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Introduction 
AGREV 3 (Agriculture Environment Vittel), as research-action project (RAP) (Hatchuel et al., 2000), consists 
to preserve a mineral watershed under 6200 ha of agricultural land. To be labelled as natural mineral water, the 
water cannot contain more than 10 mg of nitrate L-1 and must not contain pesticides residues. In order to reach 
these goals, Agrivair (a Nestlé Waters entity) challenged INRA (French National Agronomic Institute), to 
imagine, to help to implement and to evaluate a re-designing of the agricultural practices and landscape to allow 
a valuable farming in the watershed and to keep capacity to produce mineral water on the long term.  
The AGREV3 objective was threefold to (i)understand the relationship between farming practices and the 
nitrate rate in ground water, (ii)identify and test the practices necessary to reduce or maintain the rate of nitrates 
at the desired level rate, (iii)re-build and optimize the nitrogen cycle at different scales (field, farm and 
watershed). Since the first stages of our project (AGREV 1 & 2) in 1989, we propose an RAP framework to 
provide a useful and stimulating tool for farmer and Agrivair to preserve water resource and farming systems.  
 
Materials and Methods 
1. Tackling With The Research Protocol 
The evolution of farming practices within the watershed responded mainly to the international food market and 
CAP regulations which are constantly moving. So, our research-action program has to be so continuously 
adapted to the current wishes of the farmers with a stable goal, improving the water resource quality. The 
demand to improve and adapt their different practices brings back many agronomical questions to solve at the 
landscape level of the watershed. The dialogue between the farming community and Vittel mineral enterprise, 
through the establishment of AGREV program, invited farmers to participate to build the research action 
program and to identify acceptable conditions for new production systems that would be compatible with 
Vittel’s objectives and the long term evolution of their farming systems through their multiple objectives 
including food security, adequate cash income and social security. Thus an actor oriented perspective lead us to 
expect a range of responses to the promotion of a new agricultural landscape and agricultural technology. 
2. Involving In The Data Acquisition And Mining Processes 
a. Understanding the farming systems dynamics: why farmers do what they do at different scale of time and 
space? 
The landscape designed by farmers reveals at various scales logical processes and driving forces related to the 
soil, climate, logistic management, and economical pressure whose understanding is a major challenge for 
landscape agronomists (Benoît et al., 2012). So, we try to deliver operative knowledge to the main landscape 
managers: the farmers and their organizations (Deffontaines et al., 1995; Cavazza, 1996; Benoît et al., 2007). 
b. Identifying, testing, and validating the management practices to reduce the nitrate leaching through on farm 
innovation required a precise knowing of the spatial organization of farming practices and impacts. Thanks to 
our territorial diagnosis, we design within 24 farmers’ field’s experimentations with 170 ceramics cups and a net 
of 20 springs related to 20 characterized watersheds. This allows us to evaluate the water quality induced by 
their practices. We build this net of on farm innovation fields to be representative of the diversity of the farming 
practices, landscape patterns and soil characteristics of the watershed.  
Those exchanges will allow us to promote technical systems which create the best nitrogen efficiency. This 
works aim to establish several different scenarios at the watershed scale to validate, with the farmers and 
watershed managers, the appropriate sectors. We are currently trying to lead to a win-win situation both for 
farmers and watershed managers.   
3. Thinking About The Type Of Results Dissemination 
The RAP leads to (i) a better understanding of their practice and also on the reason conditioning their farming 
practices, (ii) improve the spreading of best management practices. The knowledge supplied by the formal 
research becomes raw material for farmer experimentation. Thus, from an actor oriented perspective, farming 
practices re-design is a complex, multistranded, and multidirectional process, involving many actors other than 
scientist in the formal research system. Moreover, the emergence of particular strategies depends on coalitions 
which combine their resources to push for a particular pathway of technical change. These “coalitions building” 
involve many diverse actors and dissemination ways. 
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Results and Discussion 
The evolution of nitrogen leaching has been measured since 1988 with ceramic cups collecting system. All of 
these trials give us more than 4000 measurements points on 10 different crops. A classification of the crops  and 
amounts of farmyard manure applied according to their nitrate leaching level was done. All the measurements 
on plots, crop rotations, and precise data of agricultural practices build a territory agronomically well informed 
through a global farmland observatory. The eighteen years of on-farm’s innovation trials allows to understand 
the trends of water quality and to contribute to changes in the use of the lands from the watershed. This 
methodological process is based on the idea of crop succession and observatory fertilizing practices, used as an 
indicator of the organization of the farming space and time (Xiao et al., 2014). One of our previous researches 
AGREV 1 & 2 led to the following prescriptions which are currently respected by the 30 farmers on the 
watershed to maintain a rate of 10 mg L-1 of N-NO3

-:(i) Giving up maize production for animal feed (ii) 
Maintain producing pasture (iii) Reducing stacking rate to a maximum of one livestock unit per hectare (iv) 
Composting animal farmyard to achieve an optimal application in quantity and time within the fields, and 
mainly on the grassland (v) Giving up agrochemicals (no pesticides), (vi) Promoting technical solutions to 
optimized nitrogen use within the territory. 

 
Conclusions  
All of these rules have to be improved with our current new results and the farmer advice. Our presentation aims 
to show the methodology to be applied in order to share our approaches with other European researches in this 
way. To encourage the best agronomic management practices, we work on establishing several different 
scenarios at the watershed scales to validate, with the farmers and watershed managers, the best global solutions 
to lead to a win-win situation both for farmers and watershed managers.  By our work we aim to build a 
participatory research that leads to:(i) understand the entire system and farmer perspective, through a common 
research question, (ii)develop appropriate agricultural technology through a common research protocol, (iii) 
actively involve the farmers in the entire farmer participatory research process, focusing on data acquisition and 
mining processes (Conducting the research in farmers’ fields), facilitating and providing new idea and/or 
unknown technology to the farmers, promoting innovative methodologies and flexibility, (iv) think about the 
type of results dissemination,(v)build a continuous re-design of  questions on the future of this water landscape. 
 

Acknowledgements  
We would like to thanks all the farmers and Agrivair for their constant help and questioning.  
  

References  
Benoît M. – Rizzo D. – Marraccini E. – Moonen A.C. – Galli M. – Lardon S. – Rapey H., – Thenail C. – Bonari E.: 2012. Landscape agronomy: a 
new field for addressing agricultural landscape dynamics. Landscape Ecology, 27(10):1385–1394.  
Benoît M. – Mignolet C. – Herrmann S. – Rizzo D. – Moonen C. – Barberi P. – Galli M. – Bonari E. – Silvestri N. – Thenail C. – Lardon S. – Rapey 
H. – Marraccini E. – Le Ber F. – Meynard J.: 2007. Landscape designed by farming systems: a challenge for landscape agronomists in Europe. In 
Farming systems design 2007, International symposium on methodologies on integrated analysis on farm production systems, Catania, Italy, book 1-
Farm-regional scale design and improvement, pp. 137–138. Eds M. Donatelli, J. Hatfield and A. Rizzoli. 
Deffontaines J.P. – Thenail C. – Baudry J.: 1995. Agricultural systems and landscape patterns: how can we build a relationship? Landscape & Urban 
Planning, 31:3–10. 
Fowler D. et al.: 2013. The global nitrogen cycle in the twenty-first century. Philos. Trans. of the Royal SocietyLondon, Series B 368:20130164. 
Hatchuel  A.L.:  2000.  Recherche,  intervention  et  production  de  connaissances.  Conferences et  Ateliers,  pp.  27–40. 
Ledoux E. – Gomez E. – Monget J.M. – Viavattene C. – Viennot P. – Ducharne A. – Benoit M. – Mignolet C. – Schott C. – Mary B.: 2007. 
Agriculture and groundwater nitrate contamination in the Seine basin. The STICS–MODCOU modelling chain. Science of the Total Environment, 
375:33–47.  
Xiao Y. – Mignolet C. – Mari J.-F. – Benoît M.: 2014. Modeling the spatial distribution of crop sequences at a large regional scale using land-cover 
survey data: a case from France. Computers in Electronic Agriculture, 102:51–63. 

 
 
 
 

  



                                14th ESA Congress  5–9th September 2016  Edinburgh, Scotland 
      

 3

 
INTENSIFYING FORAGE-LIVESTOCK SYSTEMS: TRADE-OFFS BETWEEN 
FOOD SECURITY AND INCOME  
 
Skye GABB 1, 2 – Lindsay BELL 1 – Edi BASUNO 3 – Di PRESETWIDGE 1 – Julian PRIOR 2  

 
1 Agriculture, CSIRO, Toowoomba, QLD, Australia, Email: skye.gabb@csiro.au 
2 School of Environment and Rural Science, University of New England, Armidale  
3 Indonesian Centre for Agricultural Socio-economic and Policy Studies, Bogor 

 
Introduction  
Sustainable intensification of crop-livestock systems requires production of more food and animal products 
without using more land, water or other inputs. Integrating forage legumes into farming systems can contribute 
to such intensification. However, the impact of forage legumes varies with social, economic and agro-ecological 
factors. This research explored the trade-offs and impacts of forage legumes, identifying optimal management 
strategies and target farm typologies. 
 
Materials and Methods  
This case study of maize-cattle farms in West Timor, Indonesia, assessed forage legumes impacts for six farms 
with different soils and climates. Each characterised household grew and then assessed Butterfly pea (Clitoria 
ternatea) using a resource flow diagram. This informed the scenario matrix analysed using the bio-economic 
model, the Integrated Analysis Tool (IAT) (Lisson et al., 2010). The ten year simulations assessed two forage 
options; (a) replacing increasing proportions of maize-cowpea intercrops with a maize-butterfly pea relay, or (b) 
a butterfly pea permanent stand; and two levels of cattle ownership, (a) current levels or (b) double breeder 
numbers.  
 
Results and Discussion  
Legume management, cattle ownership and arable cropping area influenced the impact of forage legumes on 
whole farm income. Permanent stands were more profitable than relays; returning on average 1,512,000 
IDR/year per 0.1 ha planted compared with 1,403,000 IDR/year. However, the economic advantage of a 
permanent stand over a relay was only evident when at least 40% of the maize-cowpea crop was replaced, 
below this the difference in additional income was less than 10% (Figure 1). If 40% of a maize-cowpea crop 
was replaced by a permanent stand, food self-sufficient households experienced grain deficits (Table 1). While 
income was still above baseline levels after grain deficits were met, the cash balance of permanent stands and 
relays were similar. In fact, a permanent stand was only superior when breeder numbers were doubled and large 
areas were planted. Consequently, for the majority of situations a relay provided equivalent benefits without 
compromising maize grain self-sufficiency.  
 

 
Figure 1. Change from baseline whole farm income for current levels of cattle ownership for two farms (Camplong and Oenay) when 

legumes were planted as a permanent stand (—) or relay (- - -). 
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Table 1. Food self-sufficiency and change from baseline whole-farm income where 40% of maize-cowpea crops were replaced with a 

maize-butterfly pea relay (Relay) or a butterfly pea permanent stand (Permanent) for six village farms 
 

 
Cattle 
herd 

(Cows) 

Maize 
(ha) 

Maize self-
sufficiency 
(kg/year) 

Maize self-
sufficiency 
(kg/year) 

Change from baseline whole-farm 
income after meeting food 
security (‘000 IDR/year) 

Baseline cows Double cows 
Village 
farm 

Baseline Relay 
Perm 
anent 

Relay 
Perm 
anent 

Relay 
Perm 
anent 

Food Self-Sufficient 
Camplong 12 (4) 0.93 305 305 -69 1,960 1,938 6,093 8,204 

Uel 1   (1) 0.40 96 96 -86 547 468 3,327 2,800 
Manuali 4   (2) 0.05 15 15 -9 416 454 2,264 2,294 
Oenai 1   (1) 0.36 42 42 -131 1,018 757 2,397 1,819 

Non Food Self-Sufficient 
Ekateta 6   (2) 0.35 -190 -190 -330 1,373 1,155 2,145 1,466 

Kesetnana 2   (1) 0.51 -198 -198 -443 502 -604 1,777 576 

 
Despite this, farmers prefer permanent stands because of lower labour requirements and concerns that relays 
would reduce grain production. Consequently, they may prefer a small permanent stand that doesn’t 
compromise food self-sufficiency. However, the financial returns of this option would depend on herd size, with 
income increasing more for ≥ 6 cattle (1,500,000 IDR/year) than for ≤4 cattle (900,000 IDR/year). 
 
Conclusions  
Forage-livestock intensification mainly benefits food-secure households with high resource endowments, while 
the trade-offs for poorer food-insecure households are too large. Forage-livestock intensification that minimises 
trade-offs and labour inputs is more likely to achieve the potentially large economic benefits.   
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Introduction 
The challenge facing agriculture of producing more whilst impacting less is real and immediate. For success it is 
crucial that researchers, farms and the supply chains engage effectively. Knowledge exchange must become a 
multi-way process including increased interaction between the researcher and the farmer. Thus far, any 
extrapolation between small (science) and large (industry) scales has entailed large untestable ‘leaps of faith’; 
the two communities have worked at different scales, with different concepts for the analysis of crop 
performance and different standards of proof. We contend that what is needed is a shared interest in the 
challenges and constraints faced in the field.  
ADAS recently established an ‘Agronōmics’ initiative to develop common concepts, metrics, targets and 
techniques that could enable joint analysis of crop performance – in terms of both productivity and sustainability 
– by farmers and researchers. Traditional crop research employs experimental designs that minimise effects of 
uncontrolled environmental variables so that responses (e.g. in yield) to controllable inputs (seed, tillage, 
fertilisers, pesticides) can be tested. However, the area of these small plot trials commonly restricts their 
relevance to one site and, while their small scale may optimise internal precision and accuracy of the test, it 
limits wider relevance of the results.  
We propose that, over and above the scientific challenges at lab scale, there are big opportunities for science in 
investigating the multiple variables and emergent properties affecting translation between small and large scales; 
not least amongst these are the interactions between agronomic innovations – new germplasm, chemistry or 
machinery – and soil. Research is needed to understand such interactions but current dependence on small-plot 
trials generally proves inadequate for this because ‘sites’, even if there are many, confound many factors with 
soil, especially climate and farming system. However, technologies for on-farm automation (‘precision 
farming’) now provide opportunities for quantitative phenotyping at field and farm scales, and also (critically) 
they provide new understanding of spatially variable factors, particularly soil.  
We have identified five key challenges necessary to support an ‘Agronōmics’ approach: (i) acceptance by 
farmers and scientists of common concepts for explanation of crop performance, such as ‘resource capture’; (ii) 
motivated and co-ordinated networks of farms that embrace regional and landscape dimensions; (ii) more 
precise and accurate farm machinery; (iii) new spatially-referenced statistical techniques for modelling and 
testing on-farm data at intra-field scale; and (v) facilitating software.  
 
Materials and Methods 
A farm research network was developed called ‘LearN’ to study nitrogen (N) nutrition of wheat. Conventional 
and tramline trials were established on each farm testing standard, low (-60 kg ha-1) and high (+60 kg ha-1) rates 
of fertiliser N. Through ADAS’s Agronōmics Project, tramline trials were supported by detailed treatment and 
harvesting protocols, bespoke software, and spatial statistics that enable location-specific establishment, 
treatment and harvesting of sub-tramline areas, transfer and storage of data in standard format, data cleaning (to 
remove outliers), identification of combine run, direction and position, correction for time lags and GPS drift, 
location of treatments and wheelings, and calculation of means and variances for combine runs, tramlines, and 
sub-tramline blocks. ‘Spatial Discontinuity Analysis (SDA)’ was devised (Rudolph et al., 2016) to test 
differences across a treatment boundary, and whether these varied longitudinally i.e. due to soil.  
 
Results and Discussion 
Yield maps of example tramline trials are shown in Figure 1. Spatial variation within fields was generally larger 
than the effects of imposed treatments. SDA showed effects at tramline scale to have detection limits between 
0.05 and 0.8 t ha-1, dependent on the quality of the yield data and the unmodelled spatial variation. The more 
precise trials also identified significant soil x treatment interactions.  Adjacent conventional small-plot trials 
gave LSDs between 0.34 to 1.8 t ha-1.   
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Figure 1. Three example yield maps from commercial harvesters showing effects of low (L), standard (S) and high (H) N treatments applied 

by farm spreader.  Yields increase from red to blue. 

 
Conclusions 

Whilst the quality of data from yield monitors and statistical approaches could both be improved, and further 
validation is required, comparable precision can be achieved in tramline-scale comparisons as in small-plot 
trials. We conclude that wider adoption of an Agronōmics approach offers powerful opportunities for both farms 
and researchers to work jointly on questions that matter to both, at a scale that is relevant to commercial 
cropping, and that enables new understanding of soil (and other spatial) interactions.  
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Introduction 
Farming systems are complex structures with several dimensions interacting in a dynamic and continuous 
manner. This complexity peaks in semi-arid regions of India, where small farms encounter a highly competitive 
environment for markets and resources, especially unreliable access to water from rainfall and irrigation. To 
represent farmers’ management strategies in this environment, we propose the model NAMASTE, which was 
conceived and based on data collected in the Berambadi watershed in southern India. 
 
Conceptual Approach 
The farm system is divided into three interactive sub-systems: i) the decision sub-system (manager or agent), 
which describes the farmer’s decision process; ii) the operating sub-system (technical system), which translates 
the decision orders into action execution and dynamics of farm resources; and, iii) the biophysical sub-system, 
which describes interactions between physical and biological elements, in particular the relations between 
ground water, soil, and plant growth and development (Le Gal et al., 2010). The farm system interacts with an 
external system that simulates pressure and conditions in the farming environment such as rainfall (Weather), 
market prices (Market), electricity service (Electricity) and the village source of labor and equipment (Village). 
The model is implemented in the RECORD platform (Bergez et al., 2013). 
 
Dynamic Functioning 
Farmers make decisions at different stages of the decision-making process: 
1. Yearly Loop, Beginning Of The Year: Farmers decide whether to invest in irrigation equipment and select 

the corresponding cropping system that will ensure the best income for their long-term climatic and price 
expectations.  

2. Seasonally Loop, Beginning Of The Season: Farmers integrate new observed knowledge about climate and 
prices so that the cropping system initially selected in the strategic stage may no longer best optimize their 
income. They review their crop selection and match the best practices to obtain the best cropping system for 
the known farming conditions.   

3. Daily Loop, Every Day Over The Entire Season: From the cropping system selected in the tactical stage, 
farmers decide and adjust their daily crop operations in each plot depending on climate conditions and 
resource constraints. 
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Figure 1. Sequence diagram of a NAMASTE simulation. 

 
Uses of the Model 
A baseline scenario was developed to simulate current farming practices. Scenarios with changes in climate, 
groundwater table, and government subsidies were developed to predict their impacts on cropping systems and 
the water table.  
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Introduction  
Integrated crop protection tolerates residual weed floras if they are not harmful for crop production. These 
weeds can host harmful crop pests, among which parasitic plants such as broomrape (Phelipanche ramosa). 
They can also contribute to reduce soil erosion as well as nitrate and pesticide leaching. To evaluate these weed 
impacts of management practices ex ante, we developed indicators for the weed dynamics model FLORSYS 
(Colbach et al., 2014) and then used the model to predict weed-mediated broomrape risk and environmental 
benefits in cropping systems from five French regions. 
 
Materials and Methods  
FLORSYS is a virtual field on which cropping systems can be tested. It predicts indicators of weed impact on 
biodiversity and production (Mézière et al., 2014). Here, several new indicators were developed (Table 1). For 
instance, for the potential weed contribution to reduce soil erosion, the potential rain interception by weeds is 
calculated each dayby summing the relative light interception (as a proxy for rain interception) for each plant p 
of each weed species w: ݀݁݁ݓܫௗ ൌ ∑ ∑ ௪௣ௗ௣௪݊݋݅ݐ݌݁ܿݎ݁ݐ݊݅	ݐ݄݃݅ܮ . The daily interception Icropd by 
crop plants is calculated on the same principle. For a given cropping season, the indicator value Ierosion is the 
sum of days from crop harvest h to harvest h+1 with Iweedd > 0.1 and Icropd < 0.2.  
Then, 246 arable cropping systems from five French regions (Aquitaine Burgundy, Lorraine, Paris Basin, 
Poitou-Charentes) were simulated over 27 years and repeated 10 times with randomly chosen regional weather 
series.  
 
Results and Discussion  
Antagonisms and synergies between weed-impact indicated were analysed with Pearson correlation coefficients 
(Table 1). For instance, weed-mediated broomrape was positively correlated to weed-based food offer for bees 
and carabids, and, to a lesser degree, to vegetal biodiversity, field infestation and weed-mediated environmental 
benefits. Then, regression trees were used to quantify the effect of cultural practices on weed-impact indicators 
(Fig. 1).  
 
Conclusions 
There tended to be an antagonism between weed-mediated environmental benefits and biodiversity on one hand, 
weed-mediated pests and harmfulness on the other hand.  Additional analyses and simulations will be necessary 
to design innovative cropping systems that reconcile high weed benefits with low harmfulness. 
 

Table 1. Examples of antagonism (in bold) and synergy between weed benefits and harmfulness. Pearson correlation coefficients between 
weed-impact indicator values of 246 cropping systems averaged over 27 simulated years 

 
New 

Weed-
Impact 

Indicators 

Vegetal 
Biodiversity: 

Species 
Richness 

Weed-Based Food Offer For Weed 
Harmfulness: 

Field 
Infestation 

Weed-
Mediated 

Pest: 
Broomrape

Weed-Mediated 
Environmental 

Benefits 
Birds Carabids Bees Erosion 

Protection 
Reduced 
Pesticide 
Leaching 

Broomrape 
Risk 

0.55 -0.02 0.64 0.82 0.45 1.00 0.49 0.45 

Erosion 
Protection 

0.50 -0.15 0.37 0.64 0.20 0.49 1.00 0.45 

Reduced 
Pesticide 
Leaching 

0.56 0.07 0.48 0.62 0.61 0.45 0.45 1.00 
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$ All coefficients were significant at P=0.001 

 
Figure 1. Identification of combinations of cultural practices that affect weed-mediated broomrape risk. Regression tree of indicator values 

of 246 cropping systems averaged over 27 simulated years. 
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Introduction  
Satisfying the growing demand for agricultural products while improving N input efficiency in Mediterranean 
cereal systems (Hochman et al., 2013) will require significant change in cropping systems structure and 
management. Our hypothesis, developed from the concepts of eco-efficiency (Keating et al., 2010) is that it is 
possible to obtain a better compromise between production and resource efficiency by adopting transformational 
technologies, such as changing genotype or by temporal and/or spatial diversification of crops. In this study, the 
hypothesis is tested on rotation as a temporal complexification of a cereal system structure. We addressed the 
following question: does crop rotation allow for a better trade-off between nitrogen efficiency and yield of 
Durum wheat in farmers’ conditions and how far can it compensate for the reduction of area allocated to wheat? 
 
Materials and Methods  
We introduced in the efficiency analysis two intermediate variables between nitrogen supply and grain yield in 
order to establish a four-quadrant diagram (Fig 1). Nitrogen uptake was used, on the right of this diagram, to 
separate the efficiencies of resource capture and resource conversion (De Wit, 1992). On the left, N-efficiency 
was introduced as intermediate variable, in order to visualize trade-offs between efficiencies and production or 
input. In each quadrant we established boundary curves which represent the maximum achievable performances 
(yield, N uptake, N efficiency) when the input (here N fertilizer) is the only limiting factor. This framework has 
been tested on 432 “agronomic situations” (climatic year, previous crop and N rate) of Durum wheat in farmers' 
fields representative of the diversity of farmers practices in four regions of Tunisia.  
 
Results and Discussion  
Nitrogen capture by Durum wheat is benchmarked against boundary curves that represent achievable nitrogen 
uptake when nitrogen supply is the only limiting factor (Fig 1.A).These boundary curves were significantly 
different according to the preceding crop. The highest achievable N absorbed was found for irrigated wheat 
grown after vegetables (CM_Dwi), followed by rainfed wheat grown after legumes (LG_Dwr). In contrast, the 
lowest achievable N absorbed was found for rainfed wheat in a cereal-wheat rotation (CE_Dwr), revealing the 
poor N-capture potential of rotation sequences based on cereals only. Our method of estimation of N absorbed 
(Fig 1.B) does not allow discussion of the effect of the preceding crop on the efficiency of N conversion into 
grain but experimental data showed that this factor does not break the proportionality of yield to N absorbed. 
The equations of boundary curves of quadrants A and B allowed us to establish the trade-off curves between N 
efficiency and an objective of grain production (Fig 1.C) or of N fertilizer use (Fig 1.D). They show that in 
cereal-based systems of Tunisia high N efficiency can be obtained but only with low level of fertilization and 
grain yield. Changing the preceding crop into legume does not change this tendency but creates a new efficiency 
frontier which allows both an increase in Yield and N efficiency (Fig 1.C), especially if the level of N fertilizer  
used on this area has to be limited for environmental purposes (Fig 1.D). In irrigated systems, where wheat is 
grown after vegetable, these shifts in the efficiency frontiers are sufficiently high to compensate for the 
reduction of Durum wheat area in a 3-year rotation, especially at low level of N fertilization.  
 
 



                                14th ESA Congress  5–9th September 2016  Edinburgh, Scotland 
      

 12

 

Figure 1: Four-quadrant  diagram  to analyze nitrogen efficiency according to rotation type:CM_Dwi: irrigated wheat after crop vegetable, 
CE_Dwr: rainfed wheat after cereals, LG_Dwr: rainfed wheat after legumes. 

 
Conclusions  
This four quadrant framework allows to combine process-based (right part) and design oriented (left part) 
analysis of food production vs. resource use in cropping systems, making use of easy to access data in farmers 
fields. It showed the breakthrough which can be obtained in high production-low N input cereal-based systems 
through crop diversification and irrigation. Nevertheless, the level and frequency of N absorption efficiency 
gaps for each preceding crop suggest that there are other crop management factors to be taken into account in 
farmers’ fields. 
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Introduction 
Informal irrigation schemes are those developed by individual farmers or communities, which represent the vast 
majority of irrigation in most West African countries like Ghana and Senegal (IWMI 2007). They are 
characterized by limited knowledge and skills in irrigation farming, and lack of sufficient support services from 
extension services and other advisory systems so as to realize its full potential. Therefore farmers are 
experimenting to find out appropriate agronomic practices, on-farm water management or irrigation techniques, 
and crop protection practices on their own. Thus irrigation scheduling, which concerns the farmers’ decision on 
“how much” water to apply and “when” to irrigate so as to maximize crop profit, is not properly conducted, 
since it is a very complex decision making process requiring specific knowledge on crop water requirements and 
irrigation methods and equipments. The development of an ICT-based irrigation advisory service would be a 
major breakthrough for West African agriculture, since it will advice farmers on their crop irrigation needs and 
irrigation scheduling, as well as on the most suitable irrigation technologies. IRRIWEST Project is a 
collaborative three-year project approved on the 2012 call for proposals of the African Union Research Grants 
Program. IRRIWEST Project is aimed at enhance irrigation practices in order to optimize water resources 
management and increase agricultural productivity in West Africa, contributing to increased food security and 
poverty reduction strategies through the testing and transfer of ICT and innovative irrigation advisory services. 
The project is focused in Ghana and Senegal, and has embraced the following main research activities: (i) 
Develop and adjust a soil water balance model for determining irrigation requirements of crops such as rice and 
vegetables; (ii) Design, development and implementation of a sensor network for monitoring environmental 
parameters; (iii) Design, development, implementation and testing of an ICT-based irrigation advisory service. 
(iv) Build on target stakeholders’ capacities in irrigation and ICT technologies and foster replicability to other 
African regions through wide spread dissemination of the project outcomes 
 
Materials and Methods 
Six pilot fields were selected: 4 in Ghana and 2 in Senegal. A sensor network capable of monitoring key 
environmental parameters at the pilot fields of Ghana and Senegal was implemented, in order to use the 
obtained environmental data for determining crops’ water needs. An ICT-based irrigation advisory web-
platform was implemented according to the information of the pilot fields of Ghana and Senegal and based on 
FAO56 soil water balance models. The software application has been developed employing the following 
components: Internet Information Service (IIS) as the web server; Microsoft SQL Server as the relational 
database server for the management of the information stored in the database; Visual basic as the programming 
language; API (Application Programming Interface) of Google maps as the visualization tool; SOAP (Simple 
Object Application Protocol) for the development of the interface to access data measured by the sensor network 
deployed at the 6 pilot plots. The implementation embraced the integration of the sensor networks and the ICT-
platform, and testing of communication and data transmission between the sensor networks deployed at the pilot 
fields and the ICT platform. During 2015 and 2016 campaigns the software was evaluated, and field data was 
collected at the pilot fields in order to adjust some parameters of the FAO56 soil water balance models. 
 
Results and Discussion  
The IRRIWEST Irrigation Advisory Service (IAS) is a multi-language web-based platform, available in English 
and French.   The IRRIWEST IAS is based on the FAO56 soil water balance models. More specifically, the IAS 
includes the two approaches of FAO56 model for the estimation of water balance: FAO 56 Single crop approach 
(Kc) and FAO56 Dual crop approach (Kc=Kcb+Ke). The general structure of the application is organized into 
five main modules: Irrigation Advisory Service module; Meteorology consultation module; Reports module; 
Users’ management module; Masters’ management module. The IRRIWEST Platform embraces five different 
user profiles whose permissions are as follows: Super administrator; Administrators; Advanced users – 
associations / cooperatives; Advanced users – S&T agents; Normal users. The system provides registered users 
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with a notification service on irrigation recommendations via SMS and/or email. Although the standard SMS 
and email notification service sends irrigation recommendations for 1 day, 3 days and 7 days irrigation 
frequency, the user can configure the frequency of notifications according to its crops’ irrigation frequency. In 
addition the notification service sends notifications to the users when their crops are out of season, so as to 
inform them about the end of the service for that irrigation campaign. It is worth noting that the SMS and email 
notification service is configured to send the notifications in French to Senegalese users and in English to 
Ghanaian users. The IRRIWEST Web Platform provides registered users with an email notification service for 
weather warnings. The user is able to set up the desired weather warnings in the IRRIWEST Web Platform and 
the preferred frequency for the email notifications (once a day or once a week). 
 
Conclusions 
According to the results, the Irrigation Advisory Platform developed in IRRIWEST project could be the basis 
for a future Irrigation Advisory Service in West Africa. 
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Introduction  
Increasing concern about climate change and environmental impacts requires transformation of cropping 
systems. Introducing more legumes (grain or cover crop forage) grown alone or in intercropping (IC) is an 
interesting option to benefit from N2 fixation and also for break crop effects. Rotational position of legumes 
needs to be carefully analyzed to maximize their benefit. From field experiments and crop modelling the 
objective of our work was to design and evaluate prototypes of arable systems analyzing: 1) impact of grain 
legume at the rotation level, 2) potential of IC with legumes for improving yield and cereal protein content and 
3) effect of cover crops with forage legume to achieve nitrate capture and green manuring services. Materials 
and Methods Two 6-year field experiments were initiated in 2003–04 at INRA Toulouse (SW France). Six 
rotations of three-years differentiated by the frequency of legumes in the rotation and the presence or not of 
cover crop were compared. Crop management was based on decision rules to adjust technical acts, in particular 
N application, to the soil and crop status. Simulations at the rotation time scale were carried out using the STICS 
soil-crop model for water and N dynamical budgets (Plaza-Bonilla et al., 2015). Complementary experiments 
with IC were carried since 2005–06 with a large range of IC combinations (durum wheat, bread wheat or barley 
intercropped with pea or faba bean) with various cultivars, sowing densities and N treatments. Grain yield and 
cereal grain protein content were used to evaluate the efficiency of the IC over the sole crops (SC). The 
percentage of N derived from N2 fixation of legumes was estimated with 15N dilution method with also nitrogen 
content in plant and soil (Bedoussac et al., 2015). In addition others experiments were conducted to analyze ten 
cover crop species (five legumes and five non-legumes) selected according to their rapid growth rate and 
contrasted shoot/root architectures. Species were evaluated in three French experimental sites with contrasted 
climate conditions and soil characteristics both in SC and in IC and compared to a bare soil as control. Biomass, 
N acquisition, C:N ratio and soil mineral N were measured and ecosystem services of N management were 
assessed using both experimental and modelling data (Tribouillois et al., 2015).  
 
Results and Discussion  
Winter and spring legumes preceding crops show positive effects on durum wheat, notably due to higher soil 
mineral-N availability at wheat sowing. However, higher soil mineral-N levels after legume crops at harvest and 
in November increased the potential risk of nitrate leaching which was efficiently reduced by the introduction of 
cover crops. Cover crop mixtures and non-legume SC reduced similarly nitrate leached during the whole 
drainage period compared to the bare soil. Legume SC only slightly reduced N leaching in comparison to bare 
soil. Cover crops were particularly efficient during wet winters because the more the drainage volume, the more 
the reduction of nitrate leaching and nitrate concentration in leached water. N release from cover crop residues 
could be sufficient to compensate in a great part the pre-emptive competition for soil mineral-N when destroyed 
before winter. Prediction of mineralized N from cover crop residues was significantly higher for mixtures than 
for non-legume crops. IC experiments showed that the total IC grain yield was almost always higher than the 
mean SC (3.3 vs 2.7 Mg ha-1) and similar result was found with accumulated N (121 vs 101 Kg N ha-1). IC was 
more efficient than SC for low N availabilities due to dynamic complementarity for light and N acquisition. 
Cereal grain protein concentration was significantly improved in IC compared to the respective SC (11.1% vs 
9.8%) and the lower the SC value the higher the increase in the IC due to: i) a lower cereal grain yield in IC and 
ii) a quite similar (c. 90%) amount of available soil N for the cereal in both systems because of a higher legume 
N2 fixation rate in IC than in SC (75% vs 62%). Conclusions Legume sole crops, intercropping a legume and a 
non-legume are of particular interest both for grain production and cover crops ecosystem services to design 
innovative cropping systems. This is due to the complementarity between legumes and nonlegumes in 
improving use of N resources especially in low N systems. Bispecific cover crop with a legume can 
simultaneously provide good compromises between nitrate capture and green manuring ecosystem services by 
recycling the soil mineral-N in good synchrony with the succeeding cash crop. Intercropping for grain 
production provided compromises between grain yield, cereal grain protein content and species proportion. A 
number of factors still needs to be optimized in order to propose optimized future  cropping systems including  
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intercrops like: i) species and cultivars, ii) correct rotational position to not increase pests and diseases and also 
iii) sowing practice (e.g. alternate row or mixture within each row, density of each component, width between 
rows,…). These choices depend on specific goals like for grain production the maximum total yield, the global 
protein production or the highest wheat grain protein content while for cover crops the choice of a mixture must 
be adapted according to site’s soil and climate conditions, priorities of fallow-period management and services 
desired.  
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Introduction  
Climate change is expected to have a significant impact on the variability of abiotic and biotic factors affecting 
yield stability in agro-ecosystems. Future farming systems will have to be highly self-regulatory in order to 
compensate for adverse site effects and lower fossil fuel, fertilizer and pesticide inputs (Østergård et al. 2009). 
Crop diversity is a key element of the change necessary in farming systems (Howden et al. 2007). In the 
INSUSFAR project (INovative approaches to optimize genetic diversity for SUStainable FARming systems of 
the future), diverse wheat (Triticum aestivum L.) populations of different origin and degrees of diversity will be 
tested regarding the influence of intra-crop genetic diversity on crop performance under variable and changing 
environments. Yield, biodiversity and quality parameters of different composite cross populations (Döring et al. 
2015) will be determined in field experiments and on-farm trials. To this end, new criteria for the assessment of 
ecological sustainability will be developed. Based on these results, scenario modelling of their integration into 
on-farm operations will allow an assessment of the ecological sustainability of these wheat populations.  
 
Materials and Methods 
On-farm experiments will be conducted on at least 8 German farms with differing site conditions, input 
strategies and tillage systems, in addition to field trials on experimental farms across Germany. Within each of 
the experiments, a plot with large spatial heterogeneity will be cultivated with novel composite cross 
populations and, for comparison, a reference line variety or hybrids. Utilizing portable spectroscopy and GPS 
equipment, non-destructive measurements of yield development and soil sampling will conclude in a site-
specific map of the varieties’ responsiveness to site heterogeneity. Innovative indicators for handling inter- and 
intra-specific diversity will be developed. Ecological sustainability will be assessed with REPRO software, 
mapping the whole production process including all inputs and outputs.  
   
Work Progress 
At the time of writing, three preliminary experiments employing different experimental designs had been 
established on TUM experimental sites. All three designs aim to utilize spatial heterogeneity in order to measure 
reactivity to adverse site conditions of the tested populations in comparison with reference line varieties.  
Figure 1. Schema of experimental design 
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Figure 1. Schema of experimental design. 
 
Varying in different geostatistical approaches, all three designs follow the same design principle (Fig. 1). After 
calibration of the measuring equipment and geo-spatial referencing, spectroscopy measurements will be 
visualized in a map. Results will indicate the relation between genetic heterogeneity and reactivity to adverse 
site conditions. 
 

Based on the preliminary results, one experimental design will then be selected and applied to on-farm 
experiments starting in September 2016. 
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Introduction  
Spring barley is Scotland’s main arable crop, and therefore a useful starting point for considering the potential 
for Integrated Pest Management (IPM) in these arable systems.  Survey work has therefore been undertaken to 
identify current practice relating to fungicide use and three key fungal diseases in Scottish spring barley 
(Rhynchosporium commune, Ramularia collo-cygni, and Blumeria graminis (mildew)), as well as to gauge 
farmer interest in specific IPM techniques. 
  
Materials and Methods  
Farmers were surveyed using a paper questionnaire, which focused on current management strategies on-farm, 
as well as assessing the farmer’s willingness to take up specific IPM techniques. Participants were recruited at 4 
cereal events across Scotland in Jan 2016.  These events are run annually by SRUC and AHDB: Cereals and 
Oilseeds and this year focused on risk, resilience and reward in arable Scottish farming.  Despite the potential 
for bias in the survey sample, these events were used due to the high concentration of farmers, thus ensuring a 
relatively large sample size at low cost.  A total of 43 farmers responded to the survey, with an average response 
rate of 28%. The preliminary results relating to varietal disease resistance and variety choice are reported here. 
 
Results and Discussion  
Overall, there is general openness to reducing fungicide use amongst the farmers growing spring barley with 
nearly 81% of farmers (34 of 42 surveyed) agreeing or strongly agreeing, and no farmers disagreeing with the 
statement “If I could use less fungicide and have it be as cost-effective, I would.” 
More than two thirds of farmers (28 out of 42) ranked varietal disease resistance rating as important or very 
important in their decision to sow particular varieties of spring barley.  However, the five most commonly sown 
varieties in the past five years, as listed by the respondents – Concerto, Optic, Belgravia, Waggon and Odyssey 
– were only ranked highly for mildew resistance, based on the SRUC Cereals Recommended lists as shown in 
Figure 1.  
   

 
 
Figure 1. Average disease resistance ratings for the past five years (Data for Ramularia and Odyssey runs only from 2012–2015, as they were 
not assessed in the SRUC Cereal Recommended lists prior to this date).  A rating of 7 or above, as indicated by the black line, is considered to 
have high resistance. 
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While Ramularia and Rhynchosporium resistance ratings are consistently lower than those for mildew, both are 
considered by farmers to have a greater effect on yield than mildew, and Rhynchosporium is thought to have 
been the most common of the three diseases in recent years, as highlighted in Table 1.   

 
 

  Table 1. Farmer perceptions of the importance of the three diseases in the past five years 
 

Most common on 
spring barley in 

the past five years 

% of 
response 

Impacted spring 
barley yield most in 
the past five years 

% of 
response 

Mildew 3 7.5% 2 5.13% 
Ramularia 3 7.5% 11 28.21% 
Rhynchosporium 34 85% 24 66.67% 
 
The perception of the commonness and yield impact of mildew may be buffered by the relatively high disease 
resistance of the varieties sown by farmers – however, the lack of a shift towards disease resistant 
Rhynchosporium varieties given the perception of this disease is perhaps surprising.  A potential explanation for 
this is the fact that market demand for a particular variety was listed as important or very important by nearly 
93% of farmers surveyed (39 of 42), more than any other consideration listed. 
  
Conclusions  
Farmers surveyed were generally open to reducing their fungicide use.  However, it is important to consider the 
wider farming context when considering potential for uptake of IPM strategies.  More detailed analysis of the 
results from this questionnaire will review current farmer practices and preferences in depth to gain a more 
thorough understanding of drivers and pressures.   
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Introduction   
Agro-ecological principles and practices like living mulch may help fostering the sustainability of 
agroecosystems. However, the major challenge is to implement these innovations among farmers, and this 
process entails technical and institutional change at different levels, an issue often overlooked by agricultural 
scientists (Röling, 2009). The transition towards agroecological food systems may in fact slow down if little 
attention is paid on social and political aspects (Tittonell, 2014). In order to highlight the factors hindering 
farmers’ adoption of agro-ecological practices, systems approaches and participatory research tools are highly 
needed (Noe et al., 2015). Our aim was to study the barriers to the implementation of agro-ecological practices 
among farmers. 
 
Materials and Methods  
We performed two sets of 10 semi-structured interviews between spring 2015 and winter 2016. The first set of 
interviews aimed at researchers and technicians, whilst the second set included full-time arable crop farmers. 
We also attended local farmer meetings and events with the aim of having a broader picture of the current 
farming practices in the area of study. 
 
Results and Discussion  
Nine out of ten farmers interviewed do not use living mulches, but five out of ten regard it as a feasible 
alternative for increasing the organic matter content in the soil. They are mostly interested in trying it for wide-
rows summer crops, rather than for winter crops. Half of the farmers interviewed complain about the lack of 
animal manure in the area, its cost of transport, and the opposition that most urban neighbors demonstrated. 
They nonetheless expressed their interest in finding alternatives for restoring the soil organic matter content.  
Moreover, we found that conventional farmers in the area are applying a trade-off between weed management 
and soil fertility management: due to herbicide resistance weeds, they are forced to abandon no-tillage, and they 
regard this management shift as detrimental for the level of organic matter in their soil. 
Lastly, mowing or ploughing the field after harvest to avoid weeds enriching the seedbank was regarded by 
researchers a good preventive agroecological practice. Yet they assumed it to be a rare and hard-to-implement 
practice among farmers. On the contrary, eight out of ten farmers interviewed are currently doing it, both for soil 
fertility and weed management.  
The results indicate a need for researchers to look closer at current farming practices when carrying out research 
on agroecological innovations, especially during the initial explorative phase. By applying participatory and 
systems approaches at an early stage, it is possible to gain penetrating insights into farmers’ opinion. This would 
be good when assessing the relevance of an innovation, the trade-offs involved, and the way farmers would 
implement it. 
 

Conclusions  
This experience provides a good indication that universities need to incorporate more systems and participatory 
approaches in their agenda, especially when adoption of novel, agro-ecological practices is sought. Activities 
that encourage the involvement of farmers in the research process from the start may foster innovation in 
agriculture. 
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Introduction 
Arbuscular mycorrhizal fungi (AMF) form obligate symbiosis (mycorrhizas) with most cultivated plants 
(Mardukhi et al., 2011) and provide them many benefits throughout their growth (Bücking & Kafle, 2015). The 
intra-radical colonization of roots by AMF can enhance the absorbing capacity of plants for nutrients (Rillig & 
Mummey, 2006), especially by extending the reach of the plant beyond the depletion zone surrounding a root. In 
agricultural systems, tillage and N fertilization may interfere with this plant-fungi relationship (Martinez & 
Johnson, 2010). However, little is known about their combined effects on AMF colonization and N uptake in the 
field, especially in winter wheat. 
 
Materials and Methods  
Four treatments each with four replicate plots were set up in 2010: conventional tillage with (CTNX) or without 
(CTN0) N fertilization; no-till with (NTNX) or without (NTN0) N fertilization. The crop rotation between 2010 
and 2015 was peas - maize - wheat - flax - beet - wheat. In June 2015, at the anthesis stage of wheat, six plants 
with their root systems and six 15-cm deep soil cores were randomly sampled in each plot Aboveground wheat 
biomass, N content, and soil C:N ratio were determined. Root staining and assessments of mycorrhizal infection 
were performed according to Koske & Gemma (1989) and McGonigle et al. (1990) respectively. 
 
Results and Discussion 
Both CT and N fertilization strongly decreased wheat root colonization by AMF (P<0.001) (Figure 1A). 
Aboveground biomass and N uptake of wheat were the highest under CTNX and NTN0, and the lowest in 
CTN0 (P<0.05; Table 1). Once intra-radical colonization by AMF is established, arbuscules enhance the 
absorbing capacity of the root for water and nutrients (Rillig & Mummey, 2006) and this speeds up plant growth 
(Pellegrino et al., 2015). Moreover, the mycorrhizosphere, as a spatial extension of the rhizosphere associated 
with the hyphosphere (Veresoglou et al., 2012), obviously increases the soil volume from which N uptake may 
occur.  
The soil C:N ratio was significantly higher in NT plots (P<0.001), suggesting a higher amount of C from crop 
residues in the upper soil layer. Hodge et al. (2001) provided evidence that AMF are able to acquire N directly 
from soil organic material.  
Taken together, our results suggest that direct seeding appears to be more appropriate for wheat production 
within the framework of a low-input sustainable agriculture. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. (A) Effect of tillage and nitrogen fertilization on the percentage of wheat root length colonized by AMF. Letters indicate 
differences among treatments according to Conover’s post-hoc tests (P < 0.05) following a significant Kruskal-Wallis test (P < 0.001); (B) 

Wheat root colonized by arbuscular mycorrhizal fungi. a: arbuscule, v: vesicle, ih: intraradical hypha. 

 
 
 
 



                                14th ESA Congress  5–9th September 2016  Edinburgh, Scotland 
      

 24

 
 

Table 1. Impact of nitrogen fertilization and tillage on wheat agronomic traits and soil C:N ratio 
 

 H(P) CTNX CTN0 NTNX NTN0 
AG biomass 
(g plant-1) 

10.61 
(0.014) 

7.02 
± 0.43b 

4.88 
± 0.27a 

6.07 
± 0.30ab 

7.13 
± 0.65b 

N uptake 
(mg plant-1) 

9.25 
(0.03) 

72.37 
± 4.95b 

46.98 
± 4.06a 

66.83 
± 7.03ab 

68.02 
± 5.37ab 

Soil C:N ratio 
17.64 
(0.0005) 

9.01 
± 0.08a 

8.93 
± 0.10a 

10.08 
± 0.14b 

10.04 
± 0.21b 

H: Values of the Kruskal-Wallis test with its probability in brackets. Letters give the result of Conover’s post-hoc tests (P < 0.05). NS: non 
significant. AG biomass: aboveground biomass. 
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Introduction 
EU and France have decided for their agricultural policy in the next years to drastically reduce inputs and 
especially pesticides use in vineyards before 2018. Agricultural policy makers are responding by calling for 
more and more sustainable production systems. In this context, redesigning all sort of cropping systems has 
become a major challenge for agricultural professionals (Le Bellec et al., 2012). For the last years, agricultural 
researchers have been re-designed methods and tools to facilitate the design of innovative production systems 
(Cerf et al., 2012; Metral et al., 2012; Meynard, 2012). Working with winegrowers at the very beginning of the 
re-design process of the system is not very often done. Using directly very low input-pesticides systems, i.e. 
biodynamic ones, to re-design is also another challenge. The aim of this paper is to improve the participatory re-
design method applied innovative production systems to the case of biodynamic combined to Protected 
Designation of Origin (PDO) grapes production in Alsace (France) (Thiollet-Scholtus et al., 2013). 
 
Materials and Methods 
Materials of the research program are a group of biodynamic winegrowers and two of them owners of family-
owned farms in Alsace Protected Designation of Origin (PDO) area. Motivation of winegrowers to co-work 
with Research Development and Extension (RDE) agents is essential to reach the goal of the program: to 
drastically reduce pesticide inputs by strongly re-designing their production system (Doorman, 1990). The first 
part of the method deals with: (i) brainstorming and meetings with winegrowers to get technical limits and 
bottlenecks of pest management and unsolved failures of it. The second part of the method has 5 steps: (i) 
finding winegrowers to do participatory research; (ii) selecting two fields; (iii) choosing the testing innovations; 
(iv) designing the experimentation protocol for each innovation and finally (v) assessing years’ results to 
improve the re-designed system. 
 
Results and Discussion 
The main global result is re-designing two systems and their corresponding experimentation protocol in two 
biodynamic farms. We showed that it is possible to combine scientific constraints and operational 
implementation in the farm during a long-term experimentation (results of the two first years of the six 
expected). The second result is the worldwide relevance of the two tested innovations for grape production 
systems, under strong constraints: biodynamic system and high quality of grapes according to PDO. The first 
tested innovation is “fungicide application with less than one kilogram of cupper /hectare/year mixed with 
different essentials oils”. The second one is to simplify soil cover management under and between rows of vine 
in the field. The first tested innovation (HE) is a success for quality of grapes, yield and rot rate (downy mildew, 
white and grey rots) in two different climatic years conditions, 2014 and 2015. It is slower to assess the results 
of the second tested innovation (SC), which has been introduced to the system late in spring 2014. However, it is 
still possible to show that the first goals of the SC are achieved: (i) keeping the same desired yield and (ii) 
reducing soil tillage during summer. The two others goals of the SC are (i) providing a indirect fertilization of 
the vine with leguminous plants, and (ii) increasing floristic diversity and pollinator quantity and diversity. The 
assessment of them will be done with measurements and surveys next years. 
 
Conclusions  
At mid-point of the program, participatory research between RDE agents and owners of wineries is a success. 
Two strongly re-designed systems under strong constraints are assessed in biodynamic farm conditions. Re-
designing systems does not reduce yield or PDO grape quality or increase pest sensitivity. Some more analyzed 
years data will validate the first results and also allow increasing the level of the innovating re-designed 
systems. 
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Introduction  
After severe famines during the 1970s and 1980s in the Western Sahel, irrigation schemes were developed with 
the general objective of enhancing food security in the region. In Mauritania, most irrigated land was designed 
to fit with rice (Oryza sativa L.) cultivation and government assistance focused almost exclusively on that 
production system. Irrigation development has not, however, responded to expectations, and many schemes 
have been abandoned. Recently, crop diversification has been promoted by Mauritanian government to improve 
the sustainability of irrigated agricultural systems (IFM, 2011). The objective of this study was to evaluate the 
potential role of irrigated sorghum (Sorghum bicolor L. Moench) cropping and its limitations, in smallholder 
irrigation schemes in the Mauritanian side of the Senegal River Valley.  
 
Materials and Methods  
This study presents part of the results of a project focused on the improvement of irrigation for food sovereignty 
in Mauritania (2007–2012). It was carried out on five small, community-managed, irrigation schemes in mid 
Senegal River Valley (García-Ponce et al., 2013). We used methods of conventional on-farm research supported 
by community-based Participatory Learning and Action Research (Defoer et al., 2009). Actors involving were: 
(i) the cooperative board; (ii) collaborating farmers; and (iii) researcher/extension agents. Other farmers 
participated in RRA and in farmer-to-farmer and end-of-season discussions and evaluations. Grain yield, water 
productivity and gross margin of sorghum and rice were measured two years at plot level and compared. 
 
Results and Discussion  
Global average rice yields over years and schemes was 5.6 t ha-1, ranging from 3.4 t ha-1 to 7.9 t ha-1, in line with 
the global average of 5.7 t ha-1 obtained by Mauritanian farmers following integrated rice management 
recommendations developed by AfricaRice and partners (Haefele et al., 2000). A lower average yield of 2.5 t 
ha-1 was obtained for sorghum, ranging from 1.5 t ha-1 to 4.8 t ha-1, well below the expected 5 t ha-1 according to 
the cultivar description provided by ISRA, Senegal. However, both crops had similar total above-ground 
biomass at maturity.  
Distribution of sorghum yields (Figure 1) revealed that most collaborating farmers achieved low yields 
(positively skewed distribution) and only few had high yields showing that yields in sorghum plots 
corresponded to subsistence level. As farmers become skilled, the distribution should shift to the right, 
corresponding to commercial production level, comparable to that of rice. 
Sorghum required less irrigation water than rice (435 vs.601 mm) but the smaller yield resulted in similar 
irrigation water productivity (0.87 vs. 0.96 kg m-3) and fuel (pumping) productivity (1.71 vs. 1.93 kg MJ-1). 
Despite greater yields, rice profitability, consistent with other studies in Mauritania (Poussin et al., 2006), was 
significantly lower than that of sorghum (788 vs. 1172 ha-1). Irrigated sorghum grain is highly valuable because 
it is harvested when it is in short supply in the market. Sorghum straw is also valuable for its high sugar content 
and nutritional value for animal fodder. Complications in cost comparisons arise, however, because of different 
pricing decisions for water. 
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Figure 1. Distribution of sorghum and rice plots yields obtained during the study. 
Vertical lines refer to global mean yields. 

 
Conclusions  
Our results revealed several limitations to irrigated sorghum cropping, many related to characteristics of rice 
schemes and to farmers’ habits. However, the low irrigation requirement, the high average profitability of 
sorghum crops and the large yield variation among farmers showed considerable scope for sorghum production, 
particularly if harvested when sorghum is in short supply. Schemes developed on relatively light soils and 
designed specifically to grow crops other than rice offer opportunities for profitable crop diversification.  
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Introduction 
Vineyards, as high value crops, use large inputs of pesticides so that they are protected against yield loss caused 
by several pests and diseases. However, recent social and environmental constraints aim at reducing pesticide 
inputs to reduce chemical pollution, while maintaining a sustainable income to growers. To find acceptable 
trade-offs between grape protection and pesticide reduction, tools are needed to choose, implement and assess 
innovative protection strategies.  Along with indicators for pesticide use, such as EEP (Wijnands, 1997) or FTI 
(Butault et al., 2010), we propose an Assessment Indicator of Damage in grape Clusters (AIDC, Fermaud et al., 
2016), to quantify the overall result of pests and diseases incidence and pesticide sprays for a given year at the 
plot level.  The objective of this work is to validate this multi-pest integrating indicator, primarily developed on 
Merlot noir cv., with other grape cultivars and to characterize the relations between AIDC and grape yield 
components.   
 
Materials and Methods 
The Assessment Indicator of Damage in Grape Clusters consists of two main components. The inflorescences 
may be damaged by downy mildew (severity: YDMF) and grey mold (YGMF) early in the season (before 
flowering). Further damage may be caused later to remaining clusters by downy mildew (YDMB), powdery 
mildew (YPM), grey mold (YGMB) and tortricid moths (YTM). The AIDC represents the proportion of 
remaining healthy clusters and is computed as  

AIDC (%) = 100-[100 - (YDMF + YGMF)] * [1 – (YDMB+YPM+YGMB+YTM)/100] 
The data used were collected between 2006 and 2008 in two vineyards near Bordeaux (France), planted with 
Cabernet franc. The full details of the experimental conditions were presented in Savary et al. (2009). Major 
pests and diseases were monitored, i.e. powdery and downy mildews, Botrytis and incidence of berry moths. 
Different levels of protection against pests and diseases were applied, to obtain contrasted situations. The 
grapevine phenology and plant development were monitored, and yield components were measured at harvest. 
Based on these data, the AIDC values were computed on each vineyard × year combination. 
 
Results and Discussion  
Among the 108 subplot x year combination, we obtained a whole range of AIDC values, from 100% to 0%. The 
total yield per plant varied from 2.29 kg to 0 (average: 0.74 kg). In 45 cases out of 108 (42%), AIDC was lower 
than 10%, indicating a rather low incidence of pests and disease on the subplot. The average yield in cases with 
AIDC <10% was 1.17 kg, and average yield was lower (0.43 kg) in the 63 cases with AIDC >10%.  
The total yield per plant (and all yield components measured) is negatively correlated with AIDC. The highest 
correlation was found between AIDC and cluster mass (Pearson correlation: -0.82; Figure 1.  
Relationships observed on these data were similar to those previously found on Merlot cv. when this indicator 
was developed (Fermaud et al., 2016). This confirms the feasibility of extending its field of use. 
 
Conclusions 
Through this study, we validated the use of the integrating AIDC indicator under different viticultural 
(experimental site, cultivar) and seasonal conditions from those in which it had been developed (Fermaud et al.,  
2016). These data and analyses have allowed us to establish some relationships between the AIDC and different 
components of grapevine yield. Further work will be needed to extend the field of application of AIDC to other 
pests and diseases than those presently taken into account, in order to use it in different grapevine growing 
regions worldwide and/or with emerging pests and/or diseases. A next step will also consist in investigating the 
potential relationships between AIDC and qualitative variables of the grape must at harvest. 
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Figure 2: Relationship between AIDC and cluster mass in 108 subplot x year combination between 2006 and 2008, and linear regression. 
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Introduction 
Spain is the world’s third largest almond producer (around 5% of the world production; FAOSTAT, 2013), only 
surpassed by the United States and Australia. It has the largest acreage, though, but yields have been very low 
(391 kg ha-1 in-shell yield; MAGRAMA, 2015), as compared to US and Australian producers (5,185 and 3,783 
kg ha-1 in shell yield, respectively; FAOSTAT, 2013). The main reason for the low productivity is that most 
orchards are grown extensively in rain fed areas (only 9% of the almond area is under irrigation; MAGRAMA, 
2015), while in the USA and Australia almost all almond production is under irrigation. Despite the huge effort 
made in recent years by the production sector to move towards more intensive plantations with an increase in 
the irrigated area of 23% between 2014 and 2015 (MAGRAMA, 2015), and even though there has been 
progress in irrigation management research in almond (Goldhamer & Girona, 2012; Egea et al., 2013), adoption 
of modern irrigation techniques by farmers has been slow. Farmers are still far from implementing a sustainable 
irrigation management due to reliance on their previous traditional rain-fed crop-management know-how. Under 
the framework of the LIFE+ IRRIMAN project, through a participatory approach, sustainable irrigation 
strategies for almond orchards are being designed, implemented, validated and disseminated. Participatory 
approaches may be effective tools for successful design and diffusion of irrigation strategies, especially in 
traditional rain fed crops such as almonds in the Mediterranean countries. 
 
Materials and Methods 
The implementation of the LIFE+ IRRIMAN project is taking place in an irrigation district of Southern Spain 
(Genil-Cabra Irrigation Scheme, Andalusia). The participatory approach designed has four phases: i) design and 
implementation of sustainable irrigation strategies in a demonstration farm (DF); ii) dissemination of the best 
irrigation practice tested in the initial year throughout the irrigation scheme by the irrigation advisory service; 
iii) assessment of the degree of adoption and re-design of the dissemination strategies; and iv) based on the 
results obtained, elaboration of sustainable irrigation guidelines to transfer the knowledge generated in the 
district more widely at regional and national levels and to promote changes in irrigation practices. The 
achievement of the objectives for each stage is encouraged by involvement of farmers, irrigation communities, 
public administration and researchers. 
Here, we will focus on the first phase of the project during which a DF was set-up in 2014 to implement 
sustainable irrigation strategies for almond orchards. The DF (a 2 ha plot of cv. ‘Antoñeta’) was divided into 
three irrigation sectors, establishing three different irrigation treatments: i) a regulated deficit irrigation strategy 
based on previous research and adapted to the local conditions (RDI); ii) a control treatment (C) receiving 30% 
more water than RDI; and iii) the farmer irrigation strategy (F), which was allowed to vary as farmer knowledge 
and confidence with regard to irrigation management increased.   
During the growing season, midday stem water potential and soil water content was monitored with a pressure 
chamber and TDR sensors, respectively; at harvest time, vegetative growth (canopy volume and trunk 
perimeter), yield and yield components (fruit load, and kernel weight and size) were determined. 
A meeting with all the stakeholders was held at the end of this first phase to analyze and discuss the results and 
to develop a strategic plan for the dissemination phase. 
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Results and Discussion 
The participatory approach was successful in the first step of the implementation process of innovative irrigation 
practices for almond tree. The dialogue between farmers and scientists allowed adaptation of the new 
management strategies to local conditions and challenges.  
In the DF, RDI yield increased significantly (77%; Figure 1a) with respect to farmer’s yield in the previous year, 
leading to an increase in total gross margin of around 4,500 € ha-1 (in constant currency). Nevertheless, there 
were no significant differences between RDI and F treatments (Figure 1a), since the farmer changed his practice 
based on the results of the previous year and followed an irrigation program which was nearly the same as that 
of RDI (Figure 1b). Irrigation water productivity did not differ among treatments, being 0.25 kg m-3. The speed 
and degree of uptake of the new irrigation strategy by the farmer highlights the success of the approach. 
 

 
 

Figure 1. (a) Relationship between kernel yield and applied irrigation water; 
(b) Accumulated applied irrigation water throughout the season 2015 

 
Conclusions  
The adoption of innovative irrigation strategies is affected by many factors, thus the use of a participatory 
approach for their design, implementation and dissemination may play a crucial role, especially in traditional 
rain fed crops, as can be seen from LIFE+ IRRIMAN project performance. 
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Introduction 
Weeds are harmful for crop production but important for biodiversity. In order to design cropping systems that 
reconciles crop production and biodiversity, we need tools to help farmers to deal with this issue. The 
mechanistic weed dynamics model FLORSYS (Colbach et al., 2014) is a convenient tool to test management 
scenarios and evaluate both crop production and biodiversity in cropping systems. Our aim is to use this model 
as part of a decision support system (DSS). Here, we aimed to identify the needs of advisors to design and 
evaluate weed management strategies and the main expected uses of a DSS. For this purpose, it is crucial for the 
development and use of the tool that future users are engaged at an early stage (Cerf et al., 2012). 
 
Materials and Methods 
A survey was conducted via an online questionnaire sent to advisors from agricultural councils all over France; 
we obtained 24 responses. The survey included four parts in order to identify: (1) the interviewee; (2) the aims, 
contents and structure of the DSS (e.g. which rotations? which operation dates?): the criteria for evaluating 
cropping systems,  the temporal scale  (e.g. one year, one rotation)  and the description of farming 
 

Table 1. How much data are the users ready to provide for a decision-support system (DSS) depending on their difficulties for managing 
weeds. Percentage (%) of farm advisors answering to a web survey in France 

 

Weed Management Issue 

How Much Detail Needed For Crop Management? 
Detailed 
(List Of 
Operations) 

Both 
General  
(Meta Decision 
Rules) 

Lack Of Knowledge On Weed Biology 15 2 11 

Constraining Species 13 0 6 

Lack Of Solutions 12 0 0 

Generated Costs 8 0 0 

Competition With Crop 4 0 0 

Dependence On The Weather 4 0 0 

Lack Of Efficiency Of Practices 6 7 6 

Multiannual Scale 0 37 0 

Weed Diversity 4 7 0 

Too Many Techniques To Choose And Combine 0 12 0 

The Need To Diversify Crop Rotation 12 22 33 

Weed Resistance To Herbicides 2 0 19 
Poor Image The Weeds Give Of Farmer Because Of Field 
Infestation 

3 0 3 

 
Practices (e.g. list of operations, meta decision rules); (3) the constraints for model use, e.g. the availability and 
difficulty to fill in the different types of input variables; (4) the functionality and readability of inputs and 
outputs of the future model, the ability to understand why a given input leads to the resulting output. 
 
Results and Discussion 
The survey clearly identified two different issues where an advisor would work with a DSS to design and 
evaluate weed management strategies:  

1. Major issue e.g. herbicide resistance - users confronted with a problem such as herbicide resistance 
would provide only meta decision rules (e.g. a plough every two years) for the DSS (Table 1) and 
would be ready to radically change their practices (e.g. diversification of crop succession) (Table 2);  

2. Adaptive management - users ready to understand and modify their practices before reaching a dead-
end (e.g. which practices, which mechanical weeding) would provide a detailed description of the 
practices (e.g. crop succession, list of operations) so that they could finely tune their system in terms of 
options and timings of operations (Table 2).  
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Table 2. How much data will users provide for a decision-support system (DSS) depending on decisions they would like to take with it. 

Percentage (%) of farm advisors answering to a web survey in France. 
 

Which Decision Should A DSS Help To Take? 

How Much Detail Needed For Crop 
Management? 
Detailed 
(List Of 
Operations) 

Both 
General 
(Meta Decision 
Rules) 

It Should Propose A Range Of Levers For Action 12 0 6 

What Are The Risks For A Precise Cropping System 7 0 0 

Which Type Of Mechanical Weeding 5 0 0 

Which Crop Management Sequences 31 34 22 
Which Management Alternatives To Previous Cropping 
System 

4 12 0 

Which Crops And Successions 19 29 33 

Which Herbicide Solutions 18 12 19 

How To Optimize Operation Dates 4 12 14 

What Is The Best Management Option 1 0 6 

 
Conclusions 
Identifying the different profiles and needs for a decision support system will help us to propose different tools 
more adapted to the various needs. The interaction with future users during its construction is essential for a 
useful tool development. 
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Introduction 
The real advantage of proximal- and remote sensing is the capability to characterize spatial or field variability 
that cannot be parameterized more effectively in any other way. The technical fineness of the spatially 
distributed spectral data depends on the applied sensor and platform. When the sensing distance is scaled down, 
the spatial and spectral resolution can be significantly increased (Lillesand et al., 2015); in practice this usually 
means reducing the altitude of the data-capturing platform. The aim of our study was to verify the applicability 
of a cheap but intelligent flying camera system in unmanned air-borne remote sensing for the detection of N-
use-efficiency within and between winter wheat varieties. This will then allow the system to be used in on-farm 
variety tests and participatory breeding projects. 
 
Materials and Methods 
A multispectral sensor setup was created using two identical low-cost CMOS cameras (Mobius ActionCam), 
attached to each other and to a gimballed drone platform (Mikrokopter and 3DR quadcopters with DYS and 
Tarot gimbals). One camera measured the wide-band RGB spectrum, as designed originally. On the other 
camera, we replaced the Bayer-filter with a near-infrared filter that allowed the CMOS sensors to detect near 
infrared light (NIR), using its original red channel. We created a common powering mechanism for the two 
cameras so that image acquisition was always initialized in synchrony. We aligned the two cameras physically 
and calibrated them independently using software solutions to remove most of the camera distortions. A custom 
software solution was developed using OpenCV for the calibration/rectification and pixel-level matching of the 
RGB and NIR images, and to conduct automated image analysis on the matched images. 
The system was applied to winter wheat in the Koltay long term N-fertilization trial of the Agricultural Research 
Center of the Hungarian Academy of Sciences, Martonvásár in 2014 and 2015. Image capturing flights were 
performed at anthesis (mid-late May, 130 DAE, Feekes 10.5.1-10.5.2) in both years. The trial contained 15 
winter wheat varieties with eight N-treatment levels in four replications in a randomized block design. We 
compared most of the common wide-band vegetation indices (NDVI, RVI, DVI, SAVI, OSAVI, MSAVI2, 
IPVI, ENDVI, EVI) for the parcels and created detailed statistics of each image sample of individually treated 
parcels. To provide ground truthing of remote sensing data, SPAD measurements were carried out on two 
varieties (Mv Karizma, Mv Kolo) and at three N-levels (0, 80, 160 kg ha-1) in parallel with the collection of 
spectral images. Results of Kjeldahl-N determination were also compared in random leaf and seed samples. 
 
Results and Discussion 
We could perform measurements quicker with the remote sensing setup than the traditional techniques, covering 
100% of the trial area, with a much higher spatial resolution (< 1 cm). Traditional methods demanded much 
longer time and higher human input, while providing only point-wise data. We found strong correlations 
between remote sensing, proximal sensing (SPAD) and wet chemistry data (Figure 1), and also with respect to 
the final seed Kjeldahl-N results and measured yield. This can give a fairly exact prediction of expected yield 
quality and quantity at an early phase of plant development (Wang et al., 2004). Significant differences in N-use 
efficiency between the two varieties were also shown with both traditional and remote sensing data. 
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Figure 1: NDVI Index averages of the winter wheat parcels (varieties Mv Karizma and Mv Kolo) on three N-treatment levels in relation 
with SPAD parcel averages and  Kjeldahl N-content of leaves. 

 
Conclusions 
Based on our results we conclude that the developed mobile crop monitoring application is of special benefit for 
the small-scale evaluation of plant N-heterogeneity, and the quick detection of nutrition-efficient individuals 
within a diverse population. In a next step it may foster on-farm variety testing and the participatory breeding of 
nutrient-efficient crop varieties, especially adapted to organic agriculture. 
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