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Water use efficiency of winter wheat under limited irrigation A simulation study. CHENG
Lin'? LI Shu-yan' > LIU Rong-hua' > WANG Xin-li’ 'Henan Institute of Meteorological Sci-
ence Zhengzhou 450003 China *Key Laboratory of Agrometeorological Safeguard and Applied
Technique China Meteorological Administration Zhengzhou 450003 China *School of Technol-
ogy Michigan Technological University Houghton CO 49931 USA . Chinese Journal of Ecolo-
gy 2009 28 10 2147-2152.

Abstract Based on the daily meteorological data of Zhengzhou in 2003-2004 when the precipi-
tation in winter wheat growth season was of somewhat shortage the water deficit at different
growth stages of winter wheat was analyzed and the effects of limited irrigation on the water use
efficiency  WUE  of winter wheat were studied with the DSSAT-CERES Wheat model after pa-
rameter calibration. Four treatments were designed 1i.e. no irrigation irrigation once twice

and three times with limited 100 mm water and water management response indicators WM-
RIs were introduced as an integrative evaluation reference for the design of optimal irrigation
schemes. Limited irrigation alleviated water stress to some extent and promoted the grain yield
and WUE. Comparing with no irrigation limited irrigation increased the grain yield by 13. 1%—
73.3% . Irrigation twice showed the best effect in promoting the water absorption and utilization
by winter wheat followed by irrigation three times and irrigation once. The WUE was the high-
est when watering at wintering and grain-filling stages while the utilization efficiency of irrigation
water reached the highest when watering at elongation stage. Therefore elongation stage was the
best phase to actualize limited irrigation.

Key words winter wheat limited irrigation water use efficiency water management response

indicators WMRIs .
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Fig.2 Comparison of simulated and observed developmen-
tal phases of winter wheat
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Fig.3 Comparison of simulated and observed yields of

winter wheat at representative station
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Fig.4 Variation for phased water deficient of winter wheat
during 2003 and 2004
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Tab.1 Design of field experiment in group treatments

mm mm mm

CK 0 0 0

1WO 60 0 0

1WJ 0 60 0

1WG 0 0 60

2WO0J 50 50 0

2WJG 0 50 50

+ 2WOG 50 0 50
3W 30 30 40
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Tab.2 Water use efficiency of limited irrigation for winter
wheat
kg hm 2. mm kg hm ~2 kg- hm -2,
mm ™! mm ™!

CK 13.03 0.00 213.86 0.00 2788.00 0.00 - -
W, 1152 0.79 273.59 5.22 3153.00279.24  6.08 2.65
P 100 0 250 IW, 1519 023 282.36 1.06 4288.00 49.81  25.00 0.83

BAERE (@) W 13.52 0.01 248.38 1.52 3358.00 17.96  9.50 0.30
W 1513 035 318.14 4.56  4812.00 42.46  20.24  0.42

5
Fig.5 Comparison of soil extractable water of different Wy 14.920.02 323.91 3.65  4832.00 47.36  20.44  0.47
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Fig. 6 Comparison of evapotranspiration for different
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Tab.3 WMRIs for wheat under different treatment of lim-
ited irrigation

CK 0.44  0.00 -0.28 0.00 0.52  0.00 .21 0.00
1W, 0.56 0.01 -0.3  0.01 0.59 0.01 .15 0.03
1W, 0.58 0.03 -0.32 0.01 0.64 0.04 1.19 0.01
W 0.51  0.00 -0.19 0.03 0.47 0.01 .05 0.01
2Wo; 0.67 0.10 -0.33 0.02 0.65 0.01 1.17  0.02
2Wye 0.66 0.10 -0.30 0.01 0.63 0.01 1.15 0.01
2Woe  0.64  0.09 -0.26 0.01 0.59 0.01 .12 0.01
3W 0.66 0.07 -0.31 0.02 0.60 0.05 .18 0.05
3 Pl= TI-ET, /TI
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