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Water uptake by rangeland plants: a modeling analysis

Soll water dynamics at different depths

X. Dongl, B. Pat’[or]], A. Nyrenl, P. Nyreﬁ, and L. Pruntfl The root uptake compensation hypothesis oftLal. (2001) says that the reduced root water
. - _ _ _ uptake at one location due to water stress may be “compehf&ateby improved water uptake
%Nggﬂ_ ggggﬁ%%’ﬁtsg;%ﬂgfé%?gﬁcaé?ﬁ—gggfeKiDS’t[je\ge IE\G'UIS@’ Water uptake aCCOrdlng to soll water pOterltlaI at other locations (or depths) where water is availableh@lgh the use of this mechanism only

caused slight improvements in simulated soil water corsfanhad a significant impact on the

We adopted a model by Feddesal. (1978) so that root water uptake is attenuated with the accumulated water uptake by rangeland plants (see Tablew;mso see Dongt al. 2010).

reduction of soil water potential. Water potentials lesth, and greater thah; indicate the

limitation due to oxygen deficiency and wilting point, restieely; water potential betweehy e 2=0.076 m e 20229 m
and hy are for maximum uptake. The dashed lines depict the shifhefpoint of reduction o3 o3
Summary to a lower water potential under lower evaporative demanthdisated by a lower potential 025 020
evapotranspiration (PET). o1 o1
We used a “macroscopic” root uptake model to quantify water of rangeland plants based o w0
on field data of soil water contents, soil hydraulic pro@stiand leaf area index. The model o3 o3
considers a dynamic root distribution, the effect of wateess on plant water uptake and the 1.00 - 7 o2
compensation effect of root water uptake. The simulatiog eenducted for 111 days from May E > b ' ' |
to September of 2009 on a moderately grazed pasture. Themaxrooting depth was estimated % A é 0.45 045 [~ 2=0.838 m
asl.3 ~ 1.6 m. Pattern of simulated seasonal water depletion was vetfietbserved data. Our S os0 — S 03 o TTReeea
work illustrates the importance of soil water retentiongmaeters, and especially the root uptake = 2 025 |- — 025 |-
compensation mechanism, in correctly simulating soil wewev on rangeland. The method and S 025 ; 015 | | | 015 | | |
analysis of this work may be useful in a wider context of séahp relationships. x D s B — 045 — -
000 — 035 |02 —e°—2—0=00 o o0 o o 035 L o T T o
-1|50 -1|20 -9|0 -éO -3|O (l) 025 = 025 = 221372 m
Introduction Soilwater potential (m) s ' ' ' B T T TR
Y e oeensaoo a0 oo Days in 2009
Quantifying plant water use is essential for sound managéepwicies with regard to both the _ _ _ _ Zz: : o Measured value
plant production and environmental impacts of the soikrp&ystem. In recent years, the “macro- Water uptake aCC()rd“qg {0 root d|Str|but|on 0'15 s=1676m| | ---- With compensation (Type 8)
scopic” root uptake modeling approach—roots of the plantmainity are considered as a whole " May 1o o 19 29 Sep. 7 —— \Without compensation (Type 7)
regardless of the geometry and physiology of individuatseehas been frequently used to de- |
sc?ibe water flow i?] severzi; annugl);ropsgéuccessful agapic of this methcc)ld to nyative range- We adopted a nonl_inear root_ distributi_on functic_)n of Ojhal ﬁ_ai (199.6) S0 that relative abun- .
lands, however, is not seen to us. One major difficulty is theettainly in accurate knowledge dance of roots at different soil depths is determined by doé distribution paramete. _ _
of rooting depth and root distribution of rangeland plaisour work, this was overcome by the Opt|ma| plant water use by uptake Compensat|()n
combined use of field measurements (soil water contentst lglaf area index, and soil hydraulic
characteristics) and iterated computing (Dehgl., 2010). In particular, we oo PToBESE B 8 8 |
Table 1: Accumulated water uptake from the root zon® ef 1.6 m during Aug. 1-13 (dry
e Used a simulation-based search method to identify the aptiooting depth and distribution % 0.2 - period) and Aug. 13-31 (wet period due to a heavy rainfall b©4nm received in Aug. 14-
parameters, which was accomplished by minimizing the diffee between measured and 1; e 16, 200_9). Note the contrast in w_ater use paFtern before #adthe rain event. During the
modeled soil moisture content; then, we o i dry period, the uptake compensation mechanism “allowedémwt be extracted from deeper
« identified parameters that have significant impact on theahmetformance according to their é 0.6 locations, while during the wet period, it “facilitated” @take from shallower and wetter depths.
iInfluence on the magnitude of the root mean square error (RMSE X g Period Depth quartefWith compensation Without compensation
o Water use (mm) % of totjgl Water use (mm) % of total
| | | |
T = 0 0.0 15 3.0 45 Aug. 1-13 1st 4.48 39. 3.93 48.2
Macroscopic” root uptake model oo oo sty o 306 g Sto a1s
3rd 2.97 26. 1.61 19.7
The soll water infiltration and redistribution model “Ausgdayered” by Warrick (2003) was 4th 0.71 6. 0.02 0.3
modified and extended to include the following new compostefd) dynamic root growth, (b) Soll water pr()f”e: simulated vs. measured Total 11.42 100. 8.15 100.0
non-uniform root water uptake, (c) effect of water stressptant water uptake, and (d) soil Aug. 13-31 1st 2430 36. 18,52 242
evaporation. The model considers one-dimensional, uregatl liquid water flow in layered _ _ _ _
- e Shown below are model simulated water content profiles (Pankénes) compared against the 2nd 2.18 /. 4.27 17.1
solls of rangelands, or similar ecosystems. , _ _
field measurements (Pareel symbols) on selected four days during the 2009 growingaseas 3rd 1.25 4. 2.13 8.6
Note the development of seasonal drought from mid-May to-Audust. Also shown are simu- 4th 0.30 1. 0.03 0.1
Rain  Evaporation lated profiles of soil matric potentials (Parg! Total 28.03 100. 24.95 100.0
infiltration A Transpiration
Plants .
Soil surface “““‘M 0.0 - - Conclusions
@=om st g ! ( |
Layer 3 ’é 0.5 7 g} 1. The macroscopic root uptake approach is a useful tool farrately predicting rangeland soil
thickness $ < — water dynamics through combined use of field measured data@nputer-based search for
(0.025 m) E < 10 - . the optimal parameter values.
Soil profile & c ) 2.Using the water stress compensation mechanism not onlyireprthe accuracy of soil water
plant roots k= E prediction, but also enables a more sensitive responsets tmwater availability in the whole
Redistribution < o 1.5° | root zone, and thus facilitates an optimal water use by plant
% N b 3. Rigorous test of the model is needed using measured datatafistribution and transpiration.
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Deep drainage content (v/v) potential (m) e Data (in table/figures) of this poster are from X. Dagigl., 2010, Plant Soil 335; 181-198.



