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FOREWORD

The temporal and spatial diversification of crops through rotation, multiple cropping and/or intercropping
contribute to lowinput agronomic practices and resouetgcient farming systems and constitute a key

pillar of thetransition towards sustainable agrifood systems Crop diversification can fulfil the need

to simultaneously produce food, feed, industrial products and deliver other ecosystem services and public
goods by exploitig the potential of diversity and biological regulation at field and landscape levels.
However, diversified antbw-input farming systems camnly emerge if clear benefits to farmers and
society are demonstrated, if the upstream and downstrearm chainsare fully engaged, and if the
sociotechnical regimds more disposed to support crop diversification.

The objective of the European Conference on Crop Diversificatias therefore to explore how

to achieve diversifiedagri-food systemsfor improved prauctivity, delivery of ecosystem services,
resourceefficient and sustainable value chains as well as to discuss the implications of implementing
more integrated sociotechnical systems (i.e., which facilitaténrauvation across research and
developmenteducation, advisory, business and policy sectors).

The focusvason all scientific aspects efjri-food system diversification including support for practical
implementation of crop diversification in value chains and peaidsted issues. In particulathe
conference addreg$the following themes:

' Benefits, barriers, lock ins, enablers and practical experiences of crop diversification

i Innovations and incentives promote diversification along value chains

' Breeding for crop diversification

' Approachego assess the performance of diversified cropping systems at various scales

Co-designing approaches that foster crop diversification and accompany actors when transitioning
towards European sustainable systems

' Policy recommendatiorte make systems moresgiosed to crop diversification.
The conference programme inclade

' Presentations from five keynote speakers with a wealth of knowledge and experience in agricultural
and food system diversification

! Sixteen parallel sessions, covering all aspects relatesbdiversification and touching amitical
topics such as valuing crop diversification products and designing and optimising interspecific
mixtures

' Five workshopsddressing how to promote crop diversification across Europe, challiengeeding
for crop mixturestechnology for spatial crop diversity, value chains business models and policy
recommendations to make afpod systems more disposed to crop diversification.

The conference providea unique opportunity for scientists, practitionerdigyanakers and other actors
along the supply chain to gather and exchange about crop diversification.

The conferencevas convened by the DiverIMPACTS project together with the other members of the
Horizon 2020 Crop Diversification Clustéiverfarming, LegValue, DIVERSIifyReMIX, and TRUE as

well as the German programme INSUSFARe H2020 cluster on crop diversification was created with

the objective to foster the aesign of technical, organisational and institutional innovations so that
barriers to aop diversification can be overcome and diversified systems can be established and sustained.

Antoine Messéan
Chair of the ECCD 2019 Scientific Committee
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Wed. 18 September

|18:00- |Registrati0n and Welcome Evening

Thu. 19 September

9:00-9:15 [Opening session: Welcome from OMKi and DiverIMPACTS
9:15-10:00 |Keynote Speaker I: John Ingram (University of Oxford, United Kingdom)
10.00- Coffee break
10:15- Paralel sessions
12:15 10:15-12:15 10:15-12:15 10:15-12:15 10:15-11:15
Session 5: Enhancing Session 13: Breeding for Session 17: Tools to design, Session 4: Connecting actors to
agrosystem resilience and interspecific mixtures manage and monitor diversified |foster crop diversification: how to
performances by crop systems from the field to the turn theory into action and vice
diversification landscape levels 11:15-12:15
Workshop: Towards a crop
diversification network
12:15-13:15|Lunch break
13:15-14:00[Keynote Speaker Il: Pablo Tittonell (CONICET, Argentina)
14:00-14:45Keynote Speaker Ill: Julie Dawson (University of Wisconsin-Madison, United States)
14:45-15:00|Coffee break
15:00-18:15|Paralel sessions
15:00-17:15 15:00-17:00 15:00-17:30 15:00-16:30
Session 10: New Inter and strip- [Session 12: Breeding for Session 15: Barriers, lock ins, Session 3: Niche management and
cropping: crop and ecological  |intraspecific diversity enablers and practical diversification projects: how to
performances experiences of crop turn theory into action and vice
diversification versa?
16:30-17:30
Session 22 Co-designing crop
17:00-18:15 diversification at the field level:
17:15-18:15 Poster session | what do actors want?
Poster session | 17:30-18:15 17:30-18:15
Poster session | Poster session |
19:00 Gala dinner

Fri. 20 September

9:00-9:45 |Keynote Speaker IV: Phil Howard (Michigan State University, United States)
9:45-10:30 |Keynote Speaker V: Emmanuel Petel (European Commission, Belgium)
10:30-10:45|Coffee break
10:45-12:45 |Parallel sessions
10:45-12:45 10:45-12:45 10:45-12:15 10:45-12:45
Session 9: Impacts of Session 6: Diversification Session 16: Valuing crop Session 1: Co-designing crop
introducing service crops and  [benefits: their economic value |diversification products diversification: which actors to
legumes in cropping systems  [and carry-over effects include beyond the farm?
12:45-13:45|Lunch break
13:45-14:15|Poster session I
14:15-16:45/Paralel sessions
14.15-15.45 14:15-15:45 14:15-15:15 14:15-15:15
Session 8 Cropping system Session 14: Designing and Workshop: Technology inspired [Workshop: Supporting collaboration
diversification to support optimising interspecific by ecology for the adoption in  [rather than competition between
biocontrol mixtures practice of spatial crop diversification value chains in
15:15-16:45 15:15-16:45
Session 7: Soil microbial Workshop: Policy recommendations
15:45-16:45 functional diversity enhanced to make the sociotechnical systems
Workshop: Breeding for crop by cropping system more disposed to crop
mixtures: Opportunities and diversification diversification
chalenges
16:45-17:00|Coffee break
17:00-17:45/Closing session: feed-back from stakeholders and Conclusion

Sat. 21 September

8:00-16:00 |Opti0nal excursion - discover the vineyards of Hungary
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KEYNOTE LECTURES

JULIE DAWSON
Collaboration all along value chains to develop ugeties for local food systems

Julie Dawson is an Associate Professor in the Department of Horticulture a
University of WisconsirMadison. Her background is in organic plant breedi
and participatory research. Research topics include season exteretiwds,
organic and participatory variety trials and variety selection for sacaflage
farms and gardens as well as extension resources for urban growers. She
a project called the Seed to Kitchen Collaborative with other plant breede
test \arieties with local farmers and chefs, focused on flavor for local fo

systems.

At the conference, Julie Dawssharedher experience about collaboration al Julie Dawso
along the value chain with plant breeders, seed producers, farmers, chef. _....
consumers to devegp varieties for local food systems.

(link to presentation)

PHIL HOWARD

Bridging information gaps between producers and consumers to develop more diversified
and sustainable food systems

Phil Howard is an Associate Professor of Community Sustainability
Michigan State University, and a member of the International Panel of Exp
on Sustainable Food Systems. He is the author of Concentration and Po
the Food System: Who Controls What We Eat8 tisualizations of food
system changes have been featured in numerous outlets including the New
Times, Washington Post, Wall Street Journal, and The Ecologist. M
information about Phil Howard is available herdittp://www.ipes
food.org/about/experts/PHioward

At the conference, Phil Howasharechis experience on bridging information Phil Howarc
gaps between producers and consumers to develop more diversified and
sustainable foodystems and how to make the sociotechnical regime more prone to crop diversification.

(link to presentation)

KeynotelLectures 7
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JOHN INGRAM

Linking agroecology, food security and environment

John | ngr amdia thd coriceptua Bamisg oh food systems; t
interactions among the many actors involved and their varied activities, anc
outcomes of their activities for food security, livelihoods and environment; &
food system resilience. He has designedladdegional food system researc
projects in Europe, south Asia, southern Africa and the Caribbean and
conceived, developed and led a range of major international research initiat
He has had substantial interaction with FAO, UNEP and CGIAR ang ather
international organisations, with national departments and agencies,
NGOs, and with businesses in the food sector helping to establish resear

the links between food security and environment through the analysis of food systems ¢m additi

l eading the food system research aroup within
Environmental Change Institute, he also leads the +unitiersity post John Ingran
graduate food systems training programme (IFSTAL) and coordinates the UK

Gl obal Food SeResityepregoémmbedUK Food Systemb.
Senior Research Fellow at Somerville College.

At the conference, John Ingraspokeabout his approach to linkiragroecology, food security and the
environment.

(link to presentation)

EMMANUEL PETEL

Common agricultural policy post-2020i The new green architecture and Researc® Innovation

Emmanuel Petel is the policy coordinator at the DirecteGaeeral for
Agriculture and Rural Deslopment at the European Commission. He
involved in the implementation of relevant support and tools in order to e
the CAP is compatible with environmental policy and to promote
development of agricultural practices preserving the environraedt the
climate. Since 2015, he has been in charge of a team to manage a "gre
payment for agricultural practices: this payment per hectare, which repre
30% of the financial envelope for direct payments of each Member S
benefits the farmerwho respect some relevant practices: crop diversificati
maintaining existing permanent pasture, having ecological focus area or “--
agricultural area.

Emmanuel Pet

Emmanuel Petel gave a presentation on the last European Commission proposal, which was released on
1stJune 2018. He focused on the European ambitions with regards to the environment and climate, and
to research and innovation.

(link to presentation)

KeynotelLectures 8
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PABLO TITTONELL

Ecological intensification as a trasition to agroecological landscapes and sustainable food systems

Pablo Tittonel/l is the Principal
for Science and Technology (CONICET) with a seat at the Instituto Nacion:
Tecnologia AgropecuariaNITA), in San Carlos de Bariloche, Argentina, a
holds a part time WWHendowed Chair Professorship on Resilient Landscape
the Groningen Institute of Evolutionary Life Sciences, in The Netherlands.
the former national coordinator of the NaturabB&rces and Environment Progra
of INTA and former Chair Professor of Farming Systems Ecology at Wageni
University, in The Netherlands. He acts as external Professor at the Ecole Do¢
GAIA of the University of Montpellier, France and at the Nagiodniversity of
Lomas de Zamora, Buenos Aires, Argentina.

Pablo Tittonel
He is an agronomist by training and worked both in the private sector and in
academic/research organisations. He holds a PhD in Production Ecology and Resource Conservation and
his areas of expese include soil fertility, agroecology, biodiversity and farming systems analysis.

At the conference, Pablo Tittonédllkedabout the approach of ecological intensification as a transition
to agroecological landscapes and sustainable food systems.

(link to presentation)

KeynotelLectures 9
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PARALLEL SESSIONS

SEssIONL. Co-designing crop diversification: which actors to include beyond the farm?

SESSIONZ. Co-designing crop diversification at the field level: what do actors want?

SEssIoN3. Niche management and diversification projects: how to turn theory into action and vice versa?
SESsION4. Connecting actors to foster crop diversification: how to turn theory into action and vice versa?
SESSIONS. Enhancing agrosystem resilience and performances by crop diversification

SESSIONG. Diversification benefits: their economic value and canrgr effects

SESSIONT. Soil microbial functional diversity enhanced by cropping system diversification

SESSIONS. Cropping system diversification to support biocontrol

SESSION9. Impacts of introducing service crops and legumes in cropping systems

SEssION10. New inter and strigropping:crop and ecological performances

SEssIoN1 1 Performances of diversified agroforestry systems

SESSION12. Breeding for intraspecific diversity

SESSION13. Breeding for interspecific mixtures

SESsION14. Designing and optimising interspecific mixtures

SESSIONIS. Barriers, lock ins, enablers and practical experiences of crop diversification
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SESSIONLY. Tools to design, manage and monitor diversified systems from the field to the landscape levels

Parallelsessions 10
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SESSION 1. CO-DESIGNING CROP DIVERSIFICATION : WHICH AC TORS
TO INCLUDE BEYOND TH E FARM ?

Chairs:Luca Colombo (FIRAB, Italy)
Walter Rossing (Wageningen University and Research, The Netherlands)

ORAL PRESENTATIONS

1 Co-designingcrop diversification strategies from plot to sociotechnical system to manage
rootknot nematodes in Mediterranean market gardening systems.
Speaker: Yann Boulestreau, INRA, France

1 Building diversificationand inputs reduction in intensive arable farms in Italy: main concepts
and experimental edesign
SpeakerEmanuele BlasiUniversity of Tuscia, Italy

1 Organic seed production and use in Hungary
Speaker: Judieehér, OMKi, Hungary

I Towards effective networking for crop diversity in Europe
Speaker: Judit Fehér, OMKIi, Hungary

1 The industialisation of agrfood systemsind the demise of horgrown legumes in Europe
Speaker: Pete lannetta, The James Hutton Institute, United Kingdom

POSTERS

91 Crop diversification for organic agriculture in Scandinavia; a raaiile feasibilitystudy for
soybean and lupaproduction in Sweden
Presenter: Alexander Menegat, Swedish University of Agricultural Sciences, Sweden

i Facilitating insects in agricultural landscapes through integration of reteeregources into
cultivation system$ FinAL
Presenter: Jens Dauber, Thiinen Institute of Biodiversity, Germany

Session 1.Codesigning crop diversification: which

actors to include beyond the farm? -
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Co-designing crop diversification strategies from plot to sociotechnical system to
manage rootknot nematodes in Mediterranean market gardemg systems

Yann Boulestreau*®'? Marion Casagrandé-? Mireille Navarrete?®

il NRA UR767, Ecod®vel oppement, 228 route de | 6a®rodro
2ITAB, 525 route de Gotheron 26320 Saint Marcel les Valence, France
3ADEME, 20 Avenuedu Grésillé, 49000 Angers, France

z Speaker
+ Corresponding authoyann.boulestredat]inra.fr

1 Introduction

Root-knot nematodes(RKN) are causing major yield lossesin Medterraneansheltered market gardering
systems onthe dominantcrops(e.g.tomatoes, melon, lettuce). Climate charge andcrop specialization arethe
main caugs ofincreased RKN damages. With theban ofmostsynthetic nematicidesdueto their toxicity, no
unique and simple tecmique to control RKN exists. Crop dversification hasbeenidentified asone of the
main alternatives. Crop diversification cndsts in introducing in crop succesions non-hog, trap or
allelopahic crops for commercia andnon- commercial purposes. However, stientific literature (Magrini et
a., 2016; Meynard et a., 2018) has shownhat scciotechical lock-in hinders crop diversification, calling for
simultaneousand aganized ationsof multiple actors to unlock crop diversification. This communicaion
shows a methodology to codeign siwch cdlective strategies to favor crop diversification, from plot to
saciotechnical system.

The design of strategies is based on previous andysis of the sociotechnical lock-in and on previous
exporation of innovative strategiesareadyimplementedin other contexts. This communication shovs how
we applied thismethodology in i RiDdrame-Vauclusedterritory, SouthEastFrance, on shiteredmarket
gardening systems.

2 Materials andMethods

First, we aralysed the sociotecmical system(STS) onfi R h Daorane-Vaucluseo territory responsble for
the resent sdl pest and dseasemanaementimplemented bymarketgardeneas. Weidentifiedthe actors with
astronginfluenceon RKN manayementbasedon literature and on snowball sampling procedure (Salembier
et al., 2016). To understandthe main impedmerts to crop dversification andthe saciotedhnical lock-in
around crop secidization, we interviewed 33 ators including 16 agaric and convertiona farmers,
representativesof agricultural advisary services, whoesalers, input-suppiers and the headof the wholesale
marketplace. We alsoreviewedwhite and grey literature, andled participatory observation of key medings
involving the STS adors. Then,we chaaderized «isting innovative strategiesin aher contexts that could
unlock crop diversification in ous, based on stakeholders interviews, literature review and key meding
observation.

Finally, we aganizeda olledive design processof innovative strategiesto unlock crop dversification with
key STS adors. KCP methodology (Le Massonet a., 2009) was
used as a Pphase methoddogica framework for this collective
design proces. The Knowledge-phase cansisted of sharing
knowledge with participants abat the RKN manajement
tecmiques,theimpedmentsfor aopdiversification, thelock-in of
the STS andsome exsting innovative strategiesin other cortexts
that could hdp themthink fi at-of-the-b o Xe. potato farmers
without landrenting newfieldsfromcerea farmersevery yea). A
dynamic presertation of mangiement techique paters by
tecical experts and smulations of the saiotechrical system
evolution based on a serious game were wed to hare this
knowledge. The Concept-phase was an orierted exloration of
strategy prototypeswith the sme efiosisgame @Figurel). The
Project-phase will occur later in our research. K-phase and C Figure 1. Collective design workshop

Session 1.Codesigning crop diversification: which
actors to include beyond the farm?

12
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phase were started duing two workshopswith two different groups of farmers: (i) a mix of six orgaric and
convertional farmers slling their products to various wiole salers, (ii) agroup of six orgarnic farmers selling
to the same wholesaler and the whdesalerGs aop planning manager.

3 Results

Besides market garderers, the keystakehdders of the STS were the vegetable wholesalers and retailers,
consumers, input-suppiers (seedlings, seeds), breeders, extension services (advisers, applied research
sations), farmer coopeatives and agri-food chan coadinators. The main impedmerts identified for crop
diversificaion were, from plot to agri-food chain level: unaiitable soils (e g. too many stonesfor vegetable
root crops), investmentin tunnelor greenhouse limiting the species dversity that could be producedand a
lack of local outlet for minor crops. The market-gardering sctor was locked aound the requirement to
producelarge volumes of asingle product atlow cost, especialy for corventional production. Then, to satisfy
brokers, middle size market gardeners nealed to gedaize in very few produds. To unlock the system,
innovative strategies were explored: coadination betweenfarmers (e g. exdharge of fieldsbetween aRKN
host plant producer and anon- hostcrop producer to diversify rotationswithout diversifying outlets) and
coadination ketweenfarmers and krokers (e g. the brokers opena newoutlet endling farmers to diversify
thar crops).

Thanks to the excharge with the STS stakehdders duing the wokshors, the understandng of the
impedments for crop diversification and the lock-in was refined. Strategy prototypes were designed,
integrating adionsfromplot to scciotecmical system. Forinstance workshopparticipants proposedto insert
new nonhostcropssuch as spng garlic andartichdke in nematode infected plots in coadination with the
brokersbneads andother existing spring garlic or artichoke producers. Actionsat farm level only were aso
propcsed such as moving the shelter structure froma RKN infected plot to andher healthy plot.

4 Discussion and Conclusions

To corclude,we emaged market-gardenes and other key STS adors from the fiRhéneDurance- Vauclused
territory in acommon dfort to understandandto aralyze STS lock-in andexplore drategies from farm to
STSlevelsthat could unlock crop dversification. Realistic RKN manayement drategy prototypesadaptedto
fi Rne-Durane-Vauduseo sheltered market-gardening systems were dsigned. Evenif we focus on aop
diversificationin this communicaion, it needsto becombined with other RKN manayement techmiques (e g.
fresh aganic matter sugply) to effectively manage RKN popuations. The rext chdlergeis nowto evaluate
how eff ective these agroewmlogical strategies are to cortrol RKN populations, how they would impactthe
STS, andto detail howtheycoud beimplemerted. Anoher stakehdderworkshopisplanred in autumn 2019.

References

Le Masson, P., Hatchuel, A., Weil, B. (Eds.), 2009. Design theory and collective creativity: A theoretical framework to evaluate
KCP process

Magrini, M.-B., Anton, M., Cholez, C., Corre-Hellou, G., Duc, G., Jeuffroy, M.-H. etal, 2016 Why are grain- legumes rarely
preseat in croppng systems despite their environmental and nutritional benefits?: Analyzing lock-in in the French agrifood
system. Ecological Economics 126, 152 162. https.//doi.org/10.1016/.ecolecon.201603.024.

Meynard, J-M., Charrier, F., Le Bail, M., Magrini, M.-B., Charlier, A., Mesgan, A., 2018. Socio-technical lock- in hinders
crop diversificationin France. Agron. Sugain. Dev. 38, 54.

Meynard, J.—M.,'Messéan, A., Charlier, A., Charrier, F.,Fares,M .'h., Le Bail, M. etal, 2013. Freinsetleviersa ladiversification
descultures:Etude auniveau desexploitations agricoleset desfilieres. OCL 20, D403. https://doi.org/10.1051/0cl/2013007.

Sakmbier, C., Elverdin, J.H., Meynard, J.-M., 2016 Tracking on-farm innovations to unearth alternatives to the dominant
soybean-based system in the Argentinean Pampa. Agron. Sudain. Dev. 36, 1. https://dai.org/10.1007/s13593-015-03439.

Session 1.Cadesigning crop diversification: which

actors to include beyond the farm? 13



DiverlMPACTS
‘ European Conference
on Crop Diversification
_ . i i n . 7.‘|\-\ ber 18-21, 2019
4 101 G2 aensHtS 2F /2y Budapest, Hungary

Building diversification and inputs reduction in intensive arable farms in Italy:
main concepts and experimental calesign

Roberta Farina®!, Bruno Pennellt, Emanuele Blast2, Davide Roccd

1 Research Centre for Agriculture and Environment, Council for Agricultural Research and Economics (CREA),

Rome, Italy

2 Dipartimento per | 6l nnovazi one n &niverSta degliecsmdi deBai ol o g i ¢
Tuscia, Viterbo, Italy

3 Consorzio Casalasco del Pomodoro Soc. 8gnop, Rivarolo del Re (CR), Italy

z Speaker
+ Corresponding authoroberta.farinfat]crea.gov.it

1 Introduction

Diversification of crops through rotationroibutes to maintain soil fertility, reduce the use of external inputs
and buildup of pests and to a great extent to mitigate the effects of climate change. An appropriate crop
diversification in intensive agricultural systems also represents a stefulsosustainability.

Despite the large technical and scientific consensus on the positive impact of diversification, the adoption of
Ainew concepto crop rotations is stildl uneven from
crops, no awarenson the benefits of rotations, the costs of machinery or new labour organization and
market uncertainty. Often, policies and strategies fostering the adoption of diversification and the reduction

of inputs failed because of technical solutions were riotdgble or yields were out of market.

The H2020 Diverfarming project (Grant Agreement 798003) was therefore designed to empower farmers
and agreindustries to implement lowput innovative practices of crop diversification, to remove the
barriers thatiimit their adoption. The research aims ted=velop and test a novel farming system defined

by agrifood value chain wstream actors to increase the overall sustainability of widespread intensive arable
systems in the Po Valley in ltaly that pursuesrsifie, economic and environmental objectives. This area
was chosen as it is one of the most intensively cultivated in Europe with evidence of nitrate leaching, soil C
depletion and loss of biodiversity (Perego et al., 2012).

2 Materials and methods

We sé up a field experiment in three farms of Po valley (provinces of Mantova, Piacenza, and Cremona),
sharing similar geographical features and farming systems. In all farms the cropping systems are planned to
supply raw material to agroindustry (Consorziosélasco del Pomodo© C P, a farmersd coc
requests, which in turn, sets the quality requirements for acceptance and provides farmers with technical
advisory. The 370 CCP associated farmers supply consortium with about 560 Mtons of fresh toradjoes ye

and about 2,5 Mtons of legumes for canned peas and beans productions.

Since 2009, farms producing fresh tomatoes for CCP have been cebiified Gap(Good Agricultural
Practice} for environmental compliance to soil and waste management, produeirenental fingerprint
(based on irrigation techniques, crop protection and managemertgpesst treatments), health and safety

of workers and their working conditions. Nonetheless issues such as low soil organic C depletion, soil
compaction, poterdl nitrate leaching and landscape simplification, require to be tackled actively.

Having in mind both the sustainable intensification and agroecology principles, the case studies were co
designed with active engage me ardresehrcherhivath & veew tmthe s an d
overall farming systems sustainability. Solutions and practices proposed are oriented to farm resilience and
ecosystems services, through crop diversification, including other crops not processed by CCP, and organic
fertilizers application (Pancino et al., 2016).

After a long process of eidentifications of problems and possible solutions, making by interviews, meeting
and focus groups, the assumptions agreed by the actors to start the experiment were

- an experimentgblot size able to allow inference to farm level,
- technical solutions arranged on site specific constraints and local resources;
- diversification to be achieved through crop rotation.
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3 Results

Based on the concepts above and on the Diverfarming outputs Af easi bl e di versi fied
and based on data and information collection by interviews, meeting and focus groups, from 2017 each of
three CCP associate farms committed four plots (20 ha total) to the goals of the study. The average 5 ha plo
size allowed the farmer to include the plots into the farm multiannual arable land planning and made the
collection of technicaéconomic data from a production unit comparable to that of a real farm.

Innovations were as follows: 1) introduction of adegnous crop in the rotation; 2) introduction of the
tomato as second crop after the legume; 3) application of an organic fertilizer (digestate).

The crop rotation was planned to ensure technical and economic viability.

At the same time, the experimen@yout met the farmers' needs in terms of income, did not claim for new
investments, and guaranteed tomato industry same supply, as tomato harvest was planned each other year
per plot per farm.

During the project, effects on the splantwateratmosphez continuum will be assessed in field.
Biophysical models and Gigased analysis will be used to infer results in time and space, from field up to
regional scale.

Details on the calecision process, on the cognitive processes that led to this solutiexpéniEnental design
and preliminary results will be presented.

4 Discussion and Conclusions

During the last ten years, the sustainable intensification was designed around tomato as main cash crop.
Consequently, the cropping systems management was cgdinizmprove tomato production yield and
quality. Therefore, the new challenge in sustainability promoted by Diverfarming will be to shift from a
farming system based on tomato as main crop (and yearly based decision) towards a multiyear perspective
basedn rotation. The goal will be to make the whole rotation-effetctive to the farmers and for the agro
environment.
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1 Introduc tion

Conventional cereal and vegetable seed production has a firmly established market, aratéctiogt! in
Hungary. However, less interest and attention is given to organic seed production. Small market demand,
low level of stakeholder organisaticamd the lack of policy incentives create barriers for the development

of the organic seed market. The economic value and opportunity of organic seed production is not recognised
by most of the seed value chain actors, since the Hungarian organic segttaivisly small, and its demand

for organic market seed is very low.

Farmers and research institutes are the main providers of organic seed and several seed companies who are
certified and willing to produce organic (or conventional untreated) seedslpwin demand. Often organic
seeds are produced on a contract basis and certified and sold abroad.

Farmsaved seeds are commonly used by organic cereal farmers (>90%) in order to reduce input costs and
to use material that is better adapted to locatitimms. However, the quality management of faraved

seeds often poses a major risk. Organic vegetable growers either use conventional untreated seeds from local
seed producers, or order organic seeds from international organic seed companies.

In order b overcome currentloek ns of organic seed use in Hungary,
of buying organic seed is crucial.

2 Materials and Methods

In the frame of the LIVESEED project a national visit-@LNovember 2017) and a natiomadrkshg (12"

March 2019) was organised with the involvement of the competent authorities, relevant implementing
organizations and several stakeholder groups (e.g. seed producers, farmers, researchers) of the (organic) seed
sector.

The Hungarian Research Inatié of Organic Agriculture (OMKi) conducts darm trials, aiming to connect
research and farming knowledge, to test the performance of different cultivars under organic conditions. The
LIVESEED project presents a unique opportunity to advance organatysesting and breeding models,
including new participatory approaches, working with landraces and dynamic populations.

3 Results and Conclusions

The following incentives are discussed within the project, to foster the development of local organic seed
production and use:

1 selfor gani zation of farmersd6 or their organizatic
demand for organic seedwmy motivate seed companies to regularly produce organic seeds

1 policy incentives to foster the developmenbaganic seed use and organic seed production. In frame
of t he new organic regul ati on (in force from
heterogeneous seed materials (landraces, cross composite populations, variety mixtures) may
provide a new opparhity to enhance local organic seed supply chains and crop genetic diversity

1 aworking group on organic seed that involves all sector players can facilitate strategic planning and
harmonize actions in favour of organic seed use
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Involving heterogeneous mateé a | (l andraces, farmerods selection
populations) in organic variety tests and participatory organic breeding is expected to have additional benefits
on crop diversification.

In our presentation we will provide firggsults from the LIVESEED national workshops and the pilot case
study on fostering organic seed use and production in Hungary.
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1 Introduction

The widespread adoption of genetically uniform high yielding crop varieties developed for intensive farming,
has led to an overall loss of diversity in agriatdt and increased vulnerability of production systems to the
extreme and unexpected environmental conditions brought about by climate change. To achieve sustainable
food production in the face of this challenge, strategieis fsituconservation and calborative management

of plant genetic resor ces ( PGR) , ivarietiesy at landigiced (BR) amd crapawild relatives
(CWR), with complementargx situconservation need to be implemented throughout Europe.

2 Materials and Methods

The EUfundedpr oj ect , 6Farmerés Prided (www.farmerspride
European network of stakeholders and sitesirfositu conservation and management of LR and CWR

diversity across the region. The focus is on strengthening andatibegexisting organizations and processes

to work towards a more collaborative, efficient and sustainable PGR conservation and use system. Key
stakeholders include farmer and gardener networks, community seed banks, gene banks, protected area
managers, pint breeders and research institutes representing both the organic and conventional sector.

3 Results and Conclusions

In this presentation, we explain how part of this process is to better understand how local seed systems interact
with national gene bask authorities, and private seed companies. By improving the management of
community seed banks and by defining the roles of these different staketidioleexample, in ensuring

seed quality, good information management, and in developing national dampgn@ject® we are

working to create stronger and lelagting local, national and international networks to secure PGR
diversity, mitigate the negative impact of climate change and increase healthy food choices for consumers.
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1 Introduction

The multiple benefits of welinanaged legumsupported agtiood systems are known and include provision

of: nutritious feed ad food; natural nitrogen cycling; improved soil qualities; lowered greenhouse gas
emissions; protection of biodiversity; and gefodd culture and literacy. Yet, these benefits arebatl

forfeited since the vast majority of the legume grains used iopguare not homgrown, and only rarely
(knowingly), consumed directly by humans. Legume grains are mainly imported in the form of soybean for

use as animal feed. Consequently, European farmed systems are characterised by specialised and intensive
approabes using crops dependent on synthetic nitrogen fertiliser and pesticide- iagats mainly routed

to meat pr oduct iThenThreeHPdlarsmod Bustainabildly (o&s o6ci al 6, denvirc
6economicbd: Passet, 1 rctib8a) underdtandirgy riFibsre 1) is appliedgancevéth e r f
respect to legumes.

ECONOMY

©www.true-project.eu

SOCIETY
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WP2

Nutrition
WP3

Figure 1. An illustrative model (opposite) which aims to help
redefine 6The Three Pilla+t+s of Sus
or relationalterms, Eachwww.true-project.euwork

Package (WP) will define indicators of new spibar

components and WP8 (not shown, Transition Design is

developing a Decision Support System to identify indicators

of sustainable function for each pilladividually, and

collectively.

Consum

Demand
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2 Materials and methods

New insight was gained from knowledge sources, including: 1, stakiholder European Legume
Innovation Network (LIN) workshopgvww.true-project.eu/linworkshops); 2, t he BJvaketr epor t
developments and policy evaluation aspects of the plant protein sector in the EU
(https://ec.europa.eu/info/sites/info/files/fefaming

fisheries/plants_and_plant products/documentsAmesteinsstudyreport_en.pdf 3, abstracts and outputs

made during the European Plant Protein Plan launtths(//ec.europa.eu/info/events/developr@ant
proteinseuropeopportunitiesandchallenge2018nov-22_en; 3, recent articke such as Eyhorn et al.,
(2019) ; and 4, public Deliverabl es @oprbdudtionbbfed by
pol i cy a bttgse/avenireeprojait.eu/pulicationsresources/deliverables/

3 Results

Modern day agrffood systems in Europe are characterised by high input dependency and a low level of
environmental and societal safeguarding. However, the rejection of ldgasad cropping systems preceded

the global trade in grain legumes and the introduction of synthetic nitrogen fertilisers by several decades.
This coincided with a period of increasing specialisation and intensification of production units to serve high
throughput processing units which damded the highest possible yieldshich could not be provided by

grain legumes. These local market challenges have been exacerbated by current day global trade trends
whereby political decisions permit the importation of soya (and other) legume protdives EU at low

import tariff rates in exchange for low export tariff rates on cereals and oilseeds. If sustainatnedagri
systems are to be enabled, effective policies and capacities must recognise these historical, and forfeited
socigecological, cotexts.

4 Discussion and Conclusions

Consumers are no longer passive recipients in a global protein market and wish to realsgstaoable
consumption. They question the nature of their food, such as its nutritional value, environmental impact of
production plus authenticity and provenance. Demitarianism is increasing and specific types of carbohydrate
are sought to help offset obesity and diabetes. The diversification of cropping systems and good agronomy
will not by themselves realise mesestainatd legume supported foednd feeechains. Greater cooperation
among all supply chain actors is essential to establish aeffedive policy environment to help realise
consumer sd desi r esutritfousrof foad; afferdably, and whichisduced is & manner

that ensures protection of the environment and biodiversity.
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1 Introduction

Extending and growing a more diverse set of grain legumes is an opportunity to reduce the dependence on
imported proteins as well as for diversifying agapsystems. Lupinend soybean could be innovative
solutions while offering a sustainable agronomic and economic alternative to organic farmers. Both species
feature interesting characteristics for fodder production and for human consumption: while soybean is
superior in grai protein content and oil, lupine is interesting for its high protein amount and especially its
cysteine and methionine contents, which are scarce in locally produced grain legumes.

In recent years, attempts have been made to study the feasibility ocdsaybitvation in Sweden, showing

that early maturing soybean cultivars could cope with the growing conditions even up to 59° N with up to
2.4t hal grain yield and a typical protein content 0f&8B%. Further, it has been demonstrated that narrow
leafedlupine can grow at latitudes of 60° N. Despite these advancements, there is a lack of scientific evidence
for cultivar selection, crop management and productivity to support the development and realization of
commercial soybean and lupine production in &sve Moreover, the cultivation of these crops was never
done in contrasting Scandinavian pedoclimatic zones, in which differences in growing aedstay length

are major constraints.

2 Materials and Methods

We address the raised aim and objectives broad interdisciplinary system research approach involving
agronomists, biologists, weed scientists, entomologists, microbiologists and economists. The project aims to
assess the biophysical and socioeconomic production potential for soybean and infSwesten, as well

as the development and testing of economically and environmentally sustainable crop management strategies
for these crops. The pedoclimatic suitability will be assessed in a spatial modelling approach. Here, we
combine soil and climatdata for comparison with the pedoclimatic needs of lupine and soybean cultivars
and the production of site suitability maps. Based on these site suitability maps, we will design and test crop
management strategies for the most promising cultivation regicweden. The design and analysis of the

crop management strategies will pay special attention on monitoring, prevention and control of weeds, insect
pests and fungal diseases as well as on nitrogen (N) balance and carry over effects on subsequent crops.
Furthermore, this study will assess consumer willingtegay for fresh milki a product which heavily

relies on protein fodder as an input and thus a measure of a potential price for organic and regionally produced
products based on these legurndsy means of a stated preference study (discrete choice experiment). The
impacts of various soybean and lupine management and price scenarios will be assessed at farm level in
terms of impact on farmerdés revenues.

3 Expected results

The described project stad in January 2019 for the duration of four years. The project will deliver detailed
information regarding (1) site suitability, yield and quality potential for soybean and lupine grown in Sweden,
(I1) the economic and operational impact at farm scalg,o@ensumers” preferences and willingnéspay

for food produced with locally produced plant protein as well as (V) policy suggestions for fostering the
cultivation of grain legumes in Sweden and beyond.

The group of stakeholders involved is coverthg value chain from field to fork, comprising farmers,
representatives from the food production industry, the Swedish Board of Agriculture as well as agricultural
advisors. Although the project is focused on Scandinavia in general and Sweden in parvicatarseeking
international collaboration with stakeholders along the value chain as well as other ongoing research projects
in the area of organic grain legume production.
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1 Introduction

Intensive agriculture is considered to be a major cause of the decline of insect diversity and biomass in rural
Germany. The AFI NnALO pr oj e c tbomatoriedin raptesemtativie agricalturals t a b |
landscapes of Germany where we will develop, demonstrate and evaluate innovative measures for facilitating
insects through integrated cultivation of renewable resources in a landscape context.

The aim of FInAL is® demonstrate how diversity, biomass and functionality of insects can be enhanced in
agricultural landscapes, especially through a diversification of the cropping systems by integration of
renewable resources (i.e. energy crops and/or industrial cropgpMistently adopt a landscape approach
based on regionalised guiding principles that encompasses both agricultural land-anllivedad areas.

The Landscape Laboratories, i.e. the landscape sections where crop diversification measures for facilitating
insects will be established, will be investigated with respect to their initial state (base line)sdamations,

and the effects of the measures on different features, primarily in relation to incidence and functionality (e.g.
in integrated pest managent) of various groups of insects.

2 Materials and Methods

The term Landscape Laboratory denotes a section of an agricultural landscape in which innovative measures
for facilitating insects in cultivation systems are conducted (3 x 3 km). This invalspatially extensive
approach, i.e. the whole area of the Landscape Laboratory constitutes the object of study and, consequently,
is treated with specific measures in its entirety. The selection of the Landscape Laboratories will particularly
consider ladscape types with high importance within the diversity of agricultural landscapes in Germany.

The choice and implementation of suitable measures will be based etteaign process. This process in

FInAL is orientated on the definition of Agricultural ling Labs (ALL Working Group 2019):
Transdisciplinary approaches which involve farmers, scientists and other interested partners in the co
design, monitoring and evaluation of new and existing agricultural practices and technologies on working
landscapes tonprove their effectiveness and early adoptifime cedesign process involves interviews with

the farmers and other actors on their perception of practical measures form improving the landscape as habitat
of insects. Together with an interdisciplinarynphof scientists, options for measures of cropping system
diversification and biotope networks will be developed and discussed within workshops. From those, suitable
measures for the respective Landscape Laboratories will be selected and prior togheirtgilon in the
Laboratories, the measures will be jeraluated at test sites. The results from the Landscape Laboratories
will be summarised and assessed in an integrative way with respect to the effectiveness of measures,
acceptance by practitionersansferability to other agricultural landscapes and the potential to provide
frameworks for agricultural policies.

3 Discussion and Conclusions

The potential impacts on local biodiversity from energy crop cultivation needs to be considered in the context
of severe biodiversity decline on agricultural land. Farming sybsed approaches are relevant to answer

the questions on whether a diversification of cropping systems by integration of energy and industrial crops
could support diversity and abundawndénsects and the ecosystem services performed by them, in particular
biocontrol and pollination (Dauber & Miyake 2016). We therefore suggest linking the discussion on
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biodiversity impacts from energy and industrial crop production with those of agridldtadmanagement
strategies for conservation of biodiversity and harnessing of ecosystem services, namely ecological
intensification (Bommarco et al. 2013). Addressing both issues may be possible through the right selection
of crop mixes (Dornburg et.a2010) and the optimal agricultural practices (Chappell & LaValle 2011).
Therefore, we are confident that a focus on the sgatiaporal scale of diversified farming system via
Landscape Laboratories can provide solutions for food and energy secunitycerisdering biodiversity

and ecosystem services as important features of sustainable production.
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1 Introduction

There are major challenges in agriculture, particularly in organic systems, such as stabilizing production in
the face of increasing environmental heterogeneity. Increasing Mighindiversity, especially by growing
variety mixtures, represents an interesting lever to adapt to organic conditions, despite the limited varietal
offer. Mixtures may allow to buffer abiotic stresses, stabilize producti@stefgardet al 2005), regulate

pests and foliar diseases (Finakhal 2000), improve weeds control, and optimize the use of resources, due
to compensation and complementarity between varieties.

In the case of winter wheat, mixture components have been assembled primarily on thethesigield

and protein content, their complementarity for disease resistances and to maintain homogeneity for height
and maturity. Moreover, variety mixtures represent a simple lever to finely tune the choice of the varieties to

fit with local context, irough the opportunity of combining interesting variety traits. However, other criteria

of interest for plant interactions such as tillering and earliness should be considered to design mixtures, but
very few is known about plant interactions within varigtixtures despite the increasing surfaces sown with

variety mixtures in France (Perroneeal 2017). We aimed to optimize the design of variety mixtures using
relevant criteria and integrating f aetal0l®)@ndpr act i
assessing designed variety mixtures irfanm trials.

2 Materials and Methods

2.1 Codesign of assembly rules and wheat variety mixtures

In order to developarietymixtures adapted to various environmental conditions and practices, aniiggotyp
participatory approach was implemented. This approach was first proposed on pure stand varieties by
Debaekeet al (2014), and it was transposedviriety mixtures as part of the Wheatamix project. Here, we
have adapted this approach to the contexirgénic farming with eleven organic farmers from thedie

France region (GAB IdF).

i) Interviews were conducted with the farmers to describe their farming systems, practices-asd end
requirements for wheat production.

i) Workshops were carried out thi farmers, technical experts and researchers to define assembly rules
describing the traits to combine in a mixture (based on morphological, phenological, physiological
characteristics and disease resistances) to buffer specific stresses or optimize tessou

iii) Then, each f ardesfgnedbased bneha assemiilgs relevaet towia contexip
the characteristics of available organic varieties and his practices.

2.2 Onfarm assessment

Thesevariety mixtures were evaluated in an-tarm strip experiment allowing for comparison between the

mixture and the corresponding varieties in pure stands. They were assessed for three growing seasons (2015
2016, 20162017 and 201-2018) on yield, quality (protein content, baking tests in 2@d8hpetition against

weeds (crop ground cover, wheat and weed dry biomass), development of foliar diseases and on their
adequacy with respect to the farmersd specific obj
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2.3 Multicriteria assessment tool

The assembly rules designed during the wioops and validated on the data are currently implemented in a
multicriteria assessment tool, previously developed on rules to reduce disease development in mixture. This
tool aims at helping farmers designing and evaluatargety mixtures tailored to #ir needs.

3 Results
3.1 Codesign of assembly rules angariety mixtures

The knowledge shared during the workshops has led to the identification of various strategies and assembly
rules for designing mixtures for two major objectives:

- to increase weedontrol by limiting the weed density and development, and improving wheat competitive
ability through diversified heights and growth habits,

- to face nitrogen stress by tolerating an early deficiency, spreading nitrogen demand with heterogeneous
earlinessand favoring nitrogen utilization by mixing varieties with contrasted quality type.

3.2 Onfarm assessment

The onfarm agronomical assessment of the 1-/tlesigned mixtures over three years showed a mean over
yielding of 4.8%. Mixtures never performeduder than the worst pure stand variety within trials, showing
their ability to limit risks of important yield losses.

The mixtures stabilized the protein content (compared to the pure stands), and improved other evaluation
criteria for farmers such as diseareduction and weed control. They obtained high scores on baking tests
(compared to pure stands).

3.3 Multicriteria assessment tool

The tool should provide farmers with a detailed feedback on the assessment of their mixtures and the rules
underlying thisassessment, helping them in adjusting the choice of the varieties composing their mixtures.

4 Discussion and Conclusions

The results of the efarm assessment of the variety mixtures tend to confirm the interest of mixtures in
organic systems due to thability to improve several criteria (quantity and quality) together. The high results
on baking tests should be validated on further experiments.

Farmers designed a diversity of mixtures adapted to their local needs. However, the organic wheat variety
offer remains limited, it should be enriched by varieties specifically bred for improved mixing ability and
using mixture ideotyping.

This work emphasizes the interest to exchange knowledge and information between actors form different
disciplines (agronomis, geneticists, ecophysiologists) and perspectives (theoretical, applied and practical)
for co-designing ideotypes and for decentralized evaluation of the mixtures.

This ideotyping method based on shared knowledge between actors-famch drials might éirther benefit

from exchanges with crop modelers for further understanding-plant interactions within wheat variety
mixtures using simulated data.

The participatory approach was particularly rel e
practi oner sé needs for optimizing mixture design in
results and flexible multicriteria assessment tool.

References

Barot, S., V. Allard, A. Cantarel, J. Enjalbert, A. Gauffretezilgl, 2017.Designing mixture®f varieties for multifunctional
agriculture with the help of ecology, a reviedgron. SustainDev. 37 (2): 13.

Debaeke, P. and B. Quitdurion, 2014. Conception d'idéotypes de plantes pour une agriculture durable. INRA.

Finckh, M. R., E. S. Gacek, KEoyeau, C. Lannou, U. Meret al, 2000.Cereal variety and species mixtures in practice, with
emphasis on disease resistarkgronomie20 (7): 25.

@stergard, H., K. Kristensen, and J. W. Jensen, 2005. Stability of Variety Mixtures of Spring Gegayc Plant Breeding
Strategies and the Use of Molecular Markers

Perronne, R., B. Rolland, C. Mabire, J. Enjalbert, J. Betrgl,2017.Evolution of adoption of variety mixtures and lomput
multi-resistant bread wheat varieties since two decades ind=tBEV day, Gifsur-Yvette

Session 2.Cadesignirg crop diversification at the

field level: what do actors want? 26



DiverlMPACTS
‘ European Conference
on Crop Diversification
_ . i i n . 7.‘|\-\ ber 18-21, 2019
4 101 G2 aensHtS 2F /2y Budapest, Hungary

Participatory strategy to build sustainable cropping system: upscaling from field
to the territory

Corrado Ciaccia**!, Elena Testani, Marta Di Pierro 4, Marcello Cutuli 2, Giancarlo
Roccuzzd, Danilo Ceccarelli®

1 CREA - Research Centre for Agriculture and Environment, Via della Navicella0®184- Rome, Italy
2 CREA - Research Centre for Olive, Citrus and Tree Fruit, Corso Savoia 190, 980R4ale, CT, Italy
3 CREA - Research Centre for Olive, Citrus and Treeitf-via di Fioranello, 52, 00134Rome, ltaly

4AIAB Lazio i Italian Association of Organic Farmers Latium, Lg Dino Frisullo, snc 00188me, Italy

zSpeaker
+ Corresponding authocorrado.ciaccigat]crea.gov.it

1 Introduction

The intensification of agriculture derived from Green Revolution and an increasingly globalized system has
led to the progressive specialisation of farms and a new organindtagreindustrial sectors. Several

negative externalities are lionked to theometimes extremesimplification of agricultural systems in term

of structures, el ements and processes (Meyneard et
in the food system interms of decisioma ki ng power, and often reduced to
(Lacombe et al. 2018). In this context, agroecology principles, as the ecology of the entire food system, can
drive towards new food system, charastd by diversified agroecosystems and a radical change in
governance processes (Gliessman, 2016). Pursuing this aim, food systems should encompass social and
economic aspects, including communication and coordination among stakeholders, in a hobgsteanid

approach (Wezel et al., 2016). This "systerdasign" should be hence capable to overcome the weaknesses

of agricultural models based on "input substitution”, also in organic (Darnhofer, 2010), scale up to wider and
more complex perspective, hing governance from individual to collective and tuning, meanwhile, effective
mechanisms of participation (Gliessman, 2016). The satatieholder involvement is indeed acknowledged

for promoting dynamic innovation processes (Delate et al. 2016) athik zontext, longerm experiments

(LTESs) can be field laboratories of participatory research, allowing the continuous exchange of innovation
and information among all the stakeholders of the vehans including also the scientific communities.

In thepresent study, we report the main goals reached by an ongoing participatory process carried out among
researchers and farmers in Rome, Central Italy, and including activities in a LTE and in actual farms. With
the final aim of setting up a pilot experieniwe further similar initiative at National scale, the process
objective was twofold: i) engage stakeholders in an effective collaborative environment in identifying the
research priorities for the organic production local area; iyget new LTE refleiing the research priorities
identified within the multistakeholder platform previously defined.

2 Materials and Methods

Started in 2015 and still going on, the study stemmed from a CREA intéréSREA, Council for
Agricultural Research and Agricultur&conomics Analysig in activating a redesign strategy able to
encompass both the establishment of a loose network of organic farms in the Latium region, central Italy (i.e.
stakeholder platform) and the identification of the local research prioritigs the ultimate goal of
establishing a new LTE and parallel trials in the farms of the network.

Participatory approach was used to sketch the research needs perceived by organic farmers within fruit
production in Central Italy, following a thresteps proess (Figure 1). In the first step, after a context analysis

of fruit sector by researchers, a 'participation in information giving' strategy was put into place (Pimbert,
2011: 14): farmer participation was limited to the extraction of information by aimgngiestions posed by
researchers in a questionnaire surveys. The questionnaire was prepared by CREA researchers and
administrated by the Italian Association for Organic Farming (AIAB), partnering with CREA for this specific
purpose. In order to reacttallective perspective of research demands for organic fruit production, a frontal
meeting was organized with the selected farms. Priorities of investigation were given for the joint research
activities to be carried out in a new LTE and in new planteldands in the farms of the network (third step).
Overtime, before and after the orchards installation and trials, meetings were organized to share observations
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and collect feedbacks (step twdhese activities were hence carried out following a modifiaditpation

by consultation’ approach (Pimbert, 2011: 14): participants were consulted by researchers able to catch the
relevant i ssues and to define solutions, whi ch mi
(O6Brien, 2001).

Definition of:

8 - Questionnairesurveys
= 1 - stakeholder network - Frontal meetings
w - research priorities
]
N \
pary
<)
] 2 objectives definition and Results sharing and
=] X .
= feedbacks discussion reflecton
~ activities carried out
(]
o \
g
o i
LTE Iayoult and Parallel trials
B 3 planting and common activity
o definition

Participatory approach
Figure 1. Three steps process followed to establish the farm network and the trajs set

3 Results

Firstly, 5 farms were selected based on their representativeness of the organic fruit sector in Latium region.
All selected farms shared similar needs in terms cfaneh demand and market opportunities for fruit
production. In the first frontal meeting with farmers, apriéufus armeniacd.) was identified as target

crop whereas soil management and rootstock x cultivar choices were recognized as main issues to be
investigated. Then, together with farmers, ten apricot varieties (driving characteristics in selection: precocity

in fruit production, fruit colour and size, quality parameters) and two rootstocks (plant vigour) were selected

as promising for organic agtlture and for Latium market. In the MAIOR (MAintalnance of Organic
Orchards) LTE in Rome, a new orchard was designed to test two of the promising apricot varieties within
three systems at different levels of "agroecological intensification" (Wezel €04b: i) a Businness As

Usual (BAUT common practices soil tillage and commercial fertilizer), ii) Innovative diversified system

with Natural cover and Compost use (IN®@o soil tillage at transplanting, natural cover, Municipal Waste
Compost), iii) hnovative diversified system with introduced Cover and Compost usé (i@fduction of
Agroecological Service Crops, tillage and MWC). The new orchard was planted in spring 2017. Lastly,
parallel trials were realized in the early 2018 at farm leveltahde fisat el | it e orchar dso
di fferent rootstock combinations. The MAI OR LTE co
are organized on regular basis, where opportunities and bottlenecks are discusseday ojsis.

4 Discussion and Conclusions

The studied process highlighted the feasibility of joint research activity by focusing the research priorities at
local level as well as their implementation in experimental trials. Stakeholders (e.g. farmers, researchers)
may cdlaborate in planning, management and coordination of the experiments, hedesigiing the
cropping system represented by the trials. By including LTE as part of the network, the LTE can become a
territorial hub of innovation, in which: i) research dews derive directly from stakeholders, ii) research
issues are addressed and tested in the LTE and iii) results are discussed within the same stakeholder platform.
Furthermore, the connection with satellite farms may maximise the impact of the activdizd/gerritorial

scale. In this context, such participatory research activities may allow to overcome timedbsingle field
management, aiming to widen goals further than the only ones of the group of participants (Bruges and Smith
2008). The netarking of experiences structured this way can be considered a scaling up strategy, to be
followed also in other territories/contexts, activating a H®rgn ceinnovation approach, towards a food
system redesign according to Agroecology principles.
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1 Introduction

Tools in agronomy are developed to erd@aimnovations by making the fruits of research accessible and
usable among practitioners {fH]. Although certain tools are popular and adopted among their targeted end
users, others are not, thus inducing a failure in the support for practitionerd€omasvation. The major

reason explaining this problem of implementation is the lack of implication of thaesemd into the design
process [6]. From the point of view of ergonomists, the design process should be shared between designers
and users, sind@e use of a prototype by the easkers under realistic conditions highlights their issues and
their needs [7]. Integrating engsers into the design process is possible through agstepearticipatory
approach [6](i) a diagnosis of use situations ang targeted endsers, (i) participatory workshops for
designing a prototype of the tool, (iii) a test of an operational prototype by itssensl EcosysteMIX, a tool

for supporting practitioners in the design of crop mixtures with annual crop species in mainland

France, will be designed following this approach. Here are presented the results of the diagnosis of use
situations conducted in early 2019.

2 Materials and Methods

A diagnosis of uses was conducted ffatiating the design process ot&systeMIX. Three goals were
intended6]: (i) identifying the diversity of use situations and better characterizing the uses of existing tools
for designing crop mixtures, (ii) describing innovative solutions developed by potentiasersthemselves

to face the considered problem of designing crop mixtures, thus achieving functionalities envisaged in
EcosysteMIX, (iii) preparing the next steps of the design process, i.e. identifying actors with whom the design
process of EcosysteMIX will be led, and ws@iations in which the test of EcosysteMIX prototype will be
performed. The diversity of use situations being more important than their representativeness, a snowball
sampling method was implemented for identifying the 35 actors that were contacteskforstructured
interview between January and March 2019. These actors were potential stakeholders for the design and/or
potential enelisers of EcosysteMIX. Most of the interviews were recorded, and then transcribed to allow the
analysis of the collectegualitative data.

3 Results

The interviews of the diagnosis of use situations were conducted in early 2019 among 35 actors with diverse
professional categories: farmers, agricultural advisers, development actors, experimenters, companies and
cooperativesscientific researchers and higher education teachers (Figure 1).
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Figure 1. Professional categories interviewed for the diagnosis of use situations

The use situations, i.e. the way these actors represent and interpret the problem considered fdlXcosyste

(i.e. how to choose suitable crop species to mix under givereaginmnmental conditions to deliver one or

several ecosystem services) are being analyzed, as well as the way they decide and act when facing it, the
innovative solutions and existingdis they found to address it, and all the material, organizational,
informational constraints they meet and that hinder the implementation of the crop mixture practice.

4 Discussion and Conclusions

EcosysteMIX will aim at exploring and opening up new fmktes, and at sharing knowledge about crop
mixtures in a didactic way. However, do all potential -esdrs have the same goals about mixing crop
species? Do they need the same tool functionalities and will they use the tool in the same conditions?
Answering these questions will enable the identification of new concepts that could support the design of
crop mixtures and that could be incorporated into EcosysteMIX to better match theseedr s 6 needs.
addition to that, the diagnosis of use situatiori allow the identification of experts with relevant
knowledge that could contribute in the design process of EcosysteMIX, and the identification of the situations
in which the test of prototype could be conductfedsults of this diagnosis will be presash during the
European Conference on Crop Diversification with the scope of providing clues and orientations for the
development of relevant tools suited to -@rs@grs needs for supporting the design of crop mixtures. More
generally, perspectives of suclkeecise in a tool participatory design process will be highlighted and
discussed.
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1 Introduction

Since the late 1950s, the advances in agronomy, genetics, and chemistry significantly increased crop yields
worldwide. However, the strong simplification and intensificabbnonventional farmingystems, through

a growing use of chemical inputs, water, fossil fuel energy, and agrochemical products (fertilizers,
pesticides), have caused significant environmemtglacts (Wezel et al., 2018). These impacts include
groundwaterpollution, greenhouse gas emissions, soil erosion, loss of biodiversity, and reduction of
agroecosystem servicésuch as loss of soil fertility and soil degradation. Collectively, these impacts have
implications for longterm farming system sustainabjland environmental quality. Therefore, the adoption

of crop diversification strategies (e.g. rotation, intercropping, and multiple cropping) and alternative
management practices (e.g. reducing tillage intensity, organic and mixed fertilization, cidyee resi
management, and optimizing water use efficiency for irrigated systems) allows to achieve sustainable
systems and food production with lower inputs, and minimizing the environmental and social impacts of
agricultural practices without compromising crgplds and incomes. In this context, the fixear Horizon

2020 Diverfarming project (www.diverfarming.eu) aims to definstainable, diversified cropping systems

with low-inputfarming practices, adopting a muttisciplinary approach across Europe.

In the Mediterranean Basin, arable agricultural systems are highly specialized and characterized by a few
improved highyielding species, mostly oriented on cereased intensive cropping systems under rainfed

or irrigated conditions as monoculture, or shotations such as whestimmer irrigated crops, or mixed
succession with bare fallow (Di Bene et al., 2016; Francaviglia and Di Bene, 2019). The region is extremely
vulnerable to environmental or anthropogenic pressures and increasing the diversifitatfopping
systems can stabilize agroecosystem productivity more than conventional agriculture (monoculture, intensive
tillage, and higher external inputs), enhancing resilience to environmental stress. To achieve this, more
attention should be given tbed specific local knowledge of soil and land management, involving local
stakeholders from the beginning of research activities with participatory methods (Bampa et al., 2019).
Therefore, this study directly engagedtakeholders byublic consultations taapture their practical
knowledge of current farmer practices fpromoting suitable diversified cropping system in ltaly. In
particular, both rainfedereal and irrigatedereal cropping systems were addressed. The consultations also
aimed to investigat¢éhe interest of stakeholders on potential crop associations and alternatirelw
farming strategies fodecreasing external inputs andnimizing agrienvironmental and socioeconomic
problems.

2 Materials and Methods

The consultation was based onwestionnaire organized five parts: 1) general interview information; 2)
identification and assessment of the most relevarvesyironmental problems in the study area; 3) selection

of measures to tackle the identified problems; 4) selection of digat&in alternatives; and 5) management
strategies to reduce the impact of conventional cropping systems. The questionnaire, developed by the
University of Cartagena (Spain), wiasplemented online and designed to be easily compiled using laptop,
tablet @ smartphone.

Between 20 and 30 representative stakeholders were intended to be consulted with the following distribution:
1) farmers and technical agricultural advisors (25} 2) field technical officers from public agricultural
administrations (n=3); 3) technical experts from NGOs with experience on farming practicess{naad
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4) researchers in agriculture (rSR With the involvement of ltaliaffarmers associations, agricultural
cooperatives, and companies a total of 50 stakeholders wereedetedd directly invited to fill the
guestionnaire.

3 Results

The main outcomes were grouped by rairdedeal and irrigatedereal cropping system$Ve got 40
completed questionnaires: 1) farmers and technical agricultural advisors (n=25); 2) fieldateatiicers

from public agricultural administrations (n=7); 3) technical experts from NGOs with experience on farming
practices (n=1); and 4) researchers in agriculture (n#®.answers were downloaded in an Excel format
template for validation and awyals.

In the rainfeecereal systems, crop rotation, intercropping and rudjpping were proposed as management
alternatives, with crop rotation reaching 85% of the preferences. Faba bean, alfalfa and mixed legumes
cereals cropping systems were identifeadthe most feasible crop diversification strategy, accounting for
78% of preferences. In rainfed systems, organic matter inputs, conservation tilldgiaegaaand reduced
tillage) and cover crops were preferred as soil conservation and weed managexiegies, while integrated
management was preferred for pest control.

In the irrigateecereal systems, crop rotation, intercropping and roudfpping were proposed as
management alternatives, with crop rotation reaching 67% of the preferences. Iay8tesss, limited
irrigation strategies are frequently adopted in horticultural crops (e.g. tomato). Moreover, precision
agriculture was indicated to optimize fertilization, while organic matter inputs, cover crops, and conservation
tillage were chosen awil conservation and weed management strategies.

4 Discussion and Conclusions

The results presented allowed to identify relevant strengths and drawbacks for the implementation of
diversified cropping systems under lémput agricultural practices. A majcstrength is that the crop
alternatives selected for the diversification are already cultivated as monocultures and are adapted to the local
pedoclimatic conditions. So, farmers just need to learn how to use them in combination as rotations, multiple
cropping or intercropping.

On the other hand, a major weakness is that few farmers are experts in crop diversification. Thus, providing
adequate training for public officers and agricultural technical advisors is crucial for successfully
implementing diversiéd cropping systems among farmers. Additionally, the identifiedinpwt farming

practices are easy to implement, are not costly, do not require major investments in new machinery nor great
farming skills to learn them. This suggests a further signifipaténtial for their implementation at the
technical level.
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1 Introduction

Thedevelopmenof intercroppingn Europearerablefarmsprogresseslowly. A practicalchallenge to
alargerspreadf intercroppig is thedesignof optimizedandlocally-adaptednanagement practicds.
the field, thereis a diversity of farmer constraintsand objectives andhenceof possible ombinations
betweerspecieandcultivars,sowingdatesdensitiesspatialdesignandeven fertilizationyweedingand
plantprotecton strategiesDueto this complexity, very few farmersare innovawe andtry awide range
of possbilities of intercroppingbut mostof themarerather conservativandli mit ther practiceto cereat
legumemixtureswith bothspeciesownandharvestedogether.

Due to the resourcesequiredand to the complexity of intercropping,field expeimentationsand
computer simulationsare insufficient to quickly progressbeyond the state of the art and provide
sufficient locally-adaptedknowledge.Building on innovativef a r mieowdede of intercropping

manag@ment practicesand their outcames is an option currently undervaluedby reseechersand

consultantsThis silent empirical knowledgehas a powerful potential to complement our scientific
knowledge Oneway to getthis knowledgeelicitedandsharedwithin the farming community is the use
of seriouggamegqi.e. gamesthateducatetrain,andinform).

We aredevelopinga decisionsupport seriousgame calledInterplayallowing farmersto explore locally
the diversity of intercropping manageament options given expectedservicesand constraintsat the
croppingsystemlevelamongreseachersconsultantandfarmers.

2 Materials and Methods

Interplay is being designedfollowing a problen-driven strategy to addressthe introduction of

intercroppingin croppng systans of Europeanarable farms. It is being devebped following a

participatoryapproachinvolving agricdtural corsultantsand farmers at every stageof the modelling

procesdrom selectingthe componentdntegratedn Interplayto interpretingthe simulation outputsto

eventuallyreframe the problemtowardspracticingintercroppingThis way, the relevancef thegame is
confrontedo a diversty of pedoclmaticandfarming contextsand expertknowledgeis elicitedfor the
correspondingange of situations.

3 Results

Interplayincludesa game boardrepresenting croppingsystemover time where, in a first step,crop
cardscanbe placedo representhe crop sequencen a secondstep,the ecoystemservicesexpected
fromintercropping(soil structureconservationgrosioncontrol,N suppy, pestdiseas@andweed control,
grain producton and cerealprotein content)are prioritized with the level of servicespecified using
ecoystemservicecards Whethereachserviceis expectedat theintercroplevel, atthe cropping gstem
level or bath canbe indicatedon the game board. In a third step,intercroppedpeciesare chosebased
on stakeholdr skfowledge.If neededthe Ecogystemix tool can be used (Balardier et al., this
conference)lt allows sorting cerealand legumespeciesaccordingto their suitability to provide the
expectedecoystemserviceswhen interaopped.In a fourth step,it is possibleto specify the main
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dedsionsregardingntercroppingmanagementhe cerealandlegume cultivarsused(height, earliness,
resistanceo lodging), the spatialdesign(mixed or row intercrop),the sowingdensity (balancedr in
favorof cereabrlegune), thedateof sowing(simultaneousr not, earlyor late)and thdevelof pesticide
andfertilizeruse.Thisway, scenario®f introductionof cereatlegume intercroppingn cropgngsystems
canbedesigned.

To evaluatethe scenarioglesignedwe are developinga Dexi multi-criteria assessmentmodel. This
modelassessesthelevel of ecoystemservicesprovidedby thescenariof cerel-legume intercropping
andallows comparisonof soil structue conservationerosioncontol, N suppy, pest, diseasendweed
control,grainproductonandcerealproteinconent levelsexpectecdandsimulated. Thusit is possibleto
check if theexpectedevelsof ecoystemservicesaremet. The Dexi modelis beingcalibratedbasedn
published scientific knowledge and on expertknowledge(advisorsand famers) gatheredthrough
interviews.
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Figure 1. Overview of thelnterplayseriousgame

4 Discussionand Conclusions

The protaype of Interplayis beingtestedin Francewith groupsof farmersandconsultantgluring 2-3
hourworkshops. Participantsterativelydesgn and evaluatescenarioslt is expectedhatInterplaywill
enableaddressinghe impactsof the managemet of cereallegume intercroppingon the cropping
system, andin turnhelpfarmersto testnewcombinationsof specieandmanayement.Thismay pranote
co-learningthroughvirtual experimentation, enrichingdiscussion@mongresearchers, consultarsind
farmerswith visualandquantigtive information,sharingof locally-adapted experien@ad knowledge
onintercropping managemengtc.
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1 Introduction

The use of frost sensitive companion plants, sown with winter rapeseed (WRS), started a few years ago
in Switzerland. It only represents a shfahction of the WRS area, but seduces more and more farmers,
resulting in an increase in sales of seed packages for WRS. It is considered as an efficient solution to
produce WRS with less phytosanitary products and nitrogen fertilizers (Cadoux et 20d thanks

to legume species, could even result in slightly improved grain yield (Verret et al. 2017). In a context
promoting more extensive systems, it seemed important to understand the motivations, concerns and
fears of the farmers, toward the retdevelopment of this technique, in order to identify opportunities

of improvement of WRS management and better use of services plants.

2 Materials and Methods

A survey among Swiss WRS producers gathered their practices and opinions on intercropiping wit
WRS. The survey was sent by email to Swiss producers, and could be answered online. The 33 questions
asked about (i) gener al structure of the far m, (
companion plants. The last part (iv) was only for farsmwho were growing their WOSR with
companion plants, and allow them to share their experience and the improvements they wish for.

3 Results

The survey gathered 1063 answers, representing about one sixth of the producers. The data showed great
disparities between Western and Eastern Switzerland. Whereas in the first one, intercropping is being
more and more popular, it remains confidential in the rest of the country. Sowing WRS with companion
plants was more frequent when the farmers chose to growrtipsadth minimum tillage. Moreover, it

was often combined with the fiextensod progr am, d e
fungicide or insecticide, resulting in a sharp reduction of crop protection treatments compared to the
conventional marngement. Most farmers acknowledged that intercropping was efficient to reduce weeds
and allowed them to give up herbicides, but the fear of a negative impact on yield is still very high.

The choice of species sown with the WRS revealed various strategiegdarmers. Two third of them

are sowing one of the fAmixture for WRSO offered b
six species, both legume and R@gumes (niger, buckwheat, grass pea, common vetch, berseem clover,

lentil), and a mixtureof 3 legumes (lentil, grass pea and fenugreek). Other farmers made their own
mixture on the farm, sometimes following the advices of extension services. They use some of the
previously cited species, and sometimes add faba bean, droatsensitive legmes like white clover,

red clover or alfalfa, that will remain alive after the harvest of the WRS

4 Discussion and Conclusions

The particularly high response to the questionnaire showed a great interest for the technique, even from
farmers who have no grrience with intercropping. The one using services plants expressed a general
satisfaction, in spite of doubts concerning the impact it may have on the Vhiklseems to confirm

that subsidies set up to promote low pesticide farming could play a decisie in the decision of
sowing services plant$lowever, large disparities remain among Swiss regions. The work of extension
services in the western part of Switzerland seems to have a large part in the success of intercropping in
this area. In order textend this practice to other areas, and achieve low pesticide WRS production, it
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is necessary to better inform farmers, but also to propose better suited mixtures, adapted to the large
diversity of farms, pedoclimatic conditions and soil tillage techegju
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1 Introduction

A shift towards new production systems, based otogial intensification, adapted to local conditions, and
manageable by farmers is expected (Datral.2015). Diversification of cropping systems in space and time

is often claimed as a main driver for providing the necessary ecosystem servicest @6@045). In France,

an i mportant area of arable crop production called
at the south of Paris, is characterized by shallow and stony soils with low potential. In these situations
rotations are geerally short and based @rinter crops (rapeseed/wheat/barley) and tillage is often reduced.

These systems typically encounter agronomic problems: yield stagnation, increasing difficulties in
controlling weeds and pests despite a high pesticidelmugbat context, the diversification of cropping

systems is particularly relevant, but its implementation on farms is hindered by the high risk of crop water
stress.

To adress this issue, we developped, wthinframe of the French project 'Syppr@nd of theEuropean
project DiverIMPACTSan approach combining the support to farmers in transition in their farm and (ii)
onstation experiment of an innovative cropping systendesigned with local advisors and farmers. The
aim of this paper was to descrithe approach used, the cropping systems implemented, their performances
and discuss the strengths, weaknesses and obstacles to cropping system diversification in this context.

2 Materials and Methods

The work was carried out in the center of France, eraioceanic climate. The soils were stony elay
limestone of shallow to medium depth with low water holding capacity.

The group of farmers was set up about ten years ago. Originally, they requested the support of Terres Inovia

to understand the origin ofgblems of yield stagnation and pest control in rapeseed and to find solutions.

The group's thinking has gradually broadened to the scale of the cropping system and now aims to obtain "a
fertile soil for robust crops”. It now includes 12 farmers. Its apghaconsisted of (i) field visits at several

times of the year to share information on the practices implemented and their results, and (ii) indoor meetings

to share the assessment of the agricultural campaign and ideas for improvements. Advisors lfrom loca
development structures (cooperatives, agribusiness, chambers of agriculture, etc.) were systematically
involved in these meetings so that they can bring
approach.

In parallel, in 2014, the farmers dfie group and the local advisors were involved in thelesign of
prototypes of innovative cropping systems aimed at reconciling local (defined by the group) and global
challenges (productivity, profitability and low environmental impacts), led by Teroesa as part of the
inter-institute project SyppteThea priori most performing prototype was selected and has been tested on
station since 2016. Visits and discussions on the results were shared with those of the farmer network to
stimulate innovatiofin both schemes.

The performances of farmersdéd cropping systems and
French tool Systerre® (Webetal.2018). For farmers' systems, to reduce the workload of evaluating twelve

farms over severalyears,weave descri bed with the farmers a typi
for the two main soil types of the groupbs far ms.

clay-limestone soils.

1The Syppre project "Building tomorrow's systems togetherleddy Arvalis- Institut duvégétal, Institut
Technique de la Betterave (ITB) and Terres Inovia, was launched in 2013 for the long term.
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Identifying problems of soil fertility, the farmers decided to diversify their cropping systems with the
introduction of legume crops. They first introduced msiitecies cover crops andnea up with the idea of
intercropping rapeseed with frost sensitive legume crops. They developed this innovation that is now used
on 12% of rapeseed surfaces in France (Wagner and Lecomte 2019). Then they gradually lengthened their
rotations, often with thmsertion of lentiljn order to disrupt weeds and bring symbiotic nitrogen. This spring
and benef.i
system defined with the farmers was intercropped rapesgkeatlentil-wheatbarley. The gross margin
improved by 7% while the treatment frequency index of pesticides (TFI), the amount of mineral féttilizer

and the greenhouse gas (GHG) emissions were reduced by approximatively 25% (Table 1).

Table 1 performancs of the typical offarm and orstation cropping systems.

from

On-farm systems

On-station systems

The farmers of the group were strongly involved during thdesign of the innovative cropping system to

be tested ostation. The selected innovative cropping system was basedioa\gear rotation. It included

a succession ofehtil, durum wheat and intercropped rapeseed proposed by a farmer who successfully
practices it. To disrupt weeds a succession of two spring crops: maize, sunflower, followed by a wheat, was
selected. These two crops were rarely grown in this low potexatidext, but farmers were interested in
seeing if the agronomic benefits could make their introduction profitable. The crop rotation ended with winter
pea intercropped with wheatheatwinter barley.A control system with an intercropped rapesedeat

baley rotation was experimented alongside the innovative one.

The environmental performances of the innovative cropping system over the first two years were satisfying.
The treatment frequency index was reduced by 30 to 50%, the amount of mineral féttiéinerthe
greenhouse gas emissions were reduced by approximatively 30% compared to the control system. The
productivity and the profitability were improved in the first year but were worse in the second year of

experiment.

4 Discussion and Conclusions

Thanks to an interactive and participative support approach, farmers have diversified their systems over 10
years with the benefit of an overall improvement in performances. But weed control difficulties persisted for
most of them. The on station croppingt®m was further diversified. The performances were very positive

in the first year notably due to a summer rainfall pattern favourable to spring crops. At the opposite a summer
drought in 2018 led to very low yields of summer crops, penalizing the sygiesfitability. Nevertheless,
farmers remained interested in knowing lgagm performances as well as the practical feasibility of such a
diversified system. The involvement of farmers in thedesign and steering committee of thestation
experimenseemed to be an effective way to help them explore innovative pathways for the step by step re
designing of their offiarm cropping system.
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1 Introduction

Legumes have many interests in cropping systems because of their ability to fix atmospheric nitrogen, thus
reducing nitrogen input use at the crop rotation scale. They are alsersting source of protein for feed

and food. Therefore, legumes can help meeting current environmental and food challenges. However, their
cultivated areas have seriously decreased over the past decades (Voisin et al., 2014). A sociotechnical lock
in (organization of value and supply chains, major investments for storage and breeding companies, etc.)
hinders the reintroduction of these minor crops. Increasing their production requires the implementation of
specific coordinated actions between agricultarad industrial actors, and the territory is assumed to be a
good scale for that, as it allows strong exchanges (Magrini et al., 2016). A participatory approach was
proposed to the stakeholders of the Plateau Langrois territory (89,800 ha in Burguncly) ferénelp them

thinking about the modalities for overcoming the sdeithnical lockin toward legumes reintroduction by
designing scenarios of introduction of legumes in their territory.

2 Materials and Methods

The stakeholders involved in this stuthme from various organizations specialized in agriculture (farmers,
technical advisors from local cooperatives and Chambers of Agriculture), in environment (water union and
the National Park of the ChampagBeurgogne Forests) and in research.

The partigpatory approach was displayed in three steps: (i) design, with local stakeholders, of agronomic
scenarios for the reintroduction of legumes, €X) anteassessment of these scenarios with their chosen
criteria, and (iii) discussions on the conditionstfair implementation in the territory. These different steps

were based on the analysis of national statistical data and surveys of local actors as well as on the facilitation
of participatory workshops. In total, three etteey workshops were conductedwvarkshop on the design of
innovative cropping systems including legumes and two workshops on scenario design and evaluation. The
Coclick'eau optimization tool (Chantre et al., 2046p://coclickeau.welstem.com/bagivas parameterized

by the research team based on these data and the ideas expressed during these.workshops

3 Results

First, current and prospective crop management sequences were described and assessed, based on statistical
data, on the mailts of individual surveys, and on the results of the first workshop on the design of innovative
cropping systems including legumes. This made it possible to share with the stakeholders a representation of
the current territory, corresponding to a disttion of crops and their crop management sequences. This
scenario was used as a baseline for assessing prospective scenarios.

The stakeholders then expressed their expectations for this territory, in the medium and long term, according
to their individualmotivations or those supported by their structure. The expectations expressed during these
exchanges led to the emergence of eight ideas of scenarios. Objectives and constraints corresponding to these
ideas where translated in four sets that were usedpasgs for the Coclick'eau optimization tool: (i)
developing a local high quality organic flour (by increasing the organic areas), (ii) increasing the production
of proteinrich forages and crops, (iii) reducing the impact of crop management on undergeienduality,

and (iv) a fourth scenario combining the objectives and constraints of the previous ones. Each scenario,
simulated with the optimization tool, is a distribution, at the territory scale, of crops and crop management
options and its resultinggronomic (yields, proteins produced for cattle), seconomic (megin, input

costs, work dad), and environmental (use of pesticides, risk of nitrogen leaching, fuel consumption, etc.)
performances.
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Finally, these results were presented and discugitedhe stakeholders. The discussions focused on (i) the
ways of differentiating productions in this territory that is not very competitive on world markets, and the
conditions for achieving this, and (ii) the possibilities for exchanges between pradsisiems (cereal
livestock) for fertility and feed autonomy in the territory.

4 Discussion and Conclusions

The method implemented in the plateau Langrois territory made it possible to initiate discussions on the issue
of the reintroduction of legumesto this territory. Indeed, the workshops organized allowed to share
perceptions of the current territory and technical data between stakeholders from different spheres (research,
professional agricultural organizations, local authorities and farmesjdition, the scenarios proved to be

a good basis to discuss about the future of agriculture in the plateau Langrois territory, and on new levers for
reintroducing legumes. Some participants proposed to mobilize the method and the results of this approach
in order to pursue the reflections undertaken and raise public authorities' awareness on the problems in the
plateau Langrois and more generally in the low potential agricultural zones. This participatdrgsexbl
approach could be used in other terrdsy particularly to work on the development of {mapact agriculture

and supply chain, a theme at the core of current public policies.
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1. Introduction

I n the interdisciplinary H2020 project fiRedesignin

(ReMI X) 23 partners from 13 European countries are

more diverse andesilient arable cropping systems, making use of -agcoo | ogy pemixxnci pl es
intercrops.el Across Europe 11 Mulhctor Platforms (MAPS) are established as physical units in which

local farmers, advisors, enterprises, researchers and others develement and assess species mixture

adjusted to local settings. Apart from locally designed solutions, MAPs facilitate the creation and sharing of

local and demandriven knowledge.

Farmers of the Danish MAP are navigating in a Danish agricultural selttmacterized by increased
mechanization and specialization justified by demand for high productivity in order to maintain
competitiveness in a global market. A development based upon greater inputs of fertilizer, water and
pesticides, new crop cultivas,nd ot her technol ogi @itnmamefd., 2022 WihGr een |
this development, and despite a long history of diverse and locally adapted cropping systems, species
mixtures have more or less disappeared from the Danish agricultural landscape.

Today Danish farmers are struggling to make a livingtdregh investment levels and falling prices in key
agricultural commodities combined with high agricultural market volatility. Impact of climate change such

as more extreme heat and precipitation events influencing pests and diseases dynamics leackaged i

crop yield variability is likewise challenging the practice of present specialised faingtset al, 2015)

An increasing number of studies documenldygains using crop mixture strategies without increased inputs,

and greater stability of yield with decreased ing®aseduzzaman and Jensen, 20yeased emphasis
towards such O6sustai nabl e(Jengeretal2681b)hay beaa meéansrnotaddiessi ng ¢
some of the major probl ems as s(@lteriatnle20l5wi t h speci al

For sure, crop mixtures challenge currentferr s 6 habi ts as well as other ac
value chainsNevertheless, farmers are key actors in designing robust scientifically credible and socially
valuable knowledgéProstet al, 2017) The focus of the Danish MAP is therefore to unfold how crop

mixtures can resonate with the wishes, beliefs and possibilities that exist among the involved farmers and
empower them to create satisfying solutions.

2. Materials and Methods

Apart from a cetral experimental field the Danish MAP is composed of 13 individual farmers (satellites)
experimenting with the use of species mixtures at their own farms. All satellites practice some degree of
reduced tillage but vary in age, experience, farm size, ptiot) geographical location etc. Following a
participatory research approach, the collaboration with satellites is explorative and activities influenced by
farmersd needs and wi s h e s-innovation appreachesadning to cplfgelyy s i nsp
iproduce knowledge that wildl be useful for farmers
their own context, and to gui de t he mlLacombetCowx r und
and Hazard, 2018 he process include iterations of centrabesigning steps as i) diaggis, ii) design of

prototype, iii) implementation, iv) evaluation and disseminafitereijken, 1997)

In spring 2018 in depth sergtructured interviews were conducted at each satellite gathering information

about their individual motivations, barriers and experience with species mixtures g)tumn 2018 all

satellites established the same catch crop mixture to evaluate the potential at each farm (iii). Satellites decided
individually how and when to establish the catch crop depending on the contextual conditions, knowledge
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and strategy. Judiefore frost researcher and farmer conducted biomass cuts combined witfieddh in
evaluation. At a seminar in January 2019 dry matter biomass yields from-taerotrials were interpreted

and discussed among satelli{eg followed by an interactivevorkshop session to generate new ideas for
species mixtures and rotations enhancing ecosystem functions and services (ii). To conclude the seminar each
satellite choose the species mixture(s) to test in the following season (iii). In summer 2019 anutizer se

was held at one of the satellites to carry out common evaluation of species mixtures established at this satellite
and discuss individual experiences fromafarms trials among the other satellites (iv).

3. Results

The results presented include et motivations and barriers for using species mixtures among Danish
satellites and ii) the concrete yields of satellitefammn trials of catch crop mixture.

The initial interviews and continues communication reveal that Danish satellites are motivestedpiecies

mixtures to improve soil structure and health, increase use and fixation of nutrients, reduce weed and diseases,
increase soil carbon storage, spread risk, improve economy, provide structural support for legumes, inclusion
of legumes in rotatio, to stimulate farmer curiosity etc. The satellites also articulate that their use of species
mixtures is limited due to that lack of resources (time, capacity, economy), logistics, technical issues
(separation of grains, mixing of seeds, machinery fedisg and harvesting), lack of knowledge and
experiences, decreased opportunity for pesticide use, conservatism and habits in the sector, unpredictability,
doubt about the effects etc.

The results of the first year darm trial (Figure 1) show a greatfidrence between dry matter biomass
production of the catch crop mixture among the different satellites. Farmers explained the differences in
biomass production with variation in sowing date, method of establishment and precipitation. Lacy phacelia
dominaed the mixture at all satellites except one where the catch crop mixture was mixed with oil seed radish
by mistake. Farmers explain this result with the specific annual conditions with very little precipitation
discussing the possibilities for achieving ttame biomass production taking advantage of the abilities of
other species in a year with different climate conditions.

4. Discussion and Conclusions

The Danish MAP illustrate an interest and potential for increased species mixture cropping in Denmark.
Saying that, the satellites articulate that species mixtures introduce severe technical, structural and social
challenges. Nevertheless, the-fanm trials showed an effective spatial and temporal utilization of local
growth resources indicating intersgmccompensation in the mixture grown when adapting to the contextual
situation.

Farmers are the key actors in designing cropping systems. The joint evaluation of the common catch crop
mixture grown in autumn 2018 and the following interactive workshopet out to be valuable to create
discussion and knowledge sharing within the group of satellites. Situated challenge within various parts of
the production and management system was addressed as welhasvedion needs beyond the farm
boundaries, e.gvithin the supply chain. Multiple actors are involved and will need to change their practices
and routines.

Through ongoing contact with satellites it is clear that motivations, possibilities and challenges change over
time and among farmerklot all sdellites participate in the trials and activities with same engagement. The

aim is to follow the temporal learning process and practice of each satellite to understand the diverse
trajectories and uptake or denial of the usgpeicies mixturegn the conng two years workshops including
adjacent actors like advisors, enterprises and others are planned. The aim is to facilitate discussion and seek
common solutions to the barriers identified by farmers in order to enhance the possible benefits of species
mixture cropping in Denmark.

In the presentation, we will elaborate on thergwvation approach used in the Danish MAP and present the
coming activities to challenge and empower both satellites, other farmers and actors in order to explore the
opportunites for increased use of species mixtures in Denmark
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Figure 1. Average total catch cropéa, clover, serradella, phacelia, buckwheat and vatghatter production (g/fhat 13
Danish satellite farmers.
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1 Introduction

The scientific literature abounds with suggestions on usefulness of scientific insights for practitioners seeking
sustainable development. Where follow research has been donewhwer, actual uptake of such
potentially valuable knowledge has often been disappointingly low (e.g. Clark et al. 2011). To make scientific
knowledge work for sustainable development, insights from innovation sciences may contribute to new ways
of organizng collaborative spaces and languages between scientists and society. Here we refer to these new
ways as multactor approaches, in line with the terminology used in the Horizon 2020 research funding
program of the European Commission.

Recent publication.g. Clark et al. 2016) point out the need to consider the production of usable scientific
knowledge as part of dynamics in so@ablogical systems (SES). This perspective implies that an
academically sound discovery only becomes useful for sociateifition is given to its local embedding,

which in turn may |l ead to adaptation of the initie
important consequences for the way activiented researchers should consider the systems they work in,

and for the way their interventions should be organized. Aim of this contribution is to review the conceptual

basis of coproducing and illustrate consequences with the way this has been implementednmtvaton

approach in DiverIMPACTS.

2 Conceptud framework

SES can be considered as complex adaptive systems (CAS) with elements that are linked through many,
partly unknown feedback mechanisriis making them complex, which adapt themselves through
evolutionary learning processes in which best fittihgrgges are selected from the range of alternatives.
Consequences of this CAS perspective are that outcomes of interventions cannot be fully predicted, that
diversity of alternatives is needed to enable fruitful selection processes, that monitoringt®isemédded

to adjust interventions in learning cycles, and that designing sustainable SES should operate from a
perspective of safto-fail, rather than assuming the system to bedaié.

Another consideration is that actioniented research will brg scientists into the political system, with its
debates and controversies. Contestation of scientific knowledge may then be driven by interests and influence
of societal actors well beyond those initially considered relevant for change. In additigmjtiendhat the

choice of research object may favour the position of some actors and disfavour others challenges traditional
perception of valuéree science and requires scientists to explicate their position. Against this conceptual
background for enga&gnent in SES, we introduce the mualtitor approach developed in the DiverIMPACTS
project.

3 Results

The multiactor approach in DiverIMPACTS is referred tocasnnovation(Dogliotti et al. 2014; Rossing
et al. 2010) and builds on insights from nich&egaance, participatory impact pathway analyRi§) (Bos
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Figure 1. Schematized representation of the three domains-@rir@wation in DiverIMPACTS.

& Grin 2008), outcome mapping, and various other practical reflexive monitoring @misnovation n
DiverIMPACTS combines a complex adaptive systems perspective with the creation of social learning spaces
and dynamic (reflexive) monitoring (Fig. 1). Jointly the three spheres provide a setting that fosters adaptive
management of complex systeM#aio conplementary types of monitoring were distinguished. Performance
monitoring is based on sustainability assessment and uses indicators designed to measure results that
contribute to the DiverIMPACTS overall goal of showing the benefits of crop diversific&mmplexity

aware monitoring addresses the way in which DiverIMPACTS considers that it will cause changes in
behaviour of stakeholders (i.e. outcomes) and greater crop diversity in the EU in the longer term (i.e. impact).

Each of the 25 Case Study (C®jams in the project engage with societal actors engaged in crop
diversification with the aim of helping to structure knowledge generation and change at farm and value chain
levels. A team consists of a CS leader and a CS monitor, enhancing a reflentivel b ceinnovation

approach was shared with the CS teams ird@yBworkshops over the first 20 months of the project. In the
workshops concepts were applied to practical case study work. Working in 5 clusters of 5 CSs visions,
missions, causal systermsalyses and logfrarrtgpe action plans were developed and, at the next workshop,
evaluated and adapted to evolving insights. Hmeathly skype meetings between individual teams and a
6cluster | eaderd created add itirheitoenobvé plansavithitheicattor9 n  mo m
develop their indicators for successd articulate needs from the anahaignted work packages of the

project. The Annual Meetings are being structured to take the role of spaces of interaction. The extent to
which the annual as opposed to hadarly facetof ace i nteractions are suffici
the CS is still open.

4 Discussion and Conclusions

A preliminary impression of the éanovation approach after two years is that it allowed CSketelop

their crop diversification projects such that in many cases true engagement of actors was created. The
prominent role of the CSs in the project hierarchy resulted-thimking of the roles of the participants.
Scientists had to engage in negiitias on their involvement in the CSs, while practitioners were stimulated

to consider novel actors and methods to engage with them as a result of the systems analysjgedteer
contacts among CSs were highly appreciated as learning spaces, in sswesdsng in mutual visits and
knowledge exchanges. This mediitor approach is demanding in terms of time, budget and knowledge. At
the same time it enabled creating a platform for learning about stimulating innovation that may inform new
modes of knwledge generation beyond the project.
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1 Introduction

Facing today the limits of the current agricultural model resulting from past trends, many actors are
reconsidering their practices. Redesigning agricultural productionrdswaore sustainable cropping
systems is increasingly considered, however the effective change at a large scale is still a challenge.

For this transition, storage organizations (such a
role to pay. Indeed they mobilize numerous farmers and their central position within tHe@dchain

makes it possible to drive new interactions between producers and customers. Several of them have already
initiated approaches by developing specific mechagisimcounting for the diversity of local situations and
structures.

To better understand their possible role and to identify best practices towards greater sustainability, Terres
Inovia and INRA carried out a qualitative study (1) in France to addredslibwing question: how do

traders and cooperatives take up the issue of sustainability and how can they help farmers adapt their field
crop production methods?

2 Materials and Methods

Following a preliminary literature analysis and 16 sepen intervigvs, the methodology was based on face

to face interviews of 13 coordinators of different strategies, carried out by nine storage organisations, two
associations, an industry actor and a local authority. The criteria for characterizing sustainable detvelopme
(SD) approaches were defined by complementing some criteria used in a published study (2). The interviews
were conducted (under confidentiality) with the support of an interview guide based on the standard analysis
grid which was adapted according t@ thpecific approach considered: either "strategic and proactive" or
"tactical and reactive". The reports and transcripts of the interviews enabled to describe the main features of
each approach.

The public outputs of this study result from a transvensalyais of all the cases to (i) analyse the types of
processes and instruments which are mobilised, and (i) identify criteria for suagaske footprint of the
approachi to progress towards more sustainable crop production, such as the leveteauadded value

they provide, the fact that the approach is more or less demanding, its type of organization and its driving
effect (estimated with the number of farmers involved in the approach).

3 Results
3.1.The components
The study provides a chatagzation of SD approaches for stakeholders in field crop produétigarél).

Several reading filters enable to understand the functioning of the approaches and their definition of
sustainability: the history of the commitment to such an approachdspoe the challenges faced by the

actors (stakes), the types of tools used (coordination and support instruments, management and measurement
tools, public instruments), the types of levers and markets targeted and the difficulties encountered.

The resub show a heterogeneity in the way to apply a SD approach among the surveyed organisations, which
combine the use of coordination and/or support tools, from different existing instruments (regulatory,
mar ket é) and/ or t he devel otenapprdaches ftaketoh ehé conceptvaf p | a
sustainability through several dimensions which are weighted according to each actor (or individual). They
value the productions according to the challenges faced, in some cases by considering environmental benefits

as an opportunity for differentiation.
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Figure 1. Components to characterize a sustainable development strategy hold by agricultural actors in order to target more
sustainable agriculture. A. Schneider-B1.Magrini, E. Montrone

Within the coordinatiorinstruments Eigure 3, the use of audits, mentioned in one third of the approaches
with specific identified mechanisms, underlines the importance of certification in these cases: the audit allows
both a reference to a recognised reference (internastaradards or national environmental value reference
framework) and a tool for exchange and coordination among the stakeholders in the process. In addition,
contracts are widely used (especially in tactical approaches) to ensure the mutual commitraeesatriith
stakeholders (price, volume and visibility).

20“@ ® None
‘ with \*@
identified W/ -
apparatus B Environmental management
P L ® Trends
8% ® Partnership

Subcontrating
without
specific apparatus

Figure 2. The coordination instruments used, when there is an identified mechanism to implement the SD approach (inner
circle) or not (outer circle).

3.2. The quantitative and qualitative footprint of the approach

To understand the key levers for the success of the SD approach, it is necessary to measure how the
coordinator assesses its effect on the way the other actors conduct their activities. One also seeks to evaluate
the driving effect of the appach and the degree of progress towards sustainability it generates.

First of all, the study shows the absence of correlation between the level of requirement of the approach and
the number of farmers involved, unlike a published study (2). This depéode all on the status of the
coordinator, its scope of action and its willingness either to get as many people as possible being involved or
to specifically target a specific innovative group.

Second, several criteria were analysed to understand tiseblativeen the characteristics of the approach

and what makes it more or less successful. Redesigning of crop systems is more often associated to the more
demanding SD approaches (with objectives in terms of results) while practice adjustments are more ofte
linked to approaches with objectives in terms of means. Several levers considered or already implemented
appear in order to bring added value to the production activity targeted by the approach: differentiation
(frequency of 32% among the levers ment@ymoncerns 9 out of 13 approaches), adjustment of practices
(21% frequency), change of practices (18%), security (11%), communication (11%), complementarity
between plant and animal productions (7Fb}erms of key elements that should encourage fartoegst

involved, the first two elements quoted spontaneously were: financial assistance (additional premium to the
market price or contract price) (35%) and recognition (21%). A major bottleneck, both in terms of costs and
difficulties, is the difficulty b convince producers and all actors to be fully involved in the SD strategy and

to demonstrate the value of such change in the medium term (expressed by 9 out of 13 coordinators).
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4 Discussion and Conclusions

The analysis of the 13 cases highlights @eaof existing strategies, according to their degree of organisation
and coordinatordés objectives. This study remains
interviewed and therefore not representative of all French agricultural orgarszation

These initiatives would benefit from being part of more readable standards for citizens and more transparent
and cedesigned specifications. They also require easier access-enaganmental knowledge on the one

hand and tools for assessing theetifze environmental impacts of production systems on the environment

on the other. The study also emphasizes that people need to give meaning to their efforts or activities and
that the coordinator should first invest in time for sharing knowledge amgsigning solutions to be
implemented collectively. These are the prerequisites for ensuring that actors are involved in a process of
changing practices or paradigms in the field of arable crops.
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1 Introduction

Legumes Translated is a new thematic network in Horizon 2020. It supports the Agricultural European
Innovation Partnership (EIP Agri) by linking researaimd practicdbasedknowledge to support legume
cropping and uselt is therefore in line with the recently announced European Protein Plan (European
Commission 2018) that mentions a knowledge platform for protein crops. The overall goal is to support the
production and usef grain legume crops in Europe as part of an overall change in protein sourcing and use
(Donau Soja, 2017). The challenges that legumes crops can help addressdoeumsdinted: the need for

more diversity in cropping with more crops that support patbrs; yield stagnation in ceredominated

systems (e.g. Brisson et al., 2010; Watson et al., 2017); and a 29% deficit in tradable plant protein that is met
by about 35 million tonnes of soybean equivalent imported from the Americas (MBigkleyn et al.2017).

This is a fundamental challenge to the resilience, acceptance and performance offoad agsgtems. There

are indications that Europe is now on the cusp of a significant change manifest in the positive political
response to the Donau SojaBurean Soya Decl aration and the Europesa
protein balance.Thematic networks are a key element of the EIP Agri. funded from Horizon 2020. They
complement both operational groups and Horizon 2020 research and innovation pyofotgpiling and
validating existing knowledge and best practices and providing wider access to this knowledge with particular
emphasis on traasational border knowledge interaction. Legumes Translated has three underlying
principles: empowerment of innaiors through understanding; practiead researcbased sources of
knowledge are mutually supportive; and cropping and farming system innovation must g-hand with
corresponding value chain developments (especially in livestock).

2 Actor groups and transition networks: the primary source of practicevalidated knowledge

The project concept is based on the networking of 15 existing groups of farmers and other innovators (actor
groups) within an international framework provided by seven trangitétworks.These actor groups are
already supported by public initiatives such as the German Plant Protein Strategy and private initiatives such
as Donau Soja. The seven transition networks that they interact in arese@soh grain legumes; Soy; Food;
Pigmeat; Poultry; Dairy and beef; and Aquacultureese transitiometworks promote increased flow of
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practical information from actor groups between geographic areas with exchange occurring from southern
Finland to Greece and from Ireland to BulgaBapmrted by three analytical work packages, the transition
networksenable exchange and rigorous knowledge synthesis and compilation at four levels: specific actor
group farming systems; between related actor groups within seven networked technical aheas of t
agricultural sector (subetworks called transition networks); exchange between reseaseld partners and

the policy community; and between actor gréenel knowledge and the policy community.

Corleamingcycle 4

I A ]
Anahsis of Actor Comparative Assessment of Exchangewith
Group information .| assessment markets, ESS, wider farming
ina co-learning between Actor resource impack, commun ty,
framework to Groups to study policy value chain

supportcrop and trarsvesal development developers,
suppl chain themes and ciils ociaty,
develpment experiences pa policy maces

| | A

Colearring cycle 2 l l o-leamingcye

Sector and value chan Understanding and
knowle dge com pilation, documentation of
guide to communication wider economic and
outputs policy conditiors

Actor Growp Knowleadge Transton Networ Knowkedge Sector & Folicy Knowkdge

Support ofthe EIP / C ompefitive production & vale chains

3 Results

Establishing ad running an efficient thematic network is a complex task that must be completed in a
relatively short project peri odp6 Sactpapproachmustband be
bal anced by 4dbe&nbtsappf oa cildorn@aton. Witha thg first Ex morfths, our

actor groups have provided detailed information on their activities and ambitions and we have successfully
established seven vibrant transition networks. Focus is essential for gehrggroject and so we Vv&a

already completed examples of our major outputs: practice notes/abstracts and videos. The synthesis of
information from actor groups within the transition networks has identified four areas of demand for
knowledge: the farpevel economic impact of imtducing grain legumes into cropping systems; the
nutritional and economic valuation of legumes for animal feed; knowledge exchange for soya production and
use; and the testing/validation of environmental claims made corporate social responsibility sdffesnes.
project will produce practice notes and abstracts, practice and development guides, anohvideusti

lingual knowledge internet platform (The Legume Hub). This is an open publishing facility which is open

to all interested in this innovationea.
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1 Introduction

Within the Diverlmpacts (DI) project, three case studies are supported through the Reflexive Interactive
Design (RIO, for its Dutch acronym) method, which is a methodology that hasdbeeloped to foster

system change within (sustainable) transitions. Since the first adoption of the methodology, it has been
applied in such diverse areas as livestock farming, water management, urban development and healthcare.
Through applying the RIO rigod, it has been further developed, amongst others in regards to the role of
visions within the interactive design method (Lissandrello & Grin, 2012) and the principles of structured
design (Klerkx et.al., 2012; van den Kroonenberg & Siers, 1999). Withiwve focus on the role of trust in

the RIO projects. This paper presents preliminary insights on the intertwined relation of trust and
collaborative learning, and thereby aims to feed into the further development of the RIO method.

2 Materials and Methods

In this methodological article, we discuss how trust should be regarded as an essential process that is
intertwined with collaborative learning, and share what strategies are employed in order to establish and
foster trust. RIO projects distinguishthe el ves from o6regul ard coll aborat.i
their explicit aim to foster structural change beyond their own network. We propose to regard trust building

andf ostering as a o6crafto, whi ¢ h rmowledgei (Poknyial®58;i ne x t r
Ybema et.al., 2009; Fischer, 2000), intuition and more formal strategies. In this article, we explore more
specifically the role that project | eaders play as
to establista trust base within their networks. Through this analysis, we define lessons that contribute to the
further development of the RIO method. Empirical data is used from three case studies, in Sweden, Belgium

and Germany.

3 Results

This paper serves to geasome tentative, more detailed insight into the strategies hitherto found to be
employed within the three networks that are studied, enabling us to extract lessons that can inform both future
research and future RIO projects. However, it should be rib&gda heuristic framework is used, which

implies that it is constantly adapted in concurrence with practical observations (Breeman, 2015). It explores
specifically how 6doingé the RI O method in practic

This can be seen aldy, perhaps especially, in the first phase focused on a needs analysis of the actors
involved in the RIO networks. In this phase, the underlying values and beliefs of actors are center stage,
informing the system design phase that follows. In identif{firegneeds and beliefs of these actors, the role

of the project leader comes to the forefront. One of the central aims that is shared amongst the three case
studies studied for this paper is to create a sense of ownership amongst the actors in the Re@surhs

t hat are mentioned for creating this ownership are
Di verl mpactsd and oO6ensuring that the project actiyv
employ different strategs for creating such ownership. An important distinction to be made is whether the
network still has to be built or is already existing. For example, in the Swedish case study the project builds

upon an existing setfrganized farmer group, and connects group to other actors with an interest in local

legume production and consumption. In the process of combining the group to a wider network, the project
leader was frequently in touch with the different actors and focused on understanding theitlségbejact

while ensuring their commitment.

In the Belgian case study, the project revolves around establishing increased collaboration between organic
livestock farmers and organic vegetable farmers. As the project is coordinated by the Flemish umbrella
organization for the organic sector, most farmers are already familiar to the project leaders. However, the
organic sector is traditionally organized according to type of farming, rather than on a regional basis.
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Therefore, the project is organizing reggb meetups where farmers can meet their neighboring farmers and
explore possible collaborations such as land or manure exchange. In such regiongdsmiet project
leaders play a central role through facilitating the exchanges between actors.

Finally, in the German case study the connections between farmers and project leader started on a looser
base. Therefore, the activities during the first year focused on interviews with farmers in the region in which
their problems, as well as their wishes fog future of their farms, were identified. The insights gained from
these interviews between project leader and farmers resulted-fraanieg of the project goals, to achieve

an increased sense of connection and ownership amongst farmers. Whereasjeitte imptially
communicated primarily about contributing to water protection through diversification of crop rotations,
whereas it later focused more on increased yield stability through these measures.

4 Discussion and Conclusions

Through the analysisonducted in this paper, we identify different dimensions on which trust interacts with

a collaborative learning process. These dimensions include the temporal dimension of reaction and
anticipation, as well as a distinction between interpersonal, ingemiaagional and societal dynamics that

play into trusting (Koole, forthcoming). I n additd.
of trust bases can be distinguished. In the literature on trust, a common division is made betwien aff

trust, calculative trust and cognitive trust (Le Gall & Langley, 2015), or in other words, trust based on
interaction or reflection, trust based on routine, and finally trust based on reason (Mdllering, 2006). In
practice, these different dimensiasfsrust are found to interact with each other.

From the different case study experiences, a picture is arising that demonstrates how the project leaders are
constantly learning from the perspectives of stakeholders and adjusting project strategias tohilst
maintaining overview about overall goals. That is a typical design activity, that also reflects the need for trust
building amongst stakeholders, as well as between stakeholders and project leader. We will further enrich
this analysis based orath on future activities. The twofold objective of the version to be presented in
Budapest is to share with, and get feedback from, the wider community what we have learned hitherto in WP
2.3 on the dynamics of DI case studies, especially those thatdapied RIO.
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1 Introduction

On-farm validation is a crucial step in knowledge transfer from scientific trials towadd farming systems.

Field validation of diversification approaches in commeratirsgs allows the practicalities of new farming

practices to be tested, their benefits and challenges to be demonstrated and the information to be used by
farmers for decisiomaking. The Horizon 202funded project DIVERSIfy aims to optimise the
performaice of mulis peci es cropping systems, -orop didemsiyay t t ear
understanding the plant traits and mechanisms that promote polyculture productivity. To achieve this goal,

we have developed an approach that combines scieni#fic tonducted across pedlimatic regions of

Europe with tacit knowledge amongst communities of innovative practitioners who have unique expertise in
growing and managing plant teams. At the hdeart of
onHfarm trials of plant teams based on their existing experience and taking advantage of results from scientific
trials. Farmers are partnered with research o6buddi
robust indicators of planeam performance can be compared with standard practice. The objective of this

study is to assess the outcomes of adopting this participatory approach focussing on results and experiences
from the UK.

2 Materials and Methods

The mechanism for knowledge évange between scientists and practitioners has been achieved using a two
step process for participatory research, described below.

2.1 Research farm trials: practitionerto-scientist knowledge exchange

Experimental trials at small plot scale were conduict&)17/2018 at the James Hutton Institute, UK, to test

the performance of commercial cultivars of sprimgvn cereal crops (wheat, barley, oat) and legume crops
(faba bean, pea, lentil) selected from national recommended lists or other sources to remger af
morphological, developmental, agronomic, yield and quality characteristics. Cereal and legume species were
chosen following consultation with agricultural stakeholders, primarily farmers, both through local contacts
and in national workshops camzted in 2017 across Europe (Pearce et al., 2018). Thpdréstming spring
barleypea and spring wheédba bean cultivars identified in the 2017 trials (see Karley et al., 2017), in terms

of overyielding and other indicators, were tested at largeescai n 2018 at the insti
Sustainable Cropping lortgrm research platform. Each trial comprised a management treatment
(conventional or integrated) and two replicate plots of each plant team treatment (crop monocultures or
mixture) assignedt random to field or plot position. Spring barley (cv. Laureate) and pea (cv. Daytona) were
sown in 3m x 120m plots and spring wheat (cv. Tybalt) and faba bean (cv. Boxer) were sown in 3m x 200m
plots using a 3m Amazone AD/P Super/Amazone KG Power Hawawentional drill or a John Deere 750A

3m direct drill. Sowing ratios were 40:60 for pea:barley and 50:50 for wheat:faba bean. Fertiliser was applied
at sowing; the integrated treatment receieed5% of the mineral fertiliser applied to the conventional
treatment.Trials were monitored for crop development, canopy and individual plant characteristics, soil
variables, pest and disease incidence and yield using standard protocols developed in the project.

2.2 Participatory farmer trials: scientist-to-practitioner knowledge exchange
Results from the plescale trials conducted in the UK and across Europe have been communicated to farmers
at stakeholder events, through individual contact and in public outputs. Following initial contact in the
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national worksbps, participatory farmers were invited in 2018 to trial plant teams of their choosing on their
farms. To date, participatory farmers have been recruited in seven countries with six participatory farmer
trials carried out in the UK using different plaranes. Trial design was specific to individual farm sites and
evaluated the performance of spring bapew, wheabean, oilseed rageean, triticalepea, fodder beet
cloverryegrass or winter beamh e a t . Research partner 0 lfainebrd ioesd wo
collect data using a subset of DIVERSIfy standardised protocols. A communication plan guided contact
between buddies and participatory farmers to establish the points of contact, flow of information and
responsibilities of the buddies (BanfieZanin et al., 2018).

3 Results
3.1 Research farm trials

Overyielding detected in small scale plot trials of baffe®a and whedaba bean plant teams in 2017 was
detected at larger scales in 2018 under integrated management but was not obserstedityonsider
conventional treatmenDther plant team effects included improved soil phosphorus availability with-wheat
faba bean, particularly under conventional management, and aphid pest suppression on pearleypea
compared with monocultures (datat shown).

3.2 Participatory farmer trials

The performance of the fivecerdale gume tri als relative to the far mer
measured in terms of grain or biomass yield, indicated wide variation in plant team perfoffiaded)

from underyielding (<1) to ovetyielding (>1). Other performance measures were collected depending on

farmer motivation for plant team cropping; e.g. weed biomass was reduced irRb&hegilant teams, but

not in bearoilseed rape, compared withllea monocul tures. The farmersé own
currently being collated.

Table 1. Cereallegume plant team performance inorar m tri als compared with the farm
monoculture.

Monoculture standard crop Plant team partner crop _ Pl_ant team relative yle_ld
(= mixture/monoculture yield)
Pea Triticale 1.081.40 (grain)
Winter bean Wheat 2.983.22 (grain)
Spring bean Wheat 4.2-4.6 (biomass)
Spring barley Pea 1.0 (grain)
Spring bean Oilseed rape 0.87-0.95 (grain)

4 Discussion and Conclusions

The twostep participatory approach devised in the DIVERSIfy project has facilitated knowledge exchange
between scientists and farmers on best practice for plant team cropping. It has succeeded in i) quantifying
plant team benefits research trials relevant to farm settings, ii) transferring research findirfgsnoand

i) enabling joint evaluation between farmers and buddies of plant teams in each farm system compared with
standard practice. The results and experiences ldKhgave highlighted improvements to the participatory
approach that will be introduced through iterative development to optimise how learning from experimental
and onfarm trials is communicated. Follean initiatives are ongoing to create a legacy inrgigefarmer
collaboration and joint research in the UK.
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1 Introduction

The cultivatiorof faba beans has a long tradition in Germany. With the import of potatoes in the 17th century,
faba bean production in Germany first disappeared from human nutrition and with the beginning of soya
imports in the 1950s also from animal nutrition. Pregeotly less than 0.5% of the total acreage (2018: 54
000 ha) is cultivated with faba beans in Germany.

There are many benefits associated with cultivating faba beans. A central advantage of the cultivation is that
they - like all legumes- in addition to he property as a protein source also provide numerous ecosystem
services. For example, faba bean blooms in time of 8 weeks from May to June and therefore provides a
habitat for insects. The faba bean itself does not require nitrogen fertilization dugytmoliiotic Nfixation.
Moreover, the provided nitrogen is available for the subsequent culture. The cultivation of faba beans
improves soil structure because of its deep taproot. Finally, the use of pesticides in faba beans is significantly
lower than iften found for cereals. That results in financial savings and ecological advantages.

These positive effects of legumes within the crop rotation are well known. However, the low market prices
for faba beans discourages farmer from cultivating them. Thi @amaunts of cultivation lead to a reduced
market power of the producing farmers (in relation to the selling price) and thus the cultivation is reduced
further. In order to break this negative spiral, it is necessary to create a funding structure dsathmak
cultivation of faba beans more economical. The support can be abolished if a functioning market structure
has been established.

For this reason, there are support programs to promote legume research and the cultivation organized by the
German Govemment. By using these programs the cultivation of e.g. faba beans in Germany could be
increased from 17 300 ha in 2011 to 54 000 ha in 2018.

2 Materials and Methods
A case study approach was carried out.

3 Results

In January 2017, various actors (mairdymhers, the local cooperative, traders and other associations) allied

in Rhineland to promote the cultivation of faba beans. They use subsidy programs to develop a market for
legumes in the region by sales and quantity bundling. Using the subsidy progkas time cultivation of

faba beans more economical for them. This period of economical viable cultivation should be used to re
establish faba beans and build up a value chain.

The association is not a producer group and does not distribute the fabshbesmsves, but each member
manages individually although marketing measures are carried out centrally by the association. 2 000 tons of
faba beans are currently bundled by the association members each year, and the jointly produced quantity is
sold to theagricultural trader. In this way, a reasonable price for the protein product is achieved.

In order to succeed the aber®ntioned aims, the association advertises faba beans for the consumer. This
is intended to satisfy the consumers demand for regiodaGdO-free products and provide consumers an
alternative to imported soy beans from overseas.

In order to catch attention and get in touch with the consumer, the association participates at public events
and attends numerous agricultyrer consumefairs, farm festivals and specialist conferences. In addition,

the usability of the bean is described on the own website. Finally, field signs were developed that include
information on the cultivation of faba beans, the utilisation possibilities and the tecosgsvices provided

by faba beans.
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The association also organizes the use of faba beans in animal feed. To increase the awareness of the
association and to provide transparency and trust a logo was developed.

Figurel.The | ogo of t hnesiacshseo cAicakteirobno hinReh eei. V. 0

Association members use faba beans as animal feed. They are mixed with the feed of laying hens. The eggs
are sold as GMéxee, regional products. Likewise, a dairy farmer feeds his cows with the beans and offers
the milk. A regionabutcher offers meat of pork, which was fed primarily with local faba beans. Furthermore,

a beekeeper produces honey by placing his bee colonies in faba bean stocks. All these products bear the logo
of the association "Rheinische Ackerbohne e.V." as m@tog and unique feature. The marketing of the
products takes place almost through direct marketing.

Another instrument for getting in direct contact with the consumer is the newly developed faba bean bread
(40% faba beans and 60% spelt). It is charazgtdrby a low content of carbohydrates and gluten as well as
high protein content. It is currently distributed in five different bakery chains.

4 Discussion and Conclusions

The association ARheinische Acker bdhemainaobjecivedf r ai s e

establishing an active market for those products in the region has not been achieved yet. The association
members who cultivate faba beans are on the right track. Such cooperation can help to establish legume
cultivation permanently.

The cultivation of faba beans offers a wide range of advantages and benefits on the one hand within the crop
rotation and on the other hand for the ecosystem. Furthermore, cultivation and processing of the protein plant
is a sustainable way to reduce thgort dependency of protein feed. The political conditions in Europe
currently support the cultivation of grain legumes. Farmers use this promotion to build up market structures
for domestically cultivated faba beans.

The aim of the aAclbheilhohowme &RWed niscthe establish
local produced faba beans. It is the duty of all members of farmers and traders and advisors to consider
whether the activities of the association are transferable to other regions.
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1 Introduction

Over the last 5®0 years, agriculture has fulfilled the policy objectives of Sweden and of many Barope
countries by contributing to national sslifficiency in food and low food price. However, the big
contribution of agriculture to loss of biodiversity, degradation of resources (water, air, soil), consumption of
nori renewable resources, and to climateange has been highlighted by the Millennium Ecosystem
Assessment report (2005). The increase in demand of meat in Sweden (and in Europe) led to intensive
livestock farming systems, which further encouraged the development and rapid expansion of soybean
production in South America at the expense of disturbing/destroying the social, cultural and ecological
systems. Furthermore, methane emission from the livestock ruminants contributes to global warming.

The recently published EATancet report (2019), cohmled that a diet rich in plant based foods and fewer
animal source foods confers both improved health and environmental benefits. However, the per capita
consumption of grain legumes in Sweden in 2012 was only about 2.0 kg/yr, compared to 27 kg recdmmende
by the EATLancet report. Production and marketing of Swedish grain legumes for food is at a very infancy
stage, and the products are not easily, and affordably available to consumers, despite the rapidly growing
demand for plant based protein (in 20&Bput 30% Swedish youth prefers ptaased food, according to

Nordic Council of Ministers). Grain legumes can fix atmospheric nitrogen and reduce external inputs such
as fertilisers, and can increase crop diversity in cereal dominated cropping systawedan. This case

study (CS) aims to rapidly increase the production and consumption of grain legumes in Sweden by
exploiting its agronomic, environmental and health benefits, as well as tap/create new opportunities such as
local businesses and social matetions, through a eimnovation approach by linking actors on several levels

in the food system.

2 Materials and Methods

The CS team consists of farmers, advisors, researchers, food expert, processors, wholesalers and retailers of
grain legumes in Svaen. A consumer and nature protection organisation also actively contributes to the CS.

The study focuses on grain legumes for human consumption. The CS follows the framework of farming
systems research in which various actors in the food system agtieelyt i c i p-Bytse se pidbn porsotceepd u
of innovation, and in implementing them.

As the ceinnovation process involves new approaches, diverse local actors took part-innavaion
workshop to design an innovative crop diversification practise bgrjiorating several legumes into a
reference organic arable crop rotation, which is currently tested in field in Sweden (as part of the
DiverIMPACTS field experiments). The actors designed the crop rotation from the environmental, economic,
practical/techalogical and marketing perspectives.

Several workshops and field visits are/will be organised during-yleabproject period (2012022) to help

the CS team identify several challenges, opportunities and actions and, through rigorous discussions and
analses, achieve the overall objective. A fabep participatory exercise was conducted to devise action
plans for the CS; Step 1: three paper sticky notes were handed to all participants, and in each note, one
action/measure must be suggested. In Stepedte is passed on to the participant sitting next to him/her,

who deepens and improves the suggested idea/action plan. In Step 3, the participants place the notes on the
CS timeline and present to everybody. In Step 4, the case study leader and ratoitture, analyse,
condense, digitalise and implement the action plans.
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Furthermore, numerous campaigns @&nfl o o d(anjeeent dvhere participants pays a small fee and
prepares different legume dishes in small groups, and share the food with allidiegastat the end) have

been organised in various events and fairs to promote (awareness about the taste of) Swedish legumes to
consumers. Similar events are planned to be carried out in schools, municipal kitchens and big fairs.
Dissemination through flic media (newspaper, radio, television, magazines) will take place in the coming
months.

3 Results and Discussion

The first ceinnovation workshop generated both optimism, as well as hesitation among the participants about
new practises of diversifitan in time and space, such as intercropping cash crops, using multispecies cover
crops, new crops such as lentils and lupines and high frequency of legumes within the rotation. Some farmers
decided not to take part in the CS further, as they lacke@#ttier new grain legumes, have unsuitable soil
types in their farms or have insufficient time to get involved ifino@vation process. However, many
farmers were willing to increase their production of legumes, and considered the learning processigr gro

and marketing new legumes as a stimulating challenge.

Important challenges to fulfilling CS objectives were identified by the CS team in the first-iwoos@tion

workshops: a) lack of machines for sorting (if intercropped), drying and cleargngeth legumes, b)

i nadequate shops and buyers for O6éspeciald | ocal p |
hesitation to grow new legumes, risk of legume diseases if legumes are frequent in crop rotations, low and
variable yield, and unceitaprice of local legumes d) lack of communication between different actors about
benefits, challenges, opportunities and experiences, and last but not the least, €) abundant very cheap
imported legumes in the market.

Action plans, developed from the paitiatory workshop, adopted until the time of writing this article have
been received well by the CS participants as well as by the society/consumers. This is evident from the
enthusiasm showed by the participants in the legume growing and drying workahdps,thefood jam

held at the Naturskyddsféreningen (Swedish Society for Nature Conservation) annual meeting, which was
attended by about 18200 participants.

An important step at the initial éanovation phase was to create a sense of belongiral fille actors in

the CS, as the expectations, roles, views, contribution, actions were not clear, and the participants had diverse
backgrounds and goals. In addition, despite, the presence of almost all actors (producers, researchers, advisor,
downstreanwvalue chain) in the CS team, it was difficult to find an entry point (whether to start with
addressing concerns from producers or vah@n actors or consumers) to achieve the objectives. The
numerous wor kshops, and an e DeenMPAGTESdcase stuslyi, havet o Un i
sharpened the focus of CS, identified roles of each actors, energised them and (there seemed to be an)
increase collaboration among the CS participants to take collective actions, and even prepared for potential
establishmenof new legume value chain.

4 Conclusions

Despite the initial hurdles in tackling the heterogeneous actors and issuesinthevedion processes have

led to designing a new diversified cropping systems, identified important barriers and bottlertbeks a
production, posharvest, marketing, and policy levels of grain legumes, and in formulating goals and
motivation for collective implementation among the participants.

Actions plans taken up have been successful so far, and more outreach actitesnis and fairs,
connecting producers and processors with food industry and municipal schools and canteens, outlets (super
markets, university student library, gathering places, etc) will follow in the n@xtears. It is envisaged

t hat i nimé, nosySvedistscdnsumers will enjoy the taste of locally produced legumes, which will

be easily affordable and available, often, in their meals.
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1 Introduction

Agriculture must succeed in reconciling productivity, economic profitability and environmental protection.

This requires a shift towards new production systems, based on both edoiognaification and
technicological innovations, adapted to local conditions and manageable by farmers. To address this issue,
the French technical institutes on arable crops, Arvalis Institut du Végétal, Terres Inovia and ITB launched
in2014 thecollabr ati ve project ASyppre Buil ding togethe
which involves National and regional stakeholders.

The project includes: (i) an observatory of current cropping systems, (ii) experimentation on innovative
cropping systms (three of which being part of the H2020 DiverIMPACTS project) and (iii) groups of farmers
engaged in the redesign of their farming systems. These complementary activities are currently implemented

in five main crop production areas representative divarsity of French arable crops. Based on system
experiments results and on interactions with farm
technical references and to produce tools in order to support farmers in the evolution of theimpmwng cro

systems.

The presentation aims: (i) to briefly describe the five cropping systems and how diversification schemes have
been designed to fulfil their objectives, (ii) to share their performance indicators during the first three years
of experiments iterms of productivity, economic results and environmental sustainability (iii) and to discuss
the strengths and weaknesses of these strategies relying on cropping systems diversification to meet local
and global challenges.

2 Materials and Methods

The five crop production areas where the cropping systems watesigned and tested arRAC (Picardie,
northern France, deep loamy soils, industrial productions); CHAM (Champagne, chalky soils, industrial
productions); BER (Berry, central France, shallow dimgestone, arable winter crops); LAU (Lauragais
region, southern France, clignestone, arable crops) and BEA (Bearn, southern France, humic soils, maize
singlecrop farming). At each location, two cropping systems werdesigned with local farmers and
advisors using Ade novoodo met hodology (Toqu® et al
local crop rotation conducted with optimised cultural practices, and (ii) an innovative system aiming to meet
local and global challenges. Glolmddjectives were common to the five situations amal objectives were
defined with regional stakeholders. They have been translated into relevant indicators (Guillaumin et al.,
2007) and objectives. For each case, crop diversification was used astlo@enaiin agronomic levers to

meet the challenges.

Every year, a diagnosis is being conducted to compare the performances of the systems to the initial goals. It
is based on a confrontation between foreseen degisédaing rules and real practices on thetfprms. To

do so, an agronomic diagnosis using observations and measurements was used to determine main factors
affecting crop yield A multcriteria assessment that includes pesticides use indicators, mineral nitrogen
supply, economic and environmenitadicators isalso performed (Jouy et al., 2018). This assessment is being
done by using the French tool Systérre
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3 Results

After three years of experiments, first conclusions were drawn on each experimental platform. This abstract
focuses only on theesults of the CHAM platform (cf. Figure 1), the results of the other platforms will be
presented during the conference. Introduction of pulses as intercrops and/or main crops enabled to reduce
mineral nitrogen supply by 38% in 2017 and 20% in 2018, coedgdarthe control system. Combining with
reduction of soil tillage, greenhouse gases emissions decreased by 26% and 17% respectively. Energy
consumption was reduced by 17% and 12%. Economic results, measured through the direct margin,
drastically differedrom one year to another: +31% in 2017 a2@d% in 2018. More time will be required

to get a better evaluation of the economic impact of these new cropping systems. First results were less
favorable on other criteria. So far, the innovative cropping systemot led to an increase in productivity

or to a significant decrease in the use of pesticides. Consequently, strategies have been adapted in 2018:
sunflower was replaced by hemp, mechanical weeding was reinforced and the cereals herbicide program was
adapted.
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Figure 1. Results of the main indicators for CHAM platform
* Innovative system treatment frequency index values are compared to a regional reference and not to the control sgstem value

4 Discussion and Conclusions

The assessment of the systeaafter three years of experiment gave a first overview of the potential to reach
global and local objectives thanks to innovative practices. It also enabled to identify potential benefits of crop
diversification but also technical barriers to overcome. IAd and BEA platforms are examples where
diversification does not lead to a decrease in the use of pesticides. Moreover, combining different objectives
could also be very problematic on all platforms: for instance, managing erosion issues in LAU using cov
crops lead to increase the use of herbicides which was inconsistent with the aim of reducing treatment
frequency index. It might also make it difficult the anticipated adaptation in case of ban of glyphosate use.

Regarding these first conclusions, atljusnts have been made in the systems. For instance, it was decided
in Picardie to redesign the innovative cropping system because of poor economic results. Indeed, the
extension of the rotation of the innovative system was accompanied by a less freyuerdfrpotatoes,

which has a much higher profitability than other crops. In this case, diversification had a direct negative
impact on profitability. Two options are thus being explored to redesign this system: introducing a second
potato or multiple crgping in order to increase the gross products.

Beyond that, development of innovations could be expected from promising systems that could be deployed
at a bigger scale. For example, integration of pulses as main crops without specific market opptehdsties

to decrease economic results because of low productivity. Development of more productive varieties, more
resistant to pests and better adapted to local conditions would be a good lever to improve the sustainability
of innovative cropping systems.

However, this first evaluation could not take into account cumulative effects, neither evaluate the robustness
of these cropping systems. A leteym vision is also essential and must rely upon adapted indicators such
as organic matter, physical and bioladisoil fertility, and economic studies.
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1 Introduction

Traditional arable cropping systems in the EU have been progressively simplified to monocropping systems,
with high external inputs throughineral and organic fertilizers, pesticides and conventional tillage (CT).
Thus, various crop diversification strategies such as crop rotation, intercropping and multiple cropping, as
well as lowinput management practices have been promoted to sustaiprooygtivity while maintaining
environmental quality and ecosystem services. Actually, European arable area has high opportunities for
sustainable intensification through crop rotation, conservation tillage (minimum (MT)tdlage (NT))

and fertilizaton management. It has been also argued that diversification of production systems can lead to
better food security (Scherer et al., 2018) and economic sustainability of farms (de Roest et al., 2018), since
it contributes to natural pest control, pollimatj nutrient recycling, soil structure and fertility conservation,
carbon sequestration, and water provision.

In the Diverfarming project (www.diverfarming.eu), the preliminary objective was to identify, with an
exhaustive literature review, the best cdipersification systems and farming practices to be tested and
validated in the field experiments to be planned in the different European pedoclimatic regions.
Understanding the expected effects of diversified cropping systems and management optioresiietice

and sustainability of agroecosystems in different regions, may promote the adoption of appropriate practices
and help to select a suitable method for each production system and environment, thus improving farm
management and increasing revesiue

2 Materials and Methods

We conducted a datnalysis to evaluate the expected effects of the existing alternatives for crop
diversification and environmentatgsound farming management for arable crops in four selected European
pedoclimatic regions (Adntic, Boreal and Mediterranean North and South), and typical cropping systems
(fodder grains, leys and mixtures, autumimter and springgummer cereals). The dataset included site
specific environmental data (e.g. mean annual temperature and rasofbtifage (e.g. ndillage, minimum

and conventional tillage), fertilization management (none, mineral, mixed, organic), cropping system
(monoculture, rotation, intercropping, multiple cropping), crop production e.g. grain in cereals and above
ground bomass in fodder crops (CP), soil organic carbon (SOC) concentration at the end of the experiment,
and soil texture group according to USDA classification. Data included in the analysis depended on the
following general criteria: study period (at least dulkyear), only field experiments (no laboratory or pot
experiments), and neither studies specific for GHGs emissions, soil biological and physical parameters, meta
analyses nor modelling studies were considered. Moreover, studies providing SOC costahtaygrs

under tillage management were also considered. The final selected comparisons were 1165 from a total of 80
references.

The diversified (Div) and the control (Cont) treatments of each experiment were evaluated based on the
percentage change thfe considered response variable, i.e. CP, and SOC. Since we used the ratio between
the difference (Div Cont) and the Cont, we could eliminate the differences due to the different CP levels
and SOC analytical methods among studies (E@3. 1

Percentagehange (CP) = 100 x (GRi CPcon) / CPeont (Ea. 1)
Percentage change (SOC) = 100 x (SRCSOCeon) / SOCeont (Eq. 2)
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Changes of CP and SOC were analyzed evaluating the effects of crop diversification, tillage and fertilization
management, and fiher by environmental (e.g. climate) or soil parameters (e.g. texture). Data were
represented by BeWhisker plots (central point means, and 95% confidence interval Cl). Responses were
considered significantly different if their 95% Cls did not overlapd aignificantly different from the
controls if the 95% Cls did not overlap with zero.

3 Results

Compared to monoculture, diversified cropping systems with longer crop rotations (at least 3 years)
significantly increased CP by 12%, while thgears rotabns showed a nedignificant 5% increase. CP for
intercropping were 11% higher compared to monoculture, though not statistically different. The average
effect on CP of multiple cropping was 1%, close to zedaifo) in the Mediterranean region while radge
from-4.3% to 12.6% in the Boreal region (average 3.9%).

SOC increased by 13% as average in diversified systems compared with monoculture, and the introduction
of legume crops in the rotations significantly increased SOC by 13%. Average SOC increasg&$%ver
higher in semiarid conditions than in humid and-Bulmid climates (about 3%).

In relation to conservation tillage, CP was 12% higher in NT compared with CT, and was more effective on
CP in silty clay loam soils and in arid and seid climates. Iraddition, NT was more effective in increasing

SOC than MT. Significant SOC increases by conservation tillage management were found with organic and
mixed fertilization (27 and 5% respectively) and crop rotations (5%).

Results by soil layers showed an age SOC increase ranging from 14 to 45% in the top 15 cm with
conservation tillage management compared to conventional deep tillage, while SOC decreased by about 10%
as average in deeper soil layers below 15 cm.

In relation to fertilization management, argc fertilization with manure or slurry increased CP-48%),

and mineral fertilization was particularly effective with the introduction of cover crops (56%), combined with
crop residues (24%) or with manure and crop residues (41%). Furthermore, @Bddakéth crop residue
incorporation (39%) or mulching under conservation tillage (39%) and longer crop rotations (39%).
Compared to the control treatment with mineral fertilization, organic fertilization showed the highest and
significant SOC increasesg%). Fertilization average effect on SOC was higher for cereal crops in the
Mediterranean region (about 25%) compared to fodder crops in the Atlantic and Boreal areas (about 10%),
and in loamy textures (about 23%).

4 Discussion and Conclusions

In our dataanalysis, longer crop rotations resulted in higher CP compared to monoculture. Intercropping was
mainly adopted in the humid conditions of the Atlantic and Boreal regions and showed a general lower effect
on CP compared to traditional rotations. Resufts ahowed the need of improvements in the management

of multiple cropping systems, as indicated by Bedoussac and Justes (2010). In general, results point to the
direction that conversion from the traditional monocropping systems, with intensive tilldgmiaaral
fertilization, to alternative systems based on cropping diversification through the use of crop rotations, no
tillage and organic fertilization results in a better crop performance and in the accruaCof soil

Diversification with longer rotatios, NT and organic fertilization management increased both CP and SOC

in European arable systems. Notwithstanding, crop diversification and environmeataily farm
management strategies are often negatively perceived by farmers for a possible decyedds and
economic benefits that are often coupled with higher machinery investments. Globally, regional differences
related to climate and soil texture specific responses should be considered to target local measures to improve
soil management.
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1 Introduction

Agricultural systemsare increasimgly facing cli matic and economic disturbanceswhile they haveto deal with
food security, economic viabili ty and environment quality issues. Several conceptual frameworks have been
developed toanayze dynamics of such systems: reslience, vulnerability, robustness etc. However, there is
gtill a challenge to propose operational methods and indicators to characterize dynamics of agricultural
systems facing disturbance(s) and to identify systemés propertiesthatdrive this dynamic.

Diversity in its various forms is commonly accepted as a strong deteminant of reslience in agriculture.
Benefits ae suypposed to arise from functional and spatiotemporal complementarity and redundancy.
However, empirical evidences are scarce when analyzing positive effect of diversity on resiience. [1]
provide systematic review of climateresilience of integrated agricultural system (i.e. diversified systems).
It revealssuppottive but not conclusive evidenceon positive diversity role in resili ence. Observedvariabili ty
can be explainedby specificiti es of agricultural systems gradually artificialized(selectedspecies,inputs) and
driven by stakeholdersfrom farm to regional and supralevels.

In this communication, we will preseit reaits of a systematic review of scientific studies assessing
guantitatively the dynamics of agricultural systemsin terms of vulnerability, resiience, robustness and other
relaed conceps, hereafter VRR.

2 Materials andMethods

A generic requeston Web of Scienceand a systematic sorting by co-occurrence of terms (with V osviewer)
enabled usto identify 37 papers dedling quantitatively with VRR of agricultural systems, in temperatezones,
atdifferent organizationallevels:fromfield and farming systemto food-chainsand food systems Weanalyzed
resultsof each study through detailedcharacterization of VRR of what (the studied system: type of production
and organization level), to what (hazards), when and where (spatiotemporal reslution and extend),
of which attribute(s) (performance(s) to maintain) and due to which property(ies) (drivers explaining the
ohserved dynamics of the attibute). This structured analysis enabled us to identify key diversity drivers of
agriculture systems dynamics. When comparable, we synthetize studies results according to organization
levels (plot, farm and territory), type of production (grassland or crop), system performance attribute and
perturbation studied.

3 Results

Effect of diversity on the effect Figure 1. For crop and grasdand at plot, farm and
of climate changes on yield dynamics teritory organization levels, efect of diversity (rotation
Crop Grassland diverdty, farm type diversty, genetic (cultivar) diversty,
response diversty, speciesdiversty, genetic diversity and
functiond diversity) on the effect of climate charge over
studied indicators of yield dynamics: high level, high
resistance, high or low risk of exceeding given threshold,
o increasing trend and low variability. Climate change is

- descibed as high, increasing trend and variable

- ¥ temperature or low, decreasing trend ard variable

. precipitation. Light grey mears no effect. Green/red

: : means favorable/unfavorable effects of disturbed climate

o - . - ¢ : i.e. alower/higher sengitivity of systems. Deep rel/green

Farm type Genetie Resp:cnse Rotation Functional  Genstic Spécwe rq)re%nts Sgnlflcant reallts (aI |east p—VaI Ue<01) and

light red/green represent resllts whereno statistical test
is allowedby the method used.

. 4

Effect on Significatively

Significatively
yield dynamics : positive

Positive Neutral Negative
negative
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A great mgjority of studies analyze effects of climate change on yield dynamics. They use a large range
of dynamics indicators providing information on level, resistance, risk of exceeding given threshold, trend
or variabili ty of yields.

For grasslands, authors study mainly effects of taxonomic diversity in terms of specie (86%) and genetic
(10%). For crop production systems, studies focus on effects of diversity of rotation atplot or farm level and
farm type, ailtivar or regponse (e.g. farm type, yield variabili ty) at territory level. Our analysis shows that
in only 38% of realltsthereisapositiveeffect of diversity on dynamicsof grassland yield considering climate
change.In contrast/4% of reaults shows positive effect of diversity on dynamicsof crop yield (Figure1).

In grasslands, at plot/field level, diversity of grassland species enhances levels of biomass produced when
climate perturbation occurs [2]7 [5]. Then, interesingly, and contrary to literature hypathess, diversity of
grasdand species and roct functional diversity doesnd [2], [6], [7] or negatively impact recovery ratio of
productivity [3], typically use as indicator of resilience. Furthermore, variability, resstance and trend of
yield is changeally affected by diversity of grassland species depending upon frequencies of climate
perturbations and preseice of legume or grassspecies[2].

In crop production system, at plot/field and farm system level, within farm biodiversity (i.e. taxonomic
diversity) hasa positive effect on level and dynamics of crop yield: high yield, low variability, low recovery
time, positive trend [8], [9]. Particular negative reporse is explained by specificities of rice production (a
composition effect) [10]. Besides,some authors show pasitive effect of farm type diversity in size and
intensity of production on reduction of variability of yield when high temperaturesoccur [11].

4 Discussion and Conclusions

Our review highlights that mgjority of studiesfocus on field level, taxonomic diversity, yield performance
and climatechange. Diversity has variable effects on dynamics of agricultural systems. Effects differ from
grasdand tocrop. Variabili ty of diversity effect could be explainedby compasition effect (abundance of some
species),i.e. in dynamics of biomass production (recovery after drought for example). Additional reseaches
are needed on the role of associated diversity driven by agricultural practicesand landscape aonfiguration
[12], [13]. Furthermore, reseach community hasto go further than yield-centered studies and to address
effect of diversity on dynamics of economic (by offering range of market oppotunities), agronomic (by
improving biological process [14]), or ecaogical (ecosystem servicesand biodiversity per se) performances.
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1 Introduction

In the face of climate change and to achieve global food security, the resilience of agricultural systems is
gaining increasing attention, and is often considered as importdrgiaproductivity(Olesen et al., 20)1
Temporal yield stability is one indicator of the economic resilience of cropping systems and its analyses have
become more iportant as a decrease in yield stability has been observed for different crops at regional and
global scaléDdring and Reckling, 2038The temporal and spatial diversification of cropping systems with
legumes, perennial crops, cover crops and intercrops can be expected to increase crop yield stability and
offers an adaptation strategy to the increased climate varighilitet al., 2019.

The objectives of this study were to assess the effect of cropping system diversification strategies on yield
stability, through (i) integration of perennial leys with and without legumes, (ii) increasing propatigti(|

i.e. number of years) of the perennial graksver leys relative to the entire crop rotation, {i@rying the

order in which crops are positioned in the rotatiiwv) integration of grain legumes and (v) integration of
cover crops during falloweriods.

2 Materials and Methods

For the analysis of yield stability, we used yield data of different time periods between 1971 and 2017 of
winter wheat, durum wheat and oat from five lgegm field experiments from Sweden (Lanna, Stenstugu
and Saby), Nrth-East of Scotland (Tulloch) and Southern France (Auzeville). The five sites are characterized
by contrasting bigohysical conditions in terms of soil and weather conditions.

Several yield stability indicators were calculated to quantify yield stabiihsidering different concepts of
stability i.e. the coefficient of variation (CV), Power Law Residuals (POLAR)ing et al., 201pand
Finlay, Wilkinson regression analyses (FW) and the probability of one system outperforming arsbéiner sy
(Piepho, 1998

3 Results

The results showed that cropping systent®iporating perennial grastover leys in the Swedish LTEs
outperformed systems without leys in terms of winter wheat and oat yield9#P60f the cases on average
across the sites and depending on the nitrogen fertilizer application rate. Systempsraitfrass leys
outperformed systems without leys in only-&®% of the cases. The FW regression analyses showed that
oat grown in a cropping system with perennial cleyess ley and no N fertilization had significantly higher
yields in low and highyielding years compared to oat grown in the cropping systems with only a grass ley
or without a ley (Table 1). The CV and POLAR did not indicate any significant differences in yield stability
between the cropping systems.

The vyield stability of oat in the $ttish LTE did not differ if oat was grown after aydar or a 3year ley.

Oat yields were 33% higher when following directly after the ley compared to oat grown two years later in
the crop sequence. The CV and POLAR values indicated a greater stabilibe forst oat (CV 21%)
compared to the second oat (CV 37%) but differences were not significant.
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Table 1 Mean grain yield of ogiMg DM/ha), CV values (%), FinlayVilkinson (FW) regression coefficiebi and POLAR
coefficients for each cropping systed £ with perennial grasslover ley, B = with perennial grass ley and C = without
perennial ley) with no N fertilization at the two Swedish sites Lanna and Stenstugu.

) Lanna Stenstugu
Cropping system N —
Grainyield CV FWb POLAR Grainyeld CV FWb POLAR
A 1.9 31 lla 0.01 2.0 29 1.09a -0.07
B 1.7 36 10a 0.06 1.7 36 1.07 a 0.06
C 14 32 0.8b -0.11 1.3 33 0.79b -0.13

Durum wheat grown in a cropping system with grain legumes in southern France had a signifigiaatly h

FW regression coefficient compared to a cropping system without grain legumes and yields tended to be
particularly high in lowyielding years. Diversification with cover crops in the French LTE using data from
20052016 did not affect yield stabilitgf durum wheat significantly.

4 Discussion and Conclusions

We found that cropping system diversification with legumes can increase the productivity in LTES across
Europe, while the effects of diversification on yield stability were inconsiskéartin et al. (2017galso

found that winter wheat in moemnd less diverse cropping systems led to equally stable yields. Spring wheat
in a-ldowesp ockd sclowetandygraiwlegurhes grdedsoperform bettanviourableyears
relative to the less diverse systéatiartin et al., 2017)In another study, a lenililseed sequence had the
lowestvariation in yield and was most suitable for highlding environments compared with falleand

wheat oilseed sequencdgiu et al., 2019. Our FW analges also point towards a better performance of
diversified systems with legumes in higielding years compared to systems without legumes.

We conclude that diversification with legumes increase yield of other crops in the rotation but we have not
been al# to show that the measures investigated have a consistent impact on yield stability. A higher level
of diversification could be required in time and space to achieve both, higher yields and increased yield
stability.
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1 Introduction

Food production in the last decades has been greatly increased thanks to intensification of agriculture but this
intensification also led to numerous undesirable environmental impacts such as biodiversity loss, soll
degradation, and soil, ater, air, and food contamination by pesticigEsley et al, 2005; MEA, 2005)

Moreover, in many cases, economical performances of intensive cropping systems (CS) decreased that weakens
the sustainability of farms. In the Sottfiest of France, two main traditional CS could be identified: a rainfed
durum wheatsunflower CS and a maize monoculture CS (mainly irrigated). The main objective of this study
was to evaluate the sustainability of CS designed as alternatives of these two traditional CS that aimed at reducing
the negative externalities of agrittire while answering specific objectives of the involved farmers.

Table 1. Main characteristics of the 8 farms involved in the studyB: barley; CS: carrot seed; DW: durum wheat; FB: Fababean;
M: maize; MS: maize seed; RS: rapeseed; SB: soybean; Sfausor SF: sunflower; SW: soft wheat.

Site (department

number) Soil type Initial CS Alternative CS

Farm 1 (09) Silti Clay silt MS monoculture MSa MSa SFA SWa SBa SW

Farm 2 (31) Silty with coarse elements M monoculture Ma SWa SB
hydromorphic

Farm3 (65) Silt with coarse elements M monoculture M a SFA SWa SBa SW

Farm 4 (65) Silt with coarse elements M monoculture Ma SBa SW

Farm 5 (31) Silt with coarse elements M 54 SW Ma SWa CSa SWa RSy SW
hydromorphic

Farm 6 (31) Calcareous clay onllgsides DW s SF DW A SFa SWa SG

Farm 7 (46) Calcareous clay on hillside RSa SWa B RSA SWa SFA B

Farm 8 (81) Calcareous clay on hillside DW A SFA SWa SF DWAa SGa SBa SWa SFA FBA SWa SF

2 Materials and methods

Workshops, mixing farmersdvisers and scientists, were organized in 2009 and 2010 in order to (i) identify
strengths and weaknesses of initial CS; (ii) design alternative CS (based on formalized decision rules) in order
to answer to common and specific objectives; (iii) definedsle the indicators to monitor the CS performances

and, after amxanteassessment (iv) experiment and perfornexapostevaluation of the designed CS for each
involved farm(Papy, 2001; Debaelat al, 2009) A 8-farms network was involved in thisy&ars study (2010

2017) (Table 1). The main indicators chosen to monitor performances are mentioned in Table 2.

Table 2. List of selected indicators for cropping system performance assessment.

Dimension Criteria Indicator
Economic Profitability Semi net margin (SNM)
Economic Weed management Weed abundance in the field
Economic Dependency on external infsu Input use efficiency
Economic Productivity Energetic yield (MJ)
Environmental Water quality (pesticide) Treatment Frequency Index (TFI)
Environmental Water quality (pesticide) I-phy
Environmental Water quality (pesticide) Number of toxic pesticide®r aquatic systems
Environmental Water quality (nitrate) Nitrogen indicator (NI)
Environmental Water quantity Irrigation amount (1¥ha)
Environmental Soil quality Organic matter indicator (IMO)
Environmental Soil quality Length of bare soil period®4)
Environmental Fossil energy Total fuel consumption at CS level (MJ/ha)
Environmental Climate change mitigation GHG emission (equivalent t CDa)
Social Farmers' quality of life Labor time (h/ha)
Social Farmers' quality of life Workload distributionh/ha/month)
Social Famer and public health Number of pesticide applications
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Furthermore, in order to test the robustness of cropping systems, 8 crop price scenarii, chosen over the period
20072014, were applied and a comparison between the econamimrpances of the initial CS and the
alternative CS was made.

3 Results and discussion

1130
(@) 1105 (b)
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Figure 1. Semi net margin (a) and robustness toward crop price fluctuations (b) of initial and alternative CS

Crop diversification was found to enhance CS eaunal performances if associated with rigorous control of

the mechanization loads (Fig.1a). In most cases, diversification led to a better distribution of workload during
the year allowing the development of high added value production (such a veget#ibldgest selling).
Selected indicators illustrated that diversification could lead to lower environmental impacts (Table 3), except
if seed production (with high pesticide use) was integrated in the CS. For the project DiverIMPACTS, further
investigatiors are performed with economical stakeholders to increase economical performances of diversified
CS. In parallel, a multicriteria assessment (using the indicator list of DiverIMPACTS) of the initial (mainly
maize monoculture) and diversified CS of the 20nfainvolved in the Case Study 5 has started and should
strengthen conclusions on the effects of crop diversification on the sustainability oV&esitbf France farms.

Table 3. Multicriteria assessment of alternative CSselected indicators from thist of Table 2)

- 399% +43% -21%  67% CSNM

Farm? | +46% -62% 0% 0% 720  CTFICSNM CLabor time + Conservation agriculture
10%  -16% 0%  -17% -37% CLabor time + diversification Wegetableproduction

Farm4 | +189% +156% -62% _45% CLabor time + Conservation agricultubetter weedmanagement
+72% - +15%  -17% 0% CTFI(seedcontract); CSNM

Farmé 48%  +320%  +24% +2505  Betterweedmanagement

-- +24%  -30% 0% Betterweed managementlow SNM

Farm8 450  -43% +47% -43% - CLabortime; Betterweed management
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1 Introduction

The simplification of European agfvod systems has started with the green revolution of the 1960s. Driven

by food market globalization and outghdsed subsidies, the rangecaftivated species grown in Europe

has considerably dropped leading to a simplification and homogenisation of landscapes. In addition, the
excessive use of synthetic inputs has led to strong adverse impacts on the environment. Among them are
chemical polltion, soil degradation, biodiversity loss and important emissions of greenhouse gas (GHG)
which contribute to climate change which is recogn
especially through increased climate variability leadimgield instability. Therefore, European cropping
systems must evolve to combine high food production and low ecological footprints. One way to tackle this
objective is to raliversify agrifood systems in both time (rotation scale) and space (field sGsdegral
diversification practices 1) rotation extension 2) intercropping (i.e. the simultaneous growth of two or more
crops on the same land), 3) contiguous cash crops (i.e. the growth of two or more cash crops on the same
land and year and 4) multiptervices cover crops (i.e. the growth of a #@mvested crop after a cash crop)

have proved to be efficient in increasing yield and yield stability, with reduced inputs. These diversification
practices are currently marginally used in Europe, in both coiovel and organic systems, even if the latter

tend to have longer rotation than the first. There is an important lack of knowledge on the effect of combining
these diversification practices (space + temporal) on cropping systems performances, whllghepattin

their marginalisation. The objective of this work is to compare the economic, environmental and social
performances of low diversified cropping systems (references, REF) to that of cropping systems combining
diversification practices (DIV), usg an ex ante assessment. We hypothesized that combining spatial and
temporal diversification with reduced inputs improve performances of cropping systems.

2 Materials and Methods

10 field experiments (FE) from the DiverIMPACTS project were considerezl/&duation. All FE had their

own REF whose practices corresponded to a typical local farm. Diversification strategies, for each FE, were
co-designed with farmers, advisers and vatbhains. For each FE, every cultivation operation (soil
preparation, sowig, fertilisation, phytosanitary treatments, harvest and transport) planned was reported. For
every operation, if needed, information about machinery (model, working performances), inputs (nature,
price, dose used) and outputs (biomass, grain and strialywiere also reported. Hypotheses were made on
parameters such as yields and prices, according to local references or scientific literature, when needed.
Multi-criteria analysis (MCA) of the performances of each FE was performed using SYSTERRE® developed
by ACTA (www.diverimpacts.net/partners/adtahtml). This software calculates scientifi@sed indicators

of performance from the exhaustive inventory of all the cultivation operatioasimpping system. The
following indicators were chosen to assess the performances of cropping systems 1) Economic: Energetic
Yield, Seminet Margin; 2) Environmental: Nutrient balances, Amount of Active Ingredients, Primary
Energy Consumption, Total GHEBmissions, and; 3) Social: Working load and Treatment Frequency Index
(TFI).

3 Results

Three contrasted cases are given: a monoculture in conventional agriculture, a second in organic agriculture
where the REF is already diversified, and a third ireasital rotation in arable conventional systems based

on three crops (Table 1). The strategies of diversification in both time and space and their potential effects
on different criteria are presented. The MCA shows positive effects on environmentatoisdiSacial
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of DIV systems seems to be systdependant with either reduction or increase of the $etrMargin.

Table 1.Overview of Multicriteria assessment of the effects of crop diversification for three situations corresponding to
three field experiments of DiverlIMPACTS

Reference system (REF)

Diversified system (DIV)

Impacts of crop
diversification

Silage Maize monoculture
(conventional agriglture)

Silage Maize + Sorhum
Mixture of cover crops

Reduction of (1) Amount of
Active Ingredients-{19%),

Green Manure
(organic agriculture)

Green Manure

(Netherlands) (Poaceae and Fabaceae) (2) Primary Energy
Consumption-65%),
(3) Total GHG Emissions
(-31%), (4)
Seminet Margin (52%).
Increaseof Working Load
(+15%)

Silage maize Silage maize + White clover Reduction of Total GHG

Spring Barley Spring Barley + Pea Emisgons (30%)

Oilseed Rape Oilseed Rape + Lentil Increase of Semiet

Faba Bean Faba Bean + Oat Margin (+9%)

Similar Primary Energy
Consumption and Working

(Switzerland) Load
Oilseed Rape Oilseed rape+legume/cover crop/grai Reduction of (1) GHG
Wheat maize/cover Emissions {20%)
Barley crop/sunflower/wheat/pea+wheat/cove (2) TFI (-50%),
(conventional agriculture) crop/wheat/cover crop/barley/cover (3) Seminet Margins
(France) crop/lentil/durum wheat (-10%)

Three contrasted cases are given: a monoculture in conventional agriculture, a second in organic agriculture
where theREF is already diversified, and a third in a classical rotation in arable conventional systems based
on three crops (Table 1). The strategies of diversification in both time and space and their potential effects
on different criteria are presented. The MGows positive effects on environmental indicators. Social
indicators would indicate an increase of Work Load but decrease of TFI. Finally, the economic performance
of DIV systems seems to be systeependat with either reduction or increase of the Sal Margin.

4 Discussion and Conclusions

These preliminary results suggest that diversification has a key role in the sustainable development of
cropping systems and that even slight changes in their design could lead to major improvements of
environmentbperformances. Careful attention should be paid to an increase in the work load in DIV systems
since it could hinder farmers adoption of practices. Ongoing analyses of other FEs would suggest that
diversification leads to a stabilisation or small improeemof economic performances. This work can
become atool to help (1) FE leaders and stakeholders to adapt their strategies and test other scenarii including
an intensification of crop diversification to boost its effects, (2) farmers in their transiti@rds more
diversified systems and (3) decision makers to support crop diversification in Europe.
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1 Introduction

Since 1860 and to this day sunflower is the main source of edible vegetable oil in the Republic of Moldova. It is

the third most cultivated crop after corn and wheat, havingstensplanting areas in all geographical zones of

the countnf2. Mol dovads contributi on t1d0%.tOhlein rgcénbyeaasithe wtaln f | o0 w
sunflower production is around 600 thousand tons. According to the Food and Agriculame&ign of the

United Nations (FAO), in 2014, sunflower seeds were el oils were the'7most exported crops and

agricultural products in terms of val[8].

Long-termsystemiaesearch in Moldova has highlighted that sunflower can be growesstfiaity incorrect crop
rotationsystemswith wheat (or other cereals) and corn as an optimal predecessors and a minimuryeaa Six
rotation between successive sunflower crops. In order to ensure the aforemehtsedowergrowingareas
must noexceed the quota of 170 000 ha of the country's arabl¢8and

However in the past three decades, significant change has been implemented in farming due to the shift in the
sociceconomic and institutional environment in Moldova. Land reform, econanit infrastructural
developments have shaped adaptive responses in sunflower prodileicgurface occupied with sunflower
increased continuously, due to the increase of market demand for sunflower seeds and high crop tolerance to
drought, which ensurine stability of production and the possibility to obtain stable annual indaumieg this
periodsunflower has been grown on approx. 260-0B80 000 ha, an area that exceeds the recommended limits

by approximately 2.3 timdd, 5].

The impact of suctevelopments on production remains mostly unexplored. Moreover, exparaieaméanted

with sunflowereads to the failure of crop rotation, increasing frequency and aggressiveness of various pathogens
and inefficiency of long term strategy in managimsgcts, diseases and weeds, decrease of soil physical properties
etc.

In this contextgreatinterest is shown fas new approach to secure sustainable growth in Moldova's sunflower
sector In order to accomplish said task, the undertaksearch wafocused on thetudy ofthe current state of
play of sunflowecrop in farms

2 Materials and Methods

A survey (faceo-face interview of farmers) was conducted in 78 localities, including 20 localities in 7 districts of
the northern region22 localitiesn 8 districts otthe southern regioand 36 localities, 11 districts tfe central
region.Soil samples (30 cm arable layer) have been collected from each studied habitat. The analysis of principal
soil parameters has been realized in the RepublicateiCef Applied Pedology of Moldova according to
standardized methods as followsailable POs and KO conten{6]; humus contentN-NOs, N-NH4 [7].

3 Results and Discussion

Accordingto the obtained data, in most of the farms sunflower was precgdeidtbr wheat and other cereals
(52%), corn (37%), in some cases barley (7%) and even by sunflower (4%) lfrigure

Unfortunately, thesix-year rotation between successive sunflower crggssrespected only in nine farms from
the total of 78 interviewedh the majority of cases (approx. 50%), sunflower was cultivated in-¢arsotation
and in 37% of the farms the crop returned to the same field only after aygdo ®tation.

As a result of such intensive cultivation of sunflower, infectioncumulated and the potential for disease
epidemics is on the rigR, §. Sunflower is well known as a plant that absorbs a large quantity of mineral
substances which depletes soil reserves. The aforementioned consideration enforces the idea thatsisbflower
return on the same field after a minimaixyear rotation

In order to ensure profitability of sunflower production, it is necessary to maintain soil fartigtgnalysis of the
humus, nitrogen, phosphorus and potassium content were cariged dlog soils have been grouped in six classes
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according to the accepted classificafibh Low and very low level of humus (3248%) has been identified in

the majority (63%) of the analyzed fields (TableThis parameter is the same or higher, &tatilevels, (3.4%)

only in 8 fields, which represent around 10% of the total analyzed fidldssame data showsat around 70%

of the analyzed fields are characterized by soils with moderate nitrogen content. In 13% of them nitrogen content
is low andonly in 10% it is high.

11% - other cereals_ 19%
5 years _ 269
y / barley -7%

4 years _ 260/
ST wheat _ 3%
3 years _ 15% |

syeus -6 _37%
1 year _ 15% sunflower Il 4% :
0% 5% 10% 15% 20% 25% 3C 0% 10% 0% 30% 0%
Percentage of localities Percentage of localities
A. B.

Figure 1. Rotation of sunflower in farms of Moldova
(AT Period of sunflower return to the same field; Bredecessors of sunflower)

Regarding mobile phosphorus, 4% of all the fields are marked with low conthist@Ement, 7% with medium

and 46% of the total localities this value exceeded the media. Exchangeable potassium contents analysis has shown
low values in 13% of fields and moderate in 33%. More than a half of analyzed fields (54%) are distinguished by
higher than moderate content of exchangeable potassium.

Table 1. Percentage dbcalities with varying degrees of humus and macronutrient supply in soil

Soil characteristics Ve 1ow | Low | Moderate| Relatively optimal | High | Veryhigh
Percentage dbcalities, %
Humus content 17 46 30 7 - -
Total nitrogen content - 13 77 - 10
Mobile phosphorus 7 40 7 20 16 10
Exchangeable potassium| 3 10 33 30 17 7

Agrochemical research has shown that in most cases, soil isipdaretus and nitrogen comparedtte 90s[9].

4 Conclusions

According to survey resultdue to the profitability of sunflower cromany farmers abandoned the recommended

long croprotation practices and follow current simplification and shortening trends of crop rotations. Considering
thecurrent state of play in Moldova, urgent measures are needed in order to restrict the use of pesticides/ fertilizers
that ensure soil remediation and return to correct crop rotations. In this regard, continuous monitoring of the
situation is needed. Thedis of research programs has to be extended and information related to the benefits and
feasibility of long term rotations has to be provided to farmers.
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Estimation of crop rotation effects based on farm accountancy data
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1 Introduction

Crop rotation effects on yield levels and input uses are rarely investigated, probably because farmers' yields
and production choices are rarely recorded simultaneously. Owtiobjis to estimate crop rotation effects

on yields and input uses based on existing datasets, namely large panel datasets of farm accountancy data
with cost accounting. Such datasets describe crop yields, acreages and input uses for a large sansple of far
over a few years, but they |l ack information on far
to overcome this missing data issue. The first approach exploits the data collected by the European
Commission, the yearly Integrated Administratiand Control System (IACS) datasets. The second one

relies on an original estimation procedure which allows recovering the observed crop sequence acreages
while simultaneously estimating the underlying crop rotation effects. We also made use of expleddao
information obtained from agricultural scientists and extension agents.

2 Materials and Methods

The two approaches we propose for estimating crop rotation effects are illustrated on an unbalanced panel
accountancy dataset of 378 French farms lacatehe North and NortEast of France and specialized in
grain and industrial crop production from 2008 to 2014.

We are interested in the effects of the preceding crops on the yield and input use levels of the current crops.
Both approaches rely on stdical models of yield and input uses. Namely, observed yield and input uses of

a given crop are expressed as a weighted average of the unobserved crop yields and input uses at the crop
sequence level, the weights being the shares of each precedinindifepsurrent crop acreage. Although

our accountancy dataset contains information on acreages, yields and input uses for each farm of the sample,
we have no information on their crop sequence acreages, which thus need to be recovered in order to estimate
crop rotation effects.

In our first approach, we use the ARPG Explorerodo s
approximate crop sequence acreages for farms located in the same geographical area as the farms in our
sample. These crop ssence acreages are then matched to our sampled farms and directly used in the
statistical models of yield and input uses for estimating the effects of previous crops. Importantly, the
recovered crop sequence acreages show that farmers primarily sefedithes t 0 cr op sequence
to the views of the experts we have consulted), thereby demonstrating their accounting for crop rotation
effects as well as their economic rationality. However this also implies that the effects of many crop
sequencescanho be measured because farmers avoid using t

The second approach we propose assumes that farmers are economically rational when choosing their crop
sequence acreages. This assumpti on e nicedak farctionss t o A
of the crop rotation effects of interest along the estimation process of these effects. We define the crop rotation
effect estimation problem as a mathematical programming with equilibrium constraints (MPEC) problem

along the lines of Sand Judd (2012). This approach can be transposed to any farm accountancy dataset with

cost accounting, regardless of the availability of potentially matching dataset on crop sequence acreages. It
can also make use of expert knowledge such as ex antegamkithe effects to be estimated or identified
Aforbidden crop sequenceso.

3 Results
Our results show that the crop sequence acreage st
processo proposed in our ¢aeocbtairtkd fom fhe IACS ddia inourdéirstc | o s e

approach. Accordingly, the crop rotation effects on yield and input uses estimated with the two approaches
are comparable.
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The estimated crop rotation effects on yields generally conform to the view ofribelted experts. We

notably find that, in terms of yiel&traw cereals are among the worst preceding crops for straw cereals,
cereals are good preceding crop for sugar beet, and in addition, alfalfa and peas are good preceding crops for
wheat. The estimatl crop rotation effects dnput uses appear to be less convincing since they are often
smal | and frequently at odds with expertsdéd views.
farmers fAautomati cal | pprotalian oneyieldstut mhay bemeluttdneto adjiisftreic t s o
input uses to the effects of crop rotations on pest and weed populations, or on soil nutrient content. Yet, the
acreages of some crop sequences are very small and some crops are produceetyanitér of sampled

farms. This data configuration raises statistical identification issues for estimating the corresponding crop
sequence effects that are still under investigation.

4 Discussion and Conclusions

The approaches that we propose for redagesrop rotation effects from cost accounting data seem to work
well in practice and provide consistent results regarding the effects of crop rotation on yields. We are
currently investigating the possibility to account for the confounding effects @rgbdlimate on yields and

input uses. This will allows us to strengthen the interpretation of our empirical results, regarding crop rotation

effects as well as their impacts on farmerso6é choic
References
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On the economics of crop rotation diversification: pe crop, crop rotation and
price effects

Alain Carpentier?*
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1 Introduction

Adoption of diversified crop rotationsy farmers primarily relies on economic criteria. The main objective

of this article is to present a simple approach for analysing and comparing crop rotations from an economic
viewpoint. This approach makes use of basic economic calculus, standard iecomaepts€.g, margins

and opportunity costs) as well as simple sensitivity analysis techniques. It mainly aims to address two
guestions. How to assess the economic value of diversi@esiisspecialized cropping systems? How to
uncover the main drive of this economic value?

Extension agents or agricultural scientists may use this approach for demonstrating the interest of crop
diversification to farmers. Agronomists may also find it useful for investigating the key drivers of the
economic value ofidersified cropping systems and, thereby, promoting or targeting their research efforts.
Finally, economists and policy makers may obtain useful results for designing efficient public policy
measures aimed to foster the adoption of diversified crop nagatio

The proposed approach builds on previous work on the valuation of pre crop effects and crop rotations
(e.g, Schilizzi and Pannell 2001; Hennessy 2006; Preitsal2015). It extends this work by emphasizing
the effects of (input and output) pricesdaotation lengths as well as by decomposing the economic benefit
of diversifying crop rotations in three main components: the opportunity cost of diversification crops, the pre
crop value of diversification crops and the long run value of crop rotatiersdication.

2 Materials and Methods

The proposed approach can be applied with either experimental data or ohiserfachf) data. It relies on
crop input use and yield level data describing the technical performances of different crop rotations
implemented in comparable settings. Price and cost data can be obtained from other sources.

The approach proceeds in three ste@d: dhoosing relevant price rangedy) (determining and
decomposing the economic value of the diversification of crop rotatinds€) performing sensitivity
analyses. The economic value of diversifying crop rotations significantly depends on chemical input and crop
prices. Importantly, price series reveals trends, volatilities or regime changes that need to be considered when
choosing suitable price ranges given the objectives of the analyst. We define the economic value of
diversifying crop rotations as the difference in the crop rotation margins with and without the considered
diversification crops. We then present a simple dgamsition of this value. First, we decompose the value
diversifying crop rotations into the sum of three componeitsTHe opportunity cost of inserting the
diversification crops in crop rotations basically compares the margins of the diversificapisnaaia the
other crops in the considered crop sequeriigeTtfe value of the carrgver effects measures the economic
value of the impacts of diversification crops on the production process of then next crops in the considered
crop sequenceiii) The lorg run value of crop rotation diversification measures the economic value of
repeatedly implementing a diversified crop sequence on the state of trecagystemd.g, pest and weed
pressures, soil properties).

Finally, we present simple sensitivity #yms exercises aimed to uncover the main drivers of the
economic value of diversifying crop rotations. Performing these exercises enables the analyst to identify the
crop or/and input prices that have the most significant impacts on the economic mteresfi d i ver si f i
cropso while it enabl es agr onomg,yitlkslevelsppeat prassuree r t
nitrogen surplus) that should receive more attention or should be improved.

3 Results

As an illustrative example, we consideserting protein pea in a rapesedieatwheatbarley rotatiori in
between the two wheaitsusing French data. We compute and analyse the economic value of protein pea as
a diversification crop. Our primary data were produced from expert knowledge fcdRéyto R&D study
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aimed to assess the pesticide use reduction opportunities in the French agricultural production sector (Brunet
et al2009). These data were supplemented by results on pre crop effects and long run crop rotation effects
found in the agneomic literature and by price data published by FranceAgrimer and the French ministry of
agriculture.

Benchmark results were computed at the mean price levels over th2@D Beriod for crops, fertilisers
and fuel, at the 2017 price levels for the othputs. Price means were considered for alleviating the effects
of price variability. Recent prices were considered for accounting for price trends.

The economic value of protein pea as a diversification crop in the considered crop rotation is edtimated a

+120/ ha. The -coatueepfecthe cfarpega to the second whe
to the yield effect evaluated at +2404/ ha. The nitr
the 300/ ha s aved sesohdewheatpis diuded @along @ five hear crop sequence. The

opportunity cost of inserting protein in the rotation amounts3t@ G / h a . It offsets the b

carry-over effects. Inserting pea in the rotation appears costly as wheat ignofiiedble than pea (according

to a static evaluation framework) and wheat production occurs less frequently in the rotation with pea. The

l ong run effects of inserting pea in the rotation
disaussed below, these long run effects are probably significantly underestimated. Sensitivity analyses show
the value of inserting pea in the considered rotation significantly depends on nitrogen price but weakly
depends on pesticide prices. This later effeprobably underestimated. Unsurprisingly, the value of pea in

the rotation strongly depends on its price and yield. Increasing the yield of pea by 5% would turn the
opportunity cost of inserting pea in the rotation into a benefit, fdri@ 4 / h a 4. dhis wduldl fisé the
value of pea from +120/ha to +570/ ha.

4 Discussion and Conclusions

The approach that we propose for assessing the economic value of diversifying crop rotations is simple and
intuitive. It can be very instructive for farmers, extemsiagents, economists and policy makers. Our
application on protein as a typical diversification crop illustrates several points made in the literature.
Opportunity costs of inserting diversification crops in standard crop sequences is often costlartlyhis p
explains why farmersé crop rotations remain relati
in a static sense, than major crops. The eaver effects of typical diversification crops are well known and

often well documented. Faewwr s &6 awareness of these effects is oft
these effects may explain farmersd reluctance to ¢
rip off the benefits of some of these effe@sy( direct yieldeffects) but they need to adjust their production

choices for benefiting from others.§, accept to reduce pesticide and fertilizer uses). Second;aaary

effects are short run effects the economic value of which is swamped along the length eattithre fidie

long run effects of diversifying rotations are qualitatively well known but often poorly documented. As a

result, their benefits are generally underestimated. This is unfortunate since their economic value may be
large, through pesticide use Bayin particular, as these effects yield benefits all along the crop rotation.
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How to reconcile shortterm and long-term objectives in agroforestry systems? An
application of viability theory to Mixed Horticultural Systems
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1 Introduction

The dual productive and environmental challenge that agriculture is facing has led to the emergence of new
farming models based on aggoological paradigm@Altieri, 2004; Wezel et al., 2014Thes systems are

built on greater biological diversity that combines cultivated and nadlenalents within the agroecosystem.

One of these systems, known as Mixed Horticultural Systems (MHS), corresponds to the intercropping of
fruit trees and vegetables. iShsystem is attracting a growing interest in Europe, especially among new
farmers (Léger et al., 2018; Warlop, 2016} represent a diversification strategy that goes further an
increasing number of cropsince it add a functial diversity provided by trees. However, the management

of MHS systems iparticularly challenging for two main reasons. The first is linked to their complexity,
since they add up the intrinsic difficulties of two very demanding systiuistrees and wgetables The

second limitation is related to the fact that such systems involve, even more than fessioge systems,

a need for prioritization and traaéfs between objectives and constraints. The simultaneous management of
shortterm market gamhing and londerm orchard, with their own dynamics, can be very complex and
jeopardize the lonterm viability of the enterprise. The objective of the present study is therefore to provide
a modelling framework for the analysis of agroforestry systeattimbine annual and perennial crops.

2 Materials and Methods

In the present stugyve rely on the franwork of the Viability Theory(VT) to assess the management
conditions that make it possible to conciliate ldagn and shofterm dynamics of vegdiée and fruittrees.

VT is a mathematical framework developeddupin (1991)that studies the evolution of dynamical systems
under constraints. Its recent applications to natural resource management has proved to be particularly
relevant in the fields of fisheries, silviculture or livestq8abatier et al., 2017)n the present study, we

apply viability theory to explore diérent management strategies in MHS systems.
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Figure 1. Conceptual model representation

This framework makes it possible to identify a set of viable management options that maintain the system
within a set of constraints over time. It is based on statesaf) controls (U). States describe the
agroecosystem and can vary over timefféd.). Controls represent the levers available for farmers to steer
their cropping system, e.g. the choicevefetables rotation or the workload allocation between fruig tree

and market gardeningn our case study, we compare a sterin strategy aiming to promote vegetable
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production with a londerm strategy that gives priority to the establishment of fruit trees. To do so, we
analyze the dynamics of MHS systems as atfon®f the workload allocation between the two component
enterprises (fruit trees and vegetables).

3 Results

The Net Present Values (NPVs) showed that the $éort strategyFigure2a) obtained a greater annual
economic profitability during the firgtears. Indeed in the early years, the costs of planting and operating
fruit trees led to a decrease in NPV, but from the sixth year onwards, this loss was offset amgl tiveri
strategy (Figur@b) became more effectivBesides, the cumulativdPVsover the whole period indicates
that longterm strategy is globally more profitable, indicating that in the long run, a strategy favoring fruit
trees establishment might be desirable.
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Figure 2. Evolution of fruit trees (FT), vegetables (Veg) and total (Tet)present values of a simulated mixed horticultural
system over time, as a function of two management strategies: (a) -deshostrategy favoring vegetables production over
fruit trees growth; (b) a lonterm strategy through the prioritization of frtriees growth.

4 Discussion and Conclusions

Using this dynamic modelling approach based on viability algorithms, we simulated management decisions
that respected the soedmological constraints of farmers. This makes it possible to identify optimal
maragement strategies for both vegetables and fruit trees, and to assess their impact ontdnm long
dynamics of the system. Results showed that the strategy of promoting tree growth led to beiemlong
profitability. On the other hand, it requires farmers being able to cope with several consecutive years of
lower performance for trees establishment. The present work also points out the necessafis trade
generated by the systembs compl exity intes).Besidgas,ati ng
there is still little literature on system components dynamics (e.g. fruitueggtables interactions) which

were mainly hypothesized. This raises the need for further research on Mixed Horticultural Systems
biological processes.
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1 Introduction

Diverfarming project seeks to solve curent problems in corvertiona cropping systems through cropping
diversification. Case studies aralysediversification of cropping systemsin cerealsand airy feed poduction
in the valuechain of cheese production. The main ervironmental problems ofagriculture in scuthern Finland,
such nutrient leaching to watercourses and biodiversity loss, are related to cereals monocutures. Dairy and
beeffarms have beerdeaeasing at a fast rate in southern and Finlandwhile dairy andbeef goduction are
concantrating on aher regions in Finland (OFS 2019). Cerea monocutures daminde in large pats of
sauthern Finland despite many aternative crops availade for diversification (Peltonen-Sanio et al., 2017.
The am of the non-market valuaion of the diversification benefits concern the ervironmertal bendits and
perceived societal benefits of crop diversification as wel as the percelved societal benefits of loca cheese
production.

2 Materials andMethods

Themain idea of cae studiesisto aralysea thange from cerealmonocuturesto diversified crop rotationsin
southern Finland. Cereal monocutural aoppng (e g. convertional cereal; barley-barley-rye-oas -rotation) is
diversified with oilseedrape andcatch crop, or with legumesandgrass in the crop rotations.Monoculture of
cultivation is thusbrokenand nurientleaching, swch as ritrogen and phosphaus leskages, are suppsed to
deaease. Sal structure andbiodiversity are improved and sil organc matter will increase. Thevaluechan
of cheesencludesalsobroaderrural andcultural effects.

We used astated preference method, cantingent valuation, to measue berefits of shifting from monocuture
to more dversifiedcropping systemin cheesegoroduction andvaluechan. Fortherespondents two valuation
scenarioswere presented: first onefocuseson Ecosystemservices (ESs) realised onfield and sdl (deaeasing
greenhousegas, more robust crop yield, fidd carbon accumulation, degeasing runoff leskages, and
aburdanceof wildlife organisms). The secondscenario introduced seven dfeds thatare troader rural and
cultural effects of cheesemaking (e g. low-inputproduction, more variedlandscgpe, more jobsin rural areas
and maintainedtradition of cheesemaking). Third scenario combinedboth scenarios.

Two paymentvehicleswere wsedin the survey: extra cost of householdsdfood expendtures(scenaio 1-3)
and aprice increment on the curent cheese price per kilogramin the last scenaio (scenario 3). Multiple
boundedlichatomouschoice (MBDC) format wasused that al ows the respordent express their ambivalernce
(Welsh &Poe 19%8). Respondentweregiven aridertical set of 12 hidsand for each id theyhadfiveresponse
caegories to cloosefrom Definitely payd dPossbly pay§ dCannotsay ,&Posibly notpaydand Definitely
not payd Empirical survival function (decreasng yes-response probabilities with increasing bids) was
caculated using non-parametric Turnbull estimates (Turnbull 1976, Hagb & McConrell 20®) for the
willingnessto pay estimates. 600responses wae @llectedin January 2019, as arepresentative sample of the
Finnish pgulation.

3 Resaults

In ou casewve measuedthese ron-marketbenditsin two ways: on onehandasadditional costfor corsumers 6
househdd expenditures, and on the other hand asanincremertal cost in chesseprice (euro per kg). Results
indicate that 21% of consumers werenotwilling to pay anything to suppat more dverse aopping system. It
seemsthatscenariol, with the ESscoming fromdiversifiedcroppng system(effectsfromfield and oil), was
most highly valuaed (increase in WTP 2.15per month per household when respondent stated efinitely
Yes). At thebroadervalue clain level the WTP was lower, 0.15euro per month (scenario 2). Fnaly, in the
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case of the third scenario (including both previous scererios 1-2) there wasonly a slight increasein WTP
whenaddngscerario 2 onscenaio 1,compared to scerario 2(mean WIPO . 1h8usehdd expenditures per
month). Whenvaluated through the price of chee®, meanfor maximum WTP was 1.28/kg, for thosewho
stated Definitely yesa

As Readyetal. (19%) showed anbivalenceregioniswide and in ourstudyit isthe wicer thehigherbids ae
offered (Figure ). In ourstudy thewidest ambivalence region was dotained wten off eredpriceincreasewas

2 . Operkgl
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Figure 1. Distributionsof Willingnessto Py.

4 Discussion and Conclusions
Egimating range ofvalues, ratherthan onevalue, providesmore abundant information for decision making.

Since the estimated survival functions (maximum WTP triggering no paying) decrease relatively dowly at
bids0-20 cent per kilogramor 0.1-1 euo per month), our results suggest that manyof respondents appredate
ecoystemservicesand are willing to pay alittle extrato gettheseecosystemserices(Figurel). Especidly
higher WTP was stated for ESs from fields and sdl. Identification andvaudion of ecsystem services
bundes may be wseful to help dedsion makers account for multi-fundionality of agro-food ystemandto
betterimprove manayement on ecasystems servicesonafarm-level and deelop appropriate policy measues.

References

Haab and M cConnell 2002. V auing environmental and naturd resources: the ecanometrics of non-market val uation. 326p.OFS.
2019. Milk production by area Official farm setisticsof Finland. https:/stat.luke.fi/en/tilasto/152

Peltonen-Sainio et a., 2017. Diversity of high-latitude agicultural landscgpes and crop rotations: Increased, deaeased or badk
and forth? Agricultural Systems 154, 25-33

Realy et al. 1995. Contingent V aluation When Respondents are Ambivalent. J.of Env. Economics and Management 29, 181-
196. Turnbul 1976. The Empiricd Distribition Functions with Arbitrary Grouped, Censored ard Truncated Data.J.of the
Royal Statistical Scciety, 38B, 290-95.

Welsh and Poe. 1998. Elicitation Effed in Contingent Vauation: Comparisons to a Multiple Bounded Discrete Choice
Approad. J. of Env. Economics and Management 36, 170-185.

Session 6.Diversification benefits: their economic value

and carryover effects 86



DiverlMPACTS
‘ European Conference
on Crop Diversification
_ . i i n . 7.‘|\-\ ber 18-21, 2019
4 101 G2 aensHtS 2F /2y Budapest, Hungary

Finding and Fastening the Missing Link: A Novel Method to Estimate PreCrop
Values for Previous and Subsequent Crop Combinations
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1 Introduction

Cerealintensive crop rotations, such as cereal species monocultures and cereal monocultures as well as cereal
rotations with one break crop within five years, dominate agricultural systems in Finland, while the share of
fields with diversecrop rotations is <2% (Peltoné&ainio et al. 2017). Monoculture rotation systems not

only reduce biodiversitper se but also lack resilience to the typical weather variability at high latitudes.
Additionally, monocultural farming increases sustainabijiap through e.g. abetting soil compaction and
increasing dependency on crop protection. Thereby, it likely associates with declined soil carbon content and
yield trends.

Farmers have intentions to diversify their crop rotations due to the manifold diesvtbeat they have
experienced with cereal monocultural rotations (Pelté®&inio et al. 2017). The area under some minor
crops like faba bearV(cia fabal.), oilseed rapeRrassica napus.), pea Pisum sativuni.) and caraway
(Carum carviL.) has expaded. Moreover, cultivation of later maturing primary crops and cultivars have
shifted northwards, while novel crops like maizeeg¢ maisL.), winter oilseed rape and lupihupinus
angustifoliusL.) have been taken into tentative testing by farmers. litiaddo greemmanuring crops and
greenfallows, farmers have recently tested nursing crops, like alfdialicago sativd..) and oilseed radish
(Raphanus sativus var. oleiforniis to help soil to recover from damages. Though the changes in land use
so far are marginal when compared to the arable land dominated by cereal monocultures, the currently
existing potential for diversification is significant (Peltoffeainio and Jauhiainen 2019).

Precrop value is the measure that indicates the benefits @véops crop for the subsequent one in crop
sequencing. In order to further encourage farmers to take advantage of the existing diversification potential
(PeltonerSainio and Jauhainen 2019), they need precise information about {trpnealues for a hiy

number of previous and subsequent crop combinations. Traditional field experiments are a valuable source
of information, but they are very resowio¢éensive and hence, evaluate-prep values only for a limited
number of previous and subsequent cromlmioations. Therefore, we developed a method based on
Normalized Difference Vegetation Index (NDVI) values derived fRemtinel2 to estimate prerop values
(PeltonenrSainio et al. 2019).

2 Materials and Methods

The NDVI values were derived from all aladole Sentinel2 imagery with less than 99% cloud cover from

April to October in 2016 and 2017. The study area in S@{gktern Finland is covered by four tiles (34VEN,
34VEM, 34VFN, 34VFM) of theSentinel2 tile system. Each tile has a size of 110x110wdith 10 km

overlap. The 587 scenes were processed by using the method developed by FGI on the EODC platform (Earth
Observation Data Center GmbH, Vienna, Austria). Data regarding crop species was linked withelN[2¥/|

at field parcel scale. Our data canispd a total of 120,174 field parcels in 2016 and 118,116 in 2017. The
study area was divided into four saleas. Mean ND\Walues for each crop at its most critical growth phase

were compared to the suabea specific 90percentile of each crop withmyear and thereby, an NDgap

was determined for each previous and subsequent crop combination available. The results were included only
for 020 field par ce tcopvplees wer esipated form highnanber ofrpreviodsr e
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and subsequet crop combinations on f ar-gapsrbstweenfcropsittiits by
previously had the same crop growing on the field parcel (monotonous crop sequencing) and those that had
a different one (PeltoneBainio et al. 2019).

3 Results

The precrops values provided by the novel method were available for a high number of previous and
subsequent crop combinations. The availability ofqgops varied depending on the following crop. In
general, prerop values based on the estimation of N¥psindicated that often any other crop than the
subsequent crop itself had positive-prep value. Rapeseed, grain legumes, sugar Be&d (ulgaris var.
altissima L.), potatoes $olanum tuberosuni.) and special crops likecaraway, linseed L{num
usitatissiumumL.) and oilseed radish were usually very beneficialqops for spring cereal€ereals had

positive precrop effects on pea and rapeseed and also quite frequently for faba bean. Moreover, rapeseed
and sugar beet had positive impacts on the grofitsubsequent grain legumes. The developed method
proved to work well in estimating paop values at field parcel scale.

4 Discussion and Conclusions

The developed method based on data fe@mtinel2 estimates prerop value for a high number of preus

and subsequent crop combinations (Pelte®aimio et al. 2019). Preropvalues ranged from +16% h6%

at most. They followed the general understanding and published results on the benefits of different crops as
pre-crops, such as the positive effecf grain legumes and rapeseed ascpops for a number of following

crops. Employing this novel method allows dynamicgap values to be updated every year with new data.
The developed method can be rapidly applied to different regions within aycasntell as across countries

and continents in order to estimate-prep values for relevant, regiaependent crop choices, provided that

the data regarding crops is available at field parcel scale for eac{fear.more data for a wider range of

yeas and beyond our test region will become available, a further understanding on the dependency of pre
crop values on growing conditions can be gained, which will further support the implementation of
diversification actions by farmers. Hence, for the firsie, a high number of previous and subsequent crop
combinations originating from farmero6s fields ar
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1 Introduction

In the current French arable cropping systems mainly based on cereals and oilseed rape (OSR), grain legume
crops provide both a botanic diversification and nitrogen supggkthto their ability to fix atmospherieN

However, ecosystem services provided by legumes are not well characterised according to the given context,
preventing them to be fully valued by a large number of farmers. For instance, the effects of lepgme cro

on the performances of following crops rely usually i) on average estimates, ii) only for some couples of
species, and iii) on fragmented data (Jeufebwl. 2015; Schneideet al, 2017). And the major factors
explaining the variability of these effis are not known. This prevents to forecast the crop system and
adapted technical management which would have led to optimal services in a given context, such as enhanced
production with lower charges.

In order to complement egoing analysis of a serie$ detailed traits in one location (Guinet 2016), Terres
Inovia carries out trials on two locations to address the comparative characterisation of some services
provided by grain legume crop to the following wheat or rape (or intercropped wheat).

2 Materials and Methods

Several trials were carried by partners of the UMT t & Th& NMials managed by the Technical Institute
Terres Inovia aim at quantifying some services delivered by pea, faba bean, lentil crops compared with non
legume crop (wheat, rapi two locations (Berry» and «Grignon») in different couple of years.

Several variables were analyzed: yield (quantity and quality), N fixed (%Ndfa, following 15N enrichment in
the case of analytical trials), residual mineral soil nitrogen (atesyarop and grain nitrogen content, soil
biological activity indicator (soil nematofauna), and, in one location, N20O emissions. Premegisgn

year n include notegume crops (wheat and oil seed rape (OSR) in both locations), and legume species
(winter pea and peaheat intercrop in both locations, winter faba bean and spring lentil only in Berry, spring
faba bean and spring pea only in Grignon). Following crops on year n+1 include wheat and oilseed rape
without N fertilisation (ON) or with a suboptal N fertilisation (N1). The objectives of the first analysis
are(i) characterize the service of the nitrogen fixation especially through the quantity of nitrogen issued from
N fixation; (ii) compare the potential of modifying the yield of the followfogintercropped) crop.

3 Results

Three series of greceding crops (Berryl6, Berryl7 and Grignonl7) and a single seriedafowing
crop» (Berryl7) of the analytical experiment have been used to analyse variables linked to ecosystem
services of havested grain legumes. Three types of services are here assessed:

3.1 Symbiotic nitrogen entry

Symbiotic fixation rates (%Ndfa) were high in Berry: aboui8D86 for pea and lentil (versus-80%) and

90% for the faba bean (versus-8@0). In Grignon, onhte contrary, %Ndfa rates were particularly low for
monospecific peas, about 40%, but remained higher for the intercropped peadl{fi®fé)s a strong inter

and intraspecific variabilitys mainly explained by the quantity of fixed nitrogen (QNdday tke dry
biomass(grains + stems) at harvest. Three groups can be distinguished and associated with three different

lumTt Unfit® Mi xte Technologiqued) is a partnership between a technic
strengthen th strategic orfarm advice for cropping systems based on legume crops or organic fertilisers with low nitrogen losses and low
dependency on s hitpAwhne.teriesnoviadriurbaitelni s er s 0 .
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situations Berry16, Berryl7 and Grignon¥When pooling the data with the data from UMR Agroecology

Dijon (Guinet 2019), there is a correlatirigure 1) between the harvest biomass and the quantity of nitrogen

issued from symbiotic fixation. No particular relation between the %bBidfiathe residual soil mineral

nitrogen content before or after winter was observed in trials (Terres Inovia)mndf ar mer sdé f i el d
personal communication).
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Figure 1. Relationship between the areal biomass at maturity (g/m2) onakis and the quantity of nitrogen from symbiotic
fixation (QNdfa) at maturity (kgN/ha) on theaxis, on a series of situans.

3.2 Nitrogen absorption by the following crop

The service directly derived from the preceding effect of pea enables the following wheat to absorb from
59%N more than the wheat which follows a cereal and it leads to a rape which has absorbed 3% N mo
than rape crop which follows wheat. The trends confirm previous results of another trial(3d8%ne
location.

3.3 Yield level of the following crop

For the couples harvested in 2016 and 2017, the preceding crop in 2016 campaign has undengomaby a
growth during most of the crop cycle but by strong damages before harvest. The legume crop leads to higher
nonfertilized wheat yields the following year compared to a wheat as precedindigtop @ and the pea

effect is significantly higher tim the effect of lentil or peaheat association. The latleads to higher yields

of nonfertilized rape compared with faba bean, lentil or wheat, whereas the differences between the other
preceding crops effects are not significant. There is a linéstiore between the ON wheat yield and the
amount of nitrogen (QN) in crop residues of the preceding crops, but not for the ON rape yields.

Yields - Berry 2017

ah

Fababean
Wheat
Fababean

Wheat ON Oil Seed Rape ON

Figure 2. Average yields of noffiertilised wheat and nefertilised OSR according to their previous crop on the\Beial for
the harvest 2017

4 Discussion and Conclusions

These first series of results will be compl emented
(dis)services, including N leaching risks, GHG emission reduction, and alsorsttibfuing through a soil
bi oindicator (Chauvin 2018). Pooling them with the

consolidate the outputs and propose references for characterizing some key services related to the presence
of grain legume in cropping systems.
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1 Introduction

Crop diversification is proposed as a sustainable way to address the social and environmental challenges
agriculture is currently facing (Kleijn et al., 200@ contributes to increase biodiversity (Olimpi & Philpott,

2018), improve soil structure (Hunt et al., 2019) and restore landscape (Redlich et al., 2018), which is
translated into an improvement in agroecosystem resilience (Lin, 2011). Thus, crogificiEm
contributes to improve ecosystem services (ES) provided by agriculture, restoring agroecosystems
functioning (MEA, 2005) and linking environmental conservation and human wellbeing to ensure
agricultural sustainability.

Despite their contributioto human wellbeing, most ES provided by crop diversification are not market
exchanged and their economic value are undetermined. The economic valuation of ES attempts to translate
into monetary terms their social and environmental importance, focusirntheimimpact on human
wellbeing. This value also reports a measure to unify the impacts of crop diversification in terms easily
comprehended by stakeholders. Social demand for ES is usually estimated throunggrkeinvaluation
techniques.

In this contet, the aim of this work is to value the improvement of ES provision due to crop diversification
practices. To this end, a case study, located in Murcia Region {Bastlof Spain), has been used. This
region is characterised by fruits and vegetable aljuie focused on monoculture with some environmental
impacts associated such as biodiversity loss and soil and landscape degradations. Here, crop diversification
could be employed to improve agroecosystem functioning.

2 Materials and Methods

A stated préerence method, choice experiment (CE), has been applied for economic valuation. CE allows to
analyse social preferences for different ES provided by agroecosystems. Biodiversity and four ES were
considered for valuation: soil erosion and £falance as mulating services, and tradition and landscape
appreciation as cultural services. Biodiversity was measured as the variety of both animal and plant species
within the agroecosystem. Every attribute was composed by expected levels of diversified crabpmg sy

in the study area and one level corresponding to a fompping system (status quBQ). Additionally, a
monetary attribute was used to know payment preferences for diversified cropping products. Specifically,
the economic attribute referred to acrease in monthly expenditure per family due to the consumption of
food derived from diversified crops.

The experimental design comprised the construction of the choice sets, which combined two diversification
alternatives with the SQ alternative congisiie a monocrop. The final design consisted in 24 choice sets
blocked in 4 groups, which were randomly distributed across the respondents. The households within the
Murcia Region were selected as the target population, and 396 surveys were carriedseutlafdevere
collected between December 2018 and January 2019 througtofflaoe interviews, using a stratified
random sampling.

3 Results

Social demand for ES provided by crop diversification was modelled by a conditional logit model. The results

show that all coefficients are significant, reflectitigat respondents value all the ES provided by crop
diversification at this design. The coefficient for status quo is negative, which means that society is not
satisfied with moneropping environmental impés. Monetary attribute is found to be negative as well, as

an increase of familiar expenditure Iimplies a redu
associated to ES are positive, reflecting the higher utility respondents gain evitngiovement of ES

provision due to crop diversification. Thus, the highest utility levels would derive from a diversified cropping
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system that provide the best ES levels. The marginal rate of substitution among the coefficients of ES and
the monetary atibute allows to capture theiNingness to pay values (WTP) for improving ES provision.
Specifically, the WTP for the change from high to low soil erosion was the most valued ES improvement

(WTP of 17.76 0/ mont h), foll owed by biodi wersity
G/ mont h, respectively). Therefore, consumer sur pl
Biodiversity provided situati on, reaches an increa

4 Discussion and Conclusions

To sum up, it was corgred that society within the Murcia Region value the need of changing from the
current situation and the positive contribution of crop diversification on ES provision. Thus, the present
research contributes to broaden the knowledge of social perceptioncabp diversification. These results
could be useful to be incorporated in a dustefit analysis in order to assess agricultural policies.
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1 Introduction

Metagenomic studies on soil fungi have enabled researchers to evaluate the real extent of diversity and the
taxonomic structure of soil communities. However, soil is not a singleomment but, according to the

scale considered, it encompasses a range of different environments that can determine distinct fungal
communities. This makes the interpretation of metagenomic data rather complex, especially when trying to
identify the drvers of variability. Massive sequencing of fungal communities showed that climatic factors,
followed by edaphic and spatial variables, constitute the best predictors of fungal richness and community
composition at the global scaledersoo et al. (20140 some case studies soil fungal biodiversity appeared

to be affected by specific variables as the intensity of agricultural practices, or soil moisture. A few studies
showed that the occurrence of keystone fungal taxa was best explained by a poollesJaondlphosphorus

levels, bulk density and mycorrhizal colonizatioBa(erjee et al., 2018)

In this study the effects on fungal biodiversity of a diversified cropping system in a Mediterranean area were
analysed. The aim was to explore fungal divgi@nd distribution in a farm where conventional monoculture

was compared with a rotation system, in a kemgn experiment. In addition to this, a tillage/no tillage
contrast was also considered. The sampling scheme used, and the setting of some roamesral
variables have been formulated in order to obtain a dataset capable of highlighting the effects of the different
soil management onto fungal communities.

The research was performed in the framework of the Diverfarming project (EC H2020) wheseeiim
assess the benefits and the drawbacks of diversified cropping systems urAdeuloagronomic practices.

2 Materials and Methods

The study site is a lorggrm field experiment that has been split in tillage antillage management since
1995 To a continuous durum wheat cropping systénti¢um turgidumsubspdurumDesf.) a 2yr rotation

with tick bean Yicia fabalL. var. minor) was introduced in 2009. The field site is in Apulia (Foggia, Southern
Italy) where mean annual temperature andfadli of 15.8 °C and 529 mm respectively, are recorded. The
contrasting plots (5 field replicates) where the following: conventional tillage with durum wheat
monoculture, no tillage with durum wheat monoculture, no tillage with durum wheat/tick beaantotati
conventional tillage with durum wheat/tick bean rotation.

Total DNA was extracted from soil samples using a kit that allowed the extraction from 10gsainspile.

The study targeted the Internal Transcribed Spacer regions. The UNITE/QIIME ITS ref&@€ds were

used for assigning taxonomy to ITS reads. QIIME software was used to measure alpha diversity across the
sampled soils. The distances among fungal communities were visualized using a NonMetric
Multidimensional Scaling (NMDS) ordination derivedoin a BrayCurtis dissimilarity matrix. The
correlation between the soil texture properties and the NMDS ordination was tested usimdithaction

in the R package Vegan. The variables showing a significant correlation were plotted over the NMDS plot
using theordisurffunction in the R package Vegan.

3 Results

The longterm field was dominated by Mortierellomycota (mean 68% of sequences), followed by
Ascomycota (12.9%), Olpidiomycota (7.6%) Basidiomycota (4.3%) and Glomeromycota (1%). The
ordinationof samples based on fungal community composition using a Nonmetric Multidimensional scaling
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(NMDS) technique showed that the contribution of the clay and silt environmental variables had a clear
impact on the separation of tillage and no tillage groujogi(€ 1).
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4 Discussion and Conclusions

The overall composition of the fungal communities at phylum level was similar to that reported from other
studes, however our lonterm field was dominated by Mortierellomycota. In particular, Mortierellomycota
species were significantly more abundant in the plots where conventional tillage was used. Members of the
genusMortierella have been found to be abundamépresented in other Next Generation Sequencing (NGS)
investigations of soil fungi, for example featuring amongst the top ten taxa in arablgladiteann et al.,

2014; Liu et al., 2015Detheridge et al., 20)6

Statistically significant differensawere found in the fungal communities associated to plots managed under
conventional tillage and no tillage, independently of the use of rotated crops. A significant higher occurrence

of Basidiomycota species was associated to the plot where baéittage and durum wheat and tick bean

rotation was used. This plot was also characterised by the highest diversity (according to both Shannon and
Simpson biodiversity indexes). The-titage plots showed 4 times more sequences in the Ascomycota
phylum than thelots where conventional tillage was used, however this result was affected by a high spatial
variability of Ascomycotads distribution across fi
of fungal community has been also highlightédaugh the difference in soil texture may have been, at least
partially, determined in turn in the losigrm by a strongly different type of ploughing.
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1 Introduction

Cropping systems of the future should naidge their impact on microbiologically mediated soil ecosystem
services. Soil inhabiting microorganisms, which together form the soil microbiome, contribute to the
decomposition of plant residues, the turnover of nitrogenous compounds, and the degrhgastinides.

Soil microorganisms can support plant growth by providing nitrogen or by mobilizing soil nutrients, but
others may act as plant pathogens. Microbial activity has a direct impact on the production of greenhouse
gases, the quality of ground tea and on crop yield. Despite this enormous importance for human and
animal health as well as for the environment and agricultural productivity, farmers are typically not aware of
microbiological activities of their soils. The soil microbiome is not dpadly considered in agricultural
management plans.

The difficulty of analyzing how cropping systems influence microbiologically mediated ecosystem services
is mostly due to the complexity of the microbiomes and the ecological interactions througmidnatial
processes are controlled. The soil microbiome consi®aakrig Archaea Fungi, and protists (unicellular
eukaryotes), and each of these groups is present in most agricultural soils with high diversity. The groups
interact within each othemd also between each other, thereby forming networks which are affected by
environmental changes and, thus, potentially susceptible to agricultural management.

Soils in agroecosystems can strongly differ in their physi@mical composition along a rangkespatial

scales, from soil particle surfaces to landscape factors. Crops themselves affect the composition of the soil
microbiome, e.g. by their root depositions in the rhizosphere. Because of their specific root architecture and
composition of root exwuates, each crop selects for a specifically structured microbiome. Consequently,
diversified crop rotations should promote a higher microbial diversity in soil than monocultures. Ecological
science postulates that higher biological diversity supports hahbility of an ecosystem and a higher
efficiency in the utilization of substrates and the conversion of energy. For microbial communities in soil,
the evidence supporting this ecological theory however is still scarce. As compared taulbmmeg
diversfied cropping systems including intercropping should promote higher microbial diversity and thus be
beneficial for the agroecosystem. Beneficial traits could include a better control of soil microbial pathogens,
a higher efficiency in mobilizing nutrients plants, and releasing less greenhouse gases to the atmosphere.

Agroecosystems, being typically limited in nitrogen supply, receive large amounts of fertilizers, which serve
as substrates for soil microbial communities. There are still new discoveriesdil microorganisms
transform nitrogenous compounds and thereby affect the fate of nitrogen fertilizers. Nitrification, which
requires oxygen, may enhance plant growth by conversion of ammonium to the more accessible nitrate, but
it may also result initrogen losses especially early in the growing season when crop roots are not yet that
abundant. Nitrification inhibitors may stabilize the nitrogen fertilizers in soil, but their efficiency could
strongly depend on whether mineral or organic nitrogedde@ Nitrification can be done Bacterig but

also byArchaea At specific limiting oxygen levels, ammonium may be transformed in presence of nitrite to

N2 gas by the anammox process, which may cause a loss of nitrogen fertilizers. In the oppatsite, direc
Bacteria and Archaeacan fix (assimilate) atmosphericoMind thereby support plant growth, either as
symbionts of legumes inside of the roots, or asymbiontically in the rhizosphere, or in presence of other carbon
and energy rich soil compartments.

For each pathway, key enzymes and the corresponding genes which are involved in the microbial
transformation of nitrogenous compounds have been identified. E.g., for bacterial and archaeal communities
these include for nitrification the ammonium monoxygendse denitrification nitrite reductase, or for
nitrogen fixation the nitrogenase. The respective genes ai@mog, nirS or nirkK, or thenifH genes, which

can serve as indicators for process potentials when analyzing the soil metagenome. Aftemeatriadttib
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DNA from soil, the genes can be quantified by 4tgak PCR (qPCR) or their diversity can be determined

by PCRamplicon DNA sequencing using higifroughput sequencing technologies. The latter approach
allows the characterization of the orgarssmesponsible for the selected functional potentials. This
information can be useful to understand how cropping systems impact on the soil microbiome and how
sustainable they are before adverse effects on ecosystem functions may emerge.

The EU project DivdAMPACTS offers to us a diversity of highly relevant field experiments to analyze the
impact of cropping systems on the soil microbiome and their ecosystem services. As field site controlled
variables we consider the implications of temporal and spatiatgiication of cropping systems through
rotation or multiple cropping.

2 Materials and Methods

In DiverIMPACTS, we selected experimental field sites which had already been established over years,
located in Gembloux (Belgium), Lelystad (The Netherlynalsd Hamerstorf (Germany). All sites consisted

of replicated field plots in a randomized design in which different cropping systems and fertilization regimes
were analyzed. Soil samples were taken at these sites after the growing season in Septe it b201r@

the season in March/April 2019, further samplings will take place at the end of the growing season in 2019
and before and after the season in 2020. All soil samples are characterized for their physicochemical
properties and total DNA is extract. This DNA, the soil metagenome, will be characterized after
purification by molecular methods to assess the abundance of different microbial groups and functional
potentials by means of quantitative qPCR. In order to identify the total diversityrofdtabial communities

and the diversity of microorganisms providing key functions in biogeochemical cycling of nitrogen, PCR
products will also be sequenced utilizing lllumina MiSeq and the amplicons will be analyzed for the alpha
and beteadiversity of DNA sequence variants by appropriate bioinformatic and statistical tools. All quality
fitered DNA sequences retrieved in this study will be deposited in publically accessible databases.

3 Results

The first samples of the DiverIMPACTS project were takerSeptember 2018. Physicochemical soil
parameters were determined and total DNA extracted. First results indicated that some fertilization practices
affected the soil pH values to a stronger degree than others. We suspect that this has consequanges for ch

in the soil microbiome, including some of the functional potentials. Total DNA was extracted from these soil
samples to study the quantitative abundance of microbial genes as indicated above. An example is shown in
Figure 1, where the abundancendH genes at the site in Hamerstorf, Germany, is shown. The abundance

of this gene strongly declined with applying inorganic nitrogen fertilizer, while the addition of organic
nitrogen sources maintained the quantitative levels seen in the soils natef@miith nitrogen. This could

mean that the additional carbon and energy supplied to the soil bacteria with the organic substrates is of high
importance to maintain a nitrogen fixing capacity in the soils. Surprisingly, the results of this particular study
also suggest that the diversified cropping caused the same respoifidegehes as the conventional system.

At this stage it is not known whether the genes in both the control and the diversified systems come from the
same bacteria or from totally diffeEnt communities. These answers can be provided by sequencing of the
nifH PCR amplified sequences, which we intend to do.

4e+6
4et+6 a . . . .
ab abe Figure 1. Effect of different fertilization treatments on the
3e+6 1 abundance of bacterial genesifil) encoding for the
enzyme nitrogease. This enzyme enables these organisms
to fix molecular nitrogen (By from the atmospheré

3et6

abc

nifH copy number /d.w.s g

2evor abc - Comparison between a reference and diversified cropping

2e+6 | be be 3 - systemi Treatments: T1, no fertilization; T4: inorganic
B O D B e c fertilizer, 150 kg N/ha; T6: 250 kg N/ha; T7: iganic N,

le+6 D Q él 140 kg/ha plus nitrification inhibitor; T8: inorganic N, 144

ser5 i erence kg/ha; T9 organic N, 100kg/ha, plus inorganic, N 40 kg/ha.
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4 Discussion and Conclusions

At this stage of our work for DiverIMPACTS, it is too early to present conclusions. Theefingts
suggest that different qualities of fertilizers can have direct and indirect effects on the soil microbiome:
(1) directly, as shown for nifH, by reducing the potential for nitrogen fixation with the addition of
mineral nitrogen fertilizer, or (dpdirectly by ameliorating the effect in presence of organic fertilizers
which supply addition carbon and energy to the microbiome. Another indirect effect is caused by a
change of soil pH value.

In previous studies we could show that land use hasrgsitrgpact, independent of field site locations
across Europe, on the structural diversity of soil microbial communities (Szoboszlay et al., 2017). We
could also demonstrate that soil texture affects the microbial community composition (Hemkemeyer et
al., 2018; Hemkemeyer at al., 2019) and that clay buffers the influence of environmental factors on the
microbial community composition (Neumann et al., 2013). We therefore anticipate differences in the
microbial community composition between the three sitesse for our DiverIMPACTS studies, but
suspect that independent of their location, diversified cropping systems will support a higher microbial
diversity than monaulture and thereby contribute to the stabilization of ecosystem services.
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1 Introduction

The introduction of wintecereal cover crops (CC), such as wheat, spelt, barley, rye, etc. in organic vegetable
rotation is a diversification strategy usually appliedatoid organic matter mineralization in bare soil and
contain weeds before the vegetable transplanting (Ciaccia et al., 2015). However, many authors verified the
ability of some CC, such as wheat or barley, to promote symbiosis with endomycorrhizalafuthgi,
particularly with arbuscular mycorrhizal fungi (AMF), a key agroecological service potentially provided by
CC on belowground functional biodiversity (Costanzo and Barberi, 2014).

Up to now, many studies were performed in diversified agronomic syskeensed on the effect of AMF
inoculation in promoting root mycorrhization of selected crop species. Few information is instead available
on the effect of CC introduction on spontaneous plant mycorrhization in field by development of a common
mycelial netvork among coexistent CC and weed species, being its formation observed only in forest
ecosystems (Leake et al., 2004), and not in herbaceous ones. This research aims at quantifying the
agroecological service provided by two different CC in terms of myzailritolonization increase of
coexisting plant species at field scale, by defining a new indicator, the Mycorrhizal colonization of the
Agroecosystem (MA%).

2 Materials and Methods

In 2014 and 2015, at the MOVELTE (MOnsampolo VEgetables organic-TLeng field Experiment,
CREA-OF in Monsampolo del Tronto, AP, Italy), in a feygars organic rotation and in a randomized block
design (RBD) with three adjacent blocks (plot area: 3% tine rye Secale cerealk., RYE) and the spelt
(Triticum dicoccunlL., SFELT) were sown (250 kg hg as wintercereal CC for managing weed. A not
covered, unweeded plot was considered as reference control (CNT). In both the years and in all the treatments,
at the rye full flowering and the spelt boot (end of April), the covep density (DCCi, ppxr), the specific

weed density (DWEEDI, ppxH), the density of total weed species (DWEEDT, ppxn¥), and the
mycorrhizal colonization intensity (Mi%) of coexistent plant species (CC and five more abundant weed
speciesAnagallisarvensisL., Polygonum avicularé., Rumex crispuk., Stellaria media.. andVeronica
persical.) were determined. After sampling roots from the field, the mycorrhizal colonization intensity (M%)

of each plant species (CC and weeds) was determined bglopitroscopy, while the external AMF hyphae

were observed by Scanning Electron Microscopy (SEM). By joining DWEEGD, DWEEDI, and Mi%

data of all considered species, we built a new indicator MA%, an aggregation function able to describe the
contributionof each plant species to the mycorrhizal colonization of the agroecosystem (Trinchera et al.,
2019).

3 Results

In 2014 and in 2015, among all considered weed species, the highest DWEEDi and Mi% were those of
Anagallisboth in CNT and in RYE and SPELT #atenents. In 2014, under RYE, weed density was reduced,

but considered weeds were less mycorrhized than in CNT. On the opposite, weeds were less contained by the
SPELT, but their mycorrhization increased, if compared to that recorded in the CNT. In 2ightdr CC

weed competition with respect to 2014 was testified by the significantly lower DWEED:I recorded for all
weed species in RYE and SPELT systems respect to the CNT. On the contrary, the weed Mi% increased
under cover crops, and particularly und®ERT. The MA% indicator, calculated in both the years, in 2014
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showed a not significant effect of CC, while in 2015 the CC introduction increased significantly the MA%,
being +270% under RYE and +120% under SPELT respect to the CNT (P=0.019, FAgufiéhik relevant
increase of MA% in cover cropped systems was due
hyphae) among coexisting CC and weeds, observed in 2015 under RYE and, particularly, under SPELT
(Figure 1B).

A <32m, 2014 2015 B
g
Z|| sPELT RYE | cnT SPELT = RYE | CNT
RYE | CNT |SPELT RYE || CNT SPELT
750X
CNT | SPELT RYE CNT | SPELT | RYE |
[] 09%< Ma<49% [ 4%Ma<7% [ 7%MA<11%
[J noeMac1s% [0 18%<MAa<300  []30%<MAa<d5% :
MA3 45% 13RX R

Figure 1. (A) Graphicalrepresentation of MA indicator in RYE and in SPELT cover cropped systems, compared to unweeded
control (CNT). Increasing color scale is proportional to increasing % values. (B) SEM images of external mycelial network
developed under RYE and SPELT in 2015 £ root hair; exhyp = external hyphae)

4 Discussion and Conclusions

In 2014, under high and natell distributed rainfalls from November 2013 to April 2014 (786.4 mm, mainly
in autumn), all cover cropped plots were highly infested and slightly myzed;hwhile in 2015 the regular
rainfall (483.7 mm) and the registered highest average temperature in spring increasedwbedCC
competition, the root mycorrhization playing a kejfe in supporting water and nutrient uptake by coexisting
plants.

The prgposed MA% indicator is a performing descriptor of the agroecological service provided by the CC in
boosting mycorrhization in a cover cropped system. While the ecological service played by rye consisted in
increasing root mycorrhization in favour of its m@cological dominance, the spelt, effective in containing
weeds, promoted the mycorrhization of some selected weeds by hyphal network formation, showing a
potential, additional agroecological value for the maintenance of system biodiversity. Obtaired resu
suggest to address future research to exploit the nutnigmtg properties of plargoil organisms, by
strengthening the mycorrhizal network development in organic agosystems.
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1 Introduction

The area underneath vines is typically kept free of vegetation to avoid fungal diseases and competition on
water, yet resulting in an increased risk of soil erosion and soil ongeatier (SOM) depletion. Cover crops

such as grasses and legumes have the potential to prevent soil from erosion or SOM depletion, however, they
do not benefit to the value chain and may compete with vines or increase pest pressure. Alternatively,
perenniabromatic herbs such agymus vulgarisndOriganum vulgareappear to be appropriate intercrops

for vineyards, since they are economically valuable, adapted to the specific pedoclimate, have a low water
demand and a low growing habitus, ideal to covdrfgperosion protection and weed suppression but with
reduced competition with the vines. In addition, aromatic herbs are most likely host plants for arbuscular
mycorrhiza and pollinators, and thus, potentially capable of increasing-tegidvabovegrounbiodiversity

with subsequent provision of ecosystem services.

On the other hand, plant secondary metabolites (PSM) such as thymol and carvacrol (bothToynaig

vulgaris and Origanum vulgarg have been reported to show amicrobial activity. Althogh these
compounds are highly volatile, they are released to the soil ecosystem from plant litter and root exudates and
may exert adverse effects on soil microbial biomass and activity. This could result in hampered soil
functioning and fertility.

Our mainobjective is a comprehensive evaluation of possible effects of intercropping with aromatic herbs
(as compared to control without vegetation) on soil biology and we hypothesize that:

i) microbial biomass and its activity is not hampered due to intercroppin@mwmatic plants
ii) arbuscular mycorrhiza fungal biomass is increased as intercrop root biomass increases

2 Materials and Methods

As part of the Elfunded research project Diverfarminghymus vulgariand Origanum vulgarewere

planted underneath the vief a steep slope vineyard in Wawern, Germany (Saar Valley) in May 2018.
Vines without vegetation growing underneath served as a control. Regular soil sampling is carried out to
monitor microbial soil properties such as microbial biomass (i.e. micrabialass carbon after fumigation
extraction) and its activity (i.e. exand endeenzymes as well as basal respiration). Biomass of arbuscular
mycorrhiza fungi is investigated using phospholipid analysis (PLFA).

In addition, a doseesponseexperiment was calucted in the laboratory with spiking of thymol and
carvacrol to the vineyard soil from the field experiment in order to evaluate the impact of PSM on microbial
soil properties. In accordance with the field experiment, determination of selected indmatoisrobial

biomass (i.e. microbial biomass carbon after fumigation extraction) and its activity (i.e. dehydrogenase,
phosphatase and basal respiration) was carried out after one day and one week of exposure. Data obtained
from laboratory and field expienents will be comparatively assessed and presented.

3 Results

Due to severe drought after intercrop plantation in 2018, seedling establishment and growth was strongly
limited. Results of microbial soil properties obtained from the field experimente¢raltered after one
season of growing aromatic plants. In the laboratory experiment, microbial soil parameters showed little or
no effect after spiking with PSM regardless of exposure time.
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4 Discussion and Conclusions

Limited growth of intercrops irhe first year of the field experiment restricted possible impagitaomsoil-

microbe interactions. Therefore, we assume these impacts to become more pronounced as intercrop biomass
increases over time. Missing significant effects on microbial soil piepén the laboratory experiment does

not implicitly confirm our hypothesis that microbial biomass and its activity is not hampered due to
intercropping with aromatic plants. The laboratory experiment rather suggestsigpthiinassessment of
aromaticphnt sé | itter and the fate of PSM.
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Biodynamic management with long rotations and multiple cropping contributes
to high soil organic mattercontent, soil fertility and biodiversity compared to
conventional systems.
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1 Introduction

Intensive conventional horticulture with high input management has a strong environmental impact, with
negative effect on soil, air and water pollution, decreased biodiversitgenigpuse gas emissions. In this
context, cropping systems with organic and biodynamic management are considered as a sustainable
alternative to reduce the negative impact of the excessive use of mineral fertilizers and pesticides, with
introduction of loger rotations and multiple cropping that can increase soil quality and biodiversity (Fliebach

et al., 2007). Organic systems are related to higher carbon supply to sail, increasing soil structure, fertility
and soil biodiversity, with decreased incidenteail-borne diseases (Gattinger et al., 2013). These facts can
contribute to climate change mitigation by soil carbon sequestration, reduced overall greenhouse gas
emissions and promote soil diversity which is linked to solubilization of nutrients anidretastance to
diseases. Biodynamic agriculture is a system of organic agriculture based on a strong reduction of external
inputs, use of compost and compost applications and other treatments based on plant extracts (Lotter, 2003).
Hence, the aim of thistudy was to assess the influence of organic and biodynamic diversified cropping
systems (long rotations and multiple cropping) compared to short rotations under conventional farming on
soil physicochemical properties and on microbial biomass and dyersitopping systems that have been
adopted organic or biodynamic practices since nine years.

2 Materials and Methods

Three horticultural farms for each type of management system (conventional, organic and biodynamic) were
selected in Cartagena countdes{SE Spain)yith semiarid Mediterranean climate. They were selected close

to each other to avoid climatic and soil variation and to allow the occurrence of the sam@ryapi and
biodynamic farms converted in 2009 from previous conventional marmageml farms apply multiple
cropping (winter and summer crops) and rotations, but rotations in organic and biodynamic systems are
longer, not repeating the same crop in three years. History of crops, fertilization, pesticides and soil
management is reated for the last 10 years. Crops cultivated were lettuce, cabbages, celery, broccoli,
fennel, melon, watermelon, pumpkin, potatoes and maize. All farms are setup under drip fertigation. In the
cycle 2017/2018, farms were grown with mel@u¢umis melpin summer 2017 and leaf cabbageassica
oleracea var. sabellidain winter 2018. Despite fertigation, organic farms also received sheep manure.
Biodynamic farms received sheep compost and only compost tea as fertigation. Cover crops were used as
green manwr during no cultivation periods\yena sativeand Vicia sativg. Harvest was carried out on
27/02/2018. Soil sampling was carried out on 22/02/2018, collecting three composite samples (coming from
5 different random points) per farm a0 cm depth. Sogamples were sieved < 2 mm. For physicochemical
properties soil was adfried while for metagenomics soil was kep&°C. DNA was extracted with DNeasy

Power Soil Kit (Qiagen N.V.). To assess bacterial community structure, we amplified the variale 65)i

and sequenced it by lon Torrent Next Generation Sequencer (ThermoFisher Scientific). Data was analyzed
with QIIME.
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3 Results

Results showed that biodynamic system showed significantly highest values of soil organic carbon (7.1%
compared to 5.5%ni conventional and organic), total nitrogen (0.14% compared to 0.10 and 0.12 in
conventional and organic) and available nutrients, such as potassium, copper or zinc. Physical properties such
as bulk density (1.34 g cfhwere not affected by cropping systeéype. Biodynamic system also showed

the highest content of total DNA (1503 ng) gompared to organic (899 ng)gand conventional (602 ng g

1) systems, indicating higher microbial biomass. Microbial community in these systems showed differences
at phyum and genus level. Biodynamic system showed lower number of genera than in the other systems
(Fig. 1), and the chaol diversity index (estimator based on abundance) showed higher values in biodynamic
system (8000) than in the others (6500).
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Figure 1. Relative abundance of all genera (A) and common genera (B) in all systems.

Lysobacter MNocardioid: Pseudomonas Sphingomonas

4 Discussion and Conclusions

Biodynamic systems resulted with soils with higher soil organic matter, soil fertility and microbial biomass
when considering the &t soil horizon of @L0 cm. The higher organic matter inputs by addition of compost
and compost tea has favoured the higher growth of microbial populations, which can increase the level of
available nutrients in soil by processes of organic matter mipatialn and solubilization of precipitated
elements. Organic management showed, in terms of soil fertility, organic matter content and microbial
diversity intermediated results between conventional and biodynamics systems, despite rotations and
multiple crgping are very similar between both cropping systems. This may be due to the fact that
biodynamic agriculture directly focuses on the increase of soil organic matter and microbial biodiversity,
showing higher number and abundance of some microorganismghthather systems. Cropping systems
which contribute to enhance crop diversification and soil organic matter content are related to soil with higher
fertility, microbial biomass and biodiversity, and reduced risks of pollution and increase the effidisoity

as carbon sink.
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1 Introduction

Soil microbial commurities are key comporents of soil services in agroecosystems that impact quality
and quantity of food production and the efficiency of croppng systems. Increasing of the biologicd
diversity of soil microbiome is essential for improving the capacity of crops to adapt to fluctuating
environmental condtions and to increase yields and yield stability in organic and low-input systems.
The impartance of mycorrhizal associations in host vitality and fitness has been proven in numerous
reports. Efficiency of arbuscular mycorrhizal (AM) fungal communty shows that compatibility of the
mutualistic partners depends on their genatype, and dueto the intra- and interspedfic variability more
possble partners are in race for the formation of the symbiosis, but the adual outcome of the
colonization is also influenced by the environmental conditions.

2 Materials and Methods

In conventional and organic farming systems (Martonvasar, Hungay) the effect of winter wheat
(Triticum aestivum L.) and pea (Pisum sativum L. GAvirond intercropping was investigated on the
functional diversity of rhizosphere microorganisms and root colonization of soil indigenous AM fungi in
relation to physiological parameters of whea host. The plant vitdity and fitness, the growth and in situ
measured physiological (SPAD chlorophyll content in leaves and chlorophyll fluorescence) properties
of three winter whea genotypes (dwarf - intensive: Mv Nédor; robust - suitable for organic: Mv Kolompcs;
composite cross population: YQCCP) were examined in relation to wheat-pea intercropping (with or
without ped. Furthermore, we investigated the influence of organic and conventional agronomic practices
on the physico-chemical and microbiologicd properties of soils including the maost impartant functional
groups of the soil biotain agricultura ecosystems.

3 Resllts

The pH(KCI), AL-P205, total N values, AIK20 and humus content of chernozem soils from organic
farming were significantly higher compared to dwnventional. However, th¢O3-N were
significantly lower in organic farming. Significant differences weredeitcted between the particle size
distribution, AL-Ca and NH4N. The wheat cultivars showed slightly effect on soil pH. At flowering
phenophase of plants in the field, no differences were found in fluorescence induction parameters (Fv/Fm),
shoot dry matter and AMF root colonization among samples originated from different managed soils
and wheapea intercropping. AMF colonization in root of YQCCP wheat genotype was higher in organic
farming soils, than in conventional soilstdmsity of AMF root colonizatiorwas poor in roots of wheat
genotypes, while it was high in pea roots. The principal component analysis (P@w) rafcrobial
communitylevel physiological profiles (CLPP) generated by Biolog EcoPlate shown a séghtration of

the organic and conventional samples. Soils with pea showed higher average catabolic response for organic
acids while utilized polymers at a lower degtban the samples without p&&RPAD showed a higher extent

in corventional field, than n organic farming. Significant differences were found in P, K, Mg
concentrations of cultivars. Pea caused a positive effect on SRAB, Bu, Zn-, and Kk content in wheat

shoots.
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4 Discussion and Conclusions

A multifactorial analysis was performash the effects of different agricultural practices to check the
physiological responses of wheat cultivars and the performance of indigenous soil microbial communities.
Our data corroborated former results showing that organic managepnened different parameters

of soil quality, functionality of indigenous soil microbial populations. The pea intercropping improved the
physiological and nutrient status of wheat and enzyme activities of soil microbial populations.
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1 Introduction

Ecosystem services, such as nutrient cycling or biological control, may helgutoe the use of pesticides

and chemical fertilizerZhang et al. 2007) A way to enhance esgstem services is to increase
agrobiodiversity(Altieri 1999). Thus, farmers can grow crops specifically to provide support or regulation
services, such as cover crops (CC) sown between two cash(8obigsansket al, 2014) or service plants

(SP) grown within the cash crofgerretet al, 2017) According to the wanted services, several key traits

were identified to select the species that can be used as CC or SP, such as morphological root and leaf traits
or physiological such as nitrogen uptdKeibouillois et al.2016; Wendlinget al.2016; Dayoulet al.2017)

In additive inercrops, Lorin et al2016)suspected a positive effect of legumes used as SP on winter oilseed
rape WOSR) nitrogen status. In addition to the complementarity effect of nitrogen fixation, Drut (2018) also
showed a positive impact of thegume, faba bean, intercropp&ith WOSR on rhizosphere microbial
respiration. His results suggested that this micta@wmtvity increase could explain facilitation processes for

crop nitrogen nutrition. However, few studies investigated microbial respiration. They are limited to some
crops(Zhouet al, 2012; Drut, 2018put did not compare a wide igmof candidates plant species. We aimed

to screen the species that could be associated as CC or SP in mixtures with a cash crop, in order to benefit
from the microbial activity and enhance facilitation processes for crop productivity together with other
targeted ecosystem services.

2 Materials and Methods

We conducted a twmonth greenhouse experiment in Angers, France. Sixteen species used as SP and CC
were tested (ongpecies per pot, n=3): 4 Brassicaceae, 1 Polygonaceae, 1 Asteraceae and 11 Fabaceae an
control soil without plant. The plants were grown in 2 L pots filled with a neutral sandy soil well provided in

P, Kand Mg. At harvest, root and shoot biomasses were measured. The soil adherent to the roots was sampled
for MicroRespM analysis (Campdil et al., 2003), a method for assessing the ability of soil microorganisms

to metabolize &ubstrates, used as an indicator of soil microbial activity in response to the root activity and
rhizodeposition (Drut, 2018). The mineral nitrogen concentrat@s measured in the bulk soil.

3 Results

Mean total biomass (dry weight) ranged from 0.06 to 3.95 g among the sixteen species tested. The highest
biomasses and the lowest mineral N concentrations of the soils were found for the Brassicaceae and faba
bean.The lowest biomass concerned two species of Fabaceae (birdsfoot trefoil and white Mioreb)al

respiration in the rhizosphere of faba bean was higher than that of the other sprecsgpea and WOSR

were the two other species with higher microbésipiration, whereas lower intensities were found for most

CC and PS species. CC and SP Fabaceae seem to be at least as variable as other species in term of effect on
the rhizosphere microbial respiration.
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Figure 1. Soil MicroRespM of two cash crops ahfourteen species used as cover crops or service plants

The values are the average MicroR&smeasured with the fallowing substrates: water, arabinose, cellulose, glucose, trehalose,
aspartate, butyric acid, glutamate, malate and phyats.indicatestandard deviation. In grey NP: no plant (control). In orange
Brassicaceae Bn\WBrassica napus. (WOSR), BnSBrassica napus. (spring OSR), RsRaphanus sativuss., Sa:Sinapis
albaL.. In purple Polygonaceae Heagopyrum esculentudoench. In green Aeraceae Ga3uizotia abyssinicdL.f.). In

blue Fabacea€ass., Lslathyrus sativud.., Ln: Lens nigricangM.Bieb.) Grdr., Lc:Lotus corniculatud.., Ms: Medicago
satival., Ta: Trifolium alexandriumlL., Tp : T. pratense.., Tr : T. repend_., Tf: Trigonella foenurrgraecumL., Vf: Vicia

fabal., Vs: Vicia satival.)

4 Discussion and Conclusions

In our study, we were able to separate plant species by the microbial metabolic response upon addition of 9
C-rich substratecommonly found in root exudate®ur results also shown high variation between the
legume responses with a stimulation of microbial activity highan the otherfor faba bean (Vf) and in a

lesser extent grass pea (LEhis suggests that the positive effect of legumes on microbiallyeowitactivity

due to favourable conditions into their rhizosphere can be mitigated according to the species considered.
These variations in microbial metabolic profiles indicated that microorganisms in the rhizosphere might
reflect differencesn the amouat and quality of planthizodeposition and N requirement of the plants
(Brolsma et al., 2017)rhe potential of microbial activity will thus depend on the legume and influence the
resulting priming effect that benefit to plant growatid their N acquisitionThe impact of plant mixtures on
rhizosphere microbial community is complex (Taschen et al., 2017) and can increase microbial respiration
more than its individual components alone (Zhou et al., 2018 .benefits for cash cropsdinced by SP

soil microbial activation for faba bean and grass pea need to be further investigated. It will allow to see if
other SP species or SP species mixtures could also lead to an improvement of cash crop N nutrition. This
preliminary work will help ® design further experiments in order to investigate this field.
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1 Introduction

Commercially grown grain legumes in the British Isles, pPa&suMm sativunk..) and faba bean¥/(cia faba

L.), do not require any nitrogen (N) fertiliser (current UK Government and UK pulse gréowe@&RO
recommendations), as they can provide their own N nerdbiological N fixation (BNF). They are
nodulated spontaneously in UK soils by natRieizobium leguminasum bv. viciae (RIvV). Therefore, the

need for rhizobial inoculants is generally ignored. However, these crops are characterised by yield instability,
and one reason for this may be that there is a potential to that specific rhizobial strains may aspplie
inoculants to improve growth, BNF and so grain yield. Thus, the BNF capacities of peas and faba beans
cultivated in MaritimeAtlantic climates was assessed, and their symbiotic rhizobia genotypes characterised
functionally and genetically.

2 Materials and Methods

The N natural abundance techniquénkovich, 2008 was applied to assess the proportion of air derived

from air (%oNdfa), and BNF for pea and faba bean crops cultivated across the British Isles. In addition, a wide
diversity of Rhizobium Iguminosarunbv. viciae genotypes were isolated, and 145 representative strains
were screened for their abil iotrg recAcandptpDp nooulagng gr o wt h
(nodAD and nitrogen fixation(nifDH) genes of these strains were asquenced.

3 Results

BNF of pea and faba bean ranged from 100 to 350 kg/haver the 4 y fielescale experimental rotation
in East Scotland. The residual N left after grain harvest ranged frio®® 8@ hat y*. For the tested pea and
faba bean crapgrowing across the British Isles, we found that in all cases more than 80% af plast
Ndfa.

While all the strains tested nodulated pea, 20 significantly increased biomass compared to standard strains,
and phylogenetic analysis of nodulation genaisagesrfodA, nodD) showed isolates were characterised as
belonging to one of two distinct clades. Further analysis showeditlggnes appear as a good predictor of

BNF capacity. However, these are not the only determinants, as sorageplmoming strans on peas had

similar nifDH genotypes to higperforming ones.

4 Discussion and Conclusions

This study has provided strong evidence that naturally occurring soil rhizobia are able to provide peas and
faba with enough N through BNF to support high gyéétds in locations which span the British Isles. Some

of the isolates conferring high performancesinsitubiomassgain trials, are now being tested in field for

their potential as commercial inoculants.
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The genomes of the potentially elite strainscameently being sequenced, as it is possible that deeper analysis
of their whole genome might reveal additional and more reliable genetic markers for symbiotic performance
(c.f.Young et al., 2006SanchezCanizares et al., 2018)
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Influence oftemporal diversification on abovegound arthropods
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1 Introducti on

Crop rotations are a widegreadtool to reduce crop pestssuch as root-feedng insects,nematodes or

deleterous microorganismsT he sequentiatultivationof differentcropsandassociatedhargesin physical

andstructural agmoecoystemattributesbreakspestcycles. Croprotationsmayleadto a decreasi pesticie
or fertilizer use, increaseyield and canthereforeincrease economic berefit (Struik and Bonciarelli, 1997,

Bennettet a., 2012). Studiesfocusing on the influenceof crop rotation effets on aboveground non-target
organisms, mainly arthropods arescarceandmechansmsareonly poorly undersbod (O&Rourkeetal., 2008),

althoughthesespedesmay senve asfoodfor highertrophic levelsor provideecosystemservicesaspolli nation
or pestcontrol.

2 Materials and Methods

To evaliate the impact of crop rotationsand differencesin temporal crop diversty on inverteorate
communities, we conductedextensve sampling in a long-termcrop rotationexperimentcloseto the village
of Harste(North of Géttingen, Lower Saxory, Germany). The designwas a rardomized ©mplete blocks
designwith threeblocks, onwhichfive differentcrops (grainpea GP,sugarbeetSB, silagemaize SM, winter
oilseed rape WR and winter wheatWW) were grown. The crops were either grownin monoculture or in
sequencesontaining differentnumbers of involved crops (i.e. differently divese crop rotations),which
ranged to a maximum of a six-yearrotationthatincludedfour cropsin total. Sampling was conductedon
sevenrotationsand N=60 plots during the vegetatiorperiod from late April until harvestat the endof Juy
2016using pitfall traps andpantraps. Wecalculated both activity density andspeces richnessfor eachplot
andsampling datebut alsofor the whole season. To asesspattens averagedver time, we usedGLMMs
with locationin the field asrardomfactor.

3 Results

Arthropod adivity densty was differenty affected by the currenty growncrop. Namely winter oilseedrape
hada positiveeffect on ground dwelling hunters,especiallyground beetlef the GenusAmara(Analysisof
deviance,GLMM; p<0.001, Figure 1 left colurm). Lower arthropodactivity densitieswere obtained in crops
providing simpler vegetaton strucure, suchas maizeor sugarbeet. For spatially more mobile organisms,
especiallydipteransor hymenopteransbut alsootherbeetle graups,wefound no prefeencefor acertaincrop.

Unexpectedl, we observedesponsesf some taxato the cropgrown in previous yeass. Iso- and diplopals
respomled significantly positive to winter oilseed rapegrown in the previous year(p=0.006) andeventwo
yearshefore(p=0.013), suggestinghatthesegroups benefit from plantresidualsleft in thefield. Also ground
beetlesvere influencedoy thecropgrownin thepreviausyear(p=0.046, Figure 1).

Temporal cropping system diversity, i.e. the numberof different crops grownwithin a cerin time spanhad
only negligible effectson acivity densty or showedcontradictousresults.Thus,ourresults indicat¢éhatcrop
identity may be moreimportantthantemporal crop diversityfor arthropodactivity density. The influenceof
currentlygrown crop or crop grown in previous yearsand temporal crop diversityon speciesrichnesswas
negligible. However species composition betweercropsvaried strogly.
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Figure 1. Effect of currentcrop (grown in year 2016, panelsin left column) andprecedngcrops(grown in years 2015nd 2014,
panelsin middle and right column, respectively) on adivity density of catabid beetes,and isopds and diplopodscombined.
All individual countsare basd on daa collectedin 2016.Colorsindicate individual crop species. bts showthe samples,bars
show 95 percent confidenceintervals around themean (estnatedfrom genealizedlinearmixed-effectsmodels). Figureadapted
fromMeyer etal.,2019.

4 Discusion and Conclusions

Overall,our study demonstratesthatcrop identityandcroppingsystem diversity shapesrthropod community

structure.Thefimemorye f f i pldts@everalyearsafter cultivationof particularcrops hasonly rarelybeen
reportedsofar for aboveground speciesHowever, thereareseveraktudies that wereableto demonstratean
effect on soil faunaand microbiota and indirect effects on aboveground speciegKosterko et al., 2012).

Memory effects of previously grown crops shouldbe consideredalso infutureandysesin differentcropping
systams. Our fi ndings may alsohaveimplicationsfor landscape-widecrop rotaion effectswith morecomplex
spatiotemporal coupling. Crop rotations ystems on a landscape scale arean annually changng mosaic-like
patternproviding habitatfor varying speces. Therefore if we manage to include more arthropod-beneficial

cropsin rotation g/stems,theymay becane atool to increasénsectbiomass within ourintensively managed
agrialltural landscape.
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1 Introduction

Agricultural landscapes in Germany are dominated by cereals, maize and oilseed rape. Legume crops such
as faba beancia fabal.) have been undeepresented for the pastadeles due to economic reasons, even
though they diversify crop rotations and hence may have positive effects on biodiversity and ecosystem
services.(Watson et al. 2017)Faba bean flowers and extrafloral nectaries nrayige additional food
resources not only for pollinator@Vestphal, SteffaiDewenter, and Tscharntke 200But also for
hymeropteran parasitoiddamont, Crépelliere, and Jaloux 20180, hoverfliegNuessly et al. 2004nd
lacewings (for food spectrum in general §eappas, Broufas, and Koveos 2Q1@hose predatory larvae

are antagonists of merous pest species, may benefit from additional nectar and pollen resources in the
landscape. Hence, faba bean may act as a source habitat from which natural pest control agents move actively
or passively into the neighbouring fields in the landscape. tte project RELEVANT
(https://www.thuenen.de/en/bd/projects/relevant/ was studied whether such spiNer effects are
measurable in winter wheat adjacent to faba bean fields.

2 Materials and Methods

Densities of herbivores (Aphida®ulema speg, predators (Syrphidae and Chrysopidae larvae), damage by
Oulemaspp (% of flag leaf area) and, as a measure of parasitism rate, parasitized aphids (mummies) were
counted in 22 conventionally maged winter wheat fields in the federal state of Lower Saxony, Germany,
from May to July 2018. Half of the fields were adjacent to faba bean fields (neighbour bean, nb) and, as a
control, the other half was adjacent to winter wheat (neighbour winter wals@aBoth settings were grouped

in three regions: | (nb=3, nw=2), II: (nb=2, nw=2), lll: (nb=6, nw=7). Observation dates were adjusted as
precisely as possible to the development stages of winter wheat in each field: flag leaf just visible to ear
emergene (observation 1), flowering (observation 2), milk ripening (observation 3), early to late grain
ripening (observation 4). This way it was possible to derive whether the economic injury level was reached
or not during each walk. In the field, organismseneounted at three increasing distances to the neighbouring

field (Lm, 20m, 50m) along 50m transects parallel to the field border. Per transect, ten shoots were observed
from the soil to the tip of the ear at five randomly chosen spots, i.e. on 150 ishtwdéd organisms were

counted in each field per observation. In observation 4, ten ears per transect were harvested and dried in order
to determine thousand seed mass. Analysis was carried out with RStudio Version 1.1.456. Effects of
neighbouring crop m densities of focal organisms, @ulemadamage and on thousand seed mass were
modelled in a general linear mixed effects model (gImmTMB package). Given that the location of the studied
fields was dependent on owner sthecpnstitutiorofufield hordesss a n d
differed throughout settings. Border structures were therefore considered in the analysis.

3 Results

At the current stage of analysis, the results show that in winter wheat fields adjacent to faba bean densities
of Syrphids and Chrysopids were marginally significantly higher than in winter wheat fields adjacent to
winter wheat, but only in observation 4 during winter wheat full ripening and senescence and faba bean full
ripening. Herbivore densitieend herbivore damageere not affected by the neighbouring faba bean field.
Density of parasitized aphids was significantly higher in fields neighboured by faba bean than in fields
neighboured by winter wheat, and parasitism rate increased earlier in the season here,quengéhpa

bean flowering and winter wheat flowering to early milk ripening.
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4 Discussion and Conclusions

The present study sheds first light on the potential effects of faba bean on vegetation dwelling natural pest
control agents at landscape scaledators that feed on nectar and pollen as adults may benefit from adjacent
faba bean fields late in the season, after faba bean flowering. Herbivore densities were not affected by the
adjacent faba bean field though. A clearer faba bean effect was deteqarasitism. Total mummy density

was higher in fields adjacent to faba bean, and while parasitism rates increased throughout the season in all
fields, they started to increase earlier in fields adjacent to faba bean. Hence, during the cruciaibhicse in

winter wheat is most susceptible towards pest damage (flowering taipaiking), parasitoid pressure on

aphids was higher than in fields neighboured by wheat. It needs to be considered though, that the vegetative
period in the year 2018 was chamtzed by high temperatures and droughts in Germany and that aphid
densities were low in general in that year. Also, fields were intensely managed, and the effect of insecticide
treatment remains to be discussed. L-tergn studies are needed in order tdenstand the trends and effects
demonstrated in the present study in the context of an entireatedjpn with faba bean, which spreads over

5-6 years. Furthermore, research on witliétd effects of faba bean is needed in order to understand effects

of crop-diversification over time. A study on faba bean-prep effects on beneficial arthropods is in
progress
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1 Introduction

In agroecosystems, crop diversification plays a fundamental role in maintaining and regenerating biodiversity
and ecosystem services, such as natural pest c@yrilaland temporal diversification of cropping systems

can affect the abundance and diversity of epigaeic arthropods (generalist biocontrol tagentsjding
alternative hosts and prey, food and refuges for overwintering (Altieri, 1999). Yet, little is kboahhow

this translates into variations in the performance of natural enemies and efficiency of biological pest control.
Therefore, the purpose of this study is to investigate the potential and resilience of biocontrol within the crops
by applyinga setof standardized field methods (Rapid Ecosystem Function Assessment, REFA, Meyer et al.
2015).

2 Materials and Methods

In summer 2018, three ecosystem services were investigated in 30 arable commercial fields in Lower Saxony,
Germany (Case Study 3, DIWBIPACTS Project,https://www.diverimpacts.ngt/ The fields chosen are
representative of 4 different cropping systems typical of the region, which differ from each other in terms of
length of crop rotationrad cultivation of catch crops. The cropping systems are: a) short rotation without
catch crops (maize as main crop), b) short rotation with catch crops (maize as main crop), c) long rotation of
several cereals without catch crops, d) long rotation of akgereals with catch crops. Differences in the
cropping systems subsisted during the previous 9 years. Investigated ecosystem functions included
invertebrate and vertebrate predation, seed predation and abundance and diversity of aboveground
invertebrates The removal of exposed standardized prey (Mealwoirasgbrio molitoy was used to
estimate predation by growuhivelling invertebrate predators. Artificial caterpillars were used to estimate

the predation rates by different predator groups, both invateeand vertebrate. Attack marks on caterpillar
dummies were attributed to either arthropod, mammal, or bird predators based on the collection of images
from Low et al. (2014). Seed predation was investigated by analysing the removal of three difégtent se
species exposed on the ground. Finally, abundance and diversity of epigaeic arthropods were obtained by
using barber traps exposed during the REFA sampling. The sampling was conducted over a period of 48
hours.

3 Results

Across all cropping systemspiders contributed the highest share of total number of beneficial arthropods
sampled, followed by carabids and ants. Both abundance and fresh weight of aboveground invertebrates
showed similar trends, but only abundance was significantly higher in litte figgh long rotation and catch

crops compared to the other three cropping systems. Overall, the predation rates on caterpillar dummies were
below 40% and did not differ between cropping systems. Based on the identification of the attack marks left
in thedummies, arthropods and rodents were the main groups of predators, while only in one case an attack
by birds was recorded. Predation rates on mealworms were lower in cropping systems with catch crops in
particular in comparison to the system with shotation dominated by maize. Finally, seeds were almost

not predated at all in any of the treatments.
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4 Discussion and Conclusions

In line with our expectations, our results highlight that a more diversified cropping system affects the
abundance of gunddwelling arthropods positively. Nevertheless, contrasting results on predation rates of
mealworms, no differences in attack rates on artificial caterpillars and almost complete lack of seed predation,
suggest that this may not necessarily translaitecieased potential of biological control.
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1 Introduction

Agriculture specialization and intensification has led to a biodiversity loss in landscapes (Altieri & Nicholls,
2001) while this biodiversity fulfils several services in agosystems (Altieri 1999), which includes natural
regulations of pest (Bianchi et al., 2006). In response to these negative statements, new cropping
arrangements have emerged reintroducing ecological
foremast paradigm used for the redesign of agriculture, promoting an integrated perspective of the
interactions between natural ecological processes and human control on agroecosystems. Within this
framework, agroforestry is a seducing way to combine agroecalqminciples and the necessity to maintain

high level of land productivity (Eichhorn et al. 2006). Horticultural agroforestry, mixing fruit trees and
vegetable crops on the same plot (MOMG, MixaathardMarketGardening) is gaining momentum as a
diversfication strategy to address both the consumer demand and ecological goals (Léger et al., 2018). These
systems embed a high biological diversity, through the association of several crops at the same on time on
the same plot, and through the large numbearaps in rotation along time. Many of the farmers running

such systems claim that the high diversity is a guarantee for the health of their systems, because of the
regulation service it ensures.

The goal of this work was to assess the hypothesis thhigheliversity of crops in these systems is linked
to a decrease in pest pressure and crop damages.

2 Materials and Methods

To link system diversity with pest pressure and crop damages, we have chosen a statistical approach based
on farm data obtained laycombination of surveys and satellite image analysis.

2.1Surveys

Farmers running MOMG systems have been selected from the inventory achieved in France by the SMART
project (Warlop, 2016), with two main criteria: exploring different soil and climate tonsliand age of the

MOMG which must be old enough to allow fruit production and enough past observations on the pest and
disease occurrences. This led to select 20 farms with MOMG aged from 3 to 6 years (median 4.5, mode 5),
covering the main regions whesuch systems are present. The farms and MOMG were described along
several dimensions:

- Farm structure (area, area in MOMG, other prodtdt
- MOMG structure (age, area, specie and variety ¢
- MOMG cropping techniques (esp. rotais, intefr ow management, genetic res

- Managed landscape structure (mainly hedges, described by their length, degree of continuity,
general state), in two successive buffers (close and farther), [V, S]
- Natural landscape structure (foestvoods, groves, isolated trees), with equivalent descriptors
than for managed landscape structures, [V, S]
- System health over the last three years (diversity and pressure of the pests and diseases, observed
frequency and importance of the damage to thps; on the other hand. [I]
(V: observations gained during Visits, I: Interviews, S: Satellite image analysis).

2.2 Analysis

To analyse these data, we built a model according to the hypothesis that within the observed variables, some
should be combined ttharacterise a more complex but not directly observable variable (also called latent
variable), such as plant diversity effect or natural landsedfigct on system health (Figukte The Partial
LeastSquarePathModelling statistical method then allowed determine which and how the observed
variables contributed to their associated latent variable, and the weight of the links between latent variables.
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3 Results

The results show that the damages highly depend on the diversity of pests and diseasesegatively
correlated to the management practices, especially to the choice of resistances. Protection treatments on the
contrary have a positive impact on the overall damages, probably because they are too selective. The diversity
of pests mainly depels on the managed landscape (through its sanitary and conservation state), on the crop
diversity, on the interow management, and is negatively correlated to the crop rotation diversity. Overall,
practices aiming at enriching the diversity combined d&hse and healthy hedges favour a larger pests and
diseases diversity, while the natural landscape elements tend to reduce it. Finally, the damages increase with
the pests and diseases diversity, but can be controlled by targeted practices, especlaigehaf crop
resistances.

4 Discussion and Conclusions

These first results tend to invalidate the hypothesis that the increase of diversity in these horticultural
agroforestry systems ensures the regulations and the system health, conversely t@ablighlezsecological
principles (Ratnadas et al., 2012). They poiuta certain fragility of these mixed systems, because their
health mainly depend on one single practice, plant resistance choice. Further insight into the precise role of
the structure othese systems on their capacity to ensure resource dilution, habitat for auxiliaries and on the
effects of the practices on the auxiliary abundance are therefore needed.
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Figure 1. Explanatory model of the effects of MOMG charaistiies on its health. Latent variables (round filled boxes) are
statistically built from observed variablexj(iare boxes). Values on the arrows represent the effect weight, values in the
boxes represent the contribution of the observed variable to éme latriable building (only high values are presented).
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1 Introduction

Thesoybean,belonging to the legume family (Fabaeae), plays akey role in many gopping systems andis
todaythe mostimportant oil seedcrop, securing food and feedsupdy around the world. The aeacropped
with soybeanworldwide Fas more thantripled from 37.5 milli on hectaresin 1974to around117.5million
hectaresin 2018. To date, Europestrongly depend®nimported protein crops, mainly soybeansand soybean
products, to feedlivestock andfor human consmption (Watsonet a. 2017%. This depanderce hes led to
increased dEforestation in sgybean poducing countries. Moreover, nurient import resuted in a strong
europhication of intensive European groecosystems. To recuce this dependence and the environmertal

impads, the EuropearUnion (EU) encourages European farmers to grow more leguminouscrops, such as
soybean,fababean(Vicia faba), pea (Pisum stivum) or lupin (eg. Lupinus dbus, L. angustifolius or L.

lutews). Currently the EUand manyof its members promote legume aopping with several programs.

Most legumeshostrhizobium baderiathatfix nitrogen(N) andthus donot need Nfertilizer. Many have deep
and extensive root systems, poducelarge amourts of nitrogenrich crop residuesand posessa flowering

systemthat canfacilitate insect pollination. Due to these key qudities, it is suppeed that legumes offer

numerousregulatory environmertal servicesandeffects on biodiversity: redwction of adverse N-emissions

mitigation of CO2 emissions, better erergy baanceof cropping systems, soil fertility includingimprovement
of nutrient mohili zation from deemr sal layers as well asimprovement of soil structure and paosty and
provisioning of habitat and resources for fauna abwe- and béowground (Everwand etal. 2017).

Nevertheless, to thistime it is not estaldished whether andto which extent soybean-based cropping systems

offerregulatory ecosystemservicesor enhawe biodiversity. Thisliterature study aimsto detemminetheeff ect

of the soybean cop andits aopping systems i) on communitiesof plant, arthropods and birds, specifically

thdr speciesrichress, diversity, aburdanceand biomass; ii) on emsystem services,such aspest control,

pdlination andsoil fertility andiii) on mangementintensity, crop rotation andlandscgpe perameters as
drivers of biodiversity.

2 Materials andMethods

The literature survey yielded 60studies, published ketween 1983and 218, which report on impads of
saybeancropping or soybeansn cropping systems on todiversity in comparison to other cropsor copping
systems without soybean. Wexcludedstudiesonfungi, soil meso-, andmicroorgansmsandfound21 dudies
including plants, 40 sudiesincluding invertetrates and 6 studiesincluding vertelrates, all of which were
birds. The studied paameters were mainly aburdance or biomass with 51 sudies. Species richness or
diversity and canmunity compostionwere included in 29and 23 sudies, respectively. Effects onecosystem
services, such aspollination or pest control were investigatedin 22 of the studies. Landscape dfects were
includedin 23 of the studies. The geagraphic focusof the studies wason the American cantinent, with 38
studiesfrom USA, 7 from Canada and &rom Argertina. Acompaison ofdifferent cropsis shown in 35
studies and 49 studiescompare dfferentcropping systems.

3 Resaults

Wefoundreports ofpotential benefits of soybeancroppingon darts, pollinators, parasitoids and ather naural
pest control agents. Though weed species richness was the same, weedabundance and biomass were
commonly higherin soy thanin other crops. At the same time, soy, especialy in low input systems, showed
higher predator and hebivore insect spedesrichness (Adams et al. 2017). Those, however, were in most

Session 8. Cropping system diversification to support
biocontrol 121




DiverIMPACTS

‘ European Conference
on Crop Diversification
September 18-21, 2019

4. 101 G2 aentsotS 2F /2y Budapest, Hungary

studiesa so strongly influencedby landscapecompostion, field size, crop dversity androtation, as well as
manaement measues, swch as tillage regime, fertilizer and pesticide inputs. Most studies show that
biodiversity parameters are affected bycrops or cropping sequencs or manajement such astillage, aop
protection orfertilizer regime.

4 Discussion and Conclusions

We foundedhigher weed abundare andbiomass kut no higher diversity. It appears that the provided
resources from soy cultivation to sdl (nitrogen fixation andimproved oil porosity) positively affeds the
agroecoystem but the plant diversity is aready limited by the kind of artificial ecoystem itself and the
agricultural manayement practices applied. We corfirmed our assumption that arthropod richness and
biomassisincreased bysoycultivation, presumably through nutrient and protein rich foliar biomass

We condudethat anassessmentof potertial biodiversity and ecsystemserviceeffect of soybeanin aopping
systems canrot befounded onplant traits of soybean &éone. Sil managementand pant potedion measrres
of theertire soybean-basedcroprotation have to be takeninto acountaswell asthestructure of thelandscape
in which therespective cropping systemis embedded.
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1 Introduction

More than 40 percent of Europ€sterrestria land surfaceis dominated by agriculture (FAO 2015), with only
low proportions of organc or low-intensity farming. Simultaneausly we are facing drastic biodiversity
declines, which are often affiliated to agicultural intersification (Stoate et a., 2009, Rrbank et al.,
2008). While organic or low-intensity farming promotes biodiversity (Garibaldi et a., 2014, it will likely
never exceeda threshold of c. 20 per cent. Consequertly, in orderto promote large- scde agrobiodiversity,
corservation acoss Europe will requre measues targeting the heart of farming g/stems themsdves. A
promising alternative to growing crops in monoallturesis intercropping, especially whenit is extendednot
only to low intensity, where it is aready widdy used, but also to cornvertiona farming systems. Several
studies indicate advantagesof intercropping, such as higheryield (Bedowssac & Justes, 2009) or promoting
pdlinators and pdlindion services byincreasing floral diversity (Garibadi et al., 2014). Nevertheless, this
practiceisnotwidespreadin Europeanconvertional agriculture and thusknowledge regardinginseds, amajor
componentof terredrial agriculture, in dfferent farming s/stems is scarce. The ongoing loss of insects,
especialy flower visitors, may reduce ecostem sevice provisioning and induce cascading effeds across
trophic levels (Hallmann et al., 2017. It is therefore necessary to improve the agricultural matrix itself by
providing food resaurces and structurally rich haktats for flower visitors and insects in genea, while
simultaneowdy maintaining yield stability andagronamic efficiency.

The panEuropeanproject fiDIVERSIfyo aims to improve produdivity andsustainakility by increasing the
gpatial diversity of cropping systems. We set up a summer whed-faba bean intercropping trial and
manipulated manaement intersity (high vs. low management input) and cropping system diversity
(monocdture vs. mixture) in a randamized complete blocks design (N=96 plots). Theaim of our study was
tofind out if cropping systemdiversity affects palinator abundance and dversity.

2 Materialsand Methods

The experimental site waslocaedin Mnster, Germany. Four blocks, consisting of 96 plots, each 5x1,5 m,
were sowvn with summer wheat(TriticumaestivumL.), andfababean(Vicia faba L.) on April 239in 2018
with asowing machnein monocutures andtwo typesof mixtureswith differentsowingdersities, onewith a
50/50 and the otherwith a 75/25 legume-cered ratio. Manayjementinput was assignedat randomto blocks.
One block wasmadeof four rows. Two rows received no treament (low input), the aher two received one
herbicidespray(4,41/haStomp Aquawith 455¢/| Perdimethdin asactive agernt) andnitrogenfertilizer (70kg
N/ha)as asolution of ureaand ammonium nitrate (UAN) (high input). We recorded pdiinator visits on three
days for a total of 45 minutesper plot. Data were analyzed using the sdtware padkage R (R Core Team
(2018. R: A larguage and erironmentfor statistical computing. R Foundtion for Statistical Computing,
Vienna, Austria. URL https.//www.R-project.org/). Effects of crop diversity andmanagementon pdlinator
abunchrceanddiversity were analyzed wsing genegalizedli near mixed-eff ects moddsfit by perdlized quas-
likelihood with block and manayement as random dfeds and(quas-)poison errors.

3 Resuts

There was a significant interaction between crop diversity and management on pollinator aburdance
(X2=1239, df=3, p=0.005; Figure 1a), aswell as asignificant main effect of crop dversity (X2=94.54, d=3,
p<0.001)and a norsignificant effect of management(X2=1.09, d=1, p=029). With increasing proportionof
legumesin the mixturespolli nator aburdanceincreasedaswell. Abundancevasgenealy higher under low
than under high manayement input, except for legume monocutures where high manaement showed
highest abundance (Figure 1a). Similar to pollinator abundance, there was also a sgnificant interaction
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betweencrop diversity andmanaementon pollinator diversity (X2=11.8, df=3, p=0.008, Fgure 1b) aswell
as significant main efects of crop diversity (X2=9.79, df=3, p=0.2) and management (X2=12.12,df=1,
p=0.0005). Pallinator diversity wasmaximizedin 50/50 mixturesfor low managgement inputandin 75/25
mixturesfor high managementinput (Figure 1b).
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Figure 1. Model output for a generalized linear mixed-effeds nodel fit by pendized quasi-likelihood on &) pallinator
abundance and b) pallinator diversity (Exporential of Shannons Diversity Index) as a function of cropping system (Cerea =
wheat monoculture, Legume = faba bean monoculture, 50/50 and 7525 Mixture = faba bean-whea mixtures) for high (red
line) and low (blue line) management input. Bars are Standard Errors of the mean.

4 Discusson andConclusions

In summary, croppng systems containing fababeanattracted more fl ower visitor taxaandindividuals than
cereal monocutures, showing that there is a positive effect of growing faba beanwith summer wheatdue to
provisioning of nectar for inseds. The interaction of cropping systtm andmanaement input showed
significant eff ects on aburdanceanddiversity of flower visitors. Genealy, low input plots attracted more
flower visitor taxaandindividuds than high input plots, likely dueto a higher nunber of weedspeciesto
interact with. Only for legume monocuturesthe pattern wasoppdaite. Here, thehighernumberof flowering
fababeanplantsleadto higherabundance and diversity in flower visitors onhigh input plots. Nevertheless,
evenin highly managed plots, sunmer whea-fababeanmixtures showed higher pallinator abundace and
diversity thanwheat monocutures. Thus, legume-basedntercropping andthe acompanying dversification
of agriculture can be seen as aimportant step to integrating corservation aspeds into convertional food
production systems.
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1 Introduction

Agroecosystem diversification can be pursued to strengthen certain natural processes, often termed
ecosystem services, such as insect pollination and natural biological coint@IlZ &% of food crops benefit

from insect pollination (Klein et al. 2007), while on average4@®b of global crop vyield is lost to insect

pests or plant diseases annually (Chagliamer et al. 2011). It is thus imperative to seek for ways to
strengtha and support natural beneficial arthropods in agroecosystems: their conservation and functional
diversity is central for food production and preserving natural biodiversity. To potentiate this, we need to
know better which agriculturally relevant crogosd plant traits best support beneficial insect groups.

Various pollinating insects utilize floral nectar and pollen from agricultural and horticultural crops. Floral
characteristics determine the attraction and availability of nectar to different gralipecies of pollinators.

Thus, floral traits are key in shaping cipgpllinator interactions. Some crop plants sucKia& sp. produce

also extrafloral nectar (EFN) which can attract for example ants and parasitoid wasps because of the
carbohydrateich compositions (Marazzi et al. 2013). EFN acts as an alternative food source for herbivore
natural enemies and could help strengthen natural biological control, a key ecosystem service involving
arthropods. While floral nectar is available for a limitéthet only, EFN secretion can begin before
blossoming and continues after flower senescence depending on the secreting species. Production of EFN
could be an ecologically important trait for both pollinators and herbivore natural enemies.

Main objective of he work was to characterize common field crops for their specific traits of importance to
supporting effective pollination and natural biological control in northern European agriculture. In addition,
we aimed to describe the specific role of floral anadboral nectar provision and quality.

2 Materials and Methods

As part of an orgoing research project LUMOTTU, we made an effort to characterize common field crops

for their key traits important for pollination and natural biological control in Finl&hd information can

be used to design intercropping and to select effective agroecosystem service supporting crops. For this, ten
crop species were selected: Faba b&acig fabal.) cultivars Kontu and Sampo, buckwheBagopyrum
esculentury) oilseedrape Brassica napud..), turnip rape Brassica rapasubsp.oleifera), phacelia
(Phacelia tanacetifolig, mixture of two annual clover speciegrifolium incarnatumand Trifolium
resupinatun), white lupin Cupinus albuy common vetch\{icia sativalL.) and hairy vetch Yicia villosa

Roth.). All the plant species are commonly used as field crops or for green manure in Finland.

The crops were compared for their traits based on earlier literature and are tested empirically gsing on
two-year field plotexperiments established in Mikkeli, Finland. The species were described for general floral
characteristics, timing and length of flowering, number of flowers per acreage, and production and quality of
floral and extrafloral nectar. In the field trialsettraits are assessed for each crop and linked to observations
of natural arthropod group preference and activity in field at full flowering (assessed using trapping and
visual observations).

3 Results

All the studied species secrete floral nectar, atihfoean and vetches also EFN that is produced by the
stipules on the base of each leaf node. Based on literature survey, quality of floral and extrafloral nectar also
show variation: for example sugar composition in extrafloral and floral nectar mayyregvand this may

affect ecologically utmost important interactions between plants and nectarivores (Blithgen & Fiedler 2004).
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In first year field trial (2018), botN. fabacultivars had relatively short main flowering time, wher¥as
sativaand V. villosa produced flowers for a longer time (Figure 1). The longest flowering period was
observed foi. esculentumSugar content in floral nectar varied in the Faba bean cultivar from Sampo
contained more varied sugars than cultivar Kontu. Extrafloral negctdaains mainly three sugars, glucose,
fructose and sucrose whereas floral nectar contains several sugars in faba bean cultivars. In 2018, the most
attractive plant species among main pollinator species suépiasmelliferaand bumblebees well.
tanacdifolia andTrifolium species. The oilseeds had a high incidence of herbivore species and their natural
enemies.
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Trifolium incarnatum

Trifolium resupinatum

Phacelia tanacetifolia

Vicia faba L. sampo

Vicia faba L. kontu
Brassica napus

Brassica rapa subsp. Oleife|

Lupinus albus

Fagopyrum esculentum

Vicia sativa
Vicia villosa

Figure 1 The flowering times in eleven plant species in Mikkeli, SelB#vo, Finland 2018

4 Discussion and Conclusions

Based on literatureusvey and first year field trial results, the selected flowering crops show variation in
floral characteristics, length and timing of flowering, and floral and extrafloral nectar. Their attractance for
and hosting of key herbivore, predator, parasitoidptichator groups also varied in the first year field trial.

By linking literaturebased knowledge, ecological importance of crop traits and field studies to assess
associated arthropod activity it will be possible to assess potential benefits of thenqrmaxtice.

It seemed especially important that since Wiga species produced EFN already before actual flowering
time they can be important for many beneficial natural enemies already when the first EFN secreting stipules
emerged. On the other harlde long flowering time and easily accessible necté. @ésculentunsuggests

it could offer good potential for supporting wide range of pollinator populations. We conclude that crop
diversification strategies can be supported by gaining better knasviefdgcologically important specific

crop traits, the temporal variability in their expression and the actual linkages proving their support for
specific beneficial arthropod groups.
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1 Introduction

Specialized cropping syans are confronted to yield stagnation and appear sensitive to climate change. They
rely on a large use of mineral fertilizers and pesticides that have negative impacts on the environment and on
human health and can lead to impasses (e.g. resistancéi¢@lpsf Diversified cropping systems could be

more sustainable, as suggested by cropping system experiments. Ley pastures i.e. temporary pastures
integrated in crop rotations and composed of grasses, legumes and/or other forbs grown for 1 to 5 years, are
one of the strategies that may contribute to diversification, among others. The role of temporary ley pastures
in cropping systems is currently being challenged by most fotigated scenarios aiming to increase and
secure the food production to feea timcreasing world population while improving the sustainability of
agriculture (Schader et al. 2015; R60s et al. 2017). Most of these scenarios converge towards a reduction of
animal proteins in human diets of developed countries, and, as a consequgtiltern divestock's role to

using land unsuitable for food production. As arable land is no longer used for feed production, this suggests
the reduction of ley pastures in cropping systems.

We argue that the scientific community underestimates the @tbenefits offered by ley pastures in
cropping systems. In this context, we aim to synthesize the potential benefits of their introduction in cropping
systems and to raise the practical and research challenges related to the introduction of leyirpastures
cropping systems.

2 Materials and Methods
To review the literature, our theoretical framework considers:

- the companion or following crop and management techniques implemented: the latter encompass the type
of pasture (annual or pluriannual), the spesown (grass or legume species or mixtures), the way sowing

is practiced (i.e. on a bare soil or through relay cropping), the way the pasture is used (grazing, mowing,
living mulch for sowing a crop in the ley, crushing for green manuring or biomassdayy).

- the ecosystem services provided: besides producing fodder for livestock, ley pastures may provide multiple
ecosystem services related to soil stability and erosion control, nutrient supply and recycling, climate
regulation, soil water retentioand purification, biological control of pests, and habitat provision for
biodiversity conservation. If often mentioned, those services are seldom considered together nor quantified
for ley pastures.

3 Results

In most situations, ley pastures providessmbem services when inserted in cropping systems, and decrease
their negative impacts.

Limiting soil disturbance and favoring carbon input through the development of pluriannual plant covers
such as ley pastures can largely contribute to improve sadtsie and water retention capacity, and more
globally to improve soil health, even more if associated with crop residues and animal manure returns. Ley
pastures also act as a major factor to lower runoff and promote water infiltration and to proteattsoils
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respect to water and wind erosion. Avoidance of soil erosion limits soil nutrient losses, particularly N and P.
Moreover, both the biodiversity and activity of soil microorganisms that control a large part of C, N and P
cycles are stimulated in legsturbed soils like ley pastures compared to soils with frequent tillage like crops.
Beyond that, introduction of ley pastures in cropping systems can improve soil nutrient provision via 3 main
levers: i) higher N inputs thanks to symbiotic fixation ajume species, ii) higher development of roots
(compared to annual crops), higher root exudate secretion and higher development of soil microorganisms
allowing desorption of P and K, and iii) large C inputs by grasses. Introduction of ley pastures ingcroppi
systems also contributes to nutrient recycling especially in case pastures are grazed. At pasture destruction,
a large part of the SOM is mineralized, leading to high C losses (aps &0@ possibly to excess N
mineralization that can generate high Nskes Carbon storage by pastures is one important lever to mitigate
climate change but storage rate very much depends on their use which may counterbalance this positive
effect. Ley pastures, by covering the soil during periods at risk for deep water icati@m(winter in

oceanic Western Europe), reduce N leaching through plant uptake of N and P and by limitfiganth

erosion. As pastures are usually not treated against pests, their occurrence in cropping systems results in
lowering pesticides inputdloreover, an increase in soil organic carbon such as the one occurring during the
ley pasture period improves the soil generic capacity to filter organic pesticides. Ley pastures provide
particularly unfavorable growth conditions for weeds and theré&fockto affect the composition of the weed

flora and reduce weed growth. They do not have a direct effect on pest populations and expansion of diseases
but their indirect positive effect is proven in most cases except in the case of wirgamtiatagion following

pastures. Ley pastures do play a vital role in maintaining biodiversity in many cultivated areas since they
provide oveiwintering sites, feed resources, refuges and source populationstdonézation of disturbed

habitats. Finally, ley pastes provide feed resources in quantity and potentially of high quality for ruminant
livestock.

4 Discussion and Conclusions

We claim the role and relative importance of |l ey
reconsidered through an ecolagllg-intensive lens bringing together new technologies and organizations at
various levels. To benefit from ecosystem services provided by ley pastures in cropping systems while
limiting their disservices to thresholds compatible with international conenisn(e.g. greenhouse gas

emi ssions) and/or political c¢choices (e.g. feed/foo
is needed (Buckwell and Nadeu 2018; Rockstrém et al. 2009). It consists of identifying the lower boundaries
defined ly levels of ecosystem services which offer sufficient benefits, and the upper boundaries defined by

the sustainable thresholds for the disservices. The practical questions are how to identify this safe operating
space, and how to move cropping systemsthigospace. Presently, defining the safe operating space for ley
pastures in cropping systems requires (i) to better quantify the ecosystem services bundles they provide, (ii)

to address ley pasture management issues that may allow reducing dissendicgstibtter management or

use of new technologies (e.g. new cultivars and species mixtures) and (iii) to identify acceptable societal
compromises at different scales and translate them into policy decisions (regulation, incentives). A further
step wouldmvolve assessing the side effects of scenarios including more ley pastures in cropping systems.
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1 Introduction

Global warming is one of the greatest societal and economic threats. The rise in atmospheric greenhouse
gases (GHG) du#¢o humarrelated activities is the principal reason for the increase in surface earth
temperature observed over the last century. Agricultural activity contributes to the increase of atmospheric
GHG concentration. Soil is a main emitter of GHG and cedgiitultural management practices may foster

the production and emission of carbon dioxide {C@ethane (Ck) and nitrous oxide (pO) from soil to

the atmosphere. Agricultural soils are key emitters 63 With more than 60% of the globab® emissions
atributable to soilsCayuela et al., 2017)n particular, nitrogen (N) fertilization and irrigation have been
recognized as two practices which promote the production and emission of this gas from agricultural soils.
Furthermore, soil C@emission is deved from microbial and root plant respiration. Microbi@rived CQ

is originated through the decomposition of organic compounds present in soils. Increasing rates ef soil CO
emitted may indicate greater soil C decomposition rates and, hence, deqet@sidl for soil organic

carbon sequestration and atmospheric carbon (C) removal. According to this, it is important to design and
implement agricultural management practices that mitigate the production and emission of GHG from
agricultural soils.

In irrigated areas of NE Spain, maize is the principal crop due to the favourable yield response of this crop
to additions of N fertilizers and water (Frarlcoesma et al., 2019). This fact has driven the proliferation of
maize monocropping as main croppingtsyn in those areas. However, excessive use of fertilizers and
irrigation water has promoted the appearance of environmentagféadts which must be quantified and
mitigated.

The main aim of this study was to evaluate the contribution of croppregsdication and N fertilization on
soil GHG emissions (CHN0 and CH) in an irrigated maizeZea may4..) experiment in Mediterranean
conditions.

2 Materials and Methods

The study was conducted in the experimental farm of the Aula Dei ExperimesiiahS¥aragoza,

Spain (41° 43" N, 0° 48~ W, 225 masl). The climate is Mediterranean semiarid with annual mean air
temperature of 14.1 °C, annual precipitation of 298 mm and grass reference crop evapotranspiration (ETo)
of 1243 mm. The soil is a clay loastassified as Typic Xerofluvent (Soil Survey Staff, 2014).

In October 2018, a 1 ha field was divided in two parts to establish and compare two different cropping
systems: a ped{sum sativun..)-maize system and a maize monoculture system. At the sammenithin

each cropping system three N fertilization levels were compared: control (unfertilized), medium and high N
rates. The experimental design waspht-block design with three replicates per treatment and a plot size of

6 m x 25 m Field pea wasawvn in October 2018 and maize after pea in late June 2019. In the maize
monocropping field no action was performed until April 2019 when maize was planted. Pea crop was not N
fertilized and differential N fertilization was performed in both maize systemsg@cropping and maize

after pea).

In November 2018pne polyvinyl chloride (PVC) ring (31.5 cm internal diameter) per plot was inserted 5
cm into the soil. Rings were only removed during harvest and tillage operations. Closed PVC chambers 20
cm height wee used to sample air emitted from soil. During the fallow season of the maize monocropping
(NovemberApril), soil gas sampling frequency was once every three weeks, but after maize planting the
sampling frequency was intensified to once a week. In thenaéze system, gas sampling during the pea
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phase was performed once every two weeks and weekly in the maize phase. During irrigation and N
fertilization applications, the sampling frequency was also intensified. Soil gas samples were analysed in an
Agilent 7890B gas chromatograph equipped with a flame ionization detector (FID) toar€@OCH (for

CO,, a methanizer ahead the FID detector was used) an electron capture detector (ECD) feON
Concomitant to soil gas sampling, soil temperature to 5 cnmndapdl soil moisture and soil mineral N from

the 05 cm layer were also measured.

3 Results

Soil CO and NO fluxes from November 2018 to m#dpril 2019 are shown in Figure 1. Average soil CO

flux was almost twefold higher in the pea phase comparathwhe maize (fallow) phase (958 vs. 570 mg
CO-C m? day?, respectively). Differences between both cropping systems increased patrticularly in March
and kept steady in April.

Average soil NO flux was significantly higher in the maize (fallow) phasanttiin the pea phase (1.20 vs.
0.12 mg NO-N m? day?, respectively). Daily soil BD fluxes were similar until April when a prompt
increase in soil pD fluxes was observed in the maize (fallow) plots.
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Figure 1. Soil CQ (left graph) and soil BD (rigth graph) fluxes as affected by diversification pea phase of-mpea
cropping system and the fallow phase of a maize monocropping system in Mediterranean irrigated conditions

4 Discussion and Conclusions

In both cropping systems, soil GBuxes inaeased particularly after the only irrigation applied over the
season (miMarch). This increase in soil fluxes could be due to two factors. The first factor could be the
irrigation effect on the crop growth (pea) and thus to the greater contributioot wéspiration to the total
CO:flux. Secondly, the increase in temperature during spring together with the addition of water could favour
microbialderived CQ. In the maizdallow season, in which no crop was grown, irrigation also increased
soil CO; fluxes due to an increase of microbial activity. SailDMluxes in the pea season were steady and
low compared with the maize (fallow) season. The prompt increase observed isOsBibés in the maize
(fallow) phase could be explained by the N fertiliaatievent applied on the"8f April favouring
nitrification and denitrification processes and thu®Nroduction and emission. These preliminary data
showed that crop diversification might have a significant effect on soil GHG emissions in irrigated
Mediterranean systems.
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1 Introduction

In annual rotations, the traditional winter fallow can be replacecblgr crops (CCs) providing different
ecosystem services (Tonitto et al. 2006; Lal, 2015), and diversifying agricultural systems.

While some of the reported benefits, as nitrate leaching reduction, may be observed in the short term, others
require more tira to be perceived. Thereby, soil restoration is a slow process and there is a need to find out
the time required for CCs to have an effect on recovering soil functionality. Similarly, the result of
introducing CCs for weed communities may take severakyamanifest (Moonen and Barberi, 2004).
Therefore, longerm experiments are very valuable to assess the impact of CC use. Besides, the use of
modeling techniques is interesting to assess the impact of farming strategies under different spatial and
tempaal scenarios.

The evaluation of the CC performance under samdi conditions could promote the adoption of this
agricultural practice in Mediterranean river basins, where the land degradation and low water quality are
common problems.

2 Materials and Methods

The study was conducted in central Spain and consisted eye@at@rop rotation, with or without a winter

CC between consecutive summer cash crops. The two CC evaluated wereHmadeuif vulgard..) and

vetch Yicia sp. L.), and they were compalto a bare fallow as a control treatment. Every year, CCs were
established in October and terminated in April. Cover crops were never fertilized or irrigated during their
growing period. After termination, the main crdpmaize Zea mayd..) and sunflover (Helianthus annuus

L.) - were sowed over the residues. Summer crops were irrigated every year, and received fertilizer depending
on the year (Garci@onzalez et al. 2018).

Each year, the biomass of CCs and main crops was measured at CC terminatiarvestd The %C and
%N were determined. From these values, the annual C and N input was calculated.

Every two years, soil samples were collected to determine soil organic C and N, water stability aggregates
and particulate organic C. Infiltration was detared three times over the experiment. At the end of the trial,
the inorganic N content was determined for barley and fallow plots down to 4m.

The longterm effect of CCs in weed suppression was assessed after 10 year of rotation. For that, soil samples
were collected from each plot and seeds were extracted to evaluate the weed seedbank.

Besides, data coming from the field experiment were used to calibrate and validatevatesoihodel

(WAVE model, Water and Agrochemical in the soil and Vadose EnvironWamiglooster et al. 1996).
Therefore, combining field data and modelling allowed the assessment of the CC impact on nitrate leaching
under different soil and climate scenarios, including climate change conditions.

3 Results

Compared to the fallow, CCsgmoted C sequestration at a rate of 180 kg €ylear! and N retention at a

rate of 13 kg N hdyear®. Differences between treatments on soil parameters were observed after 4 years of
rotation. By the end of the experiment, barley showed the greasést stable aggregates and highest
infiltration rates. Barley reduced the inorganic N content in the soil profile compared to the fallow{Garcia
Gonzéalez et al. 2018).
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The seedbank density and diversity did not differ between CC treatments, but difenemeefound for
some specieXanthiumspp. density was higher in the fallow than in C8stariaspp. density was greater
in barley plots. Vetch had the highest densitiaiiumamplexicaule.., and highePortulacaoleraceal.
andAmaranthusspp. tharthe fallow (AlonseAyuso et al. 2018a).

The calibration and validation of the WAVE model allowed the analysis of multiple scenarios. Cover crops
reduced the nitrate leaching compared to the fallow, the largest reductions were observed in scenarios with
conditions favouring large leaching periods. Under climate change scenarios, the differences in nitrate
leaching between CCs and fallow would increase (Algfgaso et al. 2018Db).

4 Discussion and Conclusions

Replacing the winter fallow by barley and vetc@<contributed to enhance the soil quality in irrigated
cropping systems while providing several ecosystem services as waterpeaktyvation and the mitigation
of climate change through C and N sequestration.

Although there were no differences in tiveed seedbank density or diversity, the results indicated the
relevant role of winter CCs in an integrated weed management tool, but warned that CCs are not expected to
provide a complete control throughout the cash crop period.

The modelling experiment stved the relevance of CCs as a technique to reduce the nitrate leaching risk
with respect to the fallow, and confirmed their potential role in the context of climate change adaptation.

Overall, this longierm experiment evidenced the importance of wint€s @ degraded soils under semi
arid Mediterranean conditions, whose implementation should be promoted.
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1 Introduction

In the context of agroecological transition, ecosystem services should be maximized to ensure agriculture
production (Tibi and Theral, 2017). The provision of ecosystem services relies in particular on the
reintroduction of spatial and temporal biodiversity (Isbell et al., 2011). Indeed, species diversity provides a
variety of functions supporting ecosystem services. Legumes defiiggreuand/or complementary functions

to those of other groups of species. Specifically, they should play a key role in the provision of ecosystem
services relative to nitrogen (N) fluxes when reintroduced in cropping systems mainly based on cereals. Indeed
legumes enable the production of proteah seeds. They also have the unique ability to establish a symbiosis
with specific soil Rhizobium bacteria that leads to N accumulation during their growth through the symbiotic
N fixation process (Guinet et.al2018). Legumes also supply N to the following crops through the
mineralization of their Niich residues (Angus et al., 2015). Nevertheless, some negative impacts can result
from the introduction of legumes in cropping systems. Hence, their lower abiliggrieve soil inorganic N
compared to cereals (Haugga&tiglsen et al., 2001) and the desynchronization between N supply by legume
residues and the N demand of the following crop can lead to N losses by leaching during legumes growth cycle
and/or afte their harvest.

As a large diversity of grain legumes exist, an important issue is to characterize and distinguish them based on
their ability to deliver functions supporting ecosystem services relative to nitrogen in order to assist the choice
of legumespecies according to the expected objectives. However, the choice of grain legumes according to the
provision of those ecosystem services remains difficult due to a lack of references for a diversity of species.
The objectives of our study was i) to quénhil fluxes induced by legumes and to identify several explanatory
plant traits of these N fluxes in order to establish the functional profiles of ten grain legume crops and ii) to
better understand the synergy and traffebetween the different N fluxeend hence the explanatory plant

traits.

2 Materials and Methods

Two field experiments lasting two years were carried at the INRA experimental site of Breteniere (Dijon,
France) in 20142015 and 201:2017. The first year (2014 and 2016), nine legumes @gtiwated in absence

of N fertilization: chickpea, common bean, common vetch, faba bean, lentil, lupin, Narbonne vetch, pea and
soybean. In 2016, fenugreek was also cultivated. Seeds of the ten legumes were inoculated at sowing with
speciesspecific strans of N-fixing bacteria to ensure symbiotic flixation. Two cereals were also sown as
pre-crops for comparison with legumes. Legume and cereal seeds were harvested and residues were chopped
and incorporated into the soil. No seeds were harvested foolNatyetch in 2014 and 2016 and for chickpea

in 2016, due to climatic conditions unsuitable for seed production for these two species. The second year,
winter wheat was sown in October as a following crop for each of the legume and ceczappreand wa

not supplied with N fertilization. Wheat was then harvested in July 2015 and 2017, respectively.

During the two year leguniewheat succession, five N fluxes were measured or estimated using the STICS
model: 1) amount of N in harvested legume seedsp@®uat of N derived from the air in legume shoots
through the symbiotic Nixation process, 3) amount of N derived from the soil in legume shoots through soll
inorganic N uptake by the roots, 4) amount of N leached between legume harvest and wheadhdrogst,
amount of N in the shoots of the following wheat. Legume plant traits considered as explanatory for these N
fluxes were measured on legumes during the two field experiments or during a greenhouse experiment where
the same ten legume species wellévated in rhizotrons. For the ten legumes species, a redundancy analysis
was performed using the five N fluxes as response variables and the plant traits as explanatory variables in
order to study the link between the N fluxes and identify the mostrextply plant traits.
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3 Results

Our results indicate that the amount of N in legume seeds and the amount of N derived from the air were
positively correlated with four plant traits: legume shoot biomass, nitrogen harvest index (amount of seed N /
total amount of shoot N), mean seed weight and seed N concentration. The two previous N flux were
uncorrelated with the amount of N in the following wheat, which was negatively correlated with the legume
residue C:N ratio. A clear antagonism between the amountieddied after legume harvest and the amount

of soil inorganic N retrieved by legumes was found. The latter N flux was positively associated with the root
lateral expansion rate of legumes and the belowground nodule mass fraction (nodule biomass / belowgrou
biomass).

Those profiles enabled to distinguish legumes with high ability to retrieve soil inorganic N during their growth
cycle and with low N losses by leaching after their harvest (chickpea, common bean, and soybean) against
species with low abilityo retrieve soil inorganic N and with higher risks of N leaching (common vetch, faba
bean, fenugreek, lentil, pea and Narbonne vetch). Yet, the latter legume species tended to induce higher
amounts of N in the shoots of the following wheat in comparisarhittkpea, common bean, and soybean.
Finally, faba bean in 2016 and soybean in 2014 had the highest amounts of N derived from the air as well as
the highest amounts of N in seeds compared to the other species.

=

Fig. 1 Redundancy analysis (RDA) biplot of N fluxes and legui
Wheat N precrop treatments for the 202015 experimentp() and the

20162017 experiment({). Ellipses show the 95% confidenc
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experiments.
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4 Discussion and Conclusions

Based on theisultaneous study of five N fluxes and several plant traits considered as determinant for
the provision of the N fluxes, ten grain legume species were distinguished according to their functional profile.
Hence, the characterization of grain legume speciesrding to a combination of plant traits values enable to
evaluate their potential abilities to deliver N functions and the resultant ecosystem services. Yet, negative
impacts such as N leaching could be compensated by adequate agricultural pradtiesslsgemeereal

mixture or the establishment of cox@op during the fallow period. Lastly, variation within each legume
species could be characterised in the future by measuring plant traits that were identify in this study, to select
the right genotge in order to improve N transfers.
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1 Introduction

The area of farmland under legume production in the European Union (EU) has steadily declined (with the
notable exception of soya) in the last decd@@OSTAT, 2018) Recently, it has been estiad that grain

legumes occupy only 1.8% of arable land in the (BP¥lzer et al., 2017)This low percentage appears to

indicate that despite the expected ecosystem service (ES) benefits of including legumes in cropping systems,
various factors are dissuading farmers from doing so. Extension, policy, andingaiigiatives aimed at

bol stering farmersd uptake of | e gthemele and bemefis of e qui r

legumes in sustainable farm managem@iaiining an overview of what is already known about ES delivered
by legume crops can thofeed these knowledge needs and direct new research.

2 Materials and Methods

Here we present findings from systematic literature review on Efelivered by legumes in European
cropping systems, which we conducted in response to an observed lack afrsuigw. Additionally, we
systematicallydentify and characterize drivers of variability in the delivery of &So previously missing

from the literature. Following the Prisma meth{tbher, Liberati, Tetzlaff, & Altman, 2009e compiled

a literature database containib@? documents reporting on ES delivered by legume crops and lmpese
cropping systems in the EU. We then collected rdata from each document, including detaish as
experiment location and design, method of legume inclusion, crops studied, and ES measured. Analysis of
the metadata were done on the basis of descriptive statistics (e.g. counts and associations between study
locations, crop combinations, and Efeasured) to illuminate trends, themes, and gaps in the literature. We
examined a random subset of the database literattBepépers measuring each ES) and recorded the
direction of the effect on ES delivery observed by the incorporation of leguméiseargported sources of
variability in this delivery.

3 Results

Our analysis revealed that much of the literature is concentrated around a relatively small combination of
possible ES, crops, legume inclusion methods, and experiment locations (Figeapets on productien

related services (namely yield and produce quality) were the most prevalent, and these primarily reported on
ceread grain legume intercrop systems, with experiments located in five main countries (France, Denmark,

United Kingdom, Switerland, and Italy). Furthermore, we found that the services for which there are

apparent knowledge gaps in the literature (hnamely pest, weed, and disease suppression) are the same services

that farmers involved in a large, legufeeused EU research profetegValue) indicated they needed
information on in order to more successfully incorporate legumes into their cropping systems. Notably
lacking from the literature were studies conducted at the farm, landscape, and regional scale which could
provide insidt into ES operating beyond the plot level, for instance pollination or services with cultural
value.
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Figure 1. Matrix of associations observed in the literature database between legume species and ecosystem service measured.
Dot color corresponds to thegume inclusion method (management practice) employed in the study. The larger the dot, the
more studies on that combination

A preliminary analysis of sources of variability showed that legumes can both enhance and detract from ES
delivery, particularlyfor weed and disease suppression. This finding reinforces the need to focus research on
these topics, as they are highly relevant for farmers considering new legume crops. Our survey of sources of
variability also showed climate/environment, legume spgeaiel cultivar, and nitrogen fertilization (source,
timing, and quantity) to be key drivers for many ES, indicating additional avenues for future research. Better
understanding of sources of variability in ES delivery from legumes can be obtained thiguaititative
metaanalysis of the literature in the database, for which an initial assessment identified 72 papers meeting
inclusion criteria.

4 Discussion and Conclusions

The findings of this review point to an urgent need to extend and diversifyadlessaES from legumes to
include those topics not yet well explored, rather than reinforcing known topic and context combinations.
The apparent alignment between what farmers want to know and what is missing from the literature provides
even more compellgnstimulus to redirect research agendas and fosterautitti engagement towards work

that directly supports farmers in developing productive and sustainable kbgised: cropping systems
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1 Introduction

Winter cover crops (CCs) are considered an interesting tool to increase the sustainability of agroecosystems
(Schipanski et al. 2014). Together with the species choice and the t@midate, the CC termination
method is a key management decision that can lead to differences in weed control, N dynamics or in the cash
crop performance (AlonsAyuso et al. 2014).

The rollercrimping termination is an interesting practice that coulduiable for netill systems and may

lead to benefits in terms of weed suppression, soil quality increase or water conservation (Kornecki et al.
2009). In addition, it could be a way to reduce the use of burndown herbicides such as glyphosate. However,
its termination efficiency has been reported to be challenging (Peigné et al. 2015); and its use and research
in Mediterranean regions is still scarce.

2 Materials and Methods

A 3-year field experiment with a barley/vetdhqrdeum vulgaré.. / Vicia villosaL.) CC mixture, followed
by an irrigated corndea mays..) was performed in central Spain. Each year, the CC mixture was established
in early October. Cover crops did not receive fertilizer or irrigation during their growing period.

The termination methid and the weed pestnergence labors were the factors studied, using apkplit
randomized block design with 4 replications.

At mid April, the termination method took place and 3 treatments were studied: i)-&oiper pass; ii)
Glyphosate applicatio+ rollercrimper, or iii) Mowing and incorporation.

Few days later, the corn was direct sowed. By May, thegrostgence treatments were established in the
subplots: a) postmergence herbicide, b) inew cultivator, c) posemergencédierbicide + ingér-row
cultivator, d) without posémergence treatment. The CC ground cover was monitored from October to April.
Before the CC termination, the aboveground biomass was measured, and the C and N content determined.

In spring, the soil water content and $erhperature were measured in the topsoil layer. And the weed density
and diversity were determined as well in each subplot. Regarding the cash crop performance, the corn N
status was evaluated at flowering with an optical sensor, and at harvest thgedgagmd N content were
determined. Each experimental year, the N available use efficiency was calculated.

Besides, an energy consumption and an economic analysis were performed to evaluate the impact of the
different CC management practices under othstaénability approaches.

3 Results

The CC termination with rollecrimper lengthened the period of soil covered during the cash crop cycle.
Besides, the rollecrimper use increased the soil water conservation in spring, even in drought conditions,
compaed to the residue incorporation method. When combined with glyphosate, thenialiger decreased

as well the soil temperature.

The use of rollecrimper showed to be less dependent on -postrgence weed labours than the
incorporation method, to achiea proper weed control and competitive grain yields.

The rollercrimper termination efficiency varied through the experiment depending on weather conditions.
When the rolleccrimper did not terminate properly the CC mixture, the jpostrgence herbicideas
essential to ensure high grain yields and grain quality values.
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The CC managed with roll@rimper without glyphosate had the lower energy consumption values.
However, the postmergence herbicide was a key to get high energy productivity values.

In terms of costs, treatments including herbicides had greater economic costs in the rotation, but when the
stochastic net benefits were calculated, the CC residue incorporation with teengogence treatments and
the rollercrimper with glyphosate and pestnergence herbicide obtained the most positive results.

4 Discussion and Conclusions

Compared to the residue incorporation, the railemper showed interesting environmental benefits as the
enhancement of soil water conservation, the weed suppressimnasrergy consumption reduction, agreeing
with other authors (Canali et al. 2013).

The main constraint of the rollerimper was the low &ctiveness for CC terminatiothat was solved by
using glyphosate before passing the rediémper or a posemegence herbicide application (Kornecki et
al. 2009).

The CC termination effectiveness depended mainly on weather conditions, rather than on the CC
phenological stage, being the regrowth risk high on wet springs. Thus, the results confirm the need to
diversify the CC management strategies under seidi Mediterranean conditions. Due to the termination
effectiveness, the use of the roleimper without herbicide support was riskier in terms of economic
benefits, but when supported with herbicides, théeralimper achieved and stabilized favourable net
benefits.

Overall, the fallow substitution by winter CCs is an interesting practice to diversify agroecosystems, and this
work contributes to increase the understanding of the implications of the CCatomimethods in semi

arid Mediterranean areas. The roleimper is a promising technique to increase the environmental
sustainability, but more research is needed to design strategies that will maximize the potential and will solve
the termination effdtseness challenge.
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1 Introduction

Integration of perenniaforage legume and gras$ased grasslands into arable cropping systems has
demonstrated a great potential to enhance sustainable production and multifunctionality of agricultural
systemqLUscheret al, 2014. However, cropping systems in Europe argddy dominated by cereals, and
perennial crops are rarely included in intensive stockless cropping systems even though they may be highly
valuable in a bidbased economy, e.g. for biorefining of proteins and sustainable production of bioenergy
carriers(Jensenet al, 2012. We performed a thregear field experiment with perennial forage legume and
grass mixtures integrated in an organic arable cropping system, with the aim to determine how species choice
and composition of perennial forage legumes andsgss other than those commonly used in forage
production, and cuttinrequencywould influence dynamics of biomass production, weed abundance and
pre-crop value to a subsequent cereal crop

2 Materials and Methods

The field experiment was carried onti an ar abl e organic cropping syste
13A4N] E) . The experi ment wa s-sowingifourifaageslegume spedes; e s pr
Medicago sativdMS), Melilotus officinalis(MO), Lotus corniculatugL.C) andTrifolium repengTR), and

four grass specie®hleum pratens¢PP), Dactylis glomerata(DG), Festuca pratensigFP) andLolium

perenngLP) as pure stands and mixtures of varied composition (Table 1) iAwatd sativa The species

mixtures were established imeplacement design, based on equal proportions relative to each species sowing
density in pure stand. The oat was harvested in September 2010 and species mixtures were investigated in
the first and second production years (2011 and 2012) under low (tsvim &dtth years) and high (four cuts

in 2011 and three cuts in 2012) cutting frequencies. At each cut,-gbmved biomass was manually
sampled, sorted into |Ilegume, grass and unsown (wee:
precrop \alue of the species and mixtures (without distinguishing between cutting frequencies) was
determined in terms of grain yield of a subsequent spring wheat crop sown in spring 2013. The effects of
species identity and mixture composition and cutting regimeneasured variables was determined with

analysis of variance (ANOVA) and TukeyHSD function in the R open source software.

3 Results

The total biomass yield, summed up for all cuts during the two years, was as high in mixtures as in the most
productive égume or grass pure stand (Table 1). Weeds were suppressed in mixtures compared to most
legume pure stands, especially under high cutting frequency. A six species mixture composed of three forage
legumes and three grasses showed promising yield undecuititiy strategies, reflecting a positive effect

of diverse legumgrass mixtures in utilizing abovand belowground resources. The species mixtures
appeared to be more tolerant to high cutting frequency, especially when compared to pure stands of legumes
(except LC). Yields of subsequent spring wheat ranged from 4 to 6 t graymh@rable 1). Pure stands of
legumes had higher pFop value to spring wheat than pure stands of grass and legasgemixtures, with

the highest grain yield after purestl of LC. The MS+PP, LC+PP and the four species mixture also showed

a good precrop effect, comparable to most legume pure stands (with the exception of LC).
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Table 1 Total biomass yield and weed biomass in pure and mixed stands of legumes andrgeagegeéar sequence (sum
of all cuts in 2011 and 2012), and grain yield of subsequent spring wheat in 2013. Values are means of four repliaates. Withi
each column, values followed by the same letter are not significantly different (p<0.05)

Species compsition Biomass production Weed biomass Wheat

(ton DM ha?) (ton DM ha?) grain

2 cuts/yr 3 or 4 2cutslyr 3 or 4 yleldh .
Legume pure stands cuts/yr cuts/yr (ton har)
Medicago sativgMS) 18.3 def 11.5 acd 1.9ab 5.2 de 5.2 bcde
Melilotus offichalis (MO) 6.7 a 7.4 a 5.0c 55e 5.5 cde
Lotus corniculatugLC) 14.2 cde 12.8 bcd 2.7abc 3.6bcde 6.2e
Trifolium repengTR) 6.9 ab 9.1 ac 4.2bc 39cde 5.7de

Grass pure stands

Phleum pratenséP) 13.1 cd 139bcd 2.8abc 3.2 abcde 4.3 ab
Dactylis glomeratgDG) 12.8 bcd 13.0bcd 0.3a 0.7a 4.2 a
Festuca pratensi@-P) 139 cde 135bcd 19ab 2.5abcd 4.6 abc
Lolium perennéLP) 11.6 abc 129bcd 1.3 ab 1.9abc 4.6 abc
Mixtures

MS + DG 19.2 ef 16.1bd 0.2a 0.4a 4.8 abcd
MS + PP 21.2 f 16.1bd 0.8a 19abc 5.1 abcd
MO + PP 14.8 cde 143bd 14ab 1.8abc 4.6 abc
LC + PP 17.4 cdef 16.8b 1.7 ab 1.8abc 5.0 abcd
TR + PP 16.4 cdef 16.0bd 1.6ab 1.6 abc 4.9 abcd
MO + MS + DG + PP 18.7 def 16.0bd 1.6ab 2.2abc 5.0 abcd
MO + MS + TR + DG + FP + PP 19.2 ef 17.7b 0.6a 0.8 ab 4.4 ab

LC+MO+MS+TR+DG+FP+LP+PI 17.4 cdef 16.1bd 0.6a 0.7a 4.7 abcd

4 Discussion and conclusions

Species mixtures had different effects on the evaluatedystem services, with the advantage of species
diversity for biomass production and weed reduction being most pronounced indpeds legumgrass

mixture under both cutting strategies. However, when considering therqmrevalue, the twofour- and
eightspecies mixtures appeared more promising. This is an important insight about tradeoffs between
different ecosystem services that need to be considered when designing diversified forage mixtures as
multifunctional components of arable croppingtsyns. The study also highlights possibilities to optimize
plant diversity for soil fertility buileup via legume MNfixation, resourceefficient biomass production, and

weed reduction. These findings are in line with principles of agroecaagyromoing crop diversity and
multifunctionality while considering synergies and tradeoffs between different ecosystem services provided
by diverse legumgrass mixtures in arable organic cropping systems.
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1 Introduction

Cover crops are seen as a solution to provide a number of ecosystem services and increase biodiversity. In
crop rotations winter cover crops protect the soil from loss of nutrieuiisl the soil organic matter when
ploughed into the soil and promote N recycling in theglaiht system (Blane€anqui et al., 2015). Winter

cover crops can inhibit weeds (Madsen et al., 2016) and diseases (Larkin and GriffinTRe@@&upport

bendicial soil organisms (de Cima et al., 2016) and natural enemies of pests (Kruus et al. 2012).

Improving soil properties with winter cover crops is essential and it is necessary to find and develop
technologies that support thefMo assess the effects ointer cover crops and their combination with
composted manure on soil quality, weeds and beneficial soil organis@@)8nat Estonian University of

Life Sciences an experiment was started.

2 Materials and Methods

The influence of different cropping sigms on soil quality, weeds and beneficial soil organisms was
investigated within a fivdield crop rotation (barley undersown with red clover, red clover, winter wheat,
pea, potato) in three organic and two conventional cropping systems. The systefollOvged the rotation.

In organic systems Org | and Org Il winter cover crops were used as follows: mixture of winter oilseed turnip
(Brassica napussp oleiferavar.biennig and winter rye$ecale cerealk.) before pea; winter oilseed turnip
before ptato and winter rye before barley. In Org Il system composted cattle manure was also applied (for
cereals 10 t hhand for potato 20 t h. The two conventional systems were without winter cover crops:
Conv | without fertilizers and Conv Il with minerfartilizers (all the crops received 25 kg and 95 kg

ha' K; winter wheat and potato 150 kg*hB, barley undersown with red clover 120 kgt and pea 20

kg ha' N). Both conventional systems were treated with herbicides, insecticides anddesgithe
experiment was established in four replications, each plot @Gitnated in a systematic block design.
Organic (Org) and conventional (Conv) plots were separated with an 18 m long section of mixed grasses.

3 Resultsand discussion

Cropping gstems were influencing the soil properties as important ecosystem services (Table 1). Although
Org 0 and Conv | are both control systemsriganic system the organic carbon contept)@as on average

13 percent higher (p< 0.05) than in conventiogatesm, where pesticides were udedtonventional system

the synthetic pesticides inhibit the soil processes and cause the lower biological activity. In Org | and I
systems the winter cover crops in crop rotaficrease the biomass and activity of baxrms and soil
microorganisms. The results show that the microbial hydrolytic activity (FDA) was higher in organic systems
due to the higher amount of incorporated biomass from winter cover crops and weed biomass. The highest
FDA was measured in systemdOit because in addition to cover crops also composted manure was used.
On average, the highest number and biomass of earthworms and collembola was also monitored in the Org
Il and it was significantly lower in both conventional systems.

Due to beneficialsoil organisms, the organic compounds were decomposed and converted into plant
available nutrients. It improved the chemical and physical properties of the soil. In organic systems, total
nitrogen, calcium, phosphorus and magnesium content were sigthfibagher compared to conventional
systems. The highest content of nutritional elements was achieved in Org Il system, where winter cover crops
in combination with composted cattle manure were used (Table 1).
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Mineral fertilizers, especially nitrogen, doibuted to the soil acidification in the conventional systems. In
organic systems, due to the effects of winter crops, soil pH increased. Our results showed that the;soil pH
varied from 5.57 in Conv Il system to 6.05 in systems with cover crops (Thable

Our earlier results (de Cima et al., 2015; de Cima et al., 2016) showed that winter cover crops improve the
soil physical properties; soil structure and infiltration and by decreasing the soil bulk density.

Additionally, winter cover crops and manurereased the activity of ground beetles (natural enemies of
pests) in organic systems. In our experiment the number of species of ground beetles was higher in organic
systems with winter cover crops, compared to the conventional systems. This is partly the better
wintering conditions for beetles offered by winter cover crops.

Table 1.Average soil properties of different cropping systems during 128087

Soil properties Cropping systems

Org 0 Org | Org Il Conv | Conv Il
pH 5.95¢ 6.05d 6.04d 5.77b 5.57a
Corg, % 1.51c 1.55cd 1.59d 1.31a 1.43b
Niot, % 0.124c 0.130cd 0.131d 0.100a 0.108b
P (mg kg') 108.7bc 107.8bc 111.2c 93.2a 102.5b
K (mg kg?) 115.7b 116.3b 125.8¢ 105.5a 127.5¢
Ca (mg kd') 1475b 1517bc 1563c 1276a 1217a
Mg (mg kg') 166.4b 179.7b 203.9c 106.9a 122.7a
FDA*(eg fluorescein g soil 55.4c 57.0d 60.0e 48.5a 53.8b
h'in oven dry soil)

Means followed by a different letters indicate the significant influence (P < 0.05) of cropping systems (Tukey test). *
average of 2012014.

4 Conclusions

It is possible to anclude that winter cover crops in crop rotation, especially in combination with composted
manure, have a several beneficial effect on the ecosystem services: increased functional biodiversity (soil
biological activity, natural enemies of pests) and imptbsoil properties.
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1 Introduction

In Europe, half of arable land sown by cereals, and the crop diversification is small. Higher cereal yields
can be obtained by carrying out elementary agrotechnical measures, like appropriate soil tillage method and
crop diversification in rotation helping to limit harmful organis#ferent field crops included in crop
rotation can be compared by energy gain per ha from harvested yield, which can be determined using the
energetic value (MJ kY of each included crop and yield of above ground biomass')t fiae aim of this
papemwas to compare the gained energy yields depending on different crop rotation schemes and soil tillage
treatments.

2 Materials and Methods

The study was based on two season data (2016/2017 and 2017/2018) from two factet@iridnigls

started in 200%att he Research and Study farm O6Peterl auki 6
Technologies (56° 30.658! and 23° 41.58E), in which two soil tillage methods (traditional and reduced)

and three crop rotation schemes were included: (1) repeated Whtedifh aestivupnsowings (WW), (2)

oilseed rapeBrassica napussp.oleiferg)i wheat wheat (ORWi W i two different variants each year), (3)

faba bean \(icia fabgi wheat oilseed rapibarley Hordeum vulgarg (FBIiWiORIB i three different

variants each year). Meteorological situation in season 2016/2017 was satisfactory, but it was overly wet in

the start ofseason 2017/2018; conversely, the amount of precipitation was extremely low and temperature
extremely high, if compared with long term observations, in the spring / summer period in 2018. Only two

years preliminary data for this paper was used. Yield nfeviwheat, spring barley and spring faba bean was
harvested by direct combining, but that of winter oilseed rape was detected from-shegblanalysis.

Yields of grain or seeds and straw were calculated as 100% dry matter (DM) yields. Straw yield was
cdculated from grain to straw ratio, which was obtained from sastdet analysis. Harvest index (HI) was

calculated as a relationship between grain and the total aboveground biomass yield. Gross energetic value
(MJ kg of dry matter) was detected accamglito LVS EN ISO 18125:2017 for grain or seeds and straw.
Energetic value of dry matter yield was used to calculate energy yield per ha'jGNlhiti-way ANOVA

was used for mathematical data processing with four investigated factors: year, crop, fot&toop and

soil tillage. Research was f i nanc e dnfluence of mirimalMi ni st r
soi l tillage on its fertility maintenance, devel o]
gual ity in theéldpwjecnZ8 6 and

3 Results

The highest grain and straw yields (t*h&om studied crops in rotations were gained from winter wheat.
Crop diversification in rotations (2) and (3) led to an increase of winter wheat grain yield, if compared to
continobus wheat sowings. Multivay ANOVA showed that winter wheat grain DM yields in tyear

period were influenced by crop rotation (p<0.001) and forecrop (p=0.017), also straw DM yields were
influenced by both the mentioned factors (crop rotation, p<0.084cHap, p=0.033) and the year (p<0.001).
Average grain DM yield per all variants of wheat was 6.0%ih&2017, and 5.3 t hiain 2018, but average
straw yields were 7.9 t Han 2017, and 5.1 t hiain 2018. An average HI of wheat differed significgntl
(p<0.001) between years: it was 0.44 in 2017, and 0.51 in 2018. Hot summer of 2018 led to shorter stems
and lower straw yield. Barley grain yield was 5.5t 2017, and 2.7 t hiain 2018, HI varied from 0.42

in 2017, to 0.46 in 2018. Yield of winteilseed rape did not differ significantly between yéans average

2.5t hal; HI was on average 0.33. Faba bean yield, obtained only in 2018, was 2, Mt has 0.46.

When comparing the energetic values of the different crops included in statéigdns, it was found that
higher energetic value was demonstrated by oilseed rape seeds (on average 27-p Sliinkar values
were detected for wheat and barley grairi$.8 and 16.7 MJ kgon average per both years, respectively.
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Energetic value fofaba bean seeds was 16.3 MJ'kgy2018. Mathematically lower energetic values were
obtained in 2018, if compared to 2017: by 1.1 M3 kgver for oilseed rape, 2.1 MJ kdower for wheat,
and 1.7 MJ kg lower for barley.

The energy yields (GJ #acalculated from energetic values and crop above ground biomass yield were
directly related to crop grain or seed and straw yield. Total energy yield froiyevgeriod was influenced

by crop rotation scheme (p<0.001), forecrop (p<0.001) and year (d30.80erage energy yields differed
significantly (p<0.001) also between years. It was by 35% lower in 2018 (139.5'@hdnain 2017 (216.6

GJ hal). Higher average energy gain in 2018 was obtained from rotation (2), but the lowest from rotation
(3). Wheat did not grow in rotation (3) plots in 2018 (yields of other three crops included in rotation were
obtained), so it decreased the average yield for that rotation. However, if the total energy yield (from grain
and straw) from each crop rotation twea period was compared then the highest results were gained from
four-crop rotation (3) periodW1i ORI (437.6 GJ hd), and from crop rotation (2) periadVi W (428.0GJ

hat). Higher energy yields were gained in 2017, when wheat in rotation (3) and (2)yledd iacreasing

impact from forecrop: in rotation (3) from winter wheat sown after faba bean, and in the rotation (2), when
wheat was grown after oilseed rape. A positive impact of oilseed rape on the second year wheat yield was
also found in rotation (2in 2018. In the mentioned cases, the energy vyield increased due to crop
diversification in rotation, because wheat yields in rotation (2) and (3) were higher than annual wheat yields
in repeated wheat sowing (rotation (1)). Lower energy yields werelat@dun 2018 in foucrop-rotation

(3) periodi Bi FBi where spring crops were sown (barley and faba bean), because of drought at the earlier
growth stages for spring cropdevelopment of mentioned crops was disturbed, and it led to low grain and
straw yigd. Two year energy yield in rotation perioBi FBi was 289.3GJhea( f aba beands ener
was 76.8 GJ hhin 2018), and from rotation periddORi Bi was 246.4GJha bar |l ey 6s ener gy
99.9 GJ h& in 2018). Average twyear energy yield imepeated winter wheat sowings (crop rotation (1))

was 369.4 GJ hia Soil tillage method (p=0.068) did not affect energy yields. The study will be continued to
get results from full crop rotation cycle, and even from several cycles in future.

4 Discussiomnand Conclusions

The energy gain from crop rotation in this study depended mostly on crop above ground biomass yield and
calorific value of grain or seed and straw. In every case, crop diversification in rotation and useayeabn
forecrop (oilseed rapor faba bean) for wheat showed an improvement of yield, if compared to wheat as
forecrop. In Canada, similar conclusion was drawn that significant increase of energy output from crop
rotations with similar included plants was obtained through the dicatsin of plants in rotatioZentner

et al, 2004) Increase of total energy yikls possible by crop diversification and, in optimal conditions, of
growth and development. Crop diversification can create benefits for the following plant if cereals are grown
in rotation with oil crops and pulses, if compared with growing in monoeuliDarguza, Gaile, 2018).
Differences of energy yields obtained from the whole crop rotation depending on soil tillage variant was not
found in this research, and also other researchers did not mention thenefdagy 2 000; Stragi | ,
Smutny, 201} the effect of soil tillage differs between soil types and conditions during tillage (Darguza,
Gaile, 2018).
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1 Introduction

The sustainability of current Eygean cropping systems is threatened by the massive use of synthetic inputs
over the last decade and their negative impacts on environment and health. As an alternative towards multi
performant and sustainable agricultural systems, the agroecology psnaipléo value the ecosystemic
services delivered by enlarged planned and natural biodiversity to sustain regulation and support services for
agricultural production. Maximizing the biological functions provided by biodiversity requires to profoundly
re-design agricultural systems, considering the management of both cropping systems within cultivated fields
and their surrounding sematural habitats. Legume species have a major role to play, due to specific
biological properties compared to other majoipsr¢Voisin et al, 2014).

2 Materials and Methods

INRA has recently set up an ambitious leegm Agroecological System Experiment platform-SXS
(www.inra.fr/plateformecasys_eng/that covers 125a near Dijon (France). It tests several prototypes of
pesticidefree agroecological systems using cropped and wild biodiversity as mean to produce, targeting
multi-performance from an agronomic, economic, environmental and social point of view. These new
agroecological systems include fields of the four tested cropping systems and their interactions with adjacent
seminatural habitats in the landscape. The spatioporal arrangement of fields and seratural habitats

will be managed through a coheremastgy, implemented to meet specific goals over time.

Four cropping systems combining a large diversity of farming practices were reced#gigned with a

vast array of actors (farmers, extensions, researchers) to explore two main agricultural waypsqwi
different prototypes for each way) : i)4pdowing and cover crop basegstems inspired from conservation
agriculture; ii) tillage and cover crdpased systems inspired from organic agriculture. These two options
require to finely tune and managediversity, across time (through crop rotations), and space (with species
or variety mixtures), both within fields and their margins. All systems were designed to maximise the use of
biological processes to halt pesticides and to drastically reducepbeddscy to nitrogen and water.

3 Results

Legumes have a specific role to play in the delivery of the expected services: due to their specific ability to
fix dinitrogen in symbiosis with soil bacteria, they have the unique ability to produce priotegeeds or

forage, and to provide biological nitrogen to cropping systems. The mineralisation of their pitchgaop
residues and the specificity of their rhizosphere also improve nitrogen cycling and provide mineral nitrogen
to the soil, thereby limitg the need of external inputs for the other crops in rotations. One of the-tillage
based system of GAYS targeting autfertility will not be fertilized with exogenous mineral inputs. Still,

the cropping system has to be finely managed to limit potdosises and pollution linked to their shallow

root system and to this surplus of N mineralisation. Especially, spatial and temporal arrangement with other
crops should target a better synchronization between this nitrogen supply and other plant redsility amd
retrieve it.

As legumes are minor crops in current cropping systems, their development also contributes to the
diversification of botanic groups, which contributes to break the biological cycle of pests and diseases
frequently encountered inngplified cropping systems, and therefore to their regulation. Nevertheless,
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increasing the proportion of legumes in the rotation may increase their specific pests and diseases, which will
have to be overcome and/or regulated in the tested systems. Adedionbus plants with flowers often rich

in nectar, legumes are major plants contributing to nourishing and sheltering insects and pollinators both
within fields and in seranatural habitats.

The introduction ofégumes in the CAYS platorm was designetb value those specific properties, using

a wide array of species, either in pure stand, in mixtures, as companion or cover crop or permanent cover in
seminaturel habitat§see kgurel).
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Figurel. Diversity of legume crop introduced in the cragpsystems of the G&YS plateform. Crop succession of a
direct drilling system (left) and of a plowirtlgased system (right)

4 Discussion and Conclusions

New prospects linked to the development of more legumes in agroecological systems will alsedbe rais
concerning: i) the management of their biological functions (and/or limitations) ii) methodologies and tools
for the evaluation of their expected services and impacts, iii) breeding new varieties adapted to agroecological
conditions. Embedded factoriperiments within the four systems tested will help in a better understanding

of specific questions, such as the enhancement of beneficialnplenobe interactions specific to or
stimulated by legumes.
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1 Introduction

In Western Europe, winter fallow could last 9 months, for example between a winter wheat and a cabbage
crop. On bare soil, the risks of erosion and nitrogen leaching areThiglntroduction of winter cover crop

or agreecological service crop (ASC) could deliver several benefits to the environment and the agricultural
system. Indeed, ASC can improve the vegetable production in term of nitrogen recycling following ASC
termindion and input of atmospheric nitrogen by legumes in the ASC mixture.

2 Materials and Methods

During the winter 2016 2017, as part of the organic SOILVEG project, the performances of three ASC
covers were compared in Wallonia (Belgium): pure barley 4@)jx of 70% barley and 30% pea (C7/P3)

and a mix of 50% barley and 50% pea (C5/P5). Each ASC was destroyed by three termination modes: (1)
chopped and incorporated like green manure (GM), (2) chopped andamnporated (CNI) and (3) flattened

by roller-crimping (RC). The experimental design was a gpéit with the ASC factor as main plots and the

ASC termination factor as syidots with four replications. An additional treatment was included in each
block as a control with a bare soil (BS) during A&@son and tillage before plantation after several rotary
harrow tillages aiming to control weeds. The cash crop following these ASC was red cabbage.

The ASCs were sowed on Septembéf 2616. The termination dates differed between treatments: GM on
May 5", CNI on May 239and RC on May 312017. Cabbage was planted on May'ahd harvested on
October 2% and 2@. Cabbages were fertilized, with 60 kg'haf nitrogen and 33 kg hieof phosphorous,

in all modalities, at the plantation, with commerdedanic fertilizer. The fertilization rate was based on the
residual soil N content in BS plots and the cabbage needs. Soil was sampled to evaluate soil mineral nitrogen
(SMN) and water content to 30 cm depth before plantation and each month till thet batkie main crop.

3 Results

ASCs reduced soil nitrogen and water availability by uptake for succeeding cabbage compared with BS.
From the beginning of spring to June 2017, the SMN in BS were significantly higher than in GM, CNI and
RC modalities (Figre 1).

The increase of the proportion of legume in the ASC increased, bsigniicantly,the SMN on June 12

2017, at red cabbage implantation period, only under GM modality, where the C5/P5 presented an additional
11 kg N hal in comparison to the twother ASC covers (C5/P5: 40 kg N'h&7/P3: 29 kg N hj C : 29

kg N ha') (Figure 2).

The ASC occurrence and management mode impacted nitrogen and soil water availability at cabbage
plantation, where SMN content of GM plots were significantly highan CNI and RC plots (Figure 2).

This difference is reflected significantly, among other, by aboveground cabbage biomass of 9, 5, 4 and
15 103 kg dry matter hiafor GM, CNI, RC and BS treatments respectively
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Figure 1: Soil mineral nitrogen content evolution (kg N/ha) in 30 cm
depth under the different modalities. C = pure barley, C7/P3 = mix of
70% bariey and 30% pea, C5/P5 = mix of 50% barley and 50% pea, BS =
bare soil. Bars indicate standard deviation. SMN content in the soil
before ASC implantation was in average of 49 ke N ha

4 Discussion and Conclusions

Figure 2: Soil mineral nitrogen evolution
(kg N/ha) in 30 cm depth two weeks after
cabbage plantation. GM = green manure,
CNI = chopped and no-incorporated, RC
= roller-crimping, C = pure barley, C7/P3
= mix of 70% barley and 30% pea, C5/P5
= mix of 50% barley and 50% pea, BS =
bare soil. Bars indicate standard deviation

ASCs redice nitrogen leaching risk (Tonitto et al., 2006) but have a negative impact on nitrogen and soil
water availability at cabbage plantation particularly when their destruction is close to the plantation date
without incorporation into the soil (Mulvaney &it, 2010). The SMN in Bplots has been leached below

0-30 cm depth during the winter but, in April, mineralisation started again. This mineralisation may have

been stimulated in the BS treatment due to tillage before plantation and to a better sstbekierabsence

of ASC. The difference generated at the plantation
add nitrogen that can be valorised by the succeeding crop (Ranells and Wagger, 1996). This is observed under

GM modality.

The ASC éermination management and mode impact the SMN content at cabbage plantation. This can be
explained by a more precocious termination and an incorporation of the ASC residues into the soil. In GM

plots the termination was done approximatively 1 month befabbage plantation and during this period

the ASC did not take up SMN while ASC residues had started to mineralise. As in BS, the soil water stock

could be rebuilt. In GM treatments, the nitrogen and water were therefore more available for cabbage than in

CNI and RC plots.

In conclusion, the fertility management by the use of winter cover crops is influenced by several parameters
such as the legume proportion in the ASC mix, the ASC termination date and mode. These parameters will
impact the SMN and watexvailability at spring crop plantation. The results suggest that to improve the
performances obtained under GM, CNI and RC management modes, nitrogen fertilisation should be adapted
independently, for each modality, at plantation. ASC termination dates Gl and RC modalities should

also occur at an earlier stage.
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1 Introduction

Reduction ofgreenhouse gas emissions from soil is one of the expected benefits for ecosystem services that
could be provided by diversified cropping systems. There is a manifold of impacts by crop diversification on
processes in soil that influence nitrous oxide potidn and reduction (Decock et al. 2015). Field data and

the understanding of the processes is however limited and we expect the effects will be highly dependent on
the kind of diversification applied.

2 Materials and Methods

DiverFarming measures the et of diversification on greenhouse gas emissions in the field in several case
studies. The measurements were performed manually on the field using static dark chambers and analysed
on a GC system (Verhoeven and Six, 2014). The fluxes were calculatedtimgponlinear chamber
behaviour and visualised on a shiny web application (Huppi et al. 2018). We will present observations from
at least three DiverFarming case studies to elucidate the effects of diversified cropping systems on nitrous
oxide emissios. Treatment effects of the different diversification schemes will be tested on the cumulative
emissions of the covered dataset.

3 Results

Data from two field seasons will show nitrous oxide emissions from 3 different case studies. During emission
peakghere are different trends among the treatments, with a tendency for reduced emissions in the diversified
plots. However the upcoming field seasons and case studies will allow to confirm or infirm these
observations.

field pea
® nocover

* oat

flux [mg N,O m2 hl]
5

May 2018 Jun 2018 Jul 2018 Aug 2018 Sep 2018 Oct 2018
date

Figure 1. Exemplary nitrous oxide eigsion data from a case study in Hungary, where asparagus is growing with different
kinds of intercropping (field pea, oat or no cover = control)
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4 Discussion and Conclusions

Possible mechanisms to reduce those emissions are discussed from short teati@isand with

respect to how it could be reflected in models. The nitrous oxide dataset of the chosen DiverFarming
case studies be limited to provide insights into mechanisms. We will study the literature and use our
mechanistic understanding of nitsaxide formation come with hypothesis of what can be expected.
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1 Introduction

Including legumes in intercropping systems may be a good alternative to the maintenance of soil fertility,
increase the biodiversity and soil organic matter, and reduce the ugertfidérs, which is linked to lower
greenhouse gas emissions. Cowpégr(a unguiculatd.. Walp) is a grain legume native of southern Africa,
although it is widely consumed all around the word (Singh, 2014). It is a species well adapted to stressful
environments associated with high temperatures, drought or low fertility, and so is considered a suitable
alternative crop in arid and semiarid regions (Chikoye et al., 2014). Hence, the aim of this study was to assess
the effect of different combinations ofteércropped melorGQucumis melpwith cowpeaVigna unguiculats

with decrease of external inputs on crop yields, land equivalent ratio (LER) and crop quality parameters under
Mediterranean semiarid conditions.

2 Materials and Methods

This study was caed out in Cartagena, SE Spain, with semiarid Mediterranean climate. We compared a
melon monocrop with different melesowpea intercropping systems in summer 2018: Row intercropping

1:1 (melon:cowpea), row intercropping 2:1 (melon:cowpea) and mixed mpging. The field experiment

was designed as a randomized block with three replications, and each plot hatl MEhocrop system

was included in a separated block, distant 200 m from intercropped systems to avoid the influence of the
attraction of insest by the growth of cowpea. Melon seedlings were planted in a density of 0.4 pfants m
with a spacing of 200 cm between rows and 120 cm between plants in all plots (monocropped and
intercropped systems). Cowpea seeds were sown between two rows of mgienranv intercropped
systems, spacing 100 cm between melon and cowpea rows. Under row intercropped systems, cowpea was
separated 20 cm plants in the same row. Density of plants was 2.5 pfartd 5 plants rin the row 1:1

and row 2:1 systems, resgively. In the mixed system, cowpea was sown in all melon rows between two
melon plants, and so in a density of 0.4 plants with a spacing of 200 cm between rows and 120 cm
between plants. So, density of melon was the same in the different treatmgrte density of cowpea
changed. All crops were drip irrigated and grown under organic management. In intercropped systems we
reduced the fertilizers rate by 30% compared to melon monocrop. Melon and cowpea were simultaneous
harvested from 31 July t®dJAugust. Harvest was carried out manually as traditionally performed in the area

to avoid damages in the melon fruits, since they lie on the soil. To calculate the land equivalent ratio, a
cowpea monocrop was established at the density of 5 plantsith a spacing of 100 cm between rows and

20 cm between plants, the traditional pattern of this crop.

3 Results

Intercropping combinations significantly increased melon yield, the number of melons per hectare and the
average weight of melons (Figure 1). Ibte yield increased by 34 to 70%, compared to melon monocrop,

and marketable yield by 480%. The best intercropped system for this parameter were the row 2:1 and mixed
intercropping, with values of 24759 kghand 26272 kg hg respectively (Figure 1A)ncreases in crop

yield were associated to increases in the number of melons per plant and in their size. The number of melons
per hectare increased up to 6556, 7722 and 8278 in the row 1:1, mixed intercropping and row 2:1 systems,
respectively, comparetb the 5605 melons per ha in the monocrop (Figure 1B). The weight of melons
significantly increased compared to monocrop (3.21 kg) in all diversified systems without significant
differences among them, with values ranging from 3.70 to 3.90 kg (FigurdlaGjgnificant differences in

melon quality parameters were observed, except for sugar content, that was slightly higher in the monocrop
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melons (13.1%), compared to intercropped systems-{126). LER was 1.82, 1.91 and 1.89 for 1:1, 2:1
and mixed integzropping, respectively, highlighting the significant increase in land productivity when
intercropping melon with cowpea.
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Figure 1. Melon yield (A), number of melons (B), mean melon weight (C) and land equivalent ratio (D) of the melon
monocropped and iercropped systems under organic management. Vertical bars denote standard error. Different letters
above bars indicate significant differences among systems after Tukey post hoc test at p < 0.05.

4 Discussion and Conclusions

Melon crop needs pollinatots sustain high production throughout an increase of the number of melons per
plant. The flowering of cowpea attracts numerous insects, which many of them are pollinators and beneficiary
organisms. As cowpea flowering coincided with melon flowering wehggiothesize that the presence of
cowpea flowers wilfacilitate melon flowers pollination, contributing to increase the number of melons per
plant. In addition, cowpea crop has a very active rhizosphere, with intense rhizodeposition that activates
microbid populations, with the capacity of mobilizing soil nutrients (Sandtazarro et al., 2019). Cowpea

is also able to fix atmospheric nitrogen, contributing to increase soil fertility. These characteristics of cowpea
could be responsible for the increaséhefaverage size of melons in the intercropped systems, since nutrients
were likely to be more available. These two factors favoured the increase of melon yield in the diversified
cropping systems. As melon yield was increased compared to monocrop,eamdviis an additional
production of cowpea, LER was almost 2 in intercropped systems. Thus, the introduction of cowpea in
intercropping with melon resulted in a sustainable system, with decreases in the use of external inputs while
increasing melon yieldral LER, with no negative effect on melon quality.

References
Singh, B.B., 2014. Cowpea: The Food Legume of the 21st Century. Crop Science Society of America.
Chikoye, D., Abaidoo, R., Fontem, L.A., 2014. Response of weeds and soil microorganisms taiimazdgendimethalin
in cowpea and soybean. Crop Prot. 65,H62.
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1 Introduction

Under current climate scenarios, achieving reasonable crop yield has increasingly become difficult without
using large amounts of nutrient fertilizer inputs. These-inght systems archaracterized by large amounts

of nutrient loss, especially nitrogen to lower soil layers and groundwater, which have detrimental
environmental effects. Promoting farming methods that encourage efficient resource use will ensure more
sustainable ways gfroducing food without compromising yield or quality of prod&rbduction methods

that maintain or increase diversity in the field have shown great potential in stabilizing yields and increasing
resilience under changing environments, without much ediam external nutrient inputs. Mixed cropping

is most widely used, partly because mixed species or cultivars utilize the synergy that may result from the
morphological, architectural or physiological differences that the species or cultivars growmirxttire
possess. Specifically, the use of legumes in céegaime based species mixtures (or plant teams) have been
associated to increased yield and improved grain quality through a better utilization of nitrogen (N). These
positive attributes on yieldha quality may be explained by beneficial interactions of the mixture components
through their different functional traits. For example, enhanced N uptake is found to occudéguroe
(cereals) components when grown together with legumes.

The objectiveof this study is to investigate mechanistic explanations linking trait interactions and N
utilization to the productivity of selected ceréedjume plant teams grown under Swedish conditions. We
hypothesize that plant teams with a greater functionalsppaite enhance N uptake and utilization, resulting

in higher growth and yiel(H1); and yield advantages in plant teams as compared to the corresponding pure
cultures are correlated with the specific abilities of the team components to compete forlizndhei
available N(H2).

2 Materials and Methods

Field experiments were established in the 2017 and 2018 growing seasons in Uppsala, Central Sweden. The
region is characterized by cold temperate climate with symdmgn crops favourably growing betweblay

and September. Average temperatures during the growing season range between 5°C to 25°C. However, 2018
was an exceptionally dry year receiving only two rainfall events (7 mm in total) before the onset of flowering.
The two consecutive year trials tvithe same plant teams were intended to explore inter annual variability

in the plant team performance. The study was carried out in the context of the EU Horizon 2020 project
iDesigning I nnoVative plant teamsafoabEtbsys{BPmMVRBRR
The cerealegume mixtures comprised of pbarley and whediaba bean teams sown in a replacement
design at 50:50 proportion of the cerEgjume components. For each cereal component, three cultivars were
used; and two cultivansere selected for the legume component. The plants were subjected to two fertilizer
treatments; unfertilized control and additional N, phosphorus (P) and potassium (K) of 90, 15 and 29 kg ha

1, respectively, in the peaarley teams; and unfertilized casitand additional N, P and K of 140, 24 and 46

kg ha, respectively, in the wheédba bean teams. Periodic harvests at flowering and maturity were done

to monitor plant team performance. Additionally, N accumulation efficiency was calculated to tinkcees
utilization to productivity.

3 Preliminary results

During the growing period, additional nutrients in the high input system did not give a consistent yield
increase to the components in the mixture (Table 1). The yield difference between pureuttaregrown

under the low and high input systems ranged between 0.2 to 0:5in 2817, with even lower yields
differences recorded in the 2018 growing season. Wheat grown as pure culture followed a similar trend.
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Within each nutrient treatment howesy irrespective of the growing season, the cereal partners performed
better in mixtures than the corresponding pure cultures except for wheat (cv. Diskett) that yielded 0.1 t ha
less when grown with faba bean (cv. Fuego) in 2018. The legume partnersehawdl not profit from species
mixing as lower yields were obtained in mixtures compared to pure cultures in all cases.

Table 1.Mean + SD of grain yield (t h§ for selected cered¢gume plant teams grown under low and high nutrient input i
the 2017and 2018 growing seasons in Uppsala, Sweden.

2017 2018

Low input High input Low input High input
Plant teams cereal legume cereal legume  cereal legume  cereal legume
pea+ barley
Barley RGT Planet 2.4+0.7 2.9+0.9 0.6£0.4 0.8+0.1
Barley Tamtam 2.7+0.6 2.9+0.3 0.8+0.1 0.9+0.1
Pea Ingrid 0.9+0.2 1.0£04 1.6+0.2 1.6x0.1
RGT Planet+Ingrid 4.4£0.9 0.7+0.3 3.1+1.0 0.7x0.3 0.9+0.3 1.5x0.4 1.1+0.1 1.4+0.3
Tamtam+Ingrid 3.7£1.9 0.8+0.5 4.1£1.1 0.8+0.2 0.9+0.1 1.4%0.3 1.4+0.2 1.3+£0.2
Faba bean+ wheat
Wheat Diskett 1.8+0.6 1.9+0.9 1.4+0.2 1.8+0.3
Wheat KWS Alderon 2.8+0.8 2.9+0.8 1.9+0.2 2.2+£0.2
Faba bean Fuego 1.7£0.4 1.840.3 1.5+£0.2 1.4+0.3
Diskett + Fuego 2.5+1.0 0.8£03 3.2£0.9 1.0z0.2 1.3x0.7 1.2+0.2 2.4+0.9 1.1+0.6

KWS Alderon+ Fuego 4.3+0.8 1.0+0.2 4.5+1.7 1.0+0.2 2.9+0.3 0.9+0.1 3.0+1.2 0.9+0.0

Compared to the lowesielding teams, the most productive teams included cereal components producing
many tillersand thus supporting a greater functional trait space Kd.)g.Additionally, wheat and barley

tiller number was positively correlated with the amount of N accumulated over the growing seaséh (e.g.
& 2).

4 Discussion and conclusions

The lack of yieldncrease in response to additional nutrient supply is likely attributed to adequate levels of
soil available N even in the low nutrient treatment of this experiment. The generally low yield in the 2018
growing season is attributed to the long dry periqueeenced during that year. In general, the diversity in

e.g. tiller number among the cereal cultivars investigated here contributed most to the performance of the
plant teams; supporting the hypothesis that greater functional trait space (here acednhyligie cereal
partner) is associated with greater yigftl). Higher tiller number in the cereal partners was associated with
increased resource exploitation capacity, here reflected by increased N pools, linking this trait to both N
economy and the obpred yield advantage in the best performing teafis& 2). Nitrogen is known to

boost tiller number in cereaf8Vang et al., 2017)and consequently the productive tillers give rise to more
leaves that further increase light interception and photosynthetic surface area.

In the systems evaluated, cereals were greater beneficiaries of positive interactiomstidmgted most to

the observed yield advantage through enhanced functional trait space, but the magnitude of the benefit
depended on the specific combination of mixture components. Cereals with larger number or plasticity of
productive tillers have a gater capacity to accumulate more N in plant biomass, and the relationships
identified might provide an example fornaechanism linking trait interactions and N utilization to the
productivity of cerealegume plant teams

Reference

Wang, Y., Lu, J., Ren, T., Hussain, S., Guo, C., Wang, S., Li, X. (2017). Effects of nitrogen and tiller type on grairdyield an
physiological responses in rickoB Plants, &), pIx012. doi:10.1093/aobpla/plx012

Session 10New inter and stripcropping: crop and 156
ecological performances



DiverlMPACTS
‘ European Conference
on Crop Diversification
_ . i i n . 7.‘|\-\ ber 18-21, 2019
4 101 G2 aensHtS 2F /2y Budapest, Hungary

Mobilizing within -field diversity for ecosystem service delivery in temperate
arable systems

Lenora Ditzler**%, Dirk van Apeldoorn !, Walter Rossing!

1 Farming Systems Ecology Group, Wageningen University & Research, P.O. Box 430, 6700 AK Wageningen,
The Netherlands

z Speaker
+ Corresponding autholenoral.ditzlefat]wur.nl

1 Introduction

In Europe as elsewhere, mechanization and economies of scale have driven a shift towards very large mono
cropped arable fields. While external inputs enable a controlled, autgnaaigduniform approach to
managing these fields, abundant use of such inputs has led to a cascade of failing ecosystem controls and the
overstepping of planetary boundar{@ockstrémet al, 2009) We posit that the industrial arable field can

be redesigned to utilize ecological processes in place of external inputs using a combination of diversity
measures operating in three dimensions: spatial, temporal, and geneti@atibhale for activating these
dimensions is grounded in theory and evidence of how biodiversity supports and enhances ecological control
processefRobertsoret al, 2014; Tittonell, 2014)Here we showcase apgication of a thre@imensionally
diversified field design (strip cropping) and anal
With empirical data from two lonterm experiments in the Netherlands (2@017), we examine the
effectivenes®f stacking multiple crop diversification dimensions to mitigate disease sgthgtbphthora
infestan¥ in potato and enhance biocontrol potential in wheat.

2 Materials and Methods

The experiments were located at the Broekemahoeve Proeftuin neatadlelrsd the Droevendaal
Experimental Farm in Wageningen and both managed according to organic regulations. At both locations
and for both potato and wheat, three experimental treatments were tested: -Erdéegeolecropped
reference fields, 2) soleropped, single cultivar strips, and 3) mixed strips. For potato, mixed strips consisted
of a cultivar mixture which included one néresistant cultivar and twBl-resistant cultivars. For wheat,

mixed strips were sown as a polyculture including wheatfabd bean in an additive design. All strip
treatments were 3 meters wide. In pot&ianfection was visually monitored and scored from first observed
infection date until crop termination. In wheat, the activity density of epigeic natural enemiesdsf\apbi
assessed using pitfall trapping at regular intervals throughout the growing season. Treatment differences were
analyzed using generalized linear mixed models and-gemsscomparisons were conducted using effect
size metrics applied in metmalyss of ecological datéFox et al, 2015)

3 Results

We found thaPl infectionin potatowas significantly lower in stripgp(< 0.001) than in the reference across

all years at th&roekemahoeve experimertdditionally, within a single growing season at Droevendaal,

the rate bdisease spread was slowest in mixedtivar strips compared to the referenpe<(0.01). These

results show that for potato, the stacking of spatial (strip arrangement) and genetic (cultivar mixing) strategies
did multiply the benefits of diversificatio

In strip-cropped wheat we found larger catches of all epigeic natural enemy groups Rtereptichus
ground beetles compared to the reference, pointing to strong biocontrol potential linked to spatial
diversification. However, including faba bean$ria wheat strips did not significantly increase natural enemy
abundance compared to sole wheat strips. Catches in strip treatments scored significaniy<o@e

than the reference on two diversity indices (species richness and Shannon diberségain there was no
difference between seland mixedspecies strips. In the case of wheat, stacking genetic diversity with spatial
diversity did not further enhance biocontrol potential.
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4 Discussion and Conclusions

The example of strip croppingovided here illustrates that different dimensions of diversity are needed to
activate the delivery of different ecosystem services, as ecological processes operate at different scales. The
movement oPI spores occurs at a finer resolution (pfaptant)than the movement of epigeic arthropods,

so implementing two diversity measures at once returned increased benefits to disease mitigation. Arthropods
operate at a wider range (> 1 m), so while the strip arrangement led to greater abundance of most natural
enemies, adding a finer resolution of diversity by introducing a polyculture did not further increase the
abundance of these organisms.

These results point to the importance of designing cropping systems such that the activated diversity
dimensions affet the ecological process scales of the desired ecosystem service(s). Here we show that in
some cases, strip cropping single species and cultivars may be enough to deliver the desired service, but in
others the addition of the genetic dimension may befloaieOverall, we conclude that strip cropping is a
promising strategy for mobilizing the benefits of withield crop diversity to enhance ecological control
potential in temperate cropping systems, particularly because it can be implemented witigctibaical
constraints of current farm technology.
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1 Introduction

Grain legumes such as peas, beans and lentils provide valuable ecosystem services via the provision of high
quality food and feed, symbiotic nitrogen fixation and promote @besystem services through enhancing

crop diversificationYet, grain legumes cover low areas in European agriculture. One reason is that grain
legumes have lower yield stability than dominant crops, such as céméaistopping is an agroecological
pracice, in which several crop species are grown simultaneously in the same field, which pursues to
maximize the use of growth resources to enhance yields and the resilience of cropping systems. This practice
helps to increase productivignd yield stabilityand to reduce environmental impacts of current cropping
systems. The aim of this study was to systematically review the effects of intercropping on the N use by grain
legume and cereal plants in temperate agroecosystems.

2 Materials and Methods

We conduted a metanalysis using 207 paired observations from 29 studies to (i) quantify the overall effect

of grain legumegereals intercropping on the use offiXation in legumes, and soil nitrogen acquisition in

the cereals and legumesmpared to the solerops, and (ii) assess how different intercrop designs, crops
species, and management practices influence these responses. Tésalysta was comparing the log ratio

of responses in the intercrop and in the sole crop. The log ratiosweigetedby thestandard deviations

and sample sizes provided by the studies. In cases where the original study did not report measures of standard
deviation, we applied a simple imputation using the mean of the existing variance values to account for these
missing valesMixed effect models were used to estimate mean log ratios and explain the bstwigen
variability of the response using various moderators sucimtascrop composition, fertilization rates,
legumes species, soil properties, management practiceseambigrcropslevels of statistical significance
and95% confidence intervals were reported for each response and each moderator [1].

3 Results

The proportion of N derived fromMixation was, on average, 15.7% (95% confidence interval (Cl) = [11.1,
204])) higher for the intercropped grain legumes compared to legume sole crops. Intercropping reduced the
amount of N fixed by ¢13.2%), but the effect was not significant (95% Ci25[6, 1.4]). The magnitude of

the effects on Mfixation varied across legnes species, intercrop compositions and the method used to
calculate Nfixation. Soil nitrogen acquisition in intercropped grain legumes was significantly reduced by (
58.1%) compared to sole crop legumes (95% CF66.p, -47.5]), while the soil N acqred by the
intercropped cereal was 53.4% higher than the sole crop cereal (95% CI = [20.2, 95.6]). However, the total
soil N acquisition was not higher in intercrops than in cereal sole crops. In addition, we found significant
effects of intercrop compo®in, nitrogen fertilization rates and soil type on the differences in soil N
acquisition between sole crops and intercrops.

4 Discussion and Conclusions

These results highlight that intercropping consistently stimulate complementary N use betweeguyres le

and cereals. Thanks to the efficient acquisition of soil nitrogen in cereals, intercropped grain legumes rely
more on biological dinitrogen fixation than grain legume sole crops. Furthermore, since grain legumes are
generally weak competitors for &anitrogen, intercropped cereals increase their-pbemt nitrogen
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acquisition, especially in intercrops where the cereal sowing density is lower than in the corresponding cereal
sole crops. Several ecological mechanisms may act in synergy in grain legreakintercrops: reduced
within-species competition and increased competition and complementarity between species, leading to a
more efficient overall use of biologically fixed and sddrived nitrogen resources. As a consequence, grain
legumecereal itercropping makes it possible to save external nitrogen inputs with maintained total crop
nitrogen acquisition. Along with previous studies showing that yield stability is improved in grain legume
intercrops compared to sole crops [2], this ragtalysis @monstrates that intercropping has clear advantages

in an agroecological perspective. Resources are used more efficiently, with potential benefitsierdiarm
profitability, lower risk of environmentally harmful nitrogen losses, and lower greenhousamigsion
associated with reduced nitrogen fertilizer rates. These findings highlight the contributions of cropping
systems diversification via intercropping to enhanced sustainability in grain legume and cereal production.
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1 Introduction

Due to lower and less regular yields and in spite of numerous advantages (N fixation, protein ctivgent in
plant,cerea di s eas es a n,draiplegsnes dra ramlytcrapped o WVéalloon area. Nevertheless,

in low inputs farming systems they play, based on their symbiefig@ion proprieties, a key role to sustain

soil fertility (Bedoussaet al. 2015). In this context, in order to counter poor competitiveness of legumes
against weeds, to limit pest and diseases development and/or to limit lodging risks, peas are often associated
to cereals in intercropping schemes. Now, it is difficult tehean interesting pea density in the harvested
mixture, not to high, in order to limit lodging risks, especially with fodder pea, and not to low, in order to
have a real added value and contribution of the legume to N delivery to the system.

In order to mdulate final pea content in the mixture and global yield, we propose to test the impact of three
different pea sowing densities, both for protein pea and fodder pea, and of three different levels of fertilization
at the end of winter.

2 Materials and Methods

To explore these strategies, a trial was set up during three cultural years (2014, 2015 and 2017) in Ardenne
(loamy-rocky soil; 450 m above sea level; 1100 mm average annual rainfall and 7.5°C as average annual
temperature). Fodder and classical peasewested in association to triticakeT(iticosecale Wittm.).

Previous crop was spefriticum spelta..). The experimental scheme was a spllitt design in four blocks.

Pea type (fodder vs protein pea) was the main plot parameter.

Triticale c v. @&m®Bz2@uand O6Borodined i hwag $owetl ata8B50cdseedsinl 5 , res
association to fodder pea (cv arkta). The three dosesi(lloteri High) tested for the fodder pea were 15,

20 and 25 seedshon first year and 10, 15 and 20 seedsanthe second and third years. In association to

protein pea (cv James on the first year and Enduro on second and third years), triticale was sowed at 210
seeds M (60% of the full dose) in association to 60, 80 or 100 seedsnpea.

The three levels dl fertilisation tested; 0, 40 and 80 kg*havere applied during the first month of spring,
through the application of Orgamine%710+2), simultaneously to weeding intervention with a light harrow.
As organic fertilisers also deliver P and K, contrdstiefertilisation schemes also led to contrasted P and K
fertilisation schemes with gradients of @91 57 units for kO and 657-114 units for POs.

Fresh and dry yields were quantified. In parallel, two kilograms of triticale/pea grains mixture mpledsa

per parcel, to quantify, by NIRS, on the mixture and on each of its components (pea grains and triticale
grains), DM, ash, protein, starch, and cellulose contents. Parameters analysed were the grain yield, the protein
content of the mixture, the @&l protein content and the legume/cereal proportions in the harvested mixture.

The results reported hereafter relate to the two first years of testing.

3 Results

On average, grain yields recorded in 201¢20and 3272 kg hg were lower than 2015 yiedd 6652 and

6796 kg ha) for associations with fodder and protein pea, respectively. These yields were not impacted
(p>0.19 neither by pea sowing density nor by N treatment. Nevertheless, associations with fodder pea led
to significantly lower yield [§<0.04) in 2014 ¢(41.0%) where we observed a trepe.08) of yield decrease

in parallel to legume sowing density increase, probably due to lodging sensitivity of fodder pea associations
and to the late harvesting under bad weather conditions. Huge yeibpressure observed on triticale, in
2014, would also contribute to the globally low yields recorded that year.

At the opposite to yields, harvested association compositions, in terms of pea/cereal proportions, mixture
protein content and cereal proteiontent, were significantly impacted by sowing densities and/or NPK
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fertilisation (Table 1). In average, an increase of legume sowing density by 66% (ratio between maximum
and minimum pea sowing densities) or more (fodder pea associations in 2015) fatdbehincrease of

129 [70 to 169] g kgDM of the pea content and of 16.5 [L23] g kgDM?* of the protein content in the
harvested mixture. Nevertheless, main part of the increase (75% for pea content in the harvested mixture and
66% for protein conta) occurred when shifting from low to intermediate densifiéés positive effect of

legume sowing density on protein content in the harvested mixture is of interest to improve the level of
autonomy in livestock farming systenf increase of pea sowirdgnsities also led to an average and, at
highest densities, significant increase of triticale protein content by 5 to 12 g kDM g kgDM! in

average) (Bedoussac and Juste, 2010). In parallel, NPK supplies decreased pea proportion and protein content
in the harvested mixture, in a significant way in 2014, without significant impact on triticale protein content.
Based on these results and in line with literature (e.g. Bedoeissig015), the occurrence of N fertilization

reduce the competitiveneskthe legume species in the association without increasing the yield.

Table 1.Effects of pea sowing density and NPK fertilisation on the characteristics of tripiealgrains mixtures harvested.
Pea sowing density * N supply interaction was signifio@<0.02), with fodder pea, for protein content and pea content in
2014 and 2015, respectively.

Pea content Protein content Triticale protein content
(g kgDM?) (g kgDM?) (g kgDM for the cereal)
Fodder pea  Protein pea Fodder Protein Fodder Proten

2014 2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
Pea sowing density
Low 711 236 606 423 230° 149 204 176 107 121> 94 12%
Inter 756 310 667 523 240* 159 212 19¢*¢ 109 121> 97 128°
High 761 364 6768 592 242 169 215 19 11 1272 10® 13C¢
N supplies (kg hid)
0 81%¢ 328 714 537 256 163 228 191 108 122 97 126
40 719 292 666 524 232 157 212 190 111 123 97 127
80 690 290 569 478 224 158 192 185 116 124 98 129

Per factor and within each column, means quoted with diffet s uper scri pt | etters are signif

0.05.

4 Discussion and Conclusions

I n conclusi ons, these results donét support the
yield. A modulation of legume sowing dsty, even if not improving yield, allows improving pea and protein
proportion in the harvested crop, of interest to improve protein autonomy of livestock farming systems.
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1 Introduction

Inputdependent intensification and ecosystem simplification in industrialized agriculture focuses on the
maximization of only one ecosystem service: production. This singles foicyield maximization comes at

the expense of other ecosystem services, for instance, sustainable pest control. Optimizing synergies between
provisioning and norovisioning ecosystem services is difficult because often-sHdere incurred. In

highly productive agricultural systems, increases in biodiversity may incur proportionate yield losses and
vice versgGabrielet al, 2013) In this study, we investigated the potential to simultaneously improve both
agronomic and ecological outcomes of cropping systems through the implementation of various
intercropping designs. Resehrhas shown that intercropping delivers a higher yield through facilitation and
complementarity, while suppressing pest via pest habitat dilution and/or habitat provision for natural enemies
(Letourneatet al, 2011; Yuet al, 2015) Utilizing a network of crogliversification experiments across the
Netherlands, we analyzed the effect of ten intercropping designs on cabbage yield and quality with the aim
to answer two primary questions: 1) What is the effect of different intercropping designs with increasing
comgexity on cabbage leaf damage by herbivorous pests?; and 2) How does these designs affect cabbage
yield? Focusing on the spatial and genetic dimensions of crop diversification, we hypothesized that increased
system complexity via intercropping would redtive magnitude of pest damage and would, therefore, allow
organic cabbage growers to increase attainable productivity per plant.

2 Materials and Methods

This study was conducted in four organic farms in the Netherlands from May to November 2018. The
agroromic specification of the intercropping designs is summarized in talmtdbage (white cabbage
(Brassica oleraced. var. capitatg or cauliflower Brassica oleraced. var. botrytis)) was strip cropped in
alternating strips with wheafl (iticum aestivunlL.) or a gras8d clover mixture (olium multiforumL.,
Trifolium pratense.. and Trifolium repend..). In one of the designs, a wildflower strip was sown next to
the cabbage strip. The presence of flowering plants supports biological control by paradbkiboigls,its
effectiveness appears to depend on attractiveness and nectar acceygexkigrs, 2004)

Table 1.Overview of the experimental setup at the four locations with their agsodamdercropping designs, crops, sowing
dates, fertilization and pesticide application.

. . . - Cabbage planting | Fertilizer application Pesticide application
Location Intercropping design Crop association and harvest dates | for cabbage for cabbage
1. Droevendaal a. Strips/Mono (3m) a. We C(r) June 14, 2018 2025t FYM + No
0.75m (betwee) b. Strips/Substitutive b. W8 C(r) and C(c) October 31, 2018 | 2 t OPF 110-5
and 0.38m (withif) | c. Strips/Additive c. B+Ws C(r)
row distances d-f. Strips/Rotation d-f. W6 C(r)d Go Lo GO P
g. Pixel cropping g. C(r) + C(c) and/or W, R, B, P,
h. Reference (sole crop) h. C(r)
2. Broekemahoeve | a. Strips/Mono (3m) a. Wo C(n) June 14, 2018 20-25t FYM + No
0.75m (betweex) b. Strips/Substitutive b. W8 C(r) and C(c) November 18, 201| 2 t OPF 110-5
and 0.38m (withir) | c. Strips/Additive c. B+Wb8 C(r)
row distances
3. Rozendaal a. Strips/Mono (3m) a. R C(s) May 8, 2018i 30 t/ha 0.2L:500L/ha
0.50m (betweer) h. Reference (sole crop) h. C(s) October 12, 2018 | liquid manure Spinosad
and 0.40m (withip) (5.93 kg/ton N and P) | July 9, 2018
row distances
4. ERF a. Strips/Mono a. @ Chp F+G July 5, 2018 35 miha 1 kg/ha
0.75m (between) (6m, 12m, 24m) a. @ C(b)d G (sowing error) October 18, 2018 liquid manure Xentari (Bt)
and 0.50 (withir) a. Strips/Mono (24m) h. C(b) Sep 17, 2018
row distances h. Reference (48m)

1 Abbreviations:

B: broad bean\(icia fabal.) cultivar Pyramig C(b): cauliflover Brassica oleraced. var. botrytis) cultivar Balboa; C(c): cabbagBrassica oleraced. var.
capitatg cultivar Christmas Drumhead; C(r): cabbageaisica oleracea.. var. capitatg cultivar Rivera; C(s): cabbag®rassica oleracea.. var. capitatg
cultivar Storema; F: wildflower strip; G: gradso{ium multiforumL.); L: leek (Allium porrumL.); P: potato $olanum tuberosum); R: gras® clover mixture
(Lolium multiforumL., Trifolium pratenseL. andTrifolium repend.. ); W: wheat Triticum aestiumL.)

Bt: Bacillus thuringiensisFYM: farm yard manure; OPF: organic plant fertilizer
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3 Results

We quantified fresh weight and leaf damage by herbivorous pests for 476 individual cabbagaqiasgs.
experiment sites, lower herbivore damage and maintained fresh marketable weight were observed in strips
designs compared to sole crops. The presence of wildflower strips next to cabbage reduced feeding damage
by more than 50% @Fo1= 13.89,P < 0.001).No correlation was observed between herbivore damage and
marketable weightWe found a negative correlation between crop diversity and damage level per cabbage:
designs with a higher number of species and/or cultivars exhibited lower feeding d&igage 1). For

every addition of one species or cultivar, crop damage was reduced by 1£% 1B.49,P < 0.001). We

observed no clear relationship between crop diversity and fresh marketable weight per cabbage, however,
five out of seven intercroppindesigns produced total yields per area equivalent to thegaeference
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Figure 1. Relationship between crop diversity and feeding damage. The feeding damage was {tsgnsémtmed. Crop
diversity was measured by summing the nuntfespecies in the design including different cultivars (E.g. itis 1 in Reference
(sole crop), 2 in Strips/Mono and 4 in Strips/Substitutive). On each graph, two regression lines representing inclesdion (dott
line) or exclusion (solid line) of the Pixalapping design data were plotted; the respective equations are included in the graphs.
Asterisks in regression equations indicate a significant fixed effect of crop diversity. Symbol represents design.

4 Discussion and Conclusions

Our results show thatrop diversification via strip cropping can promote synergies between agronomic and
ecological aimsWhile we rejected the hypothesis that there would be a direct correlation between damage
level and attainable yield, five out of seven intercropping designe able to maintain yield per unit area.
These results provide a starting point for redesigning arable fields to enhance ecological resilience in the
transition towards more sustainable farming systems. A better understanding of crop functionality and
management needs in diverse arrangements will be relevant for such redesign.
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1 Introduction

The intensification of crop production during the recent decades came along with negative side effects such
as eutrophication of water bodies, pesticide resistances and loss oftglividrerefore the development of
resource efficient and sustainable cropping systems is required and became a focus in agricultural research.
One example is cerelgume intercropping systems that have been proposed especially due to their
complementarityin nitrogen (N) acquisition, increased crop yields and grain protein contents. This
complementarity in N acquisition, which is based on different N source use, rooting depths and temporal N
demands changes N availability throughout the growing seasoteicropping systems compared to the

sole crops, which affects weed species competitiveness. A major challenge in crop production is weed
competition which can lead to high yield losses. Most cropping systems studies regard weeds as homogenous
group but danot take into account their very divers nature. However, in which way N availability affects

di fferent weed speciesb6 accumulation of soi l and
remains unclear. We conducted a field experiment witHopelay intercrops and the respective sole crops

with and without additional N supply using the abundant weed flora to assess weed species competitiveness
for different N sources along N gradients. The two dominant weed sp€&tieappodium albunand

Galeopsis spp.are both nitrophilic but differing in their root and shoot growth response to N. We
hypothesised that the species (i) differ in their response to N availability along N gradients in the chosen
cropping systems, (ii) differ in their competition ffartilizer N in the cropping systems and (iii) show
different N source preferences.

2 Materials and Methods

The study was carried out in the context of the EU
for Ecosystem Resilience and agricuturaSu st ai nabi |l ity (DI VERSify)od. The
in 2017 in Uppsala, Sweden. Pea (cv. Ingrid) and barley (cv. Tamtam) were grown as sole crops and 50:50
intercrops without or with 90 kg Hadditional N supply in 3 replicate’SN enrich& ammoniurmitrate was

applied in micreplots within the large plots to measure fertilizer N uptake of crop and weed plants.
Aboveground biomass was sampled at crop flowering and maturity and samples were analysed on biomass,

N content and N isotope ratios

3 Results

Biomass and N accumulation ©f albumwas higher than dbaleopsis sppat both N levels and in contrast

to Galeopsis spp C.albumresponded to additional N supply with increased biomass and N accumulation.
FurtherC. albumaccumulated moreiomass and N thaBaleopsis spgn both sole crops. Consequentl,
albumaccumulated larger amounts of fertilizer N tHaaleopsis sppalthoughGaleopsis sppcovered a
higher demand of its N demand from fertilizer N. Both weed species covereddesgertions of their N
demand from fertilizer N in solerop barley, followed by the intercrop and sotep pea.

4 Discussion and Conclusions

The results show that altered N availability in intercrops and sole crops affect weed species competitiveness,
with the effects being species dependéntalbumbenefitted from increased N availability, outcompeting
the less competitiv&aleopsis sppand being a major competitor for fertilizer N in all crops.
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1 Introduction

Intercropping advantages are mainly derived from interspecific interactions, including ahdvieelow

ground complementarity, competition and facilitation. There has been extensive research on interspecific
interactions on abovground parts, but relatively limited on bel@round interactions between intercropped
species. The aim of the study was to eixanthe role of interspecific roobot interactions in overyielding

and efficient nutrient utilization of intercropping

2 Materials and Methods

We used root barriers in field experiments to determine relative contribution of-giwuwred and below

grourd interactions to faba bean/maize and wheat/maize intercropping advantage in terms of land equivalent
ratio (LER). Symbiotic Mfixation of faba bean grown alone and intercropped with maize was measured by
15N natural abundance method in field experimeRtssphorus acquisition of faba bean and maize was
investigated under pot experiments under greenhouse condition by adding sparingly soluble P (such as
AlPO4, FePQ, CaHPQ) and organic P into soils, with different intensities of interspecific-moat
interactions created with solid root barrier, nylon mesh root barrier and without root barrier between faba
bean and maize. To determine soil fertility after years of intercropping of faba bean/maize, chickpea/maize,
soybean/maize and oil rape seed/maizé,fedility parameters were determined in three kiagn field
experiments conducted initially in 2003 and 2009 in Gansu Province, Northwest China.

3 Results and Discussions

There are significant productivity advantages of faba bean/maize, chickpea/maybean/maize and
cereals/cereals (wheat/maize) intercropping. -irds for wheat/maize and all for faba bean/maize
intercropping advantages are contributed to-root interactions by using root barrier experiment under field
condition.

With regardto N complementarity utilization of faba bean/maize intercropping, maize usually has more root
competitivenesgto soil mineral nitrogen than faba bean daedleads to reduction in soil mineral nitrogen

thus facilitaing nodulation and symbiotic Nixation of faba beafFigure 1) Intercropped maize caused a
two-fold increase in exudation of flavonoids (signaling compounds for rhizobia) in the systems. Roots of
faba bean treated with maize root exudates exhibited an immedifaéd lidicrease in thexgression of
chalconeflavanone isomerase (involved in flavonoid synthesis) gene, together with a significantly increased
expression of genes mediating nodulation and auxin resgeneell asup-regulation of key nodulation
genes such as ENOD98hich promoted nitrogen fixatiomfter 35 days (1).

Throughgreenhouse experiments, we found that the interspecific rhizosphere effect significantly increased
P uptake by maize on average for all P sources, compared to uptake without a rhizosphere effemtu®hosph
uptake by maize with a rhizosphere connection (mesh barrier) was 30% greater than that without an
interspecific rhizosphere connection (solid barrier) for pots without any P addition, 116% greater for pots
with Fe-P addition, 56.1% greater for potsthvAl-P and 12% greater for pots with-BaAs shown in Figure

3, the mechanisms underlying enhanced P acquisition by intercropping include (1) rhizosphere acidification
by P-efficient species resulted in a pH decrease in the rhizosphere, which incteasaditability of
insoluble inorganic P in soil, such as FeR@d AIPQ; (2) carboxylates from root exudation of P mobilizing
species chelated Ca, Fe, and Al, consequently mobilized insoluble soil P, which will benefit the species and
other species growtogether with it; (3) greater phosphatase activity in the rhizosphere decomposed soil
organic P into an inorganic form, which can be used by both species, such ashidigega and maize
chickpea?2, 3.
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1 Introduction

Overexpoitation of natural resources, increasing population and imate charge al have animportant impact
on agriculture and soil corservation. Crop dversity, organic farming andin particular intercropping are
presented as practical appli cationsthat maintain biodiversity and enharece ecosystem services while having
the potential to redwe chemical inputs.

In Span there is anincreasing demandof organic grain legumesfor human consumption andbread making
whed; however, farmers have difficultiesin producing these crops due,on the onehand to the dfficulties
in reaching sufficient protein in wheat and, on the other hand, to lodging, weedsand dseases pressure
in legumes. ReMIX is a H2020 pojectthat will expoit the benefits of speciesmixtures to design more
diversified and resilient croppng systems, which are less dependet on exerna inpus andwith alower
ervironmertal impact. Grain legume-wheatmixtures are one of the speciesmixtures testedin ReMIX.

2 Materialsand Methods

The effeds of wheat density andsowing pdternsin intercrops ae being evaluated in an aganic field trial
established in Mendigorria (Navarra, Spain) during the 2019 season. Micro-plots of 12n? were sown on
January 18" 2019 using the variables described bdow (Table 1) and using four replicates.

Table 1. Mono or intercrops sown, crop variety, percentage and seeds dendty of intercrops and sowing pattern (hnumber
of rows) in each treatment

Crop

Variety

Percertage of crop (seedym?)

Number of rows

Wheat Chickpea Lertil
Wheat(sole) Bonpain 100% (500) - - 8
Chickpea(sole) Garabito - 100% (50) - 8
Wheat+ Chickpea Bonpain+ Gaabito 50% (250) 100% (50) - 8
Wheat+ Chickpea Bonpain+ Gaabito 30% (150) 1007 (50) - 8
Lentil (sole) Guarefia - 100% (200) 8
Wheat+ Lentil Bonpain+ Guarefia 30% (150) 100% (200) 8
Wheat+ Lentil Bonpain+ Guarefia 16% (80) 100% (200) 8
Wheat(sole) Bonpain 100 (500) - 3
Chickpea(sole) Garabito - 100% (50) - 3
Wheat+ Chickpea Bonpain+ Gaabito 50% (250) 100% (50) - 3
Wheat+ Chickpea Bonpain+ Gaabito 30% (150) 100% (50) - 3
Lentil (sole) Guarefia - 100% (200) 3
Wheat+ Lentil Bonpain+ Guarefia 30% (150) 100% (200) 3
Wheat+ Lentil Bonpain + Guarefia 16% (80) 100% (200) 3
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For assessing the incidence of foliar and root diseases 5 plants per crop were randamly chosen in every
micro-plot andrepetition in two differentdaes. Fdiar diseasesof cereals were asessdin the three latest
leavesfully developed, whereasin legumes, four leaves, two below and two above the first flower, were
evaluaed. Foliar diseasesevaluation was peformed determining the number of leaveswith asign of disease
(frequengy), andin thesame leaves, by daermining the percertage of the visible aeaaffected by the disease
(severity). Foot diseases were evaluated, determining the percentage of affeded feet (frequengy) and,
visudly, the percentage of the affected stem asessing the damage in four categories. 0-25%, 25-50%,
50-75% and 75-100% (severity) in whed, and using a scde from zero (no symptoms of disease) to eight
(deadplant) in legumes.

In orderto evaluate weedsthreerandomsampli ngs were performedto countthe numberandspeciesof weeds

located in a 0.1m2 area. As wedling was peformed using two different tools, dependng on the sowing
patern, data collection was carried out maximum five days before and between ten and fourteen days
afterweeding. Weedngwaspeformedusing afl exible spike-tooth harrow in orderto redwe weedsin micro-
plotsthat were sown in eight rows. Aninter-row cutivator wasusedin micro- plots sown in threerowswhen
the crop reachedthe appropriate pherological developmentstage.

The height of the plants will be evaluated at the end of the crop cycle, whereas yield and nitrogen
contentin wheatgrain will be assessed after harvesting.

3 Results

In order to compare the different treatmerts and the efficacy of the weeding todls, the number of weeds
was evaluated before and dter weading. Preliminary results indicate that no dif ferenaes were foundbetween

sole crops and intercrops in the number of weedswhen crops were sown at eight rows. However, when
crops were sown at three rows, weedswere reduced by 30% as an average inintercropsascompared

to sole crops. After weeding the number of weedswas rediwced by 27% and 63%n treatmerts sown at
eight andthreerows respectively, The plantghe most aff ected by weeding weré\nagdlis avensis with a
reduction of 85%, Lactuca vrosa (69%), Snapis arversis (68%), Chenopaium album (60%) and

Pdygonumaviculare (58%).

Diseasesdata are being cdl ected at this time, whereasdata of height, yield and nitrogen cortentin wheat
grain will becollected and aalyzed uporharvest.

4 Discussion and Conclusions

Intercropping, species mixtures, associated crops or fplant teamsd are defined as simultaneous crops
cultivated in thesame areafor alongperiod of time. Spedesmixtures, specificaly grain legumesfor human
cormsumption and breadmaking whed, coud be a useful tool in organic farming compared to the use of
these species in monocutures, as they can contribute to erhance crop productivity (Bedowssacetal.,
2015), breadmaking quaity of wheat, and rediction of weeds anddiseasespresaure (Zangetal., 2019). In
organic farming intercrops have specia interest due to the limitationsin the wse of chemical inputs. Yield
advartagesin intercrops occur when components compete partialy for the same growth resource. In this
respect, legume-cereal mixtures have advartages due to nitrogenfixation of legumesfromtheair resulting
in higher soil nitrogen available to ceredls. In summary, the greder resilience of the spedes mixtures to
biotic and abiotic stress can potertially reduce fossil eneggy use and improve ecosystem services,
increasing, in turn, yield and stability of these arable aops.
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Spatial and temporal variability of interactions in pea-oats mixed cropping on
field-scale: Yield stability and nutrient use
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1 Introduction

Cerealgrain legume mixtures have the potential to increase yield and cereal grain protein concentration and
stabilise yields compared to sole cropping, particuladigvnnitrogen (N) input systems and organic farming

where N is often a limiting resource (Bedoussal, 2015) . Fraay mawe ra khigh hdterrogenaitys
in soil characteristics (e.g. nutrients, texture, moisture content) which influences spptaberth and yield
potential. According to the principledfEc ol ogi c al Precision Farmingo, ini

can naturally adapt on a very small scale to a given heterogeneity resulting in higher yield stability, given the
complementaryise of resources, e.g. for N in cerlsgjume mixtures (Jensemal, 2015).

Withinthe EUH2 020 proj ect A Re Ml X oelegune hixtsres todal peteeogeneitynis o f  C ¢
investigated on a pezats mixture grown in Germany and Sweden. The imgiotheses are:
- Mixtures are able to adapt to heterogeneity more efficiently than their respective sole crops by
supressing weeds and producing higher and more stable yields.

- Mixtures use nitrogen more efficiently and oats achieve a higher grain protgént

- In mixtures, species can be differentiated by rermetesing and their relative canopy cover can be
determined.

2 Materials and Methods

Field design: SLU (Sweden) and UHOH (Germany) have beéewsloping and aligning a twygear (2018

2019) andwo-s i t e experi ment, in relation to field selec
conditions, fields with a considerable gradient in slope were chosen as a first indicator for heterogeneity in

soil characteristics across the field. Fielzesivas 1.4 ha in Germany. In 2018, sole and mixed crops of pea

and oats were sown in replicated, parallel strips along the slope of the field. Sowing ratio in mixture was 50

% of oats sole crop (160 seed3)mand 75 % of pea sole crop (60 seed3.m

Soil heterogeneity: Preliminary experiments showed a significant correlation between electromagnetic
conductivity (EC, measured with EM38, Geonics, Canada) and soitofggnt as indicator for possible
heterogeneity, e.g. in soil water availability. In 20E& was measured across the field showing a large
heterogeneity. Further soil analyses include e.g. mineral nitrogen, phosphate, pH, water content, and soil
compaction.

Species differentiation: For determination of the canopy cover of each species lwathiixture, a remote
sensing method is developed to separate species based on images taken with a drone covering the entire field.

Yield determination: At maturity, 120 above ground samples (1 m2) were taken across the field for the three

cropping systemand separated into respective crops and weeds, and the dry weight of grain and straw was

determined. Parameters of crops (e.g. thousand kernel weight and grain protein concentration) and soil (e.g.
mineral nitrogen, phosphorus) will be measured in staatpkes after yield analysis.

3 Results

In intercropping (IC), mean oat grain yield was 3999 k§dwmnpared to 5328 kg Han oats sole crop (SC)
stripes, although oats cropmkity was only 50 % in IC (Figudg. Pea grains yielded 3400 kg'tia SC and

only 891 kg hain IC. In IC, oats developed 36 % more shoots with panicles and peas #ateds pods

per plant meanwhile thousand kernel weight did not change significantly. Yield variation was high for pea
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in IC, medium for pea in SC and most séafdr oats and total IC yield. Although there was no weed control,
only little amount of weed biomass was found in oatsa8@ |G meanwhile SC pehad a considerable
higher weed biomag$igure 2). Differences inEC did not explain the variability in yid| tested for each
cropping system
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Figure 1. Grain yield of different cropping systems, hand  Figure 2. Dry matter of weeds biomass at crop maturity
harvested at UHOH in 2018. Bars headed with same cap at UHOH in 2018. Bars headed with same capital letters

letters are not significantly different (p<0.05)r&rbars are not significantly different (p<0.001). Data was-log
indicate standard error (n=120). CV is Coefficient of transformed fosignificance analysis. Error bars indicate
Variation. standard error (n=120).

4 Discussion and Outlook

Oats are very plastic in tillering and thus have a high competitive potential (Saetredit013). Already

15 % oats in an intercropping with legumes can be sufficienalfatre weed soil cover (Kimpétreund,

1999). Thus, oats were also supressing the pea in this experiment, resulting in lower pod production and
yield. The higher yield stability in intercrops can be affiliated to the compensation potential of mixture
parners, in this experiment especially of oats.

The relation of EC to yield showed a significant correlation in heterogeneous fields, but in many cases
additional specific field information is necessary to explain the relationship in detail (FraEs€001).

For further analysis of the variability, stored soil samples will be analysed (e.g. nutrients, clay content and
pH) and specific information like elevation and soil compaction will be considered.
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To mix or not to mix? Working on crop diversification in the silage maize
dominated landscape in the Netherlands

F. Cuperus, W. Sukkel*!, H. Huiting?, G. RaaphorstTravaille?, L. van Run®, M. Wesselink

1 Wageningen University & Research (WUR), department Field Crops 8219PH Lelystad, the Netherlands
2Nordic Maize breeding (NMB), 8520AA Sint Nicolaasga, the Netherlands
3LVR zaden (LVR) 8309 RG Tollebeek, the Netherlands

z Presenter
+ Corresponding authofogelina.cuperyst]wur.nl

1 Introduction

Roughage for Dutch dairy farms is dominantly produced by maize and (semi) permanent grassland. Silage
maize production plays a centralgdh the Dutch arable agricultural landscape. On about 205,000 hectares
silage maize (2018) is grown, making it the largest arable crop in the Netherlands (40% of the Dutch arable
land, 11% of the Dutch agricultural land). The silage maize cropping systelominated by maize
continuous monoculturesthe dominant cropping system of maize monocultures, and its subsequent
management practices results in unwanted negative effects on the environment and thereby on production
levels. Soil quality is graduallyetreasing (negative impact on soil structure, increased risk on compaction,
negative OM balance), runoff and leaching of nutrients and pesticides is threatening groundwater quality,
(above and belowground) biodiversity is under pressure and the prodofcéamissions like nitrous oxide

cause serious threats to the environment. Moreover, experts estimate that the production level of silage maize
is about 15% lower than the potential production [a].This is potentially caused by the suboptimal soil quality
(e.g. soil organic matter (OM) breakdown, compaction), presence of diseases, pests and weeds; the
inadequate application of cultivation techniques and legal limitations in fertilization rates [b].

The five-year EU project DiverIMPACTS will link its goal$o(achieve the full potential of diversification

of cropping systems for improved productivity, delivery of ecosystem services and reffiziere and
sustainable value chaihto the existing Dutch mutstakeholder programs on roughage production aihd so
quality. Via a system approach, Wageningen University & Research (WUR) poses alternative cropping
strategies in DiverIMPACTS, with a central role for crop diversification of maize monocultures in time and
space, through an integrated effort of caseystuatk and field experiments combined with demonstration
plots, breeding & smart innovation in machinery use by their partners, Nordic Maize breeding (NMB) and
Laurens van Run Zaden (LVR). In this paper we present the integrated work of WUR, NMB and@WR in
field experiment and demonstration plots.

2 Materials and Methods

The field experiment takes place on a conventional experimental farm of Wageningen University & Research
near Lelystad, Flevoland. The long term field trial was established in 2089 aim of researching
sustainable silage maize crop production management practices, with the focus on soil tillage, weed control
and cover crop strategies. Since spring 2018 the objectives of DiverIMPACTS are weaved into this existing
long term fieldtrial. One existing treatment and two specially added treatments for DiverIMPACTS are of
specific interest to the DiverIMPACTS project. The treatments consist of (a) maize monoculture with a winter
fodder crop, (b) sorghum monoculture with a winter foddep and (c) maizeorghum intercrop with a

winter fodder crop. From spring 2019, treatments with raainaer beans mixed crop (d) and maize and
flower strips (e) have been added. The treatments are compared to the reference system in the region,
consistng of continuous maize monocultures without a winter crop. Together, the five treatments explore the
potentials of crop diversification in time and space. The three treatments explored in 2018, where chosen
based on the combination of factors like: inted®own by farmers for certain crop diversity strategies,
interest of farmers for a second fodder cash crop in their rotation (sorghum) and the potential benefits of
adding sorghum to the system, in terms of ecological benefits. Sorghum could contritheectorent
challenges of the silage maize cropping system, by improving the OM content of the soll, its deep rooting
properties- valuable in the battle against soil compactiand its expected reduced vulnerability against
drought, fungi and maize steborer QOstrinia nubilalig. Dutch farmers and research organisations see both
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drought and damage by the maize stem borer as biggest threat for the silage maize system in the next 10

years.
Besides the field experiment, two-éarm demos are performed2018 and will be performed the upcoming

years. The demos have been designed by NMB, a breeding company focussing on short season maize

cultivars and LVR, a seed producer specialized in roughage crops such as early maize varieties and winter
peas. Thedenms t r ati on pl ot € xper v eme a,inavhichgany arap ddnbinations

can be scr eendishnggiobndy $ear whiah @odential treat ment

tested in field experiments.

3 Discussion and Conclsions

Tradeoffs between ecological benefits and economic and agronomical challenges of diversified silage maize
systems will occur. Doublecroppirgystems can be a sustainable form of gmption and may be very
profitable. When really early (ultra égr varieties of silage maize are used, maize can be planted later or
harvested earlier. Ultra early maize varieties enable farmers to harvest one or even two cuts of grass silage
or otherwinter fodder crops, with a harvest in springfore planting maizeAfter an ultraearly maize

harvest, planting crops like grasiever, winter rapeseed or a mixture of winter ceiiealinter peas is
possible. The growth of a winter crop which is harvested in spring, opens opportunities for a herbicide free
maize cultiation. However, combining a winter crop and a herbicide free maize cultivation meets challenges

in the management. Success and failure of the maize crop, lie close together and depend on the chosen

combination of a winter crop, the sowing system and manageof the maize crop [c]. Opportunities are
there too, e.g. the potentials of strip cultivation in the stubble of the winter crop, where the regrowth facilitates
a micro climate for the emerging maize plants. The use of interrow mulchers have thalpmehtlp)

control both the regrowth of the winterstubble and weeds. Mulched particles will also suppressyintra
weed growth. This approach is expected to stimulate biodiversity and reduce soil erosion. The potentially
improved soil quality might deler positive feedback loops towards the system and deliver increased and
stable production | evel s.l otuleablesnnaged parrheseressthe first| |
years, when soil quality has not yet been restored.

Additional added valuand functionality of intercropping systems may be explored by specific combinations
of intrarow partner crops and inteow cover cropsExamples of these are e.g. antagonistic effects by
allelopathy for wireworm and nematodes management. Symbiotidseffexy exist on Mixation and P

mining and release for uptake of plants. Biodiversity will be improved by usingfllmmgring period cover

crops. Local protein production will be promoted by imvev cropping of maize with beans. Above
mentioned oppornities and challenges will require innovative mechanisation systems (e.g. robotica),
specific adaptive plant breeding efforts, matching main crop on side crops for e.g. water, light and nutrient
requirements and a mindset release of the dependency dfitiestand pesticides.
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1 Introduction

Intensive sunflower production is mainly focused on increasing seed yield, but less importance is given to
soil properties, potential esystem services and resources conservation. This practice can cause the reduction
in organic matter content in the soil, loss of soil fertility, increased erosion, as well as pollution of ground
waters. Hence, it is necessary to introduce alternativeigeacsuch as intercropping that has raised much
attention because it could improve agriculture production for many crops. Previous research has shown that
it is best to combine two crops, including one friéaibaceadamily. Plants from this family have¢tability

to create a large amount of abay®und mass, strong root systems with high absorption power, ability to
adapt to shady conditions, suppressive effect on weeds and the ability to fix atmospheric nitrogen and provide
nitrogen for other plant spies that are intercrgged with (de la Fuente et al., 2014). Commonly intercropped

with legumes are crops fro@Poaceaefamily, whereas the combination of sunflower with legumes is
relatively rare. The reason for this may be that in earlier period there were no hybrids tolerant to different
diseases and pests. However, today thegqustifiable reasons for slging combinations of sunflower and

the most important legumes. The goal of this research is to analyze and recommend sustainable technology
of sunflower cultivation in intercropping systems and select the legumes most suitable for intercropping with
sunflower, aiming to increase productivity per unit area. The assumption is that intercropping of red clover
and alfalfa with sunflower will give similar results.

2 Materials and Methods

For the purpose of our study, field experiment was set up with three sighradinflower (Dukat, Rimi PR

and NS Gricko) intercropped with three types of legur¥@sd satival., Medicago sativd.., andTrifolium
pratense..), whereas sole cropping of sunflower hybrids was used as the control. Fieawiial was set

up on tle experimental field of the Institute of Field and Vegetable Crops, Novi Sad (45°20'32.2"N
19°51'42.8"E) as a random block system in 4 repetitions. Hybrids of sunflower were sown as main crop at
first half of April at 24 x 70 cm, while the legumes were s@day before. The research was carried out in
production years 2017 and 2018, and the preceding crop was sorghum. The trial comparedttbé ef
intercropping on productive properties of main crop (number of full seeds of per head and seed yield per
hectare). Data were processed in the statistical software SPSS usingiyvemalysis of variance, with the
hybrids and legumes as factors.

3 Results

The results indicated a significant contribution of hybrids (F= 437.98 659.89), legumes (F=
50.62"; F=20.95"), and their interaction (F=11.01F=12.42") on the dependent variables, both for 2017
and 2018, respectively. Analysis of variance was carried out for each hybrid individually in order to
determine which hybrid had the best performance thighlegumes. In 2017 and 2018tdst established
significant differences for both variables in hybrid NS Gricko (Table 1. and 2.). Hybrid NS Gricko had the
highest seed yield per hectare in sole cropping in 2017 and 2018, while seed yield per hetharbiglaest

when intercropped with red clover compared to other legumes (Table 1. ante2t)fd¥ hybrid Rimi PR,
carried out in 2017, showed significant differences for both variables (Table 1.). This hybrid had the highest
seed yield per hectane sole cropping, and when intercropped with red clover (Table 1.). In 2018, significant
differences were established by théeBt for the number of full seeds per head, and seed yield per hectare
(Table 2). Rimi PR had the highest seed yieldtpmatarein sole cropping, and when it was intercropped

Session 10New inter and stripcropping: crop and

. 174
ecological performances



DiverlMPACTS
‘ European Conference
on Crop Diversification
~ . ~ ; september 18-21, 2019
4 101 G2 daenksHtS 2F /2y Budapest, Hungary

with alfalfa (Table 2.). Rest for hybrid Dukat, conducted in 2017 and 2018 established significant
differences in number of full seeds per head, and seed yield per hectare (Table 1. and 2.). This hibrid had
highest seed yield per hectare in sole cropping in both years, and when intercropped with alfalfa (Table 1.
and 2.).

Table 1.The influence of legumes on hybrids in 2017

NS Gricko Dukat Rimi PR
NFSH SY NFSH SY NFSH SY
Common vetch 74454 2.61 133364 2.14 1395.43 2.38
Red clover 977.70 3.43 1536.24 2.54 1915.26 2.97
Alfalfa 948.06 3.27 1541.54 2.68 1785.31 2.94
Sole cropping 1059.63 | 4.00 1900.64 3.15 2063.30 3.31
F-test 43.33 4.16" 69.27 13.37" 126.50" 11.53"

NFSH- number of full seeslper headSY - seed yield per hectare;
Values represent means of each variable,< 0.01

Table 2. The influence of legumes on hybrids in 2018

NS Gricko Dukat Rimi PR
NFSH SY NFSH SY NFSH SY
Common vetch 925.66 3.58 1220.39 1.93 1424.39 2.49
Red clover 975.92 3.75 1530.15 1.90 1648.14 2.65
Alfalfa 956.54 3.68 997.91 2.06 1639.09 2.70
Sole cropping 1046.03 3.95 1638.75 2.58 1794.76 2.92
F-test 6.04" 4,05" 53.30" 5.1931 28.52 6.6931"

NFSH- number of full seeds per hedsly - seed yieldper hectare;
Values represent means of each variable,< 0.01

4 Discussion and Conclusions

The results of interactions in 2017 and 2018 showed that the influence of legumes on all three tested hybrids
is evident. Hybrid Dukat had the lowest seeddyjer hectare overall, which was to be expected given that

this is a short vegetation hybrid. The investigated years differed considerably in terms of precipitation and
temperature during the vegetation period but for the most sunflower hybrid clean pattsuitable
combination emerge. The lack in precipitation in the period of legume emergence mostly affected red clover.
The twoyear research showed that intercropping sunflower hybrids with common vetch results in the lowest
seed yield per hectare coarpd to other legumes, most probably because of the strong competition for abiotic
resources. Hybrids intercropped with red clover and alfalfa behaved differently in relation to the given
weather conditions. According to MarfBuay et al., (2018) indivical yield of intercropped crops can be
smaller compared to sole crops, which is in agreement with our results, but their cumulative yield is higher.
Also the safety of production is higher because unfavorable conditions can affect om@@dpan other.

Hence, it can beoncluded that intercropping is economically more -effgtctive than sole cropping.
Furthermore, after harvesting the sunflower, red clover and alfalfa can remain as already established crops
for next years animal feed production. Aletabove mentioned points to the need for a more detailed study

of sunflower cultivation technology through the intercropping system. The problems of intensive agriculture
must be gradually resolved and intercropping is the system that meets the dersastisratble agriculture.
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1 Introduction

Monocropping, a common agricultural practice in Europe, has its main focus on the delivery of provisional
services by land: the production of food, fodder and fiber. Other ecosg&®fices such as cultural,
supportive and regulative services are often poorly sustained. As monocultures lack diversity, pests and
diseases spread explosively as there is an abundance of host plants. Factors which hamper crop productivity
may result inhie application of fertilizer, herbicide and pesticide to increase crop yields. The application of
agrochemicals has however severe consequences for the environment and human health. There is an urgent
need to develop sustainable agricultural systems gshpport valuable ecosystem services such as
biodiversity and soil qualityhilst sustaining a fair agricultural income for farméngercropping may pose

a solution to these challenges as it benefits from the delivery of a wide range of supportive latideregu
services.

The fouryear EU project ReMIX aims to exploit the benefits of species mixtures to design diversified and
resilient agreecological arable cropping systems less dependent on external inputs. Therewith contributing
to the redesign of Europe cropping systems. Within ReMIX, Wageningen University and Research
conducts several field trials on the relationship between species mixtures and aboveground biodiversity and
the combining ability of plant varieties in species mixtures. Here we preserfindings of the 2017
stripcropping field trial on pesand disease suppression and agronomical performance.

2 Materials and methods

In an organic field tri alsunmativusgd ndl i epgr idmy Wwkeaat av a reit
(Triticum aestivumas sole crop (monoculture) and in mixture: alternating pea and wheat strips with different
widths; 0.25m, 0.5m, 1.5m, 3m and 6m. Wheat was sown in densities of 350 seeds/m2, while pea was sown

in densities of 50 seeds/ma.the 1.5m, 3m anfim strip widths, pea and wheat were fertilized separately,

30 kg N and 100 kg N respectively. Strip widths 0.25m and 0.5m were fertilized with 50% of the N
requirements of spring wheat + 30 kg N/ha to support the initial grow of the pea; in total 80akg h

fields were fertilized with feather meal, which has a fast releasing nitrogen effect and an NPK composition

of 11-0-0. The experiment was conducted in 2017 on an experimental plot of 1.1 ha on a loamy soil in
Lelystad, the Netherlands.

The following pests and diseases were monitored: mildew, sepsajdo(ia tritici blotch), rust, russian

wheat aphidsiiuraphis noxig, bird cherry aphidsRhopalosiphum padijose grain aphid$/etopolophium
dirhodun) and pea aphidsAtyrthosiphon pisuin Naturd enemies for aphids were also monitored and
scored. Agronomical performance indicators included leaf chlorophyll content during the final four weeks of
the growing season and plant biomass distribution after harvest, as well as nitrogen content ghimkeat g

and pea seeds. The advantage of intercropping compared to monoculture was determined by the Land
Equivalent Ratio (LER); the ratio of the area under large scale references to the area under intercropping
needed to give equal amounts of yield at #tmaes management level.

3 Results

Results show that intercropping significantly decreased aphid abundance in pea compared to monoculture
pea. No significant difference was observed in the number of natural enemies between different strip widths
and monoculire pea. Epigeal natural enemies were however not monitored in this study. Epigeal populations
might have been higher in strips explaining the decreased presence of pea aphid. In wheat, no significant
differences in number of aphids and natural enemies f@end, neither in presence of mildew, septoria and

rust.

Yield of wheat grain was significantly higher in intercropping than in monocropping. The highest yield was
found in the smallest strips, 0.25m and 0.5m, where a higher number of seeds per pdaninanehsed
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number of tillers were counted. Pea seed yield was significantly lower in the smallest, 0.25m and 0.5m, strips
than in wider strips. The highest yield was found in the widest strip, 6m, which was significantly higher than
in monocrop. Due tahe difference in fertilization between the smallest, 0.25m and 0.5m, and the wider
strips, yield differences between strips cannot be directly related to configuration. Nonetheless, total nitrogen
use efficiency (%) was significantly higher for all thepstvidths compared to the monoculture and all strip
widths had a LER>1, indicating a parea advantage to intercropping compared to monoculture. Although
often related to weed suppression, these advantages could not be linked to weeds in this sketysBigtsv

there was no significant difference in LER, indicating that the strip width is not of importance to increasing
LER. Considering the differences in yields between strips widths for pea and wheat, the choice of strip width
seems to depend on thigjective of the grower.

4 Discussion and Conclusions

Although results seem promising and provide a starting point for the redesign of European cropping systems,
more research is needed in order to further unravel and confirm the relations found. Besidésesing

our knowledge on mechanisms and performance of intercropping systems, the need for technological
innovation to allow for successful implementation by farmers should not be underestimated. Namely, the use
of small strips poses technological Bages for implementation and plays therefore a pivotal role in the
transition of European agriculture to more resilient segological arable cropping systems.
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SESSION11. PERFORMANCES OF DIVER SIFIED AGROFORESTRY
SYSTEMS

Due to the withdrawal ofsne authors, the presentations that were initially allocated to Session 11
were reallocated to other sessions. Session 11 was thus cancelled

1 How to reconcile shoiterm and longerm objectives in agroforestry systétsn application
of viability theory to mixed horticultural systems

Speaker: Raphaél Paut, INRA, France

4 reallocated tasESSION. DIVERSIFICATION BENBFS THEIR ECONOMIC VALE AND CARRYOVER EFFECTS
1 Does crop diversification ensure mixed cropping systems health?

Speaker: Marc Tchamitchian, INRA, France

4 reallocated tGESSIONS. CROPPING SYSTEM DIVEREICATION TO SUPPORBIOCONTROL
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SESSION12. BREEDING FOR INTRASPE CIFIC DIVERSITY

Chairs:Jorg Peter Baresel (Technical University of Munich, Germany)
Maria Finckh (University of Kassel, Germany)

ORAL PRESENTATIONS

1 Innovative approaches to optirai genetic diversity in wheat for sustainable farming systems
of the future (INSUSFAR)
Speaker: Odette Weedon, University of Kassel, Germany

1 Information system ROBUSTUM for diversity breeding
Speaker: LorenBulow, JKI, Germany

9 Production risk in organic winter wheat cultivatioheterogeneous populations vs. pure line
varieties
Speaker: Torsten Siegmeier, University of Kassel, Germany

1 Economic performance of organic winter wheat production with composite cross populations
Speaker: Torsten Siegmeier, University of Kassel, Germany

1 Performance, diversity and stability of popidatvarieties developed within a wheat
participatory breeding program in France
Speaker: Gaélle van Frank, INRA, France

1 Yield stability and yield variability of diverse wheat populations to #ded intrasite
heterogeneity
Speaker: Robert Oliver Simon, Technical University of Munich, Germany

POSTERS

1 Agronomic performance of 200 winter wheat lines selected from a Composite Cross
Population (CCP) in a lownput system
Presenter: Jelena Banovi -G i | gUniversity of Kassel, Germany

1 Evaluating and selecting root traits in wheat in a hydroponic system for adaptation to organic
farming
Presenter: Johannes Timaeus, Universi Kassel, Germany

i1 Evaluation of the impact of wheat/rye translocation on the stability of wheat doubled haploids
in different environments
Presenter: Zygmunt Kaczmarek, IPG PAS, Poland

1 Yield potential of heterogeneous wheat populations under differing fertilizer regimes in an
organic system
Presenter: Odette Weedon, University of Kassel, Germany

1 Heterogeneous wheat pdgtions as a viable alternative to commercial varieties under organic
management
Presenter: Odette Weedon, University of Kassel, Germany

1 White lupin Cupinus albud..) with increased fat and reduced alkaloidstent
Presenter: Wojciech Rybi GKki, I PG PAS, Pol anc
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1 Nitrogen and phosphorus use efficiency in the recombima&eafia<normal leaf] lines of a
mapping population of field pe®isum sativunt..)
Presenter: MagdalensaGvg ows ka, | PG PAS, Pol and

1 Opportunities of diversification of the cereal centric organic farm system with soybean
production in Hungary
Presenter: Eva Hunyadi Borbélyné, OMKi, Hungary

1 Biotechnological approach to creation of new pea cultivars with target features
Presenter: Tadeusz Adamski, IPG PAS, Poland

1 Association analysis of phenotypic traits inestéd and propagated lines derived from
different winter wheat composite cross populations
PresenterDominic Dennenmoser, University of Kassel, Germany

i1 Forage potential of small grain cereals and mixtures in argamiculture
PresenterMaria Megyeri, Hungarian Academy of Sciences, Hungary

1 Performance of bulk populations of wheat compared with commercial cultivars
PresenterJorg Peter Baresel, Technical University of N Germany

9 Stability of bulk populations of wheat compared with commercial cultivars
Presenter: Jorg Peter Baresel, Technical University of Munich, Germany

9 Intrinsic diversity enhances productivity and disease tolerance in bulk populations of wheat
PresenterJorg Peter Baresel, Technical University of Munich, Germany

i Yield and quality of recently generated wheat populat@mspared with their parents and
mixtures
PresenterJorg Peter Baresel, Technical University of Munich, Germany

1 A simple and effective method for estimating competitive ability of wheat varieties
PresenterJorg Peter Basel, Technical University of Munich, Germany

1 Differences in breeding progress in winter wheat between conventional and organic farming in
Germany
PresenterSamuel Knapp, Technical University of Munich, Gergnan

1 Network for the dynamic management of winter barley genetic resources
Presentert.orenz Bilow, JKI, Germany

1 ECOBREED- Increasing the efficiency and competitiveness of mwiggarop breeding

PresentervV | adi mi r Megl i |, KI'S, Sloveni a

91 Nutritional characteristics of common buckwhegdopyrum esculentuiiéench) genetic
resources
Presentet ovr o Sinkovi |, KIS, Sl oveni a

i1 Harnessing crop diversity of common bean to preserve its nutritional quality under a changing
climate
Presenter: Marta Vasconcelos, Universidade Catolica Portuguesa, Portugal

1 Greenhouse gas emissions of diverse wheat populations vs. varieties
Presenter: Robert Oliver Simon, Technical University of Munich, Germany

1 Onfarm winter wheat variety trials in organic farming
PresenterMihaly Foldi, OMKi, Hungary
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Innovative Approaches to Optimize Genetic Diversity in Wheat for Sustainable
Farming Systems of the Future (INSUSFAR)

Odette Weedon*!, Jorg Peter Baresel**, Gunter Backes?, Jel en a -GB &jilbrera v i |
Bulow?, Lothar Frese?, Vijaya Bhaskar A.V. 1, Maria R. Finckh !, Samuel Knapp*, Detlev Moller
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2 University of Kassel, Faculty of Organic Agricultural Sciences, Department of Organic Plant Breeding and
Agrobiodiversity, Nordbahnhofstr. 1a, Witzenhausen, 37213, Germany.
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Quedlinburg, Germany

4 Technical University of Munich, Chair of Plant Nutrition, EfRlahmanStr. 2, 85350 Freising, Germany.
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Witzenhausen, 37213, Germany.

8 Technical University of Munich, Chair for Organic Agriculture and Agronomy, LiBsglkmannrStr. 2, 85354
Freising, Germany.
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1 Introduction

More frequent occurrences of extreme weather conditions jeopardize agricultural sustainability. Additional
challenges arise through the need to limit future use of fertilizers, plest&ind herbicides in order to reduce
environmental impacts and energy use. Therefore, breeding goals need to include tolerance towards
numerous abiotic and biotic stresses. Most breeding approaches aim to identify relevant stress factors and
select singlepreferably monogenetic traits conferring resistances or tolerances, while continuing to improve
overall yield. However, due to the higher variability of environmental conditions, an alternative strategy such
as the increasing of intraspecific diversisydf interest. The INSUSFAR project assesses the potential of
highly diversified plant material based on multiparental wheat bulk populations for its potential to enhance
the sustainability and resilience of future cropping systems.

2 Materials and Methods

INSUSFAR comprises of (a) a metaalysis of the official wheat variety trials in Germany in order to assess
the role of plant breeding in the development of yield and yield stability, (b) testing wheat populations with
different genetic backgrounds aenblutionary histories in multiple environments, and (c) assessing stability
in time and evolutionary changes of populations under different conditions.

3 Results

The variety trial data revealed that since the year 2000, wheat yield levels have stagdgiett stability
declined dramatically. Also, there was a notable difference between organic and conventional testing
environments with the genetic gain being higher in more favourable environments. Many of the recently
released varieties, though haviaghigher yield potential, reacted with stronger yield decrease in less
favourable conditions indicating that high yield potential and tolerance towards a broad range of stress factors
are difficult to combine in single genotypes.

Wheat composite cross pgptions with modern genetic backgrounds yielded as well as commercial varieties
with comparable grain protein content. Regardless of the stability index used, yield stability and stability of
protein content were always higher in populations than inlpweeultivars, confirming our hypothesis that
breeding for diversity is a valuable strategy to enhance the resilience of cropping systems. Root analyses
under hydroponic conditions revealed a continuous evolution towards higher seminal root lengtmgsseed

from organically maintained populations compared to populations maintained under conventional conditions,
pointing to the effects of the different forms and spatial distribution of nutrients available in the two farming
systems. This demonstrates gwential of populations to adapt to certain environments.
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4 Discussion and Conclusions

We conclude that populations with a complex genetic structure can compete with line varieties concerning
yield and quality, but have a better buffering capacity towardiironmental stresses, making populations a
valuable addition to commercial varieties in order to cope with changing climate conditions.
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1 Introduction

Success of diversity breeding also depends on a consistent documentation of the breeding material used
and generatedn contrast to classical breeding based on clearlynddfuniform varieties and lines,
reliable recording of the plant material usedliversity breedings much more challenging as it deals

with highly heterogeneous mixtures, landraces and populafanexample, the INSUSFAR project

aims at analyzing theffects of biodiversity within winter wheat and winter barley populations on their
ability to adapt to low input farming condition$hese populations were derived from complex
crossings, were subdivided, have undergone years of adaptations by cultimdgouliverse conditions

and at different locations, and in order to clearly define the different populations, a comprehensive
information system is needed that enables consistent documentation of popidstendancand
cultivation historyINSUSFAR frthermore analyzes historical data on the breeding progress during the
past two decades and conducts s@donomic and ecological studies of farming systemadtfition,
duringthe course of INSUSFAR, the individual project partroisver a very divese array of data that

have to be stored and have to be provided to all project partners for further analyses. This is achieved
by the implementation of diversity breedingnformation system that meets the specific needs of the
INSUSFAR project.

2 Materials and Methods

A comprehensive demand analysis was conducted to identify the individual needs of the project partners
regarding the information system. Based on the contributions of the partners, 11 use cases are described
that define the functional reqeiments for the information systeWarieties, lines and populations are
defined as breeding material that can be linked by breeding actions. These can be crossing of parent
varieties or lines, merging of multiple lines to form a population, multiplicatgubdivision or
cultivation of a population under certain conditiofbus, theuse cases cover all INSUSFAR aspects
where data are generated, extracted, stored and retimeledingdata on the origin of populations and
pedigrees of varieties, data oultivation conditions, genetic data, characterization and evaluation data
from field trials, climate and soil data, historical trial data, as well as economic data. In addition, non
functional and technical requirements are defined within the demandsisnedgarding user
friendliness maintainability extendibility, flexibility and adaptabilityof the information system.

3 Results

A benchmarking with other information systems already existing or under developnidydsed on

the requirements for the BUSFAR project revealed that no other information system is actually able

to meet all requirements of the INSUSFAR project. The information system thus needs to be newly
designed for INSUSFAR. However, some individual components from other informatiemsystay

be incorporated. Tk information system was named ROBUSTUM. To meet the 4Bort need to

store and retrieve historical trial data, a basic database was designed and implemented in a first step and
11,888 records from German variety trials betwtee years 2001 and 2015 representing 307 varieties
tested at 60 locations were imported into the database. The data can be retrieved by the project partners
using a wekbased user interface and query tool.
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4 Discussion and Conclusions

The structure of RBUSTUM was designed based on the use cases defined previdespite of a
classical relationaflatabase running in the backgrouttte usersystem interactions of ROBUSTUM

are based orctivity diagrams taealize usefriendly moduleswith respect to keeding material import,
editing, querypr export. The functionality for breeding material documentation and to record crosses
as breeding actions wasemplarilytested usingn entire MAGIC crossing scheme that starts with 32
winter barley varieties anthat comprises 716 crossing steps and laed thatwas imported into
ROBUSTUM. For optimal illustration of such complex structures, and module for graphical display of
pedigrees was also implemented. Furthermore, a functionality was designed thad eddbig of
further attributes to specific tables. ROBUSTUM will provide access to the data generated within the
project also beyond the duration of INSUSFAR, and will furthermore comprise a flexible structure to
serve as an information system templaterétaited future diversity breeding projects.
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1 Introduction

Functional (genetic) diversity is said to be especially important for resilient cropping systems (Howden et al.
2007). Genetically heterogeneous composite cross populations (CCP) of winter wheat show higititgdapta
(Doéring et al. 2015) and yield stability (Brumlop et al. 2017). Therefore, composite cross populations may
enable winter wheat producers to cope with increasing biotic and abiotic pressure due to climate change.
However the question will be whethbigher yield stability can economically offset the reduced yield
potential.

2 Materials and Methods

An economic farm model based on a cost benefit analysis was established to compare net return and
production risk of organic winter wheat production witBR”Zand pure line varieties. Two CCPs with both

yield- and qualityoriented parent varieties (YQI and YQII ) are compared with ten reference varieties (4
conventional cultivars, 4 from organic breeders, 1 hybrid, 1 feed wheat). The organic productionvagstem
modelled with a stochastic approach (Monte Carlo simulation) based on trial data, market prices and standard
data. Using iterative simulations (20,000 model calculations), possible results of the target variables were
calculated according to the prdiilty distributions of the individual input parameters. Yield distributions

were estimated from trial data from the INSUSFAR project (2016 and 2017) using maximum likelihood
statistics. Discrete distributions were defined for machinery and labor costs.

Table 1.Model input parameters that are subject to Mdbaelo-Simulation

Model input Unit Probability distribution Comments
. estimated from field trial data
i h i .
Yield t/ha continuous I
. . . estimated from field ial data
% P . -
Quality % Protein continuous (Maximum Likelihood)
Market prices 0/ ha confinLoUS estimated from historical data
P (Maximum -Likelihood)
. , . estimated based on field trial
Machinery costs a4/ ha discrete I I !
effects
, . estimated based on field trial
Labor costs U/ ha discrete
effects

The individual results of this stochastic simwatican be presented cumulatively as a curve with the
corresponding probabilities of occurrence, the risk profile. Risk profiles were used to compare the agronomic
options. The evaluation of risk profiles was based on the concept of stochastic dominance.

3 Results

The populations showed a high stability with a mo
conventional cultivar '‘Achat’ dominates the CCP YQI (1st order stochastic dominance) and so do 'Hybery',
‘Elixer' and 'Kerubino'. The varieties 'Geniusd dRoesie' as well as 'Capo’ showed a higher net return but

also a higher variance and therefore lower stability. Without knowledge of the individua¢niekt function

of decision makers, no recommendation can be given here. The organic varieties &utdWiwa' are

Session 12Breeding for intraspecific diversity 185


mailto:siegmeier@uni-kassel.de

4 101 G2 aensHtS 2F /2y

DiverlMPACTS
European Conference
on Crop Diversification

(C

September 18 -21, 2019

Budapest, Hungary

dominated by the CCP with 2nd order stochastic dominance. If risk neutrality or aversion is assumed, CCPs
are preferable here. Both CCPs showed a relatively low variance of results. CCP YQII dominated half of the

reference varieties imé Nfertilization treatment. Especially in the scenario witfieilization a tradeoff

between stability and yield was observed. The hybrid variety 'Hybery' and the feed variety 'Elixer' had a high

net return and therefore, despite higher variancejradaed the other varieties and the two CCPs.

Butaro; CCP YQI

1,0 7% Butaro; CCP YQI
0,8 = Butaro -N
Mittelwert 254,60
o o Std.Abw. 207,16
:g 0,5 &J 5% '51,30
E 55" 95% 616,93
204 T = F14 OYQI -N
o Err— 3 Mittelwert 354,19
Std.Abw. 144,75
0,2 — CCP YQI 5% 110,43
95% 587,52
0,0 ‘
o o o o o o o c o o o o o (=] (=) o
j=} [=} (=} [=} [} [=} j=] (= o o o o o o o o
r\l') th — (5} Y2} ~ [0} - o0 in — M wn ~ (=2 —
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Figure . One exampl e for a probability distribution (right) and

the composite r oss popul ati on

4 Discussion and Conclusions

Y QI

(blue) and the

organic

vari ety

CCP economically outpenfim organically bred high quality varieties. CCP show equal performance

compared with varieti

es

popul ar in

variance CCP are economically inferior to modern higiding varieties.
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1 Introduction

Diversity is often seen as a key to stable yields and resilient cropping system (Brenda 2011; Finckh 2008).
Evolutionary plant breeding and the cultivation of genetically hetewmes composite crog®pulations

(CCP) are an approach to increase diversity with the aim of achieving more stable yields (Déring et al. 2015).
However, there is a traddf between a high shetérm yield potential for line varieties and the possible
long-term yield stability of CCP.

2 Materials and Methods

The economic performance and production risk of CCP were calculated and compared with pure line varieties
using cost benefit accounting. An organic production system was modelled based on figtdar{zleld,

quality), market information (prices) and standard data (machinery and labor costs) to calculate the net return
of the winter wheat production. This paper compares two CCPs with bothaneldjualityoriented parent
varieties (YQI and YQI) with ten reference varieties.

Table 1.Model entries

E-wheat hybrid -/ E-wheat CCP
(conv. bred) feedwheat  (org. bred)
Achat Elixer Butaro YQI
Capo Hybery Poesie YQII
Kerubino Tobias
Genius Wiwa

Systematic differences between CCP and poesvariety cultivation were identified in project field trials.

For example, higher weed suppression was observed with CCP (Weedon et al.,, 2016), which affects
machinery and labor costs. For risk analysis, stochastic simulation (Monte Carlo simwasqgrformed
using[at]Risk software. Probability distributions were used for various input parameters. Yield distributions
were estimated directly from experimental data from the INSUSFAR project (harvest years 2016 and 2017).
Simulations for two fertiiation scenarios (0 kg N and 100 kg N) were calculated.

3 Results

In the scenario without Hertilization, reference varieties from conventional breeders achieved the highest
expected values with respect to the berwfitt difference. All conventional kiaties except 'Capo’ were

above 400 G4/ ha net return. The hybrid wheat 'Hyber
also the conventional quality varieties showed good results. The performances of the organic varieties and

the CCP wereddl ow 400 4/ ha. The CCP YQI and YQI I had ex
respectively, they were ranked 9 and 10. The stand
263 0/ ha ('"Elixer'). The var.iY@lha the lonest gtandard @@aRionr e s u | |
with 145 a4/ ha and YQIIl with 177 G4/ ha the third | owi
varieties- except 'Capo'. They are comparable with the varieties from organic breeders and 'Capo’.
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Table 2. Expected mean net return with and without nitrogen fertilization

+100 kg N OkgN
Entry EA?aE '2 SD i n |Entry I\u/I?ar;] '2 SD in
Hybery 869,5 257,4 Hybery 702,6 208,0
Elixer 751,6 251,3 Elixer 564,9 262,7
Genius 629,8 214,5 Achat 512,9 183,0
Achat 563,7 220,7 Genius 476,6 236,7
Kerubino  429,3 267,5 Kerubino  435,0 189,4
CCPYQIl 419,2 142,4 Poesie 371,6 257,4
Poesie 415,3 215,1 Tobias 366,5 159,6
Tobias 410,7 185,5 Capo 366,1 187,6
Capo 400,2 249,7 CCP YQIl 3570 176,6
Wiwa 366,7 213,3 CCPYQI 354,2 145,1
CCPYQI 361,0 184,4 Wiwa 308,1 214,4
Butaro 297,5 176,1 Butaro 254,6 207,2

SD: green <200-2d4Phay hpwel >P@®W02W0 ha
Italic letters organically bred varieties

In the treatments with N fertilization, the five conventional varieties achieved the highest expected values.
"Hybery' was 1st wi tlh2t8h6 9widt/hh a2 @7 da /' Bau.t aTlhheé @&G@B Y Q

6th just behind the conventional varieties, t he CC
The standard deviation was between 142 u/ lithe (CCP Y
CCP results was in the | ower range. YQI I with 142

lowest standard deviation.

4 Discussion and Conclusions

The cultivation methods of CCP and varieties in organic agriculture hardly differ. A emaidilcost saving

by a conversion to CCP is not to be expected. Therefore, revenues mainly influence the economic
performance. Revenue is influenced, apart from yield, also by quality. Whether a variety/population gains
excellence through differences irofein content depends on the yield difference and the price margin of the
quality levels.

At the field trial sites, the CCPs were productively and economically at the same level as the varieties from
organic breeding, with the CCP YQII having the highest output with N fertilization behind the
conventional varieties. As expected, these results fit in with previous studies on yield stability by Weedon et
al. (2016). Simulations of efarm conditions and soil conservation cultivation suggest that thec&CRIso

compete with varieties from conventional breeding. However, these calculations are based on a very small
data base, so that further investigations are necessary in order to make reliable statements. An economic
performance at the same level apuydar varieties from organic breeding indicates CCPs competitiveness
under lowinput conditions.
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1 Introduction

Modernagricultural systems rely on very little crop genetic diversity, especially with the use of homogeneous
elite varieties grown on large areas. However crop genetic diversity within fields is a lever for a more
sustainable productiofdétergard et al. 2009allowing for a greater stability through combined resistances

to biotic and abiotic stressekider et al. 2012, Finckh et al. 2000, Mundt 2D0& France a Participatory

Plant Breeding (PPB) project has been applied on bread wheat since 2006, infeohagrg, facilitators of

the farmersd seed network R®seau Semences Paysanne
and Adaptation of Populations team). The project aims at developing farmers' varieties that are adapted to
farmer's objectivesral needs based on decentralized selection in farmers' fields (Riviere et al. 2013).
Methods and tools for efarm breeding were developed to help farmers' reappropriationfafimrbreeding
knowledge and seed autonomy. This project leads to the developihheterogeneous populationarieties

whose withinvariety genetic diversity is expected to enhance the capacity to adapt to farmers' practices and
environments.

2 Materials and Methods

In a twoyears experiment on six farms presenting contrasted-geudatic environments, we evaluated the
agronomic behavior of ten of the first populations developed by farmers within the PPB program (hereafter
PPB populations) compared to two commercial pure line varieties. In each farm, the trial consisted in a
complde randomized two blocks design. Morphological and agronomic traits have been measured such as
plant height, spike length and weight, spike color, curve and presence of awns on individual plants, and
thousand kernel weight, protein content and yield extpibt level. We searched for local adaptation of the

PPB populations, considering the farm where they have been selected as their home and testing local vs non
local status. Stability over time was quantified by the coefficient of variation of eacly\emsetciated to the
Yeareffect andYear x Farminteraction. Withinvariety genetic diversity, quantified by the Nei index, was
assessed using SNP markers on 90 individuals per population and 30 individuals per commercial line. These
markers were locateth neutral zones of the genome (52 markers) and on candidate genes for heading
precocity (34 markers).

3 Results

For most measured traits, although Bapulationeffect was limited except for spike color and presence of
awns, thePopulation x Farminteraction was larger than tieopulation x Yeamteraction, highlighting the
potential to select populations adapted to environments and practices. Some PPB populations had very
interesting responses when considering grain yield, protein content as welnas$iproduction and weed
competitiveness as they were taller than the commercial pure lines. Six of them were not significantly less
productive than the two commercial pure lines when comparing overall grain yield per population. These
varieties were intesting especially in less productive environments were they yielded more than commercial
lines. While significanPopulation x Farmnteractions were found for yield and yield components, no clear

Session 12Breeding for intraspecific diversity 189



DiverlMPACTS
/ European Conference
on Crop Diversification

September 18-21, 2019
Budapest, Hungary

4 101 G2 aensHtS 2F /2y
pattern of local adaptation was detected. However, welfthai populations' protein content was more stable
over years than that of commercial pure lines, as the mean coefficient of variation assodiateéftect

and Year x Farminteraction were 23.8% and 35.3% respectively (p=0.03). Moreover, proteientont
stability over time was positively correlated to witiviariety genetic diversity (R=0.58, p=0.047), with no
significant drawback on protein production (R=0.38, p=0.22).

Figure 1. A commercial pure line surrounded by PPB populations

4 Discussiomand Conclusions

These results seemed promising to the farmers involved in the PPB process, as they exhibit interesting yield
and protein content compared to commercial varigtiese of which, Renan, is widely used in organic
farming. They also show theide adaptive potential of PPB populations, stressing the importance of seed
exchange networks for agrobiodiversity conservation and use. They emphasized the benefits of genetic
diversity for stability over years which is of great interest to farmers.
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1 Introduction

Future farming systems will have to compensate for lower fossil fuel inputs in order to diminish the impact
of agricultural systems on climate change while mitigating the rising netdbility induced by climate

change. One way to compensate is the introduction of cropping systems on a higleguaibn level of

crop diversity, including morphological and disease resistance variability of genotypes (Howden et al. 2007).
These poperties could lead to a higher yield stability when exposed to unfavorable growing conditions, such
as water or nitrogen scarcity (Becker and Léon 1988, Evans 1993). In order to assess the potential for higher
yield stability of diverse crop populatiortbe intersite heterogeneity as well as the irdrge heterogeneity

can be addressed, where irgéde means differences with a relatively large scope such as climate or soil type
and intrasite referring to a smaller scope of site conditions such asation in field moisture capacities.

2 Materials and Methods

We evaluated the crop yield, yield variability, and yield stability of composite cross populations (CCPs,
Doring et al. 2015) of winter wheakriticum aestivunt..) compared to wheat line vaties in fouryear field

experiments in several heterogeneous environments. The field experiments were located on eight German
farms with varying site conditions among and within them (2 farms in Hesse, 2 farms in- Baden
Wuerttemberg, 4 farms in Bavaria)a¢h of the sites was classified into categories low, medium, and high
using the sitesd mean yield |l evels. On each of the
assess the var i-site hetemdgeneityehd eathisitengtiietd, higlquadity composite

cross population, CCP YQ, a higluality composite cross population consisting of newer line varieties, CCP

Q, as wel | as the reference variety Florian was ¢
Reform, Wiwag. Varieties were sown in strips with a length of at least 10@ieid was recorded for plots
set equally along the stripB.ased on ker nel yields, environment al

(W2, Wricke 1962) were calculated. Water capacity wssduan indicator of sites heterogeneRield

capacity was assessed by manual sampling and by measuring the electric conductivity (Heil and Schmidhalter
2017). Based on the field capacity and yield values, maps indicating three zones within the site (high
medium, and low) were interpolated using ordinary kriging (Cressie 1988).

3 Results

With respect to the integite heterogeneity, there was significant difference between the observed yield levels
among all farmsl¢w: 3.4 t ha' at 86% DM, medium: 5.7ha?, high: 7.9 t hd). Mean yield levels showed

no difference within low and medium yield sites (low:-3.8 t ha! at 86% DM, medium: 4:8.0 t ha'), but
significant difference within the high yield farms (R4 t hal at 86% DM). Yield variancesf the genotypes
differed for low and high yield areas but not for medium yield area. At the low yield area, Florian showed
the highest variance, while both populations showed the lowest variance. At the high yield area, CCP Q
showed the lowest variancehile CCP YQ and Reform showed the highest. For W2 across yield categories,
both composite cross populations had the highest stability while line varieties performed worse. S2 showed
highest stability for Reform and CCP Q, followed by Florian. CCP YQ shdtweelbwest stability using this
parameter.

4 Discussion and Conclusions

In our assessment of intsite heterogeneity, field capacity showed a high explanatory power regarding yield
levels (R2=0.64). The yield levels among the three yield zones, regdrdih line variety and composite

cross populations, showed significant differences. Within the high yield zone, Florian showed higher mean
yields compared to the composite cross populations, while both populations showed lower yield variance.
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Yields within the medium yield zone showed no difference in yield or yield variance, regardless of variety.
Although yields within the low yield zone were not different, yield variance for both populations were
significantly larger than for Florian. The results copd@int to a difference in water use efficiency between
line variety and populations.
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1 Introduction

The use of wheat composite cross popoites (CCPs) as an alternative to pure line varieties can contribute
to yield stability due to a higher degree of buffering capacity towards biotic and abiotic {ibesgssn and
Goldringer, 2012) Furthermore, such genetically diverse populations allow for adaptation to specific
environments and agricultural systems, thereby ensuring greater res{@ostanzo and Barberi, 2013)
Hence, CCPs can cope with expected limitatitnpesticides much better than genetically uniform varieties
and are therefore a valuable approach for sustainable crop pro{&ttidcey et al., 2019)

CCPs can also serve as important source for selection of phenotypes with desired traits, iseaseas d
resistance towards pathogens (and new races), drought stress, nutrient use efficiency, etc. However, it is still
unclear whether novel molecular methods, such as association mapping or marker assisted selection, can be
adequately applied to CCPs. Arate knowledge of underlying phenotypic traits of a given population is
required if association analyses should be performed. This study focusses on the agronomic performance of
200 lines selected randomly at the Techincal University of Munich in 2@b5 f$ingle plants of a CCP
maintained there since 2008. The CCP has been created in 2001 in England via the half diallel crossing of 20
genetically diverse parents with high yield and/or baking quality potéBtialng et al., 2015)There were

no specific selection criteria within the population to demonstrate a high genotypic and morphological
variation.

2 Materials and Methods

The lines were sown in October 2017 and 2018 in organicifiput) fields at the University of Kassel

together with &CP from which the lines had been selected previously. Thergpevas grasslover. Each

line was sown at 350 seeds?tim 5 x 1.5 m and 7 x 1.5 m plots in 2017 and 2018, respectively, in three
replicates. Throughout the season, field emergence, sal edBBCH 30 (early vigour), foliar disease
severity, plant height, biomass (straw, total), fertile eafsarvest index, and grain yields (machine and

hand harvest) were assessed. These data will be additionally used for genome wide association studie
(GWAS). Data of the season 2018/19 will be available at the conference, but are not included here. Data were
analysed with R verspsyclh 306. matsi xgcbheepatkagese. o

3 Results

Results of the first experimental season were affebteyellow rust Puccinia striiformig in spring. In

addition, a severe spring and summer drought that, in combination with a late broWnicastié recondita

epidemic caused early ripening of all selected lines. Thus, susceptible varieties lo&0i®db of the

green leaf area through yellow rust already by the end of May while on average 9g%éeewieaf area was

assessed among all lines on 25th of June. For these reasons, grain yields were low, ranging from 2.4 to0 4.6 t
ha' with an overall agrage of 3.8 t ha Both yellow and brown rust affected lines yielded up to 35% less

than the mean@ . 5 4 , P > 0.01; Pearsonb6s product moment <co
were on average only 7.5% better than the overall average. Whereo correlation between plant height

and grain yield-{0.14, P = 0.71) (Table 1).
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Table 1. Pearson correlation coefficient matrix of wheat agronomic traits in the GWAS field experiment 2018. * and ** indicate
significant linear correlations (Holm adjustment) at P< 0.05 and P<0.01, respectively.

Soil cover [Emergence|/AUDPC |Plant height |HI Straw yield |Fertile ears|Biomass

Yield 0.25* -0.03 -0.54** |-0.14 0.4** |0.32** 0.24* 0.53**
Soil covet - 0.03 -0.19  |0.27** -0.22* |0.47* 0.2 0.42*
Emergence - -0.03 |-0.1 -0.07 |0 0.33** -0.03
AUDPC! - 0.12 -0.17 |-0.24 -0.15 -0.33**
Plant heigth - -0.63** |0.43** -0.01 0.2

HIt - -0.43** -0.09 -0.04
Straw yield - 0.58 0.92**
Fertile ears - 0.6**

1 Soil cover at BBCHB0; AUDPC = Area under the disease progress curve; Hl = Harvest index.

4 Discussion and Conclusions

In the season 2017/18, wheat traits were predominantly affegtedought and rust diseases. Slafer and
Araus(2007)pointed out that breeding for sedhivarfism in the past had improved overall stress tolerance

in small grain cereals. This suggests thatisplants were more tolerant to reduced water availability than

tall plants resulting in the greater yield performance under the extreme conditions of the year 2018. This
would further explain why positive correlations between plant height and grain tfialdgenerally occur

under humid conditiond.aw et al., 1978)were not observed in our study. Ase lines yielded about 25%

more than the overall average, we hypothesize that other plant characteristics related to drought resistance,
such as roeto-shoot ratio, flowering time, leaf rolling, etc. may have improved their perform@ucier

et al., 2015)For these reasons, the CCP lines may serve as a valuable source for detection of chromosomal
regions that are responsible for drought tolerance and probably other tralielthtd overcome drought

stress.
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1 Introduction

Traits conferring competitiveness ofwheat plants are aucia for weedtoleranceand weed suppression
(Andrew et al.,2015)andtherefore hold the potential for reduced chemical or mechanicalweed management.
Moreover, compeitive ability is dso akeytrait of crop plants for their suitability within speciesmixturesas
an goproachfor diversfic ation (Annicchiarico etal., 2QL7). While above ground taits conferring competiti ve
ability in wheat such asheight and ground cover can beassesed with suficient efficiencyin thefield thisis
much more challenging for root traits. Therefore, Bertholdsson et a. developed a hydropaiic systemfor root
phenotyping (Berthaldsn et al., 2016). We usedthis hydroponicsystemto study evolutionarycharges in
root traits of composte crosspopuations(CCPs) under organic andcorvertional farming.

2 Materialsand Methods

Early vigour wasassessed in spring2018 wing a hydroporic systembasd on Bertholdsson et al., (2016).
Seeds weregrown in cortainers (20 L) filled with a bdanced complete nutrient solution with a phosphate
buffer (pH 65) (Larsson, 182) at 2nM N concentration. The seeds were placed in strips of corrugated
cardboard wth 10 mm within row spacing with the embryo facing down towads the solutbn and sugpended
over special framesinto the hydropanic containers andconnected with filter paperstrips aswicks with the
solution. The lower part of the @rdboard wasironed beforehand to prevent seads from falling down. The
plants were grown in a greenhowse with 18/12 oC (day/night) temperature regime for two weeks at a
phaoperiod of 16 h suplemented with artificial light to maintain a minimum light intensity of 250¢ mol
guanta m-2 s-1. The 13 entrieswere randamized as rows of ten garts perentry in a shgle cantainer and
repli cated eight times. The nutrient solution was reneved after ven and ten days and aerated bycontinuous
bubbling of air through the stution. Every two days, tworepli cates weresownto allow sufficient time for
handling and pracessing of the pbnt samples after each harvest.

3 Reallts

CCPs evolving under organic conditions ehibited significantly increased seminal root length, root weight
anddecreased total and goecific root length compared to GCPsevolving underconventiona condtions. In
addition, we found that wheat root traits of conventionally and aganically bred varieties only differed
systematicaly in average root diameter hat washigher in organic varieties. Also, seminal root length and
shoot lergth measured in hydroponics correlatedwith ground caoer and stoot length measured irthe field.
This supprts the hypothesis thatfineandshallow root systems represent an adiptaion of wheat varietiesto
high inputs of solubleinorgaric fertilizer andit openghe posibility to nondegructively select in hydropanic
systems for root traits conferring competitive ability.

4 Discussionand Conclusions

Building on theseresults, we sdected whed plants in the hydropanic system for contrasting seminal root
length froma CCP evolved in an organic faming system (OY Q2). 20 Plantswith thelongestand 20 plants
with the shortest seminal roots wereseleded from eachof two batchesof hydropaic culture (201 and 222
individuds). Subsequently we trarsferred 80 dants to 10 | pds with a mixture ofsand, peatand field sal.
The net genetation of selected plants will again bephenotyped in the hydroponic systemto evaluatethe
effect of selection based onroot traits.
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1 Introduction

Winter wheat $ the main cereal crop species in Poland. For cultivation, {yi#tding varieties are
developed, but these are not always more resistant to biotic and abiotic stresses. To improve the
characteristics of winter wheat, alien resources are used in breéalirigstance, the short arm of rye
chromosome 1 (1RS) has been incorporated into chromosome 1B of the wheat genome (1BL). Wheat
cultivars carrying the 1B/1R wheste translocation frequently exhibit better agronomical features than
cultivars without the@ranslocation.

In wheat breeding, in addition to traditional methods, doubled haploid (DH) and single seed descent (SSD)
techniques have been used for the creation of new genotypes with desirable properties (Adamski et al. 2014).

2 Materials and Methods

The main purpose of this work was to investigate whether the 1B/1R translocation present in some winter
wheat varieties has an influence on the yielding capacity of DH and SSD lines with and withowtyeheat
translocation, and their response to diffeemtironmental conditions (Adamski et al. 2014). To achieve this
goal, a series of field experiments was conducted in four different environments, each in a complete block
design with two replications. In each experiment the same 20 DH lines and 20 &S®die grown. Grain

yield, plant height and thousaigdain weight were measured.

There are many methods of analyzing the results of series of experiments. An important part of this analysis
concerns the structuring of genotyeinvironmental interactiongn this work, the analysis is based on the
randomizatiodd er i ved mi xed model of observations from se
In particular, statistical methodsonedimensional as well as multidimensiodand appropriate methods

of structuring genotypéy-environment (GE) interaction were applied. They enabled:

A evaluation of the studied DH and SSD lines, taking into account various aspects of their interaction with
environments, and assessment of their main effects and interdfeits;e

A analysis of interesting comparisons between lines with and without 1B/1R translocation in terms of their
main effects and interactions with environments;

A investigation of the structure of GE interaction by determining the participation ici@renvironments
in their interaction with lines.

Analysis of a series of experiments also provides the possibility of selecting lines that are stable and unstable
in various environments. Lines exhibiting high adaptive ability will be used in breeeimgvheat varieties.

The results of statistical calculations will indicate whether the translocation affects the occurrence and level
of genotypeby-environment interaction.

3 Results

The results of evaluation of the studied DH and SSD lines are gakéng tinto account various aspects of

their interaction with environments. Analysis of variance performed for a series of experiments with 40 DH
and SSD lines, translocated and untranslocated, for three traits showed significant differences between
envirorments and genotypes. Genotypeenvironment interaction was not significant only for plant height.

The structure of GE interaction was also investigated, by determining the participation of particular
environments in their interaction with lines, as vealthe participation of particular DH and SSD lines in

their interaction with environmentgnalysis of a series of experiments also provided the possibility of
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selecting lines that are stable and unstable in various environments. The testing of ibarsigrof DH and
SSD lines main effects and their interaction with environments made it possible to distinguish SSD
translocated lines with positive and significant main effects for all studied traits and SSD lines.

4 Discussion and Conclusions

Analysis of a series of experiments provided the possibility of choosing lines that are stable and highly
yielding in various environments. Comparison of average yields for types of genotypes made it possible to
distinguish SSD translocated (SSDd9 the highest glding lines.The results of statistical calculations
showed that translocation may have a significant influence on the yield of lines and the level of their
interaction with the environment. Further research should be conducted into this issue.

Acknowledgements
The study was supported by the Polish Ministry of Agriculture and Rual Development no 3 (Dz.U 2017, poz 1170).

References

AdamsKki T.,Krystkowiak K., KuczyGka A.,Mikogaj claaika K. , Ogr
A.,2014.Segreation distortion in homozygous lines obtained via anther culture and maze doubled methods in comparison
to single seed descent in wheats (Triticum aestivim L

Cal i GEBski T.,Czajka S.,Kaczmarek Z., Kr aj ewokplant Beneti®Pand ar czy k
breeding experiments. Computer programfor BMC, | GR PAN Pozna .

Session 12Breeding for intraspecific diversity 198



DiverlMPACTS
‘ European Conference
on Crop Diversification
_ . i i n . 7.‘|\-\ ber 18-21, 2019
4 101 G2 aensHtS 2F /2y Budapest, Hungary

Yield potential of heterogeneous wheat populations under differing fertilizer
regimes in an organic system

Weedon, O.D**! Schmidt, J.H! and Finckh, M.R.}

L University of Kassel, Department of Ecological Plant Protection, Nordbahnhofstr. 1a, 37213, Witzenhausen,
Germany

z Presenter
+ Corresponding authoodetteweeddat]uni-kassel.de

1 Introduction

The unpredictability of future climatic conditions, as welltlas growing pressure to reduce agricultural
inputs, present a huge challenge for breeders and farmers to create more resilient crop varieties and develop
future agricultural systems able to buffer changing and increasing abiotic and biotic pressuresarEurop
wheat varieties have a limited ability to react to present environmental condKiam¢uoto et al. 2019)

leading to limited varietal resilience in the face of climate fluctuations. Evolutionary breeding aims to take
advantage of increased genetic diversity in order to create opypapions with greater capacity to react to
stress factors, to allow for adaptation to specific environments and agricultural systems over time, as well as
to contribute to the dynamic management of genetic resources. The mechanisms of crop diveesityasuch
operation, compensation, complementation and capéaiiying et al. 2011)present within genetically
diverse populations allows for greater response plasticity, which is of particular interest in organic systems
characterized by higher abiotic and biotic streg8esicchiarico and Filippi 2007)0ne of the aims of the
INSUSFAR (nnovative Approaches to Optimize GdneDiversity in Wheat for Sustainable Farming
Systems of the Futur@yoject is to optimise intrapecific diversity for specific farming systems and to test

the potential of such heterogeneous populations against pure line commercial varieties frant differ
breeding origins.

2 Materials and Methods

In 2017/18, 21 heterogeneous winter wheat populations, 4 mixes (50:50 population:variety ), as well as 10
commercial varieties from both organic and conventional breeding programmes were tested under-both Low
Input (LI, Okg N/ha) and Higtnput (HI, 100kg N/ha) conditions in an organic field trial with four replicates.
Assessments include groundcover (%), heading date, foliar and foot rot disease assessment, yield and yield
parameters, protein and sedimentatialue. The second trial is egoing.

3 Results

The year of 2017/18 was characterized by extreme drought resulting in low grain yields, ranging from
1.83.2 t/ha under Okg N/ha and from BFt/ha under 100kg N/ha. Despite the dry conditions, the
majority of the heterogeneous populations achieved significantly higher yields than the orgdmezhlly
E-class (baking quality) varieties and were comparable to conventidmallyC (fodder quality) and E
(baking quality) class varieties. The main foliar pgm was brown rustPccinia reconditqa The

foliar disease severity was low to moderate from 17 to 41 %green leaf area (NGLA) at BBCH 70

(grain development stage). Under both fertility treatments, the heterogeneous populations had similar
disease legls as the reference variety groups apart from the C class variety Elixer, which was highly
susceptible to brown rust.

4 Discussion and Conclusions

The initial results show the potential of heterogeneous populations to buffer abiotic and biotic sisess. Th
should be exploited in order to increase w#p&cific diversity within the agricultural landscape and to
encourage the use of adapted populations to specific environments. Results of the second experimental year
(2018/19) will also be included.
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1 Introduction

Heterogeneous populations are of great interest not only for their agronomic performance and yield stability,
but also for selecting for improved wheat quality in organitesys while maintaining intraspecific genetic
diversity for optimal resilience to biotic and abiotic stresses. Under the Council Directive 2014/150/EU, the
marketing of heterogeneous populations of wheat, oats, maize and barley is now permissible. Ahumber
heterogeneous wheat populations have been registered and are available on the market. The potential of 11
wheat populations of differing origins in comparison to five commercial reference varieties was assessed in

a replicated tweyear field experimeninder organic conditions.

2 Materials and Methods

In 2005, the Fof three winter wheat composite cross populations (CCPs) based on 9 high yielding parents
(OY), 12 baking quality parents (OQ) or all 20 parents (OYQ) arrived at University of Kassel,ngerma

from the John Ines and Organic Research Centres, UK. Since their arrival, these three populations have been
growing in about 150Aplots each under organic management with two parallehmigimg populations. In

2016/17 and 2017/18, these six populadidhe and F7) were compared to four additional commercial
populations, two from Dottenfelder Hof (Germany) and two MAGIC populations from the National Institute

of Agricultural Botany (NIAB, UK). Five commercial pure line varieties were included agerefe in the

two-year experiment using a randomized complete block design with 3 replicates. Agronomic parameters
such as grain yield, thousand grain weight and protein content, foliar and foot rot diseases and lodging were
recorded.

3 Results

Grainyield in 2016/17 ranged from 5.3 to 6.2t/ ha, with
60YQlI 1 6 and O6NI AB Elited reaching yields above 6t/
(>50% of the plot). Foliar disease incidence g for all entries, foot rot diseases were moderate with

little difference between entries. The season 2017/18 was marked by extreme drought and a strong epidemic

of brown rust Puccinia recondita Grain yields of the populations ranged from 3.4 tot#h&, for the pure
varieties from 3.3 to 3.8 t/ha. The populations ON
and the commercial variety oO6Wi wabdé, the | owest. Are
from 492 forobtilhsedvamwi 8t2y3 &Tor the variety O0Poesi e
populations had lower AUDPC values in comparison to all commercial varieties.

4 Discussion and Conclusions

Overall, heterogeneous wheat populations performed as well as cugently pure line varieties, with
some populations such as ONI AB Elited, 60YQI I 6, 6 B
alternatives to a number of commercial varieties.
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White lupin (Lupinus albusL.) with increased fat and reduced alkaloids content.
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1 Introduction

Crops diversification provides the farmers wattwider choice in the production of a variety of crops in a
given area so as to expand production related activities on various crops. Apart from cereals a very large
group of various crops constitute legumes. During recent years legume reintegratiqpingsystems and

crop rotation have increased. Main advantages of this group ofichfigation and high protein content

result from a symbiosis with root bacteria and nitrogen contributed by legumes can be supplied for to
subsequent crops. Aparbfn yellow lupin and narroveafed lupin the third lupin crop cultivated in Poland

is white lupin. As a leguminous plant both fertilizing soil and giving high protein, green matter and dry seeds
white lupin can play more important role in the Polish adfice. With regard to crop diversification as a
strategy for food and nutritional security, undoubtedly white lupin is a good diversification option in Poland;
the area under white lupin in Poland may increase when its nutritional properties are imprgwelden its

alkaloid content is decreased and its fat content is increased; as such, the authors aim to identify hybrids with
low alkaloid content and high fat content.

2 Materials and Methods

The research material comprised 60 hybrids.girBgeny eoiginated from various combination of selected

white lupin accessions and cultivars used as parental components for crosses. The collected seeds were
analysed in term of theirs chemical components. Total alkaloid content and individual alkaloid composition
were evaluated by gas chromatography. Soxhlet analysis was performed in order to quantify seed oil in 120
Fs hybrids. Composition of fatty acids was determined using the Hewlett Packard gas chromatograph.

3 Results and Discussion

Obtained results indite on broad variation of alkaloids content from 0,0014 to 0,1417 % in the cross
combination cv. Lotos x Butan; 0,0069,0307 % in the combination Amiga x Boros and 0,0008395%

in the combination Amiga x Pikador. Average alkaloid content in analysetbinations was: 0,0447%;
0,0167% and 0,0091% respectively as compared to 0,0242% in seeds of high yielding Polish standard cultivar
Butan. The highest number of low alkaloid accessions (on the level 0,0004%) was found in hybrid seeds of
Amiga x Pikadorcombination. Alkaloid composition expressed in percentage of total alkaloid content was
highly differentiated. Three major alkaloids (abundance > 10 %) were revealed: lupanine, 13
hydroxylupanine and tBenzoyloxylupanine. In examined hybrid seeds, lupgamias the highest alkaloid

in all the combinations, ranging from 32 to 100 % for few hybrid with the lowest alkaloid content on the
level 0,0004%. In terms of second analysed tiaifat and fatty acids content initial material constituted

three crossingombination. On considered selections, one of them produced the most valuable recombinants
(cv. Kalina x wild accessioh AL22), used for obtaining Fplants. Among them 120 were selected and
estimated for fat content and fatty acids composition. The g@ded content for analyzed recombinants is
13,6% as compared to average content of parental forms on the level 12 %. Obtained results ranging from
12,1% to 15,6% indicate on very broad variability of fat content in hybrid seeds. Among them in seeds of
twenty two plants the fat content exceeded 14%. From a dietetic point of view more important as quantity in
lupin seeds is the quality of oil (Boschin at al. 2008). On average the fatty acid in examined materials ranked
in following order of abundance: olegxid (Gs:1) > linoleic acid (Gs:2) > linolenic acid (Gs:3 > palmitic

acid (Gs:0) > eicosenoic acid (fg.1) > stearic acid (.9 > erucic acid (&:1). As a consequence, in relation

to linolenic and linoleic content the examined white lupinseedsshd a v er y3 /t6dattymcids b | e ¥
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ratio (0,51) ranging from 0-33-&ratiooanged fieord 0,49 &i0mM9 | ar |,
obtained Boschin et al. (2008). The high number of accessions with particularly valuable essential linolenic

ad d condt)endtet(exct ed Rybi GBsKki et al . (2018) in the wil
v al u e3 /&ffattyacids ratio is typical of white lupin whereas other lupin crops i.e. yellow lupin and

narrol eaf ed | upi B8/ &haaei d ovee to a much higher |lino
2014).

4 Conclusion

Analysis of the seeds of obtained white lupin allowed to recognize hybrids with decreased alkaloid content
and increased fat content in term of theirs potentiallyagsegood diversification option in Polish agriculture.
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1 Introduction

In European countries productivity of field pea is considerably affected by instabilities in water and nutrient
accessibility. In these conditions, yield potential depends on plantopdgisial capacities to an efficient
utilization of environmental resources (water, nutrients).

2 Materials and Methods

In field experiments 2018, variance andvesiance between components of nitrogen and phosphorus
efficiency was evaluated among linesthe Polish mapping population [Wt1024%/t11238] during the

whole growth season under varied nitrogen nutrition. To assess the correlation between seed yield and the
efficiency of nitrogen utilization, field experiments were carried out in the differiémiatic and soil
conditions (Wi atrowo, 2 locations, Przebndowo, one
was carried out. They concerned forms of nutrients available for plants.

3 Results

The yield from a plant was the largest indfwowo, in the optimal location (6.6 g/ plant), the smallest in
Przebndowo (5.0 g/ plant). The yield in fAoptimal o
previous year in this population [ Wt102ahiithat 11238
previous year. The pea yield and nitrogen utilization efficiéN&Rgyer) were positively correlated in optimal

and stress | ocations (Wiatrowo, optimal conditions

r=0.62).The seed yield anghosphorus utilization efficiendPER,er) were positively correlated in optimal
condition (Wiatrowo, r=0.91).

4 Discussion and Conclusions

Soil treatment effects (E) were significant for yield, amount of seed weight/amount of nitrogen accumulated
in seed (Gw/Ng), %Nen NERgen nitrogenase activity N althougregotypetreatment (GE) interactions

were significant for all characters, except nitrogen content in vegetative masgy(¥ddteworthy,
relationships between GY and nitrogen efficiency were weakaitrogenlimited conditions(optimal
conditions r=0.72, stress conditions: Wi, r=0.67, P, r=0.62)

The results indicate that the importance of components of physiological efficiency for pea yielding decreases
in the suboptimal conditions. Broad vafidity of all physiological traitsgives a high probability@TL
mapping with success.
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1 Introduction

Today soybean is one of the most important plantbased protein and vegetable fat sources for the most
countries in the world. Production exceeded 340 million tonnes in 2018, of which only about 2% is G

free, with only one fifth of this is certified. In the past decade the cropping area of soy has increased in
Hungary to approximately 70.000 hectares. Organic soy bean production area is currently ca. 1.000 ha. This
area is less than the possible areasur agreecological conditions. The soybean for forage is needed in
Hungary as well as in the rest of the EU to supply
can diversifying the cereal centred crop rotations, what is currently dormrthetcountry.

2 Materials and Methods

This paper summarizes research results of organic soya production, which conducted at three cereal centric
organic farms in 2018 in Hungary, in frame of the DiverIMPACTS project.

Growing conditions also varied amgthe different research sites (Table 1). The aim of ofamwn research

is to sample results from regular farm operations, so farmers were allowed to growing with their standard
production methods, and only the varieties being changed for each teBaplotest was conducted on 0.25

0.5 ha per variety in stripe design.

Trial sites were located in Westansdanubia (Tornyiszentmiklésl, Mihald - 3, and the Eadtlungarian

Plain in Tiszaigar 2). Objective of the research was examining the possibflispiccessful soy cultivation

and to determine the specific varieties of soybean which favour these areas. Early maturity varieties (ES
Mentor, Aires, Borbala, S0880) were tested as main crops at sites 1 and 2, super early varieties (Merlin,
Bettina, Regia, Amandine were assessed as second crops at site 3. During the trial period we recorded
weather conditions and at the harvest the phenological parameters of plants, calculated the weight of yields,
measured the oil and protein content (%) with fifalieer (Mininfra).

Table 1.Growing system parameters at the research sites (2018)

Research site Tornyiszentmiklds Mihéld Tiszaigar

Aspect of optimal Iocgtion _ . droughty .

soybean cultivation (soybean _weld; are optimal location _(soyb_ean yields are t5t/ha
2.5-3 t/hain this area in this area)

Humus content of soil (%4 1.5 2 1.4

Fore crop maize spelt winter barley

Date of sowing 23. 05. 28. 05. 01. 07.

Row spacing (cm) 50 75 48

Number of plants 600 400 600

Time of maturity 01. 10. 20. 09. 25.10.

3 Results

At location 1 the fore crop was maize. The yields were32tha, depending on the variety. The protein

content was mostly around 40%. This yield is considered to be favourable, especially withoiatriraiget

t fertilization. The precipitation was during the main growing period (from May to August) 535 mm, which

was more than the average, and despite the maize precrop, weed control was successful because the necessary
machinery was available (the wedensity was under 5 % at the harvest). The best performing variety was
Borbala. At location 2 spelt was the fore crop. The soybean yields weterlt/a, the protein content was

mostly 3537%. The precipitation was only slightly above 100 mm in the graiwing period (from May to
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August). An extreme drought characterized this cropping year in the region. Despite the favourable fore crop
and the efficient weed control the weed density was under 10 % at the harvest), the low precipitation was
decisive forthe yields of all varieties. The Borbala has the highest yield, but also the lowest protein content.
At location 3, near to the location 1, soy was sown as second crop after winter barley. Sowing was done only
at the beginning of July due to the rainfallthe harvest of barley. By the end of October, the super early
varieties was ready for harvest. The weed pressure was lower than in soy as main crop in the previous year.
Pathogens and pests did not make damage the site significantly. The yields wieret/hd, the protein

content was around 40%. The best performing variety was Amandine. Parameters of plants can be seen in
Table 2.

Table 2. Phenological parameters of soybean varieties in 2018
Mean of 3 X 10 plants

Variety Eilgr?t Bivergence Nodes/plan| Pods/plan| Seed/pod l'gggsanc Protein 80" ;(;Sllgnt :é%i
r. Nr. Nr. Nr. ; %
(cm) weight

Site 1*

Es Mentor | 70 0.4 13.0 31.9 2,4 181 40.5 | 22.0| 13.68| 2873
Aires 72 0.2 11.5 26.4 2,6 179 39.3 | 21.8| 12.46| 2617
Borbéla 85 1.3 12.7 22.8 2,7 239 40.7 | 20.0| 14.50| 3056
S0880 0 78 0.0 11.6 27.6 2,4 185 41.0 | 21.5| 12.41 | 2606
Mean 76 0.4 12 27 3 196 40.0 | 21 | 13.28| 2788
Site 2*

Es Mentor | 56 0.5 9.9 14.1 2.33 158 37.3 | 24.1| 5.21 | 1094
Aires 72 1.5 11.6 20.5 2.30 167 35.9 | 23.2| 7.86 | 1651
Borbéla 62 1.9 11.1 19.6 2.23 189 31.8 | 25.2| 8.26 | 1734
S0880 50 2.8 10.1 20.3 2.17 155 345 | 24.6| 6.81 | 1429
Mean 60 1.7 10.7 18.6 2.3 167 349 | 24.3| 7.0 | 1477
Site 3*

Merlin 77 2.2 10.2 24.5 2.20 192 41.8 | 19.4] 10.33| 1860
Bettina 71 1.6 10.3 16.9 2.43 193 40.8 | 18.3| 7.92 | 1426
Regina 79 1.2 1.0 22.8 2.27 193 43.2 | 18.7| 9.96 | 1793
Amandine | 86 2.1 10.4 22.0 2.43 194 41.6 | 19.7| 10.40| 1872
Mean 78 1.8 10.5 21.5 2.3 193 42.6 | 19.0] 9.65 | 1738

*: Site 1: Tornyiszentmiklés, Site 2 Tiszaigar, S3teMihéld

4 Discussion and Conclusions

These results show that soybean can be introduced as main and secondary crop into the cereal crop rotation
in Hungary. The protein content of sujgarly varieties can reach 40 %. There are-@00 kg differences

in the yields, and-® % in the protein content between the varieties in the research site. Without irrigation,

the rainfall of the location is decisive for yield. The next crops are mostly cereals on these farms, which again
supported by the soybean fam®p.
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1 Introduction

Pea Pisum sativuni..) is an important crop in European agriculture. Pea seeds, because of their relatively

high protein contenire a valuable componentlodth the human diet and animal feedPoland the main

source of protein for feed production is currently soya niegiorted from the Americais a quantity of 2

million tons per yearTo support the substitution of soya with domestic protein plamtslti-yearproject
entitled Alncreasing the wuse of dualityeasimal producteie d pr ot
conditions of sustainable developmentodo was funded
was to develop timefficient biotechnological methods for the creation of new pea cultivars with desirable
characteristics

2 Materials and Methods

Materials for the study included four cross combinations of pea: Zekon x Tarchalska, Batuta x Tarchalska,
Tarchalska x Gotik, Atlax Tarchalska. Plants of generatiowiere genotyped with SSR markers associated

with resistance to powdery mildew, pea sbeche mosaic virus and Fusarium wilt. The results of molecular
analyses were statistically processHue tested hybrids and tih@arents were compared with the theoretical

best genotype, i.e. one that has all the positive alleles of all markers used. The distance of the objects from
the theoretical ideal genotype was determined as the Jaccard Index (JI). The single seed &¥cent (S
technigue was applied to obtain a homozygous line (Surma et al. 2013).

3 Results

Among the parental genotypes, cv. Batuta appeared to be most similar to the ideal genotype
(J1=0.333); the greatest distance from the ideal (JI1=0.583) was found f@atiksand Tarchalska. Among

200 tested hybrids, only three lay in the smallest range of distances from the ideal (33:83%7 while

13 hybrids were found at the largest distance (JI1=0.833). Independently of the molecular results, all the tested
F. generation plants were subjected to the SSD technique in combinatiomwitho culture of embryos

isolated from immature seeds. Growiag vitro plants in a greenhouse, four generations per year were
obtained. Using our approach, two years sufficed tainimeathomozygous lines of generation(88.4%
homozygosity in a locus) from the Rybrids, which in the traditional method under field conditions would

take five years.

4 Discussion and Conclusions

Traditionally, breedingnew varieties of selpollinated crops takes several years. To reduce the time needed
to obtain genetically stable lines from heterozygous offsptimgydoubled haploid (DH) system is widely
used. Grain legume species are known to be recalcitrant \ibro culture. As an alternate, the SSD
technique coupled with the vitro culture of embryos dissected from immature seeds has been developed
for pea, field bean and lupins (Surma et al. 2013, Ogrodowicz et al. BB)ines can be developed either
from randomly chosenzplant or from hybrids selected in accordance with the defined breeding goal. In
the present stud$SDIines were derived from hybrids of various cross combinations, which were genotyped
using molecular markeessociated with genes responsible for resisttmdiseases. Statistical analysis and
comparison of the hybrids and their parents with the theoretical ideal genotype led to identification of the
most promising hybrids. Thebtined SSD lines, after propagation, will be tested in terms of disease
resistace, which will enable verification of the effectiveness of marker selection in F
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Genotyping of Epea hybrids followed by use of the SSD technique in combinationimtitro culture of
embryos can shorten by 2 years the time needed to obtain linethwa high degree of homozygosity, thus
accelerating the process of breeding new varieties.
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1 Introduction

Sustainable agricultural systems, as organic farming, need an excellent capacityrémusation allowing

for overall reduction of external inputs while maintaining aréasing overall system output including
delivery of ecological services. Biodiversity at all levels from microbial populations up te amiglintra

specific diversity of plants is a major component in-sedfulating systems (Loreau 2010). Aims and oé¢h

for breeding of crops adapted to sefjulating systems, such as heterogeneous populations, are different
from most current breeding programs in several aspects. Thus, methods are needed that allow for (i) a
heterogeneous crop structure; (i) adaptatof populations to special environmental conditions; (iii)
continuous improvement of heterogeneous populations by selection, without losing their plasticity and
adaptability; and (iv) introduction of new genetic material into the population. Compastepopulations

(CCP) are a concept that can meet those demands (Déring et al. 2011, 2015). Further, selections from CCPs
might also be a useful resource for conventional line breeding and provide a basis for-ga®me
association studies (GWAS) to fingkne loci responsible for traits relevant for all farming systems. This
study attempts to use wheat lines selected from CCP populations in order to test the applicability as diverse,
but still restricted population for GWAS.

2 Materials and Methods

Out 0f200 CCP lines, derived from different winter wheat CCPs (agronomic performance, cp. poster Schmidt
et al.), DNA was isolated from 184, selected for contrasting phenotypes and homozygosity and genotyped
by TraitGenetics (Germany) using a 20k wheat SNRylsinucleotide polymorphism) array analysed on
Infinium Ultra HD chip. The genotyping data, together with the phenotypic data were used for GWAS to link
allelic changes to trait expressions. Several statistical methods for association were used, s\arhlas ge
linear model (GLM), mixed linear model (MLM), multhcus mixed model (MLMM), fixed and random
models circulating probability unification (FarmCPU), and netwmasked model approach, using GAPIT
version 3 (Wang and Zhang, 2019) including K and Qimas well as netgwas (Behrouzi and Wit, 2019;
Behrouzi et al., 2018) using Gaussian copula graphical model for reconstructing conditional independence
networks. Covariate (Q matrix) was calculated using principal component analysis (PCA) based on 8961
sdected SNPs, respectively.

3 Results

Preliminary GWAS results were obtained from ten phenotypic traits at the organically managed trial farm
Frankenhausen (Northern Hesse, Germany) for the season 2017/18.-@kRdd GWAS resulted in 4
candidate andi83 potential candidates for 4 of the 10 traits (area under the disease progress curve
[AUDPC], plant height, straw yield, grain yield) included in the analyses. In contrast, the nbtagedk

GWAS resulted in 3233 candidates for 7 of the 10 traits (AUDR@&tile ears, harvest index, plant height,

soil cover, straw yield and total biomass). There were several candidates with pleiotropic characteristics
pointing simultaneously to harvest index and plant height, as well as AUDPC and field emergence.
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Figure 1. (a) Manhattan plot of negative logl6vplues of area under the disease progress curve (AUDPC) for each of the
chromosomes {I7) within the wheat subgenomes (A, B, D), horizontal lines: thresholdyafye of 0.001 as well as

Bonferroni pvalues of 01,0 . 05 and 0. 01; (b) Subnetwork of a network of
interactions @ ) between and within markers and traits.

4 Conclusions

Further investigations and comparison with different environments and methods are neededdor a mo
complex understanding of the phenotypic traits in the development of diverse populations and mixtures
in organic plant breeding.

References

Behrouzi, P., Arends, D., and Wit, E.C. (2018) netgwas: An R package for ndiasekl genomeide associationtadies.
arXiv 1710.01236v4 [stat.AP].

Behrouzi, P., and Wit, E.C. (2019) Detecting epistatic selection with partially observed genotype data by using comala graphi
models. Journal of the Royal Statistical Society: Series C (Applied Statistics) 686041

Déring, T.F., Pautasso, M., Finckh, M.R., and Wolfe, M.S. (2011) Concepts of plant healtewing and challenging the
foundations of plant protection. Plant Pathology 6151

Déring, T.F., Annicchiarico, P., Clarke, S., Haigh, Z., Jones, H.E&rcegH., Snape, J., Zhan, J., and Wolfe, M.S. (2015)
Comparative analysis of performance and stability among composite cross populations, variety mixtures and pure lines of
winter wheat in organic and conventional cropping systems. Field Crops Resezr2B3345.

Loreau, M. (2010) Linking biodiversity and ecosystems: towards a unifying ecological theory. Philosophical transactions of
the Royal Society of London Series B, Biological sciences 366049

Wang, J., and Zhang, Z. (2019) GAPIT version 3:idteractive analytical tool for genomic association and prediction. url:
https://github.com/jiabowang/GAPIT3 [Last access: 2024.9].

Session 12Breeding for intraspecific diversity 210



DiverlMPACTS
‘ European Conference
on Crop Diversification
_ . i i n . 7.‘|\-\ ber 18-21, 2019
4 101 G2 aensHtS 2F /2y Budapest, Hungary

Forage potential of small grain cereals and mixtures in organic agriculture

Maria Megyeri **!, Zoltan Ay 2, Maria Kov acsWeber®, Péter Mikd!

1 Agricultural Institute, Centre for Agricultural Research, Hungarian Academy of Sciences, POB 19, Martonvasar
2462, Hungary;

2Koros-Maros Biofarm Ltd., Kilterilet 2, Gyula 5711, Hungary;

3Institute of Animal Husbandry, Faculgf Agricultural and Environmental Sciences, Szent Istvan University,
P§ter K8roly wu. 1, G°d°lI I R 2100, Hungary

z Presenter
+ Corresponding authomegyeri.marigatlagrar.mta.hu

1 Introduction

Production of different cereals for green forage and silagenhd a long tradition in crop production. In
Hungary, cattle feeding is based mainly on maize silage. Small grain cereals (wheat, rye, triticale, oat and
barley) are produced for silage either in monoculture or in ckrgame mixtures have also an imaorce

in feeding of ruminant animals. Nevertheless, the use of small grain-bessal silage is not expansively

used in cattle feeding and their production intensity is very different worldwide. Production of cereals and
cereallegume mixtures has seveealvantages: winter cereals utilize very efficiently the precipitation from
autumn to springThese crops can be effectively introduced in the crop rotation, and due to their early harvest
they can increase the efficiency of land Ud&ese advantageseamore remarkable in organic agriculture.

2 Materials and Methods

Forage potential of winter cereals (triticale, winter oat, rye, emmer, spelt) and legumes (Hungarian vetch,
hairy vetch and winter pea) were examined in an organic nursery in season8 20822013/14 using small

plots in three replications. Cereals and legumes were evaluated in monocultures and different mixtures were
created: triticalgpea (Mixturel), triticaleatHungarian vetcipea (Mixture2), spelbathairy vetchpea
(Mixture3) andemmeroathairy vetchpea (Mixture4). Mixtures were sown in two cersgjume seeding

ratio: 50:50 and 40:60, based on seed numbers. Harvest was carried out in the end of the milk stage of the
cereals. Randomly selected  area of each mixture plots wecat at the same time to determine the
percentage of the components. Relative water content was determined and dry matter yield (DMY) was
calculated. Crude protein content of the samples of monocrops and mixtures was determined by Kjehldal
method.

3 Resuts

Considerable differences were found among DMYs of the different cereal species examined. One of the
triticale varieties (Mv Saman) had significantly the highest DMY (16.89 t/ha), while the spelt genotype had
the lowest (9.19 t/ha). The Hungarian veteld tthe significantly highest DMY (6.03 t/ha) among legumes.
Comparing the two types of mixing ratio, the cedegume mixtures with 50:50 ratio had higher yields than

the same mixtures with 40:60 ratio. The significantly highest DMY was observed in dixduitled with

50:50 ratio and the lowest was found in Mixture4 drilled with 40:60 ratio.

Protein yield of monocrops and mixtures was calculated from DMY and crude protein content. The results
showed that the higher legume ratio did not increased theipgoeld of mixtures.

Land equivalent ratio (LER) was calculated to evaluate the efficiency of intercropping compared to
monocropping. LER was over 1 in all mixtures with 50:50 cdegalmes ratio, which means there is an
intercropping advantage and tiesources were more efficiently used by mixtures than monocrops. Mixtures
with 40:60 cerealegumes ratio had lower LER than 1 indicating that there is a disadvantage in intercropping.
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4 Discussion and Conclusions

The research was carried out to gealthe forage yield and protejield of different small grain cereals and
mixtures under organic conditions. Highest DMYs and protein yields was observed at triticale varieties,
among tested varieties under organic conditions. The dry matter yieldxofr@si was increased with
increasing cereal ratio. High legume ratio (60%) in mixtures are not recommended.
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1 Introduction

Though improved crop management systems and efforts in wheat breeding have raised yield levels in
Germany continuously until 2000, yield levels have stagnated more recently, comlitimeed dramatic
impairment of yield stability due to less reliable weather conditions.

Therefore, breeding is becoming more and more challenging as breeders have to consider simultaneously
more and in part also opposed breeding goals, such as toleraredstdneat, frost, drought or excess of

water, water use efficiency as well as resistances to new strains and species of pathogens. A so far neglected
strategy consists in raising intraspecific diversity by breeding highly diversified plant materialdmased
multi-parental crosses (complex varieties or Multiple synthetic derivatives, Tsujimoto et al., 2015).

However, little is known, whether such populations can really compete with current commercial varieties,
and under which environmental conditions mpcmanagement.

2 Materials and Methods

Several wheat populations based on a diallelic cross performed by thlndek@enter, UK in 2001 were
compared with 4 commercial higjuality varieties, 2 higlyielding varieties and 4 varieties bred for organic
farming. The experiments were performed in 4 locations at two levels of N fertilization in 2016 and 2017.
Two of the experiment sites were managed conventionally, two according to the principles of organic
farming. In 2018, 5 additional populations with mgecent genetic background were included. These had
been generated by Technical University of Munich (Germany), NIAB (UK), and LBS Dottenfelder Hof ev.,
Germany).

3 Results

Compared with current commercial cultivars, the performance of populatiorepasding on their genetic
background: the populations based on older or less adapted varieties yielded on as&sdgeshan the
reference varieties (Figure 1) , while the populations with more recent genetic background were as productive
as commerial varieties (Figure 2). Protein contents were highest in varieties bred for organic farming, while
that of commercial cultivars and populations were lower and similar to each other (data not shown).

4 Discussion and Conclusions

We conclude, that bulkgpulations based on modern, adapted parents, may be considered as alternative to
inbred lines, not only in conditions of organic farming, but also in many environments of conventional
agriculture.

Further research is needed to assess the effective agivainta better yield stability and tolerance towards
pathogens.

The full potential of populations is still not known, since up to now, the choice of the parents has been rather
arbitrary. Optimized selection of parents, comprising also competition #fadtsld rise further the
productivity of populations.

References

Tsujimoto, H., Sohail, Q., and Matsuoka, Y. (2015). Broadening the genetic diversity of common and durum wheat for abiotic
stress tolerance breeding. In "Advances in Wheat Genetics: Froom@en Field; Proceedings of the 12th International
Wheat Genetics Symposium” (Y. Ogihara, S., Takumi and H. Handa, eds.), #28&28okohama, Japan.

Session 12Breeding for intraspecific diversity 213



DiverIMPACTS

European Conference
on Crop Diversification
September 18-21, 2019

4 .+ 01 G2 denksHtS 2F /2y Budapest, Hungary
3 c
50 80 B
A o
A ——— = w A
£ — ] A
7 7 =0 T 60
£ =
s s
s 3
o 307 ]
2 £ 40
o o
20
10 4
o -4 WUt g MEBERERELN
Populations (UK, 19 varieties) gg g g % g C%Hé' i E’E) Populations (UK, 19 varietes) g g % g ﬁ §g § g § §
Evolved underdlﬁerentcondltlonss 2 3 g &} g Eg] 2 Evolved under different conditions 5 @ £ s eo< 3 2 w 2
x X
w X w 4

Figure 1. Populations based on older germplasm compared with varieties bred for engdusienventional farming. Data
fro, 2016 and 2017, 2 sites managed organically. Letters refer to differences among groups (gastyiBertferroni,
p<0,05)

I Organic breeding
[ Populations

60 - EEE E- Varioties
W Hybrid varieties

50
40

30

20

10 4

0 -

_\O (¢4 Qéo q"g g & ‘5\

Grain yield (dt/ha)

% o 2 Q o & > &

L F oSS S S § & 9 s & §. &
SFEELE & s L S & T OIS
SopLSSs S FEITTOSE/ITC I8
TEIS SELARACA RIS

0 iNi ab Eliteodo, T
r

Figure 2. Grain yield of older (YQ, Y, Q) and recently released populatfofisL i ¢ h ar |
ieties. Data f

s O,
AiBrandexo) compared with |ine and hybrid va
indicate significant differeces among populations (Tulesy, p<0.05)

Session 12Breeding for intraspecific diversity 214



DiverlMPACTS
‘ European Conference
on Crop Diversification
_ . i i n . 7.‘|\-\ ber 18-21, 2019
4 101 G2 aensHtS 2F /2y Budapest, Hungary

Stability of bulk p opulations of wheat compared with commercial cultivars

Jorg Peter Baresel**, Maria Finckh?, Odette Weedon, Jan-Henrik Schmidt?, Urs Schmidhaltert,
Lorenz Bulow?, Samuel Knapg

I Technische Universitat Minchen, Germany;
2 Universitat Kassel, Germany.
3 JuliusKuhrrInstitut, Germany

z Presenter
+ Corresponding authobaresdhat]wzw.tum.de

1 Introduction

Although improved crop management systems and efforts in wheat breeding have raised yield levels in
Germany continuously umtR000, yield levds have stagnated more recenitpmbired with a dramatic
impairment of yield stability. Therefore, breeding is becoming more and more challenging as breezlers h

to consider simultaneoustyore and in part also opposed breeding goals, such as tolerance towards heat,
frost, drought or excesd water, water use efficiency as well as resistances to new strains and species of
pathogens. A so far neglected strategy consists in raising intraspecific diversity by breeding highly diversified
plant material based on multiparental crosses (complestiesrior Multiple synthetic derivatives, Tsujimoto

et al., 2015).Though it has often been claimed, that yield stability of populations is higher than that of inbred
lines, their full potential is yet not known. In this study, this is tested for Germaitiooséh organic and
conventional environments.

2 Materials and Methods

Ten Populations, based on diallelic crosses of 19 varieties released between 1930 and 2000 (Ddéring et al.
2015) were compared with 4 commercial higkelity varieties, 2 higlyielding varieties and 4 varieties bred

for organic farming. In addition, 10 inbrédes extracted randomfyom the populations were includethe
experiments were performed 4 locations and 2 levels of N fertilization in 2016 and 2017. Two of the
experimensites were managed conventionally, two according to the principles of organic farming. The total
number of environments amounted to 16. Since 2018, 5 additional populations with more recent genetic
background were included, which where so far only test&denvironments. Stability indices according to
Eberhard and Russel, Finlay avitficke were calculated for each variety based on yield data.

3 Results

Regardless of the stability index used, (dynamic) yield stability and stability of protein contemtdwaey/s
higher in populations than in cultivars, especially hjiggiding cultivars with low grain protein content.
Yield stability of the inbred lines was asM@s that of the cultivars (Figuresatd 2).

4 Discussion and Conclusions

This confirms ouhypothesighat breeding diversified material may contribute to enhance the resilience of
cropping systems. The improved stability is due to the diversity of the populations, not to their genetic
background, as shown by the performance of the inbred Ihether research is needed to assess the
effective advantage, i.e. better yield stability and tolerance towards pathogens. The full potential of
populations is still not known, since up to ndkae choice of the parerfteis been rather arbitrary. Optrad
selection of prents should rise further thpeoductivity of populations
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1 Introduction

Considering the more frequent occurence of abiotic stress due to the climaje aiéithe need for more
resilient anl sustainable cropping systersgategies based in raising ragpecific diversity are of increasing
interest, but have been widelyghected so far. One approachhs establishment of highly diversified plant
material based on multiparental crosses (complex varieties or Multiple synthetic derivatives, Tsujimoto et
al., 2015). Due to their buffering capacity, such populations have shownrtorbestable than single lines,

their productivity is similar or slightly superior comparedth® mean of their parents. Tlygeld of
populations, compared with their parergsdietermined mainly by (a) additive genetic effects, which in
populations should be equivalent to the average of their parents (b) epistatic effects, which may determine a
part of the potential in selected inbred lines, but which will be partly lostrao@ limitedly be exploited in
populations (c) complementary or combination effects among the single genotypes in the population (d)
longterm evolutionary effects, which might be positive or negative for performance. The overall
performance of a populah depends on the entirety of these single effects.

2 Materials and Methods

In order to asses, if negative effects, e. g. due to an eventual loss of epistasy are relevant or compensated by
combination effects, we compared 10 composite cross populatoesaged in 2002 based on 19 varieties
(Déring et al., 2015) and evolved under different environmental conditions with lines randomly selected from
the populations themselves in 2015/16 and 2016/17. The experiments took place at 4 experiment sites, two
of them organically and two conventionally managed, with two levels of N fertilization in each site.

3 Results

Under organic managemegields of the mbred lines were iaverage considerably lower than those of the
populations,whereas these differenceseMess marked under conventional managefiégare 1).In the
presence of a strong infection pressure from yellow rust at the Experiment Station of Kassel University in
2016 and 2017, most of the gla lines were heavily affectedhile the populatiacnwere relatively healthy
(Figure 2) Yield stability of the populations was considerably higher than that of the extracted lines. N
fertilization had only little effect on yield in all environments and no genotype x fertilization interactions
could be obsrved

4 Discussion and Conclusions

We conclude, that intrinsic diversity or populations contribute considerably to their performance, and that
eventual losses of epistatic effects are largely compensated by combinatioraeffaugsgenotypes. Disease
regstance play a major role in combination effects.

Further research is needed to assess the effective advantage, i.e. better yield stability and tolerance towards
pathogens.

The full potential of populations is still not known, since upaw, the choicefathe parents has been rather
arbitrary.Optimized selection ofgrents should rise further the productivitypofpulations.

Session 12Breeding for intraspecific diversity 217



- DiverlMPACTS
/ European Conference
on Crop Diversification
September 18-21, 2019

4 ol C)l l] 2 G éntsH £ S 27T /| 2 3/1] Budapest, Hungary

References

Tsujimoto, H., Sohail, Q., and Matsuoka, Y. (2015). Broadening the genetic diversity of common and durum whieéitfor ab
stress tolerance breeding. In "Advances in Wheat Genetics: From Genome to Field; Proceedings of the 12th International
Wheat Genetics Symposium” (Y. Ogihara, S., Takumi and H. Handa, eds.), 28&28okohama, Japan.

Thomas F.Ddring, Paolo Annicietiico, Sarah Clarke, Zoé Haigh, Hannah E.Jones, Helen Pearce, JohnSnape, Jiasui Zhang,
Martin S.Wolfe (2015) Comparative analysis of performance and stability among composite cross populations, variety
mixtures and pure lines of winter wheat in organid eanventional cropping systems. Field Crops Research, 183, pp. 235
245

Organic (2 Sites, 2016 and 2017) Conventional (2 sites, 2016 and 2017)
B S A A
L il s
© © B
S 307 § w0
| 2 40
4“;" 20 = 30 -
c £
‘© © -
& 10 7 S 2
10
0= s 0~ o e el
Lines Populations Lines Populations

Figure 1.Yields of populations and extracted lines under organic and conventional farm management, 2016 and 2017, 8
environments in total. Letters indicate differembetween groups-{est, p<0,05)

2016 2017
1200 — 400 —
1000 —
B
-~ %;’_‘ 300 i B
‘%’ 800 | ]
> = A
= = S
s 600 — S 200
2 A =
© w
= <L
D
£ 400 — é
K] < 100 -
= 200 —
[ o -
Populations Lines Populations Lines

Figure 2. Cunulative degree of infestation with leaf diseases (AUDPC) of populations and extracted lines under organic
farm management, 2016 and 2017, at{&&henberg experiment station, University of Eels Letters indicate differences
between groups-test, p<0,05)

Session 12Breeding for intraspecific diversity 218



DiverlMPACTS
‘ European Conference
on Crop Diversification
_ . i i n . 7.‘|\-\ ber 18-21, 2019
4 101 G2 aensHtS 2F /2y Budapest, Hungary

Yield and quality of recently generated wheat populations compared with their
parents and mixtures

Jorg Peter Baresel**, Yuncai Hu!, Annerose Charroig, Urs Schmidhaltert

! Technische Wiversitat Minchen, Germany

z Presenter
+ Corresponding authobaresdht]wzw.tum.de

1 Introduction

Considering the more frequent occurence of abiotic stress due to the climate change and the need for more
resilient and sustainable cropping systems, breeding strategies baseihgrimaaspecific diversity are of
increasing interest. One approach, which has been widely neglected so far, is the establishment of highly
diversified plant material based on multiparental crosses ("complex varieties" or "Multiple synthetic
derivatives"(Tsujimoto et al., 2015). Aim is increasing yield stability, which is supposed to be higher in
diversified plant material, as could be confirmed by own data (see poster on yield stability in this section).
This this potential advantage can be exploitelgt,ahthis is not at the expense of yield level. Therefore, of
particular interest for practical application is whether populations may compete with their parents and
respective mixtures.

The yield of such populations, compared with their parents i€@msidering longerm evolutionary effects)
determined mainly by (a) additive genetic effects, which in populations should be equivalent to that of the
average of their parents, (b) epistatic effects, which may determine a part of the potential inisblected

line varieties , and consequently might cause lower yield in populations derived from the latter and (c)
complementary or combination effects among the single genotypes in the population.

2 Materials and Methods

In 2013, three composite cross ptaiions were generated by diallelic crosses among 7 spring wheat
varieties, 8 winter wheat varieties and a combination of both. In 2012016/7/18, the populations (then in

F5-7) were compared with their parents and respective mixtures in replicakgdefigeriments. All
Experiments took place at Viehhausen organic experiment Station of Technische Universitat Miinchen, upper
Bavaria.

3 Results

In all Populations, population yields were superior to the average of the parental varieties, in part also to
mixtures of the parent@igures 1 and 2)The best variety in each trial outyielded the populations in all
populations and years, but, according to environmental conditions, was not the same every year. This is in
accordance with previous results (Dorinigike 2015, Brumlop et al., 2017)

4 Discussion and Conclusions

We conclude, that the benefits of populations may be exploited without losing the achievements of plant
breeding. The commercial varieties the populations are based on, have been selgetéadfmance in pure
stands, not for combination ability. A targeted selection of parental lines (which have not to be commercial
varieties) for complementarity would therefore presumably improve the performance of wheat populations
in the future and thusatribute considerably to an overall increase and enhancement of agricultural diversity.
However, additional research is necessary in this area.

The full potential of populations is still not known, since up to now, the choice of the parents has been rathe
arbitrary. Optimized selection of parents should rise further the productivity of populations.
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Figure 1.Yields of populationsMixtures and parents, 2016 and 2017,at the organically managed Viehhausen Experiment
Station of TUM. Letters indiate differences between groupsteriscs indicate differences from the respective population.
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1 Introduction

Studying weed suppression, or interaction within variety mixtures, demands separation of the harvested seed

and this is costly and laborious. Therefore, we test the application ofthhigighput seedorting technique

tod scri minate between conventional wheat and the s
also allowed an assessment of the ability of the different varieties to suppress yields. Plant height is often
used an indirect trait for the weed suppres ability, but also represents a traxdEbetween yield potential

and weed suppression, as plant height is often related to a reduced harvest index. The objective was to
investigate the performance and suitability of the sswting system and to tesee relation of the estimated

competitive ability with plant height

2 Materials and Methods

Over two growing seasons, eight winter wheat varieties were grown in 50:50 mixture with cv. Rosso (red
kernels) and in control and mowoopped stands under camtional or organic management. With 3
replicate plots for each control and mixtdreatments, cultivation was carried out in a gplit design with
mixture treatment as the main pfactor.

For mixture treatment, a sample of around 180g of harvestativgas sorted by colour based on hue with

the QSorter Explorer (qualysense.com), and the weight of the two resultant fractions recorded. Using the
weight of the fractions and the plot yield, the yield of Rosso in each plot was derived. In order tandetermi
the suppression of Rosso, the competitive effect was calculated as CE 2'(vip/ Yp). Where: Ym is

the yield of Rosso in the mixture plot; and Yp is the mean yield of Rosso in pure stand in the respective
experiment. CE=0 indicates no interactionviEen the mixture components, and the higher the value of
coefficient CE, the stronger the capacity of the conventional variety to suppress the yield of cv. Rosso. To
assess how strongly CE is determined by the genotype,-benaé heritability of a meavas calculated for

each experiment as h2=Vg/(Vg+Ve/n), where Vg is the genetic variance, Ve the residual variance, and n the
number of replicate blocks, from a random model with the effects variety and replicate blocks.

3 Results

Sorting took about 5 miper sample, including preparing and packing of samples. The unclassified fraction
was neglijible and sufficient purity waachieved after one run. In all four trials, conventional varieties
differed significantly in their capacity to suppress the yieldvoRossoTablel). Heritability in single trials

was higher where overall suppression was lower. The overall heritability over all trials was h2=0.80.

Table 1. Mean competitive effect (CE)-Fest of variety effect from ANOVA, and heritability3jHor each experiment.

Year Management Mean CE (%)* Variety (F) h?

2016 Conventional 10.6' 4.9%* 0.80
2016 Organic 21.0c 7.5%** 0.87
2017 Conventional 53.% 2.9% 0.66
2017 Organic 41.4 3* 0.67

* Comparison between trials, Tuk@yest (5%)
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Assessing the yid-suppression capacity of the various varieties with respect to canopy height and CE
revealed taller and short varieties are more or less competitive respeétigahe{). However, there were
exceptions to this trend, as the dwarf hybrid variety Hylieeas competitive as the tall varieties, indicating

the yieldsuppressive capacity of other traits too.
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Figure 1. Relation of competitive effect (CE) to canopy height. Red line indicates the canopy height of Rosso

4 Discussion and Conclusions

Singleseed sorting proofed to be fast and reliable. The significant variety effect of CE and the high
heritability indicated that the competitive effect on cv. Rosso is strongly determined by the variety. This
suggests that the 50:50 mixture withea variety h combination witthigh-throughput singleseed sorting

could be used in variety testing to determine the weed suppression of wheat varieties. The relation between
plant height and CE partly confirmed plant height as an indirect trait for weed suppretsi@ver, the

strong CE of the dwarf hybrid variety Hybery indicated that plant height is limited in its suitability as in
indicator of weed suppression ability, which could furthermore help to overcome theffradaeveen yield

potential and weed suppsien.
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1 Introduction

Plant breeding makes a significant contribution to increasing the yield and thus the efficiency of plant
cultivation. An important questibis whether breeding progredspends on nmagement intensity and
environmental conditions, i.e. whether more intensive or more extensive management systenmdyenef
from plant breeding. As aonsequence, enhancement of intaad intervarietal diversity might become
necessary, i.e. varietiesone adapted to specific environments and genetically less heteoogerarieties,

in order to increase plasticity concerning adaptatiotréss and lownput management.

2 Materials and Methods

The yield data from the organic and conventional varesting trialof winter wheat in Germany wetssed

to investigate whether the observed breeding progress differs between conventional and organic farming.
Winter wheat yield data were extracted from publicly available reports of the official variety trial
(ALandessortenversucheo, organic and conventional)
model to separate genetic progress (breeding progress) fregenetic progress (agronomic and climate

related). Only varieties tested for at |[€astears were used for the analysis.

3 Results and Discussion

The dataset comprises about 2400 trials (conventional and organic) and the average yield level of the
conventional trials was 95 dt/ha and 50 dt/ha under organic management. Breeding proagesd aariety

classes in the conventional trials under high intensity (with fungicides and growth regulators) was estimated
to 0.41 dt/ha/year (P<0.001) and to 0.73 dt/halyear for low intensity (without fungicides and growth
regulators). For the organtrials this estimator was 0.09 dt/ha/year and was not significantly different from
zero (P>0.05). The higher breeding progress under conditions without fungicides might indicate that the
absence of breeding progress under organic conditions is notedaektof increased resistances. However,

the difference might be due to nitrogen limitation in the organic trials as trials with legumes as preceding
crop show a higher breeding progress (0.11 dt/hal/year) than trials witaguomes as preceding crop(®.
dt/ha/year). We conclude, that breeding has to consider more the particular growth conditions, and that there
is a need for a more diversified range of varieties;ddweer, a more diverse geneticucture of the varieties

will additionally contributeo a better adaptation to soptimal conditions.
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Figure 1. Histograms depicting the estiredtbreeding progress in the single experiments; A: Organic B: conventional trials
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1 Introduction

Genebanks apply statiex situmanagement systems to conserve plant genetic resources for food and
agriculture. By doing so, genebanks facilitate use
maintain accessions, i.e. a spatial and tempuoet of the evolutionary process, dynamic management
strategies aim at promoting the continued adaptation of crops to changing environmental conditions (Bretting
and Duvick, 1997). An effective and efficient approach for a dynamic management systenhedathwas
described by Goldringest al (2001) and is being developed by INRA at Le Moulon (France) towards an
ontfarm management system involving farmers (Enjalberdl, 2011). The transfer of this approach to
barley was recommended by the German FddMinistry of Food and Agricultural in its expert program for

plant genetic resources. The Julius Kilhstitut was subsequently requested to develop an institutional
network for the dynamic management of winter barley genetic resources. Populationb-popusations

are cultivated at different locations and exhibit a wide genetic variation within and between populations,
adapted to regional agricultural conditions, and with potential for future adaptation to climate changes.

2 Materials and Methods

From a total of 227 German winter barley varieties released between 1914 and 2003, a set of 58 varieties was
genetically analyzed using SSR markers. Among these, 32 genotypes representing the genetic diversity of
the whole set were selected to produce a higddombinant winter barley population. In the years 2008 to
2015, the 32 selected winter barley varieties were crossed according to thedvarti Advanced Generation
Inter-Cross (MAGIC, Cavanagket al, 2008) scheme resulting in a set of lines withheliwe being a
descendent of all 32 initial varieties and thus harboring parts of all 32 initial genomes. Aliquot amounts of
seeds from 324 of these lines were combined in 2015 to form a highly heterozygous population and grown
for multiplication.

3 Resuts

In order to promote the development of differently adapted germplasm, 12 ecogeographically contrasting
locations within Germany were selected to form a network for the dynamic management of winter barley
genetic resources. These include 3 locations rumdganic management practices. Since 2016; sub
populations of the material have been continuously cultivated under high and low input conditions at these
locations. Adaptation of winter barley spbpulations to different climatic, soil and agriculturaput
conditions will be monitored over a period of 6 to 8 years. Based on samples taken in each year, changes in
the allele frequencies within and between locations will be monitored at the DNA level. Simultaneously,
ROBUSTUM has been developed as an imi@tion system for the consistent documentation of varieties and
lines, crossing schemes, composition of (sub)populations, cultivation conditions, characterization and
evaluation data, and for subsequent data analysis. The complex pedigree of the migalbailey
population has already been recorded within ROBUSTUM. All data as well as plant genetic resources
developed by the network will be publicly available according to the rules of the Multilateral System of the
International Treaty.

4 Discussion ad Conclusions

The present approach enables a continuous and dynamic adaptation of the natural genetic diversity present
in our crops to changing climatic and agronomic developm&his.evolutionary plant breeding concept
actually translates the breediofjlandraces by farmers and the functions of traditional seed supply systems

of the past into scienegupported crop diversity management practices of today. Evolutionary plant breeding
approaches may play a role in solving the many problems relateditetbasing pressure on finite natural
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resources caused by a growing human population and changing consumption patternse(Stefizo15)

and increasing insecurity in agricultural production systems caused by climate change. The creation and
developmat of the winter barley population can be considered as course of action in plant breeding and
contribution to a genetic diversification of agricultural production syst€émss, dynamic management will
contribute to the development of sustainable agticailiproduction systems.
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1 Introduction

Organic production has been increasing across the EU28 (11.14 M ha in 2015 which represents a 21%
increase over 2010 (Eurostat 2015) and accounts for 6.2% of the agricultural used area. Orgatimnprodu

is limited by some agronomic and management requirements but particularly by the lack of organic seeds
and varieties bred for organic conditions, organic farmers use the permitted derogations for using the
untreated conventional seed material foirtpeoduction. Modern plant breeding programmes use methods
which is not compatible with the organic principles, i.e. GMO, (IFOAM, 2017). On the other hand, traditional
plant breeding involving quantitative genetic/phenotypic selection approaches, whigére@enotypes for

a wide range of traits over a range of contrasting environments is time consuming, expensive and thus
difficult to fully exploit especially for the smaller organic and lowut market sectors. There is therefore

an urgent need to dewg improved genotyping, phenotyping and farperticipatory breeding approaches

which are more efficient, reduce costs and/or can be used to target traits suited to an organic production
environment.

The H2020 ECOBREED project aims at increasing thdahihiy of seed and varieties suitable for organic
and low input production. Activities focus on four crop species, selected for their potential contribution to
increase competitiveness of the organic sectrywheat(both commonTriticum aestivuni. and durum
Triticum durumlL.), potato (Solanum tuberosurh.), soybean(Glycine max(L). Merr), and common
buckwhea(Fagopyrum esculentuioench.).

1 Wheat is the most important single crop among 1.54 M Ha of organic cereals in Europe
(EUROSTAT 2015). Most natern cereal varieties are sedvarf which provides a higher potential
yield under a high input environment but have negative effects because of reduced competitiveness
against weeds and increased sensitivitgeptoria triticiand Fusariumspp.

1 In potato production, the yield gap between organic and conventional production systems is much
greater (up to 60% lower yields in organic systems) and has been mainly attributed to inadequate
control of pests and diseases that can be effectively controlled digities, particularly late blight
caused byhytophthora infestang he potential future exclusion of copper fungicides from organic
potato production is likely to have further negative effects on late blight control and yields.

1 Soybeanis an important aarce of protein especially for livestock feed. The total area of soybean
grown globally in 2014 was 117.7 million ha, with less than 4% of this grown in Europe (FAOSTAT
2017). Within Europe, soybean cultivation is mainly situated in Eastern (3.9 millijparth
Southern Europe (0.4 million ha) with limited production in Western Europe (0.13 million ha) and
no recorded production in Northern Europe (FAOSTAT 2017). Increased organic soybean
production in Europe requires development of genotypes with increfisedht and cold tolerance,
competitiveness against weeds, capacity for symbiotic N fixation, and resistance/tolerance to pests
and economically important diseases.
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1 Buckwheatis an underutilized crop that currently accounts for less than 3% of theratd&s of
wheat production in Europe. It was grown widely in the past and has been identified as having clear
nutritional benefits and being suitable for the manufacture of giteenproducts. The demand for
buckwheat, and in particular organic buckwhes increased rapidly in recent years and is largely
met by imports from outside the EU, particularly from Russia and China. There are very few climatic
constraints on buckwheat, which means that it can be grown in most European countries, although
the awailability of buckwheat varieties is a key factor limiting this potential growth.

2 Materials and Methods

The project will develop (a) methods, strategies and infrastructures for organic breeding, (b) varieties with
improved stress resistance, resourse efficiency and quality and (c) improved methods for the production
of high quality organic seed. The objectives of the project are:

A To increase the availability of seeds and varieties for the organic asddatsector

A To identify traits and embinations of traits suited to organic and Jimput production environment
including high nutrient use efficiency and weed competitiveness/allelopathy

A To increase breeding activities for organic and-loput crop production.
Specific activities intude:

A Identifying genetic and phenotypic variation in morphological, abiotic/biotic tolerance/resistance and
nutritional quality traits that can be used in organic breeding

Evaluation of the potential of genetic variation for enhanced nutrientsitigui

Evaluation of the potential for increased weed competitiveness and control

Optimisation of seed production/multiplication via improved agronomic and seed treatment protocols
Developing efficient, readfo-use farmer participatory breedisystems

Prebreeding of elite varieties for improved agronomic performance, biotic/abiotic stress
resistance/tolerance and nutritional quality

Development of training programmes in (a) genomic tools/techniques, (b) PPB and (c) use and application
of improved phenotyping capabilities.

Ensuring optimum and rapid utilisation and exploitation of project deliverables and innovations by
relevant industry and other user/stakeholder groups.

o Do To Do Do Do Do

3 Results

ECOBREEDwiIll enhance the portfolio of wheat, ptda soybean and buckwheat varieties suitable for
organic farming in Europe and identify traits and combinations of traits suited to organic aimgpuow
farming. The primary target of the H20BECOBREEDproject is the organic farming and food sector in
Europe. However, activities also support other-ioput production systems and will provide solutions for
potential future challenges in the conventional farming sector (e.g. reduction of pesticide use, restrictions on
the use of NPK fertilisers and climatkange).
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1 Introduction

The genud~agopyrum(family Polygonaceae) includes several different species, among which common
buckwheatFagopyrum esculentuMdench) is the most knowand cultivated worldwide (Bonafaccia et al.,
2003). From nutritional point of view buckwheat represent a rich source of high quality proteins with a
balanced aminacid composition, dietary fibre, retrograded starch, essential vitamins, minerals and
anticxidants (GiméneBastida et al., 2015; Pongrac et al., 2010). The aim of the present study was to
determine the chemical (crude proteins, fibre, ash and fats), fatty acids, free amino acids aldmaiital
composition in different common buckwheat ganeesources obtained from Slovenian Plant Gene Bank.
Knowledge of nutritional characteristics is of key interest for breeding programmes since the buckwheat is
considered as promising functional food due to a rich variation of phytochemicals and pbtsaitia
benefits.

2 Materials and Methods

Eight common buckwheat accessions (i.e. CBW KIS SR iere grown in the experimental fields of

the Infrastructure Centre Jablje, Agricultural Institute of Slovenia, Slovenia (304 m above sea level; 46.151°N
14.562°E). The dried grain samples, containing on average?d 2B8moisture, were homogenised using
laboratory mill (Retsch ZM 200). The methods used for analysis of buckwheat samples were those used for
analysis of animal feed, either for raw componentsomnpound feed. Moisture was determined by heating

the samples at 103°C fold(EC 152/2009 App. Il A). Crude proteins were analysed by method ISO 5983:2,
using factor 6,25; modified method 1ISO 6865 using FiberCap was applied for the determinatiaheof cr

fibre, for crude ash ISO 5984 was used, and crude fats were analysed with petroleum ether extraction
(152/2009 App. Il H). Fatty acid composition was determined using gas chromatography (Agilent 6890N,
USA) of fatty acid methyl esters (FAMEs). Sepemat was carried out on column SPB PAJF
(30mlI0.25mmlI0.2em column; SUPELCO). ldentiycation
standard mixture of methyl esters of higher fatty acids (Lipid standard SigrniE9)1.88Bhe content of the

fatty acids was expressed as mg/g@ly weight{DW) and as the mass ratio of all of the fatty acids analysed.

Free amino acids were determined using {mgtormance liquid chromatography. The mel@ment

analysis was performed nalestructively using EDXRF spectroscopy. Pellets made frorg @510 g of

powdered sample material were prepared using a pellet die and a hydraulic press. The pellets were analysed
using an energy dispersiverdy spectrometer composed of XR0O SDD silicon drift detector (Amptek),

PX5 digital pulse processor (Amptek)dalap top based digital acquisition software (DPP MCA, Amptek).

The analysis of complex -Kay spectra was performed using the AXIL spectral analysis program and
guanti fication using the Quantitative AnNna&R008)si s of
The estimated uncertainty of the analysis wé6. The data are expressed as pg/g DW.

3 Results
Table 1. Chemical, fatty acisland multimineral composition ofommon buckwheat accessions
Buckwheat accession % DW Fatty acid composition (wt. %) Total fatty acids Multi-mi neral compDW§i ti on
Proteins | Fibre | Ash | Fats | C14:0 [ C16:0 | C18:0 | C18:1 [ C18:2 | C18:3 | C20:0 mg/100 g FW K P Si S Ca Fe | CI Ti Zn
CBW KIS SRGB1 144 153 31 22 0.4 156 19 374 401 27 19 2370 5850 | 4850 | 2720 | 1600 | 676 | 184 | 128 | 236 | 215
CBW KIS SRGB2 142 173 [ 31 ] 2 03 1538 19 366 | 406 2.9 19 2267 6200 [ 4310 | 1850 | 1380 | 481 | 167 [ 113 176 | 201
CBW KIS SRGB3 132 157 26 18 0.2 135 18 39.6 399 238 21 2549 5210 | 4050 | 686 | 1270 | 694 | 86 | 122 | 3.5 | 199
CBW KIS SRGB 4 143 163 34 2 02 156 20 377 397 27 21 2520 5790 | 4320 | 1920 | 1290 | 1140| 196 | 201 [ 239 | 192
CBW KIS SRGB5 137 159 27 2 0.2 16.0 22 36.0 409 27 18 3156 5400 | 3990 | 942 | 1270 | 855 | 102 | 133 | 118 | 168
CBW KIS SRGB6 158 19 238 2 03 155 18 377 399 238 20 2675 4560 | 4120 | 1390 | 1620 | 1150 | 136 | 145 | 105 | 199
CBW KIS SRGB7 126 147 28 2 03 162 19 358 409 29 19 2383 5410 | 3410| 675 | 998 | 853 | 118 | 158 | 6.7 | 189
CBW KIS SRGB8 144 17.3 31 2 03 159 19 357 415 3.0 18 2308 4960 | 3440 | 2690 | 1120 | 1040 | 162 | 109 | 220 | 244
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Figure 1. Free amino acids composition of common buckwheat accessions

4 Discussion and Conclusions

The average crude proteins content among eight common buckwheat accession grainsxwas\LAnhile
the crude fibre represented 18%6DW. The crudash content was on averag&3and crude fats %. The
total fatty acid content varied considerably, from 1643 mg to 2891009 DW. Seven fatty acids were
identified and quantified: saturated myristic (C14:0), palmitic (C16:0), stearic (C18:0) ahlaréc20:0);

and unsaturated ol

buckwheat grains was linoleic acid (404, followed by oleic (33.%6), palmitic (16.8%) ,-linolénic
(3.6%), arachidic (2.90), stearic (B %) and myristic acid (0.36). Eight elements were obtained in

ei

¢ -lina@enhiB (C18)3). Prévailingofatte acid in cothd: 2 ) a

common buckwheat samples, and these elements are Si, K, P, Al, S, Ca, Cl and Ti. The highest levels among

elements was seen for K (from 4720 to 6480y DW), followed by P (from 3750 to 5380y/g DW) and Si

(from 636 to 1040Qug/g DW), which varied the most among all elements. The less abundant elements in

buckwheat grains were Ca (on average [I¢/g DW), Cl (on average 15)/gDW) and Ti (on average

51ug/g DW). The following 17 free aminacids were identified and quantified: aspartic adgap
threonine Thr), serine §el), glutamic acid Glu), proline Pro), glycine Gly), alanine Ala), cysteine Cys,

valine (vVal), methionine ief), isoleucine l{e), leucine Leu), tyrosine Tyr), phenylalanine Phé, lysine

(Ly9), histidine His) and arginine Arg). These amino acids can be divided into two groups: the essential
amino acids ofle, Ley, Val, Phe His, Lys, ThrandMet, and noressential amino acids éfa, Gly, Pro, Tyr,

Asp Glu, Arg, SerandCys The highest content in common buckwheat grains was shov@lddr 14 %
of total proteins), followed byArg (> 8 % of total proteins) anly (> 7 % of total proteins). The results
show significant differences between buckwheat accessionsadalysed nutritional characteristics.

Nutritional characteristics data of common buckwheat genetic resources are the basis for breeding new
varieties with traits of interest (e.g. higher Fe, Zn content) combined with higher productivity in terms of
improvement of agrdiodiversity and profitability within the food value chain.
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1 Introduction

The Anthropocene has brought tremendous pressures to our planet, and we are currently facing a scenario
where in the course of food production, we are impgdhe resources of our sole feptbducing land. In

fact, global food production methods are the largest pressure caused by humans on Earth, and we are currently
feeding monotonous, climate damaging diets which in turn, due to elevatd@©Q) emissiams, are also

lowering the intrinsic nutritional content of plant foods. With the global demand for nutritious, high yielding
crops expecting to more than double by 2050, it is important to underpin the different regulatory mechanisms
that explain why cropsare losing nutrients due to climate change, and how crop biodiversity and
diversification can help address this burden. Here we will focus on the global impacts .chreCBe
deficiency on the nutritional value of common be&mgseolus vulgarid..) from an agronomical and
physiological point of view.

2 Materials and Methods

Changes in the nutritional status of legumes may have a major impact on the nutritional status of populations
which are heavily reliant on these crop as a major nutrient sourcedeostand the individual and combined
effects of eC@ and restricted Fe supply on mechanisms relevant to common bean nutrient uptake and
accumulation, plants were grown under Fe sufficiency (Fe+, 20 uEHH2HA) and Fe deficiency (Fg0

UM Fe-EDDHA) combined with eCQ (800 ppm) or ambient GQaCQ, 400 ppm) in hydroponics until
maturity.We will showcase some of the existing evidence linking the effects of @@0Oron (Fe) deficiency

on nutrient content of common bean, presenting published and wsimdbdiata of a diverse set of genotypes

of common bean grown under future predicted levels of atmosphesidR@8ults from a field trial conducted

under Breed~ACE elevated C&conditions will also be presented.

3 Results

When looking at individual respses of different common bean cultivars to e@Qvas noticeable that
intraspecific variability exists for the effect of e€@n grain accumulation of several mineral nutrients,
including Fe (Figure 1). In depth studies looking at the mechanisms thdtenusaglerlying these differential
responses show that elevated@Be+/eCQ), stimulated photosynthesis and stomatal closure, decreasing
leaf and root soluble protein and highly affecting Fe metabolism: root reductase activity was stimulated by
6-fold while the expression of root FRO1 and IRT1 were doggulated by about-fold. In the leaves,

citrate and oxalate increased but ferritin expression decreasefblly Such changes may have determined:

i) lower levels of Fe (62%) and Mn (73%) in the roabslower Fe (38%) and higher Zn (25%), Mg (34%)

and K (28%) levels in the leaves, and iii) the lower P (30%) and Fe (50%) and higher Ca (40%) levels in the
seeds. The combination of Fe deficiency and ed®Dbled the effect of a single factor on FCR distivp-
regulation, balanced internal pH of Fe deficient plants and resulted in the lowest accumulation of Fe in all
plant parts (significantly lower in roots), and the highest accumulation of Zn in grains.

Session 12Breeding for intraspecific diversity 230



DiverIMPACTS

European Conference
on Crop Diversification
september 18-21, 2019

4 101 G2 aensHtS 2F /2y Budapest, Hunga

s aCO,

Grain Fe concentration (mg Kg™)

Figure 1. Grain concentration of Fe of 1&é&n cultivars, grown under ambieaCQ and elevatedeCQ. Data presented are
the means + standard errors of n = 4 plantB.<,0.05; **, P < 0.01; ***, P < 0.005; **** P < 0.0001 significance level

These results suggest that eQfirectly affects Feuptake mechanism having a negative impact on Fe
concentrations in all plant parts and that it may highly interfere on Fe uptake and accumulation in plant
cultivars sensitive to Fe deficiency, but other nutrients such as Ca and Zn maybe less affeateatdy cl
change in the future.

4 Discussion and Conclusions

The results of this study show that e@s a highly negative impact on Fe accumulation in all plant parts
including the grains and that, although there is an important interaction e@@®e dficiency leading to

a sharp ugegulation of FCR activity, this regulation was not sufficient to ensure an efficient Fe uptake, with
the plants exposed to egfaving lower Fe levels. This may highly interfere on Fe uptake in plant cultivars
sensitive toFe deficiency. Mechanisms that helped us understand the causes of nutritional losses include
impacts on root Fe reductase activity, shifts in photosynthesis, alterations in cytoplasmic acidification,
organic acid and sugar concentrations; changes in mua@umulation patterns, and expression of key
enzymes involved on mineral uptaldwe goal is to propose a preliminary model which insights some of the
mechanisms which are impacted by eCGidd Fe deficiency that may be responsible for the reported
nutritional losses. The wealth of research on the nutritional impacts of climate change is new, and considering
the general findings gathered here, we propose sustainable strategies to be put in place for future mitigation
and adaptation practices, harnessiathtagro ecological farming practices and crop diversification.
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1 Introduction

Future farming systems have to reduce their dependence of external inputs in order to mitigate their effects
on climate change and fossil resource use while being more resilient against adverse effects of changing
growing conditions. Arang other means, functional diversity at the witlind betweerspecies levels can

be a major component in order to use less external inputs while maintaining high yield levels (Wolfe&Ddring
2016). Composite cross populations (CCP, Déring et al. 201%)narevay to achieve a higher functional
diversity. With regard to the impact of a farming system on climate change, energy balances as well as
nutrient and greenhouse gas balances are often utilized to assess the use and effects of external inputs (Simon
2018). Models that describe the complex interactions between production processes as well as matter and
energy flows are used to calculate these balances. By assessing e.g. the carbon dioxide emissions of every
system input and production process, the carioxide emissions of the whole process chain can be
evaluated. This method can be used analogous for every other impact category. As an example, greenhouse
gas emissions of a CCP and a reference variety (Florian) was compared with and without pssticide u

2 Materials and Methods

The calculations were based ongear field experiment in southern Germany. In 4 repetitions, winter wheat

CCP and varieties were grown with and without pesticide use (herbicides, fungicides, insecticides, growth
regulators) The crops were fertilized with 110 kg-h&l, management included tillage, sowing, fertilizing,
pesticide use (where applicable), harvest and transport. Yield and management data were averaged across
the 3 trial years for the calculations. At field leval inputs and outputs were assessed in order to calculate
greenhouse gas emissiofi$e total greenhouse gas emissions of a plant production system consist of
emissions from energy use, soil organic carbon turnover and from nitrous oxide emissionspakled.
Greenhouse gas emission equivalents of all inputs were adjusted to state of the art production processes in
Western Europe (Hulsbergen et al. 2001, Kistermann et al. 2008, Frank 2014).

3 Results

The production of the line variety emitted mgmeenhouse gases in total compared to the composite cross
populations, both with and without pesticide use (with pesticide use: Florian 38.5:en@3, CCP 34.2

kg CO-eq GJ, without pesticide use: Florian 33.0 kg £€y GJ, CCP 30.1 kg C®eq GJ). The
difference between Florian and CCP was caused mainly by the higher soil organic carbon turnover of the line
variety (with pesticide use: Florian 17.0 kg £€ GJ, CCP 11.9 kg C®eq G, without pesticide use:

Florian 10.3 kg C@eq GJ, CCP 72 kg CQ-eq GJ). The higher straw yield of the CCP paired with
comparable kernel yields (with pesticide use: Florian 9.5 t@&P 9.1 t hd, without pesticide use: Florian

8.3t hal, CCP 8.0t hd) resulted in a lower soil organic carbon turnoVidre other parts of the greenhouse

gas balance (GHG emissions from energy use, nitrous oxide emissions) were comparably high for both
varieties with little differences.

4 Discussion and Conclusions

The results of our study indicate that the main advant&@CPs compared to varieties regarding greenhouse

gas emissions could be due to their lower harvest index. The lower soil organic carbon turnover is linked to
a higher supply of carbon due to the amount of straw that remains on field. Interestinglyioonoif
pesticides had little effect on the greenhouse gas emissions from energy use. Both emissions from energy use
and nitrous oxide emissions were similar for CCP and Florian, indicating few effects beyond emissions from
soil organic carbon.
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1 Introduction

Among smalgrain cereals, wheat cultivation has the highest acreage in Hungary both in conventional and
organic agriculture. The climate extremes of 2010 and 2011 withighegt amount of precipitation and the

driest year of the century, however, drew attention to the vulnerability of the production and quality of organic
wheat. Searching for possible causes shed light on the lacking information on variety usage, inadequate
variety assortment and difficulties in the acquisition of suitable sowing seeds, especially organic ones,
although choosing the right variety is essential in organic farthsgmerts et al1999).The above reasons

lead to the participatory on farm vapietrials begun by OMKi in 2012, as a substitution for the official
variety trials missing in organic farming. These types of tests provide unique opportunities to alloy
experimentation with practice and obtain reliable information on the performancgreftanumber of
varieties under various climatic and environmental conditions on the organic farms all over Hungary. The
aim is to exclude the inappropriate varieties and find the economically profitable, best yielding, stably
producing high quality onesyhich might of course change with site and location. Farmers can compare
several promising varieties each year, which encourages them to choose more than one variety to further
grow. This increases biodiversity and might contribute to better yield statiitte same time. Based on the

data acquired on cultivation, performance, weed suppression and disease resistance, variety
recommendations can be made more efficiently taking into account the environmental and climatic issues,
resulting in a more diversnd optimized variety usage.

2 Materials and Methods

At startin 2012, four varieties of two breeding companies were sown on five volunteer organic farms together
with the varieties the farmers usually grew on each site. These initial varieties haveglaeed with more

suitable accessions in the following years during which both the number of the varieties and that of the farms
increased gradually. The investigated varieties originate from local breeding centres in Hungary and partly
from the neighboring Austria. A characteristic of the -darm trial is that not all of the varieties are sown in

al | |l ocations but most wvarieties are grown in var.i
comparisons between sites, a standard varietyiithalom) is used in all testing sites. Varieties producing

above average without restricting characteristics (such as e.g. poor disease resistance, weed suppression or
guality) have been repeatedly included in the tests so that the most suitable odesecselected for
cultivation by farmers. Although the farms participating might vary with time there is a core of farrgers (5
farms) who take part in several subsequent years. Sowing seeds (typieallykgdrom each variety) are

provided for the farnts who are requested to sow them in lanes (usually in the width of their sowing
machine) side by side, in the most homogenous part of their piece of land. During field surveys, each variety
on each site is evaluated and data on the incidence and coveExag®us diseases are recorded. Yield is
determined via estimation (collecting the spikes with a sickle froom®x&presentative plots) and, when
possible, with machinbarvesting of the plots. Grain quality is measured on the threshed grain samiples wit

the NIR method (Mininfra Scam Plus, Infracont) according to the relating standards.

3 Results

Up till now, more than 20 farms and 40 varieties have been involved in the experiments. Variety assortment

is regularly revised because of unsuitabilitgtdbution expiry or inaccessibility. This implies it is improved

over time and that the last years are the essence of experiences from previous years. Due to lack of space and
the rather complex test situation, only the main findings of 2018 are prebenéedvhen wheat cultivation

was severely influenced by drought. Rates of disease infection, such as e.g. Septoria tritici, leaf and yellow
rusts were also significant. 9 sites and 19 varieties were involved; in average 8.8 varieties per site and 4.3
sites per each variety, from which there were 4 varieties tested in one place, 2in2,2in3,1in4,2in5,4in
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