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Simulation and prediction of nitrate-nitrogen leaching from soils under the

growth period of winter wheat using transfer function model
REN Li', YUAN FU—ShGHgI ,ZHANG Fu-Suo' (1. College of Resources and Environmental Sciences, China Agricultural

University; 2. Key Laboratory of Plant-soil Interactions MOE ., Beijing 100094 ,China). Acta Ecologica Sinica,2004.24(10) :2281~2288.
Abstract: The leaching losses of indigenous and applied nitrate-nitrogen were measured for the non-weighing lysimeter in soils
under the condition of winter wheat cropping. The transfer function model (TFM) developed by Jury et al. and White was
used to simulate nitrate-nitrogen transport through unsaturated heterogeneous soils. The probability density functions (pdfs)
of the travel times of the nitrate-nitrogen under the experiment condition were determined from the normalized rates of loss of
nitrate-nitrogen mass to the drains. The pdfs for the experimental site conformed to a lognormal distribution. The nitrate-
nitrogen concentrations in the output flow at 200cm depth and the accumulative quantities of nitrate-nitrogen leached in soils
during the winter wheat cropping were simulated using the equations proposed by White. Good agreements were obtained
between the simulated and the measured values both the dynamics of concentration and the quantities of nitrate-nitrogen
leached. In addition. using same equation proposed by White with the pdfs of the travel time of the nitrate-nitrogen obtained
from different experimental site of the lysimeter, the accumulative quantities of nitrate-nitrogen leached during the winter
wheat cropping were also predicted. A reasonable leaching of nitrate-nitrogen results was estimated for three treatments of
fertilizer in the field according to the mathematical model. Finally, the effects of the amount of nitrogenous fertilization, crop
season on the leaching of nitrate-nitrogen were primarily analyzed.
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Table 1 Particle size analysis on each soil layer in the lysimeter(!!
Particle composition x
Soil layer (em) 2~0. 02(mm) 0. 02~0. 002 (mm) <0.002(mm) Soil type
0~25 66. 54 68. 44 15.02 Sandy clay loam
25~43 65. 43 17. 30 17. 26 Sandy clay loam
43~61 73.22 7.61 19.61 Sandy clay loam
61~81 56.77 16. 00 27.29 Sandy clay
81~140 59.18 13.12 27.71 Sandy clay
140~185 68. 47 5.76 25.77 Sandy clay
>185 56.48 18. 49 25.03 Sandy clay
* According international standard
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Table 2 Soil water retention curve in each soil layer in the lysimeter !
(cm)
Layer Depth Equation of fitted curves Coefficient of correlation
1 0~25 0,=24.1652—2. 4181 Xlog | @, | R=—0.9771
2 25~43 0.=28.4279—2.7042 X log | @, | R=—0.9244
3 43~61 0.=23.5240—3.1924 X log | ¢, | R=—0.9319
4 61~81 0,=26.8479—2. 2341 X log| ¢ | R=—0.9211
5 81~140 0.=29. 6247 —2. 2903 Xlog | @y | R=—0.8793
6 140~185 0,=38. 2058— 2. 0868 X log | @ | R=—0.8803
7 185~ 0,=35. 9749—2. 5929 X log | @, | R=—0.9287
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Fig. 12 Cumulative leaching amount of NO3 -N at the depth of 2m

in lysimeter SE2

Fig. 13 Cumulative leaching amount of NOj3 -N at the depth of 2m

in lysimeter SE3



10 : 2287

3 2m NO;3; -N

Table 3 Simulated cumulative NO3 -N leaching amount at the depth of 2m in the lysimeter during different growing season of winter wheat

Simulated data (mg) Measured data(mg)

SE2 SE3 SE4 SE2 SE3 SE4
(240kg N/hm?) (120kg N/hm?) (0kg N/hm?) (240kg N/hm?) (120kg N/hm?)  (0kg N/hm?)

Growing season of winter wheat

Seedling (10-09~11-30) 1284. 09 188. 09 319.28 1072. 79 418. 96 276. 93
Hibernation(12-01~03-10) 919. 71 415.75 190. 52 813.93 413. 64 204. 09
Turning green(03-11~04-08) 5. 32 6. 60 1.74 3.83 7.28 0. 21

4 2m NO; -N

Table 4 Cumulative NOj3 -N leaching amount at the depth of 2m in the lysimeter

AN peas AN cac Relative error (%)
No. (mg) (mg) (mg)
Measured data Simulated results Predicted results Simulated results Predicted results
SE2 1890. 5385 2209. 12 2205. 31 16. 85 16. 65
SE3 839. 8867 910. 45 908. 24 8. 40 8. 14
SE4 481. 2234 541.53 543.29 12.53 12.90
s s
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Table 5 Residual NO; -N in soil after winter wheat harvest

NO; -N NOj3 -N concentration in soil profile (mg/kg)
Treatment 20 20~40 40~60 60~80 80~100 100~120 120~140 140~160 160~180  180~200
(N kg/hm?) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm) (cm)
0 2.82 1.15 1.22 1.22 2.19 0.67 0. 69 0. 82 1.71 2.10
120 19.73 5. 56 1.92 1.72 1.83 1.13 1.28 2. 64 3. 84 4. 66
240 18. 88 8.56 4.70 3.18 2.73 8. 96 9.92 13.03 7.53 6. 48
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