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Integrative analysis on the simulated results of CERES-Wheat
model under different water regimes in North China Plain

ZHOU Li-li, LIU Ke, ZHAO Xue, ZHAO Qian, LIAO Shu-hua” , ZHOU Shun-li”
(College of Agronomy, China Agricultural University, Beijing 100193, China)

Abstract Winter wheat cultivar Shijiazhuang 8 was taken as research material, the growth and development stage,
yield and yield components, biomass, soil water content. soil nitrate content and nitrogen uptake amount of CERES-
Wheat model under different irrigation conditions in North China Plain were analyzed integratively. The results showed
that the simulation effects of growth and development stage, yield and biomass were very good under water saving and
rainfed conditions. However, it was only good in the simulation of growth and development stage.but not other biological
characteristics under the excessive irrigation treatment, and the model overestimated the contribution of irrigation
amount on yield. In conclusion, the CERES-Wheat model can simulate the dynamic change of soil water under different
irrigation conditions, but its stability needs to be improved. Furthermore, the performance of the CERES-Wheat model
was good in the simulation of soil nitrate amount in 2 m depth soil profile, but not in plant nitrogen uptake amount.
Therefore, further modification is needed to improve the systemic precision of the model.

Keywords CERES-wheat model; irrigation level; yield and yield components; biomass; soil water; plant nitrogen

uptake amount; soil nitrate amount; simulation effect
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Table 1 Soil texture and several soil fertility indexes of the experimental field
- + 3B Soil texture 5/ % BHHLE/  LEERE/
TR/
Total (mg/kg) (g/em?)
Acm RERE/ 26 BYRL/ 6 WKL/ % nitrogen Organic Bulk pH
Soil depth Clay Silt Sand content matter density
0~20 8. 80 79.10 12. 10 0.06 1. 04 1.45 8. 10
20~40 11. 80 78.10 10. 10 0.05 0. 85 1. 41 8. 20
40~60 10. 80 81.10 8. 10 0. 04 0.69 1.42 8. 20
60~80 15. 20 75.90 8.90 0. 04 0. 66 1.43 8. 30
80~100 19. 00 76. 30 4.70 0.04 0. 64 1.41 8. 30
100~120 15.70 80. 70 3. 60 0.01 0.17 1. 40 8. 10
120~140 16.70 81. 20 2.10 0.01 0.13 1.38 8. 00
140~160 23.20 76. 30 0. 50 0. 10 1.37 8. 20
160~180 24. 80 71. 30 3. 90 — 0. 04 1.45 8. 30
180~200 25.60 69. 20 5.20 — 0.03 1.43 8. 10
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5 6 39 JEVTR N 2 . ARG IX A [R] HEE 4% 4 N CERES-Wheat A5 A5 481550 3R (4 2 55 40 #r 11

(T3), 2008—2009 4E 0. 577 (T0). 0. 054 (T1). HRTF 0,05, H/NF 0.1, FHBB A LIS 2 m {4k
0.097(T2).0.284(T3), Hor K4 P {H A5 4k 70 [l A I K AT T AR AR AR E .

K2 ZBNEZFTELEFHH . FFERFEMAEZE CERES-Wheat & 8K {E 5 LM E AT L 547
Table 2 Comparison analysis of the measured value and the simulated value derived from CERES-Wheat model in

growth and development stage,yield and yield components of winter wheat

. 7K 53 b B BEHUE SENAE . AH XT3 7 fi
Hobi -y | fii 22 EoraiE
Water Simulated Measured ®E/ %
Index Year Deviation RMSE
treatment value value NRMSE
To 208 209 —1
2007—2008 T1 208 209 —1
T3 208 209 —1
FIEH
TO 207 207 0
Anthesis
T1 207 207 0
2008—2009
T2 207 207 0
T3 207 207 0
TO 241 241 0
2007—2008 T1 241 241 0
T3 241 241 0
TO 240 237 3
Maturity
T1 240 237 3
2008—2009
T2 240 237 3
T3 240 237 3
To 637 597 40(6.7)
2007—2008 T1 713 722 —9(—1.3) 53 7.8
T3 792 710 82(11.6)
FEE/m?
TO 609 619 —10(—1.6)
Ear number
T1 698 872 —174(—20.0)
2008—2009 101 13.0
T2 731 828 —97(—11.7)
T3 839 802 37(4.6)
To 25.8 23.2 2.6(11.2)
2007—2008 T1 28.2 26.9 1.3(4.8) 2.5 9.8
TR % T3 29.6 26. 4 3.212. 1)
Seeds per TO 19.7 23.0 —3.3(—14.4)
ear T1 29.5 27.2 2.3(8.5)
2008—2009 2.7 10. 4
T2 28.1 27.8 0.3(1. 1D

T3 30.5 26.8 3.7(13.8)




112 OE O K ¥R 2016 4F 45 21 3%
2080
7K 53 4ib B FEL A SN AR HH X 34 7 AR
R Ay I 2 Wil
o 7 Water Simulated Measured wE/%
Index Year Deviation RMSE
treatment value value NRMSE
TO 36 43.0 —7.0(—16.3)
2007—2008 T1 36 37.3 —1.3(—3.5) 4.4 11.0
1 000-kernel To 36 39.1 —3.1(—7.9
weight T1 36 34.6 1404, D
2008—2009 2.6 7.4
T2 36 34.0 2.0(5.9)
T3 36 32.6 3.4(10.4)
To 5 947 6 293 —346(—5.5)
2007—2008 T1 7 287 7 325 —38(—0.5) 809 11.7
=y T3 8 504 7 147 1 357(19.0)
(kg/hm?*) To 4 335 5214 —879(—16.9)
Yield Tl 7 455 7 547 —92(—1.2)
2008—2009 1 338 20.0
T2 7 423 7179 244(3.4)
T3 9 281 6 768 2 513(37. 1)

¥ : The value in bracket (%) = Deviation/Measured value X 100. TO: /s 2 A= 75 1 18] A 3 7K 5 T1: #4597k 20072008 4EJ 75 mm.,
2008—2009 4Ey 70 mm; T2:2008—2009 44K 15 13 7 4E W] 433 #E /K 65,110 mm; T3:2007—2008 4L & ] . 22 B AL 5 20d 43331
7K 90,80 A1 90 mm, 20082009 4F32 L 1] |22 REII F14% #E39 43 531 HE K 75.90,100 mm,

Note: TO:no irrigation during wheat growth period of 2007 —2008 and 2008 —2009. T1:75 and 70 mm irrigation at jointing stage of 2007 —

2008 and 2008—2009. T2.:65 and 110 mm irrigation at jointing stage and anthesis stage of 2008 —2009, respectively. T3:90,80 and 90
mm irrigation at regrowing stage,booting stage and 20 days after anthesis respectively of 2007—2008;75,90,and 100 mm irrigation

at regrowing stage,booting stage and anthesis stage of 20082009, respectively. The same below.
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Fig. 1 Comparison of simulated value and measured value of winter

wheat biomass under different water regimes
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Comparison of simulated value and measured value of soil water storage

amount in 2 m depth soil profile under different water regimes
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Fig. 3 Comparison of simulated value and measured value of soil water content of

different soil layer under different irrigation conditions in 2007 —2008
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Fig. 4 Comparison of simulated value and measured value of soil water content of
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different soil layer under different irrigation conditions in 2008 —2009
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Fig. 5 Comparison of simulated value and measured value of plant nitrogen uptake amount (a) and soil

nitrate amount in 2 m depth soil profile (b) under different irrigation conditions in winter wheat
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