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Cultivation structure optimization of crops with low nitrogen and phosphorus
pollution in irrigated Yellow River region of Ningxia

LIU Gen-hong, XU Qiang, QIAO Na, KANG Jian-hong, WU Hong-liang
( Ningxia University , Yinchuan, Ningxia 750021, China)

Abstract: Because the environment and agricultural water recession polluted severely by fertilizer applied through a-
gricultural production, to reduce losses of soil nitrogen and phosphorus, as well as to improve economic benefits, cultiva-
tion structure was optimized in this research using a linear programming method based on a previous trial result. The re-
sults showed that the economic benefits of rice and winter wheat-rice were 36.8% and 28.2% higher respectively than
the control of spring wheat/corn, respectively. The amounts of nitrogen loss for cultivation patterns of winter/spring
wheat — silage, winter/spring wheat — vegetables, solely corn and oil sunflower were reduced by 56.8% , 50% , 36.4%
and 50% , respectively from that of wheat/corn. The amounts of phosphorus loss for patterns of winter/spring wheat-
silage, vegetables, and winter/spring wheat — oil sunflower were 50% , 42% , and 35.7% lower than that of wheat/
corn, respectively. The areas for different cultivation patterns after optimization were as follows: 38 000 hectares sowing
area for spring wheat/corn, 10 900 hectares for winter wheat — silage, 6 700 hectares for rice, 55 000 hectares for vegeta-
bles, 135 000 hectares for corn, and 40 000 hectares for oil sunflower. Rational field arrangement combined with current
cultivation conditions and technologies might be helpful for economy development and minimize nitrogen and phosphorus
losses.

Keywords: nitrogen; phosphorus; low pollution; planting patterns; Ningxia; irrigated Yellow River region
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Table 1  Yield and economic benefits from different cultivation patterns

WEF &
X /(t*hm?)

Cropping patterns Grain crops

T i
/(t*hm~2)

Forage crops

Rz N &
/(J77Chm~?)

Economic benefits

GUAE T B
/(t*hm~2)

Economic crops

yields yields yields /(10*yuan+-hm~=?)
Tk Maize 9.00 0.00 0.00 0.57
JKFE Rice 10.50 0.00 0.00 1.60
K2R Vegetable 0.00 0.00 22.50 1.17
%% Oil sunflower 0.00 0.00 3.00 0.65
K INFE - B3 Winter — vegetable 6.80 0.00 15.00 0.78
FIINFE - FHI Spring wheat — silage 7.50 45.00 0.00 0.82
K INFE - FH I Winter wheat — sillage 6.80 45.00 0.00 0.70
K INF — KA Winter wheat — rice 11.30 0.00 0.00 1.50
F/INFE — ZE Spring - oil sunflower 7.50 0 2.25 0.86
K INFE —JlZE Winter wheat — oil sunflower 6.80 0.00 2.25 0.74
F/INF /T K Spring wheat/maize 7.50 0.00 9.00 1.18
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Table 2 Output and input of nitrogen and phosphorus in 0 ~ 120 cm soil layer

it eI WAk fE 3 FWRIR R
e Amount of nitrogen C ak Amount of nitrogen and Amount of nitrogen
Pt and phosphorus applied rop uptake phosphorus after harvested and phosphorus loss
Cropping pattern - - -
Nitrogen ~ Phosphorus Nitrogen ~ Phosphorus Nitrogen Phosphorus Nitrogen ~ Phosphorus

FK Com 360.0 120.0 203.6 13 2628.6 2365.3 56.7 1.1
IKF Rice 231.0 120.0 98.7 13.9 2572.8 2358.4 112.5 1.0
K Vegetable 225.0 120.0 127.3 13.2 2548.3 2315.9 70.2 0.8
iZE 0il sunflower 214.5 90.0 113.8 14.3 2498.5 2268.4 56.7 1.1
£y _EEE
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A (R )N - 3%
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% _ 74
\./J\i K . 339 135.0 251.8 21.8 2489.8 2276.4 76.5 1.0
Winter wheat — rice
A 225.0 210.0 134.9 34.0 2480.1 2374.0 89.2 1.4
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Table 3 Optimization results with highest benefits and lowest losses of nitrogen and phosphorus
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A
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sonditi e —
concrions W i B /N Lowest phosphorus loss/t 413.7
R4 ERD 10% BERD 5%HIRAER/10° hn®
Table 4  Optimization results with amount of nitrogen loss reduced 10% and amount phosphorus loss reduced 5%
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Table 5 Optimization results with amount of nitrogen loss reduced by 15% and amount of phosphorus loss reduced by 5%
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