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Simulation of the Migration and Leaching of Nitrate Nitrogen in the Farmland

Soil Profile in a Hilly Area of Taihang Mountain with the RZWQM Model
ZHENG Wen-bo, WANG Shi-qin*, LIU Bing-xia, LEI Yu-ping, CAO Jian-sheng

(Key Laboratory of Agricultural Water Resources, Chinese Academy of Sciences, Hebei Laboratory of Agricultural Water-Saving,
Center for Agricultural Resources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences,
Shijiazhuang 050021, China)

Abstract ; Taihang Mountain region is the recharge area for groundwater in the North China Plain (NCP). In recent years, the elevated
nitrate concentration in the groundwater in the Taithang Mountain has often been associated with the increased area of farmland and the
excessive application of nitrogen. Thus, it is significant to study the soil nitrogen leaching process in typical farmland. In this study,
the root zone water quality model (RZWQM) was used to simulate the nitrate nitrogen leaching of winter wheat/summer maize rotation
systems in the Hilly Ecosystem Experimental Station in Taihang Mountain. The results showed that during the 2015-2016 winter wheat/
summer maize season, the nitrate nitrogen from the soil leaching occurred mainly in the summer maize season (rainy season) , with the

nitrate nitrogen leaching amount reaching 59. 9 kg-hm

, while the nitrate nitrogen leaching amount during the winter wheat season was
only 2. 12 kg-hm ™. The soil nitrate nitrogen leaching condition was simulated using the RZWQM model for different nitrogen contents
and years with different rainfall. Significant linear correlations were observed between nitrogen use and nitrate leaching in winter wheat/
summer maize rotation systems. In summary, the results showed that the nitrate nitrogen leaching values were 10.5, 59.9, and 136. 5
kg+hm ™ for nitrogen fertilizer applications of 0, 300, and 450 kg-hm ™2, respectively, during extreme precipitation in a wet year
(2015). The value of nitrate nitrogen leaching in the maize season of 2013 (dry year), 2015 (normal year), and 2016 (wet year)
accounted for 9% , 10% , and 20% for the 300 kg+-hm > of nitrogen fertilizer applied, respectively. However, the value of nitrate
nitrogen leaching in the maize season of 2013 (dry year) , 2015 (normal year) , and 2016 (wet year) accounted for 11% , 17% and
30% of the 450 kg-hm > of nitrogen fertilizer applied. These results show that extreme precipitation events not only greatly recharge
the groundwater, but also increase the leaching of accumulated nitrate nitrogen and potential nitrate contamination in the groundwater.
Key words: hilly area of Taihang Mountain; root zone water quality model (RZWQM) ; nitrate nitrogen leaching; nitrogen application

rate; extreme precipitation
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Table 1 ~ Basic physical and chemical properties and mechanical characteristics of the soil in the study

e AL T BB %
T HERIE/ om i%?}% ’f@ﬂl?ﬁﬂfl% I:HIFJ}T#*% TR %Bﬁﬁ‘ﬁiﬁ?ﬁ»j?ffh Bk oo W
/g cm ™ /em-+h /em” sem /pgeg!
0~10 1.25 +0.02 4.80 0.2 25.72 +1.2 20.5+0.5 9.16 £1.0 2.3+0.1 37.1 2.1 60.6 +3.8
10 ~20 1.27 0. 03 4.52 0.1 23.39+1.5 19.1+0.3 11.49 +1.3 2.0+0.2 36.8+1.8 61.2 3.2
20 ~30 1.30 £0.05 4.25+0.4 21.52 +1.7 18.0 +0.2 4.69 0.9 2.3+0.1 34.7+2.2 63.0+2.8
30 ~50 1.32 +0.02 4.13£0.3 17.62 £1. 1 17.4 £0. 4 8.32+0.7 2.1+0.3 36.9£2.3 61.0+3.1
50 ~70 1.50 =0. 04 3.88+0.2 18. 11 1.9 17.0 +£0.5 16.22 +1. 8 2.4+0.2 37.4 1.9 60.2 3.5
70 ~ 100 1.56 =0.03 2.18 0.2 14.75 1.6 15.1+0.3 20.01 £2. 1 2.4+0.1 39.5+2.4 58.1+2.9
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Table 2 Observed and simulated values of the soil hydraulic parameters
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IR em S HHIE S HHME SPE A
0~10 0. 36 0. 357 24.59 25.723 4. 85 4.796
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70 ~100 0. 46 0.475 13.82 14. 755 2.02 2.175
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Fig. 2 Comparison of the simulated and measured soil water contents in the winter-wheat season
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Fig. 7 Concentrations of nitrate nitrogen in the soil profile in the summer maize season(2016)
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