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Test of the Hybrid-Maize Model for Simulation of Soil Moisture Dynamics
and Maize Response to Water Deficit
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The Hybrid-Maize model (Yang et al, 2004), which has been validated
under optimal water conditions, was evaluated for its ability to simulate soil
moisture dynamics in the root zone and effects of water deficits on maize
development and final yields (Fig. 1). The experimental data for this evaluation
were obtained from ongoing field studies of the Carbon Sequestration Program
(CSP) at the University of Nebraska. The studies include three cropping systems,
each located in a quarter-section field (57 ha), two of which are irrigated by
central-pivots and the third is rainfed. One irrigated field is in continuous maize
and the other two are maize-soybean rotation. In each field, detailed micro-
meteorological measurements were made, and soil moisture is continuously
monitored at 10, 25, 50 and 100cm depths year around. Maize crop phenological
development, leaf area expansion and aboveground biomass were measured nine
times each growing season from 2001-2003, and final grain yield and stover
biomass were measured at physiological maturity.

The simulation of soil water balance in Hybrid-Maize is patterned after
Ohm’s law (Driessen and Konijn, 1992). The demand for water evaporation from
soil surface and evapotranspiration (ET) through crop is determined by three input
weather variables (air humidity, temperature and potential ET) and total leaf area.
The resistance to water flux through soil is determined by soil water content and
soil physical and hydrologic properties. The entire soil rooting depth is divided
into 10-cm layers, except the thin uppermost layer of dry soil (self-mulching)
whose thickness varies with soil moisture status and tillage method. As crop
development proceeds, rooting depth increases linearly and the water uptake
weighting factor of each layer decreases exponentially until shortly after silking
when root growth ceases. Water stress occurs when soil water supply falls below
maximum ET, and photosynthesis is reduced proportionally. Soil water balance
and water stress is computed on a daily time step.

The model evaluation focuses on two aspects: (1) Hybrid-Maize
simulation of water balance in the rooting zone throughout the growing season,
and (2) the effect of water stress on maize crop development and final grain and
stover yields. Preliminary results indicate reasonable agreement between model
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simulation of grain yield for both irrigated and rainfed systems. Details of the test
will be reported along with discussion for strategies for model improvement.

References

Driessen, P.M. and Konijn, N.T. 1992. Land-Use Systems Analysis.
Wageningen Agricultural University.

Yang, H.S., Dobermann, A., Lindquist, J.L., Walters, D.T., Arkebauer, T.,
and Cassman, K.G. 2004. Hybrid Maize - A maize simulation model that
combines two crop modeling approaches. Field Crops Res. In Press.

PR e iz
Settrg Seve Prnt Ubiter Mep : Settrg Seve Frint Ubiter e :
topet | Rusult | Chast | Growth | Westher | Water | Hybnd-Marze i topet | Rusult | Chant  Growth | Westher | Water | Hybnd-Marze Linciin
General Input Water Mitrogen Gronth Dynamice
Sotect wasther i | [10a1 1L~ " Optmal Har limit = e
Years of dts avsstie d B < 5 |
sin
Simulation mode: & Rsinfed | ligated . 7 B f N 4 Total saral DW|
T Gl peason peadiction r § a0 / \———_/\’\_‘
 Longtem ns . '\ a =
 Singht yesr | [t lrigation schadule g &0 i \ !
I~ wth langtoem nuss o) Lonows fu £ 2
& > Apo
Start fom: = [=] .
~ Emargenze 2000
 Soweg F = ol
Swlny oy fom) [5.5 ] 0 I W W 4 W M W M0 01X
Haury sol Lz St smeravce _DE Dt o e |
F GODIG 1500 Top soil molsture at start, win's |:~J
 On date l_;”_;‘ Max root depth em) W 4
Optices = FF Stower DM
=
romeorsiog [l 2 Ty jommmibn i Mewic wmit Ao :
= Mt | £-my 112" | l— I Ract DM [
llllll . ™ GeAssimlation
Plant pop (1060 ha) 3 e | = I~ Respiatin
I L0103
iz iz
Settrg Seve Prnt Ubiter Mep : Settrg Seve Frint Ubiter e :
fopet | Rsult | Chot | Growth  Woather | Water | Hybrid-Maize L pen | st | Gl | Growth | Wather  Water | Hybrid-Maize Linciin
Weather Analysis | Soil Water Balance .
=0 - Fartal
£ " oo ¥ S
= uf H 0 ; O-aem
. % i o7 ® —5W » Bem
Ez 30 ¢ Egs 3 T | =St cosl
26 08 e E
ax; é a
E =¥ LYl n e
[ 15 E ; 03 8 wd
wg *aoz i W %
10 5 2o ¥ ., e = s
L i LA L N HITHIT
] ' 0 " 100 120 0 2 ] ® W " 120
Days after amergence DIAE J Dite on Koasin [Days after emergence DAE / Date on Keasis
@ Singlo.run - = Singla-run
I Fiadiason av] Voad, NE, 201 =) : ] sd, WE, 2001 5]
W Tmax
= tx[g:: e ol  Aeross eun
I Tmaan o€} # I ET-sctusl fmem) B
I R %) P Sl wates 0~ ()
¥ Rt % Sl wales 30-60cm )
% Sl waten > B0cm (o)
S ee o] % Waler siress coeficient

Fig. 1. Screen shots of the Hybrid-Maize simulation of soil water dynamics and
water stress effects on maize crop growth under rainfed conditions in Mead, NE.
Top left: model input page; top right: development of leaf area, stover biomass
and grain filling; bottom left: weather conditions including temperature, rainfall
and potential evapotranspiration; bottom right: water input (rain and irrigation),
soil water dynamics at three depths, and water stress on maize. The X-axis in
these graphs is days after emergence.
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