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Analysis on the sensitivity to water stress of winter wheat based
on a dynamicsimulation model

HE Peng', WANG Peng-xin', XIE Yi', ZHANG Shu-yu®, LIU Jun-ming'
(1. College of Information and Electrical Engineering, China Agricultural University , Beijing 100083, China;
2. Shaanxi Meteorological Bureaw, Xi’ an, Shaanxi 710014, China)

Abstract: Using the calibrated CERES — Wheat model under the DSSAT shell, daily actual evapotranspiration and
potential evapotranspiration during the growth stages of winter wheat were simulated in the Guangzhong plain of Shaanxi
Province, China. Sensitivity coefficients of water stress of winter wheat at different growth stages were calculated by the
Jensen model. The results indicated that the sensitivity coefficients of water stress on winter wheat were the same at the
same growth stage in both irrigated and rainfed areas. The sensitivity coefficients of winter wheat were the largest at the
jointing stage, and were gradually decreased at the heading-filling stage, turning green stage and dough stage. The sensi-
tivity coefficients at the jointing stage and heading-filling stage were 0.589 and 0.342 in the irrigated areas, respective-
ly, indicating that the water stress at these two stages had different impacts on wheat yield. Nevertheless, those were
0.405 and 0.383 in the rainfed areas, suggesting that the water stress at these two stages had similar impacts on wheat
yield. Because the irrigated areas were often irrigated at the jointing stage in order to relieve the lack of water, the sensi-
tivity of water stress on winter wheat was weakened, and the difference in the sensitivity coefficients of winter wheat be-
tween the jointing stage and the heading-filling stage was small. Based on the sensitivity coefficients of water stress, spe-
cific measurements should be taken on winter wheat according to the water-deficit conditions at each growth stage to en-
sure rational use of drought-related resources.
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Table 1 Relative errors between the simulated yields by CERES — Wheat model and the measured ones

ZINEH KA Crop year of winter wheat

FEAR R
Sampling site 2007—2008  2008—2009  2009—2010  2010—2011  2011—2012  2012—2013  2013—2014
PRI
Notth of Fufeng County 9.18 19.39 -10.12 -4.80 -11.26 -7.89 9.82
JH B
Changxing of Meixian County -7 0.40 .11 -8.36
e Xt
North of Chencang District -9 11.80 -9 7.2 ~6.46
7

%‘ZE‘E*? . — -11.19 -8.23 -11.44 3.24 10.05 7.65
Shiniu of Qianxian County

TE - —FORTEIRA /N A R AR R T M T o sl R AT

Note: — indicates that the field experiments were not carried out or the yields were not measured in the sampling sites in the years of winter wheat growth.
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Table 2 Relative errors between the simulated water contents of soil profile by CERES — Wheat model and the measured ones

T K AR 2E /%

_ SN HERAR
FEA L C [ Relative errors of the water contents of soil profile
~ . . rop year [0)
Sampling site winter wheat
g 0~20 cm 20 ~50 em 50 ~ 80 em 80 ~ 120 em 120 ~ 200 ¢m
2007—2008 ~11.39 ~6.02 ~11.24 0.57 14.98
2008—2009 6.32 ~5.00 ~10.26 ~7.59 13.84
SR SL 2009—2010 ~8.17 ~7.62 ~0.51 3.41 ~5.31
North of 2010—2011 ~21.19 ~14.22 ~3.43 ~0.52 ~13.04
Fufeng County 2011—2012 8.30 ~9.44 6.91 5.08 1.7
2012—2013 ~2.30 ~4.40 1147 ~4.93 ~1.67
2013—2014 10.24 ~8.65 6.54 _3.43 3.42
2008—2009 -2 ~24.23 ~16.57 5.96 ~0.95
Ji B A 2009—2010 9.06 -20.28 ~5.34 ~15.21 ~2.03
Changxing of
Meixian County 2010—2011 ~21.45 ~23.83 ~3.98 ~0.52 ~13.04
2011—2012 -2.9 ~10.55 ~8.43 ~6.93 ~1.75
2007—2008 —4.84 ~4.00 —9.62 ~10.17 8.59
W O L 2008—2009 ~9.73 ~10.00 —4.46 ~12.03 ~6.21
North of Chencang 2009—2010 10.42 ~12.57 ~6.70 ~5.53 ~2.90
District 2010—2011 ~5.21 ~2.79 ~7.80 11.76 ~1.06
2011—2012 ~3.17 2.81 —4.61 2.84 ~4.57
2008—2009 7.87 ~8.99 ~7.04 ~3.19 3.78
2009—2010 ~11.17 ~10.86 ~4.88 _3.84 3.88
VRS 2010—2011 4.76 ~10.6 ~8.16 1.0 —1.04
Shiniu of
Qianxian County 2011—2012 ~11.95 ~10.12 ~9.17 ~1.43 0.04
2012—2013 11.63 6.06 7.8 2.67 —4.23
2013—2014 11.23 9.24 ~8.33 4.53 4.23

R3 TERBEEREREEF R KD B SRR

Table 3 The sensitivity coefficients of water stress on winter wheat at different growth stages in the irrigated or rainfed sampling sites

FEA A IR AT Pl ~ S LA F K
Type of sampling site Turning green Jointing Heading ~ filling Milk stage F - value
ELVERE A Rainfed site 0.113 0.405 0.383 0.099 17.604
HEBLRE 2 Trigated site 0.043 0.589 0.342 0.026 4.553

1 (Note): F,(4,n-5)=2.895,a=0.05,n=24; F,(4,n-5)=2.612,a=0.05,n=44.
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Table 4 The sensitivity coefficients of water stress on winter wheat at different growth stages
Fpaom B m e MR aa rem
sampling site Sampling site areen Jointing filling Dough F value
HAEIEIL North of Fufeng County 0.183 0.501 0.196 0.120 8.093
7’%&?@? = J5 B4 Lugiao of Sanyuan County 0.09% 0.671 0.233 0.000 4.722
site JHEH 24 Changxin of Meixian County 0.059 0.732 0.201 0.008 9.831
I 75 DX [ J5 44 Lindian of Linwei District 0.176 0.499 0.219 0.106 6.450
R 1X It North of Chencang District 0.116 0.412 0.364 0.108 25.678
KRR ELIPE West of Fengxiang County 0.156 0.377 0.317 0.150 19.164
LR i 2 B 2E 5 Shiniu of Qianxian County 0.161 0.487 0.322 0.030 25.665
Rainfed I 111 E 5 R4 Pucun of Qishan County 0.178 0.386 0.301 0.135 16.064
site HEREISAL North of Pucheng County 0.140 0.484 0.286 0.090 6.760
WM RIES Shijiazhai of Lantian County 0.142 0.510 0.496 -0.148 9.791
4 PHE-F FHE Wangeun of Heyang County 0.092 0.465 0.336 0.107 19.812

1 Note: F,(4,n-5)=2.65,a=0.05,n=39.
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