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Evaluation of Nitrogen and Water Management in Winter Wheat — Summer
Maize Cropping System in North China Plain Using RZWQM

Li Yan' Liu Haijun® Huang Guanhua'
(1. College of Water Resources & Civil Engineering, China Agricultural University, Beijing 100083, China
2. College of Water Sciences, Beijing Normal University, Beijing 100875, China)

Abstract; The long-time excessive application of N fertilizer caused detrimental effects on soil and
groundwater environment in North China Plain ( NCP ). Therefore, the reasonable water and N
managements are essential for the sustainable agricultural production in this region. A two-year field
experiment (2010—2011) was carried out in the wheat — maize rotation cropping field at Tongzhou
Experimental Base for Water-saving Irrigation Research ( TEB ), Chinese Academy of Sciences,
Tongzhou District, Beijing, China. The collected data in the experiment was used to calibrate and
validate the hydrologic, nitrogen and crop growth components of the root zone water quality model
(RZWQM). And the validated RZWQM was used to evaluate N fertilizer and water management
practices in wheat — maize rotation cropping system under sprinkler irrigation system in NCP. The
validation results showed that the R ( root mean square errors) and M, ( mean relative error) for soil
water content ranged from 0.015 cm’/cm’ to 0.026 c¢cm’/cm® and from - 6.66% to 5.83% ,
respectively. The simulated soil water storage was close to the measured ones. The relative errors (R, ) of
measured and predicted crops yields and N uptakes of winter wheat and maize were generally less than
25% . The RZWQM was used to simulate the dynamics of soil water and nitrogen in the wheat — maize

rotation cropping system under different irrigation interval when N application was the same to local N
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management (330 kg/hm”). Results showed that the crop yields were higher, however, NO,-N leaching

and mean N losses were less at irrigation interval with accumulated pan evaporation of 30 ~70 mm than

those at irrigation interval with pan evaporation of 90 ~ 110 mm. Therefore, sprinkler irrigation interval

with pan evaporation of 30 ~70 mm was recommended in wheat — maize rotation system in NCP.
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Fig. 1 Precipitation, irrigation and meteorological data during experimental periods
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Tab.1 R, M, and d values of soil water content at different soil depths during calibration and validation processes

B + )2/ em
Ay SE A 9 b v
15 25 60 80 100 120
Ryge/ (em®-em ™) 0.025 0.023 0.023 0.018 0. 021 0.016
2010 My /% 1.23 0.98 -2.46 -3.20 -5.26 2.77
d 0. 87 0. 86 0. 81 0.78 0.72 0.83
Rysp/ (em®=em =) 0.024 0.026 0.012 0.019 0.026 0.015
2011 My /% 5.83 4.80 2.16 -3.87 -6.66 0.76
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Fig.2 Measured and simulated soil water storage in 0 ~ 120 c¢m soil profile for N3 treatment

(a) 2010 4F A L e

(b) 2011 440 F i 72

F2 REXTEFE(FNASMAE)MEERNLTESY
Tab.2 Soil physical properties (soil particle size distribution and bulk density) and

calibrated soil parameters of experimental area

TR WORL4H 18/ % RE LIRS/ FH [f) 4 7K 238 EE s
/cm 0.05~2mm  0.002~0.05mm /NF0.002mm  /(g-cm 3) /(em+-h™")  /(em*-em™®)  /(em®-em?)
0 ~20 41 53 6 1.43 1.08 0. 320 0.15
20 ~40 36 57 7 1.43 0.98 0.317 0.15
40 ~ 60 33 47 20 1.41 0.68 0.336 0.17
60 ~ 100 31 55 14 1. 41 1.58 0.354 0.21
100 ~ 120 43 51 1.41 1.86 0.378 0.22
120 ~ 160 38 55 1.38 1.20 0.378 0.22
160 ~ 180 69 28 3 1.35 0.68 0.417 0.21
180 ~200 23 63 14 1.32 0.68 0. 443 0.21
200 ~220 16 72 12 1.25 0.20 0. 469 0.23
220 ~300 10 76 14 1.32 0.20 0. 445 0.21
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Fig.3 Comparison of simulated and measured NO,-N concentration for N2 treatment ( calibration process in 2010)
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Fig.4 Comparison of predicted and measured NO,-N concentration for N4 treatment ( validation process in 2011)
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Tab.3 Calibrated parameters for nitrogen transformations
AR R R R BIAE FEJEE
AR BIERHE 1 000 ~4 000 1000
PR Z K fig KRR/ (s-d™") 1.0x107° 1.0x1078
fiF Ak S5 Rz fb 2% /(s+d ™" -organism =) 1.0x10°" 1.0x10°"
S A Ak S5 g A Z % /(s-d ™" -organism ') 2.5x10°* 2.5x10°*

F4 EREMEIEDEDTNIEUAEDIBRBEINIRE R,

Tab.4 R, of measured and simulated crop indexes for calibration and validation processes

4y (i b7 LRI
N1 N2 N3 N4
JINZE R 4.2 -1.9 -2.6 -5.6
INET AP 7.2 3.3 -3.8 -15.8
2010 ( #5E) INEE MR R 7.5 -0.5 -1.6 -14.8
ERT AP 0.4 -3.0 -11.0 -5.2
TR A Gk -5.9 -3.2 -18.6 -3.5
INFE L 24.5 23.9 7.4 11.6
INET AW 5.2 -4.4 -5.5 -4.8
2011 ( ik ) TN WA -17.5 -6.4 -13.5 -15.4
FERTAYE -21.3 -13.5 -24.7 -25.6
FRW R A -16.2 -22.4 -21.4 -23.0
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Tab.5 Calibrated crop parameters
INEZEL (DSSAT4.0) BoH E K Z % ( Generic crop growth module) B
FAAE R PIV 50 EEWBCAE AR (g bk~ -d ) 3.0
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Fig. 5

Simulated crop yields, crop N uptake, N leaching and N loss under different irrigation frequencies

(different amount of accumulated pan,, evaporation)
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