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Simulation of Winter Wheat Yield in Response to Irrigation Level at Critical
Growing Stages in the Huang-Huai-Hai Plain

XU Jian-Wen'*?, MEI Xu-Rong'*, JU Hui'?, LI Ying-Chun'”, LIU Qin"*", and YANG Jian-Ying'*

! State Key Engineering Laboratory of Crops Efficient Water Use and Drought Mitigation, Institute of Environment and Sustainable Development in
Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China; > Dalian Meteorological Bureau, Dalian 116001, China; * Key Labo-
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Abstract: Water deficiency is recognized as a major problem in winter wheat production in the Huang-Huai-Hai Plain. This study
aimed to assess the impact of drought stress on winter wheat yield and raise irrigation proposals for water-saving production in
this area. With reference to the fact of water deficits in major growth stages of wheat and the local irrigation practice, we input
different irrigation levels (volumes) required by the DSSAT crop model to simulate yield variations in response to irrigation levels
at critical growing stages in four typical sites during the past three decades. The cumulative probability for yield reduction was
concluded based on irrigation at jointing—heading and filling stages. The greatest yield reduction was found under joint-
ing—heading drought stress, and the relative change rate in yield was two folds to that under drought stress at filling stage. This
relative yield change was primarily attributed to the relative change in grain number per square meter caused by water deficiency
during jointing—heading stage. Under high-strength drought stress, medium yield reduction dominantly resulted from water defi-
ciency during jointing—heading, with a two-fold probability to that under drought stress at filling stage (except for Yanzhou site);
whereas, slight and severe yield reductions at Shijiazhuang and Tianjin sites resulted from early (jointing—heading) drought stress
and those at Yanzhou and Xinxiang sites were attributed to either early (jointing—heading) or late (filling stage) drought stress. At
Yanzhou and Xinxiang sites, the probabilities of slight yield reduction were similar under early and later drought stressed; how-
ever, water deficiency at filling stage resulted in severe yield reduction. These results indicate that irrigation is important not only
from jointing to heading but also at filling stage of winter wheat in the southern area of the Huang-Huai-Hai Plain.
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Table 1 Simulated irrigation schedules of different treatments of four experimental sites

Water before wintering period Water at jointing stage Water at filling stage
Treatment Date Date Date
(month/day) Irrigation (mm) (month/day) Irrigation (mm) (month/day) Irrigation (mm)
CK 11/20-12/05 60-75 3/25-4/20 70-90 5/01-5/20 30-60
TJ1 11/20-12/05 60-75 3/25-4/20 60-80 5/01-5/20 30-60
TI2 11/20-12/05 60-75 3/25-4/20 50-70 5/01-5/20 30-60
TJ3 11/20-12/05 60-75 3/25-4/20 40-60 5/01-5/20 30-60
TF1 11/20-12/05 60-75 3/25-4/20 70-90 5/01-5/20 20-50
TF2 11/20-12/05 60-75 3/25-4/20 70-90 5/01-5/20 10-40
TF3 11/20-12/05 60-75 3/25-4/20 70-90 5/01-5/20 0-30
> CK ; TJ TF

, () (2) 3)
Irrigation dates and amounts were different in four sites and different years; the value in table is the range of the dates and amount of
irrigation at four sites. CK is the control of adequate irrigation. TJ and TF indicate drought stress at jointing—heading and grain filling stages,
with light (1), moderate (2), and heavy (3) stresses, respectively.
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Table 2  Statistical comparison between observed and simulated values for variety parameters, anthesis stage, maturity stage and
yields of winter wheat in selected four sites

Anthesis Maturity Yield
. . P1V  PID P5 Gl G2 G3 PHINT NRMSE NRMSE NRMSE
Site Cultivar
(%) (%) (%)
8
L . 226 713 5599 242 296 1.70 95 1.4 0.84 1.7 0.82 7.5 0.87
Tianjin  Jingdong 8
26
L 44 73.8 613.1 245 28.1 197 95 1.6 0.92 0.3 0.99 5.4 0.67
Shijiazhuang Jimai 26
16
. 20 45.1 4303 27.1 285 1.10 95 22 0.71 0.9 0.85 7.9 0.87
Yanzhou  Jining 16
6
o . . 58.6 31.0 5793 17.8 447 184 95 0.9 0.86 0.9 0.71 8.0 0.73
Xinxiang  Xinmai 6
P1V: ; PID: ; PS: ; Gl: ; G2: ; G3:
; PHINT: ; NRMSE: ; D:

PIV: vernalization parameter; PID: photoperiod parameter; P5: grain filling duration parameter: Gl: grain parameter at anthesis; G2:
grain filling rate parameter; G3: dry weight of a single stem and spike; PHINT: interval between successive leaf tip appearances; RMSE%:
normalized root mean squared error; D: coincidence degree of distribution between simulated and measured value.
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Fig. 1 Relationship of observed and simulated values for anthesis stage, maturity stage and yield in winter wheat
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Fig. 2 Variations of water deficit during jointing to heading stage and anthesis to milk stage for winter wheat in Tianjin (A),
Shijiazhuang (B), Yanzhou (C), and Xinxiang (D)
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Fig. 3 Relative change rates in yield under different irrigation levels in four sites
T] TF (A) (B) ,1~3
TJ and TF indicate drought stress at jointing—heading (A) and grain filling stages (B) with light (1), moderate (2), and heavy (3) stress,
respectively.
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Fig. 4 Relative change rates of grain number (A, B) and grain weight (C, D) under different irrigation levels in four sites
T] TF ,1~3
TJ and TF indicate drought stress at jointing—heading and grain filling stages with light (1), moderate (2), and heavy (3) stresses, respectively.
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in Tianjing (A), Shijiazhuang (B), Yanzhou (C), and Xinxiang (D)
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