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Abstract:  Objective A field experiment was carried out to study the influence of soil water storage before sowing and
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different water supplies (precipitation + supplemental irrigation) during a growing period on wheat yield, water consumption and
water use efficiency, to reveal the regulation mechanism of effective utilization of limited water resources in farmland, and to make
clear the achievable level of dryland production potential of winter wheat under the existing measures in the Loess Tableland.
Method Field experimental plots were designed as follows, based on different soil water contents achieved by either covering the
plot or growing a crop in the summer fallow period. (1) In order to analyze the response of wheat yield and water use efficiency to
the change of soil water storage before sowing, four rain-fed treatments with different soil water storage levels were formed in the
whole growth period of winter wheat. The water storage in 2 m soil profile changed in the range of 350 - 550 mm. 2 Under the same
average soil water storage of 500 mm, 3 respective treatments with one time irrigation of 40 mm at jointing stage, booting stage or
filling stage were applied to explore different responses of equal irrigation at different growth stages of winter wheat. 3  Under the
high water storage levels of 542.3 mm and 571.6 mm, treatments of 2 times and 4 times irrigation were carried out, respectively, to
study the possible increase of winter wheat yield and the features of water use efficiency under low water stress. Result (1) Under
the seasonal distribution of precipitation characteristics of Loess Plateau, the soil water storage before sowing had a decisive effect
on wheat yield, and wheat yield increases linearly with the soil water storage. When soil water is well conserved in the summer
fallow period, the yield of winter wheat in dryland farming can reach 88% - 90% level of wheat yields under sufficient water supply.
2 Compared with the treatment of 500 mm water storage in the 2 m soil profile and no supplemental irrigation, per increase of 40
mm water supply yield increased by 11.8% for the soil water storage increase, followed by irrigation at the jointing stage and booting
stage respectively. However, no significant differences between the three treatments were detected. The winter wheat yield of the
treatment with higher soil water storage before sowing and 2 times irrigation in both the jointing stage and booting stage reached a
high yield level in the test years with a high WUE. (3) There was a Logistic relationship between yield and water consumption. With
the increase of water consumption, the yield increased fast at first and then slowly; the marginal water use efficiency (MWUE)
declined continuously; WUE showed three stages of change: rising, peak and falling; and the water consumption at the maximum
WUE was less than that at the maximum yield .  Conclusion Under the climate condition of the Loess Plateau, both the soil water
storage before sowing and different water supply during a growing period influenced the yield of winter wheat. Equal incremental
water supply by soil water storage or irrigation in different growth periods had basically the same effect on yield when the total water
supply was the same. The relationship between yield and water consumption of winter wheat could be simulated by a Logistic curve

model that can be used to reveal the intrinsic relationships among yield, water consumption and WUE.
Key words: soil water storage before sowing; supplementary irrigation; winter wheat yield; water consumption; water use

efficiency; Loess Plateau
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1
Table 1 Design of experiment
2m Irrigation amount in growth period (mm)
Treatment Soil water storage in 2 m depth Total irrigation (mm)
before sowing (mm) Regreening stage  Jointingstage ~ Booting stage Filling stage
CK 358.2 / / / / /
WT1 444.8 / / / / /
WT2 500.4 / / / / /
WT3 543.8 / / / / /
WT4 501.4 / 40 / / 40
WT5 497.5 / / 40 / 40
WT6 507.9 / / / 40 40
WT7 542.3 / 40 40 / 80
WTS8 571.6 25 40 40 40 145
S “/” Indicates no irrigation
SW=0.16xpxH |
SW mm 6 % 2
p g-em” 1.3 grem™ 2.1 LAI
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2 WUE
Table 2 Water consumption, yield, WUE and yield components of winter wheat in different treatments
+
Treatment  Soil water Total water ~ Soil water Yield Use efficiency of WUE Number of Grain 1000-grain
storage before consumption consumption (kg'hm?) precipitation and irrigation (kg'hm>mm™) efficient panicles number per  weight (g)
sowing (mm) (mm) (mm) water (kg'hmZmm’™") ( /m) panicle ()
CK 358.2¢ 293.5¢ 85.7¢ 3183e 15.32f 10.85ab 327.1d 26.8bc 45.1a
WTI 444.8d 364.2d 156.4cd  4088d 19.67d 11.22ab 382.4d 26.4bc 45.4a
WT2 500.4c 437.1c 229.3b 4820c 23.20b 11.03ab 422.5¢ 28.1bc 45.6a
WT3 543.8ab 535.1b 327.3a 5388b 25.93a 10.07ab 498.8b 31.labc 45.5a
WT4 501.4c 446.9¢ 199.1bc 5279b 21.30c 11.81a 494.4b 27.9bc 45.2a
WT5 497.5¢ 428.5¢ 180.7d 5157b 20.81cd 12.03a 436.3bc 27.8bc 45.0a
WT6 507.9bc 474.1¢c 226.3b 5043bc 20.35cd 10.64ab 426.5¢ 28.5bc 46.4a
WT7 542.3ab 508.4b 220.6b 6120a 21.26¢ 12.04a 685.0a 31.6ab 41.6b
WTS8 571.6a 656.0a 303.2a 6073a 17.21e 9.26b 672.2a 33.9a 41.5b
P 0.05 Sm

Different lowercase letters in the same column indicate significant difference between treatments (P 0.05); Soil water consumption refers to the difference

of 5 m soil water storage before sowing and at harvesting
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