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Effects of Fertilizer Types on Pollutant Loadings from Rice Paddy Fields
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ABSTRACT

The main objective of this study was to evaluate the effects of control-release fertilizer (CRF) on pollutant loadings from a small
watershed. The Baran watershed, 386 ha in size, was selected as the study site, and the AGNPS (Agricultural Non-point Source
Pollution) model was used to evaluate the effects of fertilizer types. Digital maps of digital elevation (DEM), slope distribution,
channel, flow direction, landuse, soil, and curve number were extracted from the study watershed. Model parameters related to
hydrology and water quality were calibrated and validated by comparing model predictions with the observed data collected for 2
years (1999 to 2000). Calibration and validation resulted in R® values of 0.75-0.91 for all the water quality parameters. All the
paddy fields (21.2 %) of the study watershed were sprayed by either CRF or NPK (standard fertilizer). In CRF application, total
nitrogen (TN) load was 4.9% less than NPK application, however total phosphorus (TP) load was 0.7 % more than NPK
application. In CRF application, considering only paddy fields in the study area, TN load was 38.7 % less than NPK application.
Using CRF in paddy fields could be one of the ways to reduce pollutant loadings from agricultural watersheds, however, in order to

confirm it, more researches about effects of using CRF are necessary.
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Fig. 1 Site map of Baran watershed (Kang, 2002)
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I, = A-exp(2.119-1og(R) -exp(0.0086-10og(D)) (1)

exp(Blog(D))
oA7|M, Bz ZFRARIA (ft-tons/acre- m) % A
(inch), De ZASAEAZE (hr), 22]3L A9t B 793 4

S 2149014 A g3 Aol mey, 1907

Lt R

oo AFARE 1/5000 FAAES ol g5k, 27
Bl JJREREE 20 AR, SAYE, AR, AAE
5o TEeglt AFRE BEY 44RYY 7ES 99
TRIE (arid) A2 B2 Aeksledck, A4 2 A

To] AFAINE vigo 2 AAE 100 mx100 mZ A8t
(Cho, 1998).
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Fig. 2 Landuse map of HP#6
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Table 1 Crop and slope length factors of USLE for soil—
cover complex (Kang, 2002; Lee, 2007)

Landuse Paddy Upland Forest Urban Water
C factor 0.001 0.03 0.001 0.01 0.00
slope length (m) 70 50 10 70~100 0

Table 2 Management factors (P) of USLE for slope (Park,

al., 2001). =ollM9] eARst BojS 9f7t 4

(2

A71M e ARt WE FEOIAL, me 27| WIRAH|FE
BRIt m/ 12 SR 49H oY
KN

o U}
$99 2989
HAol E3slo] 271557} S A

FEd (H]R)o] A9
sttt (Jeon et al.,

1998)
Slope (%) Croplgnd P factor | Slope (%) Croplgnd P factor
practices practices
Terracing 0.12 Terracing 0.14
<3 - 13~17 -
Contouring 0.60 Contouring 0.70
Terracing 0.10 Terracing 0.16
3~9 - 17~21 -
Contouring 0.50 Contouring 0.80
Terracing 0.12 Terracing 0.18
9~13 - 21< -
Contouring 0.60 Contouring 0.90
Hf, H|ZA[H|
B oLoA] H|BEAHEES s beF W m2asAH| ek

& ko] 24 180 kg/ha,
2002; Lee et al.,

et al,,

2005; Uhm et al.,

QKF 60 kg/has 21-851%ct (Choi
2004; Hwang et
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Fig. 4 Scatter plots of daily runoff, sediment yield, TN, and TP at HP#6 watershed for the calibration period (2000)
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Table 3 Summary of calibration results at HP#6 watershed

2

Item R RMSE RMAE El
Runoff (mm) 0.91 11.63 0.33 0.90
Sediment vields (tons) 0.84 107.69 7.09 -20.03
Total nitrogen (kg) 0.95 132.49 0.35 0.82
Total phosphorus (kg) 0.85 14.97 0.39 0.84
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Table 4 Summary of validation results at HP#6 watershed

Table 5 Rainfall data for AGNPS model application

Item R RMSE RMAE EI Date Rainfall | Runoff TN (kg) TP (kg)
Runoff (mm) 0.79 17.72 0.41 0.77 (mm) | (mm) | NPK | CRF | NPK | CRF
Sediment yields (tons) 0.75 95.86 6.81 -22.32 2000/04/21 12.2 03| 4436| 44.36 5.01 5.01
Total nitrogen (kg) 0.78 156.04 049 0.77 2000/05/10 21.0 05| 5414 49.90 5.65 5.14
Total phosphorus (kg) 0.75 22.45 0.64 0.66 2000/05/27 16.6 03| 3455 3433 357 3.58
2000/06/10 63.6 86 | 259.01| 241.68| 2233 23.00
3tk 1)7 291 Hajeko] A=zt molx|o] ALLEE Holz 2000/06/26 15.8 0.3 36.08 36.07 3.76 3.76
T ol AA AnE B4 AT} nEs AR AGNPS BH 2000/06/27 28.8 25| 9020| 89.42 8.43 8.53
M 02 oaek 2AA BakE Eol HalE mE wolx|7l A 2000/06/29 51.8 198 | 27531 23095 2218| 1835
. . ‘ 2000/07/11 18 05| 6259 6175 6.41 6.41
232]9] A% & wkfels Aog Yehtou SARFe] A9 - - i
A230] vl TR Aom Ueteh Table 4 A2 2000/07/22 | 3036 | 1552 | 1635.40| 159347| 125.80| 131.79
- or T A M = =T 2000/08/04 58.8 74| 22888| 22234 2047| 21.32
Ao mojx|e} SAARL Wdhs ol8ste] EYs BrR A 2000/08/09 30.8 74 | 11601| 114.87 9.38 9.67
LR Sl 2000/08/20 87.8 | 302 | 45036| 401.35| 36.17| 3383

= (21.2 %)°ll LR (NPK) AH]
AR 3 A frojollAe] efFets
ga}Mc} dub|g 9 SgaAuEE
Aol ARgF 20000 7LALR (Table
$ 1 50 HA o= AWE g Ao
HFE 5:3:29] HIER shglrt. $849
1} a/JH] 2] AJH] A] OF 3.4~ 8.4
% = LFHslFo] Hadhs Ao yepton], Y7t F
oF 9] T LRSS oF 4.9 % Aadke AR U
ge] gayn|ae] Aee A ¥
Aa0] §55 WAsk, du7Itt Bt 254 davt
w9 Aes Helrh
> AH] 27]0] gadnlazt guke|g A
% %= ﬁiﬂ% oz yehtod, A
ok 0.7 % F= F7Ik= A
auRS Al'ﬂl?ﬂ B G717t Al 2A
=EolA %‘Xé?‘& A =5 FAISks B, YRk E AJH] Ao

T Uy

Aulz Au] AlEe STt A ()72

(m
o
o
=
of
i)
2
N
=)

flr
B
N
ol
l-ﬂ
= ¢
)
1:011

A Y7kt &<t Rt e} daiu|g Al mE 9l 2

=% A=E HEhi

2000/08/24 374 109 | 161.89| 150.51 12.65 12.65

2000/08/25 65.2 205 | 340.06| 312.76] 25.02|  25.02

2000/08/26 79.8 406 | 432.96| 401.59| 3137 3137

2000/08/27 20.4 6.6 | 111.14| 106.04 8.92 8.92

2000/08/31 29.4 6.6 | 11012| 106.04 8.92 8.92

2000/09/14 37.8 2.5 | 12442| 12177 11.77 12.16

2000/09/15 88.2 475 | 463.86| 454.69| 34.84| 34.84

2000/09/16 64.4 200 | 314.07| 308.49| 2347 2459

Sum 1,1404 | 406.2 | 534541 5,082.38| 426.12| 428.86

o}, o= Uut HIE AJH] & 9l FETt A&HHoR Fhasto] ¢
AR AH] AR 2] 9l FErt WolRl= Al-ofA 2
Z Aol WAsto] AHoR fEgo] W] WEOE AL
=Hch
Uuka|E Alu] o ha/dH|R AJH] 29 =oflA HiEHE @
AR5 AGNPS 282 l gsto] Hlwstglet, YRHRE Al
Hl9E o] T e FRSHFR 759.05 kg/haoll H]sf, &
v RE Alﬂlé‘}ﬁ% o] FAA QFHI= 465.05 kg/ha
2 OF 38.7 % AT AR UEyth $% LgFsk gt
vzl AN RS AHEIYS i BE 27.96 kg/ha® 1/}15}
o, AlH] 3ol 59 10Y, 69 29%, 8¥9 2092 oAk
HIE AlH] A] 9F 52.9~100.0 % A% Fadh= ZAog Uﬂ%t
o}, SEA|TE, AJH] 3 AZto] A g FR19] ofo] F7fsto] B
o717t 5] F o A ACE eyt AGNPS B
3 7o AR} (cel)olX e FF=A9 HiEFotgS A

m 1o

T e sl o] Aite des] ARplM LAE HiE
L oJokRA 0] kS APASE Ao 2 8.9 FHE7RS ALhd
SETTA QHbEE Zekale 2jol7} gtk Table 62 Uut
Hlgef dasgu|e AJH] Al 7ol ofgt =oflM e HiE sl

3:.\'*102&.1
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Table 6 Pollutant loads from Paddy fields V. el A=
Date TN (kg/ha) TP (kg/ha)
NPK CRF NPK CRF 2 Atollds A71e IMIAl BESoll RS kA
2000/04/21 0.08 0.08 0.00 0.00 Q0] 2 [P#e £900d0] 740 02 217 W 2ANBEE o] L}
2000/05/10 6.87 1.09 0.92 0.00 o] AGNPS B8< BA 9 #AAs, g} A8 1] o
2000/05/27 0.38 0.11 0.00 0.00 olulu] e} AFARES AuslES mo] ¢ olHsleke] w3}
2000/06/10 45.15 26.12 0.94 1.86 = nwstn 1 ATE Bk, B dTe] Ane aoksu
2000/06/26 0.11 0.11 0.00 0.00 S
2000/06/27 5.20 4.28 0.00 0.00 | NS Al o] SlAlah [PHG £8918] 20004
2000/06/29 68.05 18.03 6.18 093 ° owH = - =
2000/07/11 1.03 011 0.00 000 Fe-frE AR B AAES ol8ste] AGNPS EYs BA
2000/07/22 93092 183.00 5.82 8.96 sldon, 4%, AR, $44, 3019 AL R)E 42
2000/08/04 29.75 22.39 0.94 1.86 0.91, 0.84, 0.85, 0.85% YFEfyLT.
2000/08/09 6.80 5.88 0.00 0.00 2. 1999¢ 7+9-8% 25 9 $AAREE o]83to] AGNPS
2000/08/20 96.26 42.34 5.93 2.79 DYS AAGoH 9= 9A=F 2L E0lo] AAAL
2000/08/24 21.61 8.74 0.92 0.92 (RH= Z¥z+ 0.79, 0.75, 0.78, 0.752 ebdch
2000/08/25 57.50 27.06 1.86 1.86 3 HP#6 289 9] = (21. 2 %)) dutH| e}l aAn|E
2000/08/26 72.45 37.03 1.86 2.51 AHBHES mo] QouslEke mojsiglon] JaARES
i e L L I L 0 eiae o el 1) 0o 49 5 Gl
2000/09/14 12.42 9.66 0.00 0.92 L}’l: 2l 7;: j:fo? %2—07};%:4& ]:LEME}
2000/09/15 52.19 42,34 0.95 2.79 ojég;ﬂj if;;}o": ;Hj:_ 12016}77}4i§ ;LEEI Ali A
2000/09/16 32.29 26.78 0.94 1.86 900 WO S o e R AT
Sum 759.06 465.03 27.26 27.26
2 A SEOlETAl FolEdYY AERY 5
< YR Qlck %*Hlﬁi‘ﬁ AR7IR FEAT AAR FedeHed
2 AollA B =oAQ] sjERelEE vl 5P7l sf o A 213 s A7 AL gAY GR Al
£ A8 945 oot daguE AlE 2 =olAg 2 SFEglsyc
AadYgo] gt A (Lee et al, 2005)° fﬂrEUd_ b=
Aelqte o o)z x% ioﬂ*H FE5Y NH-N9| 5%
7} 2.07 mg/Lolglo} 1 o) gasitih suixgat o] REFERENCES
NHi-N 5%7} $718k= A 02 Uit ghadua Aelts o _
olo}27] NH,-NO| %7} 1.99 mg/Lolglor] ¥l olo} 182l 1. Cho, J. P., 1998. Application of AGNPS model with
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