need and feasibility of applying l-system models in agricultural crop modeling
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Development of open parametric L-systems creates an exciting prospect for crop modeling visualization; this allows a presentation of the explicit effects of the environment on the L-model.

Two varieties of soybean, Essex (a conventional grain type) and Moon Cake (a tall growing vegetable type) were grown in three controlled climate chambers at a photoperiod 14 hours, light intensity 390 mol m-2 s-1, and temperatures 32/27, 26/21, and 20/15oC (day/night). Temperature and photoperiod are the leading environmental variables determining the rate of progress towards flowering for soybeans [1]. The models for quantitative description of soybean vegetative development were taken from [2]. For visual modeling, L-Studio software [3] was used.
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The Figure shows photographs (1-6) of the plants of the Essex cultivar at the moment of 6 series of measurements for the temperature 32/27oC, a visual L-model of these plants (1a-6a), and plant maps (schematically) at the same moments (1b-6b). The maps were used for recording the measurements and as a first step of data generalization for L-systems modeling. 

There was no qualitative significant morphological difference between the two cultivars. The effect of temperature was significant from the moment of emergence. Simulations were successfully run for all treatments.

Specifics of applying L-systems in crop modeling consists of the fact that most of crop models simulate a "typical" or an "average" plant in a canopy. For such a plant, a mechanistic crop model (i.e. GOSSYM, GLYCIM) provides information on internode elongation rates, rates of leaf appearance, growth of leaf area, branching, leaf turgor and senescence and biomass distribution between organs as dependent of environmental variables. Data collection, that is sufficient to parameterize such a model, is sufficient also to parameterize the L-system model. Linking a mechanistic crop simulator with L-system appears feasible.

Generally, studies at the level of individual plant are not given the attention they deserve, and the wider use of L-system modeling can help mend this situation. However, even at the level of a single plant the issue of accuracy depends on the question asked. For example, it is not obvious that estimating light interception by leaves of different age may require the same accuracy for plant architecture representation as estimating temperature and gas regime and gradients. In crop modeling, where one deals with a canopy with high variability in individual plant parameters, architecture representation with L-systems may require yet a different accuracy. Here the evaluation of L-system model accuracy should be what Wösten et al. [4] called functional. 

Introduction of L-systems in crop modeling would add a new facet to the problem of crop model validation. The analysis of the basics of the user interface requirements [5] shows that the L-systems model coupled with a crop model could serve as an interactive and attractive for users component of a crop model interface.
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