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Modelling farmers' decisions of crop sequences and crop on-farm localisation : from arable farms to market-gardeners management decisions

Representations of farmers' decisions making processes is increasingly admitted as a necessary step in cropping system modelling, in order to analyse to what extent farmers may modify them, at farm and territorial levels. These representations may however vary, from simple modules describing the modalities and dates of cultural practices [START_REF] Jones | The DSSAT cropping system model[END_REF] to more complex ones formulating a management module as a set of decision rules [START_REF] Keating | An overview of APSIM, a model designed for farming systems simulation[END_REF][START_REF] Cros | Simulating management strategies: the rotational grazing example[END_REF][START_REF] Chatelin | DeciBle, a software package for wheat crop management simulation[END_REF] and/or as a global decision sub system that mimics farmer's decision-making processes [START_REF] Navarrete | SaladPlan : a model of the decision making process in lettuce and endive cropping[END_REF][START_REF] Gal | A modelling framework to support farmers in designing agricultural production systems[END_REF]. For the decisions regarding the temporal crop sequences and the crop spatial allocation on farm land, the first conceptual frameworks concerned arable cropping systems. Lately, on this basis, lately two research works aimed at conceptualizing market-gardeners cropping systems taking into account increasing complexity as regards spatial and temporal scales.

Methodology

A model with temporal and spatial characteristics was developed for the design of crop sequences and crop spatial allocation in market gardening cropping systems. This model mixes qualitative and quantitative rules derived from the existing literature on modelling arable cropping systems management [START_REF] Maxime | Aide au raisonnement de l'assolement en grande culture[END_REF]. It is also built on research and extension data on determinants of farmers' planning process for two types of gardening cropping systems: first in a large scale lettuce production system in South of France [START_REF] Navarrete | SaladPlan : a model of the decision making process in lettuce and endive cropping[END_REF], second in a small-scale, entirely manual, leafy vegetable production system in the West of Madagascar [START_REF] Mawois | Constitution des systèmes maraîchers à proximité d'une ville : quelles marges de manoeuvre des agriculteurs pour répondre à une augmentation de la demande ? Cas de systèmes de cultures à base de[END_REF]. The model was tested on a sample of farms in each site, selected to represent a range of crop areas and general farm functioning (levels of labour forces, water access, marketing channels). The surveys consisted in two interviews of 3-4 hours each, one on the overall farm functioning and farm land characteristics, and the other on the precise rules of crops location and crops sequence. In South of France, 38 farms were chosen (combining sheltered and open field lettuce production); in Madagascar, the necessity to check farmer's effective practices of land occupation through weekly on-farms surveys imposed a smaller sample (11 farms only).

Results and discussion

Compared with the initial model for arable crops, the SaladPlan model for lettuce cropping [START_REF] Navarrete | SaladPlan : a model of the decision making process in lettuce and endive cropping[END_REF] included additional variables due to the specificity of these systems, such as the number of lettuce cycles per plot and year, the consecutive developed surface area under lettuce along the year and the main period for lettuce cultivation in the farm. The case of leafy vegetable production in tropical conditions (various varieties of Brassica campestris, Spilanthes acmaela, Solanum nigrum, Lactuca sativa etc.) led to another additional complexity. The model called LeafY Vegetables Land Use (LYLU) evidenced the role of local retailers in determining diversity of crops at any time and length of intercrop period, two main new variables identified (Fig 1). The cropping systems lay on a complex spatial (blocks) and temporal (periods) partition of the farm land and the notion of "fields break" for a given crop, largely used for arable crops, is shown to have here no more relevancy. This representation mimics the diversity of farmers' decisions in a generic model: it allowed understanding and discussing with farmers which are the main obstacles to increase the leafy vegetables areas in the farm, so as to face the increasing urban demand. Farmers' room for manoeuvre was studied by (i) quantifying the gap between the effective surface for each vegetable -the final variable of the model (S_Dev on Fig 1)-and the potential developed surface area when following the main crop succession rules (ii) analysing with farmers the main reasons of this gap, which were mainly scarce labour resource at some major moments of the cultivation season and dependence to retailers' transport capacities, very low in this context. Despite the limited number of farms surveyed, the LYLU model also allowed to discuss access to resources as labour, uncultivated land or available water at the territorial level of the suburban agriculture. 

Conclusion

The LYLU model, built and validated in a specific tropical context of manual agriculture, could be even used in Europe because of the increasing weight of short supply chains associated with market-gardening cropping systems [START_REF] Navarrete | How do farming systems cope with marketing channel requirements in organic horticulture? The case of market-gardening in south-eastern France[END_REF][START_REF] Aubry | Le développement des circuits courts et l'agriculture périurbaine: histoire, évolution en cours et questions actuelles[END_REF]: indeed, the high level of crop diversification and the use of intensive manual work in these cropping systems presents similarity with the LYLU building context. LYLU could be tested with the double aim of (i) better describing farmers' decisions and quantify their room for manoeuvre (ii) preparing a computer model to simulate alternative land uses in these farms. This latter aim is only in its infancy for arable farming systems and needs to better represent decisional adjustments (Dury et al., Schaller et al. in this seminar). It would be ever more difficult for market-gardeners' management decisions. Clarifying its potential uses is first required to adjust the complexity level of the model (Le [START_REF] Gal | A modelling framework to support farmers in designing agricultural production systems[END_REF]. A proxy of farmers' decisions overcomes the limitations of expert-based frameworks [START_REF] Zhu | A knowledge model system for wheat production management[END_REF] and completes the understanding of regional landscapes (Castellazzi et al, 2007;[START_REF] Leenhardt | Describing and locating cropping systems on a regional scale. A review[END_REF]. But it requires a high level of complexity in the model language and structure, not yet reachable.
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 1 Figure 1. the LYLU conceptual modelThe six boxes represent the successive steps for predicting the output variable, S_devk, the effective developped surface per block for each crop k. The intermediate variables are framed. The input variables are written in italic characters.
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