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Abstract; Crop model has been becoming a powerful tool for agricultural water and nitrogen management
and implementation of water-saving irrigation. This study was to explore the accuracy of CERES-Maize

model for its simulations of summer maize growth, development, yield, and soil moisture under different

Wk H . 2015-08 —10 &l @ #]. 2015 —09 — 21

[ G e BRI R R TR (863 1K) BB H (2013AA102904 ) | [E 5K [ SR Bl 2% 3 4 2 B 0 H (51209176 ) il o 55 2 45 2 BH Q0 37 51 8 31
111 380 B2 B E (B12007)

EEE N BAE A, FENFERVAESREBEBIBSE , E-mail : songlibing@ nwsuaf. edu. cn

BIEE: a5, 847, FENF RIS RGBS, E-mail; jiangiang_he@ nwsuaf. edu. cn



96

Kok HLOB ¥ R

scenarios of water stress. Field experiments were conducted under a rainout shelter for summer maize
growing under water stresses at different growth stages in two consecutive growth seasons (2013 and
2014). The whole growth season of maize was divided into four stages ( seeding, jointing, tasseling, and
grain filling) . Water stress occurred at every single stage, while irrigations were applied at the other three
stages. Thus, there were four different levels of water stress period (D1 ~D4). Two irrigation levels of
70 mm (I1) and 110 mm (12) were applied according to the average rainfall during growth season of
summer maize in 56 years. Consequently, there were a total of 8 treatments, with 3 replicates for each.
The plots followed a split-plot experiment design. An extra control treatment with irrigation at all four
stages was arranged nearby. The experimental data were used to calibrate and validate the CERES-Maize
model with two parameter estimation tools of GLUE ( Generalized likelihood uncertainty estimation) and
PEST ( Parameter ESTimation ).
method for the prediction accuracy of the CERES-Maize model. Results showed that both GLUE and

Additionally, an overall evaluation was made with cross validation

PEST had good stability and convergence for the estimation of genetic parameters of CERES-Maize model.
The parameters values separately estimated with GLUE and PEST were very close. However, PEST had
higher efficiency since it consumed much less time than the GLUE. CERES-Maize model can precisely
simulate the growth, development, yield, and soil moisture of summer maize under full irrigation
condition, since the absolute relative error ( ARE) and relative root mean squared error ( RRMSE)
values of model calibration and verification were only between 6% and 8% . Anthesis and maturity dates
of summer maize were different when water stresses occurred at different growth stages, but CERES-Maize
model failed to simulate such kind of phenology differences caused by water stresses. In cross-validation,
model simulation errors became bigger when water stresses occurred at early stages, especially at jointing
stage. CERES-Maize model failed to correctly simulate the influences of water stresses at early growth
stages on the final grain yield of summer maize, which was probably caused by the underestimation of LAI
under such conditions. Lower estimated LAI values then made the simulations of ET incorrect. In
general, CERES-Maize model was proved to be limited to simulate the growth, yield, and soil moisture of
summer maize when under serious water stresses at early growth stages. It is necessary to modify

accordingly the CERES-Maize model if it will be used in the simulation of agro-ecological systems of

summer maize in arid and semi-arid areas of China.
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Tab.1 Experimental treatments of influences of water

stress at different stages on growth and yield of

summer maize in 2013 and 2014

D1 D2 D3 D4 S -
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AhE R BOWHD AR R
H ks KA K E/mm

(06-23) (07-21) (08—11) (09—02)

11D1 0 70 70 70 11 210
11D2 70 0 70 70 11 210
11D3 70 70 0 70 I 210
11D4 70 70 70 0 I 210
12D1 0 110 110 110 2 330
12D2 110 0 110 110 2 330
12D3 110 110 0 110 2 330
12D4 110 110 110 0 2 330
CK 110 110 110 110 12 440
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Tab.2 Initial soil properties of experimental plots
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/cm /% /% 2013 4 2014 4£ 2013 4 2014 4£ 2013 4 2014 4E
0~20 18.36 42.29 1.26 0.15 0.25 0.43 0. 180 0.176 20.2 16.2 3.5 2.5
20 ~40 19.45 43.65 1.35 0.16 0.26 0.45 0.184 0.182 22.0 12 3.3 2.3
40 ~60 17.4 42.83 1.3 0.16 0.26 0. 44 0.182 0.176 14. 4 8.4 3.3 2.3
60 ~80 16.09 41.99 1.32 0.14 0.29 0.35 0.177 0.173 11.7 8.7 3.3 2.3
80 ~100 16.36 42.35 1.35 0.15 0.24 0.3 0.184 0. 167 17.5 7.5 3.4 2.4
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Fig.2 Daily maximum and minimum temperatures and solar radiation in two growth seasons of 2013 and 2014 of summer maize
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Tab.3 Genetic coefficients of summer maize

and their value ranges

S8 T S
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Tab.4 Estimated genetic coefficients of summer
maize with GLUE and PEST
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Fig.3 Simulation of dynamic changes of biomass and LAI of summer maize growth

under sufficient irrigation condition in 2013 and 2014
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Fig.4 Simulation of dynamic changes of soil moisture of summer maize growth under

sufficient irrigation condition in 2013 and 2014
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Tab.7 Results of verification of CERES-Maize model for different treatments with genetic

coefficients estimated with GLUE method
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Fig.5 Verification of biomass of summer maize in different water stress conditions in 2013 and 2014
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Fig.6 Verification of leaf area index of summer maize under different water stresses conditions in 2013 and 2014
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