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Abstract reservoir were used for model calibration and validation.
The simulation results agreed well with observed values
BACKGROUND: For Non-Point Source(NPS) loads during the calibration and validation periods. The calibrated

reduction, pollutant loads need to be quantified for major model was used to evaluate farming scenarios in terms of
farming methods. The objective of this study was to NPS loads. Pollutant loads for T-N, T-P were reduced by 5
evaluate impacts of farming methods on NPS pollutant ~62%, 8 ~37% with increasing the height of drainage
loads from a paddy rice field during the growing season. outlet from 100 mm of 100 mm, respectively. When amount
METHODS AND RESULTS: The height of drainage of fertilizer was changed from standard to conventional,
outlet, amount of fertilizer, irrigation water quality were T-N, T-P pollutant loads were reduced by 0~22%, 0~
considered as farming factors for scenarios development. 24%. Trrigation water quality below water criteria IV of
The control was derived from conventional farming reservoir increased T-N of 9~65%, T-P of 9~47% in
methods and four different scenarios were developed based comparison with conventional.

combination of farming factors. A field scale model, CONCLUSION(S): The results indicated that applying
CREAMS-PADDY(Chemicals, Runoff, and Erosion from increased the height of drainage after midsummer drainage,
Agricultural Management Systems for PADDY), was used standard fertilization level during non-rainy seasons,

to calculate pollutant nutrient loads. The data collected irrigation water quality below water criteria [V of reservoir
from an experimental plot located downstream of the Idong were effective farming methods to reduce NPS pollutant
loads from paddy in Korea.
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Table 1. Farming methods Scenarios in this study

Ttem The height of drainage outlet Amount of fertilizer Irrigation Water Quality

Control Before MD' : 100 mm T-N : 181 kg/ha T-N : 1.0 mg/L
ontro After M.D : 100 mm T-P : 56 kg/ha T-P : 0.04 mg/L
Scenario 1 Before MD : 100 mm T-N : 181 kg/ha T-N : 1.0 mg/L
After MD : 150 mm T-P : 56 kg/ha T-P : 0.04 mg/L

Scenario 11 Before MD : 100 mm T-N : 181 kg/ha T-N : 1.0 mg/L
After MD : 200 mm T-P : 56 kg/ha T-P : 0.04 mg/L

Scenario TIT Before MD : 100 mm T-N : 90 kg/ha T-N : 1.0 mg/L
cenario After M.D : 100 mm T-P : 45 kg/ha T-P : 0.04 mg/L
Scenario IV Before MD : 100 mm T-N : 181 kg/ha T-N : 47 mg/L
After MD : 100 mm T-P : 56 kg/ha T-P : 0.12 mg/L

" M.D stands for Midsummer Drainage
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Fig. 1. Conceptual diagram of pollutant load estimation
procedure.
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Table 3, Table 48} 2t} &7 #4] A3} 932 7, 8¢
o(2011%d 951.2 mm, 2012\ 998.5 mm)Z HZHo] e}
Wil WE JEx71d 5€(011d 216.0 mm, 2012
2423 mm), 6220119 148.0 mm, 20129 220.8 mm)°]l
AFEo] vepdth ARREFE W7 Gzl Fost
Al o]F014 59 2011 207.3 mm, 20123 220.7 mmZ
e, AE7 71711 7240 2011 391.0 mm, 2012
358.4 mm, 8¢l 2011 323.6 mm, 2012 391.8 mmZ
yepgtl FakakEES 20119 598.9 mm, 2012 662.7 mm,
TS 20119 111.5 mm, 2012 128.4 mm = YERITH

4 A Ay} 9= T-N 0.3~2.0 mg/L, T-P 0.01
~0.04 mg/LE Y, 7= T-N 09 mg/L, T-P
0.04 mg/L, &5+ T-N 05~203 mg/L, T-P 0.03~
0.70 mg/L= YERstTh

Table 2. Water balance of the study paddy field

EAFA B4 A3 xR flules Fabde ¢
o 98] T-N& 20119 13.24 kg/ha, 2012'd 12.9 kg/ha,
T-P= 2011 0.50 kg/ha, 2012 0.54 kg/ha, #71el <]
& T-N& 2011'd 7.53 kg/ha, 2012\ 9.03 kg/ha, T-P+
2011 0.38 kg/ha, 20124 0.69 kg/ha, AlH]e] & T-N
20117 181.00 kg/ha, 2012'd 153.0 kg/ha, T-P = 2011
d 56.00 kg/ha, 2012 87.00 kg/ha® LERITE A|EE
Fold AZFEE wEEE FobdS T-N2 20114 30.77
kg/ha, 20121 27.98 kg/ha, T-PS 7Z% 20119 1.67
kg/ha 2012'd 1.89 kg/ha@ LT 20121d0] 20110
H& T-N wiEF-slgo] skl T-P wiEslde] kst
218 20121 T-N2 AH]o] 7439101, T-Pi= Au]o]
S7FI7] WiEo & AlsHh

Ttem Month Rain. Irri. Runoff Evapo. Infilt.
(mm) (mm) (mm) (mm) (mm)
May. 108.8 216.0 207.3 52.8 50.1
Jun. 291.8 148.0 294.2 1454 327
011 Jul. 644.2 12.0 391.0 146.8 17.6
Aug. 307.0 139.0 323.6 168.6 8.9
Sep. 394 23.0 15.9 85.4 2.1
Sum 1391.2 538.0 1232.1 598.9 1115
May. 16.5 242.3 220.7 26.2 50.1
Jun. 100.8 220.8 278.4 182.2 327
012 Jul. 572.3 65.5 358.4 168.4 225
Aug. 426.2 159.0 391.8 212.6 15.1
Sep. 239.0 7.0 102.5 73.3 8.0
Sum 1354.8 694.7 1351.9 662.7 128.4
Table 3. Mass balance of the study paddy field(T-N)
Ttem Month Rain. Irri. Ferti. Runoff Infilt.
(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha)
May 1.04 0.90 168.00 13.37 341
Jun 2.78 3.31 0.00 8.55 1.42
011 Jul. 6.13 0.27 0.00 5.83 0.26
Aug. 292 2.60 13.00 2.70 0.09
Sep. 0.38 0.46 0.00 0.32 0.03
Sum 13.24 7.53 181.00 30.77 521
May. 0.16 3.15 140.00 14.63 3.67
Jun. 0.96 2.87 7.93 0.21
Jul. 5.45 0.85 0.41 0.05
2012
Aug. 4.06 2.07 13.00 4.32 0.21
Sep. 2.28 0.09 0.68 0.05
Sum 12.90 9.03 153.00 27.98 4.19
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Table 4. Mass balance of the study paddy field(T-P)

Ttem Month Rain. Irri. Ferti. Runoff Infilt.
(kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha)
May 0.04 0.08 56.00 0.66 0.16
Jun 0.11 0.17 0.45 0.10
Jul. 0.23 0.02 0.40 0.02
2011
Aug. 0.11 0.10 0.12 0.00
Sep. 0.01 0.01 0.04 0.00
Sum 0.50 0.38 56.00 1.67 0.28
May. 0.01 0.24 87.00 0.83 0.21
Jun. 0.04 0.22 0.47 0.02
Jul. 0.23 0.07 0.43 0.03
2012
Aug. 0.17 0.16 0.11 0.01
Sep. 0.10 0.01 0.06 0.00
Sum 0.54 0.69 87.00 1.89 0.27

3, =ol M) wiEHetE AT E A9 EY Jeon &
(2003)> A3kr ol thal] FE% 5932 mmY @ T-N
2745 kg/ha, T-P 1.19 kg/ha, 5% 10362 mm%
T-N 33.21 kg/ha, T-P 1.25 kg/ha, X¢H+2] A% 7
EAR=o| i8] &% 602.0 mm¢<! A9 T-N 39.7 kg/ha,
T-P 0.84 kg/ha, &% 701.3 mm3 729 T-N 19.84
kg/ha, T-P 0.67 kg/ha® & X313 2™, Han (2011)<>
A 99 9 AA =eld #EF 883.5 mm<l HF-
T-N 34.4 kg/ha, T-P 1.0 kg/ha°] #A3tc}ar a1 o,
Choi 5(2012)& -+ HHE AlES = disl F=%
400.0 mm<! 7-%- T-N 15.7 kg/ha, T-P 0.4 kg/ha% 3}
SHIEE ARESHA| oot wiE el A7 Tt B
sk 5 AHAQ] 549 dE71ae] Aol 7 ujEH skl
tEA sk Zlow HuHal glvk

CREAMS-PADDY 2&9o| H#H 2 HH

CREAMS-PADDY 589 174 4l 74S 918 28X
7] 2011~2012 =74 4 9 BA5A #4 dd A
2E o] gst] ARREFY =22 T-N, T-PE A2
WS o] g3te] RASIGITE B W A dist HrHE §
&l H A2 Root Mean Square Error, RMSE), “¢
4 o) 2 XHRelative Mean Absolute Error, RMAE),
Nash-Sutcliffe &&%|5(Efficiency Index, EI)(Nash and
Sutcliffe, 1970), AAAFR?) 59 BAZQ WS AF&a}
% tHDavid and Gregory, 1999).

Fig. 32 Ab% ¥74(2011) ¥ #7(2012)713%] ot A%
FE%9 BoAHE A5 9} nlasle] HefFal itk B
0] 100 mmE FABIE S A7l =4 EolE
0 mm3 3lo] A7} o] FAXN TS o, At
7} o]FAAHA XL =0]E 100 mm=E FABHES SIS
th 289 AHFE% 274 23 RMSE+ 6.48 mm, RMAE
= 0.18 mm/day, EIi= 081, R*= 097= vepgon, 7%

A7} RMSE+= 11.12 mm, RMAET 0.33 mm/day, El&
0.65, R*= 0.95% LERRITL,

Fig. 4, Fig 5t 717} +=52] T-N, T-P2] A= 274(2011)
3! 279(2012) 713kl thgt BoJAE A5A] 9} wlaste] Ko
L 9lom, Table 5= B 3! 4ol ARE viZiRisE B
o331 Qlth =59 T-N, T-P AFA&= A & 527t 3%
8] sk 20 % Uehet, o ikdsto] 2o mizii
5 2590 =52 T-N 274 27 RMSEE 1.19 mg/L,
RMAE== 0.26 mg/L, EI+= 0.95, R*= 0.959] k& #glom,
7% A7 RMSE: 1.99 mg/L, RMAE= 0.37 mg/L, EIi=
091, R*%= 0979] #O= Yehgth T-P 24 A¥ RMSEx
0.10 mg/L, RMAE+= 0.33 mg/L, EI&= 073, R*:= 0.84%
RO, 774 A2t RMSE: 0.10 mg/L, RMAE:= 0.30
mg/L, EI& 0.84, R*:= 0852 YERTh
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Fig. 3. Observed and simulated daily runoff for the calibration
and validation periods(2011~2012).
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Table 5. Calibrated used Parameter values used for the
CREAMS-PADDY simulation

Parameters| CKND |CKNDP| CKAD | CKR |GAMMA
Value 0.055 0.01 ]0.00128 | 90000 0.08

" CKND means nitrogen immobilization coefficient
CKNDP means phosphate immobilization coefficient
CKAD means adsorption equilibrium coefficient
CKR means plant uptake coefficient
GAMMA means correction for temperature coefficient
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