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Quantitative comparison of root water uptake simulated by
functional-structural root architecture models
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3D models of root growth, architecture and function are becoming important tools to aid the

design of agricultural management schemes and the selection of beneficial root traits. While

benchmarking is common for water and solute transport models in soil, 3D root-soil interaction

models have not yet been systematically analysed. Several interacting processes might induce

disagreement between models: root growth, sink term definitions of root water and solute uptake

and representation of the rhizosphere. Schnepf et al. (2020) proposed a framework for

quantitatively comparing such models. It builds upon benchmark scenarios that test individual

components, followed by benchmark scenarios for the coupled root-rhizosphere-soil system.

Here we present the results of benchmarking different well-known models (“simulators”) with

respect to water flow in soil, water flow in roots, and water flow and root water uptake in a

coupled soil-root system for the case of a given prescribed root architecture as observed from an

MRI experiment. The participating simulators are

CPlantBox and DuMux (Koch et al. 2021; Mai et al. 2019), R-SWMS (Javaux et al. 2008),

OpenSimRoot (Postma et al. 2017) and ArchiSimple, RootTyp and SRI (Beudez et al. 2013; Pagès et

al. 2014; Pagès et al. 2004).

In the benchmark scenarios that represent individual modules, the different simulators solved the



same mathematical model but with different numerical approaches; all perform well with respect

to the given analytical reference solution. For the coupled problem of root water uptake from a

drying soil, the different simulators make different choices for the coupling of the different sub-

problems. Thus, the results of the different simulators show a larger heterogeneity amongst each

other.

We expect that this benchmarking will result in improved models, with which we can simulate

various scenarios with greater confidence, avoiding that future work is based on accidental results

caused by bugs, numerical errors or conceptual misunderstandings and will set a standard for

model development.
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