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FOREWORD

Eight years after the launching of the FSD (Farming Systems Design) initiative in Catania (2007), the European Society
for Agronomy (http://www.european-agronomy.org) has been mandated to organize its fifth symposium with the
specific objective to strengthen the interdisciplinary and methodological focus of FSD. The overall objective is to
promote research and capacity building on methodologies for the analysis and design of Agricultural Systems on a
worldwide level. The research focus of this FSD community is the farm system level, the interactions and feedbacks at
lower and higher levels of integration and the tools and methods required for understanding and implementing multi-
functional farming systems expressing good trade-offs between agricultural production and ecosystems services. In a
time when challenges for farming systems are increasingly defined by other systems operating at higher scales (food
security, climate change, natural resource conservation, poverty alleviation....) it is important to keep an active
scientific community sustaining innovation and capacity building on farming systems and their interfaces with those
embedding systems and global issues.

These proceedings are aimed to serve as a compendium of the on going research in the FSD domain when considered
worldwide and across the various sectors of agriculture (including fish-based systems). They include all the
presentations (orals and posters) selected by the Scientific Committee of the 5t Farming Systems Design conference
held in Montpellier (France) from September 7 to 9, 2015 (http://fsd5.european-agronomy.org/). A part of these
communication have also been selected to compose special issues of major journals in the domain (Agricultural
Systems and European Journal of Agronomy) and others will give raise to individual submissions in other journals.

The major achievements and challenges of the FSD approach are browsed through the 6 short sessions of the
symposium "Farming Systems Design in Action: Methods, Achievements and Challenges" and are further developed
and illustrated in the thematic sessions covering:

*  The grounds of the FSD approach in quantitative analysis of crops (session T1. Assessing performances and
services of cropping systems) and farms (T2. Assessing performances and services of farming systems).

*  The research frontiers on methodologies for systems experiments at field level (W3. Cropping systems design:
what can we do with field experiments and expert knowledge?), support of transition pathways at farm level
(W4. Farms in transition), integrated analysis (T7. Scaling up from farm to landscape and multiscale scenario
analysis of agricultural systems) and design (T8. Co-design and co-innovation with farmers and stakeholders)
of agricultural systems.

* A specific focus on crop models (T3. Crop modelling and yield gap analysis for agricultural systems analysis
and design) and farm models (T4. What’s new with bio-economic models for the analysis and design of
agricultural systems?) and the way they can be developed and used to sustain system’s analysis and design.

*  Three typical challenges on which the multi-scale and multi-domain FSD approach is likely to bring
significant breakthrough: T5. Designing Climate Smart Agricultural Systems; T6. Designing sustainable
agricultural systems with legumes; W6. Pathways for sustainable intensification of African agriculture?

*  Applications of the FSD approach to specific types of farming systems: W1. Animal-based systems and crop-
livestock interactions at farm and territory level; W7. Aquaculture systems, W2. Annual crops based systems;
WS5. Silvo-arable and silvo-pastoral systems.

Prof. Jacques Wery
(FSDS5 Chair and ESA Executive Secretary)
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Camille Jahel, Christian Baron, Eric Vall, Agnes Bégué, Kalifa Coulibaly, Medina Karambiri, Mathieu Castets, Stéphane Dupuy & Danny Lo
Seen
Characterization of crop rotations variability by combining modelling and local farm interviews
Florent Levavasseur, Clémence Bouty, Aude Barbottin, Valentin Verret & Philippe Martin
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Use of aerial photogrammetry to minimize erosion threats from broad scale resource developments on farmlands.
Perry L. Poulton, Neil I. Huth, Peter Caccetta, Brett Cocks, Jeremy Wallace & Xiaoliang Wu
Use of crop sequences for data-mining of remotely sensed time series across multiplescales: opportunities for scaling up research on
agricultural dynamics
Davide Rizzo, El Ghali Lazrak, Jean-Frangois Mari, Laurence Hubert-Moy & Marc Benoit
Are crop sequence evolutions influenced by farm territory dynamics?
Clémence Bouty, Florent Levavasseur, Philippe Martin & Aude Barbottin
An Integrated Look at The Diversity, Sustainability and Dynamics of Argentina’s Farming Systems
Mirna Mosciaro, Gonzalo Carlos Bravo, Maria Daniela Chavez, Hernan Alejandro Urcola, Victor Brescia, Maria Eugenia Van Den Bosch &
Carlos Ghida Daza
Linking landscape patterns and farm trajectories: a prerequisite to design eco-efficient landscapes in agricultural frontiers of Brazilian
Eastern Amazon
Sophie Plassin, René Poccard-Chapuis & Jean-Frangois Tourrand
Deciphering Corporate Governance and Environmental Commitment within South- East Asia Transnationals in strengthening Farming
Systems interactions
Jean-Marc Roda, Norfaryanti Kamaruddin & Rafael Palhiarim Tobias
Observatories of territorial practices: a tool to contribute to sustainable development of territories and performance of production systems
Javier Alejandro Vitale, Cecilia Inés Aranguren Marcelo Saavedra, Sandra Elizabeth Ledesma, Erika Zain El Din, Eduardo Daniel Cittadini,
Roberto Arnaldo Cittadini & Marc Benoit

T8. Co-design and co-innovation with farmers and stakeholders: methods, results and challenges
Chair: Michel Duru, INRA
Co-chairs: Santiago Dogliotti, Universidad de la Republic & Marie-Héléne Jeuffroy, INRA

Co-design ecologically intensive fish farming systems using agroecology and ecosystem services
Joél Aubin, Héléne Rey-Valette, Syndhia Mathé, Aurélie Wilfart, Marc Legendre, Jacques Slembrouck, Edurdo Chia, Gérard Masson, Myriam
Callier, Jean-Paul Blancheton, AurélienTocqueville, Domenico Caruso & Pascal Fontaine
Re-disigned farming system as a key for biodiversity conservation in Uruguay
Oscar Blumetto, Santiago Scarlato, Guadalupe Tiscornia, Andrés Castagna, Felipe Garcia, Geronimo Cardozo & Andrea Ruggia
Co-design of improved climbing bean technologies for smallholder farmers in Uganda
Esther Ronner, Katrien Descheemaeker, Conny Almekinders, Peter Ebanyat & Ken Giller
Iterative design and ex ante assessment of cropping systems including energy crops in the Dijon plain (France)
Anabelle Laurent, Claire Lesur-Dumoulin, Raymond Reau, Laurence Guichard, Marion Soulié, & Chantal Loyce
Designing agroforestry systems for food production and provision of other ecosystems services: cases in the sub-humid tropics of
Nicaragua
Diego Valbuena, Pablo Siles, Aracely Castro,Steven Fonte, Martin Mena, Orlando Téllez, Laurent Rousseau, Reynaldo Mendoza, Falguni
Guharay & Rein van der Hoek
Managing pasture-herd interactions in livestock family farm systems based on natural grasslands in Uruguay
Andrea Ruggia, Santiago Scarlato, Geronimo Cardozo, Verénica Aguerre, Santiago Dogliotti, Walter Rossing & Pablo Tittonell
Designing appropriate agroforestery systems: a systematic understanding of adoption decisions
Lieve Borremans, Bert Reubens & Erwin Wauters
Participatory design of irrigated landscapes to limit the risk of water crisis
Clément Murgue, Olivier Therond & Delphine Leenhardt
Participatory prototyping for complex rice based adaptative systems design in east Java, Indonesia
Uma Khumairoh, Egbert A. Lantinga, Jeroen C.J.Groot, Pablo A. Tittonell & Didik Suprayogo
Innovative design of smart farming systems: Some insights from the enhancement of native mycorrhizae in Martinique
Marie Chave & Valérie Angeon
Integrated Farming System for Sustainable Rural Livelihood of small and marginal farmers of North Eastern Transitional Zone (Zone-)
and North Eastern Dry Zone (Zone-) of Hyderabad Karnataka Region
U. K. Shanwad, R. L. Jadhav, Santiago Lopez-Ridaura, M. L. Jat, Ivan Ortiz-Monasterio & A. G. Sreenivas
Structuring data gathering on organic farms: the transdisciplinary development and use of a farm scan within a broader methodological
framework
Jo Bijttebier, Ludwig Lauwers & Fleur Marchand
Co-innovation as an effective approach to promote changes in farm management in livestock systems in Uruguay
Santiago Scarlato, Maria Marta Albicette, Isabel Bortagaray, Andrea Ruggia, Mariana Scarlato & Veronica Aguerre
How to co-build a viable farming model? Guadeloupe and Martinique Cases
Bérengeére Merlot, Arnaud Larade,Valérie Angeon & Eduardo Chia
Agronomic knowledge for cropping system design: characterization and dynamics of mobilization
Quentin Toffolini, Marie-Héléne Jeuffroy & Loréne Prost
The need for agronomic indicators to monitor and assess action and to enhance learning loops during cropping system redesign process
Quentin Toffolini, Marie-Héléne Jeuffioy & Loréne Prost
De novo design workshop: a method for co-designing innovative cropping systems
Raymond Reau Caballero, Michael Geloen, Anabelle Laurent, Chantal Loyce & Anne Schaub
Forages for Reduced Nitrate Leaching — a cross sector approach
Paul Edwards, Ina J.B. Pinxterhuis & Denise Bewsell
A research trajectory driven by scaling out: from a detailed farm model (SEDIVER) to a participatory board game (Forage Rummy)
Guillaume Martin
Photovoltaic Water Pumping System —Sustainable Water Irrigation for Best Farming System
P. S. Shehrawat
Gender and wealth influence how smallholder farmers make on-farm changes: a case study from Uganda
Skye Gabb, Peter Dorward & Graham Clarkson
Scaling up agro-ecological innovation adoption among farming systems. Application to improved fallows in Martinique
Laurent Parrot, Laurent Hennig, Ervic Roux, Lucile Vantard, Alexandra Jestin, Frangois Ratye & Paula Fernandes
A participatory approach to design and assess integrated crop-livestock systems at territory level
Marc Moraine, Michel Duru, Clément Murgue, Julie Ryschawy & Olivier Therond



i 02s

MONTPELLIER

5™ International Symposium for Farming Systems Design 7-10 September 2015, Montpellier, France

Designing a livestock rearing system with stakeholders in Thailand highlands: Companion modelling for integrating knowledge and
strengthening the adaptive capacity of herders and foresters
Dumrongrojwatthana Pongchai, Le Page Christophe & Trébuil Guy
Improving the livelihood of rural communities and natural resource management in the mountains of the Maghreb countries of Algeria,
Morocco and Tunisia
Mohamed Moussaoui, Mohammed Elmourid Salah Chouaki, Rachid Mrabet, Rachidi Youssef Lalaoui & Mohamed Elloumi
To mulch or to munch? Modelling the benefits and trade offs in the use of crop residues in Kenya
D Rodriguez, P deVoil, M Herrero, M. Odendos, B Power, M Rufino & MT van Wijk
Valorization of sustainable management practices in the farm based small economy
Katharina E. Diehl, Bettina Konig & Shadi K. Hamadeh
Innovation, knowledge management and researchers’ postures: exploring their linkages for improving the performance of innovation
platforms
Aurélie Toillier, Bernard Triomphe, Der Dabire, Syndhia Mathé, Francois Ruf, Koutou Mahamoudou & Ludovic Temple
An innovative approach to simulating household adaptation and investment
David Parsons, Arthur Masson, Caroline Mohammed & Rohan Nelson
Small farm viability in Central America — can tools for smallholder decision-making play a key role?
Charles Staver, Sandrine Freguin, Falguni Guharay, Martin Mena, Pablo Siles, Marie Turmel & Rein van der Hoek
Opening the black box: innovation process and logics of fonctioning of peasant farming systems
Gonzalo Bravo
Participative design of conservation agriculture cropping systems in organic agriculture
Marion Casagrande, Vincent Lefévre, Mathieu Capitaine & Joséphine Peigné
The institutional innovation in INTA for approaching the territories’ complexity of the Argentinean farmland
Eduardo Daniel Cittadini, Sandra Elizabeth Ledesma & Erika Zain El Din
Adaptation of the Open Innovation Approach for Knowledge and Technology Transfer in an Intensive Agricultural Landscape
Stéphane Gariépy, Julie Ruiz, Samuel Comtois & Virginie Zingraff
Uruguay family farming improvement project
Virginia Porcile, Raul Gomez Miller, Alfredo Albin & Trevor Jackson

W1. Animal-based systems and crop- livestock interactions at farm and territory level
Chair: Charles-Henri Moulin, Montpellier SupAgro
Co-chair: Amandine Lurette, INRA

Using the viability theory to assess the trade-offs between production, adaptability and robustness of grassland agroecosystem
Rodolphe Sabatier, Lawrence G. Oates & Randall D. Jackson
Between social cohesion and rural management: the “Real Employment” calculation as a useful tool of analysis
Anna Roca Torrent & Cristina Tous de Sousa
Labour profiles and Electronic Identification (EID) technology: assessing different management approaches on extensive sheep farming
systems
Claire Morgan-Davies, Nicola Lambe, Ann McLaren, Harriet Wishart, Tony Waterhouse & Davy McCracken
Bio-economic assessments of the CAP reform and feed self-sufficiency scenarios on dairy farms in Piedmont, Italy
Stefano Gaudino, Pytrik Reidsma, Argyris Kanellopoulos, Dario Sacco & Martin van Ittersum
Improving the performances of a pastoral system: simulation results against field data
Magali Jouven, Marielle Roulenc, Fabien Carriere, Sébastien Douls, Frédéric Vezinet, Didier Foulquier & Marc Benoit
Division of labour in dairy farming — a way to increase income and reduce environ- mental impact?
Silvia M.R.R. Marton, Albert Zimmermann & Gérard Gaillard
Improving Nutrient Use Efficiency By Reconnecting Crops And Livestock
Christine A Watson, Geoff Squire, Graham Begg, Cairistiona F E Topp & Anthony C Edwards
Co-innovation of family farm systems: developing sustainable livestock production systems based on natural grasslands
Verénica Aguerre, Andrea Ruggia, Santiago Scarlato & Maria Marta Albicette
Production gaps in livestock grazing systems in Sierras del Este, Uruguay: magnitude, causes and strategies to reduce them.
Ignacio Paparambora & Raul Gomez
Herbage allowance a management tool for re-design livestock grazing systems: four cases of studies
Geronimo Cardozo, Martin Jaurena & Martin Do Carmo
Participatory Design of Livestock Systems: Explore, Experiment, Innovate (case study in Burkina Faso)
Jéthro Delma B., Eric Vall, Hassan B Nacro & Valérie Bougouma-Yameogo
Integrating empirical and scientific knowledge to evaluate the transition to a once-a- day milking in dairy ewe farms
Amandine Lurette, Catherine De Boissieu, Emmanuel Morin, Philippe Hassoun, Francis Barillet & Charles-Henri Moulin
PATUCHEY and REDCap: two additional research and development schemes for high performance and sustainable goat farming
H. Caillat & J. Jost
Redesigning a dairy system based on agroecological principles using a collaborative method
Sandra Novak, Rémy Delagarde, Jean-Louis Fiorelli, Jean-Claude Emile, Anne Farruggia, Laurence Guichard & Fabien Liagre
Crop-livestock integration of cereal-based mixed farming systems in the Terai and Mid-hills in Nepal
Victoria Alomia, Jeroen Groot, Carlo Bettinelli, Andrew Mc. Donald & Pablo Tittonell
Crop-Livestock Integration improves the Energy Use Efficiency of smallholder mixed farming systems - the case of western Burkina Faso
O.1da Bénagabou, Melanie Blanchard, Jonathan Vayssiéeres, Mathieu Vigne, Eric Vall, Philippe Lecomte, Valérie Bougouma & H.Bismark
Nacro
French sheep meat sector and drivers of its evolution since 1970
Gabriel Teno, Charles-Henri Moulin & Marie-Odile Nozieres
Mongolian water quality problem and health of free-grazing sheep
Yu Yoshihara +, Chika Tada, Moe Takada, Nyam-Osor Purevdorj, Khorolmaa Chimedtseren & Yutaka Nakai
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W2. Annual crops based systems
Chair: Laure Hossard, INRA
Co-chair: Eric Scopel, CIRAD

Cropping system intensification to increase food security and profitability among smallholder farmers in Zimbabwe
Siyabusa Mkuhlani, Isaiah Nyagumbo, Walter Mupangwa, Neil MacLeod, Cam Mac Donald, Peter de Voil & Daniel Rodriguez
Experimental assessment of winter malting barley genotypes in low-input system
Damien Beillouin, Jean-Frangois Herbommez, Claire Perrot, Arnaud Gauffieteau & Marie-Héléne Jeuffroy
Potential yield and yield gap at farm level are different from the field level: A case study on a large Dutch potato farm
Pytrik Reidsma, Jarno Rietema, Yulin Yan, Joop Kroes & Jodo Vasco Silva
Combining systems analysis tools for the integrated assessment of scenarios in rice production systems at different scales.
Jean-Marc Barbier, Stefano Bocchi, Sylvestre Delmotte, Andrea Porro, Francesca Orlando, Mirco Boschetti, Pietro Alessandro Brivio, Giacinto
Manfron, Simone Bregaglio, Giovanni Capelli, Roberto Confalonieri, Frangoise Ruget, Vincent Courderc, Laure Hossard, Jean-Claude Mouret
& Santiago Lopez-Ridaura
Trajectories of farming systems and land use changes in Southern Ethiopia
Yodit Kebede, Frédéric Baudron, Felix Bianchi, Kristin Abraham, Kassahun Lemi Woyessa, Pablo Tittonell & Lammert Kooistra
Sweet sorghum: methodological exploration of a multifunctionality to innovate in Haitian agriculture
Annaig Levesque, Ludovic Temple, Serge Braconnier & Bénédique Paul

W3. Cropping systems design: what can we do with field experiments and expert knowledge?
Chair: Jean-Marc Meynard, INRA
Co-chair: Raphaél Metral, Montpellier SupAgro

System experiments: methodological progress
Jean-Marc Meynard
SYPPRE :A project to promote innovations in arable crop production mobilizing farmers and stakeholders and including co-design, ex-
ante evaluation and experimentation ofmulti- service farming systems matching with regional challenges.
Clotilde Toqué, Stéphane Cadoux , Pascaline Pierson , Rémy Duval , Anne-Laure Toupet , Francis Flenet , Benoit Carroué , Frédérique Angevin
& Philippe Gate
Describing cropping system tested in an experimental network: contribution to analysis of results and sustainability performances and to
inspiration of farmers, trainers and R&D
Marie-Sophie Petit, Violaine Deytieux , Anne Schaub , Camille Fonteny , Clotilde Toque , Sébastien Minette, Stéphane Cadoux , Anne-Laure
Toupet , Michaél Geloen , Christophe Vivier , Eric Bizot & Raymond Reau
Design and multicriteria assessment of low-input cropping systems prototypes based on agroecological principles in southwestern France
Eric Justes, Daniel Plaza-Bonilla , Grégory Véricel , Yolaine Hily , Didier Raffaillac , André Gavaland & Jean-Marie Nolot
An example of agro-ecological transition on the Saint-Laurent de la Prée research farm: method and first results
Daphné Durant
Design and development of Integrated farming system module for various agro ecosystems of Hyderabad- Karnataka region
Bheemsainrao Desai, Satyanarayan Rao, S. Biradar, Prahlad Ubhale & Sangeeta NP
Decisional-model for analyzing and scaling out innovative cropping systems
Raymond Reau, Vincent Cellier , Violaine Deytieux , Marie-Sophie Petit , Anne Schaub , Patrice Cotinet & Jean-Luc Giteau
Integrated effects of conservation agriculture in a crop-livestock system on western loess plateau, china
Lingling Li, Renzhi Zhang , Bill Bellotti & Adam Komarek
A procedure to analyze multiple Ecosystem Services in apple orchards
Constance Demestihas, Daniel Plénet , Michel Génard , Dominique Grasselly , Iiiaki Garcia de Cortazar- Atauri, Marie Launay , Nicolas
Beaudoin , Sylvaine Simon , Marie Charreyron , Marie-Héléne Robin & Frangoise Lescourret
Intercropping grains, oilseeds and row crops with forage species to enhance cropping system sustainability
Aaron A. S. Mills, Isabelle Breune , Christine Noronha , Judith Nyiraneza , Gaétan Parent & A. Vernon Rodd
Origins of the performance gaps in innovative cropping systems under experimental assessment
Caroline Colnenne-David, Gilles Grandeau, Véronique Tanneau, Marie-Héléne Jeuffroy & Thierry Doré
Design, experimentation and assessment of four protected vegetable cropping systems adapted to different food systems
Amélie Lefevre, Chloé Salembier, Benjamin Perrin, Claire Lesur-Dumoulin & Jean-Marc Meynard
Farming systems design to facilitate transition toward low input agriculture
Marie Thiollet-Scholtus & Xavier Coquil
System approach farming reduces the carbon footprint of crop production
Yantai Gan, Chang LianG, Qiang Chai, Reynald Lemke, Con Campbell & Robert Zentner
Open-up the (co)design process of farming systems: a reflexive analysis.
Aurélie Cardona, Amélie Leféevre & Chloé Salembier
Design of innovative orchards: proposal of an adapted conceptual framework
Sylvaine Simon, Magalie Lesueur-Jannoyer, Daniel Plénet, Pierre-EricLauri & Fabrice Le Bellec

W4. Farms in transition to organic agriculture or agroecology
Chair: Jacques Wery, Montpellier SupAgro

Farmer's proximity to organic farming in two French cashcrop regions: focus on technical practices,commercial strategies and
professional networks
Caroline Petit, Pauline Leblanc, Julia Sicard, Catherine Mignolet & Fabienne Barataud
Conversion towards organic farming leads to a complexification of the farming system management: application to vineyard systems
Anne Merot
A transdisciplinary approach to structure knowledge gathering on organic farming systems: evaluation of organic farm strategies in the
case of Flanders
Fleur Marchand, Jo Bijttebier, Jef Van Meensel, Matthias Strubbe & Ludwig Lauwers
Co-design of organic farming systems on the Canadian Prairies
Martin Entz, Joanne Thiessen Martens, Gary Martens, Michelle Carkner, Derek Lynch, Mark Kopecky & Kristen Podolsky
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Decision making processes and factors driving apple protection strategies at farm level
Soléne Pissonnier, Claire Lavigne, Jean-Frangois Toubon & Pierre-Yves Le Gal
Production 2020: designing and assessing sustainable farming systems in Switzerland
Martin Braunschweig, Andreas Roesch, Maria Bystricky, Thomas Nemecek & Gérard Gaillard
Projections to Latent Structures (PLS) to evaluate farming system effects on agro- ecosystem services: Changes after transition from
conventional to organic farming system
Libére Nkurunziza, Hakan Marstorp, Iman Raj Chongtham, Kristin Thored, Ingrid Oborn, Goran Bergkvist & Jan Bengtsson
Characterizing agroecological farming systems by combining the resilience and ESR framework
Laura Schotte, Erwin Wauters, & Fleur Marchand
Modelling Adaptive Decision-Making of Farmer: an Integrated Economic and Management Model, with an Application to Smallholders in
India
Marion Robert, Alban Thomas & Jacques-Eric Bergez
The viability of small islands agro-systems: the case of the French West Indies
Angeon V., H. Ozier-Lafontaine, S. Bates, E. Chia, A. Desilles, J.-L. Diman, P. Andres- Domenech, M.-H. Durand, A. Fanchone, A. Larade, G.
Loranger-Merciris, B. Merlot & P. Saint- Pierre
Agronomic, environmental and social assessment of soil management strategies limiting herbicide application in Mediterranean vineyards,
at the catchment scale
Patrick Andrieux, Anne Biarnés, Jean-Marc Barbier, Claude Compagnone, Xavier Delpuech, Christian Gary, Aurélie Metay & Marc Voltz
Pesticides pressure assessment using TFI (treatment frequency index) at the field, farm and watershed scale
Magalie Lesueur Jannoyer, PhilippeCattan, Marie Raimbault, Céline Gentil, Vincent Bonnal & Marianne Le Bail
Food production typology of farms: an assessment of periurban farming systems.
R. Filippini, E. Marraccini, E. Bonari & S. Lardon,

WS. Silvo-pastoral systems
Chair: Bruno Rapidel, CIRAD
Co-chair: Marie Gosme, INRA

Multi-scale studies of the relationships between cropping structure and pest and disease regulation services.
Cynthia Gidoin, Régis Babin, Leila Bagny Beilhé, Corentin Barbu, Marie Gosme, Marie-Héléne Jeuffroy, Marie-Ange Ngo Bieng, Muriel
Valantin-Morison & Gerben Martijn ten Hoopen
Ecosystem services provided by coffee agroecosystems across a range of topo-climatic conditions and management strategies
Rolando Cerda, Clémentine Allinne, Louise Krolczyk, Charlie Mathiot, Eugénie Clément, Celia A. Harvey, Jean-Noel Aubertot, Philippe Tixier,
Christian Gary & Jacques Avelino
Evaluation and design of multispecies cropping systems with perennials: are current methods applicable?
Bruno Rapidel, Delphine Méziere, Raphaél Metral, Christian Dupraz, Anne Mérot, Clémentine Allinne & Christian Gary
Design of Agroforestry systems with coffee is facilitated by the description of relationships between Ecosystem Services provided
Martin Notaro, Aurélie Metay, Sandrine Fréguin-Gresh, Jean-Frangois Le Coq, Pablo Siles & Bruno Rapidel
What is the multifunctionalityof the mango orchards in Senegal?
Hubert de Bon, Paterne Diatta, Lamine Diame, Cheikh Amet Bassirou Sané, Jean-Yves Rey, Karamoko Diarra & Isabelle Grechi
Mapping spatial distribution of Cocoa Swollen Shoot Disease for effective rehabilitation strategies in infected areas
Zokou Franck Oro Lucien Diby, Noel Dougba Dago, Marie-Paul N’Guessan, Christophe Kouame, Hypolite Diby & Christian Cilas
Systemic analysis of a temperate forest garden: a contribution to complex agrosystems study
Charlotte Pasquier, Alain Canet & Jacques Wery
“Cropping the roots” of agroforestry systems: applying moderate water stress and water competition at plantation to increase tree root
biomass
Oswaldo Forey, Jacques Wery & Aurélie Metay
New agro-ecologic paradigm for little farming exploitations to obtain alimentary sovereignty
Serge Valet & Mikael Motelica-Heino

W6. Pathways for sustainable intensification of African agriculture?
Chair: Ken Giller, WUR
Co-chairs: Philippe Lecomte, CIRAD & Liang Weili, Hebei Agricultural University

Iintegrating the women’s labor investment into the performance assessment of ox-drawn cotton production in Céte d’Ivoire
Michel Fok, Siaka Koné & Faridath Aboudou
The risk of declines in soil fertility and crop productivity due to decreased livestock presence in agropastoral zones of West Africa
Jonathan Vayssieres, Mélanie Blanchard, Mathieu Vigne, Dominique Masse, Alain Albrecht, EricVall, René Poccard-Chapuis, Christian
Corniaux & Philippe Lecomte
Soil nutrient balance, economic performance and scenarios for closing nutrient gaps in heterogeneous smallholder farm systems in south-
western Burkina Faso
Boundia Alexandre Thiombiano, & Bao Le Quang
Pathways for the sustainable intensification of agriculture
D. Rodriguez, A. Bekele, P. deVoil, M. Herrero, B. Power, M. Rufino & M.T. van Wijk
Tailoring cropping systems to variable climate, diverse farms and landscapes
Leonard Rusinamhodzi, David Berre, Santiago-Lopez Ridaura & Marc Corbeels
Socio-ecological conditions for food security in African drylands: A quantitative and spatially-explicit typology to facilitate learning
Diana Sietz, Jenny Ordoriez, Marcel Kok, Peter Janssen, Henk Hilderink & Han Van Dijk
Improving the productive performance of family farms in Senegalese rural area
Assane Beye & Astou Diao Camara
Emerging farms in Northern Cameroon: an economic and social change towards high agricultural productivity?
Hervé Guibert, Ibrahim Ngamié, Henri Clavier, Michel Havard & Pinardel Kenne
A GxExM approach to manage climate risks in rainfed maize cropping systems
Joseph Eyre, Hae Koo Kim, Peter deVoil, Amsal Tarekegne, Zaman-Allah Mainassara & Daniel Rodriguez
Combined and targeted application of crop residues and cattle manure increases maize productivity in a crop-livestock farming system on
granitic sandy soils of Zimbabwe
Isaiah Nyagumbo, Siyabusa Mkuhlani, Leonard Rusinamhodzi, Sandra Madamombe & Walter Mupangwa
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Innovative participatory farming system design: combining on-farm crop/livestock trials with ex- ante trade-off analysis
Gatien N. Falconnier, Katrien Descheemaeker, Thomas A. Van Mourik & Ken E. Giller
Ecosystem services for West African farming families: the role of woody shrub mulch
Georges F. Félix, Jean-Marie Douzet, Marcel Ouédraogo, Philippe Belliard, Rabah Lahmar, Cathy Clermont-Dauphin, Johannes Scholberg,
Pablo Tittonell, & Laurent Cournac
Climate Change Impacts and Food Production in Sub Saharan Africa
Adedugbe Adebola
Assessing soil water trajectories and WUE: A multi-year modeling approach to design resilient cereal-legume rotations in the dry areas
Hélene Marrou, Michel Edmond Ghanem, Hatem Belhouchette, Carina Moeller & Thomas R. Sinclair
Improving resource allocation in nitrogen constrained systems: acknowledging within and cross-farm variability effect on yield and NUE
Nascimento Nhantumbo, John Dimes, Miranda Mortlock, Isaiah Nyagumbo & Daniel Rodriguez
Application of farm typology to explore soil fertility variability and farm-specific nutrient management recommendations in smallholder
farming systems in sub- Saharan Africa
Shamie Zingore, Regis Chikowo & Mirasole Pampolino
Bio-physical and Socio-economic Factors Influencing Farmers’ Decisions on Whether to Intercrop or Sole Crop Maize in Ethiopia
Abeya Temesgen, Shu Fukai, Moti Jaleta & Daniel Rodriguez
Institutionalizing Systems Approaches for Improving Agricultural Livelihoods in an Arid Ecoregion of South Asia
Shalander Kumar, Anthony Whitbread & Thiagrajah Ramilan
What level of detail in input data and crop models is required for food production studies in West Africa?
Katharina Waha, Neil Huth, Peter Carberry & Enli Wang
Participatory modelling of the trajectories of agro-sylvo-pastoral systems at landscape and community levels in West Africa — the case of
Senegalese groundnut basin
Mpyriam Grillot, Jonathan Vayssieéres, Jérémy Bourgoin, Alassane Bah, Frédérique Jankowski, Richard Lalou & Dominique Masse
A more integrated approach for a diversity of intensification approaches and pathways to cope with the necessity of sustainable
intensification of African agri-food systems: The IntensAfrica initiative: Position paper.
Etienne Hainzelin, Philippe Petithuguenin & Florent Maraux
Ex-ante analysis of opportunities for the sustainable intensification of maize production in Mozambique
Caspar Roxburgh & Daniel Rodriguez
Possible ex-ante assessment of rice-vegetable systems performances when facing data scarcity: use of the PERSYST model in West Africa
Théo Furlan, Rémy Ballot, Laurence Guichard & Joél Huat,
Participatory Management of Farming Systems in the Western Highlands of Cameroon for Poverty alleviation
Henri Grisseur Djoukeng
Fighting food insecurity and alleviating poverty in the face of climate change through rice-growing in Tonga (west-Cameroon)
Christelle Tchieudjo & Moise Moupou

W7.Aquaculture systems
Chair: Patrick Dugan, WorldFish Center
Co-chair: Lionel Dabbadie, CIRAD

Effectiveness of a participatory approach for collection of economic data in aquaculture systems at farm level in Brazil
Manoel Xavier Filho Pedroza, Andrea Elena Pizarro Munoz & Roberto Manolio Valladdo Flores
The role of fish farming in the farming system in the Betafo areas of Madagascar : approachby agronomic analysis and socio-economic
inquiries.
Marc Oswald,Sophie Moreau & Aurélie Metay
Aquaculture systems & farming systems: inside, outside or side-by-side?
Lionel Dabbadie & Olivier Mikolasek
MarketAccessandfishfarms’densityinasub---Saharanruralcountryside:acase study of the village of Gbotoye in the forested areas of Guinea.
Charline Rangé, Augustin Palliére, Alpha Ly, Moise Théa & Marc Oswald
Ré-SyPiEx
Research and development network on Extensive Fish farming in Western and Central Africa
Ibrahim Imorou Toko, Celestin Melecony Ble, Olivier Mikolasek, Minette Tomedi Eyango, Antoine Chikou, Thomas Efole Ewoukem,
Dominique Ombredane, Adja Ferdinand Vanga & Jacob Afouda Yabi
Lessons learnt from a review of extensive fish farming inside family plantations economie through West Africa and of their contribution to
the local value chain.
Marc Oswald, Olivier Mikolasek, Pierre Meké, Celestin Melecony Ble, Thomas Efole Ewoukem, Adja Ferdinand Vanga, Ibrahim Imorou
Toko, Minette Tomedi Eyango
A food systems approach to aquaculture: re-orienting farming systems for improving nutritional outcomes
Andrew Thorne-Lyman, Sven Genschick, Michael J. Phillips, Shakuntala H. Thilsted & Patrick Dugan
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1 Challenge

In many countries of the world, systems analysis is seen as a major driver of innovation and sustainability improvement
in agriculture by research institutions, by development agencies but also by private companies and advisory services.
On one side the transition towards productive and resource efficient systems (agroecology, sustainable
intensification...) requires more knowledge and management of ecological processes. This implies to focuss on
interactions and emerging properties, two key components of a system’s analysis, rather than on relationships between
input and output of a black box. On the other side the performances and sustainability of the farming systems are
increasingly defined by other systems (food system, climate change, resources conservation, poverty alleviation,
sustainable development...). This implies to work on the three other components of a system’s analysis that are limits,
environment and flows (e.g. Lamanda et al., 2012) rather than “escaping” from the farming system to work on its
embedding or co-existing systems. Managing or designing such complex agricultural systems (AgSys) require science-
based operational frameworks combining all these system’s components and at the proper scale (field, farm,
landscape...).

We argue that this can be achieved with only two concepts that support the development of methodologies across the
various scales of AgSys. Discussions during the 5™ Farming Systems Design symposium will provide the opportunity to
analyse if these concepts are operational in any type of agriculture and research posture and which other concepts are
required to complete the framework.

2 Concepts and scale integration

As shown by LeGal et al., (2011) AgSys can be analysed as nested hierarchical systems with three sub-systems from
quite different domain: (i) a biophysical domain composed of ecological processes at stake in plants, soils, animals (the
“process-based operating” sub-system); (ii) a technical domain where techniques are combined in a coherent set to
achieve farmers objectives under a limited set of machineries, land, input and labour (the “technique-based managed”
sub-system); (iii) a decision system made of objectives and decision rules (the “human-based decision” sub-system).
Each of these domains can be the system under study in a research activity but the design of innovative systems requires
to adress the whole, as environmental sustainability emerge from the first domain while economic and social
sustainability emerge from the two others. In the seek for a trade-off between parsimony and completeness in system’s
analysis (Lamanda et al., 2012), we propose that every AgSys can be defined by the combination of two concepts, the
other aspects and especially the human component of farms being captured in the interactions with other systems.
2.1.The Agrosystem and its basic processes

An Agrosystem (As) can be defined as a biophysical « controlled » system meaning that, in contrary to natural systems,
its structure and a large part of its input and output are managed by a « pilot » (generally a farmer) in order to derive
plant (or animal) production(s) as well as ecosystems services (Lamanda et al., 2012). From this definition and agro-
ecosystem can be understood as a combination of As (which are controlled by one or several farmers) and ecosystems
which are generally not under the control of a pilot. An As is analyzed and managed as a combination of desired plants
(productive plants and service plants) and undesired plants (weeds), of desired (e.g. worms) and undesired (e.g. pests)
animals and of a set of soil horizons. It can be considered at any scale from a m?, a field, a landscape or the cultivated
area in a region. Our experience of conceptual modelling of As, mainly at field level, with the protocol of Lamanda et
al. (2012) showed that, in order to avoid over-complexification, the structure of the system should be built with a
unique type of component, that we called the “Basic Agrosystem Process” (BAP), which is an extension to soil-plant-
animal systems of the basic plant process defined by Wery (2005). A BAP is defined by three attributes:

- It can be quantified or specified at a daily time-step and at the level where resource capture or sharing has a meaning
(e.g. m? for the example of the daily net primary production of each species in an agroforestry system). This n level is
called the level of “Analysis” of the system.

- It is a major driver of the performance, service or emerging property under study and allows to define the problem that
the conceptual model is aimed to address. This n+1 level is called the level of “Relevance” and it is expressed at a more
aggregative level (in space and time) than level n (in the above example it would be biomass produced per ha and per
year for each of the two species in association).
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- The BAP can be supported by knowledge on functions of plant organs, soil aggregates or animal at a lower level (n-1)
which is called the “Functional” level.

2.2. The Activity

The technical system by which a farmer “control” at least part of the BAPs of an As can be described with the concept
of “Activity” (Act), which is widely used in bio-economic models of AgSys (Flichman et al., 2011). An Act is a
coherent set of techniques using farm resources (land, labour, money), inputs (fertilizers, pesticides, energy....), and
natural resources (land, water, biodiversity...):

- to provision a service to the AgSys. The output of an Act can be money from direct selling (eg. wheat grain),
resource to another activity (eg. forage from cropping system provided to the animal sub-system), money from non
productive services (e.g. on farm tourism, Environmental Services such as C sequestration),

-to provision a service (or dis-service) to another system: food for the household, quality water to refill a water table,
habitat to biodiversity, landscape for recreation...

An Act (e.g. wheat crop) may provide several services (e.g. grain, straw, C sequestration) or di-services (e.g. N
leaching) and a given service (e.g. C sequestration) can be provisioned by several act (e.g crops, grasslands, trees)
(Flichman et al., 2011).

As for the As, the Act concept can be used to analyse a problem at field level (e.g. a wheat field), at farm level (e.g. all
wheat fields managed on the same way by a farmer), at landscape level (e.g. the area on which a cooperative collect
wheat) or at global scale (the wheat production area of a food system).
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3 Revisiting Agricultural Systems definition

We hypothesize (Fig. 1) that these concepts of As and Act and their interrelationships should allow for the
“conceptualization of a problem” in agriculture into an Agricultural System (AgSys), defined as a complex controlled
system combining biophysical processes and technico-economic activities at one of the above scales or across these
scales. In addition to providing a definition to the widely used but poorly defined concept of AgSys, this approach
allows to manage the multi-scale and multi-domain dimensions of challenges for agricultural systems analysis,
assessment or design at the interfaces with other socio-ecosystems (food security, climate change...). Each of these
concepts are supported by an intense and diversified activity of modelling (mainly dynamic process-based modelling for
As and bio-economic modelling for Act) and their interrelationships at multiple-scales support integrated modelling of
AgSys (van Ittersum et al., 2008).
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Activity™ system
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Environment Economy Social Susta|vnab|llty
Domain

Fig. 1. Agricultural systems defined as a multi-scale and multi-domain combination of Agrosystems and Activities.

This framework also allows for studies focussed on specific levels and domains such as the Farm System (i.e. a
combination of activities with farm territory and household as boundaries), the Farming System (as a population of
individual farm systems in a territory (Giller, 2013), or the Cropping System (as a combination of activities controlling
the dynamic of an Agrosystem on a set of fields).
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1 Introduction

Production of food grains has increased from less than 300 to 600 million tons in China over the past 50 years. However,
this great achievement has been accomplished at high resource, environmental, and economic costs. Water shortages,
environment deterioration, and increasing production cost become more and more prominent in China, and these
represent the major challenges to sustainable agriculture development (SAD)(Ju et al., 2009 ; Guo et al., 2010;
Carberry et al., 2013). Therefore, it is crucial for SAD to design novel farming systems that are input-resource efficient
and environmental safe. The objective of this study was to assess agricultural input efficiency in China and identify the
challenges and strategies for designing ecologically sensitive intensive farming systems in China.

2 Materials and Methods

Agricultural input efficiency data related to production of gains in China was adapted from statistical bulletins of
agricultural production published in the Chinese Agricultural Statistics Yearbook from 1979 to 2013. We selected the
wheat-maize (Triticumaestivum L. - Zea mays L.) double cropping system (CS) in the North China Plain (NCP) as a
case study due to the NCP being a region of typical intensive farming with scarce resources. The case study data were
collected from farmers who participated in a survey (120 questionnaires) and on-farm experiments in Wugqiao, Hebei
Province in 2013. The technological efficiency (Y/YN: Y is the yield of the farms and YN is the simulated yield
by DNDC model with the same nitrogen input conditions) was also analyzed based on the questionnaires.

3 Results - Discussion

Food grain production in China increased from 3.32><108 to 6.02X108 t from 1979 to 2013, which was nearly a
doubling (Fig. 1). The yield per hectare also nearly doubled from1979 to 2013, from 2785 to 5377 kg/ha. In addition,
agricultural inputs also increased rapidly. For example, the fertilizer consumption increased 4.4 times, pesticides
increased 1.3 times (compared to 1991 due to a lack of data before 1991), and effective irrigation area increased by
41%. In the last 30 years, the requirements of fertilizers, pesticides, effective irrigation area, total power of
agriculture machinery, rural electricity consumption, and agriculture supporting expenditure expenses have been
increased dramatically by 18- 34%. In addition, the efficiency of agriculture input-resources has tended to decrease
and the economic cost per unit of area has almost increased by 2 times during this period.
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Fig. 1. Relative change in agriculture inputs and food grain production (108 t). The input items in 1979 were regarded as
100, apart from the pesticide consumption, for which 1991 was regarded as 100 because of a lack of data before 1991.

The conventional intensive farming system has resulted in not only an increase in the cost of input-resources, but also
resulted in severe pressures on the eco-environment in China. Further agricultural development in most of northern

China is challenged by serious water shortages, with the area affected being greater than 30 billion m3. Groundwater
has been universally over-exploited in the NCP and Sanjiang Plain of Northeast China. In addition, agricultural non-

point source pollution has been aggravated due to the high input of chemical fertilizers. Currently, nearly 1.3x107
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ha of cultivated land have been affected by pollution from pesticides, and 3».3><106 ha of cultivated land have been
exposed to a moderate degree of pollution or worse. Therefore, there is an urgent requirement to develop an
ecologically safe intensive farming system for use in China. This case study in the NCP indicated that the usage
efficiency of fertilizers and irrigation water for most farmers was still at a low level. Among the 120 questionnaires,
more than half showed high nitrogen inputs with low outputs and approximate one third with low inputs with low
outputs, which means that less than 20% of the farmers achieve a reasonable result (Fig. 2). In addition, the
irrigation efficiency varied greatly (Fig. 3). These indicate that yield increases from only adding more inputs have
not been realized. The technological efficiency of the wheat-maize cropping system was only around 0.7 in Wugqiao,
and the technological efficiency higher than 1 only accounted for 2.1% of the survey. The land per family is only
about 0.4 ha, and the net income from the wheat-maize cropping system is ~$1960/ha in the NCP, and this is not
adequate for the farmers to meet their needs. Thus, it is critical to design novel farming systems with high input-
resource efficiency, which are environmentally safe and give high incomes to for farmers. It is essential to improve
crop yields by integrated soil and crop management practices, rather than only by increasing inputs of chemical
fertilizers, pesticides, and plastic films, especially not by increasing the input rate of a single nutrient. In addition, to
promote greater efficiency, farm sizes should be increased.
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Fig. 2. Yield distributions with different nitrogen application rate based on farmer questionnaires. I, II, III, and IV
denotes ideal inputs with high yields, high inputs with high yields, low inputs with low yields and high input with low
yields, respectively.
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Fig. 3.Yield variations under different irrigation levels based on farmer questionnaires.
4 Conclusions

Challenges (e.g., high inputs, shortage of resources and laborers, and agro-environmental pollution) lie ahead for China’s
agriculture. Therefore, a conversion of the traditional farming system to a novel ecologically sensitive intensive one
could be a solution to these issues. This research suggests that it is necessary to establish a resource-environment
subsidizing system based on environmental capacity, ecological safety, and level of farm inputs; this will help to regulate
farmer behavior and enhance their environmental awareness. Above all, coordinated efforts by policy makers,
researchers, extension agents, farmers, and other relevant stakeholders are important keys to the successful design of a
new farming system.
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1 Introduction

Instead of working to increase the sustainability of agriculture and food separately, what benefit would be gained
by reconnecting the innovation dynamics in both domains, improving the entire agrifood system?

The agrifood system (« the way in which people organize themselves, in space and in time, to obtain and consume their
food » Malassis, 1994) includes production, trade, processing, distribution and consumption activities that are in very
close interaction with each others. Because both the stakeholders and the researchers are specialists in one or other of
these segments, innovation in agriculture is today carried out separately from innovation in processing or nutrition
(Spiertz, 2012). Our objective is to specify the consequences, for the design of innovations, of an integrated approach,
taking the whole of the agrifood system into account.

2 A design of coupled innovations, involving production, processing and consumption

A first approach consists of transferring the solution of a problem to another level of the agrifood system. Usually, to

optimize the processing procedure, agrifood industry imposes standards of marketable quality on farmers (Allaire,
2010), or draw up contracts with precise specifications (Hensen & Humphrey, 2012), thus configuring the raw
material. Innovation in agriculture relates to the technical practices or cropping systems which make it possible to
attain the quality desired by the processors. Innovation can then take the form of rules for adapting the
techniques to the environment, or for excluding certain cropping systems (for low protein malting barley, see for ex.
Le Bail & Meynard, 2003). Innovation can also take the form of specifications with imposed techniques (for ex.,
following a precise schedule for the production of vegetables for the canning industry). It is less frequent for a
production problem to be solved by innovating in the processing procedure. For ex., today the need for high-protein
wheat grains to make bread, leads to field applications of large amounts of nitrogen fertilizer, which increases losses of
non-used nitrogen. Producing bread with low-protein wheat grains or even without any wheat protein at all (Benatallah
et al., 2012) could be possible to the condition of changing the technological process or the formulation. The
technological innovation could help to decrease the environmental impacts of wheat production, but changes are
required from several actors, including bakers, millers, cooperatives, farmers and consumers.

Indeed, a more ambitious coupling consists of designing simultaneous innovations coordinating the domains of
production, processing and consumption, while taking into account synergies or antagonisms between innovations. A
good example of this is the development of short distribution channels for vegetables in the industrialized countries; it is
based on innovations that are both organizational and agronomic, as the production methods are very different from
those used in long distribution channels (Lefévre et al., 2015). Another example is the objective of reducing the
consumption of animal protein, to the benefit of plant proteins, which would be necessary for global food safety
(Baroni et al., 2006). Increasing the legume family, which produces protein-rich grains, would be interesting: as they
fix atmospheric nitrogen, they do not require nitrate fertilizer, thus saving fossil energy resources and emitting few
greenhouse gases (CO2 and N20). However, in Europe, there is still very little legume production for human
consumption. Developing it will require the coordination of different innovations to make the crop, agro-industrial use
and legume consumption attractive to the stakeholders, and particularly to consumers precooked preparations making
them easy to use in cooking; technological processes enabling the grains to be extracted from new ingredients;
innovative crop successions and intercrops including grain legumes; breeding of productive varieties suitable for food
uses and for production and processing techniques... (Voisin ef al., 2014). Connecting simultaneous innovation
procedures in these various domains, to ensure they are compatible and maximize their synergies, requires the
design procedures to be revised, and the functioning of the R&D departments of the companies concerned to be
reorganized. Theoretical frameworks of innovative design (Le Masson et al., 2006) offer pathways for such an
ambition: innovative design, that refers to a process of exploration aimed at satisfying very new expectations,
seems to be particularly relevant for coupled innovations, whose identity is not fully specified in the early stages of
design, and become progressively more precise as the designed objects take shape.
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MONTPELLIER

5™ International Symposium for Farming Systems Design 7-10 September 2015, Montpellier, France

The previous examples and the literature (e.g. Bos, 2008) show that innovation for the sustainability of agrifood
systems may rely on broad-based stakeholders collectives. The innovation process unfolds in a sociotechnical regime,
defined by a collective of stakeholders and their networks, practices and knowledge, the technologies they use,
their collective representations, the standards and rules they adopt. The regime configures the innovation process:
innovations that do not call into question the networks of stakeholders, the social representations and the
standards, and which are in synergy with innovations previously diffused, have more chance of seeing the light of
day and being diffused (path dependency). Consequently, the dominant socio technical regime is locked-in by this
path dependency, and it should not be expected that radical innovations will emerge. As underlined by the
sociotechnical transitions theory, radical changes are prepared outside the dominant sociotechnical regime, in
“innovation niches”, composed of minority actors who convey challenges for the future (Kemp et al, 1998). In
these niches emerge new networks of stakeholders, new practices, new technologies or modes of organizing
exchanges. If the socio-political context develops in their favor, or if, in the name of the general interest, they have the
support of public authorities, they will be able to be diffused in the dominant regime (Geels, 2002).

Thus the transition of agrifood systems requires not only an effort of organizational and technical innovation in the
niches, but also institutional and regulatory innovations (the latter supported by public authorities) to favor the
hybridization of the niches with the dominant regime. Let’s take the example of crop diversification. The increase in
international trade has supported the specialization of agricultures, as each nation, each region, develops the productions
where it has a competitive advantage: soybean in the argentinean Pampa, wheat and oilseed rape in the Paris basin, the
oil palm in South-East Asia, the banana in Central America.... The result is wide expanses of monocultures and short
rotations, which are prejudicial to biodiversity and are often only possible with the massive use of pesticides. In France,
although crop diversification is seen as desirable by many stakeholders and the public authorities, there is a
technological lock-in around the dominant species, which blocks or at least greatly handicaps the development of minor
species, even though new outlets could exist for their products. Meynard et al. (2014) showed, in coherence with the
transition theory, that the situation could be unlocked if there were a simultaneous and coordinated mobilization of
the levers of: 1) genetic innovation, i.e. the selection of diversification species; ii) agronomic innovation, i.e. successions
that include these crops and iii) technological innovation, such as processing procedures opening up new outlets for
minor species. But this would also involve levers which relate directly to public authorities, intended to facilitate the
consolidation of new sectors, via arrangements to coordinate actors or standards that help the market to institutionalize
those diversification products (Meynard et al., 2014). Designing in the niches, and with the actors in the niches, does
not mean that agronomic and technological innovations will necessarily be only for a limited audience, but their
appropriation by a wider audience will depend on social, institutional or regulatory innovations, which will need to be
placed in the schedule of interdisciplinary research involving the agronomic sciences.

4 Conclusions

For agronomists, designing in agrifood systems involves a renewal in the organization of design: coordinating the
design of a wide variety of innovations (agronomic, technological, organizational, institutional), integrating new
knowledge linked with new social pressures (ie. nutrition, health and pleasure) and public policies, and redefining
the round table of stakeholders engaged in design to lock-out the dominant regime.
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1 Introduction

Sustainable intensification of livestock production systems is a way to realise the increasing global demand for meat.
Current empirical studies reveal meat production levels obtained by best practices, but do not clarify the theoretically
achievable (i.e. potential) and feed limited production. Potential production is defined by animal genotype and climate
only (Fig. 1). Feed limited production is determined by genotype, climate, availability of drinking water, and the quality
and quantity of feed. Actual production is the production that farmers achieve in practice. This production level is, next
to genotype, climate, water, and feed, determined by diseases and stress in livestock (Van de Ven et al., 2003).

Genotype
Sohr radiation
Temperature

Genotype
Climate

Defining factors Defining factors

€O, concentration e
< 2
£ g
£ ‘ ] 2 Ere—
g % — Water 2 Water
32 Limited ( Limiting factors Nutrients g Limited Limiting factors Feed quality
<} 1 Feed quantity
g % L R A—
e 3]
[=9 =3
g H
© =
-
es | |
Pests
Reducing factors Discases Reducing factors opeases
T 1 Weeds - ess

— Crop production — Livestock production

Fig. 1. Potential, limited, and actual production of crops (left) and livestock (right).

In crop production, the production ecological concepts of potential, limited, and actual production (Fig. 1) (Van
Ittersum & Rabbinge, 1997) are generally used to give insight in the scope to increase production from their actual
levels (Van Ittersum et al., 2013). These concepts are also applicable to livestock production (Van de Ven et al., 2003 ;
Van der Linden et al.), but so far the effects of genotype, climate, feed quality, and feed quantity have not been
quantified systematically using production ecological concepts in livestock production. This research, therefore, aims to
quantify potential, feed quality limited, and actual beef production in two French beef production systems at herd level.
Feed quantity limitation is not included.

2 Materials and Methods

A mechanistic, dynamic model was developed to simulate beef cattle growth based on genotype, climate, housing, feed
quantity, and feed quality. This model is analogous to crop growth models that are based on the production ecological
concepts. The beef cattle model combines feed digestion, thermoregulation, and feed utilisation sub-models in a novel
way to simulate processes at animal level. Results from animal level are scaled up to herd level. Energy, heat, and
protein flows are described in the model, which is programmed in R 3.0.2. Input data for the model are parameters for a
specific genotype or breed, daily climate data, and information on housing, feed quality and feed quantity intake. The
model was applied to two beef production systems with different feeding strategies of Charolais cattle in the Charolais
Basin, France. System A corresponds to farm type 11111 and system B to farm type 31041 as described by Réseaux
d’Elevage Charolais (2012). System A produced heavier animals and has a longer grazing period than system B. The
fraction concentrates in the diet is larger in system B than in system A.

Potential production was expressed as a feed efficiency (FE, g beef kg™ DM feed). Potential production in both systems
was simulated with an ad libitum fed diet containing 65.8 % barley and 34.2% hay. This diet prevented feed quality and
quantity limitation. Under potential production, FE was maximized at herd level, and all female calves were kept for
replacement. Culling was set at 50% per year after birth of the first calf. Feed quality limited production was simulated
with a diet containing concentrates and hay when cattle were housed during winter, and grass during other periods of
the year. Concentrate intake (barley) was 4.8% of the DM intake in system A and 18.3% of the DM intake in system B,
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which corresponded to the diet under actual production. Feed quality limited production was simulated with the same
culling rates and slaughter weights as under potential production. Actual production was calculated from data provided
by Réseaux d’Elevage Charolais (2012). Yield gaps were calculated as the difference between potential and actual
production, and the difference between feed quality limited production and actual production. Relative yield gaps were
calculated as the yield gap divided by potential or feed quality limited production.

3 Results and discussion

FE at herd level was highest under potential production and feed quality limited production, when male calves were
slaughtered at 1000 kg. Potential production in systems A and B (Fig. 2) was slightly different (64.0 vs 64.4 g beef kg
DM feed). FE in system A was lower due to a longer grazing period and hence a higher energy requirement for grazing.
Feed quality limited production, with the same culling rates and slaughter weights as under potential production, was
lower in system A than in system B (51.7 vs 54.1 g beef kg DM feed), which is explained by a lower fraction of

concentrates in the diet. Actual production was lower in system A than in system B (24.9 vs 31.2 g beef kg”' DM feed).
70 4
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Fig. 2. Simulated feed efficiency in beef production systems A and B under potential, feed quality limited, and actual
production.

The relative yield gap between actual and potential production was 61% in system A and 52% in system B, and the
relative yield gap between actual and feed quality limited production was 52% in system A and 42% in system B. The
latter yield gaps can be explained by feed quality limitation, as well as stress and diseases. In crop production, yields
tend to plateau at 75-85% of potential or water limited production (i.e. minimum yield gaps equal 15-25%), and further
yield gap mitigation is not economically or practically feasible (Van Ittersum ef al., 2013). In our study, simulated yield
gaps are much larger than such minimum yield gaps. Grazing and suckler cow premiums might not urge farmers to
mitigate current yield gaps, but also social factors (e.g. labour availability) may play a role. More model validation is
required to further improve accuracy of the simulation results. Multiplying beef production (kg beef t' DM feed) and
feed crop production (t DM ha™ year™) results in the beef production per unit of land (kg beef ha™ year™). Quantifying
potential and limited production of crops and livestock according to production ecology allows us to assess land use per
kg of animal product.

4 Conclusions

The production ecological concepts were successfully applied to livestock production. We benchmarked actual beef
production relative to potential and feed quality limited production of two French beef production systems at herd level.
Results indicate that potential production is more than two times the actual production in both systems. Hence, there is
considerable scope to increase beef production in the Charolais basin, from a bio-physical perspective.
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Farming systems are closely connected with the regional farm structures. Even within and between regions with similar
agricultural conditions (climatic, soil, infrastructural, economic, social), farm structures and farming systems can be
very heterogeneous. One general explanation for this heterogeneity is the path dependence of structural change
(Balmann, 1995). Current agricultural structures are shaped by historical events and previous pathways. Agricultural
structures tend to be locked in certain regimes and evolve at a rather slow speed. This inertia is caused by long
investment cycles, slow changes in human and financial capital, persistent institutions, specific mental models of the
actors and state conserving agricultural policies. As a result, agricultural structures appear often resilient to external
changes.

Path dependence is however not absolutely perpetual. Under certain conditions, farm structures and related farming
systems may be subject to abrupt changes. Such changes can be considered as structural transitions or regime shifts. On
the one hand, these changes can be triggered by pull factors such as path breaking and path creating activities of certain
actors or by new opportunities resulting from new technologies or markets. On the other hand, these changes may also
be caused by push factors such as changing environmental conditions (natural, economic, institutional) which erode the
preconditions of the current farming structures and systems. An erosion of preconditions may also result from an
unsustainability of the existing system. Often, pull and push factors complement each other for a transition.

Before however, fundamental structural changes occur from such causes, some additional facilitators or catalysts of
changes are necessary. One reason is that a “valley of tears” might have to be overcome or is assumed by the actors as
to huge. Another reason is that structural changes generate winners and losers.

Path dependent systems typically have multiple optima. The transition from one optimum to another one implies then
the necessity to cross a local minimum, i.e. a “valley of tears”. Accordingly, transitions require investments. These only
pay off, if the additional value of the new optimum is higher than the investment costs. Even if the additional value is
sufficiently high, there is still the question whether the payoffs are to the benefit of those who are investing. Another
question is whether it is possible to coordinate a transition among the actors. Reasons for such coordination problems
can result from communication deficits, moral hazard, and bounded rationality. With regard to structural changes, all
these types of obstacles are to be expected (Balmann et al., 2006). One problem are sunk costs of existing assets which
would be devaluated. Another reason is that a modernization on one stage of a supply chain may also require
investments on other stages, and last but not least, smart solutions for successful transitions need to be identified.

Although, structural changes which occur slowly or as transitions have to be seen as important drivers of economic
development, structural changes are often perceived negatively. This can partly be explained by the Schumpeterian
argument of “creative destruction” saying that “the process of industrial mutation (...) incessantly revolutionizes the
economic structure from within, incessantly destroying the old one, incessantly creating a new one” (Schumpeter,
1942). Over the past two centuries, structural changes affected particularly the agricultural sector which nowadays
contributes in western economies only marginal shares to GDP and employment while two hundred years ago,
agriculture was the main sector in Europe and even more the US (USDA, 2001). This development was driven by
enormous productivity increases within agriculture and by fast economic growth outside agriculture. A side effect was a
substitution of labor through capital. As a result, on the one hand incomes of many farmers and their families increased
while many other farms exited, i.e. there were winners and losers.

The process of structural change is neither smooth, nor are farms homogeneous. The distribution of farm sizes is
skewed and follows to some degree the Pareto rule, saying that a minor share of large farms farm a major share of total
land and produce a major share of total production. These differing preconditions imply that farmers have quite
different opportunities to develop as well as differing perceptions about the likely impacts of changes. Because of the
skewness, usually a large fraction of farms is on the downside with rather poor development perspectives. As
experimental results show that loss aversion affects individual behavior more that potential gains (Kahneman and
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Tversky, 1984), the uncertainty on the implications of substantial innovations and eventually resulting subsequent path
breaking structural adjustments causes often more skepticism about losses that enthusiasm about the gains.
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Both factors, the skewness of individual development perspectives and the loss aversion provide additional explanations
why many farms are concerned about structural changes. These concerns have further implications. If the original cause
of structural change is that the current system is under pressure to change (either because superior states exist or
because its preconditions are eroded), the concerns of the potential losers may cause pressure to stabilize the existing
system. If these attempts are successful, the external pressure to adapt may accumulate and cause a kind of subsidy trap
(cf. footnote 2) in which the burdens to adapt towards superior solutions increase, as neither the sustainability problems
are resolved nor the competitiveness of the current systems improves. This phenomenon resembles the Luhmannian
problem of selfreproducing systems. Accordingly, “systems develop own degrees of freedom, which they can exhaust as
long as it is possible, that is, as long as the environment can tolerate it ... The overall effect [of operational closure]
however is ... not adaptation, but amplification of deviations” (Luhmann, N., 1997, p.133). Luhmann argued that social
systems fulfill their function at the cost of developing autopoietic properties which lower their sensitivity to the
complexity of their environment (Valentinov, 2014).

The above conceptual reflections will be analyzed for the future of the dairy sector after the abolition of the quota
system. On the one hand, it will be illustrated that path braking activities of a few dairy farmers may trigger a
fundamental change at the system level. On the other hand, it will be discussed which intrasectoral frictions may arise.
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1 Introduction

The east Indian states of Jharkhand, Bihar and West Bengal are characterised by endemic poverty, high
incidence and severity of malnutrition, and entrenched discrimination against women. Rice dominates local
cropping systems and transplanted rice monoculture is the traditional farming practice. Rice also dominates
traditional diets and contributes to widespread malnutrition. In similar communities in neighbouring Bangladesh
up to 77% of household calorie intake is derived from rice, contributing to ‘hidden hunger’. The dominance of
transplanted rice also contributes to the disesmpowerment of women with the menial tasks of transplanting and
hand weeding traditionally reserved for women. Against this background, an agricultural research for
development project is working with local indigenous communities to diversify and intensify cropping
systems, increase household income, improve food security and empower women farmers. The project is
having positive impacts on crop productivity, household income, food security, and human capacity for
independent innovation. This paper focusses on the process of engaging women farmers in the research
process that leads to development of their capacity for solving problems and realising opportunities, including
their role in developing more diverse and intensive farming systems.

2 Materials and Methods

The research is located in three tribal villages, Bhubhui and Talaboru in Jharkhand and Churinsara in West
Bengal, all three on the East India Plateau. Average annual rainfall is around 1,200 mm, highly concentrated
in the monsoon (June-October), and highly variable both within and between seasons. The landscape is
undulating and soils variable ranging from mainly coarse textured soils in the uplands and medium-uplands, with
finer textured soils in the lowlands. Transplanted rice is the dominant cropping system and while this system is
well adapted in the wetter lowlands, it is a very risky proposition in the medium-uplands which dominate in
terms of area. Rice is risky in the medium-uplands due to the unreliable timing and duration of ponding that is
essential for transplanting (Cornish, er al., 2015). The research is focussed on developing alternatives to
transplanted rice in the medium-uplands. Options include vegetables, maize, and aerobic Direct Seeded Rice
(aDSR) during the monsoon (kharif), and vegetables, pulses, oilseeds, and wheat post monsoon (rabi). The
research is conducted on farm and experimental treatments are managed by farmers. Individual research
farmers are selected from within local Self Help Groups previously established by PRADAN for development
purposes. Participation in research through these SHGs facilitates individual and collective learning.

3 Results —Discussion
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problem§ & creation new
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Farmer
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Fig. 1. Smallholder farmers play critical roles in the innovation of new farming systems.
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Innovation is described here as the process by which new knowledge, discovery, invention, etc. is developed into
commercial (or in this case including subsistence) practice. Figure 1 is employed as a framework for describing
the active role of farmers in research and innovation using the example of aerobic Direct Seeded Rice as a case
study.

1. Identification of problems and opportunities worthy of research

Potential research topics are identified in partnership with local farming communities. The research team hold
discussions with Self Help Groups (SHGs) established by Professional Assistance for Development Action
(PRADAN) to discuss current needs and future opportuities. Out of these discussions the initial problem of failed
transplanted rice emerged and led to research comparing transplanted rice with aDSR under farmer-managed
conditions. After several years of on-farm research new research questions have emerged, e.g. the importance of
early sowing of the rabi crop necessitating early sowing and short duration cultivars of the preceding rice crop, and
the improvement in soil physical conditions following cessation of puddling associated with ponding and
transplanting.

2. Research, discovery, creation of new knowledge

The research involves side-by-side comparisons of the two rice systems (transplanted rice vs aDSR), including the
possible sowing of a rabi crop following rice harvest, in farmer fields under farmer management. Farmers were
involved in developing a locally acceptable version of aDSR including the absence of puddling, hand sowing of
seed and fertiliser in lines, opportunistic ponding, and mechanical weeding between rows. Data is collected on
basic soil and crop performance, as well as management inputs and practices. Farmers are involved in data
collection and results are discussed collectively in the SHGs. Farmers make direct observations and pose new
questions.

3. Farmer evaluation of the intervention

The small fields, close community and high population density result in many farmers observing the research
fields. Farmers are free to observe progress at any time and free to draw their own conclusions. In recent years,
when the monsoon has arrived late, transplanted rice has often failed and the aDSR treatment has performed
comparatively well. Another attraction of aDSR is the reduced labour requirement, freeing women for more
profitable use of their time. Farmers are also reporting improved soil physical conditions after aDSR leading to
better rabi crop establishment. The area under aDSR is expanding each year indicating farmer acceptance.

4. Farmerimplementation of the intervention

An integral component of this locally developed aDSR system is the use of manually operated implements for line
sowing and between-row weed control. Demand for these simple implements currently outstrips supply. Farmers
have initiated variations on the aDSR system, e.g. intercropping rice with a pulse crop (Black Gram, Vigna
mungo), and relay sowing chickpea (Cicer arietinum) prior to rice harvest. These farmer initiated comparisons are
evidence of a culture of experimentation emerging from the SHGs. Concerns with aDSR raised by farmers
include choice of cultivar, fertiliser rates, weed management, and crop damage from pests associated with early
maturity.

5. Farmer disemmination and diffusion. scaling out

The local SHG facilitates the process of data collection and results are quickly communicated within and beyond
the SHG. Villagers inspect the research fields on a fortnightly basis often coinciding with data collection,
stimulating much debate and discussion. Research farmers have also hosted field visits of over 200 farmers from
neighbouring villages. Farmer-to-farmer communication has much greater credibility and influence than outside
experts on farmer practice.
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4 Conclusions

The key to diversifying and intensifying local cropping systems is the transition from transplanted rice to aDSR.
This is partly because aDSR can be sown and harvested earlier than transplanted rice, making a rabi crop,
with or without irrigation, possible. Also, the labour requirement of aDSR is much less than for transplanted
rice, thus freeing up labour, particularly that of women, for more profitable and nutritious enterprises such as
vegetables. The transition from traditional transplanted rice to aDSR represents a major change for farmers
and researchers, both in thinking about, and the practice of, the rice-based cropping system. Aerobic Direct
Seeded Rice represents not just a change in rice establishment method, but a transformation of the cropping
system. The consequences of changing to aDSR include bio-physical, socio-economic and psycho-social
effects. This complex chain of events requires a deep understanding of constraints and opportunities from
participating farmers and is justification for the process of deep engagement of farmers in the research activity.
Farmers play an active and essential role in all stages of the innovation cycle and there is evidence that farmers
are developing independent capacity for innovation. Without this active farmer participation the aDSR
intervention would be scaled out much slower, or possibly not at all in these regions.
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1 Introduction

Major environmental challenges and increasing societal demand for food and non food products lead to the necessity of
a deep redesign of farming practices (Meynard et al, 2012). This redesign generates a great deal of research in
agronomy, about innovative solutions. Design Studies (Cross, 2007), which focus on the nature of design processes and
their organization (e.g. Detienne 2006, Le Masson et al., 2013), provide useful concepts to address the methodological
challenges that farming system design is now facing. Design is an active and deliberate process aiming at generating
simultaneously concepts and knowledge, which might result in new products or new technologies, used by actors. As
innovation is not only the aggregation of existing knowledge, design is a bridge process between research (as an activity
of knowledge production) and innovation. In this paper, from our experience of several case studies, we analyse design
in agriculture in the light of two concepts proposed by the Design Studies, innovative design and users’ activities.

2 Redesign in agronomy calls for innovative design

As agriculture is currently facing many and sometimes contradictory challenges, agriculture calls for a considerable
effort of innovative design, defined in Design Studies as a process of exploration aimed at satisfying completely new
expectations. Opposed to rule-based design, which aims to gradually improve existing products or technologies without
changing the objectives, innovative design is required when the identity of the objects to be designed is not a priori
known (Le Masson et al., 2000).

In order to meet the huge challenges of agriculture, agronomists developed various methods for innovative design of
cropping and farming systems. First, model-based design helps to explore large combinations of techniques, to
determine those that are the most suited to a set of specifications. Model-based design allows to predict long-term
effects of the designed solutions, and to estimate impacts that are difficult /impossible to be measured (Bergez et al.,
2010). As models restrict the exploration to the scientific existing knowledge, other methods, were proposed, that make
space for different sources of knowledge (expert and scientific, local and generic). They are grouped under the name
“prototyping” that was initially used by Vereijken (1997) in agriculture. For instance, the prototyping design
workshops of Reau et al. (2012) gather a large diversity of stakeholders, researchers and agricultural actors, bearing
knowledge and points of view on objectives for agriculture. They are based on an animation enhancing the
exploration of breakthrough innovations, designed to reach new objectives and to overcome the problems or impacts
encountered in the present farming systems. A third method is the system experiment (Colnenne-David & Doré,
2014). It consists in implementing, assessing and improving prototypes of cropping or farming systems, integrating
experts knowledge in the system management and reframing it progressively (Meynard, 2015).The fourth method
is the step-by-step design, aiming at progressively improving existing systems in order to adapt them to new
objectives. It begins by a diagnosis on the present system, then changes are proposed and implemented, a new
assessment is realised, in a continuous loop of progress (Meynard et al., 2012). Finally, at the territorial scale,
companion modelling, combining modelling and role-playing games (Etienne 2014), are powerful approaches to
accompany the collective learning process and the design of innovative solutions involving a large diversity of
actors. All these methods allow to build innovative farming systems or collective organizations of farming systems,
the limits, purposes, and characteristics of which being unknown at the start of the design process.

3 Design is strongly linked with the users’ activities

In agriculture, many actors and stakeholders, by their activities, contribute to the design of cropping or farming systems:
design is highly distributed. Sometimes, some practices are designed and imposed on farmers by contracts or
specifications from food processing firms. Other times, the target of collective firms being to optimize the logistics,
these organizations impose to grow particular varieties in some locations, thus contributing to the design of the cropping
systems. In other cases, farmers use monitoring tools, designed by pesticide or fertilizers sellers. Most often, cropping
systems design is enhanced by the participation of the farmer in exchange groups involving other farmers and advisors
(Compagnone, 2014). The methods presented above were developed to involve the knowledge, aims and means of
action from all the actors concerned by the successful implementation of new farming systems. Indeed, in agriculture,
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this implies that all the actors who by their activities influence the potential value and feasibility of a given farming
system, contribute themselves to the design.

This distributed design process should adapt in a flexible way to the huge diversity of pedo-climatic conditions and
socio-economic environments in which the innovative system will be implemented. Farms differ in terms of soil types,
climatic conditions, available resources (human labour, machinery, economic resources), ecological vulnerabilities,
surrounding agro-industries. Farmers also differ from each others in their vision for the future. Thus, it is not possible
and not desirable to design innovations that might fit everywhere. Rather than designing a small number of ,,ideal*
innovations, agronomists have to prepare and make available a diversity of solutions, in which farmers could choose,
such as libraries of innovations (Meynard et al., 2012;Guicharder al., 2015). Agronomists face to this variety by
designing either local systems, strictly adapted to local conditions, or generic solutions fitted to a large range of
environments, thus leading to strategic choice to be done. They should be more involved in developing tools and
methods helping farmers to innovate (and to assess their own innovations) and to adapt to their situation the innovations
that have been judged interesting by others. Design Studies show that the implementation of a designed object is a
creative process during the course of which both this object and the users™ activities are reframed (Rabardel &
Béguin, 2005). Design methods proposed by agronomists should allow taking on board use situations in a way that
enables users to experiment the changes that might occur through the use of the designed artefact.
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4 Conclusions

Design in agronomy should enrich its exploration and implementation methods, inspired from Design Studies. In this
aim, it could be relevant to imagine original combinations of already existing methods presented in this paper, as each
one has limits regarding the strong challenges for agriculture. For example, combining modeling, allowing assessing
interactions, with local knowledge should be a great challenge for agronomists, leading to a renewal of models, and to
the production of new types of knowledge for action, such as indicators for monitoring the long-term action or for
allowing learning for farmers (Toffolini ez al., 2015).

Moreover these challenges also call for a renewal of the designer skills and design organizations. For example, a
successful design workshop does not require a scientist putting on the table all the scientific knowledge, part of it being
impossible to use in the local situations, but a combination of skills: scientists, experts with local knowledge, experts in
innovations enhancing the exploration process, and a facilitator organizing the discussions and governing the design
process (Reau et al., 2012). To enhance this process, this huge call for design should require a change in the activities
of people involved in design, and a change in the organization of their institutions. The experience of the industry
shows that design should partially pilot knowledge production, while it is often considered, in scientific bodies, that
design is a simple assembly of knowledge. Finally, as the design process is based on an exploration of new
concepts and knowledge, it is not possible to plan the design process, and to identify the scientific domains required
and the skills to invite. The paradox is that innovative design is an increasing priority in research bodies, but this activity
is not consistent with the actual organization of research, based on short-term well defined projects.
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1 Introduction

In developed countries, a production-oriented agriculture was intensively promoted after World War II. It is based on
the use of “off-the-shelf” technologies (synthetic inputs, fossil energy, genetics...) that limit, as much as possible, the
effect of reducing production factors and level the heterogeneity of the environment. This model led to a standardisation
of production methods and to a specialisation of territories according to their suitability for specific land uses. In the
1980s, the negative effects of this production system on biodiversity, ecosystems, global changes, and human health
started to emerge. Moreover the increasing scarcity of fossil resources, healthy soils and water started to be a society
concern. Objectification of the negative impacts of agriculture and redefinition of the objectives of agriculture in
agricultural policies have led to two forms of ecological modernisation of agriculture (Horlings and Marsden, 2011).
One, in continuity with the production-oriented agriculture aims at increasing the resource-use efficiency. It does not
fundamentally renew the features of scientific knowledge production mode. The second, departing from the production-
oriented model, aims at developing biodiversity to produce ecosystem services (ES) that support production and
regulate flows. Provision of these ES requires managing biodiversity at field, farm and landscape levels (Kremen ef al.,
2012). We focus on issues related to the implementation of biologically diversified farming systems and landscapes.

2 Foundations and issues of a biodiversity-based agriculture

Increasing biodiversity in space and time is expected to provide ES to agriculture (eg. soil fertility conservation,
biological control of pests) and to society at local (eg. water regulation) or global scales (eg. climate regulation). ES to
agriculture are of particular importance because they offer opportunities to farmers to strongly reduce use of synthetic
inputs. Several authors (e.g. Altieri, 1999) agree about three prime-order agroecological principles for designing
agricultural practices that favor these ES: (i) increasing plant diversity and soil cover through adapted crop sequences
(cover-crops, varieties or species mixtures)to decrease nutrient and radiation losses and increasing above and
underground biomass production and rhizosphere deposition to, in turn, increase biological, physical and chemical soil
fertility, and biological regulations; (ii) minimizing mechanical and chemical disturbances of soil functioning and,
whenever possible, seeding or planting directly into untilled soil to increase soil organic matter to support development
of soil micro-, meso- and macrofauna for promoting soil fertility, biological regulation, and hence improve soil
structure; (iii) organizing the landscape matrix (spatial crop distribution, grass trip, hedgerow, other semi-natural
habitats...) to increase biological regulations favoring natural pest control and pollination.

However, implementing agricultural systems based on these principles remains difficult because locally-relevant
knowledge on relationships between management practice, biodiversity, and ES is still incomplete, especially when ES
depend on associated biodiversity (eg. micro-, meso- and macro fauna: Bommarco et al., 2013). Therefore,
promoting biodiversified farming systems and landscapes requires site-specific transformational changes. Management
practices for enhancing ES need to be adaptive and flexible. Farmers practicing biodiversified agriculture usually
proceed by trial-and-error process, sharing their experience with their peers to facilitate and accelerate learning and in
turn limit risk. This is akin to what is called “adaptive management” in science, i.e. iteration of design and
implementation of actions, monitoring of their effects, learning about agroecosystem functioning (William 2011). This
leads researchers to produce methods and tools that are: (i) flexible enough to take local specificities into account and to
integrate both emergent scientific and local knowledge, (ii) integrative, to reproduce with adequate accuracy the
emerging properties of complex assemblages of species and practices, (iii) learning-oriented to promote the development
of local knowledge, and (iv)a means to cope with uncertainty within an adaptive management scheme.
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3 Building learning-oriented support tools to link principles and actions
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To reach these above objectives, and from our diverse experiences, we argue that the development of learning-oriented
tools should be collegiate (i.e. involving scientists, extensionists, farmers and other stakeholders), to stimulate
knowledge exchanges. Because the main objective is to design a consistent foundation of the complex agroecosystem to
implement and manage, user-friendliness and accuracy of predicted effects of management practices are also important
characteristics. To support the key steps of the adaptive management they have to be useful both to design farming
systems and to assess the ecosystem benefits that they bring.

Researchers, farmers and agricultural advisors are not well-equipped to deal with design of complex adaptive systems
and assessment of their dynamics. Few mechanistic models dealing with agroecosystems address relations between
management, biodiversity and ES. Most existing models focus on representations of the plant-soil-atmosphere system
with mechanistic modeling of abiotic resources interactions and effects on plant production (energy, water, N, C).
Given the expected features of learning tools, we identify three main types of emergent support tools likely to be
helpful to lead the transition toward biodiversity-based agriculture: (i) knowledge bases, (ii) model-based, (iii) farm-
landscape indicators usable by farmers and allowing them to think about past effects and predicting effects of future
actions:

i. Knowledge bases contain structured scientific facts and empirical information compiled from cumulative
experiences that enable biodiversity management to be inferred in specific situations. They have been developed
recently, for example, to help selecting cover-crop species by providing information about suitable production
situations (main cropping system, climate, soil) and expected ecosystem services. Some are built from plant-trait-
based functional profiles (Ozier-Lafontaine et al. 2011), while others rely on expert knowledge about plant features
(e.g. Naudin et al. 2011). A challenge would be to allow consolidate these knowledge bases with practitioner’s
feedbacks.

ii. Model-based games allow designing potentially adapted farming systems and even landscape organizations
through stimulation of knowledge exchange and learning about the effects of planned and associated biodiversity on
ecosystem services. They can be used to perform iterative design and ex-ante assessment of spatiotemporal
distributions of crops, livestock and semi-natural habitats potentially promoting input services. These participatory-
design approaches are based on manipulating “boundary objects” such as board games, cards, geographic or cognitive
maps and computer models to create a shared language among the actors involved (e.g. farmers, advisors, students,
scientists, other stakeholders). Materials and computer items are used either simultaneously or successively to
collectively design and assess alternative farming systems (Martin ez al. 2011) or landscapes.

iii. Finally field-farm-landscape indicators are necessary to reveal aspects of agroecosystems that provide
ecosystem services to be estimated. Such aspects first include the soil state, for which several indicators already
exist and are used. However, indicators of the balance between noxious, beneficial and neutral soil organisms, hence
of the real or potential natural pest control of soil, have to be made available, in a simplified form, to farmers.
Surprisingly little is known about the status of farmland biodiversity and how it changes under different farming
practices. A new toolbox, called the “BioBio indicator set” (Herzog et al 2013), has recently been developed for a
variety of farm types and scales in Europe. It is the fruit of a close collaboration between scientists,
environmentalists and farmers, which imparts saliency to the toolbox.

4 Prospects for a research agenda

The development of learning tools to support biodiversity-based agriculture is still in its infancy. To develop toolsin the
line with an adaptive management frame, we propose to combine several scientific disciplines: (i) advances in
ecological science for characterizing, first, planned and associated-biodiversity responses to locally controllable or
exogenous drivers, and, second, effects of biodiversity on ecosystem services, (ii) advances in management and design
sciences for designingmethods facilitatingthe collaboration betweenstakeholders involved in biodiversity-
basedagriculture and farmers, and the evaluation of these collaborations, and (iii) agricultural and social sciences for
building learning-support tools taking into account their use.
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1 Introduction

The Nutrition-Sensitive Landscapes (NSL) approach focuses on building diversity into the landscape and food systems
to provide multiple sources of nutrients as well as other ecosystem services that are critical for environmental and
population resilience. The NSL method offers proactive management towards more sustainable diets for vulnerable
populations. We aim to explore tradeoffs and synergies between nutrition security, agricultural production, market
interactions and natural resource management. It entails multi-disciplinary analyses of how women’s and men’s choices
in land and farm management and in food acquisition and consumption patterns affect the food system, nutrition
adequacy and ecosystem services. Systems analysis is one of the pillars in the NSL approach. It applies experiential
learning cycles in case study sites in Zambia, Kenya and Vietnam.

2 Materials and Methods

Central to the methodology is a gendered participatory approach in all phases of the learning cycle. Results obtained
with and for women and men in the study communities include descriptions of use of terrestrial and aquatic resources
and of place and time-determined food consumption and farming practices. Case studies are undertaken in Vihiga
County (Kenya), Son La province (Vietnam) and the Barotse Floodplain (Zambia) to assess the interactions and
interconnectivity in agricultural production, natural resource management (NRM) and nutrition diversity. In each
country, two small landscapes were selected for a participatory inventory of diet diversity and sufficiency in relation to
farm productivity, exchanges with markets, ecological functions, and the availability of food resources in the landscape.
The case study landscapes are contrasting in natural resource availability, farming practices and/or dominant market
orientation (subsistence or commercial). The current diet and nutrition, resource endowment, productivity and NRM are
characterized and evaluated through surveys and stakeholder sessions.

F2 a R b.
F1 F1
Best guess Single objective Constrained
scenarios optimization optimization
F2 d e R f.
eooo
F1 F1 F1
Co-viability Weighted Pareto-based
analysis multi-objective multi-objective
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Fig. 1. Exploration of solution spaces delineated by the solid line (i.e. tradeoff), using different techniques.
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3 Results — Discussion
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In addition to the participatory assessment of the multifunctional food systems, in these sites we describe and explain
current systems, and we systematically explore windows of opportunity for sustainable redesign and innovation in
landscape and farm systems for improved nutrition. Instead of identifying an arbitrary set of possible scenarios (Fig. 1a)
or applying single or constrained or weighted optimization (Figs. 1b-e), we explore the whole spaces of solutions (Fig.
1f) (Groot et al., 2009). Solution spaces show a larger and broader set of alternative agro-ecosystem configurations that
differ in performance of selected indicators, and thereby allow exploring and visualizing the windows of opportunities,
and trade-offs and synergies.

The potential of new options for land-use and diet composition will be explored using the spatially explicit multi-
objective optimization models (Fig. 2), linking farm level bio-economic models (Groot et al. 2012) with landscape
models (Groot et al., 2007). Indicators relevant to evaluate the dietary diversity (Kennedy et al. 2010), food patterns and
nutrient adequacy at the individual and household level are added to the bio-economic models. Moreover, the diversity
of foods available on-farm and in the surrounding landscape is quantified through the nutritional functional diversity
indicator (Remans ef al., 2011). These nutrition-related indicators can be analyzed in relation to socio-economic
indicators like profitability, household budgets and labor use, and environmental indicators such as habitat connectivity,
land-use diversity, nutrient losses and soil organic matter accumulation.
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Fig. 2. Exploration with models following the Describe, Explain, Explore and Design phases of the DEED cycle.
4 Conclusions

The combination on-farm trials, surveys, modeling analyses and participatory evaluations drive the learning cycle from
which innovations can emerge. This integrated approach and visualization of windows of opportunities through solution
spaces will effectively inform discussions with stakeholders in the planning process of possible interventions to increase
diet diversity, agricultural productivity and NRM in project action sites.
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1 Introduction

Green-way policies in agricultural landscapes focus on ecological continuities between semi-natural elements
(hedgerows, permanent grasslands, woods). These policies assume that annual crops and temporary grasslands
have a negative or neutral impact on biodiversity. However, some works have shown that the presence of
annual crops with dense cover and spatial continuities between different crops could also have a positive impact
on biodiversity, either on woody species (see e.g. Ouin ef al. 2000) or on crop species (see e.g. Burel et al
2013). These landscape patterns are directly linked to farmers' decisions about the choice of crops they
cultivate and their allocation on the farm fields. These decisions are related to fields characteristics and crop
management requirements. In livestock farms, these decisions are also linked to animal management,
particularly the way they are fed and the way fodder is produced (on- farm or bought) (Garcia et al., 2005). The
aim of this study was to evaluate the impact of contrasted livestock farming systems management on landscape
patterns related to cultivated covers and potential biodiversity, here carabid beetles in bocage landscapes in
Brittany, France. We achieved this goal through a multi-level modelling framework in order to combine field,
farm and landscape level analysis.

2 Materials and Methods

We developed a methodology combining farmers' decision making analysis, ecological observations and
modelling. Modelling has been done at the field, farm and landscape levels. We applied our methodology to
a case study in Brittany, France. We compared two livestock systems, swine and dairy, in one bocage
landscape (circle of 1 km diameter) which fields were farmed by 8 farms. A farm decision-based model was first
built from farmers' interviews to simulate cropping patterns at the field and farm levels. Land-use patterns were
then simulated at the landscape level by aggregating predicted cropping patterns of the 8 farms. Ecological
statistical models were built from empirical data on carabid beetles, to predict carabid abundances at the field
level in (i) annual crops and (ii) in semi-natural (woody) elements in simulated landscapes. Each farm were
either simulated as a dairy or a swine farm, leading to a total of 256 landscape scenarios, each repeated 250
times, one scenario corresponding to 10 years of rotation. We used APIland library dedicated to landscape
modelling (Boussard et al.., 2010).

3 Results and Discussion

From an ecological point of view we predicted that carabid species of annual crops were more abundant in
swine production landscapes due to increased spatial continuities (edge length) between maize and winter
cereals, whereas abundances of species of woody elements were enhanced in mixed landscapes (dairy and swine)
because of higher land- use diversity (Fig. 1).
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Fig. 1. Predicted abundances of (a) carabid species of annual crops and (b) species of woody according to the
number of farms in dairy vs. swine production systems.
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On table 1 we can observe that there is a relation between farms' farming system and crop areas within the
simulated landscape. This is particularly true for wheat and grassland, while maize area is relatively less variable.
As a result we can see a significant relation between farms' farming systems and spatial continuities between
maize and winter cereals. A second result is that the intra-scenario variability is rather high (S.D. between 4.4 and
8.7 ha except for grassland in the swine scenario; from 288 to 466 meters of spatial continuities), which
points out some flexibility to manage landscape to promote crop acreage and spatial continuities that would
enhance carabid abundances.
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Table 1. Mean and S.D. of land-uses areas and spatial continuities (edge length) between winter cereals and maize
for 3 contrasted scenarios out of the 256 simulated (2500 landscapes per scenario: 10 years and 250 repetitions).

Wheat (ha) Maize (ha) Grassland (ha) Spatial continuities (m)
Scenarios | Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Swine only | 27.6 8.7 16.8 7.2 04 0 2246 466
Mixed 14.9 5.9 15.1 6.7 27.9 5.1 1095 433
Dairyonly | 5.8 4.4 21.6 6.8 374 6.2 339 288

Relative contribution of each farm to carabid beetles abundances was then calculated (Table 2). It corresponds
to the increase in the mean number of carabid beetles predicted when converting a farm from dairy to swine
farming system. Farm size is the main factor explaining this contribution (see farms 1,2 and 4). But, it is not a
general rule, since farm 2 and 9 contributions are respectively higher than the ones of farm 4 and 8. Potential
grassland area in the landscape, related to the position of milking facilities (within, close or far from the
landscape), and the edge length between fields are two other factors to consider. Indeed, they favor the
increase of spatial continuities between maize and winter cereals when shifting from dairy to swine farming
systems.

Table 2. Farm relative contribution (case of annual crops carabid beetles)

Areas and edges length calculated for each farm Relative

Arable land (ha) Edges (m) Min grassland area (ha) Max grassland area (ha) contribution
F2 16.6 2544 1.9 16.6 230.1
F4 20.5 2829 0.0 20.5 122.9
F1 14.3 1484 0.0 14.2 72.7
Fo 4.7 1115 0.0 4.7 42.2
F6 2.5 345 0.0 2.5 16.4
F3 1.2 222 0.0 1.2 16.2
F7 3.2 1177 0.0 3.2 14.1
F8 7.3 713 0.0 0.0 0.1

4 Conclusion

Our multi-level and agro-ecological modeling framework allowed to evaluate the impact of different farming
systems (dairy and swine) on landscapes patterns and abundances of carabid beetles. We showed that over-
representation of swine farming system leads to increased edge length between maize and winter cereals and so
favoring crop carabid beetles. On the contrary, a diversity of farming systems seems to be required in order to
favor woody carabid beetles. Moreover we showed that for a given set of farming systems in a landscape there
was a variability of crop patterns and edge length between cultivated covers. This indicates that there are some
rooms to maneuver crop allocation to fields in agricultural landscapes. But these rooms for maneuver have to be
thought at a collective level since they result from several farmers decisions, some farms having a higher
contribution to the landscape pattern and resulting biodiversity.
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1 Introduction

The aim of this paper is to investigate how policies and institutions do or do not foster sustainable agricultural systems.
First, the paper reviews how policy—in interaction with institutions, including supply chain practices—affects farm
structures and their sustainability. Second, an overview is given of how policy has influenced farm structures over time
and across various geographies. Third, the paper derives which policy mix would be required to generate sustainable
agricultural systems and evaluates to which extent current policies worldwide are or are not evolving towards such a
policy mix.

2 Theoretical perspectives on the interaction between policies, institutions and sustainable agricultural systems

Economic theory posits that farm structures result from farmers’ choices concerning specialisation, technology and
scale, which in turn are affected by the relative prices of farm inputs and outputs. Under perfect institutional and
political settings, farms reach their optimal scale and factors of production are paid their opportunity costs (Kislev &
Peterson, 1983), while at the same time environmental externalities are internalised into input and output prices, thus
resulting in sustainable agricultural systems. In addition, farmers’ decisions are influenced by a variety of constraints
related to availability of production technologies, the biophysical environment, input and output markets, credit and
insurance markets and knowledge (Stoorvogel et al., 2004), the farmers’ resources and abilities. Finally, institutions—
including policies— can affect this economic rationale in multiple ways.

Scott (1994: 68) defines institutions as “...symbolic and behavioural systems containing representational, constitutive,
and normative rules together with regulatory mechanisms that define a common meaning system and give rise to
distinctive actors and action routines.” Policies and regulations may provide financial incentives or disincentives and
may set limitations, thus influencing farmers’ relative prices and thus choices. Policies may influence trade, property
right regimes, farmer decisions about to what and how much grow, the relative cost of land through regulations, taxes
and subsidies, or standards. Furthermore, non-agricultural policies may affect agricultural systems, such as labour law,
fiscal regimes and environmental standards (Bowman & Zilberman, 2013). Such policy is partly desirable, as without it
environmental externalities would not be internalised by markets, but may partly also distort farmers’ choices. In turn,
public policy cannot be seen without consideration of supply chain practices, that reflect output demand and input
supply conditions, and of credit and risk considerations, that greatly influence farmers’ choice set for instance through
standards.

But institutions also refer to meaning systems—as proposed by Scott (1994)—an important part of which are mental
models and social structure. While there is a rich literature on the adoption of environmentally friendly practices in
agriculture pointing to influence of farmers’ personal characteristics, attitude, social norms, etc., this literature does not
show a universal pattern, such that efforts to promote sustainable agricultural systems need to be tailor made for local
conditions (Knowler & Bradshaw, 2007; Wauters & Mathijs, 2014). Furthermore, transforming agricultural systems
towards sustainability entails changing mental models, which proofs to be particularly difficult. As a result, farm
development trajectories are often locked-in, that is, strongly dependent on historical events as demonstrated by for
instance Happe ef al. (2008).

3 A global overview of policies and institutions influencing sustainable agricultural systems

How have policies and institutions influenced the sustainability of agricultural systems over time and across
geographies? For this, three clusters of countries are considered, depending on their level of development. Typically,
countries tend to increase the protection of their agriculture as they develop economically (Thompson, 1998).

First, low-income countries typically do not support agricultural development through policy, as they lack the financial
means to do so. Often, agricultural exports are even taxed to raise revenues. Food security is the major concern, while
concern for the environment is absent. As a result, natural capital tends to be overexploited, leading to land degradation,
particularly in population dense areas, where the incentive to intensify production is very high. The demand for organic
produce is rising leading to increasing market incentives for sustainability as mediated by some multinational retailers
and food processors.

23



(e @)2015

Second, in emerging economies—such as Brazil, Russia, India and China—economic growth is the dominant paradigm
using export-led strategies. Concern for the environment is still limited and mainly market driven if at all present.
Agricultural systems tend to modernize as labour costs increase due to increasing non-agricultural incomes resulting in
a substitution of labour by capital and increasing farm size increases. Partly, the situation is similar to that in Europe
and the USA after the Second World War. Partly, global trends such as increasingly integrated supply chains accelerate
modernisation

Third, high-income countries are typically characterised by policies setting various limitations to agriculture on the one
hand, but also by providing a relatively large amount of financial support. In addition, demand for products produced in
a sustainable way increases, leading to both public and private incentives for agricultural systems to become greener.
An important barrier is path dependences resulting from existing institutional settings, sunk costs, know-how and
mental models. Particularly in areas with high population density, the intensity of agricultural systems may be too high
leading to high land prices making it very costly to extensify.
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4 Designing policies for sustainability

What policy mix leads to sustainable agricultural systems? As indicated before, no universal answer is possible, as local
conditions may vary too much across sectors and regions. We formulate three sets of principles we deem important for
policies to truly lead to sustainable agricultural systems:

1.Set the right targets and framework. Any good policy starts from formulating and communicating a clear,
normative objective. Setting the right targets and translating them into standards is therefore the first key step towards
creating sustainable agricultural systems. Targets will not only guide policy, but also private investment in clean
technologies, thus leading to a competitive advantage when markets start asking for sustainable products (Porter & van
der Linde, 1995).

2.Develop knowledge, institutions and infrastructure. Changing practice requires developing new knowledge,
while changing structures requires investing in new infrastructure. Failure to do so, will result in lock-in, that is, efforts
towards making systems more sustainable will be focused on making current systems more resource efficient, rather
than designing new systems (Freibauer ef al., 2011). As institutions lay the foundation for knowledge and structures,
institutional change should accompany policy for sustainability. Institutional change involves changing the mind-set of
anyone involved in the agricultural knowledge and innovation system.

3.Provide the right financial incentives and regulations. Markets are generally not capable of correcting the
environmental externalities generated by firms, due to high transaction costs, the non-point nature of pollution, etc.
Regulation is thus necessary. However, setting financial incentives such as environmental taxes at the right level
requires correct information, but also coherence in policies—for instance farmers should not face contradictory public
policies related to their practices and choices (Mathijs et al., 2015).
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1 Introduction

Smallholder vegetable farmers tend to specialize and intensify their production systems to secure income. In south
Uruguay, frequent tillage and little or no inputs of organic matter have resulted in soil degradation that has decreased
soil productivity and threatens systems sustainability (Alliaume et al., 2013). The development of production systems
that are able to stop soil deterioration and even improve soil quality is key to the sustainability of vegetable production
systems in this region. In a context where water availability limits irrigation, and spatial and temporal variability of
rainfall is increasing, it is imperative to introduce practices that reduce runoff and erosion, and increase the capture of
rainfall water in the soil. Reduced tillage in combination with mulching maybe a viable alternative to reduce runoff, soil
degradation and erosion, and improve water conservation (Alliaume et al., 2014). Our aim was to develop a tool that
illustrates the effect of adopting different soil management practices in terms of water balance and erosion at a farm
scale.

2 Materials and Methods

A three year on-station experiment was carried out to analyse the effect of reduced tillage, cover crops and organic
matter addition on water runoff, soil erosion, soil moisture supply capacity on tomato, maize and onion crops.
Treatments were: reduced tillage +oat as a cover crop left as mulch + chicken manure (RT), and three conventional
tillage treatments: one that incorporates chicken manure (CChm), one with a cover crop incorporated to the soil and a
third one as control, with no organic material addition. The rotation involved tomato -oat/fallow - tomato - oat/fallow -
tomato- oat/fallow- sweet corn - oat/fallow - onion. The results showed that RT contributed to in situ moisture
conservation and reduction of runoff and soil loss on degraded mollisols used for horticulture. Based on the results of
this experiment we developed a summary model with a generic approach that needs local parameterization to estimate
water infiltration and water balance under vegetable cropping as a function of rainfall, residue and crop cover, and soil
water content. We also measured all the variables needed by Revised Universal Soil Loss Equation (RUSLE) model and
incorporate a routine to estimate soil erosion.

3 Discussion

The soil moisture during the four commercial crops was both measured and estimated to be larger under RT than under
CChm at all soil depths. The model developed requires few inputs and was sensitive to differences in soil cover,
reproducing moments in which the soil was wetter and drier, although in several moments, there was an overestimation
of the soil moisture (Fig. 1). The water infiltration however was accurately estimated (data not shown).

450

400 /MQJ%WM
350 ¢ \,
. o 808 0400
200 1‘”o.\ H s \ 2o~ <
% < A o o . \ 0; ..
250
200 o e °

150
100

mm
.
of
7
7 .
-
.
o
o
oe
oe 4
ce
©
o o
oe
.
oe
oe
o
<

50

4 A
I \
0 L : ; Ao ] /A\ Aapd N\AJU\A‘/\AA{\ . ) ‘\\ A AMM . ‘AJ‘ W ‘J‘ . n\/ll\ﬂ\‘
Oct-10  Nov-10 Jan-11 Feb-11  Nov-11 Jan-12 Feb-12 Mar-12 Sep-12 Nov-12 Dec-12  Jan-13 Jun-13  Aug-13  Sep-13  Oct-13  Dec-13
—RT simulated * RT measured — CChm simulated 0 CChm measured —rainfall — std.

Fig. 1. Simulated and measured soil moisture from 0 to 100cm depth, during two tomato, maize and onion crops.
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The larger soil water capture under RT was explained by a larger infiltration into the soil, except during the first tomato
crop because it was a very dry season and the interception by the mulch resulted in less water infiltrated; and by reduced
soil evaporation (Table 1.). The change in water dynamics have at least two direct positive consequences: reduced
runoff led to reduced erosion risk, and larger water availability for transpiration may result in larger yields. Larger soil
water capture under RT, might result in larger deep drainage, especially during a winter-spring crop such as onion
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(Table 1).
Table 1. Water balance components estimated for two soils management during four commercial crops.
Tomato 2010/2011 Tomato 2011/2012 Sweet Corn Onion
Soil management RT CChm RT CChm RT CChm RT CChm
Rainfall (mm) 113,7 4679 346,6 5759
Runoff (mm) (% of rainfall) 49 (4) 133 (12) 42,7 (9) 107223) | 750(22)  1135(33) | 1159(20)  191,5(33)
Interception (mm) 40,9 16,5 52,3 16,5 21,6 6,3 44.4 243
Deep drainage (mm) 0,0 0,0 33,6 25,5 100,7 62,5 136,5 19,1
Infiltration (mm) 71,1 84,3 368,1 345,1 2524 2278 425,5 3634
Actual evap. (mm) 50,4 72,5 105,2 1553 35,3 55,3 45,4 68,7
Actual transp. (mm) 152,1 108,4 244.8 192,2 134,9 130,1 202,7 203,3
ETP (mm) 572,5 569,7 559,6 559,1 318,7 318,5 401,7 404,6
P. transp. (mm) 355,3 354,5 277,7 277,6 140,6 140,5 211,2 212,0
Pot. - Actual. transp. (m’) 2032 2461 329 854 57 104 85 87

The water use efficiency reported for processing tomato crop in Uruguay (Scarlato, 2009; Alvarez, 2010) ranges
between 100 and 180 kg ha™ of fresh fruit per mm of irrigated water. From that data and looking at the differences in
actual transpiration between soil treatments (Table 1), we can estimate an yield increment under RT between 4000 and
9000 kg ha” compared with CChm assuming that the transpiration efficiency is the same as the irrigated water, which is
a conservative assumption. In the same way, in order to fulfil the transpiration demand (P. transp) during both tomato
crops we would have to irrigate between 400 and 500 m® more under CChm than under RT (Table 1), water that in
many farms is not available, or the farmer could have saved it or increased the irrigated area.

A major consequence of introducing RT is the reduction in erosion risk. As we can see in Table 2., an estimate for a
LuvicPhaeozem (k=0.23), common in the south of Uruguay, resulted in soil losses below or equal to the tolerance level
7t ha year'for slopes till 3% and 80 m long managed under RT, while CChm was over the tolerance level in all
combinations of length and slope.

Table 2.Average annual soil loss during a three years vegetable crops rotation under two soil managements.

Estimations using RUSLE for various combinations of length and degree of slope are presented.
length (m) slope (%) RUSLE LS factor Soil loss (t ha™ year™)
RT CChm
30 4,5 0,579 8 25
80 3,0 0,528 7 23
30 3,0 0,389 6 17
80 2,5 0,430 6 19
30 2,5 0,327 5 14
80 1,5 0,249 4 11
30 1,5 0,204 3 9

4 Conclusions

The model developed was sensitive to differences in soil moisture due to soil management. Even if it has to be
improved, it already illustrates the effect of adopting different soil managements in terms of water balance and erosion
at rotation scale. Results show significant decrease of soil erosion and water requirements for irrigation under RT, thus
enabling an increase in irrigated area of vegetable crops and crop yields.
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1 Introduction

A living mulch has a life cycle which can be far longer than the one of an annual cover crop. It can have a stronger
impact on soil characteristics, on the environment and on commercial crops included in the rotation. A cover crop
already established in the preceding crop can also have a stronger development than an annual cover crop, especially in
dry summer conditions or in short intercropping periods. A living mulch can facilitate the main crop growth through for
example soil structure improvement (Carof ez al., 2007) or soil nitrogen availability (Bergkvist, 2003). It can also show
strong competition on the main crop for light, nutrients and water. Depending on the main crop growth dynamics, the
living mulch growth dynamics and the cropping system management, the balance between facilitation and competition
can be completely different (Den Hollander et al.,2007).

2 Materials and Methods

This article presents a field trials synthesis on winter wheat established on legumes living mulch (Table 1). Wheat
was harvested in 2013 and 2014 in northern France. The living mulches were mainly established in the previous
crop (oilseed rape, fodder maize...). Wheat has been sown directly in the living mulch with a disc drill. The cover crops
were either terminated in the wheat crop cycle or stayed alive during the entire wheat crop cycle. In the first case,
living mulch were killed usually in winter with herbicides. Sometimes, wheat crop was too much competitive on cover
crops, especially for light on white clover (Trifoliumrepens L.). When cover crops were not terminated in wheat
crop, they were suppressed by wheat herbicides in order not to be too much competitive on wheat.

In all cases, nitrogen supply was the same between all treatments. The impact of cover crops on nitrogen absorption by
wheat has been investigated in all these experiments.

Table 1. Description of the field experiments.

Trial location Crop Crop harvest Living mulch species Sowing period / Destruction
zip code, village (country) (previous crop) year period of living mulch
91720 Boigneville (France) Winter wheat 2013 White clover (Trifoliumrepens) White clover August 2011 / October 2012

(oilseed rape) (Trifoliumrepens) August 2011/ March 2013
91720 Boigneville (France) Winter wheat 2014 Lucerne (Medicago sativa) White clover July 2013 / March 2014
(fallow) (Trifoliumrepens) July 2013 / March 2014
Common sainfoin (Onobrychisviciifolia) Black July 2013 / March 2014
medic (Medicagolupulina) Firdsfoot trefoil July 2013 / March 2014 July
(Lotus corniculatus) 2013 / No destruction
91720 Boigneville (France) |[Winter wheat (grain 2014 White clover (Trifoliumrepens) July 2013 / No destruction
corn)
36100 Brives (France) Winter 2013 Lucerne (Medicago sativa) July 2013 / No destruction
wheat(oilseed rape)
44370 La Chapelle Saint Winter wheat 2014 Mixture of 3 clovers : berseem, subterranean, May 2014 / Winter 2013/2014
Sauveur (France) (fodder corn) crimson (TrifoliumAlexandrinum, subterraneum
and incarnatum)

3 Results — Discussion

The impact of legume living mulch on wheat yield was variable, from -17% to +15% as compared to wheat managed as
a sole crop (figure 1). In the case of living mulches that have been terminated in the wheat crop cycle, the impact on
wheat yield has been on average positive. In one case, black medic showed a negative impact on wheat development at
the end of winter. This cover crop did not stop growing in winter 2013/2014 that has been mild. It has not been
enough suppressed by herbicides or cold weather. For other legume species terminated in the wheat crop, we had
neutral to positive impact of living mulch on wheat yield. Nitrogen supply to the crop seems to explain this
trend. In the experiment carried out in la Chapelle St Sauveur, the mixture of three clovers allowed an increase of
10% of wheat yield, without modifying the optimum amount of nitrogen necessary to obtain the best yield. It is
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supposed that cover crops improved soil structure and helped to reduce waterlogging. In these wet conditions, in a
drained loamy soil during a rainy winter, cover crops helped wheat establishment.

We had three trials in which the legumes living mulch stayed alive during the entire wheat crop cycle. Results varied
depending on the situation. In the case of Boigneville2 in 2014 (figure 1), wheat was established late in autumn 2013
after a grain corn. Wheat establishment was poor (126 plants.m™). In this case, wheat has not been able to suppress
white clover development because it was not enough competitive for light. Cover crop decreased wheat biomass and
nitrogen status from the stem elongation and yield by 17%.

In the case of the Brives experiment, different nitrogen amount were spread on wheat drilled directly on a lucerne living
mulch as compared to a control situation (soil tillage, no living mulch). The optimum yield was the same in any case but
we could get it with a smaller amount of nitrogen in the living mulch. Nitrogen supply from the soil+lucerne system to
wheat was improved from 30 to 60 kg N.ha™ as compared to the control.

In the last field trial with a birds foot trefoil living mulch, we got an increase of wheat yield. The cover crop biomass
was of approximately 2.7tha”'of dry matter at wheat harvest. Birds foot trefoil dormant variety showed a small
development in winter and in spring. Wheat crop was very competitive on this cover crop, except in July when wheat
has become senescent. Due to rainy conditions, the cover crop produced much biomass in late July, before harvest.
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Fig. 1. Impact of legume living mulches on wheat yield in five field trials. The cover crops were either terminated in the
wheat crop cycle (biomass = 0 at wheat harvest) or stayed alive during the entire wheat crop cycle (biomass> 0).
Cover crops were : white clover (WC), lucerne (MED), birds foot trefoil (BFT), common sainfoin (SAIN), black medic
(BM), mixture of berseem, subterranean and crimson clovers (3 clovers).

4 Conclusions

Sowing wheat crop in a living mulch is an innovative practice that seems to improve cropping systems in some cases.
Sowing cover crops in the previous crop can allow a strong biomass production in spite of short intercropping periods.
When cover crops are terminated before sowing wheat or during winter, positive impacts on wheat such as nitrogen
release or soil structure improvement could be expected in some cases without too many constraints on wheat
management. As the legume living mulch stays alive during the entire wheat crop cycle, wheat management has to be
adapted: crop establishment, weed control, cover crop suppression... Three factors are very important to manage
facilitation / competition process: the crop competitive ability, the living mulch competitive ability and the cover crop
suppression (chemically or mechanically). Some field trials are currently carried out by ARV ALIS-Institut du vegetal in
order to optimize this new practice and to assess their impact on crops yield, nitrogen release and the environment.
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1 Introduction

Water deficit is a single most important factor threatening economic and environmental sustainability, especially in arid
area, saving water from agriculture is one of the most useful way to solve the problem (Chai et al.2014). Plastic film
mulch has been widely used to conserve soil water and reduce evaporation in many arid area (Liu ef a/. 2001), and to
accelerate crop growth, increase crop yields (Zhou et al. 2009). However, the widespread use of non- biodegradable
plastic film over years has potential to damage the sustainability of agro-ecosystems (Briassoulis 2006). Also, high soil
temperature in the root zone at the blossom and grain filling stage of crops grown with plastic mulch can lead to crop root
senescence and decrease crop yield. Different to plastic mulch, crop straw mulch combined with no tillage can effectively
keep soil moisture, reduce water and wind erosion, decrease soil temperature, and increase crop yields (Li et al.2011).
But, the low soil temperature caused by crop residues can delay seedling emergence, and lead to crop yields
decrease (Chen et al. 2011). Thus, integrate plastic film mulch and straw mulch into one cropping system, maybe has
great substantial in saving water and improving sustainability of crop production. Here, we propose a “double mulching”
system, in which, plastic film mulch is integrated together with crop straw mulch in the wheat-maize intercropping
system. The purpose of the test is to determine (1) the water use characteristics of the integrated double mulching

system, and (2) the response of soil temperature during key plant growth stages under the integrated systems.

2 Materials and Methods

The experimental design in randomized completely with three replicates. Three approaches were implemented for water
conservation and soil temperature optimization; they were (i) no-till with straw covering (i.e., NTS), where no till was
combined with wheat straw of 25 cm high that was chopped and evenly spread on the soil surface at wheat harvesting
the previous fall; (ii) reduced tillage with straw incorporation (i.e., TIS), where 25 cm high of wheat straw was
incorporated into the soil through tillage at wheat harvesting the previous fall; and (iii) conventional tillage (i.e., CT
control), where conventional deep plowing was applied to the plot with straw removed off the field. These three straw
mulching approaches were applied to the wheat-maize intercropping systems. In late October to early November, wheat
strips were managed as described above, and maize strips were deep plowed and raked. In the next spring, a wheat crop
was planted on the maize-preceded strips and maize planted on the wheat-preceded strips. All the maize strips were
mulched with plastic film. Each plot area was 48m” (10x4.8 m) with a 0.5 m wide by 0.3 m high ridge between two
neighboring plots to eliminate potential effect of lateral soil water movement.

3 Results and Discussion

3.1 Soil temperature

At eight and eighteen o'clock, soil temperature of NTS treatment was significantly greater than that of TIS treatment or
CT treatment. However, at fourteen o'clock, soil temperature of NTS was significantly lower than that of CT. Compared
to CT, the NTS treatment decreased soil temperature of the wheat strips by an average of 1.26-1.31°C in the top 10 cm
depth. Also, the NTS treatment decreased soil temperature of the maize strips by 1.31-1.51°C in 2011 (Fig. 1). In double
mulching systems, the soil temperature of maize strip at 0-10cm profile is 125-1.94 °C higher than that in wheat strip, but
in terms of CT the temperature gap is 1.58-2.11°C.Thus, plastic film and no-till with straw covering on the soil surface
played an important role in optimizing soil temperature both in maize and wheat strips.

3.2 Soil water content

At sowing stage, the integrated double mulching system conserved more soil water than the CT. In the soil profile of 0-
30cm, the water content of NTS and TIS is 5.7-7.7% higher than that of the CT, but in deeper soil layers, the water
content gap between double mulching systems and CT is decreasing. After wheat harvest, the remained bare strips in CT
lead to a significantly decrease of soil water content. Compared to NTS and TIS, the soil water content of CT in 0-30cm
profile was decreased by 15.9-17.8% and 8.0-10.0% respectively, NTS is the most effective way conserving water in the
later growth period. Averaged through whole water content of 0-30 cm profile in wheat strips by 12.9% -13.5%, by
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9.8%-11.9% in maize strips. In general, NTS has a positive effect on water status across 0-110 cm soil profile, it
increased soil water content by 3.9 % before sowing, 8.6% during co-growth period, 5.2% after wheat harvest, and 5.7%
after maize harvest, compared to CT.
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3.3 Evaporation (E) and evapotranspiration (ET) of the intercropping system

Double mulching can significantly decrease ET and E of the intercropping system, the total ET of NTS was

4.5%-4.6% less than CT, and the evaporation of NTS and TIS was averagely decreased by 32mm (11.0%) and 18.5 mm
(6.4%) compared to CT. At the same time, double mulching decreased the E/ET of NTS and TIS by 8.9% and 7.7% in
2010, 4.7% and 2.9% in 2011, respectively, than that of CT (Fig.2).
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Fig. 1 Soil temperature(T) in 0-25 cm depth. X and Y represent T of intercropping, A and
B represent T of wheat strips, C and D represent T of maize strips in 2010 and 2011. Fig.2 The ratio of soil evaporation to evap iration (E/ET) in different treatment

4 Conclusions

Wheat-maize strip intercropping in combination with plastic film and straw covering on the soil surface can conserve
more soil water, not only in crop growth stage, but also in the fallow stage. The ,,double mulching™ system also
decreased total ET, E as well as E/ET significantly. In the same time, ,,double mulching™ system decreased soil
temperature in the top 10 cm depth by 1.26 to 1.51°C, and the soil temperature of maize strips was 1.25 to 1.94°C
higher than that of wheat strips in the double mulching system, the temperature gap between maize and wheat strip in
double mulching system is small than that in conventional treatment; this allows the two intercrops to grow in a well
“collaborative” status under the ,,double mulching™ system during their co-growth period. The improvement of soil
moisture and the optimization of soil temperature for the two intercrops allow us to conclude that wheat-maize
intensification with the ,,double mulching™ system can be used as an effective farming model in alleviating water
shortage issues experiencing in water-shortage areas.
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1 Introduction

Irrigated winter wheat (Triticum aestivum L.) growing prior to summer maize (Zea mays L.) in the Hebei Plain, north
part of the North China Plain, has been blamed for water consuming as well as low economical efficient. In recent years
some farmers have developed double maize system harvesting vegetable maize cobs as an alternative to the traditional
wheat-maize doubel cropping sytem. Although some researches (Li ef al., 2011a) have been done on grain maize
double cropping, adaptability and appropriate cultivar combination, the key issues deciding biological and economic
efficiency of this new cropping system, have not yet been clarified.

2 Materials and Methods

A field experiment was conducted in Quzhou county of Hebei province (114.93°N, 36.79°E) in the year of 2012-
2013. The trial-run experiment in 2012 was for selecting suitable cultivars and appropriate sowing dates. Based on the
results in 2012, three cultivar combinations were designed for the bedded-filmed spring maize-summer maize in 2013,
ie. Demeiya 1 (early maturing)- Zhengdan 958 (currently popular) (EM1-C1), Chengdan 22 (early maturing)-Xianyu
335 (currently popular) (EM2-C2) and Xianyu 335-Chengdan 22 (C2-EM2). The traditional winter wheat-summer
maize system (W-M) was compared as control. Crop data at critical phenostages, soil moisture to 200 cm depth before
sowing and at mature, and daily weather data were collected. APSIM (Keating, et at, 2003) simulations were calibre
with the data. Air and soil temperature under and outside plastic film were measured everyday on three fixed sites at 8:
00 am, 14:00 pm and 20:00 pm after sowing till the field ground is fully covered by crop canopy.

Plastic film

Fig.1 Illustration of bedded-filmed maize planting

3 Results — Discussion

Yield, economic return and water use efficiency (WUE) of different treatments are presented in table 1. There was no
significant difference in annual yield between EM-C;, EM,-Cywhile the Co-EM; maize-maize system had a 15.8% lower
annual productivity, comparing to the W-M system. The result that the early maturing cultivar had a higher yield when it
was sown in spring than in summer worth of special attention. There is no significant difference in net economical return
between EM-C, EM»-C; and the W-M systems , while that of the C,-EM, combination was 26% lower than W-M
system. Double maize systems had a higher machinery cost.

There is no significant difference in evaportranspiration (ET) among the three cultivars combinations of double maize
system but it is much greater in the W-M system. WUE in the two EM-C combinations is 77% and in the C-EM
combination is 54% higher than it in the W-M system.

The regression of air temperature inside and outside the film is established as Ti=1.2512T0+0.8304 (R2=0.7878. Ti=
inside temperature; To=outside temperature) . With is equation it is calculated that filming added 126.6°Cextra degree
days (DD) to the micro habitat under the film. Filming is necessary in the Hebei plain for maize double cropping and
bedded/ridged filming is better that filing on flat field (Li, et al, 2011b)

The outputs of APSIM simulation suggest that EM-C cultivar combination of maize —maize system is adapted to the
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south part (south to 38°N) while the combination with two early maturing cultivars to the north part of Hebei Plain.

Table 1. Yield, economic return and WUE of different treatments

(Yuan-ha™,2013)

EM; -C EM,-C ) C,-EM 2 W-M
EM, C EM, C C; EM;  wheat maize
Yield (kg-ha™ 7495 9115 7822 8982 7369 6939 6822 10167
Value of production 16264 19780 16973 19490 15991 15057 16045 22061
Machinery cost 2925 1425 2925 1425 2925 1425 2475 2175
Material cost 9459 5787 9408 5989 9229 6166 9033 7887
Net return 6805 13994 7567 13502 6763 8891 7012 14175
Annual yield (kg-ha™) 16610 a 16803 a 14308 b 16988 a
Annual net return 20 99 21069 15654 21187
ET (mm) 430b 435b 428 b 778 a
WUE (kg'mm'ha™) 38.5a 38.5a 3350 21.8¢

Note: Different lower case letters after figures indicate a statistically significant difference of 95% probability.

4 Conclusions

5

A preliminary conclusion can be made that double maize system is competitive to the traditional wheat - maize system
in annual productivity and economic return, and much more water efficient, given that suitable cultivars are selected
and properly combined. It could be an alternative cropping system in the north part of the North China Plain, or be used
as a remedy after winter kill of winter wheat. However, systematic and in-depth studies on ecological, economic and
social impacts of the system are needed and relevant techniques need to be fine-tuned and packaged before the new
system can be widely extended.

Acknowledgements. The study presented in this paper was financially supported by the national special research fund for public good agricultural
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1 Introduction

Subtropical regions host 23 % of global agricultural land, and hence have a considerable contribution to global food
production and to nitrous oxide (N,O) emissions. NoO emissions from subtropical farming systems contribute more
than 15 % of the global N>O emissions from fertilised land. Efficient NoO mitigation strategies for this climate zone that
also preserve crop yields are therefore necessary. In this study we explored possible mitigation opportunities for
representative subtropical grain cropping systems and management practices by simulating long-term scenarios with the
agricultural systems model APSIM (Holzworth et al. 2014). Beforehand APSIM was calibrated and validated with data
from two field sites in subtropical Queensland, Australia.

2 Materials and Methods

In the first step, APSIM was calibrated with measured water contents, yields and high frequency N>O emission data
from field experiments in subtropical Australia. The experiments included contrasting soil types (an Oxisol and a
Vertisol), various fertiliser and irrigation treatments and different crops (Scheer et al., 2012; 2013 ; De Antoni
Migliorati et al., 2014 ; 2015). In the calibration step, we focused on a thorough calibration of soil physical properties
for each site, i.e. field capacity, permanent wilting point and the water filled pore space above which denitrification
starts (dnitim), instead of calibrating a large number of parameters controlling the carbon and nitrogen (N) cycles. A
small subset of the data from each site was used for calibration, while the majority were used for validation. In the
second step, long-term (40 yrs) crop rotations with varying fertilisation and irrigation strategies representative for the
humid subtropics were simulated with the validated model to assess possible NoO mitigation options.

3 Results — Discussion

Water dynamics (not shown), yields (Fig. 1a) and seasonal N>,O emissions (Fig. 1b) were accurately predicted for the
crops subjected to different irrigation and fertilisation strategies. These results confirm the capability of APSIM to
reliably predict these output variables without adjusting process parameters for each site, season or treatment. The
parameter dnitim was the only parameter calibrated separately for each site because it had a large effect on predicted
denitrification and may be related to other, measurable soil properties such as soil texture. Being able to accurately
simulate the results with minimal calibration suggests that the model can be more readily applied in other locations.
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Fig. 1. Predicted against measured (a) crop yield and (b) seasonal N>O emissions for the validation data sets of the two
experimental sites. Standard deviation of the observations, 1:1 (solid) and regression lines (dashed) are shown. RMSE is
root means square error, R” is coefficient of determination and ME is model efficiency.
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The long-term scenarios revealed two relationships between yield and N>O emissions (Fig. 2). At high N rates (large
symbols), increasing N input increased N>O emissions but not yield, resulting in a negative outcome for both variables.
At low N rates (small symbols), increasing N inputs led to an increase in both yield and N,O emissions and resulted in a
trade-off between maximising yield and minimising N,O emissions. Crop yields were significantly higher when
irrigation (open symbols) was applied, compared to the rainfed counterparts (closed symbols), indicating that water
supply limited plant growth and yield. At the same time, however, N,O emissions at high N rates were lower in
irrigated than in rainfed wheat. This appeared counterintuitive because high soil moisture is an important driver for NoO
emissions, but it occurred because water stress in highly-fertilised rainfed wheat resulted in higher surplus N compared
to the irrigated treatments. Thus more substrate for denitrification was available when the soil got wet.

When a legume (here chickpea) was included in a crop rotation, the yield plateau for wheat was reached at lower N
rates compared to a monoculture (Fig. 2). This provided savings of up to 40 kg N ha™ per wheat crop and reduced N,O
emissions by 0.5 to 0.9 kg N ha™'. However, the yield plateau for rainfed wheat was ~20 % smaller when in rotation
with chickpea than in monoculture, suggesting that chickpea depleted more water from the soil than wheat. Thus, less
water was available for the next wheat crop, which is important in this environment where water is often limiting for
crop growth. Long-term scenarios showed high interannual variability of N,O emissions and yields. Results from short-
term experiments may therefore not be representative of the long-term behaviour of these subtropical agro-ecosystems,
and so simulation studies may be important to gain insights into long-term emissions and mitigation options.
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Fig. 2. Trade-off between yield and N>O emissions for two crop rotations simulated for the vertisol; seven fertilisation

intensities: 0, 20, 40, 80, 120, 160 and 200 kg N ha™' (size of bubbles) per non-legume crop, rainfed and irrigated
(irrigation when 50% of the plant available water capacity in the upper 60 cm of the soil was depleted).

4 Conclusions

After targeted calibration of a small number of site-specific parameters, the APSIM model was able to adequately
predict water dynamics, yields and cumulative N>O emissions for two soils in the subtropics, four crops and a number
ofirrigation and fertilisation intensities.

N>O emissions were not caused or influenced by only one management factor (e.g. irrigation or fertilisation) but by a
complex interaction of several factors. Consequently, a holistic approach should be taken to identify N,O mitigation
strategies that do not compromise yield. N fertiliser should be applied after considering soil N stocks and available
water (soil water storage, irrigation and expected rainfall). When legumes were included in the crop rotation, N
application and thus N,O emissions could be reduced. Given the annual variability in climate and in soil N, yield
forecasting tools in combination with soil testing for mineral N and reliable weather forecasts would provide great
benefit in managing N application and thus optimising the dynamic trade-off between yield and N>O emissions.

Acknowledgements. This research was undertaken as part of the National Agricultural Nitrous Oxide Research Program (NANORP) funded by the
Grains Research and Development Corporation (GRDC) and the Department of Agriculture, Fishery and Forestry (DAFF), Australia.
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1 Introduction

Overuse of Nitrogen (N) fertilizer in crop production exerts massive negative environmental effects in the North China
Plain (NCP). In the intensive winter wheat (WW) — summer maize (SM) double cropping system, which is the
dominant cropping system of this important crop production region, excessive N rates are common practice (e.g. Cui et
al., 2008). Additionally to the pollution of groundwater excessive N is also a major contributor to agricultural
greenhouse gas (GHG) emissions and thus strongly contributes to global climate change. Despite the ongoing efforts,
which mainly focus on field experiment based development of improved fertilization strategies, and include the
promotion of technologically sophisticated N management schemes (e.g. Cui et al., 2008), farmers’ N rates maintain at
excessive rates. Therefore the current study tests two simple and easily to apply N fertilizer recommendation strategies,
which could be implemented on large scale through the existing agricultural advisory system of China, at comparatively
low cost. To capture farmers’ current crop management conditions and the inherent diversity among farmers, the
present study builds on a primary data set of detailed crop management information of 65 WW-SM producing farm
households. In a first step the farmers’ individual product carbon footprint and gross margins of WW and SM are
determined. In the next step the effects of the two simple N fertilization strategies are tested under conditions of
constant, increasing and decreasing yield levels.

2 Materials and Methods

Farm household survey was conducted in 2011 in Quzhou — a representative county of the NCP. Detailed crop
management data, including timing, amounts and prices of all crop production measures, inputs and outputs were
interrogated and complemented by secondary data sources. Product carbon footprint (PCF), describing the amount of
emitted CO»-equivalents per unit produced grain, was determined following ISO 14040 standards (ISO, 2006). Gross
margin (GM) was selected as economic indicator, describing the difference between sales revenue and variable
production cost expressed in monetary value per land use area (EURO ha'). A detailed description of the
methodological procedure for PCF and GM calculations as well as the status quo performance of the surveyed farm
households can be found in Ha et al. (2015).

The first of the two simple fertilizer recommendation strategies, the N-uptake strategy is based on a comprehensive
study conducted by Ju & Christie (2011), who assessed numerous long-term field experiments for WW and SM
production in the NCP. Here the recommended amounts of N are determined based on the farmers’ individual expected
yield levels. The second N fertilization strategy (N-fixed) is based on Meng et al. (2012), who determined the optimum
N rates for WW and SM in Quzhou at 176 and 185 kg N ha™, respectively.

To account for the uncertainty regarding the effect of adjusted N fertilization levels on the potential grain yields
obtained by the individual farmer two yield change scenarios were introduced, additionally to the assumption of
constant yields under changed fertilization (baseline yield). In the yield loss scenario (Yis) yields were reduced by
10 %, while in the yield increase scenario (Y increase) yields were increased by 10 %.

3 Results and Discussion

Table 1. Status quo average, minimum and maximum PCF and GM of WW and SM production of the 65 sampled farm

households.
Units Average  Min Max
wWwW

PCF  kgCOxkg'  0.90 025 261

GM EURO ha’  713.5 483 14339
SM

PCF  kgCOxkg' 046 017  1.62

GM EURO ha™ 980.5  483.9 13724
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The mean PCFs in WW and SM production were 0.90 and 0.46 kg COze kg™, respectively, while the average GMs of
WW and SM production were 713.5 and 980.5EURO ha™, respectively. This clearly shows that SM performs relatively
better regarding its environmental effect and economic performance compared to WW. Furthermore, a huge
heterogeneity in PCF and GM was observed among the 65 sampled WW-SM farm households, as shown in Table 2. In
both WW and SM the PCF of the worst performing farm household was ten times higher than the PCF of the best
performing farm household. Those results highlight the importance of assessing PCF and GM improvement potentials of
the alternative simple fertilization strategies in the context of the existing diversity in crop management.
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Table 2. Average PCF reduction and GM increase of WW and SM production under the three yield and two N
fertilization scenarios compared to baseline conditions; percentage changes to average PCF and GM under baseline
conditions are given in brackets.
PCF reduction (kg CO,e kg 1)
N-uptake N-fixed

GM increase (EURO ha })
N-uptake N-fixed

WW:

yield loss
yield constant
yield increase
SM:
yield loss
yield constant

+0.236 (+26 %)
+0.259 (+29 %)
+0.278 (+31 %)

-0.037 (-7 %)
-0.026 (-5 %)

+0.209 (+23 %)
+0.277 (+31 %)
+0.332 (+37 %)

-0.022 (-4 %)
+0.029 (+5%)

-80.6 (-11 %)
+45.9 (+6 %)
+172.2 (+24 %)

-142.1 (-15 %)
6.5 (-1 %)

-82.5 (-12 %)
+52.2 (+7 %)
+186.9 (+26 %)

-137.7 (-14 %)
+7.3 (+1 %)

yield increase -0.010 (-2 %) +0.078 (+14 %)  +129.2 (+13%)  +152.2 (+16 %)

The impact of the two tested N fertilization strategies on farmers’ PCF and GM under potential yield change was
evaluated with regard to the average improvement in PCF and GM over all farmers (Table 2). Except for the PCF
reduction potential in WW under yield loss conditions, the N-fixed strategy always resulted in a better performance
compared to the N-uptake strategy. When comparing the relative improvement potentials of the two N scenarios in PCF
with the improvement potentials in GM under constant yield a strong difference can be observed for both crops. While
the mean PCF reduction potentials in WW range from 29 % to 31 %, the potential GM increases only reach from 6 % to
7 %. For SM the effects are generally smaller with 5 % to -5 % in PCF and 1 % to -1 % in GM.

Over all scenario combinations the PCF reduction potential is much higher in WW compared to SM, both in absolute
and relative terms. The differences are mainly caused by the comparatively stronger over fertilization in WW compared
to SM, both with regard to quantity of farmers and amount of fertilizer per farmer. Assessing the impact of the yield
scenarios over both N scenarios reveals that yield change has a much stronger impact on GM than on PCF, even under
the N fixed rate scenario.

4 Conclusion and Recommendations

The study revealed that fertilization according to the recommended fixed N rate (N-fixed) would result in a massive
reduction of GHG emission from crop production in the NCP. It was furthermore revealed that saving fertilizer as a
result of improved N fertilization strategy reduced farmers’ PCF significantly, while it had no significant effect on
farmers’ GM under the assumption of constant yield. On the other side, a potential 10 % yield loss would have only a
marginal effect on PCF, but a detrimental effect on farmers’ income. With farmers currently applying excessive N rates
as a “cheap insurance” against potential N limitations, the agricultural advisory system of China requires fundamental
changes to successfully overcome the excessive fertilizer use and respective environmental pollution. The study
concludes that the indirect subsidization of N fertilizers needs to be stopped and a cross compliance system should be
implemented, which punishes non-compliance with maximum allowed N rates by cutting direct farm payments.
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Research Foundation (GRK1070), and the Ministry of Education of the People’s Republic of China.
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1 Introduction

Previous efforts to improve the quality of ground- and surface water have resulted in improvements, but in several
regions in Flanders, the 50 mg nitrate (NO;") 1" norm from the European Nitrates Directive has still not been achieved.
Limiting nitrogen (N) fertiliser application rates is one of the best N management measures to minimise N losses. This
limitation, however, can not only be seen in view of improving the water quality (regulating ecosystem service) but also
taking into consideration its impact on crop yield and quality (provisioning ecosystem service).

In the range from low to optimum fertilisation rates, most crops show a rather constant residual soil mineral N (RSMN)
at harvest. This constant RSMN is considered to be the mimimum mineral N buffer necessary to guarantee optimal
growth. When N fertiliser rates are increased to rates above this optimum, the RSMN shows a breakpoint and increases
steeply for most crops, thus increasing the risk of NO; leaching during winter (Hofman et al., 1981). Nitrogen
fertilisation experiments can help to determine this breakpoint. In this study, we collected a large set of data from N
fertiliser experiments on root crops potatoes and sugar beets and critically re-analysed these data to calculate the effects
of N fertiliser rate and soil N availability on RSMN, yield and N uptake and to evaluate the current fertiliser limits.

2 Materials and Methods

We used the pooled data of different field trials (1991-2010) on potatoes and sugar beets in Flanders and northern
Wallonia (D’Haene et al., 2014) to determine the effect of different N fertiliser rates (= applied effective N) and crop N
availability on RSMN, yield and N uptake. The N in organic manure is only partially crop available. Mineral fertiliser,
slurry or farmyard manure contain 100, 60 and 30% effective N, respectively (Anonymous, 2011; Webb et al., 2011).
The crop available N equals mineral N in the soil at the start of the growing season + N deposition + N mineralisation +
applied effective N during the growing season.

We re-analysed the data sets consisting of RSMN values (NO3™-N only) of the 0-60 and 0-90 cm layer (rooting depth)
for potatoes (sampled 14/09 - 13/10) and sugar beets (sampled 17/09 - 29/10), respectively. The mixed soil was
analysed for NO;-N by extraction with 1M KCI solution (ISO, 2003). We have tested a (segmented) linear,
exponential, quadratic and power model for RSMN versus applied effective and crop available N. The breakpoint with
the smallest confidence interval of segmented linear regression was calculated according to Oosterbaan et al. (1990).

If measured N concentrations (Kjeldahl method) were available, these were used to calculate N uptake, alternatively
calculations were based on measurements made in other locations and on literature data. To avoid an over- or under-
estimation of the N uptake, any unmeasured N concentration was adjusted via a process of gradual N increase in
function of crop available N. A minimum % N on dry matter (DM) was fixed at a crop available N of 225 kg N ha™,
being the average of fields fertilised with less than 50 kg applied effective N ha™'. Based on the measurements
performed by PCA, an increasing % N between 1.15 and 1.75% N on DM was used for tubers of potato plots with 225
to 375 kg crop available N ha™. Nitrogen export of sugar beets was calculated by multiplying fresh yield by 0.23 (DM
fraction) and a % N (increasing % N between 0.6 and 0.8% N on DM for plots with 225 to 325 kg crop available N ha™")
(Hofman et al., 1984 ; IRS, 2013). For the unharvested roots, stalks, cobs and leaves of unfertilised and fertilised plots,
the N uptake data are based on measurements of PCA and KBIVB and various literature data (Hofman et al., 1984 ;
Bries et al., 1995 ; Draycott, 2006 ; IRS, 2013). A logistic model was used to relate exported yield and total N uptake to
i) crop available N and ii) applied effective N. Its characteristic S-shape gives it a broad applicability to a variety of
processes that exhibit such sigmoidal behavior, including yield and crop N uptake (Overman et al., 2003).

3 Discussion
For potatoes and sugar beets a maximum tuber yield of 61.8 and 90.9 Mg fresh matter ha™, respectively, was calculated

with a logistic model in function of applied effective N. Calculated maximum total N uptake (= N uptake by tubers and
unharvested plant parts) in function of applied effective N was 268 and 365 kg N ha™' for potatoes and sugar beets,
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respectively (Fig. 1). The calculated exported tuber yield and maximum total N uptake differed insignificantly between
the two approaches (in function of crop available and applied effective N) (P > 0.05).
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Fig. 1. Nitrogen (N) dose-response curves (A) and residual soil mineral nitrogen (rooting depth) (¢) in function of crop
available N (left) and applied effective N fertilisation rate (right) for potatoes and sugar beets.

For potatoes, a breakpoint in RSMN was noticed for both approaches (Fig. 1). RSMN at the breakpoint in function of
the effective N fertilisation rate was 72+29 kg N ha™' and was situated at 199+77 kg applied effective N ha™. There is no
ground for increasing the Flemish maximum allowed effective N application rates of 190 and 210 kg N ha™ for sandy
and non-sandy soils (Anonymous, 2011), respectively, given that RSMN increases sharply after the breakpoint. A
decrease of the N fertiliser limit is not advised from an economic standpoint, as the N fertilisation rate not only affects
total but also marketable yield (van Evert et al., 2011). For both approaches, RSMN for sugar beets was low and
constant (13+4 kg N ha™) over the entire range under study (0-160 kg applied effective N ha™). The maximum applied
effective N application rate of field experiments with sugar beets is relatively low, as an excessive N amount increases
impurities and decreases extractable sugar content. The maximum allowed effective N fertilisation rates for sugar beets
(135 and 150 kg N ha on sandy and non-sandy soils, respectively) (Anonymous, 2011) result in low RSMN, showing
that the current fertiliser limits are well-founded, and there is even room to slightly increase the N limits.

4 Conclusions

Combining dose response curves with RSMN enables to derive maximum allowed N fertilisation rates which allows
improving the provisioning ecosystem service (i.e. optimal qualitative yield) but also the regulating ecosystem service
by limiting the potential risk of NO;5™ leaching during winter. RSMN not only depends on the crop but also on crop
available and applied effective N, except for sugar beets where RSMN is low within the range of applied effective N not
negatively affecting tuber quality. The presence of a breakpoint between RSMN and applied effective N for potatoes
gives the opportunity to deduce optimum N fertilisation rates limiting the potential risk of NO5™ leaching during winter
whilst maintaining yield levels. However, even after an optimal fertilisation the maximum allowed NOj;™ concentration
can be exceeded after the harvest of some crops. RSMN before the breakpoint of potatoes is rather high and only part of
the N mineralised from the potato and sugar beet leaves, which remain on the field after harvest, is denitrified or can be
found in the soil in the following spring. Therefore, NO;™ leaching during winter period after optimal fertilisation has to
be estimated in order to evaluate the necessity of measures such as sowing catch crops or removal of crop residues.

Acknowledgements. We would like to thank Soil Service of Belgium, PCA, KBIVB and Ghent University for supplying the field information.
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1 Introduction

The production of rice (Oryza sativa L.) is an important contributor to the Cambodian economy and to national food
security. With government policy aiming to increase annual paddy rice production and to significantly increase annual
exports, there is an imperative to increase national rice yields. Currently, the Cambodian national average yield of 2.41
t/ha is lower than those of the neighbouring countries of Thailand (2.86 t/ha™), Laos (2.67 t/ha") and Vietnam (5.6 t/ha)
(2010-12) (IRRI, 2013). As rainfed, lowland rice constitutes around 90% of the annual harvest area of 2.4 million
hectares (MAFF, 2011), it is an obvious starting point in meeting national goals and in supporting the food security of a
nation where 25% of the population suffered undernourishment in 2004-05 (Magnan and Thomas, 2011).

Overarching the agronomic and social challenges facing policy makers and farmers is the effects of seasonal climate
variability on productivity, and the vulnerability of agriculture to the future impacts of climate change which are
predicted to increase the frequency, severity and unpredictability of extreme weather-related events such as hurricanes,
droughts, floods, and rising sea levels (IPCC, 2007). Nowhere is this likely to have more impact than in the south-
eastern provinces of Svay Rieng (11.089N, 105.819E) and Prey Veng (11.485N, 105.328E) where a combination of
variable climate and low quality soils affects rice productivity (average provincial yield of 2.29 t/ha™) (IFAD, 2013). In
response, economic migration to population centres has been an important societal trend, with resultant labour shortages
further exacerbating the challenges of increasing agricultural productivity (Roth et. a/, 2013). It was hypothesised that
in these provinces productivity could be increased, climate risk reduced and farmer livelihoods improved through the
introduction of a number of systems interventions which were tested using on-station and on-farm biophysical rescarch,
financial analysis and cropping system analysis using the APSIM farming system model (Keating ez al. 2003).

2 Methods

On-farm research was conducted on 167 farms (mean treatment size of 1230 m?) between 2011 and 2013. Comparisons
were made between typical farmer practice, of using locally sourced medium and long duration rice varieties,
transplanted in mid-wet season (June/July) and grown with low levels of nutrition, and a range of system interventions
that included the use of modern, open-pollinated, short and medium duration varieties, increased cropping intensities and
levels of nutrition and weed control, the use of supplementary irrigation and direct seeding (Table 1).

Table 1. Intervention options tested during on-farm research undertaken in south-eastern Cambodia (2011-2013).

System Rice variety (duration) Crop establishment Seasonal crop number; Agronomic practice
establishment
Farmer Local, farmer retained seed Transplanted Crop 1: mid-wet (June/July) Limited organic/inorganic fertiliser; hand weeding
practice (140-170 days)
Inter1- early | Modern, short duration (90- |Direct-drum seeding or| Crop 1: early-wet (May-early N50:P23:K30 basal/top dress; hand/chemical weed/
110 days) hand broadcast June) insect control
Interl-mid | Modern, short duration (90- |Direct-drum seeding or| Crop 1: mid-wet (July-Sept) N50:P23:K30 basal/top dress; hand/chemical weed/
110 days) hand broadcast insect control
Inter2 Modern, short duration (90- | Direct-drum seeding or| Crop 1: early wet (May to early| N50:P23:K30/crop-basal/top dress; hand/chemical
110 days) hand broadcast June). weed/insect control; irrigation to establish and/or to
Crop 2: mid-wet (Sept) complete crop if required
Inter3 Modern, medium duration |Direct-drum seeding or Crop 1: mid-wet season N50:P23:K30-basal and top dress; hand/chemical
(120-140 days) hand broadcast (June/July) weed/insect control

On-station research was used to calibrate the APSIM-Oryza model for current Cambodian rice varieties and conditions
(Poulton et al. 2014) before being validated using on-farm experimental data. Confident in its ability to predict yield for
local conditions, the model was then used to investigate the riskiness of rice production under current environmental
conditions and future climate scenarios (Poulton et al. 2015, in these proceedings).

3 Results and Discussion

The use of modern, short and medium duration rice varieties, established using direct seeding, and grown using
recommended fertiliser rates and agronomic management resulted in higher seasonal productivity and financial return
than traditional practice (Table 2). The growing of 2 consecutive, short duration crops (Inter2) provided the highest
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median seasonal rice production in both 2012 and 2013, although in 2012, a season marked by late monsoonal onset and
later flooding, the highest median gross margin (GM) (and the GM range for the middle 50% of farmers) was achieved by
the medium duration crop (Inter3). In 2013, a more benign climatic season, the growing of 2 sequential crops (Inter2)
achieved both the highest seasonal yield and GM (with labour).
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Table 2. Median rice yield (kg/ha™) and gross margin (GM) for the production interventions tested (2011-2013).

System 2012° 2013°
Median Median Median GM-Mid Median Median Median GM-Mid
yield (14% GM GM 50% yield (14% GM GM 50%
moisture) (-labour) (+labour) (+labour) moisture) (-labour) (+labour) (+labour)
(kg/ha™) (US$/ha™) (US$/ha’) (US$/ha’") (kg/ha™) (US$/ha™) (US$/ha™) (US$/ha™)
Farmer practice 1852 283 91) (179)-(9) 3185 315 119 (33)-318
Inter1- single short 2740 193 (19) (98)-125 3784 450 245 71-360
crop, early plant
Interl- single short 3663 522 392 337-424
crop, mid-season plant
Inter2 -2 short crops, 4923 376 9 (112)-255 6491 824 485 330-598
early/mid plant
Inter3-single medium 1886 343 171 129-371 3404 469 292 249-351
crop, mid season plant

“2012 season-late monsoon start and seasonal flooding; “2013 season-early monsoon start and no extreme seasonal conditions

While the timing of establishment of a single short duration crop (Interl-early and -mid) had little impact on the
median yield or the yields achieved by the middle 50% of farmers (not shown), there was a marked difference in median
GM and an increased level of risk associated with early planting (Interl-early) as shown by the GM range achieved by
the middle 50% of farmers. This was a result of the increased variability associated with early monsoon season rainfall
and the higher input costs associated with the growing of an early crop, in particular, weed and pest control and the need
for supplementary irrigation. Farmer practice yields were similar to Inter3 (the nearest comparable intervention), but
GMs were 2.5-3 times lower than those achieved for Inter3 with the differences reflecting the higher labour costs
associated with rice transplant (25 person days/ha, compared to <1 day/ha with direct seeding) and high levels of
variability in farmer input costs. The higher median farmer practice yield achieved in 2013 reflects the increasing
confidence of individual farmers to adopt the more easily applied interventions including direct seeding and modern
varieties.

4 Conclusions

There is little doubt that the adoption of the intervention options will increase crop yield and improve current farmer
livelihoods. However, the replacement of a relatively simple, but inflexible, recipe based approach, with a range of
more complex technologies which vary according to timing of monsoon onset and seasonal conditions are likely to be
more attractive to those aiming to optimise production or are labour constrained. While the above examples could
indicate that an individual would utilise a single cropping option, it is more likely that multiple options would be used to
mitigate climatic and financial risk with choices varying according to seasonal conditions. Options include the use of
short and medium, modern and traditional varieties, established at varying times to spread production risk, balance
labour supply and demand and to meet market requirements, in conjunction with improved agronomic management.
Underlying these improvements will be the increasing use of mechanisation to reduce labour inputs and to improve
timeliness of operations, particularly crop establishment and harvest.

As a result of this research, response farming now forms part of government and non-government extension programs
across a number of the lowland rice provinces with detailed training materials currently being developed to support these
activities.
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1 Introduction

The substantial reduction in pesticide use is one of the key-issue for improving agriculture sustainability. Integrated
farming, based on Integrated Pest Management (IPM) principles that emphasize physical and biological regulation
strategies to control pests while reducing the reliance on pesticides, is presented as an alternative path in between
conventionnal and organic farming likely to better reconcile agricultural productivity with other components of
sustainability (Holland ez al., 1994). Here, we used a network of 48 contrasted cropping systems (conventionnal,
integrated or organic) to analyse the relationship between the level of pesticide use and eight aspects of agricultural
sustainability (Lechenet et al., 2015).

2 Materials and Methods

The cropping systems included in the study were from two regions in France (Burgundy and Poitou-Charentes), and
were either tested in cropping system experiments or surveyed in commercial farms sampled so as to maximise the
variability in the level of pesticide use. Eight systems complied with the specifications of organic farming, 30 systems
followed some IPM principles (diversified crop rotations and/or non-chemical pest management options such as
resistant cultivars, mechanical weeding and false seed bed techniques) and 10 systems were classified as conventional
systems. At each site, a conventional system was identified as a local reference corresponding to the current standard
crop rotation and crop management. Each system was described with a detailed sequence of operations for soil tillage
and crop management.

For each system the level of pesticide use was estimated using the Treatment Frequency Index (TFI) quantifying the
number of registered doses applied, and eight indicators of sustainability were computed from the management data,
namely the productivity (harvested MJ ha'! year'l), the energy efficiency, the economic profitability expressed as the
semi-net margin (Euros ha™ year'l), the fuel consumption (L ha! year'l), the level of N fertilization (kg of N ha’' year'l),
the indicator of environmental impact related with pesticides I-Pest in standardized environmental conditions (van der
Werf & Zimmer, 1998), the sensitivity of the semi-net margin to price volatility, and the workload (h ha™ year™). The
Dia’terre® reference database was used for the computations of energy inputs and outputs. The sensitivity to price
volatility was defined as the relative standard deviation of the semi-net margin calculated over ten contrasting real
prices scenarios selected between 2000 and 2010. Each indicator was expressed as natural logarithm of the ratio
between the cropping system and the local reference indicators, and this allowed separating the effects of the cropping
system itself from the effects of the specific production context at each site. Pesticide use was expressed as relative TFI,
i.e. as a ratio with the TFI of the local reference system.

3 Results - Discussion

Productivity of organic systems was about -50% on average below productivity of non-organic systems, which is a
higher gap than highlighted in a recent review (Ponisio ef al., 2015). But we found no correlation between TFI and
productivity for conventional and integrated systems (Fig. 1A). The energy efficiency was frequently higher in
integrated systems as compared to organic and conventional ones (Fig. 1B), partly because the frequency of crops for
which the whole above-ground biomass is harvested was higher in IPM-based systems. Excluding organic systems, the
correlation between TFI and energy efficiency kept a negative tendency when cropping systems producing grain crops
only were considered, because IPM-based systems reduced energy inputs thanks to lower levels of N fertilisation and
higher frequency of legume crops. In spite of their low energy input, organic farming yielded significantly lower energy
efficiency as compared to IPM-based systems.
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The semi-net margin, when averaged over the ten price scenarios, was very similar for organic, conventional and IPM-
based systems, and no correlation was detected between TFI and the average semi-net margin (Fig. 1C). The range of
profitability was higher for IPM-based systems, as both the systems providing the highest and the lowest profitability
were following IPM principles. The sensitivity to price volatility was significantly lower in organic cropping systems
than in other ones, probably because (i) they were based on more diversified crop rotations, which spread risks and
buffered semi-net margin at the farming system scale, and (ii) they are less dependent on exogenous inputs, and notably
volatile inputs such as N fertilizers.

5™ International Symposium for Farming Systems Design 7-10 September 2015, Montpellier, France

A A /_\.+ B
+ 1.2
PN
1.0 + A =
= + o] 1.0 g
E + 7 I + VNN s
E + T & [°¢ 8
El, tThHFFFs 2 o
05+ + + w
0e
g o
8 @ AN 0.4
204 o] FAN C + + D
A 0.9
=" o A+_|;E. o Tan § ++ ° A
? o + —h'#-ﬁ_%—%}: = M A + + t 4%_"_ n FAWN F08 o
£ 004 S
T T 8, AT e LS
§-| 04 lo] + + + =
=+ + ro.e
2.0 pay
+ M as
00 02 0.4 06 o8 00 02 0 06 08
TFI TFI
| A Conventionnal systems I 4 Integrated systems I QO Organic systems

Fig. 1. Relationship between the level of pesticide use (relative TFI) and four sustainability indicators for 48 contrasted
cropping systems: (A) productivity, (B) Energy efficiency (linear regression is represented with standard error, Pearson
correlation test: rp = —0.38, P = 0.02), (C) Semi-net margin, and (D) workload. Each sustainability indicators is
expressed as the natural logarithm of the ratio between the cropping system and the local reference indicators.

We found a large variability in the workload required to manage cropping systems (ranging from 2.5 to 6.2 h ha™' year”
", but surprisingly there was no correlation with TFI. High labour requirements were mainly correlated with the
application of organic manure.

As expected we found a close relationship between TFI and the indicator related with the impact of pesticide residues in
the environment I-Pest. Organic systems consumed significantly higher levels of fuel as compared to the rest of the
sample, but we found no correlation between this non-renewable input and TFI for non-organic systems.

4 Conclusions

According to the results, IPM-based system appeared as the best compromise in sustainability trade-offs: they
contribute to reduce substantially the use of pesticide and related environmental impacts while providing high
productivities (higher than organic farming), good profitability, high energy efficiency, and this without necessarily
increasing the workload and the consumption of non-renewable inputs. Both the crop diversification and the insertion of
legume crops in grain crop rotations appear as major components of sustainable cropping systems (Lechenet et al.,
2015).
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1 Introduction

Arable land is a major component both in landscape and in food production system. The ability to understand and
describe how spatial and dynamical characters affect human life and eventually to design the agricultural systems
beyond the processes ruling them is fundamental to preserve land and ensure economic, ecological and social
sustainability.

In this paper, we will refer to cropping scheme as a general term merging two aspects of cropping systems, the spatial
and the temporal one, represented respectively in terms of crop pattern and crop rotation. Analysis of crop rotations is of
basic importance in sustainable farming strategies dealing with climate change, food security and organic farming. In
fact crop rotations are fundamental to maintain fertility and, even if their analysis often focus on local crops, they help
facing market and weather uncertainties as well as interpreting landscape diversity and its dynamics (Dury et al., 2012,
Thenail et al. 2009).

In European Community (EC) an agricultural holding data-base standard has been developed, the Farm Accountancy
Data Network (FADN), which is seldom rich of information on farm management techniques. The present study makes
use of Italian FADN to identify more recurrent crop patterns and evaluate the possibility to describe them as a crop
rotation.

2 Materials and Methods

The FADN survey platform (http://ec.europa.eu/agriculture/rica/) is designed to monitor and evaluate agricultural
dynamics to assess Common Agricultural Policies (CAP) and is based on the collection of information in a complex
data-base (RICA). Italian data are from on a sample of farms extracted from Italian Census (ISTAT) farm population
(about 750,000). Representativeness and geographic homogeneity requirements make the sample to be adjusted yearly
not ensuring holding to be observed continuously. For the present investigation years 2008-2012 have been used,
involving 18,608 different farms. As the study is addressed to detect rotations, a number of exceptions have been
formerly identified (e.g. farms with no arable land) which makes to retain about 50% of farms of the initial sample.

RICA data-base includes, beyond economical accounting information, a description of environment, land use, crops and
live stocks, agricultural practices, productions and resources (e.g. fertiliser, labour).

The crop list is comprehensive of 270 items: as they cannot be used directly for pattern / rotation recognition, they have
been grouped into six categories on the base of the agro-technical inputs: set aside and not cropped surfaces (TR),
forages, where tillages are performed each several years together with sowing, no treatments, no-irrigation, multiple
harvests (FO), cereals, characterised by main and refining tillage, few treatments, no-irrigation, sowing, harvest (CR),
intensive crops, including industrial crops and maize, similar to CR but with a higher environmental control together
with irrigation (IN), rice, which has been considered separately because of its peculiar character in the Italian scenario
(RI), other crops (OC).

Also this former analysis adopts two basic assumptions: 1) a crop rotation reflects the pattern observed on the whole
arable surface - one crop rotation for farm; 2) annual crops are only involved in rotations (which also means neglecting
the practice of successions winter-summer crops). Such assumptions allow to identify those patterns whose surface stay
in integer ratios, reflecting both a surface and a time divide, which are coded after crop-groups and their ratios, e.g.
“ICR-3FO” means that 25% of surface is grown with cereals and 75% with forages, or in a time-representations
corresponds to a four-year rotation with 1 year cereals and 3 years forage crop; 4 is pattern rank.

3 Discussion

From the 411 patterns emerged from analysis,16 of them are able to explain 90% of farms. On such patterns a stability
analysis has been performed showing that yearly pattern records own to the same population (x>> 99.95). Observing the
same pattern on a farm for multiple years is both a validation of the pattern and an indicator of possibility to interpret
the pattern as a rotation. However the real possibility of interpreting every patterns as rotation is prevented from some
intrinsic feature of RICA protocol, which address population representativity, not requiring a farm be included in the
survey every years; also RICA does not include any information of single fields.

Distribution of patterns in Italy on a regional basis (Fig.1) show a sound picture: in the north (Veneto and Friuli-
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Venezia-Giulia and Lombardia) a marked presence of industrial crops (including maize which is continuously cropped)
the similar distribution on middle Italy hilly regions (Umbria, Marche and Toscana) as well as the extensive
cerealsdominating the south landscape (Puglia and Calabria). Rice monocolture characterising only the Piemonte region
is not reported.
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Fig. 1. Distributions of crop patterns in Italian regions; in X axis is reported the pattern code given by space/time
frequency and crop codes: CR: cereals, IN: intensive crop, FO: forage.

4 Conclusions

The present analysis represents a former approach in using FADN data to recognise cropping schemes. The
methodology, based on crop clustering based on technical inputs, seems able to put in evidence the more common
schemes practised in Italy but still limited is the possibility to relate crop patterns to crop rotations required from policy
makers, landscape analysts, farm decision process and also useful to be compared to outputs of rotation generators used
in landscape and farm modelling.
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1 Introduction

The context of increasing uncertainty for the farmers (global warming, price volatility...) defines major challenges for
agronomic research. In European crop production, climatic variability has strong impacts, as illustrated by wheat yield
stagnation since the middle of 1990’s despite variety improvement (Brisson ef al., 2010). An important challenge is
then to design more sustainable agricultural systems in a more variable environment (Naylor, 2008). Different concepts
have been mobilized to discuss adaptability in a changing world (resilience, vulnerability, robustness ...) but the
meaning attributed to each of them is ambiguous and operationalization into empirical studies remains a challenge. In
this paper, we propose a new method for quantifying robustness in agricultural systems and apply it on French bread
wheat production to quantify yield robustness against abiotic constraints.

2 Materials and Methods

2.1 Robustness framework

Robustness has been first used in industrial production to optimize desired system characteristics despite internal or
external perturbations (Taguchi and Clausing, 1990). In agricultural systems, robustness can be seen as the ability to
maintain agricultural performances (or ecosystem services) above a certain threshold despite abiotic, biotic, economic
or other constraints (ten Napel et al., 2006). In the following case study, yield robustness against abiotic constraints will
be assessed through the response of wheat yield to abiotic stress variability.

2.2 Case study on wheat yield

Wheat yield and crop management data were collected from DEPHY-Ecophyto network run by InVivo and including
210 farms distributed in contrasting soil and weather conditions and studied over a three years time span (since 2011). It
corresponds to 1600 wheat crops. Daily climatic data between 1983 and 2013 were provided by Météo-France at local
scale (8 x 8 km). The 210 farms have been first classified into 33 climatic zones regarding their average exposition to 8
ecophysiological stresses (including water excess, water deficit, frost occurrence and high temperature during grain
filling). Classification was done using hierarchical clustering method on these 8§ variables. For each climatic zone, soil
diversity among wheat crops was characterized using Arvalis Institut-du-Végétal regional soil database. Six different
soil types were described on average for each climatic zone.

2.2.1 Simulated impacts of abiotic stress on wheat yield

Over the 1983-2013 period, wheat yield variability was simulated for each soil type through STICS crop model
(Brisson et al., 2002). STICS crop model integrates plant, soil and climate interactions and has been recently validated
over a wide range of agro-environmental conditions (Coucheney et al., 2015).

To reflect only the impact of climate variability on yield, we used a fixed and standardized crop management file (i.e.
constant in time and space)'. The simulation period was long enough (1983-2013) to cover contrasting climatic
conditions. For each year, an Abiotic Stress Index (ASI) was calculated by relating the simulated yield on year ¢ (y;) to
the maximum yield reached during the 1983-2013 period (Ymax): ASL = (Ymax - ¥t) / (Ymax)-

As defined, ASI summarizes the impact of the different abiotic stress on yield production as a percentage of yield
reduction in reference to the maximum yield potential (without limiting factors from climate).

2.2.2 Yield variability and robustness against abiotic constraints
Temporal yield variability was measured through the coefficient of variation for the 62 farms scored over the three
years of data. Based on elasticity measure, robustness of wheat yield was then assessed through the responsiveness of

! Only sowing date was differentiated between North (sowing at 5" October) and South (sowing at 20" October).
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yield to a change in simulated abiotic stress index. Robustness was calculated for each farm as the ratio between Abiotic
Stress Index variability and observed yield variability (R = AASI/AYield).
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3 Discussion

3.1 Abiotic Stress Index
Mean simulated and actual yields over 2011-2013 period were compared between the 62 farms and average simulated
yields were consistent with observed data (R = 0.65).

Simulation results of wheat yield over the 33 climatic zones are highly variable in space (from less than 6 t/ha in South-
West to 10 t/ha in Bassin Parisien area) due to strong differences in climate and soil characteristics. Spatial variability
of ASI is also important and the results indicate that wheat yields are particularly affected by abiotic constraints in the
North-East of France where soils are more superficial and climate more severe (Fig. 1. left). We also observed an
increasing temporal variability of ASI over the recent period (Fig. 1. right), meaning that impact of climate variability
on agricultural production is getting stronger.

T T T T T
1985 1990 1995 2000 2005 2010

Fig. 1. Spatial (on the left) and temporal (on the right) variability of Abiotic Stress Index in wheat production.

3.2 Yield performance and yield robustness assessment

Temporal yield variability of the 62 farms with 3 years data is presented in Fig. 2. (left). Yield variability is higher in
southwest and northeast France, i.e. regions with the lowest yields. Yield robustness was measured as the inverse of the
ratio between yield variability and abiotic stress index variability (Fig. 2. right).
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Fig. 2. Coefficient of variation of wheat yield (on the left) and response of yield variability to abiotic stress variability
(on the right).
The preliminary results show a high variability of yield robustness to abiotic constraints in France. In a next step,
agronomic determinants of yield robustness will be investigated to identify the most robust crop management strategies
and economic and environmental consequences of yield robustness will be estimated. These findings will provide a

better understanding of robustness in agriculture and potentially new decision tools to combine sustainability and
robustness.
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1 Introduction

Couch grass (Elymus repens) has large impact on yield and management strategies in temperate areas of the world,
particularly in the Nordic countries. The control is to a large extent based on use of glyphosate in conventional
agriculture and repeated soil cultivations in autumn, i.e. during a period when soil cultivations should be avoided due to
the risk of increased nutrient leaching, in organic farming (Askegaard et al. 2011). The energy input for the common
practice of stubble cultivation exceeds by large the input needed for chemical control in conventional farming
(Tzilivakis et al. 2005). Therefore it is important to develop methods of couch grass control that are efficient and more
environmentally friendly than repeated tillage or use of large quantities of glyphosate. By using subsidiary crops
between cash crops and avoiding both glyphosate and tillage, environmental problems like nutrient and pesticide
leaching could be avoided and positive cropping system effects could be achieved. However, competition from the
subsidiary crop may not be enough to control couch grass.

In earlier investigations under-sown crops have competed well with couch grass during the autumn and the subsequent
year and reduced the amount of couch grass substantially compared to treatments without competition, but generally,
couch grass biomass have increased compared to the initial situation (Hakansson 1969, Dyke and Barnard 1976,
Bergkvist et al. 2010). The possibility to improve the effect of competition by mowing has been investigated by e.g.
Hékansson (1969) and Brandsaeter et al. (2012). According to Hékansson (1969) the method works, but the cutting
interval must be very short. Brandsaeter ef al. (2012) and Ringselle et al. (2015) found positive effect of mowing, but it
was quite small.

Our aim was to investigate methods to improve the competitive effect of subsidiary crops by management. The
hypothesis was that cutting (fragmentation) of the rhizomes by making slits in the soil by a spade (spading) would
increase the number of couch grass shoots, thus improve the effect of repeated mowing. A recently developed
prototype, “Kverneland Vertical rhizome/root cutter” (tractor propelled), can make similar slits in field scale.

2 Materials and Methods

The hypothesis was tested in three two-factorial field experiments arranged in complete randomized blocks with four
replicates. The effect of cutting vertical slits in the soil was tested by comparing treatments with cross-cutting (grid)
vertical slits with a control and the effect of mowing was tested by comparing mowed and not mowed plots (Table 1).
Experiments were established at Krusenberg, Uppsala, Sweden, in 2012 and 2013, and at As, Norway, in 2013, by
sowing a pure stand of white clover with 10 kg ha™ in May. The mowed treatments were mowed to 3-5 cm above soil
surface when the couch grass had about three new leaves in the experiments at Krusenberg and slightly later in the
experiment at As. The experiments at Krusenberg were mowed eight and seven times during 2012 and 2013,
respectively, and the experiment at As was mowed four times. Immediately after the first mowing, 10 cm deep slits was
made by a spade in a 20 cm * 20 cm or 10 cm * 10 cm cross cutting pattern according to treatment (Table 1). The
number of couch grass shoots was counted in the 80 cm by 80 cm centre in each 1.0 m* plot before first mowing and
spading, before second mowing at Krusenberg and at final sampling in early October 2012 and late August 2013 at
Krusenberg and in late October 2013 at As. The couch grass shoot and rhizome biomasses were sampled and dry weight
determined at the final sampling. Data were log-transformed to equalize variance and analysed in accordance with the
statistical design and with shoot numbers before first cutting as covariate using Model Mixed in SAS.

Table 1. Treatments used in six field experiments investigating the effect of cutting 10 cm deep slits in the soil (Cross
Cutting (grid)) with a spade and mowing on couch grass

Treatment Bel(.)w ground we.ed control 4 Mowing
Cross Cutting Distance between slits

Control No - No
C20 Yes 20 cm No
C10 Yes 10 cm No

M No - Yes
MC20 Yes 20 cm Yes
MC10 Yes 10 cm Yes
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3 Results — Discussion

5™ International Symposium for Farming Systems Design 7-10 September 2015, Montpellier, France

Cross cutting reduced the amount of rhizomes at Krusenberg (P=0.003), but the effect was different at As
(Pexperiment*Cross Cutting=0.05) (Figure 1). At As, the amount of rhizomes was actually higher after cross cutting with the
wide spacing than in the control or with narrow spacing between slits (P<0.05). Mowing reduced the amount of
rhizomes at all sites (P<0.001), but the effect was similar with and without Cross cutting, which means that the effects
of cross cutting and mowing were additive and that the mechanism was different from the hypothesized. Therefore, the
hypothesis that Cross cutting increase the effect of mowing cannot be supported. The reason for the lack of interaction
between the two factors could be that the number of shoots before mowing the second time, i.e about two weeks after
first mowing and cross cutting, was lower than in the control at Krusenberg (data not presented), which was contrary to
the hypothesis that Cross cutting would stimulate shooting and thereby increase the proportion of couch grass biomass
cut of at mowing. Thus the control effect of cross cutting found at Krusenberg is probably an effect of damages to the
rhizomes caused by the cross cutting procedure. The best effect of the cross cutting was found in the first year at
Krusenberg, where cross cutting with 10 cm between the slits reduced the amount of rhizomes in late autumn compared
to the control by as much as 60 %, on average (P<0.001). Repeated mowing was even more efficient and reduced the
amount of rhizomes by more than 90 % (P<0.001). The combined effect was even greater. Cross cutting tended
(P=0.13) to have an effect also at Krusenberg in 2013, but all effects at Krusenberg in 2013 were smaller than 2012.
The reason for the smaller effect could be less soil moisture (data not presented) and therefore less growth in 2013 than
2012, but the difference could also be due to the shorter experimental period in 2013. The experimental period was
shortened in 2013 compared to 2012, because a shorter fallow period would be beneficial for farmers that want to
establish winter wheat after the fallow and because of the big effect of mowing in 2012 that almost wiped out the couch
grass and made it difficult to evaluate the effect of cross cutting. We have not been able to interpret the stimulating
effect of the cross cutting on couch grass at As.
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Fig.1. Predicted amount of rhizomes in autumn depending on cross cutting (grid) 10 cm deep vertical slits (C) in the
soil with a spade (10 cm by 10 cm = 10; 20 cm by 20 cm = 20) in spring and repeated mowing (M) during summer at a)
Krusenberg in 2012, b) Krusenberg in 2013 and ¢) As in 2013.

4 Conclusions

We conclude that Cross cutting to 10 cm could reduce the amount of rhizomes, but that the effect is variable. We also
conclude that the cross cutting do not improve the effect of mowing, but that the effects are additive. Cross cutting
reduce the amounts of couch grass shoots.

Acknowledgements. The work was funded by EU-FP7 as part of OSCAR (Optimizing subsidiary crop applications in rotations).
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1 Introduction

Design and experimental testing of innovative cropping systems requires assessing their performances. When
measurements of impacts are not possible, direct impacts have mainly been assessed at the field level using indicator-
based methods (Bockstaller et al., 2008). Systemic assessment frameworks based on life-cycle analysis (LCA) have also
been applied to cropping systems (Deytieux et al., 2012). LCA methods address direct and indirect impacts (e.g. linked to
production and transport of farm inputs) and therefore are scientifically interesting, but they require more input data
and calculation time. This paper aims to compare both approaches and discuss to what extent it is necessary to
implement an assessment method based on LCA.

2 Materials and Methods

Fifteen cropping systems were selected for study from the DEPHY database, containing average cropping systems from
farms of the French national network “Ecophyto DEPHY”(French action plan to reduce pesticide use (Ecophyto, 2015)).
These cropping systems have crop-rotation lengths ranging from 1 (maize monoculture) to 9 (maize/cereals/3-4 years
grassland), application rates of mineral nitrogen fertilizers of 0-250 kg N.ha™', and pesticide treatment frequency
indices of 0-5.3.

LCA methods implemented in the study were based on pollutant-emission models from the AGRIBALYSE
framework, recently developed to support environmental labeling policies of agricultural products in France (Colomb et
al., 2015). For the indicator-based method, INDIGO was chosen to estimate direct impacts at the field level (Bockstaller
et al., 2008). We focused on the nitrogen-based emissions of nitrate (NO3), ammonia (NH3), and nitrous oxide (N2O).
They are estimated in the LCA method by models: the COMIFER approach for NO;, EMEP/EEA 2009 Tier 2 (for
organic fertilization) and EMEP/CORINAIR 2006 Tier 2 (for mineral fertilization) for NH3 and IPCC 2006 Tier 2for
N>O. For the INDIGO method, these emissions were estimated by the In indicator (Bockstaller ef al., 2008). In both
methods, a mineral nitrogen balance is calculated for the time from harvest to start of the drainage period at the
beginning of winter to estimate nitrate leaching.

3 Results — Discussion

Among cropping systems, INDIGO tended to estimate more various nitrate leaching than LCA, and results of the
two methods were weakly correlated (r = 0.18) (Fig. la). INDIGO tends to estimate slightly lower ammonia
emissions than LCA, but results were strongly correlated (r= 0.88) (Fig. 1b). Estimates of nitrous oxide emissions were
intermediate, with a weaker correlation than for ammonia but stronger than for nitrate (r = 0.55, data not shown).
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Fig. 1. Comparison of (a) nitrate leaching and (b) ammonia emissions of INDIGO and LCA methods.

According to the LCA method, eutrophication impacts were due almost completely to direct emissions(mainly
phosphate and nitrate)from the crop field (Fig. 2a), while climate change impacts came mainly from production
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of mineral fertilizers, with the contribution of direct field emissions of nitrous oxide less than 30% (Fig. 2b). This
highlights the utility of LCA in identifying the sources of impacts. Similar results can be found in the study of Deytieux
etal (2012).
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Fig. 2.Contribution of production stages or inputs to (a) eutrophication and (b) climate change impacts estimated by
LCA.

4 Conclusions

This study shows that indicator-based and LCA-based methods can estimate similar magnitudes of emissions that
contribute to potential impacts, such as eutrophication (or acidification), that are mainly determined by direct
emissions from the crop field. Combining an indicator-based method with an LCA-based method could reduce the
workload required to estimate direct field emissions in LCA. Such combination of methods will require data transfer
between calculation tools to avoid entering the same data twice.

Acknowledgements. This work was supported by ONEMA (project PSPE SCEP-DEPHY). We thank the farmers and the engineers of the DEPHY
network who provided the cropping system data.
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1 Introduction

A high proportion of water inputs for rice crop irrigation in the Central Region of Uruguay comes from rainfall water
stored in dams. Maximizing water productivity is important as savings in water inputs would reduce the costs of
pumping irrigation, increase annually sown rice area, allows to allocate water to irrigate other crops in a rotation and
contribute to reduce the impact of farming systems on Water Footprint (Chapagain & Hoekstra, 2011) and to reduce
environmental impact based upon Life Cycle Assessment, energy and water analyses (Thanawong ez al., 2014). The
aim of this experiment is to determine irrigation management practices and systematization field layout techniques that
increase water productivity (WP), contemplating the economic and environmental sustainability of rice farming systems
in Uruguay.

2 Materials and Methods

A split plot experimental design trial was conducted in the Experimental Unit located in Tacuarembo (32.188S, 55.17W).
Treatments included two types of systematization with different vertical interval between levees (big plots)l: .
Conventional (VI-8cm) and II. Alternative (VI-4cm) and three irrigation management practices (small plots):
1.Continuous (C), 2.Intermittent until panicle initiation (IP), and 3.Intermittent during all crop cycle (I). In C a water
layer of 10cm is maintained after flooding throughout all the crop cycle. In IP and I the water layer alternates between
10 and Ocm and is re-established when the soil is still saturated. Irrigation started 30 days after emergence and finished
20 days before harvest date. Crop was direct drilled on 1™, 16™ and 19™ October with 160 kg seed/ha with cultivar INIA
Olimar (Indica type). Basal fertilization was 160Kg / ha of 19-19-19 (N-P-K) and Urea was 100 kg / ha fractionated at
tillering and panicle initiation. The results of the joint analysis of the previous three seasons (2012-2013-2014) were
evaluated by analysis of variance and mean separation test of Fisher 5% using statistical package InfoStat
(www.infostat.com.ar).

3 Results — Discussion
Intermittent irrigation systems led to significant water inputs savings in relation to continuous irrigation C, 2041 and

3554 m3 water ha' less for IP and I respectively (Fig. 1 a,b) (P<0.05). The systematization did not determine
significant differences in water input (Fig. 1 ¢,d) (P<0.05).

Irrigation Water input Irrrigation Water input
m’ water ha'! a m’® water ha’
15000 15000 <
12000 12000
9000 - 9000
NS
6000 - 6000
1 8015a | | 6464 5
3000 5974b 4461c 3000 5836
0 0
C jig 1 IV=4cm IV=8cm
Irrigation Systems Systematization
Total Water input b Total Water input d
m’ water ha’! m® water ha’!
15000 15000 -
12000 12000
NS
9000 - 9000
15393a .
6000 - 13352b 11839¢ 6000 13842 13214
3000 - 3000
0 T 1 0 T
C jig I IV=4cm IV=8cm
TIrrigation Systems Systematization

Means followed by different letters are significantly different at P <0.05. NS: non-significant differences . LSD ( least-square difference ) for Irrigation Systems =460 and LSD for Systematization=1284.

Fig. 1. Irrigation Water Input and Total Water Input (Irrigation plus Rainfall) for different irrigation systems and
systematization (field layout techniques), Tacuarembo, Uruguay, (average seasons 2011-12,2012-13 and 2013-14).
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The highest WPi (irrigation) and WPt (irrigation plus rainfall) were recorded in treatment I, being 2.0 and 0.88 kg grain
m® water ' respectively. These values are higher than the data reported worldwide where WPt of rice in Asia ranges from
0.2 to 1.2 kg grain m® water, with 0.4 as the average value (Tuong et al., 2005).

There were no differences in rice grain yield between irrigation treatments (P< 0.05) (Table 1). Similar results in the
same region and comparable type of soils were registered by Lavecchia et al., 2011. This results are explained because
the soils on which the experiments were performed (planosols) have a low infiltration rate and rainfall was above the
historical average throughout the crop cycle, 738 mm (from October to March). In analogous experiments conducted on
soils with a higher infiltration rate in a different region (North), the intermittent irrigation determined a rice yield loss of
950 kg in relation to continuous flooding (Carracelas ef al., 2014).

5™ International Symposium for Farming Systems Design 7-10 September 2015, Montpellier, France

Table 1. Rice Yield, Grain Quality and Water Productivity compared with three irrigation systems and two types of
systematization, Tacuarembo, Uruguay (average seasons 2011-12,2012-13 and 2013-14).

T | S Witer Prf)duc';ivity (\ﬁ/’P)
. . g grain m- water
Site= Central Region, Tacuarembo Sz Ylelld WPt -
’ ' (kg ha™ White | Whole Grain |~ WPi- A
Grain % % Trrigation Emigation st
Rainfall
Irrigation Systems
1.Continuous (C) 7850 69.22 62.73 a 0.99 ¢ 0.52 ¢
2. Intermittent until panicle initiation (IP) 7446 69.17 62.17 ab 1.31b 0.57b
3. Intermittent during all crop cycle (I) 7843 69.08 61.94b 2.00 a 0.68 a
LSD (P<0.05) NS NS 0.63 0.17 0.04
Systematization
I. Conventional - VI=8cm 7735 69.2 62.61 1.57 0.60
II. Alternative - VI= 4cm 7691 69.1 61.95 1.30 0.57
LSD (P<0.05) NS NS NS NS NS
CV % 12.12 0.71 1.95 22.44 12.16

Means followed by different letters are significantly different with a probability less than 5% ( P < 0.05 ). LSD : least-square difference. NS: non-
significant differences. CV: coefficient of variation.

In relation to Industrial quality, continuous irrigation C determined a higher percentage of whole grain in comparison
with intermittent irrigation I and no differences in quality with IP treatment (P<0.05) (Table 1).

4 Conclusions

The intermittent irrigation in low-infiltration rate soils, allowed for significant savings in water input of 35% on average
without reducing rice grain yield relative to continuous irrigation, thus determining a significant increase in water
productivity (P <0.05).

In relation to industrial quality, intermittent irrigation (I) determined a lower percentage of whole grain in relation to
continuous irrigation C but with no differences in white grain percentage (P <0.05).

There were no significant differences in water input, grain yield, industrial quality and water productivity between the
different systematizations-field layouts treatments (P <0.05).

Implementing crop irrigation systems involving savings in water input means a greater risk and would only be adopted
by farmers on a larger scale if they determine more or equal rice yield per hectare without affecting the grain quality.

Acknowledgements. We would like to thank all farm field staff who provided their time and valuable effort to run the experiments. We also gratefully
acknowledge Gonzalo Zorrilla (National Rice Program Director) for his contribution to this paper and valuable advice.
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1 Introduction

Long term phosphorus (P) overfertilisation have led to a large acreage of P saturated soils, high fractions of P in
solution and increased diffuse P losses into ground- and surface water. In some European countries agriculture has
become the main P source in water bodies (Bogestrand et al., 2005). Phosphorus losses are a major factor in
eutrophication of surface waters and in a reduction of regulating and cultural ecosystem services as P is typically the
limiting factor of algae blooming in freshwater systems (Sterner, 2008).

Phosphorus fertilisation advice should envisage an equilibrium maintenance phosphate (P,Os) fertilisation rate for fields
with an optimal soil P content, with differentiation for other fields depending on their soil P content. In addition to a
reduction of environmental pollution due to a more P efficient use, also the limited P,Os rock reserve and the increasing
price of mineral P,Os fertiliser stimulate closing the P cycle. Up to date information of P,Os removed by silage maize
(Zea mays) and cut grassland (Poaceae) is needed as scientifically sound fertilisation advice takes both optimal crop
yield and quality and environmental impact into account.

2 Materials and Methods

We re-analysed 26 and 14 Flemish nitrogen (N) fertilisation experiments (1996-2013) on silage maize and cut grassland
without clover, respectively, to derive their P,Os offtake. To preclude an effect of the applied N amount, only plots
receiving the maximum allowed N fertilisation norm of Manure Action Plan (MAP) IV +25%, meaning plots fertilised
with 100-200 and 225-375 kg effective N ha™ for silage maize and cut grassland, respectively (Anonymous, 2011),
were included in the analysis. Phosphorus application rates were based on a fertilisation advice dependent on the
expected yield. Total fresh and dry matter (FM and DM) yields were determined and P concentration of the harvested
plant parts was measured colorimetrically after digestion and acid decomposition. The soil P content of the upper soil
layer was determined with ammonium lactate (P-AL method).

3 Discussion

The P,0s removed by silage maize in Flanders (1996-2013) had a median of 86 kg P,Os ha™ with a median 0.7 and 2.1
g P kg" on a FM and DM basis, respectively (Table 1). Regression analysis showed no correlation between P,Os
offtake by silage maize and soil P-AL content and/or P,Os fertilisation rate. There was a significant correlation (R? =
0.47) between P,0s offtake and yield. The median P,Os offtake by silage maize increased significantly (P < 0.001
nonparametric Mann-Witney U-test). The increase of the median P,Os offtake from 78 in 1996-1997 to 94 kg P,05 ha’
in 2003-2013 can be explained by the higher yield (median of 16.8 and 18.9 Mg DM ha™ in 1996-1997 and 2003-2013,
respectively) as the P concentration didn’t change.

Table 1. Average, median and standard deviation (stdev.) of phosphorus and effective nitrogen fertilisation rate (kg
P,05 and N ha™), phosphorus content in the soil (mg P-AL 100g™ soil), dry matter yield (Mg DM ha™"), phosphorus
concentration (g P kg™ DM) and phosphorus offtake (kg P,Os ha™') by silage maize in Flanders.

119 plots (1996-2013) 73 plots (1996-1997) 46 plots (2003-2013)

Average | Median Stdev. Average | Median Stdev. Average | Median Stdev.
P,0;s fertilisation (kg ha™) 67 65 25 66 69 21 67 60 30
Effective N fertilisation (kg ha™) 140 138 26 141 138 28 138 135 22
P-AL (mg 100g™ soil) 34 30 15 35 33 11 32 29 21
Dry matter yield (Mg ha™) 18.1 17.7 2.7 17.4 16.8 2.6 19.3 18.9 2.5
Phosphorus (g kg'' DM) 2.1 2.1 0.4 2.1 2.1 0.4 2.1 2.1 0.3
P,O;s offtake (kg ha™) 87 86 21 83 78 23 95 94 14

The P concentration in Flanders falls within the range of other temperate regions i.e. 1.8 g P kg DM in the Netherlands
and France (Ehlert ef al., 2009 ; Gloria, 2012) and 2.2-2.3 g P kg'1 DM (2008-2013) in northern Germany (Egert, 2014).
Fotyma & Shepherd (2001) measured in Northern and Eastern Europe on average 0.6:0.009 g P kg FM (or 2.0 g P kg’
' DM). The median Flemish P,Os offtake (86 kg P,Os ha™) is higher than in other temperate regions. In France and
Saskatchewan (Canada) fertilisation advice is based on an offtake of 60 (Gloria, 2012) and 64 to 78 kg P,Os ha™
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(Anonymous, 2012), respectively. In the UK, maintenance fertilisation advice is 55 kg P,0s ha’ (Defra, 2010). Aarts et
al. (2008) calculated an average offtake of 69 kg P,Os ha™' from fields of representative Dutch dairy farms (1998-2006)
based on an average 2.0 g P kg” DM measured by BLGG. The P,Os offtake varied from on average 56 from wet sandy
soils in 1998 to on average 78 kg P,Os ha™ from clay soils in 2006 (Aarts et al., 2008).
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The median P,Os removed by Flemish cut grassland was about 110 kg P,0s ha™" with a median P concentration of 4.1 g
P kg"' DM (Table 2). Regression analysis showed no correlation between P,0s offtake and soil P-AL content and/or
P,0s fertilisation rate. There was a significant correlation (R? = 0.50) between P,Os offtake and yield. The limited data
from recent years suggest that the lower P,Os fertilisation rate (90 compared to 116 kg P,Os ha™) has resulted in an
insignificant decrease of the average P concentration (P = (.06 T-test). The median P concentration decreased from 4.2
g P kg' DM to 3.9 g P kg'' DM. The average P concentrations of Dutch grass silage measured by BLGG decreased
from 4.4 in 1998 to 4.0 g P kg™ DM in 2007, which was also explained by the stricter legislation (Aarts ef al., 2008).
Although the median N fertilisation rate was 50 kg effective N ha lower in 2003-2008 compared to 1997-1998, DM
grass yield remained constant.

The Flemish P concentration of cut grassland falls within the range of measurements from intensively managed
grassland under temperate climate i.e. 3.3 g P kg”' DM in Wallonia (Mathot et al., 2009), 3.3-3.6 g P kg”' DM (2008-
2013) in northern Germany (Egert, 2014), 3.1-4.1 g P kg”' DM in UK (Defra, 2010) and 3.5-4.4 g P kg”' DM in the
Netherlands (Aarts ef al., 2008; Ehlert et al., 2009). Fotyma & Shepherd (2001) measured on average 0.6 g P kg”' FM
(or 3.0 g P kg DM) in grassland with and without clover. The median Flemish P,Os offtake is higher than other
temperate regions, due to higher yields. In the UK, maintenance fertilisation advice is 90 kg P,Os ha™! (Defra, 2010).
Aarts et al. (2008) calculated an average offtake of 89 kg P,0; ha™' from fields of Dutch representative dairy farms
(1998-2006). The P,Os offtake varied from on average 76 kg P,Os ha™' (wet sandy soils in 2006) to 110 kg P,Os ha
(dry sandy soils in 1998) (Aarts et al., 2008).

Table 2. Average, median and standard deviation (stdev.) of phosphorus and effective nitrogen fertilisation rate (kg
P,0s and N ha™), phosphorus content in the soil (mg P-AL 100g™ soil), dry matter yield (Mg DM ha™), phosphorus
concentration (g P kg”' DM) and phosphorus offtake (kg P,Os ha™') by cut grassland in Flanders.

56 plots (1997-2008) 44 plots (1997-1998) 12 plots (2003-2008)
Average | Median Stdev. Average | Median Stdev. Average | Median Stdev.

P,0;s fertilisation (kg ha™) 114 116 24 119 116 23 98 90 20
Effective N fertilisation (kg ha™) 289 296 42 296 300 43 262 250 24
P-AL (mg 100g™" soil) 28 27 11 29 37 12 23 22 8
Dry matter yield (Mg ha™) 12.0 11.9 2.1 11.8 11.9 1.5 12.9 12.3 3.5
Phosphorus (g kg'' DM) 4.0 4.1 0.6 4.1 42 0.6 3.7 3.9 0.4
P,0;s offtake (kg ha™) 111 111 26 111 111 27 110 109 21

4 Conclusions

To fine-tune the P,Os fertilisation rate, it is important that legislation and P,Os fertilisation advice not only takes into
account the soil P content but also the P,Os offtake by agricultural crops as scientifically sound fertilisation advice
accounts for optimal yield and quality, soil P content and water quality objectives. Re-analysis of Flemish N fertilisation
experiments shows that the median P,0s offtake by silage maize increased significantly from 78 kg P,Os ha™ in the last
decennium of 20™ century to 94 kg P,Os ha™ in recent years with a median of 2.1 g P kg”' DM due to the increased
yield. The median P,0s removed by cut grassland was about 110 kg P,Os ha™ with a median of 4.1 g P kg DM.

Acknowledgements. We would like to thank Soil Service of Belgium, Inagro, ILVO, HoGent and Ghent University for the field information.
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1 Introduction

Phosphorus (P) is one of the macro-nutrients for plants that have an important role in plant growth. There are
several problems that make the element P in the soil becomes unavailable to plants, especially on marginal soils such
as Ultisols with high pH (>7). This soil has disadvantages in its use, among others, have physical, chemical and
biological less support plant growth. pH values usually acid, and the amount of nutrients, especially Pare low due to
fixation of Pis a constraint on the growth of plants. Soil with high pH has a problem low available soil P content due
to fixation by soil calcium (Tan, 2008).

There have been many efforts made to improve productivity Ultisols with fertilization into the soil. However, many
obstacles are encountered with this artificial fertilization. One of them is the residual effect of fertilizers that can
pollute the environment, so that a continuous fertilization will affect not good for the soil and the environment.

To improve fertilizer efficiency and reduce costs, it is necessary to develop biotechnology ground. Some free- living
microbes in the soil has the ability to dissolve P soil is bound to be available, so that the plant can absorb P to make
ends meet (Lambers ef al., 2006). Phosphate solubilizing microbes (PSM) is a group of soil microbes that have the
ability to extract P from its binding with Al, Fe, Ca, and Mg, so as to dissolve P whose origin is not available to the
plant becomes available to plants. This happens because these microbes secrete organic acids that can form stable
complexes with cations binding P in the soil microbes that play a role in the process of dissolving phosphorus, among
others, oft he group of bacteria: Pseudomonas, Bacillus, Mycobacterium, Micrococcus called "phosphobacteria",
while the group of fungi: Penicillium, Aspergillus, Fusarium, Sclerotium(Whitelaw, 2000).

Microbial groups phosphate solvent has many virtues in influencing plant growth, in addition to releasing the fixed P
also can produce the enzyme phosphatase (Saparatka, 2003; Yadav and Tarafdar, 2003) and can produce
phytohormones (Fitriatin and Simarmata. 2008; Fitriatin et al., 2013). Phosphatase enzyme released by these
microbes can mineralise organic P into P inorganic. (George et al., 2002; Saparatka, 2003).

2 Materials and Methods

The experiment was conducted at the experimental farm of the Faculty of Agriculture, University of Padjadjaran
in Ciparanje Jatinangor, Sumedang regency, West Java, which belong to the order Ultisol. Materials used in this
study were (1) of hybrid corn seeds (Zea mays L.) (2) Phosphate solubilizing bacteria: Pseudomonas mallei and
Pseudomonas cepacea; Phosphate solubilizing fungi: Penicilliumsp and Aspergillussp. (4) Nutrient Broth (NB) and
Potato Dextrose Agar (PDA) (5) Urea, KCI, super phosphate (SP) and rock phosphate, (6) cow manure as fertilizer
base, (7) Carrier (compost and peat in the ratio 1: 1).

The experimental design used is a randomized block design with nine treatments and three replications to test how
applications of bio-phosphate (1,2 and 3 times application) as well as the type of P fertilizer (super phosphate and rock
phosphate with 100 % and 50 % doses of recommendation). The land area used is 3 mx 2 m per plot and use spacing
of 70 cm x 30 cm. So that in each plot contained approximately 30 plants. Fertilizer applied as basal fertilizer is
organic fertilizer and inorganic fertilizer. Organic fertilizers such as cow manure mixed together inoculants were

incubated 2 days before planting as much as 2 t ha_l. Inorganic fertilizer used is urea (300 kg ha'l), and KCI1 (100 kg

ha'l). Super phosphate fertilizer was given according to each treatment.
3 Discussion

The results showed that biophosphate application time and the type of fertilizer P was not significantly different
effect on the available soil P (Table 1). Soil acidity greatly affects the availability of P. According to Tan (2008),
states that the optimal pH range that supports the availability of P between 5.5 and7.0it is supported by the results of
the analysis of soil that has a pH of5.84which is quite a bit acid. Based on Table 1, it can be seen that the
fertilization of super phosphate with 50% and bio-phosphate with one application has the potential to increase the
available soil P in comparison with the others, namely P is availablefor21.41mgkg-1 (an increase of 104.8%). This is
presumably because of SP-36 has the properties of fast release and phosphorus contained in fertilizers SP has been in
the form available to plants. Treatment type of rock phosphate fertilizer dose of 50% and the provision of PS Moneal
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so able to increase 55.12% p-available compared to the control. It is proved that the administration of one biological
fertilizer is sufficient to increase the P-available in the soil.

MONTPELLIER

5™ International Symposium for Farming Systems Design 7-10 September 2015, Montpellier, France

Tablel. Effect of bio-phosphate application and type of P fertilizer on soil P and yield of Maize

Treatments Available P (mg | P soil potential | Yield of maize
kg™) (mg 100 g) (kg plot™)

control (without fertilizer P and biophosphate) 10,45a 9,07 a 296,87
super phosphate 100 kg ha™ 16,12 ab 10,85 ab 318,53

rock phosphate 300 kg ha™ 10,64 ab 11,49 ab 307,93

super phosphate 50 kg ha™ + bio-phosphate with 1 times 21,41b 19,56 ¢ 327,13
super phosphate 50 kg ha™ + bio-phosphate with 2 times 14,34 ab 16,02 be 343,13
super phosphate 50 kg ha™ + bio-phosphate with 3 times 11,60 ab 16,92 be 308,87
rock phosphate 150 kg ha™ + bio-phosphate with 1 times 16,21 ab 16,48 bc 292,40
rock phosphate 150 kg ha™ + bio-phosphate with 2 times 5,26a 12,64 abc 309,53
rock phosphate 150 kg ha™ + bio-phosphate with 3 times 7,86 ab 14,48 abc 318,20

Statistical analysis showed that a bio-phosphate application and type of fertilizer P no real influence on yield of maize
in Ultisol (Table 1). The result of experiment showed that application of bio-phosphate yield of maize up to
15.58% on Ultisols. This is presumably due to the provision of PSM can increase soil P content due to the
dissolution mechanism P caused the organic acids of the PSM (Fitriatin et al., 2013). According to Rao. (1994) due to
the level of grow than dsoil microbial activity is influenced by abiotic factors that include the physical and chemical
properties of soil and biotic factors (presence of other microbes and absorption of higher plants).

4 Conclusions

Based on the experimental results it can be concluded that the application of the PSM inoculant as bio- phosphate
(Pseudomonas mallei, Pseudomonas cepacea, Penicillium sp .and Aspergillus sp.) increased the content of soil
phosphate growth and yield of maize. The application of bio-phosphate in the early planting has been able to
increase the P content of the soil and plants. Bio-phosphate fertilizer with super phosphate as P fertilizer with dose 50
% recommendation gave better effect on soil P and yield of maize on marginal soil.
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1 Introduction

The green manure incorporation is the environmental friendly agriculture cultivation technologies which could reduced
the use of chemical fertilizer, micro-flora of soil. The leguminous green manure which is incorporated in soil would fix
the N2, and release the fixed nitrogen to soil. The hairy vetch and green barley are the winter survival crop and the
higher biomass among green manure corps, and hairy vetch has the fixation nitrogen ability. The use of living mulches
required new cropping system (Feil, 2001), and suppressed weed occurrence (Lee ef al., 2011). It was reported that
the effect of green manures which were incorporated in soil were evaluated the growth and yield of millet, and the
physical characteristics of soil.

2 Materials and Methods

There were 3 green manure crops treatments which are hairy vetch, green barley, hairy vetch + green barley, and 1
control treatment which is chemical fertilizer. Millet is only cultivated green manure, excepted chemical fertilizer
plot. Hairy vetch, green barley, hairy vetch + green barley were incorporated in soil, and plowed and incorporated under
soil depth 25~30cm, and then soil was prepared with rotary tillage. The green manure and the chemical nitrogen
fertilizer were incorporate to soil May 16. Millet was planted at two weeks after incorporation of green manures and
chemical fertilizer. Stalk height was measured at milky stage. Chlorophyll contents were collected using SPAD (Minolta
corp., Japan) were taken at central point between the margin and the mid-rib from era leaves of 30 millet plants. The
characteristics of grain were measured from 30 plants at physiological maturity when black layer was formed below
kernel. Grain yield were adjusted to 15% moisture content. Chemical and physical characteristics of soil were measured
bulk density, rate of liquid, air, solid and void state after harvesting.

3 Results — Discussion

Fresh biomass of green manure was harvested before 15days of transplanting and weighed in 3 square meters (3
replications). The amount of hairy vetch, barley and hairy vetch mixed barley were incorporated in soil (Table 1).
Fresh weight of hairy vetch, barley and hairy vetch + barley were 12.9, 31.5 and 22.8 t ha™, respectively. So, nitrogen
rate of hairy vetch, barley, and hairy vetch +barley were 0.829, 0.339 and 0.469 %, respectively.

Table 1. Fresh weight, nitrogen rate and N supply of hairy vetch and barley at soil incorporation as green manure.

Green manure crops Date Fresh weight (t N % N supply (tha™)
ha™) of Fresh manure
Hairy vetch May 16 12.90 0.829 0.107
Barley May 16 31.52 0.339 0.107
Hairy vetch + barley May 16 22.78 0.469 0.107
Chemical fertilizer May 16 - - 0.100

Chlorophyll contents collected using SPAD was measured at three growth stages, booting, heading and maturity
stages (Table 2). Chlorophyll contents of booting and heading stage were not different among treatments. But at maturity
stage, the range of SPAD were in 38.0 ~62.5, and the hairy vetch was considered low than other three treatments. It was
considered that the nitrogen amounts in hairy vetch was insufficient to produce millet grain, it was reported that proper
nitrogen concentration of leaf was 2.75%(Larson & Hanway, 1997), and SPAD value of hairy vetch was slight low
among green manure, and also its trends were more clear at dough stage than other stage by plant nitrogen transfer of
nitrogen from leaf to ear (Seo et al., 2000)

Table 2. Chlorophyll contents collected using SPAD at three growth stages

Green manure crops Boosting stage Heading stage Maturity stage
Hairy vetch 50.3+1.0 54.3+2.5 38.0+4.9
Barley 55.3+£0.2 58.7+1.3 54.9+1.7
Hairy vetch + barley 52.4+0.9 59.0+0.9 62.5+0.3
Chemical fertilizer 54.3+0.8 58.8+1.3 55.4+4.9
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Differences in soil chemical properties between before planting (May 16) and after harvesting (Nov. 16) was shown
(Table 3). Soil pH was slightly higher in hairy vetch and chemical fertilizer than that of soil incorporated barley.
Green manure crops seemed to increase slightly soil total carbon and total nitrogen than that of chemical fertilizer plot.
It was similar to report which green manure improve on soil chemical as pH and EC of soil (Lee ef al., 2011), and green
manure crops also improved bulk density (Kang et al., 2014)

5™ International Symposium for Farming Systems Design 7-10 September 2015, Montpellier, France

Table 3. Changes of chemical properties of soil.

Before planting (May 16) After harvesting (Nov. 16)
Green manure crops pH T-C T-N pH T-C T-N
(%) (%) (%) (%)
Hairy vetch 6.0+0.4 | 0.81+0.09 | 0.07+0.01 6.8+0.2 0.83+0.05 0.08+0.01
Barley 5.5+0.3 | 0.73£0.09 | 0.07+0.01 6.2+0.1 0.91+0.04 0.08+0.01
Hairy vetch + barley 5.6+£0.2 | 0.80+0.06 | 0.09+0.01 6.6+0.2 0.85+0.02 0.09+0.01
Chemical fertilizer 6.0+0.3 | 0.85+0.02 | 0.08+0.01 6.5+0.1 0.83+0.02 0.08+0.01

1000 grains weight, culm weight and yield of millet were shown (Table 4). 1000grain weight of hairy vetch was highest
among treatments, but culm weight and yield of hairy vetch+barley were highest other treatment. The N supplement
by hairy vetch+barley was seem to be sufficient to grow millet. It suggested that corn absorbed enough nitrogen from
hairy vetch (Seo et al., 2000), and corn yield more increased with cropping system with winter legume hairy vetch
(Torbert, 1996). Physical characteristics of soil were measured bulk density, rate of liquid, air, solid and void state
(Table 5). Soil air state of was increased by incorporation with green manure as hairy vetch, barley. It was similar to
the report that improved soil structure and water infiltration (N.L. Hartwig & H.U. Ammon, 2000)

Table 4. 1000 grains, culm weight and yield of millet

Green manure crops | 1000grain wt. (g) | Culm wt. (ton/ha)| Yield (ton/ha)

Hairy vetch 18.9+0.9 7.87+0.18 3.45+0.44

Barley 16.7+£2.2 8.22+0.23 4.03+0.04

Hairy vetch+barley 16.4+1.2 10.4+1.00 4.40+0.31

Chemical fertilizer 17.9£1.1 9.59+1.62 3.93+0.22

Table 5. Bulk density, rate of liquid, air, solid and void state of soil after harvest
Bulk density (mg m’| Liquid state (%) Air state (cm) Solid state (%) Void (%)
3

Hairy vetch 1.294+0.14 28.5+1.1 22.745.8 48.84+5.2 51.245.2
Barley 1.3140.02 29.44+1.8 21.34£2.5 49.3+0.9 50.7+0.9
Hairy vetch+barley 1.15+0.02 30.84+0.7 25.840.5 43.44+0.9 56.6+0.9
Chemical fertilizer 1.29+0.05 34.0+1.5 17.4+0.7 48.6+2.1 51.4+2.1

4 Conclusions

The results of trials were that the leaf color and 1000 grain weight by green manure were increased than chemical
fertilizer trial. The soil physical characteristics as the percent of void were lowest in chemical fertilizer treatment. The
green manure treatment were not decreased the yield of millet. The results suggest that the green manure incorporation
in soil can cultivate millet without the chemical fertilizer
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1 Introduction

The intensive utilization of pesticides as a strategy to improve agricultural productivity induces environmental and
toxicological risks, groundwater contamination and serious health problem to the population. Metribuzin is a selective
systemic herbicide used for control of many broad-leaved and grasses weeds in soya beans, potatoes, tomatoes, sugar
cane, and cereals at 0.07-1.05 kg a.i./ha (Tomline, 2000). It is well known that organic amendments may under some
conditions enhance the retention, persistence, and mobility of herbicide in the soil profile, and under others decrease
them (Singh, 2008; Kravvariti et al., 2010). In this present study the effect of different organic amendments on the
degradation of metribuzin was carried out by high performance liquid chromatographic method.

2 Materials and Methods

Soil was obtained from the upper layer (0-10 cm) of soil, air dried at room temperature, passed through a 2-mm mesh
sieve and mixed with organic amendments (poultry manure (PM) and cow manure (CM)) in 2.5 percent rate (w/w).
Then treated with an aqueous suspension of commercial formulation of metribuzin to give a final concentration of 5 mg
kg™ of air-dried soil. The moisture content of soil samples had been adjusted to 70% of soil water-holding capacity and
transferred to glass jars, and incubated in the dark at 20 °C for 120 days. Sub samples (20 g) were taken for herbicide
analysis one day after addition of herbicide and then 5, 15, 30, 50, 90 and 120 days, and frozen at -20 °C until
Analytical procedure. Final soil samples (10 g) were extracted twice with methanol (20 mL) on a horizontal shaker for
90 min. After equilibration, the tubes were centrifuged for 10 min at 10000 rpm in a centrifuge maintained at 20°C. 10
mL of the supernatant were filtered and the extract was diluted with 5 mL of methanol (HPLC grade) and stored in 5 °C
before analyzed by HPLC (Shimadzu model 10A) equipped with a Spectrophotometric UV detector. The reverse phase
column was a 25 cm x 4.6 mm i.d. Adsorbosphere C18. The mobile phase was 80% methanol and 20%: water. The
flow rate was 0.5 mL min'. The wavelength was set at 290 nm, and the retention time of metribuzin was 9.53 min. A
20 puL injection volume was used. Metribuzin dissipation curves in original and amended soil samples were fitted to
first-order kinetics (C = Ci ¢™) and half-lives (#12) calculated.

3 Results — Discussion

Calibration graph and the peak results of HPLC analysis of metribuzin standard (1 mg kg™ soil) are presented (Fig. 1).
Metribuzin content were decreasing progressively in soil amended with organic amendments. However, this decrease
depended on organic amendment type applied. At the end of the experimental period and compared with the unamended
soil, metribuzin content significantly decreased with application of PM and CM.

Detector A (290nm) \ | H 1

0.0% 4

0024

Met STD 9.53

Volts
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Fig. 1. Calibration graph of Reversed-phase HPLC separation of metribuzin standard (1 mg kg™ soil).
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Metribizin degradation coefficients (K) in PM and CM treatments were 1.29 and 1.22 times NF treatment respectively.
Metribuzin half life in mentioned treatments was 92 and 97 days respectively, that were significant lower than NF
treatment (119 days). Dissipation of metribuzin well described by first-order kinetics with regression coefficients (R”)
>0.94. The obtained first-order rate constant and half-lives are presented (Table 1).
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Table 1. Observed speed constants (K) and half-life values (DTso) of the kinetics of metribuzin degradation in soil with
different organic amendments.

Organic Amendments K (+0)(Day™) DTso (days) DTy (days) R’
NF 0.0058 (0/0002) 119.48 396.89 0.98
PM 0.0075 (0.0004) 92.40 306.93 0.99
CM 0.0071 (0.0003) 97.60 324.22 0.97

Although addition of organic manures has been an integral part of sustainable agriculture practices, the earlier findings
give a new dimension of its utilization for removal of persistent pesticides (Kadian et al., 2007). Degradation of
metribuzin was enhanced by 0.5% manure, 5% peat, and 5% cornstalk amendments compared to non amended soils
(Mooram et al., 2001). Organic amendment is a rich source of nitrogen, carbon and other nutrients, which make it well
suited for supporting the soil microorganism growth.

4 Conclusions

In this study the effect of organic amendments on the half-life of metribuzin were investigated. It seems that the
application of organic amendments favored microbial development and consequently accelerated the degradation
process. The results indicated that microbiological soil properties were responsible for metribuzin dissipation. Study
suggests that organic amendments certainly enhanced degradation of metribuzin in soil. These results have implications
in managing the persistent soil residues of metribuzin. However, to get a more realistic picture study under actual field
conditions is advised.
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1 Introduction

In France, for all the arable crops, N fertilizer rates are planned at the beginning of spring, based on the balance sheet
method (Hébert, 1969) and splitting is planned, depending on calendar dates and crop stages. This strategic planning
aims at adjusting N fertilizer to soil supply in order to fulfill crop requirements (Meynard et al., 1997). The balance
sheet method is a rigorous and scientifically approved model that makes consensus in French agricultural R&D. Since
the 80’s, progress in nitrogen fertilization followed a typical way of rule-based design (Meynard et al., 2012): R&D
organisms gradually improved N fertilization through refining the estimation of the balance-sheet equation parameters.
Dynamic modeling of soil mineralization is considered as one important step of progress to improve the precision of the
method (Justes ef al., 2009). Further evolution focused on the ways to divide the whole rate on the crop cycle in order to
improve N use efficiency and on the development of monitoring tools, always targeting the objective of non-limiting
nitrogen nutrition all over the crop cycle. However, we question this strategy regarding the evolution of the context:
issues related to environmental pollution, resources management, production (yield stagnation, grain protein content),
farmers’ difficulties to appropriate the method (Cerf & Meynard, 1987; Felix & Reau, 1995) and unused knowledge on
N dynamics (that do not fit into the conceptual framework of the balance sheet method).

We assume that the consensus on the balance sheet method may have limited the exploration of alternative strategies,
which could have similar or improved results. There is a need to shift toward new paradigms, to think about strategies
that could satisfy new expectations such as achieving both environmental, agronomic and economic objective or
including advancement in knowledge and technologies. Following the approach proposed by Cerf et al. (2012) for the
design of decision support tools; we coupled diagnosis of the uses of existing tools and participative workshop to design
prototypes for new strategies.

2 Materials and Methods

Diagnosis of uses of existing tools

The diagnosis of uses was carried out based on two complementary sources of information. (i) Official report of the
regional working groups on the implementation of the balance-sheet method, mandated by the Ministry of Agriculture.
Within the fifth Action Program of the Nitrates Directive, twenty regional groups of experts (GREN) have been created
to agree on an equation for the calculation of the total rate and its parameterization in each region. We analyzed the
controversies occurring when stakeholders confronted their perceptions and ways of using the balance sheet. (ii)
Interviews of farmers and technical advisors on their practical use of the balance sheet method. We choose four regions
of France with diversified agricultural systems and climatic contexts (Normandie, Bourgogne, Bretagne, Provence).
Design framework

The objective of the design process was to explore new concepts for fertilization, based on the involvement of new
knowledge, in order to unlock the current paradigm. To move forward from rule-based to innovative design for
management of nitrogen fertilization we choose an innovative theory: the C-K theory (Hatchuel & Weil, 2009). Based
on a dual expansion of concepts (C) space and knowledge (K) space, it can be used to overcome fixation effects in
design (Le Masson et al., 2011). During workshops that gather different stakeholders with various background, it is a
practical guideline to structure exchanges. The diagnosis of uses helped us to define the basis of new concepts to be
explored and we used the C-K framework to lead the workshop and explore the potential design paths of innovative
fertilization strategies.

3 Discussion
The diagnosis of uses showed that some principles of the method such as the estimations of the target yield and of the
available soil nitrogen were controversial and potentially source of difficulties for the implementation of the balance-

sheet method. In the equation, crop requirements are estimated with a target yield and a requirement per unit of
production (Coic, 1959). The target yield is source of controversies because it is unpredictable, due to inter-year climate
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variability. While the target yield should be based on the mean of yields obtained during the 5 previous yields (standard
rule), farmers tend to estimate the target yield as the desired yield, close to the highest value ever reached (Box. 1). The
debates about the standard rule clearly show that the concept of fixing a target yield is source of difficulties. From the
report of the GREN, we found various arguments: the failure to achieve the potential yield in favorable years, the failure
to enhance the genetic progress, the risk of strengthening the trend of yields’ stagnation or the fact that an insufficient
nitrogen nutrition could lead to low protein content. This shows that there is still no consensus on rightfulness of the
standard rule and on the fact to strictly frame the way to fix the target yield. The model also requires estimating soil
supply. Several GREN members thought that using a soil analysis to estimate the soil N content at the end of winter
may be replaced by modeling, due to the improvement of knowledge on soil N cycling. The measurement is considered
as time consuming and presents a number of sources of uncertainties such as a sampling procedure or extrapolation of
measures.

Those controversies contribute to give ideas to formulate new concepts. For instance, regarding the target yield, we
suggest to think of strategies that move forward from a planned fertilization to a more adaptive one. From the
controversies on the soil analysis, we came out with ideas such as looking for plant indicators that could replace it.
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Box 1. Extracts from interviews that illustrate the perception of the target yield as the desired yield.

“Farmers are entrepreneurs, we can not ask people to reason this logic to target an average result” (Advisor Bretagne).

“My yields are around 70 to 80 q.ha-1, 90 for some plot [...], I often use 90 (as target yield), I already did it » (Farmer, Bourgogne)
“I take 100q/ha-1 where I know I can do it” (Farmer Normandie)

“My average is about 60 q.ha-1, but I did not take that on my “provisional fertilization plan, I based it on 80”. (Farmer Normandie)
“Target yield, it’s an average value for a group of plot which is equivalent to the expected yield, the one of good years”. (Farmer

Provence)

The design workshops were organized based on new concepts to be explored. Those initial concepts result from both
the diagnosis and the need to integrate recent knowledge not taken into account in the current paradigm. For the first
participatory workshop we established two initial concepts:

1)“Strategies of nitrogen fertilization based on pathways of plant nitrogen status”.

This concept was formulated to explore adaptive management without fixing a target yield and to integrate the
knowledge on nitrogen deficiency to optimize NUE. With this concept, thinking of strategies of N fertilization that
include periods of N deficiency is a shift with the current paradigm which is based on an objective of non limiting N
nutrition. The exploration was fruitful and led to two main concepts: a regular monitoring of plant and a strategy based
on anticipation of soil N supply. Various knowledge were discussed to make concrete those fertilization strategies such
as an early monitoring based on nitrogen nutrition index and crop biomass; weather forecast; plants’ N uptake capacity
and soil humidity at the moment of N application to provide a triggering threshold to apply N fertilizer.

2)“Taking account of farmers’ ability to learn”. The idea was to explore tools that enable farmers to assess their
fertilization strategies (rate and timing) at the end of the crop cycle, to adapt next year their fertilization strategy
(adaptive management). The exploration led to imagine a collaborative tool based on a post harvest assessment. Then it
would provide specific indicators to observe the next year regarding what could be improved in the current strategy.

4 Conclusions

We highlighted how the current paradigm is flawed regarding the objective to achieve both environmental and
agronomical issues. Some principles of the method are sources of controversies and uncertainties. Incremental
improvement of the model is called into question to achieve current and future nitrogen issues. We emphasized the need
to investigate new strategies of N fertilization to comply with news expectations. Introducing the workshops with the
diagnosis of uses created good conditions to explore concepts of innovative management strategies that we provided.
The two first concepts will further be explored and tested with farmers and advisors in contrasted regions of France.
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1 Introduction

In the global context of population growth, socioeconomic development and food security, dealing with land use change
and trade-offs posts a great future challenge. Growing demands for land and freshwater decrease the availability of
adequate resources - a trend that is further aggravated by climatic changes and negative ecological side-effects of
current agricultural practises. Energy cropping systems for biogas production are one of the currently omnipresent
agronomic issues in Germany, with silage maize meeting the claim of high-yield yet low-price co-ferments while
providing reasonable profi ts (Schittenhelm et al., 2011). However, continuous maize cropping bears a considerable risk
of ecological impacts such as humus depletion, biodiversity loss, and nitrate leaching (Bauboeck et al., 2014). Our
objective is to identify novel strategies that are both, ecologically sound and economically profi table in the long term.
Therefore, we systematically assessed the productivity of alternative cropping systems in a 7-year field trial in the
federal state of Brandenburg (Germany) including continuous maize with cover crops and a diverse crop rotation, both
under irrigation and rainfed conditions as well as under ploughing and no-tillage. Since Brandenburg is particularly
affected by climate change due to light soils and summer droughts climate change adapted cropping systems are
needed. We hypothesize that (1) irrigation significantly increases biomass yields in all treatments, (2) no-tillage with
direct seeding reduces biomass yields substantially, and (3) the average biomass produced in the diverse crop rotation
(CR) equals the biomass produced under continuous maize cropping (CC).

2 Materials and Methods

The field trial was established at the experimental farm in Muencheberg using a 3-factorial split plot design. The site is
characterized by a mean annual precipitation of 562 mm, a mean annual air temperature of 8.8° C, and an average
growing period of 170 days. The experiment included 8 cropping systems, represented by different combinations of 3
management factors: crop rotation type (continuous maize cropping with cover crops vs. a diverse 4-year crop rotation),
water management (irrigated vs. rainfed), and tillage operations (plough vs. no-tillage with direct seeding) (Table 1).
The experiment started with year 1 in 2008. In this paper we analysed data from 2008 (year 1) to 2014 (year 3).

Table 1. Experimental design of the 7-year field trial

Treatments Year 1 Year 2 Year 3 Year 4
Continuous maize Maize (Zea mays, cultivar Francisco S270), harvested in September/October
cropping (CC) Cover crop: Winter rye (Secale cereale) for soil conservation, only rainfed cropping, eradicated end of March
1% crop winter triticale
(xTriticale,
cultivar Talentro), Lucerne-clover-grass mix
. harvest / 1 sativa, .
1% crop winter rye (Secale cereale), .:,?,f‘ ested May/June (Mgd:cago sativa, Maize (Zea
. 2" crop lucerne-clover- cultivar Plato .
. harvested in May . p 2 mays, cultivar
Diverse And grass mixture + Trifolium pratense, C "
. 2" crop forage sorghum . . . . Francisco S270),
crop rotation (CR) . . (Medicago sativa, cultivar Milvus .
(Sorghum bicolor, cultivar Ronal), . . harvested in
. cultivar Plato + Lolium perenne,
harvested in September o . . autumn
+ Trifolium pratense, cultivar Lilora),
cultivar Milvus harvested with 3 cuts
+ Lolium perenne,
cultivar Lilora)
L N . . . . irrigation +
Irrigation irrigation (only sorghum) + rainfed rainfed irrigation + rainfed r;in}e;
Primary tillage plough vs. no-tillage with direct seeding

Irrigation demand was computed using the BEREST/IRRIGAMA .net model (Mirschel & Wenkel, 2004). For all tillage
operations of maize a Becker Aeromat drilling machine was used and for the other crops an Amazone rotary cultivator
(ploughing) and a John Deere seed drill (direct seeding). Whole crop silage was harvested to determine productivity
(aboveground dry matter biomass yield). Cover crops in the CC treatment were not harvested. Standard amounts of
mineral fertilizers were applied but no organic fertilizers. Statistical analysis with SAS was performed for yield data

65



MONTPELLIER

(e @)2015

from 2008 to 2014 using Tukey’s HSD statistical test. Where appropriate, we used mean averaged values over time
and/or treatment variants (tillage, irrigation) for comparative purposes, which may include more than one crop type per
year in case of the diverse crop rotation.
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3 Results — Discussion

Irrigation significantly increased biomass yields and yield stability in CC in all years with on average 3.7 t ha” (22 %).
In CR irrigation only significantly increased biomass yields of sorghum. On the contrary, no-tillage with direct seeding
did not significantly reduce biomass yields of CC except for two years (2012, 2013) (Fig. 1). However, plough-based
yields were on average 1.2 t ha” (7 %) higher than under no-tillage. In CR no-tillage did not reduce biomass yields
except in one year of winter rye and one year of winter triticale.
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Fig. 1. Results for yield comparisons «Tillage vs. No-till of CC-maize» (left) and «CC system vs. CR system» (right).

During the 7-year-experiment CC resulted in higher biomass yields than the cereal crops in CR. Only biomass yields of
the legume-grass mixture were comparable with those of maize. Over the whole period, CR reached 82.3 % of total
biomass yield achieved with CC but with high annual fluctuations due to the different crops in CR (Fig. 1). In 2011,
maize was cultivated simultaneously in both systems with an average yield increase of 6 % in CR across the treatments.
This can be explained by the positive pre-crop effects of legume-grass mixtures as preceding crop before maize.

4 Conclusions

In only two out of seven years, no-tillage reduced maize productivity, which is a relevant finding for soil conservation
matters as well as with respect to agronomic efficiency. Interestingly, this contrasts results from other similar studies
(Anken et al., 2004; Gruber et al., 2012) and points out the hydrologic and pedological heterogeneity of the agricultural
landscapes in Northeast Germany. On the other hand, the position of both these years at the end of the time series may
also indicate that yield reducing effects under no-tillage develop over time. In our study region, irrigation can be a
relevant option to increase biomass yields in maize but seems less relevant in diverse crop rotations. Continues maize
with irrigation and ploughing was the treatment with the highest biomass production. Statistically, irrigation led to
significant improvements of CC in all years. For an overall evaluation of the different systems an economic analysis is
necessary to account for costs and revenues. An integrated approach also considering agroecological interdependencies
and presumed climatic changes could improve process understanding and help to design sustainable farming systems.

Acknowledgements. The work was financed through the Federal Ministry of Food and Agriculture (BMBF), Germany; the Brandenburg Ministry of
Sciences, Research and Cultural Affairs (MWFK), Germany and the BMBF funded FACCE-ERA-NET+ project Climate Change Adaptability of
cropping and Farming systems for Europe (Climate-CAFE; Grant PTJ-031A544).
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1 Introduction

The southern plain area is the wheat-rice double cropping possible region in South Korea (Yoon et al., 2011). To meet
increasing food security within the limited croplands, double cropping is required in much of the paddy field. However,
wheat harvesting is sometimes delayed due to rainy weather condition in June. These events often result in delayed rice
transplanting that reduce grain yield (Kim et al., 2013). When late transplanting occurs, heading date also delayed and
cumulative temperature for grain ripening decreases significantly. Consequently, farmers decide whether to select to
cultivar to minimize the yield loss (Timssima & Connor, 2001). The objectives of this experiment were to determine
whether delayed transplanting influenced the agronomic responses of japonica rice cultivars to planting date, and to
suggest rice cultivars that are suitable for late transplanting.

2 Materials and Methods

Experiments were conducted at the experimental field of National Institute of Crop Science (NICS) in Iksan (35° 57°N,
126° 57°E) in 2013 and 2014. The experiment was laid out in a split plot design with three replications, where
transplanting dates were in the main plot and rice varieties were in subplots. Three transplanting dates were applied,
starting in June 5, and occurred on approximately 20 and 30 days thereafter. The recommended date for rice single
cropping is around June 5, and the latter two transplanting dates on June 25 and July 5 were regarded as delayed
transplanting. Total 10 japonica rice varieties were used including early (Geumo2, Geumo3, Jopyeong, and Unkwang),
medium (Suan and Dongbo), and mid-late (Nampyeong, Sodami, Sukwang, and Chinnong). Cultivation practices were
managed properly for optimum growth following standard cultivation protocol of NICS.

3 Results — Discussion

Average heading date of 10 cultivars was August 12 in the control, August 23 in the second, and August 28 in the third
transplanting (Table 1). These delays in heading dates were resulted in decrease of cumulative temperatures for 40 days
from heading. The accumulative temperature in the last transplanting was below 880°C that is insufficient for grain
ripening of japonica rice. The heading date of the 10 cultivars responded differently to delayed transplanting, with
greater cumulative decreases occurring with mid-late maturity cultivar.

Table 1. Effect of delayed transplanting on heading date of japonica rice cultivars and cumulative temperature during
ripening stage (40 days from heading).

Transplanting date Heading date Days to heading Cumulative temperature (°C) Average temperature (°C)
/Maturity
Transplanting date

June 5 Aug 12 69a 945a 23.6a

June 25 Aug 23 62b 883b 22.1b

July 5 Aug 28 56¢ 852¢ 21.3¢

Maturity group

E Aug 15 56b 930a 23.3a

M Aug 23 64ab 881b 22.0b

ML Aug 26 67a 863bc 21.6bc
CV (%) - 14.6 7.6 7.6

* and **: Significant at 0.05 and 0.01 probability levels, respectively. ns: Non-significant at 0.05 probability level. Within a column, means followed by
different letters are significantly different by Duncan’s multiple range test.

Average milled rice yield across 10 cultivars was declined from 5.70 t/ha in the control to 5.32 t/ha in the last
transplanting (Table 2). Yield was not affected when planting was delayed 20 days, but was 6.6% lower when planting
was delayed 30 days. Yield loss due to late planting was associated with decreases in panicle and spikelet and no
change in grain weight. The grain yield was higher in the mid-late maturity group compared to early maturity.
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Table 2. Effect of delayed transplanting on grain yield and yield component of japonica rice cultivars.
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Transplanting No. of panicles (m?) No. of spikelet per 1000-grain ~ Ripened spikelet (%) Milled rice yield (t

date/Maturity panicle weight ha™)
(9]
Transplanting date
June 5 310a 95a 21.6a 89.5b 5.70a
June 25 291b 91b 22.8a 92.1ab 5.50ab
July 5 270c 89b 22.9a 94.0a 5.32b
Maturity group

E 298a 87b 22.4a 90.8b 5.35b
M 295ab 85b 22.9a 94.8a 5.41ab
ML 280b 99a 22.3a 91.6b 5.66a

CV (%) 9.7 13.2 53 52 7.4

Among the early maturing cultivars, Jopyeong (5.30-5.62 t/ha) and Unkwang (5.51-5.72 t/ha) showed the highest milled
rice yield in the delayed transplanting dates (Fig. 1). In mid-late maturing cultivars, Sukwang (5.55-5.77 t/ha) and
Chinnong (5.55-5.77 t/ha) showed higher grain yield in the delayed transplanting. These four varieties would be the
option for the farmers who are considering wheat-rice double cropping in Honam plain area.
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Fig. 1. Milled rice yield of 10 japonica rice cultivars in optimal and delayed transplanting dates in Honam plain area.
4 Conclusions

In this study, we identified the decline of rice grain yield in wheat-rice double cropping in South Korea due to delayed
transplanting. To meet the high yield in rice and maximize benefit from the double cropping cultivation, suitable rice
cultivars and adequate transplanting are required. Although the promising two early mature cultivars were selected in this
study, new early- and medium maturity rice cultivars are needed for flexible cropping system design.
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1 Introduction

Good and yield wine production implies a well-balanced biogeochemical cycle of nitrogen (BCN) at field level e.i. in
soil and in plant (Guilpart, et al, 2014). Nitrogen is very important for grape quality and quantity and field
sustainability. The mineralization of organic nitrogen, depending on soil microbial activity which is lincked to soil
cover crop management, is the main source of mineral nitrogen for the vine (Barlow ef al., 2009; Ingels et al., 2005;
Raath and Saayman, 1995; Thiebeau et al., 2005). This paper is focused on a useful indicator fulfilling a sustainability
assessment method: functional microbial populations implicated in BCN in vineyard field.

2 Materials and Methods

An experimental network with 6 platforms gathering 45 fields located in Atlantic coast (Loire valley and Bordeaux) and
in North-East (Alsace) of France has been set up since 2012 (extract presented in Table 1). These vine sites represent a
diversity of environmental factors (i.e. soil and climate) and the same method is used to assess them: agricultural,
environmental, social and economical. The tested prototypes are tested according to the following goals: same yield,
harvest quality, working time and production costs. The added value approach is based on assessing nitrogen dynamic
in soil, i.e. nitrogen mineralization, regarding microbial biomass and activity.

Table 1.Alsacian sites-system characteristics.

Name Site Designed system ‘;lgn: Variety Soil
Ribeau AB Organic 16
INRA-Ribeauvillé Riesling
Ribeau_PI Integrated 16 Loamy. sandy and
. claye
Rouff_PI Rouffach agriculture Integrated 32 . . =
o chool ) ) Pinot Gris
Rouff Piopti schoo: Integrated-Rate-sprayingreduction 32
Chaten_AB OPABA-Chatenois 17 Sandy silty and clayey
Organic and Biodynamic Riesling
Inger AB OPABA-Ingersheim 26 Sandy loam

3 Results — Discussion

For all AB-systems, functional richness (Fig.1A) at bud-break is very much higher than for all PI-systems (respectively
24-25 and 16-19). For sites Ribeauvillé and Rouffach, functional richness is not significantly different between
designed systems at bud-break, whereas, for both sites, it is significantly different at veraison. Comparing all sites
according to designed-systems, functional richness is significantly different between designed-systems at the two vine
vegetative periods.

For all Designed-systems in a same site, bacterial abundance (Fig. 1B) is never significantly different between. At bud-
break, bacterial abundance is between 28 and 45 ng/g of dry soil. For sites-systems Chaten AB and Inger AB, bacterial
abundance is statistically different than the others sites-systems (respectively between 496-527 and between 65-141
ng/g of dry soil during veraison vine). One reason may be the number of years of organic farming in Inger AB and
Chaten AB (more than 10 years) against less than 10 years for Ribeau AB, and the others PI Designed system.
Comparing all sites according to designed-systems, bacterial abundance is significantly different between designed
systems only for veraison period.

Nitrogen mineralization kinetic (Nmin-kinetic) does not allowed to separate either PI and AB designed-systems, neither
sites-systems (Fig. 1C).The top Nmin-kinetic is for Ribeau PI site-system whereas the slowest one are for
Ribeau ABand Rouff PI sites-systems.Rouff Piopti, Inger AB and Chante AB sites-systems have touchily the same
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Nmin_kinetic.

It possible to separate PI and AB designed-systems according to PC2 axis of the PCA (Fig.1D): AB-systems under zero
and Pl-systems up to zero. Ribeauvillé-site is just on the y-axis for both systems AB and PI, i.e. there is no such
difference between the two designed systems on this site. Inger AB and Chante AB are mainly explained by variables
functional richness at bud-break and at veraison, whereas Rouff and Ribeau systems are mainly explained by bacterial

5™ International Symposium for Farming Systems Design 7-10 September 2015, Montpellier, France

abundance.
2(5) DBud breack 600 O Bud breack {
+ B Veraison TT 500
=25 O Veraison
3 T 1+ 400 L1
520 - " - _
815 - I— L - 2 300 B
£
210 - — It ||l% 200 i
)
5 I — - |2 [ & B
100
R | et &l A A ] e
Ribeau_AB  Ribeau_PI Rouff_PI  Rouff_Plopti Chaten_AB Inger_AB
Ribeau_AB  Ribeau_PI Rouff_PI  Rouff_Plopti Chaten_AB  Inger_AB

A. Functional richness at bud breakand veraisonof vine. | B. Bacterial abundance at bud breakand veraisonof vine.

100
O Ribeau_AB ..-.- 3 1 .
X Chaten_AB ...
80 = _gl 2 4 W Ribeau_PI
+Inger_AB .. ’
= Rouff_PI ... - =Rouff_PI

2
S g - *W_ 1 - -—
d @ Rouff_Piopti n o .
[t g = =2 B po OF g
B aten
: S0y +

20 -+ + +Inger_AB

2 ] X * ORibeau_AB
0 = T ; . .
0 50 100 150

s 2 1 pc1(28%) * °

Day of incubation

C. Kinetics of nitrogen mineralization, under controlled | D. Bacterial biomass.
conditions.

Fig. 1.Multicriteria results for all the sites-systems in Alsace, for 2014vintage (France).

4 Conclusions

In this paper, we show that some of the analyzed BCN indicators are interesting to assess new designed-systems
in different vineyard.
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1 Introduction

Argentina exhibits a storage capacity deficit of about 30% of the average harvest of wheat, corn, soybeans and
sunflower. This deficit limits the ability to store and wait for higher prices after the harvest season and increases the fees
of elevator services. Additionally, the grain hauling fleet is insufficient and during harvest time combine work have to
be interrupted to wait for available hauling trucks. In recent years, the widespread silobag adoption alleviated
Argentina’s inefficiencies in the production, marketing and exporting channels of the main commodities. The silobag
technology overcomes many of the limitations of traditional on-farm storage facilities — such as steel bins. In general,
investing in permanent storage facilities is not affordable for most farmers with the main constraints including high
initial outlay, scarce, expensive and short maturation loans and high levels of economic and productive uncertainty.
Instead, the silobag requires a minimal initial outlay, its use can be increased, decreased or stopped completely
according to productive and economic conditions and it can be set at a different location each year. This last feature
turns critical in a country with a constantly increasing proportion of tenant farming that switches plots every year
according to the level of rental fees. Moreover, if the bag integrity is preserved, the storage environment reduces
moisture losses and insect proliferation which reduces storage maintenance costs (Young, Parker, and Klose 2009).
Beyond the described advantages, preliminary evidence suggests that an additional advantage of the silobag is the
ability to return control of grain sales to the grower and improving marketing opportunities and increasing farm returns
(Darby and Caddick 2007; Taher et al 2013). The silobag provides the farmer the ability to competitively choose among
different buyers which results in a higher selling price. Without the silobag, farmers would store the grain at a
commercial elevator, and would be limited to the price bids from that elevator resigning bids from other potential
buyers — other elevators or industries. On-farm bins provide similar incentives, but at a much higher cost. The economic
mechanisms that improve the value of this technology over other forms of grain storage have not been thoroughly
analyzed. In particular, the role of increased marketing opportunities at one point in time —i.e., cross sectional price
differences- has been largely overlooked and are modelled explicitly in this paper to understand the full value of this
technology. This paper develops a dynamic programming model of soybean storage that quantifies the value of the
silobag to a farmer in comparison with the traditional elevator storage.

2 Materials and Methods

The model represents a farmer who has to decide at harvest whether to sell his production inmediately or whether to
store it using one of two storage alternatives: a silobag or a commercial elevator. If storage is initiated, the selling
decision is made once a month (in 12 decision nodes) with the objective of maximizing net returns, i.e., revenue which
is a random price times quantity sold minus selling commision, hauling and storage costs. Soybean prices follow a
random markow process transitioning from a given state in the current time period to another state in the next time
period according to a probability transition matrix of 12 intervals conditional of the grain sold in each period. The
transition matrix is estimated using a series of deflated detrended soybean prices, centered at mean price of 250 u$s t”,
to represent current conditions. The cost of setting the silobag is a single quantity paid at the begining of the storage,
while the cost of the elevator storage is a monthly fee paid at the time of marketing the grain. Selling commission and
hauling costs are the same for the silobag and the elevator. The silobag increases the bargaining capacity of producers
allowing them to negotiate either lower marketing costs or higher prices. For silobag users, such effect is modelled as
cross-sectional price differences that represent a set of bids from different potential buyers that the producer can choose
from. For each decision node, cross-sectional differences are generated sampling 5 prices from a normal distribution
whose mean is the soybean price of that node and a standard deviation of 1 u$s t”, as a base for comparisons. The
model is solved and 500 Monte Carlo simulations are run to represent the different price paths.

3 Results - Discussion

The optimal strategy under the two storage alternatives differs substantially. Using the silobag, it is optimal to store for
a longer time period than using the commercial elevator (Table 1). For the low harvest price scenario and storing in the
silobag the weighted storage length is of 9.8 months, while storing at the elevator the storage length is of 6.6 months.
This is expected since storing in the silobag requires a fixed upfront cost to set up the bag, while the elevator charges a
monthly fee per stored ton. Therefore, with the silobag a long storage has no additional costs compared to a short
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storage, which allows waiting for prices to increase later in the year. For both storage alternatives and for the low and
medium low price scenarios (the price intervals occuring more often at harvest time), it is better to store longer than for
the intermediate price scenarios. This occurs because the lower the price, the higher the probabilities that the price
increases through the year. For intermediate and higher harvest prices, it is better not to store and selling all the
production at harvest. This occurs because the expected price change conditional on the intermediate price levels is
either negative or positive but too small to offset the costs of storing under either technology. Because the silobag
allows long storage at low cost, using this technology permits capturing higher prices several months after harvest
which results in higher selling price and higher net benefits (Table 1). With the silobag, the ton-weighted selling price is
up to 2.3% higher and the net benefit is up to 2.8% higher than storing at a commercial elevator.
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Table 1. Comparison of Storage Strategies using the Silobag and the Elevator Storage for
Different Price Scenarios and Producer Bargaining Power.
Price at Harvest ~ Storage Length ~ Selling Price  Mean Net Benefit

(months) (u$s/t) (u$s/t)

Low 9.8 234.4 194.0

Silobag  Medium Low 9.0 246.8 206.1

Panel A: intermediate 0.0 246.7 212.3

Same Price Low 6.6 232.9 188.8

Elevator Medium Low 1.8 241.3 204.2

intermediate 0.0 246.7 212.3

Low 8.8 249.3 208.5

Panel B: . Silobag  Medium Low 6.8 259.7 218.7
Higher Silobag Price . .

intermediate 5.7 263.8 222.8

When the producer is able to negotiate lower marketing costs or higher selling price, the optimal storage strategy, the
final selling price and the net benefit change. It is now optimal to store during a shorter period of time for the low and
medium low price scenarios and it is convenient to set up the silobag and store under the intermediate price scenario
(Table 1, Panel B). When the producer can improve the average selling price by 1 uS$s t', the weighted selling price
increases by about 7% for the three price scenarios compared to the elevator storage and the net benefit increases by
10% and by 4.9% for the low and intermediate price scenarios, respectively.

4 Conclusions

This paper develops a dynamic model of soybean storage quantifying the value of the silobag to a farmer in comparison
with the traditional elevator storage. The model considers that the use of silobag can generate higher bargaining power
by which producers can obtain higher selling margins. Results presented indicate that the use of silobag provides more
flexibility to wait for higher prices during the storage season and can generate higher economic benefits, even if no
extra bargaining power is considered. When lower marketing costs or higher selling prices are obtained the silobag’s
economic benefits increase considerably.

Beyond the described economic benefits, the use of silobags is able to generate advantages that can enhace the whole
farm operation and extend its benefits to regional- and national-level logistics. First, the silobag provides storage
capacity requiring minimal capital investment in facilities and equipment. Making this technology apt to high-
uncertainty environments. Second, the silobag use reduce harvest delays and provides variable storage capacity that can
be varied from year to year and set in different places every year. Thus, alleviating regional- or national-level storage
and hauling capacity deficits. Third, if the silobag integrity is preserved, the storage environment reduces moisture
losses and insect proliferation. Because of these advantages, the silobag is being rapidly adopting by producers and
grain processing industries througouth the world, both in developed and developing countries.

Acknowledgements. This study has received funding from the National Program for the Development and Sustainability of the Territories, INTA
Argentina, through Project PNSEPT 1129023.
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1 Introduction

No-tillage can promote soil porosity and improve infiltration, soil structure and decomposition of organic matter. Its soil
biological activities were regulated by earthworms (Edwards, 1992; Hendrix, 1992). Soil tillage by soil disturbance or
straw cover changed the soil surface, thereby affected the heat flux condition of the soil (Mark & Mahdi, 2005). No-
tillage and its impacts on root distribution of winter wheat and soil temperature were studied in arid and semi-arid
regions (Chen et al. 2009). The objectives of this study were to explore the effects of different tillage modes on soil
temperature and root system, realize the innovation of regional application and technology and provide feasible
theoretical basis for agricultural production.

2 Materials and Methods

The experiment was conducted at Xiping, China, from 2007 to 2014. The content of total N , available-phosphate,
available- potassium and organic matter were 0.94 g/kg, 89 mg/kg, 105 mg/kg and 1.19 mg/kg, respectively. Zhengmai
366, a strong gluten wheat cultivar, was used in this study. Five treatments including with different tillage methods were
conducted (Table 1).

Table 1. Experiment treatments

Treatment T, T, T; T4 Ts(ck)
Specific Straw mulching and pre-sowing Pre-sowing deep Plough Straw mulching Straw mulching and Traditional
measures deep plough for corn + straw for corn + non-tillage for corn + non- non-tillage for wheat cultivation
mulching and non-tillage for wheat for wheat tillage for wheat

3 Discussion

Table 2. Effects of different tillage methods on soil water content and bulk density

Before sowing Harvest
Treatments soil water content(%) soil bulk density(g/cm’) soil bulk density(g/cm’)
0-10cm 10-20cm 20-40cm 0-10cm 10-20cm 20-40cm 0-10cm 10-20cm 20-40cm
Tl 23.2 22.0 20.3 1.41 1.41 1.44 1.29 1.40 1.44
T2 20.8 20.5 17.9 1.30 1.38 1.47 1.44 1.44 1.47
T3 19.4 19.5 20.3 1.45 141 1.54 1.49 1.55 1.64
T4 20.6 22.6 212 1.48 1.52 1.56 1.20 1.55 1.57
CK 19.4 19.5 20.3 1.34 1.40 1.41 1.32 1.35 1.46

There were about 25-30 days from maize harvest to wheat seeding in southern Henan of China. The results showed that
soil water content before sowing was 2% higher in straw mulching treatments (T1 and T4) than that of other non straw
mulching treatments (Table. 2).

As it was shown in Table. 2, straw mulching treatment has a significant impact on the bulk density of the soil from 0-
10cm soil layer. Deep plough treatments significantly reduced the bulk density of the soil from 0-40cm soil layer.

The difference of the average temperature of the soil among different treatments was less than 0.3 °C during the
wintering stage, and was less than 0.6 °C during turning green stage(Fig. 1). The soil temperature of the treatment T1
and T2 were 0.1 °C and 0.2 °C higher than that of the control, respectively. The soil temperature of T3 and T4 was 0.1
°C and 0.3 °C lower than that of control respectively. There were no significant difference in the soil temperature in
wintering and turning greening stage of winter wheat among different treatments.

As it was shown in Fig. 2, the root dry matter density of control (CK) in soil layer 0-10cm in wintering period, turning
green stage and filling stage was the lowest, but that of which in soil layer 10-20cm was the maximum. Compared with
control (CK), the root dry matter density of the soil layer 0-10cm in the treatment of T1, T2, T3 and T4 at filling
stage.were increased by 0.12kg/m’, 0.13 kg/m®, 0.11 kg/m’ and 0.09 kg/m’, respectively. And the root dry matter
density of the soil layer 0-20cm on T1, T2, T3 and T4 treatments were increased by 7.0%. 9.3%. 7.0%. 4.7%,
respectively.
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Fig. 1. The average soil temperature during wintering stage and turning green stage
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Fig. 2. The distribution of root system

From 2007 to 2013, the average yields of T1, T2, T3 and T4 were 1.44%, 4.20%, 5.50% and 3.99% lower than that of
CK, respectively (Table 3). The yields of T1 treatment was increased by 2.02% compared with that of control in 2010-
2011. Compared with control, from 2010 to 2013, the yields of T1 was 2.02%, 2.83%, 10.93% higher than that of CK,
respectively. With the increase of the experimental years, no-tillage and straw cover technology can slightly improve
the yield. At the same time, the cost reduction and ecological effect is obvious.

Table 3. Yield under different treatments

Treatments Yield(kg-hm’z)
2007-2008 2008-2009 2009-2010 2010-2011 2011-2012 2012-2013
T1 7315.5a 7480.5a 7124.5a 9033.0a 8172.0a 4367.7a
T2 7374.0a 7225.5b 6729.5b 8779.5ab 7671.0bc 3413.0c
T3 7125.0a 7243.5b 6657.0b 8479.5b 7354.5¢ 3677.3bc
T4 7233.0a 7122.0b 6994.5ab 8800.5ab 7483.5¢ 3502.7¢
CK 7465.5a 7545.0a 7230.0a 8854.5ab 7947.0ab 3937.5b

4 Conclusions

Better soil moisture was provided by straw mulching in the sowing period of winter wheat. Deep plough reduced the
soil bulk density. No-tillage technology increased root dry matter density of the soil layer 0-10cm in filling stage. For
no-tillage and deep loosening, one or two seasons of straw returning have influenced the distribution of root system.
There were no significant difference of the changes of the soil temperature under turning green and jointing stage
between no-tillage and conventional tillage treatment. The difference of the soil temperature was not sufficient to affect
the growth and development of the winter wheat.

The seeding quality still needs to be improved to improve seed germination rate. Compared with control(CK), No-
tillage treatments reduced the yield slightly at the first three years, but slightly increased yields in the later years.

Acknowledgements. This work was financially supported by the National Key Technology R&D Program (2011BAD16B07 , 2012BAD14B08 and
2012BAD04B07), and Special Fund for Agro-scientific Research in the Public Interest (201203033), and Special Research Development Fund Project
of Henan Academy of Agricultural Sciences(201218301).
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1 Introduction

There is an increasing attention to periurban agriculture, mainly related to the services provided by maintaining
agriculture nearby the city (Zasada, 2011) and to the conflicts related to the use of the resources (Darly & Torre, 2014).
However, few attention is given to the farm management in periurban areas (Aubry & Soulard, 2013), looking more on
its environmental impacts or on the contribution of farmers to the development of short food-supply chains. Following
Nahmia & Le Caro (2012), we defined periurban farms as all the farms that are located within an urban planning area,
e.g. urban municipalities or inter-municipalities. This means that all these farms, besides their farming systems and their
way of marketing their produce, are under the influence of the city. This influence has been considered as a factor of
adaptation of different farming systems (Soulard & Thareau, 2009; Houdart et al., 2012) including those which are
not oriented short food supply chains (Capillon & David, 1996). In this research, we aimed at identifying the main
types of periurban farming systems to highlight their different adaptations to city.

2 Materials and Methods

We study the adaptation of periurban farming systems to cities through the elaboration of a statistical-based farm
typology according to Landais (1998). We applied our method to the urban region of Pisa (Italy), a medium-sized city
leading an inter-municipal area of almost 200,000 inhabitants which experienced a diffuse urbanization since the
eighties (Marraccini ef al., 2013). The input data for the typology have been acquired through on-farm surveys on a
sample derived from the individual Land Parcel Identification System database according to the dominant land use, the
farm size and the farmland distance to the city. Starting from this sample, 55 farms were selected and surveyed using a
semi-structured interview. The main items of this interview were the farm location and history, the land tenure, the
management of crops, livestock and semi-natural habitats, the commercial practices, the farmer and its family and the
farm perspectives. The variables used in the typology described the farm territory and the farm management, the land use
intensity and the individual farmer characteristics.
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Fig. 1. PCA of the set of variables (see codes in the text, UBGT= livestock units, Org=organic farm, Nat=presence of
SNH). Each symbol represent a farm with a dominant land use type, e.g. empty circles are the industrial crop farms.
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These variables were selected on an initial set of 48 static and dynamic ones using a descriptive analysis followed by a
PCA and explained 65% of the farm sample variance (Fig. 1). Finally, a non-hierarchical cluster analyses (CA) on the
final set of 10 variables and on the 51finally considered farms allowed obtaining 7 different farm types (Ward’s method,
Euclidean distance). All the variables used appeared significantly different among the farm types (Kruskal-Wallis test).
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3 Results — Discussion

Seven types were identified on our sample of 51 farms (data not shown). Three types (T1, T2 and T4) are composed of
cereal farms differing on farm size (UAA), farmland fragmentation (Nblocks) and crop rotation length (Nsp),
whereas two of them (T5 and T6) are forage and livestock-oriented farms differing for the farm size (UAA), the share
of forage surface (SUAAS) and the marketing of produce in alternative or conventional food chains (Nfc). One type
concerned organic olive groves farms (T7) and the last one (T3) little and conventional market-oriented vegetable
farms. Our results underlined that 1) the farm types are not always linked to the main productive orientation of farms,
except in the case of the specialized farms (olive groves and vegetables) and 2) not all the farm types located in the
urban region have functional relationships to the city, e.g. the big conventional arable farms. These functional
relationships are revealed not only by the local marketing of farm products but also by the fragmentation of land tenure,
the bonds of the farmer, the multifunctionality of the farm, the intensity of the agricultural practices (Fig. 2). Through a
spatial analysis of the farm types field blocks’ location (data not shown) we found a statistically significant negative
correlation between types having a functional relation to the city linked to short food-supply chains and the distance of
the farm to the city, suggesting that the farms mostly oriented to urban market find their farmland farer from the cities
than the other farms were there are less constraints and conflicts for their activities.

Number of farm field blocks (Nblock) Number of on-farm multifunctional
activities (Nact)
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Fig. 2.Examples of features of the periurban farm types (T1 to T7, see text) in the urban region of Pisa (Italy).
4 Conclusions

By studying the farm types in periurban areas, we showed 1) the high diversity of farming systems even though within a
same dominant land use type and 2) the different adaptations of these farms to the city. Understanding these points can
contribute to a better understanding of the resilience of farming systems in periurban, linked to the main issues at stake
in this area: the protection and management of water resources, agricultural land and of the local food system.

Acknowledgements. This work has been carried out within the research project DAUME (Durabilité de I’agriculture urbaine en Mediterranée) funded by
the French National Research Agency under the contract n°’ANR-2010-STRA-007-01.
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1 Introduction

Family agriculture in the sub-humid tropics of Central America faces multiple challenges that jeopardize the
sustainability of rural livelihoods. Increased climate risk, high pressure on land, relatively expensive inputs and low
agricultural profits, among others, are major threats to food security and income generation of smallholder farming in
the region (FAO ef al., 2012). Rural households experience and face these challenges to ensure their food and income in
different ways depending on their socio-ecological context, objectives and resources. In Central America, many rural
societies have moved from a completely agriculture-based to more diverse society where migration and rural-urban
exchanges have shaped their current livelihoods and farming systems, the so-called new rurality (Grammont, 2004). The
aim of this study was to understand the diversity of farming systems in the region, their main agricultural activities and
performance, as well as their main sources and levels of income and food.

2 Materials and Methods

A short survey was conducted in 2014 with local partners to almost 800 farm households in five sites in sub-humid
regions in Nicaragua, Honduras and El Salvador. Sites represented a gradient of market development and agroecology.
Around 160 farmers were randomly selected accounting for 20-30% of the total rural households in each site. The
survey contained 14 questions including information on household structure, cropping systems, livestock component,
perceived food security, income and potential future strategies. Each survey was answered in ca. 40 minutes.
Descriptive and statistical analyses were conducted to quantify the diversity of households between sites, as well as
within sites using a structural household typology simply built on access to land (i.e. farm size). A balance was
calculated to assess the level of self-sufficiency of the household in terms of energy in their diet based on their structure
(i.e. demand of energy of the household), and the food produced in the farm and consumed by the household (i.e.
availability). Preliminary results of the survey were presented to 10-20 participants from local organizations and rural
population for discussion and validation and to identify potential future options for family agriculture in each site.

3 Results — Discussion

Analyses of the house hold survey data highlighted intra site diversity of the rural population in terms of their
resources and livelihood activities (Table 1). For example, households in two sites in Nicaragua tend to have available
less farming area per person with relatively larger farms and less area used for growing grains (i.e. maize and beans)
than in the other sites. In contrast, households in the site in El Salvador tend to have more farming area available per
person reflected in smaller farm sizes and higher maize yields. Animal husbandry tends to be more common among
rural households in Nicaragua compared with the other two sites. Household total income tends to be the lowest in
the site in Honduras compared to the other sites, while at least half of the households in one site in Nicaragua,
Honduras and el Salvador obtain most of their salary (>80%) from off-farm activities. This reflects a strong
diversification of household activities as a common feature of these small holder farming systems (Grammont, 2004).

Table 1.Median values for some key household and farm indicators

Site People  Farm size Grains (%Maize yield (t TLU Annual Share off-farm
per ha (ha) area) ha™) income (USD) income (%)
NI-Terrabona 1.4 3.5 50 1.2 0.7 973 49
NI-Somotillo 1.8 2.8 67 0.7 1.0 881 29
NI-Condega 2.9 1.4 100 1.0 0.6 1246 81
HN-Candelaria 3.8 1.3 83 1.0 0.2 428 100
SV-Chalatenango 5.7 0.7 100 13 0.2 1040 100

Diversification of household activities and farming systems can largely differ within sites. Fig. 1A illustrates differences
between household strategies in one site in Nicaragua (NI-Terrabona) where more households owning farms less than
3,5 ha ensured a large part of their income (>50%) in 2013 from off-farm activities compared to households with larger
farms. This confirms that although most households combine both on- and off-farm economic activities to ensure their
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livelihoods, households with smaller farms tend to rely more on non-farm activities.

Diversification of activities and farming systems can also relate to the vulnerability of rural households in terms of
poverty and food self-sufficiency. Fig. 1B shows that between 75-80% of households with farms smaller than 7ha
earned less than 1.25 USD per person, while ~30% neither produce enough energy to fulfil the household needs in terms
of food. For households with farmers larger than 7ha, these numbers drop to 63% and 12% respectively. This suggests
that although households with larger farms tend to be less vulnerable in terms of income generation and food
dependency than smaller farmers, most house holds still largely depend on their own food production.
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Fig. 1.Households and farming system diversity among households with different farm sizes in NI-Terrabona, including:
household distribution of the share of off-farm income of the household total income in 2013; B. comparison between
balance of energy and daily income per person in 2013.

Discussions with local partners confirmed these major differences between households within the same site. While
diversification and intensification of home gardens seems to be a key option for the food and nutrient security of
households with limited access to land, vegetable production for smallholder farming systems and agroforestry systems
for more sustainable extensive production represent potential future development pathways. This reinforces the need to
look for more integral research and development programs that account for the agricultural and non-agricultural
components of the current and future rural societies.

4 Conclusions

The results of this approach combining short survey and discussion with farmers and local organization is a step
forward to analyze and explore the interactions of food security, income and farming systems in the sub-humid tropics
of Central America and to propose more contextualized future options for family agriculture in the region. Particularly,
we need more integral research and development programs to better combine the agricultural and non-agricultural
components of the new ruralities in Central America.

Acknowledgements. We would like to thank the farmers who participated in this study, as well as OCTUPAN, PCAC, ADEES and Mancomunidad la
Montafiona for their support in the field. This study was funded by the CGIAR Research Programmes: MAIZE, Humid tropics, WLE and CCAFS.
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1 Introduction

Understanding existing agro-ecosystems in which food production is based on intensive internal resource use might
provide inspiration for re-designing external input based systems. The livestock production systems in the Rio de la
Plata Grasslands (RPG) in southern South America represent a good example of such model. Animal production in this
vast region, which includes parts of Brazil, Uruguay and Argentina, co-evolved with plant biodiversity on semi-natural
grasslands that received negligible amounts of external inputs since the introduction of domesticated livestock in the
16" century (Soriano, 1992), constituting a feasible form of land-sharing. During the last 15 years, high prices of grains
(mostly soybean and wheat) prompted conversion of grasslands to arable land (Paruelo et al., 2006). Overgrazing due to
high stocking rates on the remaining land caused loss of valuable grassland species (Overbeck et al., 2007), low
grassland and meat productivity (Carvalho & Batello, 2009) and negative environmental impacts on soils and climate
due to erosion and losses of soil carbon and high greenhouse gas (GHG) emissions (Modernel ef al., 2013). This change
in land use endangers the unique and 400 year old model of land sharing (Garnett et al., 2013) in which meat production
is sustained by natural grassland biodiversity. Two intensification strategies can be distinguished in the region. The first
one (conventional intensification) proposes to increase meat yields through replacing natural grasslands by ley and feed
crops (Cohn et al., 2014). The second one(ecological intensification) proposes to increase meat yields by adjusting
forage allowance' to animal energy requirements in time and space through smart use of species diversity (C3 and C4)
in native grasslands (Soca et al., 2008). The first strategy aims to intensify production to be able to save land and
separate production and nature conservation areas (land sparing), while the second one aims to preserve the diversity of
native grasslands while using them (land sharing)(Green et al., 2005). In this paper, we analyse the ecosystem services
provision of both intensification pathways, compared to the traditional system with low productivity.

2 Materials and Methods

Environmental indicators were calculated based on the production of one steer slaughtered at 500 kg. Farms that
produce this animal can specialize, or combine three production activities: calving, growing and fattening. Specialized
farms include three types: cow-calf (produce 150 kg calves), backgrounding (receives 150kg steers and sells them at
350 kg) and fattening (fattens steers from 350 to slaughter weight). Intensification strategies can differ depending on
farm specialization.

The impact of the intensification process on the ES provision was estimated from a review of published studies in the
region. Meat productivity and GHG emissions were estimates from nine farm case studies in Uruguay (Becofia et al.,
2014; Montossi, 2014; Picasso et al., 2014). Calculations on the impact on biodiversity and carbon sequestration of
current and ecollogically intensified systems was made from Brazilian experiments that evaluated the grazing pressure
on natural grasslands on the soil carbon stock, considering 4% forage allowance (FA) as the traditional system and 12%
FA for ecological intensification and crop-ley rotations for conventional intensification (Carvalho et al, 2009;
Conceigdo et al., 2007; Garcia Préchac et al., 2004). Fossil energy reduction, pesticide use reduction, GHG emissions
reduction, erosion risk reduction and water use efficiency were calculated using published farm data (Picasso et al.,
2014; Ran et al., 2013). In order to standardize the different impact categories, the system with the most positive (or
least negative) impact on an indicator was considered as the reference and set to 100%; the other systems were
expressed as fractions of the reference.

3 Results and discussion

While conventional intensification would increase meat yields and reduce greenhouse gas emissions compared to the
ecological intensification strategy, the also occurring negative environmental consequences question this option for the
RPG farming systems (Table 1 and Fig. 1). Production cycles in conventionally intensified systems produce meat in less
time than the other two, resulting in greater productivity per hectare.

Ecological intensification shows synergies among a number of indicators by improving meat productivity, biodiversity
conservation, carbon sequestration, GHG emissions reduction and water use efficiency. The use of fossil fuels,
pesticides and erosion risk is higher than in the traditional low productive system, but (sometimes substantially) lower

1 Weight of herbage per unit of animal live weight at a point in time (Allen et al., 2011).
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than under conventional intensification.

Table 1. Indicators and their values considered for each
farming system.NG: Natural grasslands; L: Ley; GR: Grains.

i . . Conventional Ecological .
“"‘}2.5““‘“““‘ # Indicator Traditional intensification | intensification Units
Diet iti 32% NG; 37%
Water use efficiency = o B ...I:iodi\'erail} conservation (ﬁryci)nrzggflo/t(;n 100% NG L;03 1% GR ° 170% NG; 30% L ha
/ -
/ \ Stocking rate 0.7 1.6 13 Livestock
/ \ Meat Lo
Soil erosion reduction === 3 Carbon sequestration . . 124 342 233 kg LW hayr’
/s productivity
P ———
Biodiversity 26 13 35 No unit
conservation
Pesticide use reduction GHG reduction Carbon_ 113 0 143 tC ha'lyr'l
sequestration
Fossil energy reduction GHG eml.ssmns 20 10 16 kg CO, (_:lq kg
o g ) S : S s reduction LW
Traditional system = Conventional intensification Fossil
ossil ener: gy -
= =FEcological intensification reductiongy 0.0 12.1 34 MJ kg LW 'ha
Figure 1.Impact of traditional, conventionally Pesticide use _
intensified and ecologically intensified livestock reduction 0.1 149 17 Nounit
systems on the ecosystem services provided by SOI(lierO_smn 1 16 14 ke soil kg LW
natural grasslands in the RPG. Higher values {;} ?C“‘m
. . ater use -1 -1
(closer to 100) indicate better performance. efficiency 0.052 0.053 0.067 LkgLW'yr

4 Conclusion

The evidence presented in this article shows that the RPG is a region where combining agriculture and conservation of
biodiversity is possible (land sharing), but under threat of change from use as grassland to soybean. Given the long
history of land sharing, preserving livestock production systems based on native grasslands is key to the maintenance of
regional biodiversity and the associated array of ecosystem services. The unique combination of production and
resource conservation under ecologically intensive methods of producing meat should be further investigated to
understand its benefits and promote low-input technologies that are adapted to the specific farming conditions.
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1 Introduction

Within the EU KP 7 project CANTOGETHER innovations are developed and explored to integrate plant production
and animal production in mixed farming systems with the overall aim to design innovative sustainable mixed farming
systems with crops and animals. This requires detailed knowledge about the advantages of mixed farming systems and
the factors influencing their environmental performance. In our analysis of two existing farm data networks the
environmental impacts of mixed and specialized farms were compared, and the factors responsible for a high or low
environmental performance were explored to derive driving factors for an environmentally successful farming.

2 Materials and Methods

Data were derived from the network INOSYS of the French Institut de I’¢levage (Idéle) and the LCA-FADN network of
Agroscope (Hersener et al., 2011), containing farm management data, economic figures and results on environmental
impacts on farm level for 622 and 87 milk and beef producing farms, respectively.

To ensure the comparability of the results, common environmental indicators were identified and used for the analyses:
energy demand, global warming potential, eutrophication and acidification. For comparing the environmental impacts,
reference units both related to the area and to the production were used: ha usable agricultural area (UAA) and kg milk
and beef produced for both networks, as well as MJ digestible energy produced only for the Swiss farms.

As different inputs were considered and sometimes differents methods were used to calculate the environmental impacts
in the two farm networks, the absolute numbers of the impacts calculated could not be compared. Therefore, a
simplified method based on the formation of groups was used. For each indicator analyzed, the sample was divided in
three groups: (1) the best third with 33 % of the farms with the lowest impact; (2) the worst third with 33 % of the farms
with the highest impact; (3) the middle third with the remaining farms.

A score from 1 to 3 was attributed to each group, to lowest score being attributed to the group with the highest impact,
the highest score to the group with the lowest impact. At the end, all indicators were aggregated and the scores of each
farm were summed up. The final scores ranged between 4 and 12, the latter being attributed to farms located in the best
third for all four indicators analyzed. Those farms were classified as “best farms” for the respective reference unit.

In the first step the different reference units were analyzed separately. For identifying the most successful farms, the
results related to the area used were crossed with those related to the production. The resulting scores ranged between 8
and 24. As the number of farms with per score was limited, five groups were formed from the least (score from 8 to 10)
to the best performing farms (score from 22 to 24) and used for the comparison. To evaluate whether mixed farming
systems perform better than specialized systems, three different definitions of mixity, proposed in the Cantogether
working groups, were applied and compared with regards to their environmental impacts (results not shown).

3 Results

For Switzerland, the best performing farms per ha usable agricultural area (UAA) were more extensive farms with a
lower use of external inputs. Typically they were organic suckler cow farms with a low stocking rate at rather higher
altitudes. They had a high share of grassland and a low economic performance. Also in France the best performing
farms per ha UAA were more extensive farms with a low use of external inputs such as concentrates, fertilizers,
pesticides and fuel. They had a larger agricultural area, with more grassland and less maize and generally a lower
productivity than the farms with high impacts.

Per kg milk produced, the best performing farms in Switzerland were rather larger, more intensive farms at lower
altitudes, which combined milk and plant production. They had a higher share in open arable land, a higher stocking
rate and milk yield per dairy cow than the less performing farms. Besides, their total return and income per family work
forces was higher as well. The best performing farms per kg beef produced had a significantly higher stocking rate and
less suckler cows than the less performing farms. They used more external inputs such as diesel and concentrates and
had a higher overall return. As for the best farms in milk production, they tended to be larger with regards to UAA. In
France the best performing farms per kg milk produced had a similar UAA as the less performing farms, with less
maize and grassland, but more arable crops. The beef producing farms had a larger UAA with more maize and a higher
meat production. They generally used less external inputs (nitrogen, concentrates for example) than the best performing
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farms, except for the pesticides, where no difference between the groups was recorded. Combining the results per ha
and per production unit allowed to identify the farms which performed well in both reference units. In Switzerland,
one to eleven farms (depending on the reference unit used for productivity, kg meat, kg milk or MJ DE) reached a score
of 22 to 24. In France, 12 farms reached a score of 24.

In Switzerland, the best performing farms overall were generally at lower altitudes and had a larger usable agricultural
area. For all combinations analyzed the stocking rate declined with augmenting environmental performance (Figure 1).
The best performing farms generally purchased less feedstuffs and concentrates than the less performing farms. Also the
nitrogen fertilization decreased with the environmental performance. The least performing groups had a total nitrogen
fertilization level of around 140 kg nitrogen per ha UAA, the best performing groups exhibited clearly lower values of
80 to 100 kg nitrogen per ha UAA.
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Fig. 1. Nitrogen input and stocking density of the aggregated environmental performance groups in Switzerland
In France, the best performing farms had a larger UAA with less silage maize. They also had a lower nitrogen
fertilization level and a showed lower productivity in terms of milk yield, beef production and cereal yields. The best
performing dairy farms exhibited a higher feed autonomy than the less performing farms. Organic farms were often
among the most efficient farms, environmentally and economically.

4 Discussion

The factors important for a good environmental performance depend on the reference unit used. For low impacts per ha
UAA the amount of inputs, i.e. the intensity of a farm, is decisive. Related to the production, i.e. kilogram of milk or
beef produced, the amounts of inputs used seem to be less relevant. It is rather the efficiency of the production and
therefore the farm management which is decisive.

In designing sustainable production systems it is therefore important to clearly define the goals of a system: a beef
system in alpine areas for preserving the landscape has to be defined differently from a system in the plain region of
Switzerland. Additionally, the recommendations should depend on the product in question: for milk and beef production
different factors were important for a good environmental performance. The mixity of a farm plays a decisive role in the
environmental impacts if there is (1) a good optimization of the external inputs in the farming system and (2) a better
integration between crops & animals (more self-produced feed, more manure recycling and more legumes). A problem
was that no general definition of mixed farming existed. Depending on the definition applied, different conclusions
were drawn. Therefore it is more constructive to concentrate directly on production data when defining a production
system because they reflect a farmer's strategy in relation to its environment, and not economic data which are
dependent on market fluctuations. An important factor seems to be the stocking density: for all combination analyzed in
both countries, the best performing farms had a stocking density of around one, whereas the stocking density of the least
performing farms was rather at two. This could be explained by the impact of the stocking density on many other
factors: A higher stocking density leads to higher nutrient load and requires more feedstuff import to the farm, because
the amount of feedstuff needed cannot be produced any more on the farm.

5 Conclusions

This study gives important hints on what to consider when designing sustainable milk and beef production systems.
Rather than thinking in categories such as mixed or specialized, one should directly focus on the descriptive parameters
of a system. Amongst them the stocking rate could be identified as a crucial factor influencing many others. The
product in question influences the importance of the single parameters and should be considered designing a system.

Acknowledgements. This work has been done within the CANTOGETHER project, grant nr. 289328 of the EU seventh framework programme.
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1 Introduction

It is important to increase the resilience of food production systems in the face of a changing climate, land scarcity, and changing
demographics and market conditions. As farm resilience is a high-level system property emerged from social-ecological interactions,
its direct measurement is difficult because it requires measuring the thresholds or boundaries that separate alternate stability regimes
of the farm system. However, systems' modeling for supporting agricultural resilience is still in an early stage. Through critical
review of state-of-the art literature, this study aims at highlighting the new requirements of agricultural system modeling as they
apply to management for farm resilience, limitations of contemporary agricultural systems modeling approaches, and promising
directions for future research on the field.

2 Materials and Methods

By review of previous conceptual works on socio-ecological systems' resilience, we conceptualized 11 criteria for evaluating models'
suitability for farm resilience studies, which include the capability of the modeling approaches to (1) represent social-ecological
complementariness, (2) have long-term perspective, (3) manage uncertainty, (4) capture global-local linkages, (5) mediating
participation, (6) capture cross-scale feedback loops, (7) explain human behavior including (8) social learning and adaptation, (9)
capture farm heterogeneity, (10) anticipate multiple farm performance allowing trade-off assessment, and (11) sensitive to
biophysical, economic and social drivers. Using these criteria we evaluated a mass primary literature on farming systems models to
assess strengths and weakness of six main farming systems modeling approaches, and conducted comparative analysis across the
methods.

3 Results - Discussion

Farm nutrient balance model accounts farm nutrient balance based on the consideration of major material inputs and outputs. As
several of these fluxes are difficult to measure (e.g., leaching, erosion), transfer functions are commonly used. Internal nutrient flows
between farm production units are also measured (Smaling and Fresco, 1993; Den Bosch e al., 1998a; Den Bosch et al., 1998b;
Lesschen et al, 2007), the popular nutrient balance accounting framework, produces farm nutrient balances and some farm
agronomic and economic indicators. However, due to practical difficulties in measuring nutrient flows tied with soil processes,
balance of soil nutrient reserve are still poorly considered. By capturing farm nutrient balance as a snapshot in time only, the analysis
offers no long-term perspective. This ignores the residuals effects of fertilizer uses, long-term soil carbon cycling, and livestock or
tree production cycles. Although human components exist as system entities and are connected to farm environment via nutrient
flows and management activities, no decision making mechanism is included.

Farm system dynamics model deals with internal stocks (production units of the farm) and flows (nutrients and water), associated
feedback loops and time delays that affect the behavior of the entire farming system. The substantive nature of feedback loops can be
either material or information links, thus create multi-directional cause-effect relationship between biophysical and social
observables (Shepherd and Soule, 1998; Sendzimir et al, 2011). These models can mimick the actual farm components and
interinfluences, thus is perceivable by stakeholders. The models are able to perform nonlinear behavior and dynamic complexity of
the farm in sensitive to change in values of observables. However, the structures of stock-and-flows and feedback loops are
predefined and fixed during simulation runs, ignoring the adaptive farmers' decision on modifying the nutrient network structure to
utilize subsidiary effects among farm components. Thus, the modeling approach cannot model structural adaptation of the farm to
change that is essential in farm resilience. The model also can operate the system dynamics at one aggregated scale and less
capability to capture heterogeneity within and between farms.

Fixed-structure integrated farm modeling frameworks couple the sub-model of static farm nutrient stock-and-flows with those of
soil-crop dynamics and socio-economic processes that allow information exchange for forming feedback loops between farm nutrient
cycles, crop and livestock productivity and socio-economic dynamics (Giller et al., 2006; Giller et al., 2011). However, its limitation
to understanding farm resilience is that: the within-farm interactions and feedback loops are not the subject of farmers’ adaptive
decisions; they are rather fixed and unspecific to nutrient cycle management/design context. Thus, farm’s structural adaptive
behavior to major change in external drivers is not endogenous explained by this modeling type. Multi-agent system (MAS) models
represent the coupled human-environmental system is described through autonomous ‘agents’, which can be defined to represent
actors and acted-upon entities such as households, farm production units, offer a system tool for understanding the complexity of
energy, nutrient and material flows that result from rich interactions and feedback among social and natural processes (Bousquet and
Le Page, 2004; Gaube et al., 2009). As separate loci of control in the human-environment system, agents act autonomously, and
interact with other agents, in an ever-changing system. MAS is strong in supporting interdisciplinary between natural and social
sciences. MAS is based on complex adaptive system theory that is nowadays well-suited for representing ecological systems, social
systems, and human-environmental systems; thus it becomes a paradigm shared by ecological and social sciences (Bousquet and Le
Page, 2004; Scholz, 2011). By mimicking actual entities in the real human-environment system, MAS allows for an intuitive
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representation of the environment and of the embedding of human actors in a socially, ecologically, and spatially explicit setting. As
MAS displays large-scale outcomes that result from interactions and/or learning among individual entities, it allows an adequate
representation of micro-macro relationships and a strong ability to model social learning and adaptation (Kelly et al., 2013).
However, MAS models for understanding farm resilience and transition scenarios is still in a very early stage of development. To be
able to assess farm resilience and support farms’ transition to resilience, MAS models developed have to meet the following key
requirements, which have not been addressed by current MAS research community: (1) capture resilience-relevant properties (i.e.
buffering capacity, critical thresholds and tipping points), (2) model change in slow variables as the endogenous processes, (3)
capture social-ecological feedback loops at different levels, (4) explain farming practices, which create subsidiary linkages between
production units, or between farms as the subject of farmers’ decisions, (5) parsimonious representation of socio-biophysical
processes, (6) appropriate model validation and (7) better contextual robustness (i.e., less dependent on site-specific assumptions,
more applicable to a wide range of contextual variation and management options).
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Table 1. Comparative assessment of contemporary farming system modeling approach with respect to criteria for farm
resilient research. Note: detailed narrative insights of the table cells do not show.

Criteria Nutrient System Bayesian Bio-economic Coupled Multi-agent
balance models dynamics Network models component system models
models models models
Interdisciplinary weak strong medium weak weak strong
Long-term perspective no strong no weak strong strong
Uncertainty management no weak strong no unclear medium
Local-global perspective no no no weak strong strong
Participation mediation weak strong strong weak unclear strong
Multi-scale feedback loops no no no no unclear strong
Actors' behavior no weak strong medium no strong
Social learning and adaptation no no/weak no no no strong
Farm heterogeneity medium medium no weak strong no
Multiple farm performance strong strong no medium strong strong
Driver sensitive
- Biophysical weak weak weak weak/medium strong weak
- Economic weak strong medium strong weak strong
- Social no medium strong weak weak strong

4 Conclusions

Agro-ecosystems modeling has gone through more than 40 years of development. Although a great deal of knowledge and tools
about economic and biophysical processes exist, agricultural system modelling science hardly ever seeks to develop modelling
frameworks and tools to support farm resilience management. The result of our meta analysis found that none of developed farming
system models are sufficient for supporting farm resilience regarding all criteria. The results can serve as a reference matrix that
helps identifying research directions towards supporting the resilience of agricultural systems. Multi-agent systems (MAS) modeling
has appeared as a promising approach for model farming system resilience. Using the above-mentioned criteria we also analyzed the
current limitations of this model family and elaborate possible future developments as subjects of follow-up studies.
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1 Introduction

In Western countries, most farming systems are highly specialized with a strong focus on increasing productivity,
maximum biological control and technological optimization. Nonetheless, these farming systems experience economic
and social difficulties and are confronted with the ecological boundaries of their environment. As a response, there is
increasing attention for a shift in agricultural focus from optimization and control to one on resilience and adaptive
capacity.

Flexibility is seen as an important aspect of a farm’s resilience (Darnhofer ez al., 2010) and can be defined as the room
for change or the degrees of freedom (Lev & Campbell, 1987). It enhances the possibility to react to environmental
changes and is part of the farm’s adaptive capacity. These concepts are well described and operationalized in
management science, but agricultural science focusses mostly on theoretical and conceptual aspects. There is a need to
translate this theoretical knowledge into practical knowledge, so that flexibility can be used as an evaluation criterion
over and above traditional concepts such as efficiency and productivity. The first step is to provide insight in the factors
influencing the farmer’s choice set. In this paper we present preliminary results regarding this insight, investigating the
case of the Flemish beef farming sector.

2 Materials and Methods

We started this research with a comprehensive review of literature, both from the management and agricultural science
domain, to understand the different interpretations and approaches on the concept flexibility. We selected the Flemish
beef farming sector as case study because it is known for its heterogenic characteristics of management systems. This
heterogeneity is assumed to result in a diverse range of flexibility strategies.

Based on literature research concerning flexibility aspects, we constructed a guide book for conducting semi-
structured interviews (Evers, 2007). This type of interview allows you to focus in more detail on interesting aspects
that emerge during interviews. Currently these interviews are being conducted and analyzed, resulting in a first
indication of important factors influencing flexibility.

3 Results — Discussion

There is no scientific consensus on the definition or methodology to analyze flexibility in agricultural production
systems. Authors make distinctions between different types of flexibility or focus on a specific aspect (Astigarraga &
Ingrand, 2011; Ingrand et al., 2004; Lev & Campbell, 1987; Wauters & van Winsen, 2004; Weis C.R., 2001).
Furthermore, different sources of flexibility are distinguished, ranging from input, output, technological and income
flexibility (Wauters & van Winsen, 2004).

In the first phase of this research we do not focus on a single definition or source of flexibility, but approach the topic
from a broad and general perspective. From the first analyses, we were able to extract a range of factors that
significantly influence the flexibility of farm systems. These factors are presented in the first column of Table 1. The
second column briefly illustrates how these factors influence the flexibility of farm systems.

Table 1. Overview of the factors influencing flexibility.

Factor Ilustration / explanation

Governmental  |In the Flemish beef farming sector this is currently a much debated topic. A considerable amount of
policies farmers has to reduce nitrogen deposition in the context of Natura 2000, influencing their
management options.
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Subsidies

Trying to qualify for subsidies requires complying with certain conditions, limiting the farmers
choice set.

Financial resources

Loans from banks usually imply a large amount of money for one type of investment, favoring
scale enlargement. Having own financial resources provides the farmer more decision freedom.

Income
diversification

Focusing on only one income source or product makes farms more vulnerable to external
influences. Diversification increases the range of possibilities to react to these changes.

Marketing channels

Having plural marketing channels enlarges choice options and possibility to react to price or
market changes. There are also several gradations of autonomy in the marketing strategy.

Soil type Type of soil determines for a large part which crops and fodder can be grown, influencing the
flexibility in feeding strategy.
Infrastructure Infrastructure is an important factor for the livestock sector, as it requires large investments.

Overinvestment and -specialization of stables can reduce adaptive capacity.

Machinery can either be very specialized or more general, determining the flexibility of the
production process.

Machine set

Depending on the cattle breed animals are more robust, less susceptible to diseases, require less
supervision and less concentrates. Especially the common Belgian Blue is a breed that requires
specialized management, reducing flexibility.

Cattle breed

The family situation affects available labor force and possible succession. These factors influence
management options and future investments.

Family situation

Attitude farmer Some farmers are very aware of the market situation, try to react proactive and handle risks by

diversification. Others may react more conservative and are rather opposed to innovation.

Interpretation of these preliminary results show that factors are interrelated. For example, the choice of cattle breed may
depend on available subsidies and/or the attitude of the farmer, in turn influencing the infrastructure. Through the
construction of cognitive maps we will gain more insights in these relations. Cognitive maps are qualitative models of a
system, consisting of variables and the causal relationship between these variables (Ozesmi & Ozesmi, 2004).

Typically the revealed factors are not straightforward reducing or enhancing flexibility (Table 1). Their effect is mostly
the result of how farmers deal with these factors. An interesting application of these results is the characterization of
different livestock management models by the way they cope with the different influencing factors.

In the second phase of this research we will compare the gained insight in the interdependencies of the emerging factors
with the scientific literature. As written above, there’s no consensus on how to analyze flexibility. By looking at our
results from these different perspectives we will gain insight in the origin and the different types of flexibility. From the
characterization of management models practical knowledge can be derived, as farmers can learn from more flexible
systems and change their strategies.

4 Conclusions

In this paper we presented an approach to analyze the flexibility of the Flemish beef sector and the factors influencing
this flexibility. We illustrated our approach by some preliminary results. Results showed that factors are interrelated and
that we need a systems approach to analyze flexibility of farming systems. We also concluded that the effect of
influencing factors mainly depends on the coping strategy of the farmer in question, which may lead to a
characterization of different management models. In the next phase we will construct individual cognitive maps of the
factors influencing flexibility for each of the interviewed farmers. Through qualitatively analyzing these maps and
comparing them between different management models, we will gain insight in the origins and the different types of
flexibility.

Acknowledgements. The authors thank Frankwin van Winsen for his contribution and review of this paper.
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1 Introduction

Over 24,000 km” of the Surat Basin in southern Queensland, Australia, has been approved for coal seam gas (CSG)
development (Huth ef al., 2014) and this is driving significant landscape change. While regional scale economic
benefits of CSG development are acknowledged, few studies have evaluated the impact on farmers that must now
coexist in a “shared space” with large-scale resource extraction enterprises (Huth ef al., 2014). Much of this land is
used for a broad range of agricultural purposes ranging from grazing, irrigated and dry land cropping and horticulture.
Incorporation of a resource extraction enterprise into these farm lands requires the addition of extensive road networks,
wells, pipelines, electricity transmission lines, water storages and processing facilities (Fig. 1a). To date, the design of
these mixed gas-farm systems has been undertaken via negotiations between individual farmers and CSG companies
looking to install infrastructure on their farms. Little information has been available to assist farmers in planning and
implementing these significant changes to their farming enterprises. We outline ongoing research that provides insights
on the farm redesign process that looks to maximize the benefits arising from CSG development (e.g. improved cash
flow, investment into the asset base) whilst minimizing the costs (e.g. lost land, decreased yields, impacts on machinery
efficiency).

2 Materials and Methods

Techniques used to evaluate costs and benefits include remote sensing, soil survey, farm economic and production
modelling, GIS and participatory farmer discussions. Information on the impact of CSG infrastructure on machinery
operations has been derived from tractor GPS logs (Fig. 1b). From these, changes in machinery efficiency (Ramin and
Wan Ishak, 2012) have been calculated for well pads inserted into different locations within fields. Imagery from the
ZY-3 Chinese Earth Observation Satellite has been used to study patterns in Normalised Difference Vegetation Index
(NDVI) which can indicate impacts on crop and pasture production due to compaction or site disturbance (Fig. 1c).

Aerial photogrammetry was used to produce a digital elevation model at 20 cm pixel size for a 1200 km” focal region.
From this, a detailed map of water flows around CSG infrastructure has been developed and tested using ground-based
measurements (Fig. 1d, Poulton ez @/, 2015). Simulation of farm production and cash flow are being undertaken with a
farming systems simulation model (Holzworth et a/, 2014). These simulations include reduced production from reduced
cropping area or soil damage from CSG development. Simulations are also used to evaluate possible farm
improvements that could be funded through increased income from CSG compensation payments. These data sets have
been studied in consultation with landholders to understand areas of concern for farmers involving impacts of surface
water flows and erosion, impacts on farm operations and safety, production losses and soil damage.

3 Discussion

Several lessons have risen from the various monitoring efforts and subsequent discussions with farmers. Many of these
involve appropriate ways to position or re-use certain parts of the CSG infrastructure to minimise costs and grasp
opportunities. The detail of these cannot be considered in this brief communication. However, some of the broader
lessons can be summarised as follows:

1. Farmers need to develop a farm or business plan prior to CSG development to drive the CSG farm re- design
processes.

2. Farmers need to be aware of their own values (e.g. financial, family, environmental, agronomic, place identity) and
preferences and understand that the CSG company negotiators may not understand or share these values. They will need
to clearly explain these during negotiations.

3. Individual farmers vary greatly in their values, goals and farm design preferences and so no single design approach
will be suitable. Every farm will need to be designed individually.

4. Spatial information such as those used in this study is useful for informing farmer’s designs, but also in
communicating their ideas or concerns to CSG companies. For example, issues of surface water flows can be hard to
demonstrate apart from during certain weather events. Maps of water flow or crop yields help communication with CSG
staff who may have little experience with a particular farm.

5. Spatial data gathered in this study suggest that negotiations between farmers and CSG companies to date seem to
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have been successful in positioning CSG infrastructure effectively within farms. Most infrastructure has been positioned
in areas of reduced production and with reduced impact on farm operations. This shows that sufficient flexibility exists in
CSG design negotiations to place infrastructure in ways that it minimises impacts on agriculture.
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Fig. 1. (a) Aerial image of a CSG development area. (b) Map of tractor movements around CSG well pads within a field
(c) Map of NDVI for fields in a CSG development area showing pipeline impacts on yield. (d) Modelled accumulated
water flow paths indicating low (cyan) to medium (yellow) to high (red) accumulation overlaid on aerial image.

4 Conclusions

These techniques and the design principles derived from these studies will be of use in other agricultural landscapes
which include a gas extraction industry. Future research will focus on 1) integrating these lessons into a simple series of
design principles that can be used by landholders and 2) identifying areas within the CSG tenements where improved
cash flow from CSG payments could be used to assist in farm improvement.
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1 Introduction

Farm management is a dynamic decision problem that requires a series of more or less independent decisions by the
farmer about how to operate the farm system to achieve his goals. Such operational decision-making is difficult because
it is highly dependent on uncertain factors such as weather, crop and disease development, prices, etc. Other sources of
difficulty are the presence of time gaps between decisions and their resulting impacts, as well as the multiple side
effects of each decision (e.g., preventing or delaying the execution of other decisions). Unlike in the manufacturing
industries, strict production planning in agriculture is therefore not really possible. Operational Decisions (OD) [Idaily
decisions about which actions to carry out next and which modifications should be made to activities intended in the
future[| are thus essential in farm management. It is our belief that by analyzing these decisions, we can better
understand how farmers perceive operational management and cope with uncertainty, which explains, to a large extent,
why performances differ among farmers.

More than only understanding farmer's reasons for a given choice, we must understand the mental process that leads to
this choice, i.e., the decision-making process. Indeed, performance heterogeneity is observed among farmers even if
farm systems are similar. This variability can be explained by differences in the mental process leading to the decision.
Global knowledge of such a mental process is not available although many structuring features such as beliefs, goals,
plans and preferences have long been identified by philosophers and artificial intelligence researchers (Pollock 2006)
who have investigated decision-making foundations.

An initial fundamental step that is reported here concerns the use of interviews with farmers about their decision-
making practices. The analysis of these interviews makes it possible to highlight the aspects that spontaneously arise
from the farmer's discourse and those that are ignored or that remain implicit. On the basis of these outcomes, we plan
to develop a refined interview-based survey to explore the decision behaviors of a larger panel of farmers and to focus
on the aspects that were missing in the first phase.

2 Materials and Methods

Our analysis is based on a systematic examination of interviews to identify the decision-making features that appear
determinant for the farmers, which information sources are looked at, and how they are used in the decision process. We
conducted six interviews of grain crop producers located in the vicinity of Toulouse (in southwestern France). Each
interview lasted from 2 to 5 hours and was recorded and transcribed. Content analysis, using Nvivo software, enabled us
to systematically identify main themes and topics that emerged and to make a frequency analysis of the keywords used.
The interviews are divided into three parts. A comprehensive part based on semi-directive interviews allows farmers to
talk about their farm, their activities and management decisions, their sources of information, their constraints, and the
risks and difficulties experienced in their work. Then, in a more directive part, farmers have to more precisely describe
the nature and timing of their farming practices thanks to calendar-based positioning of management operations. The
final part aims at investigating the role of events (e.g., incidents) in the dynamics of the decision process.

3 Results — Discussion

The interviews confirmed that regardless of the farm and its location, plan-based management, and actual situation
monitoring are essential practices in operating a farm business (Martin-Clouaire and Rellier 2009). Farmers need to
adopt plans for the future in order to allow their reasoning about what to do to extend beyond the present moment and to
coordinate their activities with each other and with those of other farmers in the case, for example, of equipment
sharing. Planning enables rough scheduling of the necessary time, materials and labor through anticipation of crop
needs and threats.

The interviews also showed the need for flexibility and adaptability of the plans. Farmers form and commit to partial
plans that roughly specify the activities that they intend to perform. Flexibility takes different forms. It may lies in the
temporality of the activities declared in the plan. At most, timing is defined with windows of earliest starting time and
latest finishing time (e.g., for sowing activities). The timing of activities may also be limited by temporal relationships
of precedence (weeding before fertilization) or parallelism of execution. Plans may be logically complex; e.g., they can
include conditions that provide them with additional flexibility. For instance, a farmer explained that he usually sows
rapeseed the first week of September with a given technique, but if weather conditions are bad, he switches to an
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alternative technique or delays sowing by two weeks. In this illustration, the flexibility also concerns the resources and
means involved in the realization of the intended sowing activity and the fields potentially targeted by the activity.
Tuning the execution of an activity to the actual situation is a common practice. Indeed, plans are partial because they
concern intended activities in an uncertain future. Thus making a detailed plan at the beginning of the sowing season
would simply be impossible. Having a partial plan makes it necessary to expand and revise it continuously. Expansion
is needed to determine the executable actions that are appropriate in the current situation. Then, revision is triggered by
events recognized as having an importance for management.

A structuring feature of the decision-making process thus concerns the identification and processing of these events. An
event can either be a significant change in state (e.g., beginning of a new crop stage) or the occurrence of an incident
that is external to the farm system (e.g., climatic event) but that affects it. Events are major drivers of change of
intentions, including changes that result in actions to be executed immediately. Events constitute hazards as well as
opportunities. On the basis of the interviews, we identified six types of events primarily defined with respect to:
calendar or management landmarks (e.g., completion of winter wheat sowing), weather (e.g., wind), pest outbreak, crop
development (e.g., harvesting stage), resource unavailability (e.g., the farmer is ill, equipment failure, etc.) and
legislation (e.g., irrigation ban). For example, in the case of nitrogen fertilization activity that requires repeated
applications of fertilizer separated by a time interval, if the first application has been delayed for some reason (e.g., bad
weather), then the subsequent ones must also be delayed in the plan. These events are observed by farmers or reported
to them (e.g., by an adviser) and can be more or less anticipated (e.g., with weather forecasts).

The farmers make operational decisions on the basis of their beliefs about both the current and predicted situations.
These beliefs can result from direct observations or from indicators formed by making inferences from one or several
observations. More generally, farmers process information given to them (e.g., by advisers), acquired through
monitoring activities or available in their memory in order to evaluate the ongoing and upcoming situations. Most
farmers also include this observation (or monitoring) of activities in their plans. The farmer’s decision-making may
consist in selecting the next action to carry out or in formulating or revising a plan and committing to it on the basis of
the situation perceived. But the evaluation is highly subjective and uncertain; it partly relies on uncertain information
but also depends on farmers’ expertise, constraints, goals and preferences. Then, action selection requires resolving
conflicts among competing goals, identifying alternative actions that contribute to the goals and that are coherent with
the plan involved. At this stage, we need a better understanding of the role of farmers’ characteristics (e.g., expertise,
preferences, goals) in operational decision making.
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4 Conclusions

By analyzing empirical data from qualitative surveys, we obtained a preliminary view of how grain crop farmers deal
with operational decision-making. Using this information, we identified areas that require further investigation through
subsequent interviews that we plan to carry out. Expertise role, goal reasoning and preference characterization and
manipulation in an uncertain context are our next investigation priorities.

The motivational role of goals has long been recognized as a driver of decision-making behavior. Surprisingly, goals
often remain implicit in the farmer's discourse, even if the farmer's problem is to frame future actions so as to achieve
some desirable outcomes within a relatively short term. Actually, the justifications provided by the farmers indirectly
point to goals that can be organizational (avoiding labor bottlenecks later on, having winter crop tillage activities
completed by a predetermined date), agronomical (having pests under control), or circumstantial (saving money by
having inputs be replenished before a predetermined date). The dynamics of creation and revision of goals is still to be
examined.

Farmers often have more tasks to perform than they can do immediately. They have multiple information to consider,
numerous goals and wishes to take into consideration, and several ways to move towards the goals. The various goals
and wishes may be in conflict with each other (e.g., relaxing and meeting deadlines). The conflict may be between the
short-term and long-term consequences that have opposite values in terms of their attractiveness, or because some goals
are highly desirable but hardly feasible. Therefore, farmers have to somehow prioritize, which means mobilizing
dedicated knowledge about preferences of various types. Such knowledge and the mental processes that can process
preferences while taking matters of risks and urgency into account are poorly understood at this stage.

Ultimately, understanding how the various decision features are processed to yield operational decisions will require the
exploration of the farmer's bounded rationality (Daydé et al. 2014) that accounts for limitations in the farmer's
information and reasoning powers. The role of farmers’ expertise in this context also needs further investigation.
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1 Introduction

Crop diversification and direct selling can be efficient ways to improve social, economic and environmental benefits of
farming systems (Feenstra, 1997; Ponisio et al, 2014). However, they can increase the complexity of the farming
system management and especially the cropping plan (Aubry et al., 2011, Lanciano et al., 2010) which can be defined
as the acreage devoted to each crop and the spatial and temporal allocation of crops within the farming land along the
production season (Dury et al., 2011). Small size organic market gardens often combine a high level of diversification
and direct selling (Navarette, 2009). The aim of our work was to study the strategies they developed to deal with the
complexity of crop planning.

2 Materials and Methods

We carried out a multiple-case study (Yin, 2009) on 12 organic market gardens in northern France producing from 30 to
80 plant species on an acreage going from 0,5 to 2 ha. These farms sold their vegetables directly to consumers through
different commercial forms: vegetables baskets paid beforehand with a yearly subscription according to the principles
of Community Supported Agriculture (10 farms), vegetables baskets retailed without any subscription (6 farms),
vegetables retailed piece by piece on-farm or in producers markets or shops (8 farms). 8 farms combined 2 or 3 of these
channels. The common characteristic of all these selling channels is that the market gardeners have to provide from 5 to
10 vegetables species every week all along the commercial season which lasts from 7 to 12 months depending on the
farm. We carried out semi-directive interviews with market gardeners about their objectives, situations and practices in
order to get a first global and systemic view of the farm and then we focused on the strategies implemented by farmers
to manage crop planning complexity. We realized an inductive qualitative analysis of the rich collected material (Miles
& Huberman, 1984).

3 Results — Discussion

Among the 12 market gardens, crop planning decision making is a systemic challenge because it has to satisfy
simultaneously 3 main objectives: (i) matching selling requirements, (ii) limiting the complexity of technical
intervention, (iii) respecting rotation criteria to maintain health and fertility of plants and soils. These objectives are
related to commercial, technical and ecological aspects of the farming system. To manage the complexity of this
systemic challenge, market gardeners have implemented organizational strategies at the same 3 levels of their system.
Strategy A is to adapt their selling methods. It relies on the fact that in direct selling channels the producer controls the
way he commercializes his vegetables. Selling vegetables baskets requires to produce every week a precise quantity of
vegetables in right proportions to satisfy the customer whereas in retail selling systems the quantity of vegetables
available every week and their proportion has not to be as precise. Some market gardeners choose to sell only through
retail selling systems to be more flexible. Other use a retail selling system as a commercial buffer in combination to a
vegetables baskets systems. In this case they can be less precise about proportions and quantities of vegetables sold in
baskets because excess vegetables can be sold through the retail selling system. Some farmers use the heterogeneity of
consumer’s tastes to get more flexibility in planning species proportions in vegetables baskets systems. Instead of
selling all baskets with the same proportion of vegetables, they can make baskets with different vegetables and different
proportions and ask consumers to choose between them. They also can promote exchanges of vegetables between
consumers if some of them wish a bigger or a smaller proportion of some vegetables.

Strategy B is to differentiate planning requirements in relation to the commercial function of the crops. Some crops are
considered as “key vegetables” because they are strongly expected by consumers at different times of the year. The
sowing or planting of these vegetables is therefore planned before the production season with safety margins. On the
other hand, some vegetables may be not specifically expected by consumers but bring diversity to the commercial offer.
These “complementary” vegetables can be planned with less safety margins and some of them may be planned not
before but along the production season depending on opportunities. It is especially the case of short cycle species
vegetables which can be sown/planted when there is an available surface area between two long cycle vegetables. When
required these short cycle vegetables can also be sown/planted in multicropping with long cycle vegetables. The
proportion and nature of vegetables considered as “key” or as “complementary” vary among farmers and have an
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impact of the level of flexibility they can get from this strategy.

Strategy C is to aggregate crops in similar management groups. It involves the determination of aggregation criteria to
create groups of species which will be grown in the same space. Instead of thinking the spatial allocation of every
species, the farmer has only to think the spatial allocation of a few groups. In the studied farms, the market gardeners use
various grouping criteria: botanical family, cropping season (spring, summer, autumn or winter crops), irrigation or
fertility needs (high demanding, medium demanding and low demanding). These criteria make both spatial allocation
of crops and technical management easier.

Strategy D is to differentiate the importance of phytosanitary criteria in rotations according to species and other
ecological technics at the farm level. It consists in being strict in the rotation criteria for some crops considered as
“sensitive” for sanitary reasons and to be more flexible or even not to use any rotation criteria for other crops
considered as “less sensitive”. The market gardeners can release the pressure on rotation criteria because they
implement a lot of other ecological technics at the farm level to promote the global immune function of the
agroecosystem: high diversity of species and varieties on a small farm, use of resistant and locally adapted varieties,
growing green manures with sanitary properties, multicropping, creation and management of ecological infrastructures
such as ponds, hedgerows, woodlands, grass stripes, agroforestry. The nature and proportion of plants considered as
“sensitive” or “less sensitive” vary among farmers and have an impact of the level of flexibility they can get from this
strategy.

These 4 organizational strategies are not implemented and combined the same way among the farms (Table 1) but have
been mentioned by farmers as allowing them to reduce the complexity of crop planning.
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Table 1. Combination of crop planning strategies among the 12 studied farms (X means “presence’)

Farm
1 2 3 4 5 6 7 8 9 10 11 12
a A X X X X X X X
2 B X X X X X
g C X X X X X X X X X X X X
wn D X X X X X X X X

In this study we have not associated these strategies with the economic, social and environmental performances of the
farms. A multi-criteria assessment and more interviews could be carried out in order to determine in what extent certain
strategies or combinations of strategies impact the performances of the farming system.

4 Conclusions

Innovative strategies have been developed on very diversified direct selling market gardens to manage the complexity
of crop planning. These strategies can be combined and are implemented at different levels of the farming system:
commercial, technical and ecological. They are mainly based on the opportunity farmers have to control their
commercial methods in direct selling systems and on the sanitary advantage that a high level of plants diversity can
bring to the farming system when associated with other ecological technics. This multiple-case study show that crop
planning complexity has to be addressed as a systemic level and describe 4 strategies developed in the specific field of
organic market gardening. Further investigation would be required in order to see in what extent these strategies could
inspire the design of other types of farming systems such as cereal cropping or breeding farms.
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