A Multi-Scale Model to explore Carbon Allocation in Plants
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Understanding and simulating carbon allocation in plants is necessary to distribute carbohydrates among
growing and competing organs and to predict plant growth and structure development in relation to climatic
conditions. In this context several carbon allocation models have been developed but no clear consensus
exists on (i) the most appropriate topological scale (organ, metamer, compartment...) to represent this process
on complex plant structures, (ii) the importance of distances between organs in carbon transport, (iii) the
priorities in carbon allocation among plant parts, that can depend on growth stages. Multi-scale tree graph
(MTG) is a formalism allowing the representation of geometry and topology of a tree structure at different
scales. In this study, several models were implemented to compute carbon allocation at user-defined spatial
scales by using the MTG formalism. This allows multiple scales (e.g. metamer, growing unit, branch) to be
combined during the computation of carbon allocation (e.g. allocation first within leafy shoots at metamer
scale and then between growing units). The model describes carbon transport, taking into account the
distances between sources and sinks, the strength of the sinks and the available carbohydrates, following the
equations of the SIMWAL and QualiTree models. Simulations on simplified branching structures,
represented at different scales, showed how the scales chosen to represent the system influence the results of
predicted carbon allocation. This modelling approach will be first applied to apple tree to analyze the impact
of the scale of representation (branch, growth unit, metamer, and inflorescence) on the predicted fruit growth
variability which, in turn, will be compared with field observations. The present work is available through
the OpenAlea platform and provides existing Functional Structural Plant Models with a new generic model
to simulate carbon allocation in plants depending on user-defined biological hypotheses, such as the choice
of the scale of representation or the effect of distance.
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