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Estimation of the Pollutant Loads from Paddy Fields by Cultivation Practices Using

a Non-point-source Model

Kuk-Heon Han (Rural Agricultural Infrastructure and Resources, Rural Research Institute, Ansan 426-825, Korea)

ABSTRACT: The objective of this study was to estimate the pollutant loads from paddy fields by culti-
vation practices using a non-point-sources models. One of them is CREAMS-PADDY model that was developed
considering the water balance and mass balance of paddy fields. The CREAMS-PADDY model was applied
to provide basic data to reduce runoff loadings under various scenarios such as various water management
control and various fertilizer condition. The model was verified against T-N, T-P and runoff flow data col-
lected during cropping periods at 2000. The model results agreed well with the measured data in veri-
fication. The results showed that the model could be used for estimating the runoff loadings from imigated
paddy fields by cultivation practices was possible. Comparison of simulated the standard height and the
sluice management of T-N and T-P runoff loadings from paddy fields were +32.4%, +10.3% in 10 mm
below the standard height, -29.2%, -35.9% in 20 mm above the standard height, 52.6%, 59.0% in 40 mm
above the standard height, respectively. Comparison of simulated the standard fertilizer and the fertilizer
control of T-N and T-P runoff loadings from paddy fields were -1.3%, -21.7% in reduction of conventional
fertilizer 30%, -1.0%, -12.5% in reduction of standard fertilizer 30%, respectively. Therefore, reducing non-
point-sources nutrient loading by reducing fertilization may not work well in the range of normal paddy rice
farming practices, and instead it could be achieved by reducing surface drainage outflow.

Key Words: CREAMS-PADDY model, fertilizer condition, nutrient loadings, water management control, paddy
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Table 1. Water balance of the experimental paddy field during the study period. (Unit : mm)
Month May June July August September Total

" - ota

Item F M L F M L F M L F M L F M L
Rainfall 8.6 72 238 1134 138 1284 446 53.6 1812 408 86.0 2208 704 2206 04 1,213.6
Irrigation 0.0 21.8 109 635 340 178 229 06 711 542 389 622 153 0.0 00 4130
Drainage 0.0 0.0 0.0 329 303 11.0 157 185 1646 676 845 1312 243 1207 00 7012
Percolate 1.0 20 220 195 209 199 189 163 129 140 113 151 194 146 27.0 2347
Evapotran 116 374 443 514 369 544 568 779 650 643 617 407 441 343 6820
s-piration
F : the First ten days, "M : the Middle ten days, "L : Last : the last ten days
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Table 2. Water quality constituents for experimental paddy fields (Unit : mg L")
Rainfall Irrigation water ~ Drainage water Paddy water Percolate
Year Item
T-N T-P T-N T-P T-N T-P T-N T-P T-N T-P
No. of Samples 32 19 33 32
avg. 0.85 0.012 1.80 0.039 418  0.142 323  0.032 492  0.034
2000 max. 241 0.059 3.99 0.128 1324 0.245 12.86  0.064 13.78  0.075
min. 0.14 0.001 0.59 0.002 231  0.102 0.53  0.002 210  0.009
SD. 0.62 0.011 1.06 0.039 2.81  0.039 350  0.020 245  0.018

'SD. : Standard deviation
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Table 3. Nutrient balance of the experimental paddy fields during the study period. (Unit : kg ha™)
Inflow Outflow
Year Item
Rainfall Irrigation Fertilizer Total Drainage Percolate Total
2000 T-N 20.15 25.85 140.0 186.00 51.23 9.07 60.30
T-P 0.35 0.72 30.0 31.07 1.60 0.40 1.64
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Table 4. The verification result of observed and simulated nutrient runoff loading in drainage water

Event mean load (kg ha™ .
Ttem (kg ha ) R? RMSE Model
Observed Simulated efficiency
T-N 51.23 54.88 0.8875 1.524 0.573
T-P 1.60 1.31 0.9137 0.039 0.558
‘RMSE : Root Mean Square Error
15 04
—sim —sm
12 + Obs. 03 + Obs.
= . 502
2 6 * E .
o . i
0 .
3 L, A k] 5
3 * *
. A % 'kd{ Mok . L aldt k‘.’ Al
00/05/01 00/06/01 00/07/01 00/08/01 00/09/01 00/05/01 00/06/01 00/07/01 00/08/01 00/09/01
Date Date
(@ T-N (b) T-P

Fig. 1. The verification results of observed and simulated runoff loading of T-N and T-P in drainage water(Sim. :

Simulated, Obs. : Observed).
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Table 5. Result of simulated runoff loading at paddy field for the sluice management

Height of Sluice(H) Rainfall Runoff T-N_l T-P ) Percentage of loading for S.H.(%)
(mm) (mm) (kg ha”) (kg ha") T-N T-P

Standard Height(S.H.) 1,032.0 453.1 16.57 0.39 100.0 100.0

H < SH. - 10 mm 1,032.0 559.6 21.94 0.43 132.4 110.3

H = 10 mm + S.H. 1,032.0 396.2 13.94 0.31 84.1 79.5

H = 20 mm + S.H. 1,032.0 359.9 11.73 0.25 70.8 64.1

H = 30 mm + SH. 1,032.0 336.6 9.69 0.20 58.5 51.3

H = 40 mm + S.H. 1,032.0 3147 7.86 0.16 474 41.0
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Table 6. Simulated nutrients loading at paddy field by the fertilizer control

Amount of fertilizer

Percentage of loading

Fertilizer control (kg ha-l) Rainfall TN 1 T-p 1 for S.F.(%)

= - (mm) (kg ha”) (kg ha") ™ D

SFE.’ 110.0 45.0 706.5 48.02 1.52 100.0 100.0

CFE” 124.0 29.0 706.5 54.88 1.31 114.3 86.2
reduction of C.F. 10% 111.6 26.1 706.5 47.67 1.28 99.3 84.2
reduction of C.F. 20% 99.2 23.2 706.5 47.52 1.25 99.0 82.2
reduction of C.F. 30% 86.8 20.3 706.5 47.39 1.19 98.7 78.3
reduction of S.F. 30% 77.0 31.5 706.5 47.55 1.33 99.0 87.5

'SF : Standard fertilizer(RDA),

“CF : Conventional fertilizer

Table 7. Result of simulated loading at paddy field for the sluice and fertilization management

Percentage of loading

Cultivated control Runoff T-N 4 T-P 4 for SH. and S.F.(%)
(mm) (kg ha™) (kg ha™)
T-N T-P
SH. and SE.” 453.14 17.10 0.39 100.0 100.0
SH. and CF.” 453.14 16.57 0.39 96.9 100.0
SH. + 40 mm 314.71 7.86 0.16 46.0 41.0
S.H. and reduction of S.F. 30% 453.14 16.24 0.39 95.0 100.0
above S.H. than 40 mm and 314.71 7.55 0.16 442 41.0

reduction S.F. than 30%

'S.H. : Standard Height,

“SF. : Standard Fertilizer,

"C.F. : Conventional Fertilizer
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