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Study on utilization of agricultural water resources with
high efficiency in Zhangwei river plain
I . Crop water production function and optimal irrigation
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Abstract Optimizing the irrigation schedule of winter wheat-summer maize rotation system in Zhangwei river plain has
a great significant implication in studying agricultural sustainable development of Henan province which suffered serious
shortage of water resources. Based on a calibrated model-SWAT, we set up one full irrigation and nine deficit irrigations
to simulate sensitivity index of Jensen model of winter wheat and summer maize. We assumed the historical scenario
which under non-stress of N and P as the basic scenario, then three irrigation scenarios were set to optimize it. The
results showed in comparison with the base scenario, the yield of rotation system can keep stable, 16. 13% of the mean
irrigation water can be saved and the mean WUE increased by 3.05% under the optimum irrigation regime. Compared
with yearbook and historical scenario, the mean yield of rotation system increased by 30.76% and 6.47% , and the
mean WUE of rotation system increased by 23.94% .
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Table 1 Deficit irrigation schedules for winter wheat-summer maize rotation system

ok 2/ Wy B K Bt/ mm 5 K By Bl K Bt /mm
WP R MACRT RT R R ECE IR RS R RN W
1 60 0 0 0 60 60 40 0 0 0
2 0 60 0 60 60 0 0 40 0 0
3 0 0 60 0 60 60 0 0 40 0
4 0 60 0 60 0 60 0 0 0 40
5 60 0 0 60 0 0 0 0 0 0
6 0 60 0 0 60 0 40 0 0 0
7 0 0 0 60 60 0 0 40 0 0
8 0 0 60 0 0 60 0 0 40 0
9 0 0 0 60 0 60 0 0 0 40
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Table 2 Average annual water sensitivity index of winter wheat and summer maize

T YN HEk
WS OEFoEA BACET BT R MR MU BRI ST R RN -tk
1 —0.11 0. 00 0.03 0.28 0.07 0.09 0. 00 0.03 0.03 0.02
2 —0. 34 0.10 —0.02 0.21 0.09 0.23 0.01 0. 00 0. 05 0.03
3 —0.06 0. 00 0.08 0.28 0. 06 0. 06 0. 00 0.01 0. 04 0.01
4 —0.06 0. 00 0.08 0.27 0.05 0. 04 0. 00 0.01 0.02 0.01
5 —0.11 0. 00 0. 04 0.28 0.07 0.10 0. 00 0.01 0.01 0.01
6 —0.21 0.10 —0.02 0.24 0.06 0.17 0. 00 0.02 0. 04 0.01
7 —0.19 0.12 —0.02 0. 25 0. 05 0.15 0. 00 0.02 0. 04 0.01
8 —0.25 0.07 —0.03 0.16 0.15 0.18 0.01 0. 00 0.03 0.01
9 —0.19 0. 06 —0.09 0.09 0.16 0.35 0.01 0.02 0. 04 0.01
SEIE —0.19 0. 06 —0.01 0.21 0.09 0.18 0.03 0.12 0.31 0.11
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Table 3 Irrigation schedule of basic scenario

(=7 W 4 X K SCAE R 9 7K I 1] T /K 52 #51/mm
K INFE HREHEX Pk A ) BT S0 R A S 77
ik A ) IR A5 0 BT ) A R A T S 69
A K A I R I IRCTT I A R R L 62
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F4 19612005 FEEFHENZEFTHTERBVERE .= LR WUE
Table 4 Average(1961—2005) annual irrigation amount which absorbed by soil,yield and WUE of winter wheat

b O B/ mim 7=kt / (kg/hm®) WUE/ (kg/m®)
Bt
el A WEOWR MR EA MR OmR R A mR R MR
5 1 2 3 i & 1 2 3 (RS 1 2 3

1 186 181 157 160 5479 5482 5435 5214  1.88  1.88  1.88  1.84
2 177 173 153 156 5397 5397 5366 5154 1.82  1.82  1.83  1.80
3 232 196 157 164 5214 4969 4845 4912 1.56  1.60  1.60  1.56
4 225 191 156 164 5250 5036 4908 498  1.61  1.67  1.67  1.62
5 183 178 154 162 5466 5466 5432 5241  1.87  1.87  1.87  1.84
6 184 179 155 163 5401 5401 5351 5145 1.81  1.81  1.81  1.78
7 186 182 155 162 5502 5503 5435 5229 1.8  1.82  1.82  1.79
8 180 177 156 159 5261 5262 5219 5002 1.71  1.71 172  1.69
9 175 173 151 152 5217 5217 5180 4946 1.64  1.64  1.65  1.62

S H{E 188 180 154 159 5345 5308 5253 5081 1.74 1.75 1.76 1.72
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Table 5 Average(1961—2005) annual irrigation amount which absorbed by soil,yield and WUE of summer maize
SR A BB i/ mm Fea/(Ckg/hm®) WUE/ (kg/m®)
Rk
o A WR MR OfER O BA MR MR MR BA MR MR MR
15 5t 1 2 3 % 5t 2 3 1 5 1 2 3
1 88 88 7 33 7463 58 7702 7342 2.20 2.31 2.31 2.29
2 85 86 75 31 7 526 7 806 7 781 7 460 2.19 2.29 2.29 2.28
3 28 28 21 32 6 268 6 474 6 435 6 481 2.20 2.32 2.32 2.31
4 30 29 22 32 6 462 6 697 6 644 6 698 2.23 2. 36 2.35 2.34
5 85 82 74 31 7 640 7 844 7 785 7 509 2.22 2.32 2.31 2.31
6 87 82 74 31 7 485 7702 7 659 7 320 2.18 2.29 2.29 2.27
7 84 79 72 31 7 638 7 850 7 812 7 509 2.18 2.28 2.28 2.27
8 85 85 75 31 7301 7615 7 588 7 325 2.11 2.22 2.22 2.22
9 75 69 63 27 7658 7 845 7 838 7 609 2.11 2.21 2.21 2.20
I 75 72 64 30 7347 7 586 7 553 7312 1. 96 2.02 2.02 2.00
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