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INTRODUCTION

In vineyards, introducing a grass cover as intgrag a common practice around the world.
Indeed, it can provide some ecological servicef siscmitigation of runoff and erosion, and conabl
grapevine vegetative development (Battany and Gnis@000; Smart et al., 1991). Moreover, it can
constitute an interesting alternative to the syateamuse of herbicides. However, introducing a new
crop makes the system more complex, and farmers avadapt their way to manage them. In
Mediterranean vineyards, a major difficulty is t@amage correctly the two crops, to satisfy produnctio
and environmental objectives with respect to thapetition for soil resources and climate variapilit

As experiments are time consuming and difficultéory out in these perennial systems, the use
of a modeling approach is more appropriate to tesl evaluate different types of intercrop
management plans. A recent study showed the difficufinding robust management plans over a 30-
years period. It can be explained by the fact tthey did not manage responsively to observed stdites
the biophysical system and they did not take irdooant the high inter- and intra-annual climate
variability (Ripoche et al., 2009).

This studyanalyzes the merit of introducing some flexibilitythe management of intercrops in
vineyards. The investigation relies on a simulatioodel that reproduces the interactive dynamics of
decision-making and biophysical processes. Sinarla used to support the design of more robust
management plans enabling control of the grapewater status in these cropping systems.

DESCRIPTION OF MODEL

A generic modeling platform, DIESE (Martin-Clouaimed Rellier, 2009), created to simulate a
manager interacting with and operating on a bioghysystem has been used to write and simulate
dynamic models of management that reproduce ther avfadecisions and actions that affect the
biophysical processes of both grapevine and irdgprciThe simulated decisions are informed by
climatic and biophysical indicators. This softwaptatform offers a conceptual object-oriented
modeling framework under the form of a productigistem ontology. DIESE relies on three main
concepts: entity, process and event, which corraspo the structural, functional and dynamic aspect
involved in the dynamic systems to be modelled.atidition, DIESE provides a discrete event
simulation engine and a modeling environment tadao the underlying ontology.
Biophysical system

The biophysical system is represented by diffessrtities related by processes coming from a
water balance model adapted to intercropped vidsy@elette, 2007). For instanéegld is an entity
composed of 3 other entitiesSail Reservoir, anlnter-Row and aRow. The last two entities include a
Soil Surface entity and a specification of théegetation entity, namelyGrapevine or Grass. As
assumed in the water balance modedpid Reservoir component is also attributed to the Inter-Row to
represent the volume of soil explored by the gréks.grapevine can explore the two soil reservoirs.
Management system

As we focuss on the intercrop management, the neamagt system is defined to account for the
activities directly related to the grass managem@n., tillage for preparing seed-bed, sowing,



mowing) and also activities related to soil managetrin case of grass destruction (e.g., tillage or
chemical weeding). These activities concern therirdaw and impact the biophysical processes linked
to this component as well as processes at fielel lkmwch as the evolution of the grapevine watdusta
They are combined to form annual plans themselggsegated into different pluri-annual strategies
for the cropping systems.

Flexibility takes place at different levels. Op#&vatl flexibility relates to the feasibility
conditions of the activities (e.qg., rainfall on ttendidate day of sowing or the day before predute
immediate execution of the activity). Tactical flekity corresponds to the determination and timeofg
activities in function of the state of the bioploai system (e.g. performing a mowing at the right
moment depending on grass state). Strategic fléyibefers to the context-dependent replacement of
parts of the strategy with other activities morgesiito the overall objective assigned to the syste

RESULTSAND DISCUSSION

Different strategies were built including differemevels of flexibility. The first strategy
considered as ‘standard’ consists in maintainingaee soil in the inter-row. In the second one, a
permanent grass cover is installed and sustainedy@ars. In the third one, the intercrop is solant
destroyed every year as a function of the grapewiater status. The so-called ‘mixed strategy’ affer
the choice between keeping the intercrop or desigoy, i.e. switching to bare soil management for
the rest of the year. The next year, intercrop begown again.

These strategies were simulated over 5 years dfasiad climatic data of Montpellier (South of
France) and their agronomic performances were coedpd3ecause a flexible strategy responds to
climate variability and to changes in the statetted biophysical system, its application results in
different calendars of executed actions. For exambile ‘mixed’ strategy resulted in a permanent
intercrop in 2004 and 2005 (with different seriéslates of mowing). Its destruction was decided in
2006, 2007 and 2008 in relation to a dry springisThtrategy resulted in better agronomic
performances than the one with permanent interangpp

The use of the ontological framework DIESE to buligs model is efficient in representing the
complexity of a perennial multi-crop system and foglping to design innovative and robust
management strategies. The dynamic interactionsigrie weather, the biophysical and management
systems are consistent and realistic. To confiresehresults and extend the scope of our study,
strategies have to be evaluated under various @snand for longer periods. Moreover, constraints
related to time and material resource consumptioalbthe activities should be taken into accoumt i
order to deal with the possible competition betwaetivities at field or farm scales.
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