Korean J. Soil Sci. Fert. Vol.53, No.4, pp.650-657, 2020

Korean Journal of Soil Science and Fertilizer

Short Communication

https://doi.org/10.7745/KJSSF.2020.53.4.650
pISSN : 0367-6315 eISSN : 2288-2162

Simulation of Nitrate Leaching Under Soybean and Chinese
Cabbage Cultivation in the Lysimeter Soils Using the APEX

Model

Yejin Lee'*, Soonkun Choi?, and Jae E. Yang®*

'Researcher, Division of Soil & Fertilizer, National Institute of Agricultural Science, Wanju 55365, Korea
’Researcher, Division of Climate Change Assessment, National Institute of Agricultural Science, Wanju 55365, Korea
3Professor, Department of Biological Environment, Kangwon National University, Chuncheon 24341, Korea

*Corresponding author: Jae E. Yang, yangjay@kangwon.ac.kr

*Co-corresponding author: Yejin Lee, leeyj418@korea.kr

Received: October 25, 2020
Revised: November 18, 2020
Accepted: November 18,2020

ORCID

Yejin Lee
http://orcid.org/0000-0003-4415-846X

ABSTRACT

Nitrate leaching losses from arable land can negatively impact ground water quality. Prediction of nitrate
leaching with agricultural system model is helpful to manage the crop land for reduction of nitrate leaching. In
this study, APEX (Agricultural Policy Environmental eXtender) model was evaluated for simulating the
nitrate leaching potential in agricultural land. The model for nitrate leaching prediction was calibrated and
validated with the data from the lysimeter in National institute of agricultural science, Rural development
administration. The nitrate-N leaching during cropping season of soybean (Jun to October) and Chinese cabbage
(September to October) in lysimeter was simulated from 1986 to 2015 with the adjusted model. The measured
(x) and simulated (y) total nitrate-N leaching that was accumulated during cropping period in lysimeter was
significantly correlated (n=9, y =0.9275x, R*=0.948). The range of total nitrate-N leaching according to soybean
and Chinese cabbage cultivation was 0 - 4 kgha™ and 3.8 - 11.6 kg ha™', respectively. Thus, we confirmed the
APEX model reflects differences in nitrate leaching potential under the different types of crop and fertilization.
These results suggest that APEX model can be successfully used in estimating nitrate leaching of arable land.
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Simulated NOs-N leaching by APEX model and precipitation during cropping season of Chinese
cabbage(fall) from 1986 to 2015 in the lysimeter.
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Introduction

vt 8 W A7 ke HEX8g oA Eeke A HIBARS Y I tiH] 2,681 B2 A4 H =S AL
-85k Ut (Kim et al., 2020). ‘578 2] oA 2Rt A AH| 5 .0] ARG ]O]'T-’] A Aa Fheof FakE vA|aL
(Han et al., 2017; Li et al., 2018), 53-8 & 2 3
al.,, 2019). A4-0] 7oA HE2 FF L] e]lo] =, ZAitH] @’\ 2?3% 7\10 T A7l folet Yk
n|2 B2 F x| o] it dax -8E-& Fol= A2 S8 (Mencio et al., 2016; Watanabe et al., 2018).
TR ARG 7R oA A0 A o5& F|A-5fol] Slof A7 HUE P i) A4 8 RdEgS 4
A FE5& Eole pEe] AAS 361 Qlek vl T dolk= 574 A] ol whe At
B A4 -8 A48 245k 2= UEISHAL 2131 (Shaffer and Delgado, 2002), F=2 5784 7| AlAZ4 <
TANE da S el 2-8sto] X5l Tefoll 285k JItt (Goulding et al., 2000). 3t of2] =7l A 5
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et al., 2010; Puntel et al., 2016)

ol A= £A10] AA FY LA B 5 A G5 BT (Lee et al., 2008; Han, 2009; Park et al., 2015),
gfo| e S B3t Aite] A 01% 7} (Han et al., 2008; Lee etal., 2018) 5 @4 U EH 950 A7} 43
woict. Eet RS BE51ol 54 2|90] Dive) D4 §HL NS AR GO Kim etal., 2015), ol =
WS o §3 3574710) WAt Ak § olE AT oF 4 EQJeAlolek
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20 P 4 G HRhE A 4 gl 011401 oIk, SHAIT o] @7 482 SlaA X 0] EoF 54

2 Aol A= vl=ollA Zidet T £ T&E] Etﬂo] APEX (Agricultural Policy Environmental eXtender;
Williams et al., 2006)S ©]-&5}o] -2t e ko] Aite] A4 ek o & 7154 gelstiz) 51gct =E B
B fIoll T4 Bol A ASgks B85kl 3017t 7]’?31'7\}35 2 gsto] Aa GEES HOlolqlth

Materials and Methods

APEX 22! APEX+E Ao oJgt 2HE A4t o= 29l EPIC (Erosion Productivity Impact Calculator;
Williams et al., 1984)°ll4] -2l =] A ek EPIC RE2 G4 210] A4 g5 Hrlol=t E-8H A7 Lo
™ (Van der Velde et al., 2009), A4, Q19] =4 o 51t -84, 3kt ZhE AAHA] 52 of| &% 4= ok (Williams et al.,

2006; Kim et al., 2014).
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2ol Alulg ol A= ESF HlollA] a2o] A5tz ol &5l | whzell AA 5ol 2] & o5t 2ol 7} Qlth. APEX 2

o]
F5jo] 53 o], x]a}#@o]% AR 42 OB F el Rl el ROl

o g
2 o
T
EI s
kO
4> o
N
2

>_J:

m

2
lo,

ol

ol
i)
2

W)

>
fl

W
i)
e

E o
, BHETH YR, (p74) F A s kol gl
ol Aulelold 20169 B AR7IKHEST 2 Tholo] Wate) A Sk a2 )25 vl
=

= =
8 ZSISICE 5 AR T 2 B (o), Tl o A B (39, B

o
)
ol
R
)
o
;—nE
m
B
oo
> i
i)
Mo
=) F>
45

Ox.ur. o>~1
) ol

ot
H
=)
=
rE
-{>

Table 1. Values of the input parameters adjusted for APEX model validation.

Categories Parameter Description Range Value
. . . Chinese cabbage (800)
PH h Pot | heat -rel
U Crop heat units (Potential heat unit) Crop-related Soybean (1600)
. . . Chi bb: 4
Crop DMLA Maximum potential leaf area index Crop-related inese cabbage (4)
Soybean (5)
. Chinese cabbage (0.8)
HI H -rel
arvest index Crop-related Soybean (0.3)
Evapotranspiration p34 Hargreaves equation exponent 0.5-0.6 0.5
. 0.51
Subsurface flow RFPO  Return flow/(return flow + deep percolation) 0.05-0.95 (lysimetes:r 0.05)
pl4 Nitrate leaching ratio 0.1-1 0.5
p74 Partitions Nitrogen flow from ground water 0-20 8
p4 Water storage nitrogen leaching fraction 0-1 0.5
Nitrogen loss p7 Nitrogen fixation coefficient 0-1 0.9
p35 Denitrification soil water threshold 09-1.1 1.01
72 VOlatlhzatlon/mtrlﬁc.atlon partitioning 0.05- 0.5 0.4
coefficient
Soil HSG NRCS Soil hydrologic group 1-4 2

Table 2. Physical and chemical properties of soils in the lysimeter used for calibration of the APEX model.

Distribution of Bulk

Hoons (! soilparice0) _ desity "R S B ewty ke ek
Sand Silt Clay (Mgm™)

Ap 0-13 540 370 9.0 1.27 521 1.94x10" 6.8 0.3 14.4 1.3

BAI 13-26 61.8 302 8.0 1.37 484 28x10° 5.0 0.2 8.2 0.8

BA2 26-41 472 408 12.0 1.39 476  67x10° 53 0.1 6.6 0.3

Bwl 41-66 61.7 293 9.0 1.34 494 219x10" 5.7 0.1 5.5 0.3

Bw2 66-108 692 258 5.0 1.34 494  203x10" 5.9 0.1 54 0.2

C 108-150 75.7 193 5.0 1.37 483 2.86x 10" 5.8 0.1 4.7 0.2




Simulation of Nitrate Leaching Under Soybean and Chinese Cabbage Cultivation in the Lysimeter Soils Using the APEX Model = 653

Table 3. References for validation of APEX model.

Fertilizer application Rainfall

Crop Soil texture (N-P05-K:0, ke ha'l) (mm) Experiment period Location (Year)
Sandy loam

Soybean Loam 40-70-60 1,398 May - October Suwon (1985)
Clay loam
Sandy loam

Soybean Loam 40-70-60 1,363 May - October Suwon (1999)
Clay loam

. Sandy loam May - October
(Csh‘r?sse fcjll’)bage Loam 110-780-110 1,363 (Spring : May - June, Suwon (1999)
pring, Clay loam Fall : September - October)

*This study was performed at the lysimeters located in national institute of agricultural science, RDA.

AYASHET A (72 71k A8, B Sel2 1R USDA NRCS Y] 7|20] utet 28514t 2
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43 kgha'¥}215 kgha'' © &2 225}k

EAENM o A A4 gkl gt A= gt APEX 29 ol=ztol dieh B A2 2} (RMSE)+= SAS
SAIZZ T3] (Ver.9.4, SAS Institute Inc., USA)= -85t

Results and Discussion
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Fig. 1. Measured daily NOs-N leaching and simulated results those were non-calibrated (original, black line) and
calibrated models (blue line).

50
40 A

Y=0.9275 X 'S
30 R’=0.948

20

NO,-N leaching simulated (kg ha'1)

0 T T T T
0 10 20 30 40 50

: -1
NO,-N leaching measured (kg ha™")

Fig. 2. Relations between simulated and measured values of cumulative NOs-N leaching during cropping period by
APEX model.
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Fig. 3. Simulated NOs-N leaching by APEX model and precipitation during cropping season of soybean from 1986 to
2015 in the lysimeter.
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Fig. 4. Simulated NOs-N leaching by APEX model and precipitation during cropping season of Chinese cabbage (fall)
from 1986 to 2015 in the lysimeter.
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Goulding et al. (2000)-> F= 2HAHE A7|A-8 A A-S Foff A4 v mae Aite] da geado] 9k
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