regulation and production functions of their cocoa plots.

With the aim of identifying innovative practices to address these issues, a participatory design
process is currently underway in three villages in Cote d'lvoire, each located within a different
historical cocoa-growing loop. The choice to work in three zones where cocoa farming has
been established at different periods was made so as to cover a diversity of issues. These
zones are broadly differentiated by the age of the cocoa agroforestry systems (CAFS) found
there: from ageing in the east of the country (80 years on average), to mature in the center (25
years on average), to young in the west (10 years on average). Working with twenty farmers
in each village, the participatory design process involved three stages. Firstly, an individual
agronomic diagnosis of the CAFS is led, in the form of an in situ interview with the farmer.
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Secondly, fourteen workshops are set up in each village, combining discussions and field work,
to (i) define common co-design objectives and (ii) jointly develop technical solutions based on
constructive exchanges between farmer and researcher participants. Thirdly, an experimental
protocol adapted to the co-design process participants is set up to establish a prototype of
these co-designed technical solutions in situ, in the plots of volunteer cocoa farmers who had
taken part in the approach.

Problems common to all three villages related to (i) the decline in solil fertility, due to the
depletion of soil resources (Tondoh et al., 2015), and (ii) the resurgence of cocoa tree diseases
and pests, due to the increase in in food resources for these pests (Rusch et al., 2016)
resulting from the significant expansion of cultivated cocoa farms, emerged. Varied local
knowledge relative to the pedo-climatic context has led to original solutions, based on
agroforestry (naturally-assisted regeneration and nursery seedling production) and the
application of organic inputs (biopesticides and compost), which are currently being tested with
volunteer cocoa farmers. We compare, analyze and question the different technical choices
made between these three zones in relation to the history of cocoa farming and the age of
CAFS.

This participatory design approach revealed clear advantages in terms of hybridizing
knowledge, and thus enables participants to learn complementary knowledge (Tengé et al.,
2014). 1t is therefore expected to be a driving force in the spontaneous implementation of
experiments by farmers to move towards more resilient systems and promote the
agroecological transition of cocoa value chains (Alif et al., 2024). However, this approach is
still very time-consuming and costly compared with conventional training courses. We question
current co-design methods and propose an original way of implementing technical advice with
new methods and new tools that would allow upscaling and having an impact on a larger
number of targeted stakeholders.
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1. Introduction

There is a growing interest among farmers and consumers for grain legumes in Sweden and
potential in increasing their production and consumption (R66s et al., 2020). This requires
better knowledge among farmers and advisors about suitable species, varieties and
management practices for different conditions. Since cultivar suitability and management
practices including postharvest handling are highly farm-specific, farmers need to gain their
own experience (Cristofari et al., 2018). Synergies between the ways of learning of scientists
and farmers are highly relevant in this regard. We analysed on-farm experiments designed,
managed and evaluated in a collaboration between farmers and researchers. We focus on
what farmers and researchers gained from the project and how to facilitate this type of
collaboration.

2. Materials and Methods

Farmers in southern Sweden were invited by researchers to form a group in a project aiming
to increase cultivation of grain legumes for food. Farmers and researchers collaborated on the
definition of the design, management and evaluation of experiments. Fifteen on-farm
experiments were performed in 2018 and 2019. Researchers performed measurements on the
experiments and organised semi-structured interviews and a workshop to present and discuss
the experiments. The researchers collected data on farmers’ perceptions of the overall
collaboration and critical reflections on the learning process. Data from communications,
meetings and field notes were summarised under themes adapted from the framework for
farmers’ experiments developed by Catalogna et al. (2018).

3. Results and Discussion

The farmer-researcher collaboration generated practical knowledge on crop management,
strategic knowledge on economic sustainability and knowledge about joint learning.

The experiments on new or relatively new grain legume species like lentil and grey pea often
combined several aims related to agronomy: learning about the crop’s growth cycle and
potential difficulties, testing intercropping and comparing varieties. With relatively well-known
crops like fava bean and yellow pea, the experiments focused on establishment methods and
weed control or on establishing a relationship with a retailer for human consumption.
We identified multiannual experimental itineraries (Catalogna et al., 2022). Several farmers
tested more than one novel practice at a time.

Grain postharvest handling steps such as cleaning and selling were considered by farmers to
be integral components of the experiments, especially in relation to trying a new crop or testing
the impact of a new practice on postharvest handling (e.g., intercropping). The farmers
considered one of the main benefits of on-farm experiments compared to researchers’ typical
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on-station experiments to be their larger scale and the possibility to have a holistic approach,
assessing feasibility of all steps from accessing seeds to selling products.

The experiments provided site-specific knowledge that was also often relevant to other farmers
in the group. Using a collective setting to evaluate experiments accelerated the learning
process and stimulated interest in new crops and new practices, leading to new experiments.
The on-farm experiments combined advantages of ‘pure’ farmer experiments and ‘pure’
researcher experiments (Hansson, 2019), facilitating deeper analysis and understanding of
outcomes. The farmers stated that working with researchers and with their peers increased
their motivation to test innovative practices and that the external analytical view of researchers
had been instrumental for extracting additional knowledge and deriving alternative
conclusions. Farmer—researcher collaborations using on-farm experiments can enhance
collective learning by combining complementary perspectives throughout the experimentation
process.
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Figure 1. The number of times a goal and a PM method appeared in the same paper. Note:
most papers applied several method and pursued serveral goals

1. Introduction

Participatory modeling (PM) is an approach in transdisciplinary research in which stakeholders
are actively involved in the modeling process (Halbe et al., 2018). The aim is to improve the
accuracy of quantitative models (e.g. hydrological models, yield models) (e.g., Beall et al.,
2011; Buchheit et al., 2015) or make qualitative models (e.g. actor networks, decision-making
processes) (e.g., Bos et al., 2020; Giordano et al., 2021) more realistic. This can contribute to
the improvement of policy measures or management, supports social learning or contributes
to a better understanding of values and decisions. Although the goals and tasks of PM overlap
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with those of real-world laboratory research (Maring et al., 2022; McPhee et al., 2021), we
found that to date PM has very rarely been applied in living lab research.

2. Materials and Methods

We analyzed 78 case studies and provide a systematic overview of 17 different methods (such
as system dynamics, agent-based modeling, Bayesian networking, social network analysis
etc.) and 10 objectives of PM (e.g., improving policies, understanding stakeholder priorities,
improving numerical models, improve system understanding, etc.). We show (1) which PM
methods were used in transdisciplinary research in the agri-food system and to what extent
and in which combination each method was used how frequently, (2) which specific objectives
were pursued with which method, and (3) whether correlations existed between individual PM
methods and the degree of stakeholder involvement.

3. Results

Our results give insights into research questions and goals currently explored through PM in
the agri-food system. Our results show a clear connection between specific methods and
specific goals and highlight methods often used together. We also highlight which methods are
applicable towards several goals or only towards specific ones, and show significant
differences in how often certain methods have been used in our sample. We also found
differences in the level of stakeholder participation by method or pair of methods and will
provide descriptions of case studies.

4. Discussion

We show ways in which researchers can expand their range of skills and institutions can build
capacity through targeted methods training or hiring, and which methods appear to be
particularly suitable for living lab research due to their particularly strong stakeholder
involvement (we plan to describe specific studies from our analysis). Our results also help
reviewers evaluate living lab research proposals that include PM methods by providing case
study precedents. Ultimately, we intend to help establish PM more firmly as an approach in
living lab research, for example in light of the European Partnership Agroecology and the EU
mission "Soil Deal for Europe”, which aim to greatly expand living lab research in the
agricultural sector in Europe.
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Figure 1. Yield change (%) in no input systems averaged across sites (A) due to climate
change only (CC only), soil fertility declines only (SF only), the combination between CC and
SF (CC and SF combined). Yield change (%) with ISFM (160 kgN and 4 tC organic
amendment) compared to no C&N input over years for the four sites (B). Data are from the
median of 16 soil-crop models' simulations

1. Introduction

Sub-Saharan Africa (SSA) faces significant food availability issues largely due to low soil
fertility leading to low crop yields. Climate change is expected to exacerbate these issues due
to a combined negative impact on crop yield and soil fertility. Integrated soil fertility
management (ISFM) implies the combined use of mineral and organic fertilizers and is seen
as a solution to increase soil fertility and crop yield, yet it is uncertain how this advantage is
maintained with climate change. Soil-crop models are useful tools to assess the performance
of ISFM. Multi-model simulations are often more robust than single-model simulations and
contribute to understanding and reducing modelling uncertainty (Falconnier et al., 2020).

In this study, we aim to i) evaluate multi-model performances for long-term simulations of crop
yield and soil organic carbon (SOC) and their feedbacks (Couédel et al., 2024), ii) use the
calibrated multi-model ensemble to explored the impact on maize yield for scenarios of change
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in soil fertility and climate variables in four representative sites in SSA with no input and ISFM
management (Couédel et al., submitted).

2. Materials and Methods

We compared the performance of 16 soil-crop models using data from four long-term
experiments at sites in SSA with contrasting climates and soils. Each site had experimental
treatments including no exogenous inputs and ISFM. Once calibrated and evaluated we used
the multi-model ensemble under reset and continuous simulations over 30 years to assess the
impact of soil fertility vs change in climate variables (temperature, rainfall, and CO) on crop
yield. In reset simulations, SOC, soil nitrogen and soil water were reinitialized each year with
the same initial conditions. In continuous simulations, SOC, soil N and soil water values of a
given year were obtained from the previous year's simulation, allowing for cumulative effects
on SOC and crop yields.

3. Results

Model ensemble evaluation show that uncertainty increased over the duration of the long-term
experiments. SOC simulations uncertainty was largest when organic amendments were
applied, whilst yield predictions uncertainty was largest when no inputs were applied. We found
discrepancies among models in simulating soil-crop feedbacks due to uncertainties in
simulated carbon coming from roots and simulated crop N supply from soil organic matter
decomposition. Yet when used as an ensemble, the 16 models enable to reproduce with
satisfactory accuracy yield and SOC dynamics in all sites.

In the scenario analysis, most models agreed that with baseline management (no input) the
magnitude of yield changed was much larger when considering declining soil fertility with
baseline climate (-39%), compared with considering constant soil fertility but changes in
temperature, rainfall and CO, (from -12% to +5% depending on the climate variable
considered) (Figure 1.A). The model ensemble showed that when changes in soil fertility were
taken into account, the advantages of ISFM systems over no-input systems increased over
time (+190%) (Figure 1.B). This increase in ISFM benefits was greater at sites with low initial
soil fertility.

4. Discussion

We found that soil fertility changes had more impact than climate change on maize crop yield
in SSA. We argue for the urgent need to consider long-term soil-crop feedbacks in climate
change studies to avoid largely underestimating the impact of climate change and ISFM on
food production in SSA. The model evaluation also emphasizes the need for long-term
experiments in which root and soil N dynamics are monitored. This will provide the relevant
data to improve and calibrate soil-crop models, leading to more robust and reliable simulations
of SOC and crop productivity, and their interactions.
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Figure 1. Impact of climate change on relative yield change in rye under different scenarios

1. Introduction

Process-based crop models are helpful tools in studying genotype X environment x
management (G x E x M) interactions in agriculture (Boote et al., 2013). With climate change
(CC) threatening global food security through increased droughts, higher temperatures, and
altered precipitation patterns, understanding its potential effects on crop production is crucial
(Challinor et al., 2014). Crop modeling is pivotal for exploring adaptation measures to CC
challenges (Asseng et al., 2015). This study focuses on rye, a promising crop in temperate
regions due to its high resource use efficiency, adaptability to drought and frost conditions, and
low input requirements. Assessing rye production under current and future climatic conditions
is essential for adapting cereal production in key northern hemisphere regions. Our research
aims to provide insights into the potential impact of CC on rye production, utilizing the adapted
DSSAT-CSM-CERES-Rye model to evaluate its effects on crop yields and identify adaptation
strategies (Shawon et al., 2022). Additionally, this study enhances understanding of rye's
resilience and adaptability under changing climatic conditions, supporting the development of
sustainable agricultural practices amidst CC challenges.
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2. Materials and Methods

In this study, the LARS-WG6 stochastic downscaling model (Semenov et al., 2002) was used
to generate future climate data, calibrated and validated with historical climate data from 1985
to 2020 across multiple locations: Bohnhausen (Germany), Jogeva (Estonia), Jokioinen
(Finland), Raasdorf (Austria), Choryn (Poland), and Lethbridge (Canada). Daily climate
variables were simulated at these locations by leveraging the statistical characteristics of
observed climate data, with interpolation for ungauged locations conducted using the inverse
distance weighting method. Weather generator parameters from two global climate models
(GISS-E2-R-CC and HadGEM2-ES) were applied under the RCP 4.5 and RCP 8.5 scenarios.
The impact of climate change on rye production was evaluated using the CSM-CERES-Rye
model, which simulated critical crop characteristics, including phenology, growth, and yield.
Simulations covered three time periods: the base period (2001-2020), mid-century (2031-
2050), and end-century (2081-2100), providing a comprehensive assessment of rye production
under various climate change scenarios throughout the 21st century.

3. Results and Discussion

The study evaluated projected changes in crop vyields under different representative
concentration pathways (RCPs) for selected sites (Figure 1). Results revealed that by mid-
century, RCP4.5 was anticipated to yield an increase ranging from 8% to 48%, while RCP8.5
exhibited a larger increase ranging from 38% to 87%. Similarly, by end-century, RCP4.5 was
projected to yield an increase ranging from 14% to 60%, while RCP8.5 was expected to yield
an increase ranging from 43% to 93%, taking into account CO2 fertilization. Further analysis
of location-specific data may unveil interesting disparities in projected yield changes.
Additionally, it's noteworthy that future rye production in the northern hemisphere could
potentially benefit from ongoing climate change due to an elongated growing season and
increased CO2 concentration.
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1. Introduction

Although breeding progress is contributing to climate change mitigation through increased land
use efficiency (Laidig et al., 2021), nitrogen use efficiency (Laidig et al., 2024), and a decreased
carbon footprint (Riedesel et al., 2022), increasingly adverse weather conditions exert negative
impacts on crop production and food security. Crop modeling serves as a powerful tool to
investigate the interactions between genotype (G), environment (E), and management (M) by
simulating the plant-soil-atmosphere system. Through in-silico experiments, crop models
enable the simulation of crop growth, development, and yield formation under future climatic
conditions. This study aims to define ideotypes, i.e., in-silico genotypes that exhibit high mean
yields at high yield stability, and a minimized carbon footprint under different environments
using the crop model CERES-Barley model embedded in DSSAT. By calibrating and
evaluating the model based on field experiments and multi-environment trials, we aim to
generate robust predictions and design a climate-smart in-silico genotype.

2. Materials and Methods

To effectively employ crop simulation models, calibration for target genotypes and
environments is essential, followed by performance evaluation to ensure accurate predictions.
In this study, we use detailed multi-environment phenology, growth, and yield data of the elite
barley cv. RGT Planet to parameterize the CERES-Barley model, based on an extensive two-
year field experiment in Berlin Dahlem, where we collected growth and yield data under three
irrigation treatments and a large dataset consisting of a multi-environment trial dataset
covering 33 site years of pre-registration trials from 2014 to 2019. We use the time series
estimator tool (TSE) for DSSAT to calibrate cultivar-specific coefficients by minimizing the
normalized root mean square error (NRMSE) between simulated and observed data. We then
use the parametrized and evaluated CERES-Barley model to investigate yield production
under current and future climatic conditions. Through a hybrid method that combines the
CERES-Barley crop model and life cycle assessment, we conduct in-silico experiments by
simulating weather conditions based on the 17 RCP-climate scenarios of the DWD core
ensemble (DWD, 2018) from 2006 to 2099. Subsequently, we cluster the yearly data into
distinct groups according to environmental conditions (drought intensity, drought timing,
extreme weather events, etc.) and their corresponding environmental impacts (i.e., carbon
footprint). Using these weather clusters, we conduct sensitivity analysis to define various sets
of model cultivar parameters, representing ideotypes with different combinations of genotypic
traits aimed at achieving objectives such as high yields, yield stability, or low carbon footprint
under various environmental conditions and management practices.

3. Results and Discussion

The calibrated and evaluated CERES-Barley model provided robust simulation results for the
elite cv. RGT Planet. The simulated yields show an increase in mid-century, under the RCP
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4.5 and RCP 8.5, with a lower slope at the end of the century. The ideotyping exercise revealed
significant variations in cultivar coefficients and corresponding crop traits across various
environmental scenarios and management practices. This assessment facilitated the
identification of ideotypes tailored for a maximized yield, yield stability, and a reduced carbon
footprint. The results highlight the significance of integrating genotype x environment x
management interactions in designing climate-smart ideotypes geared towards climate change
mitigation while maximizing agricultural productivity.
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Figure 1. Distribution of local autonomy by farm for the baseline scenario (step 8). Pink and
blue dots represent ovine and bovine livestock farms respectively

1. Introduction

Crop-livestock systems at landscape level consist of interactions between farms (often
specialized) promoting ecological interactions over space and time between crops, pastures
and livestock sub-systems. They can increase resources circularity to satisfy short-term (e.g.
farm autonomy) and long-term goals (e.g. resilience to climatic hazards and agricultural
practices change) (Martin et al. 2016).

Little research is available on the impact of farms involvement in exchanges of products with
other farms (constituting a farm network) on autonomy and resilience, both at farm and network
levels.

Agent-based models (ABM) represent individual agents (farms) making decisions and acting
independently from each other while considering social behaviors such as social interactions
(Huber et al. 2018). We aimed to assess, via an ABM, the autonomy and resilience of a farm
network in a given region in response to different scenarios.

2. Materials and Methods

We built an ABM in which agents are farms (cereal, crop-livestock, and livestock) and the
cooperative. At each time step (year), on-farm products (grains, forage, straw, manure) can be
traded if needed or in surplus with other farms, the cooperative or the global market. Decisions
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to trade with another farm are based on a score that takes into account i) the distance to cover,
i) the quantity of biomass that can be exchanged, iii) trust between farmers, representing farm
trade habits and evolving according to past trade experiences, iv) individual strategy
(preference for exchanged quantity or social connection).

The ABM was implemented on the GAMA platform for the Ariége region (France), then
explored with the openmole platform (Reuillon et al. 2013). Explorations showed that 300 farms
could be representative of the functioning of the region and that stability is reached after 8
steps. This stable state is our baseline scenario from which we will include perturbation to
simulate scenarios.

Main outputs indicators for each farm are: i) local farm autonomy: in nitrogen, ratio of quantity
of consumed products coming from the farm or other farms over total quantity of consumed
products, ii) betweenness centrality: degree of inclusion of a farm in the network.

3. Results

For the baseline scenario, network autonomy is low (0.24), with farm autonomy much higher
for crop-livestock farms (0.773), than livestock (0.279) and crop farmers (0.007). This variability
is also observed between livestock types: the local autonomy is higher in ovine crop-livestock
farms (0.98) than in bovine ones (0.61) and ovine livestock farms have lower local autonomy
(0.22) than bovine ones (0.31).

On average, crop-livestock farms have more connections than livestock and crop farms
(respectively 3.04, 1.95 and 1.21), and show higher levels of betweenness centrality
(respectively 0.019, 0.009 and 0.004).

Mean distance between trading farms is the lowest for protein grain, and differs whether the
buyer is a livestock or crop-livestock farm (61km and 27km respectively). Highest mean
distances are reached for manure and cereal straw (54km both).

4. Discussion and Conclusion

Our modeling approach combines both technical and social aspects of farm interactions.
Based on the baseline scenario results, we showed that crop-livestock farmers are better
included inside the farm network, mainly as they can be supplier and requestors. We
highlighted that manure is scarce in the region. Crop farmers are bound to a low autonomy in
simulations as their only local need is for fertilizers (thus for manure).

We are simulating scenarios of perturbations to compare with the baseline: i) changes in
resource availability, to simulate yield variability, ii) farm number, farm structure (crop area,
number of livestock heads), iii) new practices (cover crop grazing). New practices may help
increase farms’ autonomy, while decrease in farm number and increase in farm areas may
increase attraction to the local cooperative (versus other farms) and/or lead to a concentration
of connections between farms. These results could be presented at the conference. They will
provide insights on performances and resilience of crop-livestock systems at landscape level
facing perturbations.
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The growing negative impacts of climate change on society and ecosystems necessitate
accelerating the transition towards sustainable mitigation solutions. Agriculture is responsible
for around 12% of EU greenhouse gas (GHG) emissions (EEA, 2022). Yet, it also offers
significant opportunities for climate change mitigation, notably through the potential of
agricultural soils to sequester carbon. However, addressing GHG emissions in agriculture
requires the disposition of reliable tools for decision-making and the implementation of
measures specifically tailored to the territories (Borghino et al., 2021). This study focuses on
the Mediterranean island of Sardinia in Italy, which covers almost 24,000 km?, roughly half of
which is used for agriculture. Further attention in this study is given to the Tirso River basin
due to its regional significance and representation of Sardinia’s diverse agricultural activities,
ranging from intensive animal and crop production to marginal, heterogeneous, and semi-
extensive production systems, including agroforestry and sheep farming. We present a “cradle-
to-gate” life cycle analysis (LCA) applied to the region of Sardinia to i) estimate agricultural
GHG emissions, ii) pinpoint the most contributing sectors and sub-regions, and eventually iii)
develop mitigation scenarios and evaluate their potential opportunities within the island’s
agricultural context. Estimates of GHG emissions and mitigation potentials are based on the
Tier 1 and Tier 2 methods of the Intergovernmental Panel on Climate Change (IPCC)
guidelines for national greenhouse gas inventories. The region’s significant dedication to
animal sector activities, particularly sheep husbandry, despite its semi-extensive nature, along
with intensive cattle breeding in the central and western part, makes it a hotspot for GHG
emissions. Most crop production sector emissions result from agricultural machinery and
fertilizer use, with intensity varying based on land use characteristics. Measures to improve
the environmental performance of the region’s agricultural sector are explored, encompassing
GHG emissions reduction, avoidance, and carbon stock enhancement in soil and biomass.
Among the scenarios analyzed, opportunities emerge from applying sustainable land-based
mitigation options such as reduced tillage, organic farming expansion, and agroforestry
implementation.
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The Mediterranean region is considered a hot spot for climate change with recent acceleration
generating major risks in several key sectors, particularly concerning water availability or food
production (Cramer et al., 2018). The resilience of agriculture has recently become a critical
challenge in supporting farmers in a context of increasing short- and long-term risks. Over the
past decade, multiple authors have published resilience frameworks (Meuwissen et al., 2019;
Perrin and Martin, 2021). In their review, van der Lee et al. (2022) highlighted
complementarities between these frameworks, particularly between agroecological and
resilience capacities approaches. While agroecological approaches focus on practices with
few links with perturbations and capacities, the capacities approaches often inadequately
consider farmer’s practices. Another gap identified by Darnhofer et al. (2016) is the lack of
attention paid to relations - between physical entities (e.qg., flows of nutrients) and social groups
(e.g., power, learning) - in understanding resilience of farming systems.

This study aims to develop an operational framework for assessing the resilience of farming
systems, considering both farmer’s adaptation strategies in response to perceived risks and
the central role of the relations between farms, farmers and their environment (nutrient cycling,
advice services, resource sharing, etc.), which contributes to their resilience capacities in
facing both short- and long-term risks. We apply this framework to two contrasted areas in the
Northern and Southern Mediterranean basin.

We assembled a multi-disciplinary research team (agronomy, economy, geography) to
develop and operationalize the concept of relational resilience at farm scale. We conduct tests
in two areas located in France (Aude valley), and Tunisia (Siliana). In each region, we conduct
semi-directed interviews with different types of farmers and with other stakeholders including
public institutions, input suppliers or advice services. The objectives of the farmer interviews
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are threefold. Firstly, we gather their perceptions of climatic risks among other risks,
considering the relative importance given to both short-term (e.g., drought, price inflation) and
long-term risks (e.g., disappearing resource). Secondly, we document the adaptation
strategies they are implementing or planning to implement. Each strategy is detailed as a set
of technical and organizational practices aimed at facing one or several perturbations. Thirdly,
using practices as a starting point, we identify the resources (individual or collective) and the
capacities that farmers mobilized or lacked, in order to adapt. We focus on the relationships
linking actors and the elements of the system, considering them as important components for
building resilience. Interviews with other stakeholders aim to identify their facilitating or
hindering role for each kind of adaptation strategies.

Our framework is structured around four components (Figure 1). Firstly, the risks that are
perceived by the stakeholders include different categories of climate risks (e.g., drought, flood,
temperature rising) as well as sanitary, market or political risks. Secondly, the resources
mobilized are categorized according to the livelihood literature, encompassing biophysical,
social and cognitive resources. Thirdly, we specifically examine inter-individual relations: with
whom farmers develop adaptations, if they mobilize collective resources, i.e. what are the
coordination or flows required for adaptation. Finally, resilience outcomes are described based
on the evolution of the system during the adaptation process (stability, adjustment or
transformation).

Our (ongoing) results show different configurations of adaptation strategies based on local
factors (such as resources, climatic shocks) and regional contexts (France, Tunisia). These
strategies exhibit a gradient of dependence on both physical and relational resources, which
may be used to face short- and long-term risks.

The diversity of adaptation strategies among stakeholders leads us to consider the interactions
occurring