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Simulation Analysis of Effect of Planting Summer Catch Crop Sweet Corn on
Nitrate Leaching for Greenhouse Vegetable Field in Suburbs of Beijing
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Abstract; In order to reduce the effect of intensive rainfall on nitrate leaching in summer for greenhouse
vegetable field in North Plain China, a three-year (2008—2010) field experiment was conducted in the
suburbs of Beijing during the period of intensive rainfall season from July to September. Five different
treatments were designed, including three nitrogen fertilizer levels ( CK, no nitrogen fertilizer; N1,
380 kg/hm* and N2, 260 kg/hm® of nitrogen) in previously grown crop, and two other treatments with
and without sweet corn as a catch crop based on the treatments of N1 and N2, denoted by N1C and N2C,
respectively. The three-year field observed data was used to calibrate and validate the WHCNS ( soil
water heat carbon nitrogen simulator) model, and subsequently nitrate leaching, and water and nitrogen
balance of different treatments were simulated. The results showed that evaporation and drainage were two
main pathways of water consumption for the fallow treatments, while the main pathway of catch crop

treatments was evapotranspiration and drainage. The amount of water drainage was in the order of CK >
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N1=N2 > N1C > N2C. Planting sweet corn can reduce nearly 42% of water drainage compared with
without catch crop treatments. The water balance for fallow treatments was positive, and it was negative
for the catch crop treatments, which indicated that the sweet corn consumed soil water stored in soil
profile. The order of nitrate leaching rate of different treatments was N1 > N2 > CK > N1C > N2C, and
the mass of nitrate leaching for catch crop treatments ranged from 1. 3 kg/hm’ to 50. 9 kg/hm” | which was
much lower compared with those of NI and N2 treatments (59.2 ~273.6 kg/hm”) , and even lower than
that of the CK treatment (38.6 ~151.6 kg/hm’). The catch crop reduced 80% and 85% of nitrate
leaching compared with treatments of N1 and N2, respectively. It can be concluded that using the deep-
rooted sweet corn as a catch crop in summer can delay and control the nitrate leaching. Therefore, it can
be used as an efficient method to reduce the risk of nitrate leaching for greenhouse vegetable field in the
North China Plain.

Key words: corn; greenhouse vegetable; catch crop; water and nitrogen model; water drainage ; nitrate
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Tab.1 Soil physical and hydraulic properties for soil profile
VR /o K/ TR 5 403 K/ % B 0./ 6,/ o/ . K/
(grem ™) bk ViR A AL (USDA)  (em*+em™) (em®-em™)  em™! (em-d™")
0~20 1.34 41.2 45.5 13.3 A+ 0. 048 0. 389 0.010 1 1.582 22.1
20 ~60 1.58 37.5 53.2 9.3 34 £ 0. 046 0.394 0.0122 1.528 19.1
60 ~ 80 1.57 45.6 43.3 11.1 HE+ 0. 040 0. 389 0.0153 1.436 15.6
80 ~ 100 1.52 38.1 52.6 9.3 WL 0. 042 0. 381 0.016 5 1.518 28.5
100 ~ 150 1. 61 46.2 42.5 11.3 A+ 0. 048 0. 385 0.0125 1.472 15.4
150 ~ 180 1.63 44.6 44.7 10.7 3+ 0. 049 0.382 0. 009 2 1.511 7.6
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Tab.2 Crop parameters used in WHCNS model

of sweet corn

ZH K fH
e E KK E AR T,../C 8
LB B PR AT T AL T,/ C 1100
THICRECk, 0.6
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VR R B K 1.3
JEIEY R K 0 0.6
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Tab.3 Evaluation indices of simulated soil water content

and nitrate concentration for all treatments from 2008 to 2010

W/ ek MERT &
cm RMSE/ (¢m® -cm ~) NRMSE/% RMSE/ (mg-kg ') NRMSE/%
0 ~30 0. 031 11.5 10.3 23.5
30 ~ 60 0. 032 11.6 7.8 16.5
60 ~90 0. 025 8.9 7.5 18.0
90 ~ 120 0. 029 9.8 7.0 17.0
120 ~ 150 0. 020 6.5 11.8 27.2
150 ~ 180 0.019 6.0 7.5 20. 6
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Fig.2 Comparisons of simulated and measured soil nitrate concentrations at different depths for five treatments in 2008
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Fig.3 Comparisons of simulated and measured soil water contents at different depths for five treatments in 2010
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Fig.4 Comparisons of simulated and measured soil nitrate concentrations at different depths for five treatments in 2010
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