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                    Abstract
Aims
A simulation model to demonstrate that soil water potential can regulate transpiration, by influencing leaf water potential and/or inducing root production of chemical signals that are transported to the leaves.
Methods
Signalling impacts on the relationship between soil water potential and transpiration were simulated by coupling a 3D model for water flow in soil, into and through roots (Javaux et al. 2008) with a model for xylem transport of chemicals (produced as a function of local root water potential). Stomatal conductance was regulated by simulated leaf water potential (H) and/or foliar chemical signal concentrations (C; H + C). Split-root experiments were simulated by varying transpiration demands and irrigation placement.
Results
While regulation of stomatal conductance by chemical transport was unstable and oscillatory, simulated transpiration over time and root water uptake from the two soil compartments were similar for both H and H + C regulation. Increased stomatal sensitivity more strongly decreased transpiration, and decreased threshold root water potential (below which a chemical signal is produced) delayed transpiration reduction.
Conclusions
Although simulations with H + C regulation qualitatively reproduced transpiration of plants exposed to partial rootzone drying (PRD), long-term effects seemed negligible. Moreover, most transpiration responses to PRD could be explained by hydraulic signalling alone.
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Appendix
Appendix
Influence of shoot volume (buffer size) on transpiration reduction
When shoot volume was smaller than 0.5*VRoot, multi-frequency oscillations in simulated transpiration occurred (Fig. 10) for all scenarios which included chemical signalling. When averaged over time, the trend of transpiration and the signal concentrations (data not shown), were independent of buffer size. Oscillations in stomatal conductance have been observed in several plant species (Buckley 2005), including cotton (with frequencies ranging from 1.3 to 1.8 h−1) (Farquhar and Cowan 1974; Marenco et al. 2006; Passioura and Tanner 1985) and citrus trees when exposed to high vapour pressure deficits (mandarin tree, frequency ca. 1.8 h−1) (Dzikiti et al. 2010). Regardless of the physiological explanation (and site) of this buffer, simulations revealed that, stomatal conductance can oscillate due to a chemical signal arriving from the roots.
Fig. 10
Influence of buffer size: Oscillations in transpiration rates are related to buffer size. A buffer size of 1*VRoot corresponds to an average residence time of 0.1 days and a root:shoot ratio of 1
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