
Geophysical Research Abstracts, Vol. 9, 02525, 2007
SRef-ID: 1607-7962/gra/EGU2007-A-02525
© European Geosciences Union 2007

Macroscopic root water uptake distribution using a
matric flux potential approach
Q. de Jong van Lier (1), J.C. van Dam (2), K. Metselaar (2), R. de Jong (3), W.H.M.
Duijnisveld (4)
(1) Exact Sciences Department, Esalq-University of São Paulo, 13418-900 Piracicaba (SP),
Brazil, (2) Department of Environmental Sciences, WUR, Droevendaalsesteeg 4, 6708 PB
Wageningen, The Netherlands, (3) Eastern Cereal and Oilseed Research Center, AAFC,
Ottawa, Canada, (4) Federal Institute for Geosciences and Natural Resources, PO Box 510153,
30631 Hannover, Germany (qdjvlier@esalq.usp.br)

Introduction.

During soil water depletion, when hydraulic conditions turn from nonlimiting into lim-
iting, transpiration decreases with soil water content. In the Soil-Water-Atmosphere-
Plant simulation model (SWAP, 2006), potential water extraction is partitioned over
depth, proportional to the root length. An empirical water stress reduction function
proposed by Feddes et al. (1978) is applied at each layer to estimate the reduction
in water uptake. This methodology does not allow for compensation of uptake re-
strictions from a drier layer through an increase in uptake from a wetter layer. The
objective was to develop a more physically based extraction model with an implicit
compensation mechanism, incorporate it into SWAP and test it against experimental
data.

Materials and Methods.

A shape function for the Matric Flux Potential (M) and the radial distance from the
root surface was found through numerical analysis (De Jong van Lier et al., 2006;
Metselaar & de Jong van Lier, 2007). Based on this function, and assuming a constant
value ofM at the surface of all roots, root extraction per layer can be shown to be a
function of layer bulkM , root surfaceM and a weighting factor that depends on root
density and root radius alone. Actual transpiration can thus be calculated from the sum
of extraction per layer. This proposed reduction function (PRF) was built into SWAP



and model predictions were compared to those with the Feddes et al. (1978) reduction
function (FRF). Simulation results using both FRF and PRF were compared with an
18 year data set from Swift Current, Canada (continuous spring wheat) and with a 4
year data set from Hanover, Germany (spring wheat, winter barley, sugar beets, winter
wheat rotation).

Results, Discussion, Conclusions.

For Swift Current (number of observationsn = 142), the normalized root mean square
error (NRMSE) was very similar for both the FRF and the PRF in the upper two soil
layers (015 and 1530 cm). For the deeper layers,NRMSEwas smaller for the PRF
than for the FRF. Especially below 60 cm, the PRF appears to give significantly better
estimates of water content than the FRF: 52% vs. 77% in the 60-90 cm layer; 48% vs.
69% in the 90-120 cm layer. At the Hanover site (number of observationsn = 82), the
values ofNRMSEwere lower for PRF in the upper soil layers (20 and 40 cm). For the
deeper layers,NRMSEwas of the same magnitude for both FRF and PRF.

In conclusion, the incorporation of the new reduction function into SWAP was suc-
cessful, allowing the inclusion of compensation of uptake from wetter layers without
increasing the number of empirical input parameters. Model performance remained
the same or improved, as evaluated according to the NMRSE for two data sets.
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