A. Chabanne © CIRAD

 Erosion on hill slopes (Xayaboury region, Laos).
 Grass cover between grapevine rows.
Grass cover reduces runoff and soil erosion risks, but competes
with the grapevines for water and nitrogen under some
environmental conditions.

Agronomy: Crops and cropping systems

Preserving
water resources
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Agriculture is thus faced with a triple challenge—to
produce more while preserving the quality of water
resources and coping with their scarcity. Water savings
could be achieved by optimizing crop functioning in
terms of production and sustainability, via agronomic and
genetic strategies, under limited water supply conditions.
The goal is to breed genotypes that will perform well
under water deficit conditions, and to develop cultivation
techniques and cropping systems that promote infiltration
and reduce evaporation.

In order to preserve water quality, it is essential to gain
insight into surface water contamination processes and
design cropping systems that will reduce the use of
polluting inputs and their seepage into groundwater and
streams.
The agricultural research platform in Montpellier (France)
addresses all of these issues through teams whose
research focuses are interlinked on a continuous scale
ranging from crop plant physiology to the hydrological
functioning of catchments, including cropping systems on
plot, farm and territorial scales. Modelling is pivotal to
these research studies, which are based on a consistent
multiscale metrological approach. Ecophysiological models
(based on physiological processes) are combined with
crop models that describe biophysical flows within plots
to predict the potential impact of adaptive traits on yield
under different climatic conditions. These predictions can
then guide the selection of plants that are highly efficient
with respect to water usage. Cropping system functioning
is modelled with the ultimate aim of designing and testing
highly productive crop management sequences and
cropping systems that do not deplete water resources.
Emphasis is placed on the use of biological diversity
of crop species, management of crop associations and
sequences and soil conservation techniques. By modelling
the hydrological functioning of agrosystems, the impact
of these cropping strategies on the functioning of
catchments could be quantified in terms of water use and
resource contamination. New sustainable management
methods, on the basis of these findings, could then be
designed for rural areas.
Olivier Turc (UMR LEPSE)
Agronomy: Crops and cropping systems

W

ater is tapped by agriculture to ensure food
security for the world’s growing population.
A constant flow of water through plants,
with ‘water-for-carbon’ exchange in stomata, is involved
in crop production. Every kilogramme of biomass
produced by a crop requires between 200 and 1 000 l of
water depending on the species and cropping strategy.
However, the prospective population growth and climate
change will herald an increase in pressure on water
resources for agriculture. These issues especially concern
Mediterranean and tropical regions. The population
rise is accompanied by increased demand for water for
nonagricultural uses, leading to between-use competition
for water, particularly during the summer when water
resources are low and needs are high. Besides global
warming, which increases crop water needs, climate
model projections indicate a trend towards increasing
droughts and extreme storms where water is lost by
runoff. In addition to this quantitative aspect (‘save the
resource’) is a qualitative aspect (‘save the quality of the
resource’) because inputs used in agriculture (fertilizers,
pesticides) are a major source of surface water and
groundwater quality degradation.
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Research teams
UMR LEPSE
Laboratory of Plant Ecophysiological
Responses to Environmental Stresses
(INRA, Montpellier SupAgro)
11 scientists
Director: Bertrand Muller,
muller@supagro.inra.fr
www1.montpellier.inra.fr/ibip/lepse/english
 Presentation page 40

UMR LISAH
Laboratory for the Study of Interactions
between Soil,Agrosystems and
Water Systems
(INRA, IRD, Montpellier SupAgro)
29 scientists
Director: Jérôme Molénat,
jerome.molenat@supagro.inra.fr
www.umr-lisah.fr
 Presentation page 42

UMR SYSTEM
Tropical and Mediterranean Cropping
System Functioning and Management
(CIRAD, INRA, Montpellier SupAgro)
21 scientists
Director: Christian Gary,
dirsystem@supagro.inra.fr
www.cirad.fr/en/research-operations/
research-units/umr-system
 Presentation page 52

UPR SCA
Annual Cropping Systems
(CIRAD)
60 scientists
Director: Florent Maraux,
florent.maraux@cirad.fr
www.cirad.fr/en/research-operations/
research-units/annual-cropping-systems
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 Presentation page 10
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UPR SIA Conservation agriculture
and engineering
(CIRAD)
13 scientists
Director: Jean-Claude Legoupil,
jean-claude.legoupil@cirad.fr
www.cirad.fr/en/research-operations/
research-units/conservation-agricultureand-engineering
 Presentation page 12

UPR Banana, Plantain and
Pineapple Cropping Systems
(CIRAD)
18 scientists
Director: Jean-Michel Risède,
jean-michel.risede@cirad.fr
www.cirad.fr/en/research-operations/
research-units/banana-plantain-andpineapple-cropping-systems
 Presentation page 34

Crops growing in water
deficit conditions:
crop engineering and
management methods
In a setting of climate change
and water use competition, the
Laboratory of Plant Ecophysiological
Responses to Environmental Stresses
(UMR LEPSE, INRA, Montpellier
SupAgro) aims to identify plant traits
favourable for production under
water deficit conditions. The studies,
carried out in collaboration with
molecular physiologists, geneticists,
agronomists and bioclimatologists,
are geared towards crop engineering
and adaptation of crop management
methods. LEPSE is divided into three
research teams:
 SPIC (Integrated Processes, Plant
Growth and Environmental Stresses)
focuses most of its activities on the
model species Arabidospis thaliana
in order to benefit from advances in
the genomics of this species and its
research potential.
 MAGE (Analysis and Modelling
of the Genotype x Environment
Interaction) combines
ecophysiological models and broad
genetic approaches, focused mainly
on maize, to identify genetic factors
responsible for growth variations
under fluctuating climatic conditions
so as to deduce optimal properties
(ideotypes) to ensure high yields
under dry climatic conditions.

 ETAP (Plant Transpiration
Efficiency and Adaptation to Dry
Climatic Conditions) analyses
the biophysical and physiological
determinants of water use efficiency,
particularly in grapevines, in order to
identify efficient genotypes.

The unit’s scientific approach
is based on a combination of
experimental ecophysiological
and genetic approaches aimed at
identifying the mechanisms or genes
involved, and modelling approaches
that incorporate these mechanisms
to simulate the behaviour of plants in
their environment. The experiments
involve submitting plants to
controlled climate conditions
(temperature, radiation, air humidity
and soil water potential), fluctuating
or constant (greenhouse, field,
culture chamber), with single or
combined effects.
The laboratory analyses the effects
of these conditions on organ growth
and development, transpiration,
water status and cell or organ
composition. These analyses are
carried out using imaging techniques,
displacement sensors, biochemical
methods and intracellular hydraulics
tools.
Experimental platforms are
developed to control the water
supply and climatic conditions and
automatically analyse the growth of
over 1 500 plants simultaneously.

© Inra-UMR LEPSE

 From the phenotyping platform to the field: analysing genetic variability in the sensitivity of growth to water deficits
and predicting the behaviour of genotypes under different agroclimatic conditions.

Drought tolerance of maize crops:
selecting genotypes for different agroclimatic conditions

Experiments are under way on maize lines whose allelic
compositions have been determined using genetic markers.
They are carried out within the PHENODYN phenotyping
platform in which it is possible to measure—simultaneously
in 400 plants—the transpiration and growth of leaves or
reproductive organs, along with the water status of the soil
and air, radiation and plant temperature. For studied functions,
it is thus possible to quantify the effects of alleles on plant

In addition to plant observations,
microclimate changes can be
modelled to gain access to complex
variables such as radiation
interception by leaves. The
knowledge is pooled in mathematical
and computer models to simulate the
behaviour of real or virtual genotypes
under different climatic conditions
and agricultural management
methods.

responses to environmental conditions—each genotype is
characterized by a single set of response curve parameters.
In collaboration with an Australian research team, the organ
growth model was coupled with a biophysical model that
simulates crop functioning on a plot scale. Based on real or
virtual climate, soil and genotype data, the model calculates,
on a daily time step, the water balance of the crop, biomass
production and simulates the grain yield for each genotype
and situation. An allele that promotes leaf growth can have
a positive, negative or no effect on yield, depending on the
climatic scenario. Combinations of the most interesting alleles
for a given region can thus be determined.
Contacts: Claude Welcker, welcker@supagro.inra.fr
& François Tardieu, ftardieu@supagro.inra.fr
For further information:
http://bioweb.supagro.inra.fr/phenodyn & http://bioweb.supagro.inra.fr/cincalli

LEPSE collaborates with many
national and international teams
through projects funded by INRA,
Région Languedoc-Roussillon
(France), Agence Nationale de la
Recherche (France) and the European
Union. Partnerships with trade
associations, seed producers and
R&D organisations facilitate testing
and implementation of models
developed in agricultural settings.

Applications derived from these
studies include, for instance,
management of the grapevine leaf
area based on an architectural
model combined with the plot water
balance, or assessment of the impact
of different drought scenarios on
maize yield according to the genetic
traits of this crop. •••

Agronomy: Crops and cropping systems

Improving drought tolerance in crops is hampered by the
contradictory aims of maintaining production in drought
conditions and reducing the yield loss risk. Depending on the
climatic scenario, maintaining leaf growth under water shortage
conditions may be an advantage (photosynthesis remains
high) or a drawback (risk of plant death by faster soil water
depletion). All genotype x climatic scenario combinations could
be tested. The alternative being pursued combines experiments
under controlled conditions with modelling to analyse genetic
variability in adaptation traits and to predict its effect on yield.
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Impact of global changes on water
and agricultural productivity in the Mediterranean region
 Mapping the water status in a vineyard
by thermal infrared remote sensing.

M. Galleguillos © UMR LISAH

Left: in situ device for measuring real
evapotranspiration in a vineyard plot by the turbulent
covariance method.
Right: mapping the evaporative fraction in the Basse
vallée de la Peyne region (Hérault, France) on the
basis of a thermal infrared remote sensing Aster sensor
image.
The image covers an area of around 11 x 10 km,
with 90 m spatial resolution.

Agriculture has a vital socioeconomic development role in northern and southern Mediterranean regions. This sector is known to be
particularly sensitive to current and future global changes. LISAH is contributing to the development of decision support tools and
adaptation strategies for the benefit of agrosystems affected by these changes. Three major initiatives are currently under way.
In order to quantify water productivity on a catchment scale, the first initiative aims at estimating the water consumption of crops
grown on hilly terrain and increasing the accuracy of agroclimatic models. This involves taking the impact of the wind into account
under rugged landscape conditions and better simulating above-ground and root processes of crops. This project is focused within a
small catchment area in Tunisia and will subsequently be applied on a regional scale (Cap Bon).
The second initiative concerns the use of remote sensing to generate information on the water status of plant cover on a regional
scale. A study carried out on vineyards in La Peyne catchment (Hérault, France) revealed that the daily evapotranspiration and water
status of a row crop could be mapped with a simple model. Further studies will focus on use of the estimates obtained to spatialize
the water balance.
The third initiative uses future projections generated by general circulation models which indicate that, in addition to rising
temperatures, rainfall averages should decline. A preliminary study on durum wheat in Tunisia showed that a change in the rainfall
distribution during the year and a reduction in the cropping cycle length led to earlier planting and yield impacts that varied between
regions. This study should be continued and extended to other regions.
Contacts: Jean-Paul Lhomme, jean-paul.lhomme@supagro.inra.fr
Laurent Prévot, laurent.prevot@supagro.inra.fr
& Frédéric Jacob, frederic.jacob@supagro.inra.fr
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Cultivated landscape
functioning studies
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The Laboratory for the Study
of Interactions between Soil,
Agrosystems and Water Systems
(UMR LISAH, INRA, IRD, Montpellier
SupAgro) studies the functioning
of cultivated landscapes resulting
from interactions between: i) the
soil, the landscape substrate, ii) the
agrosystem, which is the source of
forcings and modifications in the
geometry of landscapes, and iii) the
hydrosystem, the generator of water
and mineral transfers. The unit’s
objectives are:
 to generate knowledge on water

transfers, soil erosion and the
ecodynamics of pollutants in soils
and rural catchments relative to
their natural and anthropogenic
spatiotemporal organization

 to develop tools to assess and
prevent hazards induced by human
activities in cultivated environments
affecting hydrological regimes and
the evolution of water and soil
resources
 to contribute to developing new
sustainable land management
methods
 to train students on concepts
and tools concerning analysis and
modelling of the spatial organization
and hydrology of cultivated
environments.

LISAH’s scientific approach is based
on: (i) field studies and hydrological
experiments, (ii) methodological
research on the acquisition and
processing of spatial data on the
soil and landscape, and (iii) the
development of distributed
hydrological modelling approaches
to serve as tools for risk analysis
and evaluation of cultivated

environment management and usage
scenarios.
The laboratory pools expertise in soil
science, hydrology and agronomy,
and is divided into three teams
conducting research on:
 Water and pollutants in cultivated
catchments
 Erosion and sediment transport
 Spatial organization and
functioning of cultivated landscapes.
LISAH manages OMERE (Observatoire
Méditerranéen de l’Environnement
Rural et de l’Eau*), an environmental
research observatory that analyses
the impact of human activities on
physical and chemical erosion of
Mediterranean soils and on water
quality, focused on two catchments:
Roujan (Hérault, France) and Kamech
(Cap Bon, Tunisia). OMERE consists
of consortium of four partners:
UMR HydroSciences Montpellier,

the Institut National de Recherche
du Génie Rural et des Eaux et Forêts
(INRGREF), the Institut National
Agronomique de Tunisie (INAT) and
UMR LISAH.
UMR LISAH, which is based in France
(La Gaillarde Campus, Montpellier)
and in the Mediterranean Basin, also
relies on its network of partners,
with the main ones belonging to
the scientific community in France
(e.g. Institut Languedocien sur l’Eau
et l’Environnement) and abroad
(generally in the Mediterranean
region). Research stations have been
developed in Morocco, with the
Institut Agronomique et Vétérinaire
et l’École Nationale Forestière

d’Ingénieurs, and in Tunisia, with
INRGREF, INAT and the Direction
Générale de l’Aménagement et de
la Conservation des Terres Agricoles
of the Tunisian Ministère de
l’Agriculture.
LISAH has developed activities in
tropical environments focused on
the study of environmental impacts
on water and soils in intensively
cropped areas in partnership with
the World Agroforestry Centre in
Kenya, the Office of Science for Land
Development in Thailand, CIRAD
and INRA in Guadeloupe.
The main areas of research concern
studies on the agricultural impacts

of pesticide pollution of soil and
water in vineyards in Languedoc
region (France) and in West Indian
banana plantations, analysis of the
hydrological cycle of the ‘soil-crop’
system in small Mediterranean
catchments, the development of
digital soil mapping methods and soil
information systems, the analysis of
soil erosion and sediment transport
triggering factors and processes
in catchments, and studies on
the impact of water development
projects (ditches, benches, hill lakes)
on the hydrological functioning of
cultivated soils and catchments. 
* www.umr-lisah.fr/omere

Beninese farmers’ perceptions of
climate change and their adaptation strategies

© R. Dimon

This research is focused on the adaptation of family agriculture
to climate change. Based on the assumption that changes can
best be described by those exposed to them, a survey of
farmers was carried to determine their perceptions of the
phenomenon and consequences on the environment and their
daily lives. Technical adaptations adopted to deal with changes
were also recorded. The survey was carried out in eight
villages in the northern, central and coastal areas of Benin,
and was also focused on cropping systems (cotton/food crops,
food crops/soybean and food crops/oil palm, respectively).
A broad climatic variability gradient was assessed, from the
north (Sudanian climate with a monomodal rainfall regime)
to the south of the country (Guinean coastal climate with a
bimodal rainfall regime).

 Photos 1 & 2 - Negative impacts of adverse weather in
the village of Alfakoara, northern Benin.
Photo 3 - Use of group questionnaires in the village of
Athièmè, southeastern Benin.

Adaptations differed depending on the farm type and region.
Farmers who could: (i) switched to planting new crops such
as lowland rice in the central region, while abandoning others
(cotton and conventional legume crops such as cow peas
and groundnuts, in favour of soybean, in the central region),
(ii) adopted shorter cycle varieties, and (iii) modified their
practices (inputs, land use, etc.). The most vulnerable farmers
engaged in new activities such as charcoal production, or
planned to move out of the region.
Contacts: Hervé Guibert, herve.guibert@cirad.fr
& Euloge K. Agbossou, agbossou2001@yahoo.fr
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All interviewed farmers had perceived changes in climatic
conditions over the previous 15 years. They noted: (i) a trend
towards a shortening (or even disappearance) of the second
rainy season, and an overall lag in the onset of the main,
or only, rainy season, (ii) an increase in rainfall irregularity,
more than a decrease in rainfall, (iii) an increase in maximum
temperatures, especially during the main, or only, dry season,
and (iv) an increase in violent wind storms at the end of the
rainy season. One of the worst impacts that they pointed
out concerns the violent winds which induce lodging in
cereal crop fields, with substantial crop losses, and damage to
buildings.
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Persistent soil pollution and health safety of horticultural
pesticides–a case study of chlordecone in the West Indies
© J.B. Charlier

 View of the elementary catchment
of Féfé, Guadeloupe.

Chlordecone is an organochlorine pesticide that was used from 1971
to 1993 in the West Indies. This molecule is stable and continues to
persist in the environment, resulting in chronic contamination of the
environment and certain crops. Little is known about the dispersion
mechanisms of this pesticide, which is highly adsorbed on soils with
elevated organic matter contents under humid tropical climatic
conditions. The first part of this study deals with factors determining
the release of the molecule in the soil profile and its transfer into
groundwater. Chlordecone adsorption and desorption have been
analysed for different types of soil according to the quality of their
organic matter contents and characteristics of the mineral phase.
The intensity and dynamics of chlordecone migration into
groundwater were modelled according to the soil properties and
climatic events.

The second part of the study investigates key factors in the contamination of rivers on a catchment scale. In Guadeloupe, in situ
measurements (rainfall, river flow, piezometry) define the hydrological functioning of elementary and resource catchments. These
are complemented by the analysis of soil pollution and pollutant monitoring in water resources (groundwater and rivers). Pollutant
transfer pathways and dynamics will be simulated by modelling. Finally, transfer of the molecule from the soil into crops is measured
on different scales in order to gain further insight into the pathways and factors responsible for such transfers within plants. Data
integration has led to the development of management tools to predict health risks and identify the main areas of origin of this
pollution, and changes in the pollution pressure over time. They enhance environmental management by all stakeholders in the region,
thus reducing exposure risks for inhabitants. These studies are being carried out by the CIRAD research units HortSys and Banana,
Plantain and Pineapple Cropping Systems, INRA Guadeloupe, UMR LISAH, IRD Martinique and the Agrosphere Institute (Jülich,
Germany), within the framework of the French Plan National Chlordécone et de Chlordexco (Contaminants, Écosystème, Santé project of the
Agence Nationale pour la Recherche, France).
Contacts: Magalie Jannoyer, magalie.jannoyer@cirad.fr, Philippe Cattan, philippe.cattan@cirad.fr
& Marc Voltz, marc.voltz@supagro.inra.fr
For further information: www.pram-martinique.org

Agronomy: Crops and cropping systems

Impact of coffee-based agroforestry systems
on water quality and in reducing erosion phenomena
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Cropping systems have been widely assessed for their
production capacity and impacts on natural
resources. Agroforestry systems (AFS),
in which several plant species are
intercropped in a plot, including trees,
can successfully meet these two
challenges. Generally AFS, especially
those based on tree crops like
coffee, are very widespread in
Central America. Many research
studies have aimed at improving
their agricultural performances,
while many others have also now
focused on the environmental
services provided by AFS.
In coffee-based AFS, shade is generally
planned and managed according to
its interaction with the coffee crop.
©B
. Rap
The challenge is thus to integrate this new
idel
feature (and possible associated funding) in AFS
decisionmaking processes to enhance environmental service
provision. In a small valley where coffee plantations prevail
in the best coffee production area in Costa Rica, research is
under way to pinpoint areas for improving coffee production,
interactions between coffee plantation practices and erosion

and, finally, between compromises and complementarities
with respect to coffee production, erosion and soil
fertility conservation. This research should be part
of a wider negotiation between stakeholders,
assisted by computer models to enhance the
assessment of quantities of environmental
services provided by coffee growers, the
willingness of users to pay for services,
and the willingness to provide services
according to incentive schemes (SEPIA
project submitted to the Agence
Nationale de la Recherche, France). The
hydrological system modelling is based
on the research of INRA and CIRAD.
The coffee system modelling is based on
findings of the CASCA* project, a former
European project conducted jointly by
CIRAD, CATIE** and CEH***.
Contact: Bruno Rapidel, bruno.rapidel@cirad.fr
* Sustainability of coffee agroforestry systems in Central America; coffee quality and environmental
impacts / ** Centro Agronómico Tropical de Investigación y Enseñanza / *** Centre for Ecology and Hydrology

 Llano Bonito valley, Tarrazú region, Costa Rica.
Trees are generally intercropped with coffee, in highly variable proportions.

Andosol
Ferralsol

31 %
Banana trees
(stemflow)

4200 mm
100 %

27 %
10 %

Lava
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ash

Clay breccia

17 %

90 % Superficial
aquifer

42 %
Deep
aquifer

 Features of the hydrological
balance in the elementary
catchment of Féfé (20 ha).
Hydrological discontinuities between
lapilli, lava and glowing ash, and finally
breccia, led to separation of the two
overlapping aquifers. The main terms of
the balance are:
Evaporation = 31% of the rainfall;
River flow (27%) = surface runoff
(Rs=10%) + superficial aquifer
drainage (Ds=17%);
Infiltration (90%) = Evaporation + Ds
+ Deep aquifer drainage (42%).

Hydrological functioning on plot and catchment scales
in tropical environments–a case study of banana
Ignorance of the main mechanisms controlling the fate of pesticides used in
tropical environments is partly responsible for environmental problems in the
West Indies and most banana-growing areas worldwide. As part of a study
to assess the fate of pesticides in volcanic tropical environmental conditions,
environmental degradation which could be potentially induced by banana cropping
was a special focus of attention.
The research (in collaboration with the INRA Unité Agropédoclimatique de la zone
Caraïbe) was conducted in two phases:
 Understanding how pesticides are mobilized from their application site (plot).
The main runoff and drainage water flows were quantified along with changes in
pesticide concentrations in different water and soil compartments.
 Study of water resource pollution mechanisms in catchments, i.e. an
environmental impact assessment scale. The hydrological functioning of a small
banana growing area (20 ha) was characterized, while also determining water and
soil contamination patterns.

A study of nematicide dispersion revealed two successive water contamination
phases: event-based contamination with peaks lasting less than 30 days, associated
with transport via surface runoff during rainstorms; and quantitatively greater
chronic contamination associated with drainage of the contaminated surface water.

 Device for measuring the rainfall
redistribution by banana leaves.
A collar allows for recovery (in cans) of water flowing
down the stem (stemflow). Basins used to assess the
distribution of water flowing through the foliage
(throughfall).

Pesticide inputs in banana plantations lead to soil and water pollution on different agricultural spatial scales. This warrants
research to develop alternatives to pesticide treatments. The findings of this study provide a reference base on pesticide
contamination and mobilization processes in tropical volcanic environments, especially with respect to the management of the
chlodecone problem in the West Indies, as this persistent organochlorine pollutes water and soils for very long durations.
Contacts: Philippe Cattan, philippe.cattan@cirad.fr
Marc Voltz, voltz@supagro.inra.fr
& Roger Moussa, moussa@supagro.inra.fr

Agronomy: Crops and cropping systems

On a plot scale, banana trees highly redistribute incident rainfall, mainly via
stemflow. This results in a heterogeneous rainfall intensity distribution on the
ground, which in turn promotes runoff, increases drainage flows at the foot of
banana trees and fosters pesticide export. On a catchment scale, water circulation
routes are mainly underground. The spatial hydrological model developed can be
used to assess the impact of the landscape spatial organization on water flows.

© P. Cattan

Hydrological modelling was conducted on two scales using the MHYDAS model
developed by LISAH.
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© P. Andrieux

 Vineyard plots weeded
mechanically with a tined implement.
Under the effect of successive rains, a crust forms
on the soil surface, leading to a reduction in infiltrability.

Assessing the hydrological impacts of cropping practices
in Mediterranean environments

Agronomy: Crops and cropping systems

In catchments in which cropland accounts for a major share
of the area, cropping practices are an important factor
with respect to increasing risks of soil erosion and diffuse
pesticide pollution of water. These risks are assessed on two
complementary scales, i.e. cropping practice implementation
(crop plot) and integration of their effects (catchment).
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On the plot scale, studies are carried out to assess the impact
of different soil maintenance practices on soil surface states
that determine the division between runoff and infiltration
of water and associated sediment. A typology of soil surface
states based on the structural organization of the soil surface
was drawn up. Each described surface state was characterized
by soil infiltrability properties. On the basis of this functional
typology, the aim was to develop an original approach for
temporally continuous modelling of infiltration on plots.
Several soil surface state trajectories were identified on
the basis of soil characteristics, climatic events and crop
management sequences implemented by wine growers.
Experiments carried out on vineyard plots also revealed the
effects of several soil maintenance practices (chemical weeding,
tillage, natural or sown, permanent or temporary, grass cover)
on water transfers, erosion and pesticides.

On a catchment scale, the assessment was based on a
distributed hydrological model to simulate water and associated
sediment flows according to different cropping practice and
climatic scenarios. The spatiotemporal distribution of cropping
operations with a hydrological impact (soil maintenance and
pesticide treatments) on each plot in the catchment has
to be known to be able to apply the model. In the absence
of comprehensive data on cropping practices, studies were
focused on building a decision model to simulate farmers’ crop
management sequences (collaboration with UMR Innovation
and the Biometry and Artificial Intelligence unit in Toulouse,
France).
For each farm in the catchment, the model is based on a
representation of the vineyard annual technical management
strategy in the form of activity plans. These plans involve
agrosystem status indicators (e.g. grass growth, soil carrying
capacity, phenological state of the grapevines) and take into
account the characteristics of productive resources on the
farm (plot patterns, equipment and manpower) and arbitration
between cultivation operations and competing plots.
Contacts: Anne Biarnès, biarnes@supagro.inra.fr
& Patrick Andrieux, patrick.andrieux@supagro.inra.fr

Shade is provided here by Erythrina spp., an atmospheric
nitrogen fixing legume that can be pruned regularly. Its growth
can thus be modified according to coffee tree needs. On these
sharp slopes, Erythrina branches and coffee prunings provide
substantial soil protection in the plantation.
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© B. Rapidel

 Coffee plantation at Tarrazú.
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