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How much and where water is taken up by roots from the soil profile are important questions that need to be 
answered to close the soil water balance equation and to describe water fluxes in the soil-plant-atmosphere system. 
Physically-based root water uptake (RWU) models that relate RWU to transpiration, root density, and water potential 
distributions have been developed but far less used or tested. This study aims at evaluating the simulated RWU of 
winter wheat by the empirical Feddes-Jarvis (FJ) model [1] and the physically-based Couvreur model (C) [2] for 
different soil water conditions and soil textures against sap flow measurements. Both models use potential 
transpiration rates, which are calculated using an energy balance of the canopy of well-watered vegetation, i.e. using 
the FAO Penman Monteith equation [3], and distribute this flux over the root zone using sink terms. In the FJ model, 
the sink term is proportional to the local root density and is reduced as a function of the local soil water potential and 
the total uptake is reduced as a function of an average of the root zone potential. The C-model is an upscaled version 
of a coupled soil-root model that links water flow in the soil with the flow in the root architecture. Uptake 
distributions and uptake compensation are parameterized using a ‘standardized sink term distribution’, which 
describes the uptake when soil water potential is uniform in the root zone, and a root system conductivity, which 
relates pressure head in the plant to the transpiration flux and the soil water potentials. Both parameters are directly 
linked to the root architecture and the hydraulic properties of the root segments. In the C-model, the root water 
uptake is reduced when the water potential at the root collar reaches a threshold value and the flux boundary 
condition at the collar is switched to a constant pressure head boundary condition. Both models describe processes 
like root water uptake compensation, i.e. increased root water uptake from wetter regions in the root zone when part 
of the root zone falls dry. 

Soil water content (SWC), water potential, and root development were monitored non-destructively at six soil depths 
in two rhizotron facilities (Figure 1) that were constructed in two soil textures: stony vs. silty with each three water 
treatments: sheltered, rainfed, and irrigated. Root development was monitored non-destructively from horizontally 
installed 7-m long transparent tubes [4]. Soil and root parameters of the two models were derived from inverse 
modeling and simulated RWU was compared with sap flow measurements for validation. For both models, the 
normalized root density distribution and how it changed during the growing season were used as model input. For the 
C-model, it was further assumed that the root system conductivity was proportional to the total root length and 
therefore increased over time [5] and was larger in treatments with higher root density.  

The different soil types and water treatments resulted in different crop biomass, root densities and root distributions 
with depth (Figure 1). The two models simulated the lowest RWU in the sheltered plot of the stony soil where RWU 
was also lower than the potential RWU. In the silty soil, simulated RWU was equal to the potential uptake for all 
treatments. The variation of simulated RWU among the different plots agreed well with measured sap flow but the C 
model predicted the ratios of the transpiration fluxes in the two soil types slightly better than the FJ model. The root 
hydraulic parameters of the C model (Figure 2) could be constrained by the field data but not the water stress 
parameters of the FJ model. This was attributed to differences in root densities between the different soils and 
treatments which are accounted for by the C-model whereas the FJ-model only considers normalized root densities. 
Furthermore, the inversely estimated root system conductivities compared well with forward calculations of these 
conductivities using a root architecture model for wheat and literature data on hydraulic properties of root segments.  

Different soil water availability in the plots of two different soils with different water treatments had consequences 
for root development and, especially, root density. The impact of differences in root density on RWU could be 
accounted for directly by a physically based RWU model but not by empirical models that use normalized root 



density functions. Simulations with the physically based model also demonstrated the ecological relevance of the 
adaptation of the wheat root system to the different water treatments and soil types. A dense root system with a high 
root system hydraulic conductivity that developed in the well watered silty soil was over-dimensioned for the stony 
soil as it did not lead to more water uptake or less water stress. On the other hand, the smaller root system that 
developed in the sheltered stony plot had a too low root system hydraulic conductivity to avoid water stress in the 
silty soil.  

 

 
Figure 1: Left: image of the access trench to the rhizotubes, right, evolution of the root length density in the rain 

sheltered, rainfed and irrigated plots of the stony soil 

 

 
Figure 2: Evolution of the root system hydraulic conductivity, Krs, as a function of time in the different treatments 

(P1=sheltered, P2 = rainfed, P3 = irrigated) and the two soils (F1 = stony, F2 = silty). 
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