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Modeling the effects of winter wheat and spring maize rotation under
different fertilization treatments on yield and soil water
in rain-fed highland of Loess Plateau
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Abstract The WinEPIC model was used to simulate the effects of winter wheat and spring maize rotation’ spring maize
—>spring maize—>winter wheat—>winter wheat—winter wheat—winter wheat” under different level fertilization treatments
on yield and soil water at Changwu rainfed highland of the Loess Plateau. The results showed that the simulated crop
yield of the wheat-maize rotation under no fertilization low fertilization medium fertilization and high fertilization treat-
ment decreased significantly with fluctuation and the average yield was 1.573 3.272 3.877 and 4.138 t/ha respec-
tively. The suitable fertilization rates were N at 90 — 120 kg/ha and P,0s at 30 — 60 kg/ha. Simulated monthly available
soil water amount of all 4 fertilization treatments declined with annual and seasonal fluctuations and the average annual
decreasing rate was 8.5 10.3 12.3 and 12.0 mm respectively. Differences of soil water amount among no fertiliza-
tion low fertilization and medium fertilization treatments were very significant. Soil moisture decreased and desiccated
soil layers thickened gradually at the beginning of simulation 1957 — 1962 . Stable desiccated soil layers occurred dur-
ing middle 1975 -1980 and end 1993 — 1998 of simulation. Distribution depth of desiccated soil layers was 2 —3 m

2007-03-15 2007-07-26
30471024 30771280 40371077
1979—
Tel 029-87055888 E-mail langzi050901 @ yahoo. com * Tel 029-87082963 E-mail junli@ nwsuaf. edu. cn



243

of no fertilization treatment 2 —4 m of low fertilization treatment and 2 — 5 m of both medium and high fertilization treat-

ments indicating that desiccated soil layers thickened with increasing fertilization and crop yield.
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1 WinEPIC
Table 1 Some important physical and chemical parameters for black loessial soil of Changwu highland in the WinEPIC model

Layer number

Item

1 2 3 4 5 6 7 8 9 10

Soil layer depth m 0.01 0.2 0.5 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Field capacity m/m 0.28 0.28 0.28 0.28 0.28 0.27 0.27 0.27 0.26 0.26
Wilting point m/m 0.10 0.10 0.11 0.11 0.12 0.13 0.13 0.13 0.14 0.14
Buck density g/cm® 1.30 1.30 1.31 1.31 1.32 1.32 1.33 1.33 1.33 1.33
pH 8.2 8.2 8.2 8.3 8.4 8.3 8.2 8.2 8.3 8.4
CEC cmol/kg 9.6 9.6 9.9 12.2 8.6 9.7 6.5 4.5 3.5 2.0
Calcium carbonate % 8.0 8.0 6.8 7.0 14.2 11.9 13.5 12.6 10.8 14.2
Phosphorus  mg/kg 4.0 4.0 3.0 3.0 2.0 2.0 5.0 3.0 3.0 2.0
Initial nitrate mg/kg 30 50 50 40 30 20 20 0 0 0
Organic N mg/kg 613 613 452 553 400 480 511 451 451 400
Organic C % 0.62 0.62 0.45 0.55 0.45 0.58 0.41 0.45 0.45 0.4

2  WinEPIC

Table 2 Some important revised vegetal parameters of winter wheat and spring maize in the WinEPIC model

Parameter names ~ Parameter values The meanings of parameters
CPNM WW SM Crop name
WA 31 42 - Energy to biomass conversion factor t/ hm* MJ
HI 0.4 0.5 0.01 —0.95 Harvest index generally use 0.01 —0.95
B 15.0 25.0 Proper temperature for plant growth °C
TG 0.0 8.0 Minimum temperature for plant growth °C
DMLA 6.0 6.0 Maximum potential leaf area index
DLAI 0.91 0.80 0.4 ~0.99
Fraction of growing season when leaf area index starts to decline generally use 0.4 —0.99
RLAD 1.0 1.0 1.00 0—~10
Leaf — area — index decline rate parameter 1.00 represent linearity generally use 0 — 10
RBMD 1.0 1.0 - 1.00 0—~10
Biomass — energy ratio decline rate parameter 1.00 represent linearity generally use 0 —10
GSI 0.007  0.007 Maximum stomatal conductance m/s
HMX 1.2 2.0 Maximum crop height m
RDMX 4.0 4.0 Maximum root depth m
FRST1 15.20 5.01 C
%
Frost damage parameters number before the decimal = minimum temperature number after the
decimal = fraction lost when given minimum temperature is experienced.
FRST2 25.50  15.95 C
%
Frost damage parameters number before the decimal = minimum temperature number after the
decimal = fraction lost when given minimum temperature is experienced.
RWPC1 0.40 0.40 Root weight/biomass partitioning coefficient when emerge
RWPC2 0.20 0.20 Root weight/biomass partitioning coefficient when maturate
Note ~ WW— Winter wheat SM— Spring maize.
0—7 m 1.4 WinEPIC

8 15 0—Tm 5
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Table 3 Comparison of statistical values of simulated and observed yield of winter

wheat and spring maize rotation under different fertilization treatments

CK N NP
[tem Simul . Obser. Error Simul . Obser. Error Simul . Obser. Error
t/hm? /hm? % t/hm? /hm? %o /hm? /hm? %
Ave. 1.979 1.914 3.3 2.922 2.782 5.03 4.181 4.360 —4.10
RMSE 0.837 0.868 1.195
RE y=0.592 + 0.668x y=0.102 + 0.917x y=0.984 + 0.807x
CC 0.864" " 0.886" " 0.818" "
RE—Regression equation CC—Correlation index
t/hm? 1.573 3.272 3.877 4.138
2 t/hm? 1.452 1.971 1.991 2.137
2.1 t/hm?
1957 —1998 42 7 92.3% 60.2% 51.4%
51.6%
2 4
108.1%
146.5% 163.1% 42 4
4 1995
0.056 —5.801 1957 3

0.118 — 8.928 0.181 — 8.946 0.202 — 9.338 1959
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Fig.4 Annual rainfall simulated soil water stress days during winter wheat and spring maize rotation periods

under different fertilization treatments at Changwu
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Fig.5 Simulated nitrogen stress days during winter wheat and spring maize rotation periods

under different fertilization treatments at Changwu
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Fig. 6 Simulated monthly available soil water amount changes in 0—7 m soil layers during winter wheat and

spring maize rotation periods under different fertilization treatments at Changwu
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