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Optimization model of agricultural planting structure
under water-saving irrigation technology

LI Yue, WANG Chun-xia, HE Xin-lin
(College of Water and Architectural Engineering, Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract ; In the past, the research on the optimization of planting structure usually takes the economic benefit
as the main applicable condition, and the side severity of ecological benefit is low, which is not suitable for the
northwest region with fragile ecological environment. Based on water-saving irrigation technology, an optimization
model of agricultural planting structure was constructed. The model took the Shihezi irrigation area in Xinjiang as
the research area, with the highest economic benefit under the different irrigation techniques as the target. The com-
prehensive eco-environmental condition index was added to the conventional constraints such as total agricultural
planting area and water consumption for agricultural planting, and the ecological benefits of the optimized results
were evaluated, and a linear programming model was established. The results showed that, with the decrease of the
proportion of drip irrigation under mulch, the total area of agricultural planting decreased to 28,300 hm” compared
with the current year. When the proportion of application area of drip irrigation under mulch to total sowing area was
0.84 and 0.82, the economic benefit increased by 0.05% and decreased by 0.5% , respectively, which ensured the
relative stability of economy. The comprehensive ecological environment index was 22.58 and 22.94, respectively,
which was beneficial to the protection and improvement of ecological environment in oasis irrigation area. Under the

application ratio of these two drip irrigation techniques, the main crop planting structure in irrigation area was opti-
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mized as follows: (1)Wheat 1 100.0 hm®, maize 2 373.3 hm’, cotton 17 286.7 hm” and peach 728.0 hm” under
mulch drip irrigation; wheat 206.7 hm”, maize 453.3 hm”, cotton 3 293.3 hm” and peach 140.0 hm” under other ir-
rigation techniques. (2) Wheat 1 073.3 hm®, maize 2 320.0 hm”, cotton 16 713.3 hm® and peach 710.7 hm” under
mulch drip irrgation; wheat 233.3 hm’, maize 506.7 hm”, cotton 3 666.7 hm” and peach 153.3 hm® under other ir-

rigation techniques.

Keywords : agricultural planting structure; optimization model; mulched drip irrigation; economic benefit;

ecological environment condition index; Shihezi irrigation area
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Table 1 Main decision variables related datas of crops in Shihezi irrigation district in 2014

1EY FH 1T B/ hm? FEE/L BT AR/ (kg - hm™?) P8/ T ot YA FE/ (IC - hm™?)
Crop Planting area Output Yield per unit area Output value/( 10*yuan)  Unit area output value/( yuan + hm™2)
/NFE Wheat 1306.7 8244 6309.2 1945.584 14889.6
Fk Corn 2826.7 28245 9992.4 8086.416 28607.6
¥i4E Cotton 21213.3 46105 2173.4 73398.0 34599.9
%] Grape 4038.4 49338 12082.7 29602.8 72495.45
k¥ Peach 684.1 10670 15597.9 8536.0 124783.2
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Table 2

irrigation techniques in Shihezi irrigation area

HEWEE# Tirigation quota/(m® + hm™)

Irrigation quota of main crops under different

Y4 Crop BT i oAl R BE
Mulched drip irrigation ~ Other irrigation techniques
/N Wheat 3750 4350
£k Com 3975 4650
Hii4£ Cotton 4650 5475
% Grape 4800 5625
BEF Peach 5400 6375

PP K 2D 4.5668x10° m®, BUARIZ T )
Ak K 5 BT b, (H % B Y A2 25 3R 85 0K 4 A
2% AT FREX g N T2, A APy AhoAe v AR B
TR 40% 22 A7, 4% H AR 25 PR R 0 ) 2 A X 1)
AR A B FE M, HAR I A 1] 3 X (7 b 2 A
B85 7K SO R AR SR e DA R TS S R ) R X
SR TAE AT ARG, RN
A SITRBERIREIR B i X A SRR AR )y Y

x3 FARBETHERREGTEFABMESREZ MR

Table 3 Economic and ecological safety influence coefficient under different mulch drip irrigation technology ratios

e " GG/ (TT70) LA ESHBRRIUEE(ED) FH/K & R AP TR [ AR
; Economic benefit increment Ecological environment Water consumption Total planting area of
Project Pattern 4 e 4 3 . 2
/(10* yuan) condition index /(10" m”) main crops/hm

1 b,=1.0 1631.005 19.95 13272.80 30113.3

2 b,=0.9 1631.005 21.52 13729.48 30113.3

3 b,=0.88 1467.909 21.87 13800.00 30066.7

4 b,=0.86 759.3856 22.23 13800.00 29860.0

5 b,=0.84 62.22917 22.58 13800.00 29660.0

6 b, =0.82 -623.832 22.94 13800.00 294600.0

7 b,=0.8 -1299.06 23.30 13800.00 29266.7

8 b,=0.7 -4521.35 25.07 13800.00 28333.3

112014 4E RIS E N 121 568.8 JTTT;b, Fmm IR i e A IS FI LA,

Note: The gross output value of agriculture in 2014 was 121 568.8x10* yuan; b, represents the proportion of drip irrigation under mulch.

R4 FREBTHERALG T RIEYHEER hm®

Table 4  Planting area under different drip irrigation techniques

ES /N Wheat EK Comn HRAE Cotton % Grape HEF Peach

Project A B A B A B A B A B
1 1306.7 0.0 2826.7 0.0 21033.3 0.0 0.0 4080.0 866.7 0.0
2 1173.3 133.3 2546.7 280.0 18926.7 2106.7 0.0 4080.0 780.0 86.7
3 1146.7 160.0 2486.7 340.0 18466.7 2520.0 0.0 4080.0 762.7 106.7
4 1126.7 180.0 2433.3 393.3 17873.3 2906.7 0.0 4080.0 745.3 120.0
5 1100.0 206.7 2373.3 453.3 17286.7 3293.3 0.0 4080.0 728.0 140.0
6 1073.3 233.3 2320.0 506.7 16713.3 3666.7 0.0 4080.0 710.7 153.3
7 1046.7 260.0 2260.0 566.7 16146.7 4040.0 0.0 4080.0 693.3 173.3
8 913.3 393.3 1980.0 846.7 13480.0 5773.3 0.0 4080.0 606.7 260.0

TE A AR E B D AR

Note: A is mulched drip irrigation and B is other irrigation techniques.
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