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Abstract

The pollutant concentrations at experimental paddy plots with three (excessive, standard, reduced) different
fertilization rates were investigated during 2001-2002 irrigation seasons. Mean concentrations of pollutants
in ponded water were not significantly different among three experimental plots, but the T-N concentrations
in percolated water significantly depended on fertilization rates. The T-N, T-P and CODc, concentrations in
ponded water during early irrigation season (late May to mid-June) were much higher than those during later
irrigation season likely due to fertilization and low uptake by young rice crops. The T-N concentrations
decreased but the concentrations of T-P and CODc. increased three days afier tillering fertilization. The
removal rates of T-N by paddy plots were 0.13-0.16 g/m® - d for an excessive fertilization plot, 0.08-0.25
g/m’ - d for a standard fertilization plot, and 0.03-0.34 g/m® - d for a reduced fertilization plot three days
after tillering fertilization. On the other hand, T-P and CODc¢, were released three days after tillering

fertilization.
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Table 1 Fertilization and agricultural practices

Year Basal dressing  Rice transplanting  Tillering fertilization Panicle fertilization Harvest
2001 May 17 May 25 June 11 July 19 Oct. 4
2002 May 22 May 22 June 14 July 20 Oct. 1
Table 2 Fertilizer application rate at experimental plots
Nitrogen (kg/10a) Phosphorus (kg/10a)

Treatment - — . - — -

Basal dressing Tillering fertilization Panicle fertilization Total Basal dressing
EF(150%) 8.25 495 3.30 16,5 293
SF(100%) 550 3.30 2.20 11.0 1.95
RF(70%) 3.85 231 14 7.7 137

EF: Excessive fertilization, SF: Standard fertilization, RF: Reduced fertilization
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2(T-N), FUT-P), 38r&AA4A Q7% (COD:)
9 A FZ T-N# T-PE 8748 3AANEH
(Ministry of Environment, 1997)¢l 9%+ &3¢
EHoE #X3I%T, CODe= Standard Methods
(APHA, 1997) ¢l &Jsto] #4531t

Z} Al A e sEAR] dd FARYS 2
AHEA (ANOVA) 2 o]&sle] p < 0.05904 A4
a1, FrJAQl Afolrt 1 ¥ A9l Duncan
9 t}=EA (multiple range test) Edto] wlmst
ATHSAS Institute, 1997). @& 20023 EFA)H|

T e AFHESE CODGEEE I FE9 o4t

(A AR A5 slo] & LR A
I. 2% 9 28
1. £ B20N U S5 S

B9 &84 AL N (KS 2302)9 9
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sled B9 EoPJAE Table 33 2t
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(844 mm) X} 9F 300 mm ol FHE& Zed

ek 3717 st A A Fig 29 2
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Table 3 Physical and chemical properties of the soil at experimental plots before 2002 irrigation season

Chemical properties ) .

Treatment | QoM TN T-p CEC AC Particle size

(%) pH (mg/kg) | (mg/kg) | (cmol*/kg) | (cmol*/kg) fraction. (%)

EF(150%) 0.68 51 345 442 433 140 Sand : 794
SF(100%) 0.72 5.1 442 290 396 110 Silt 141
RF(70%) 0.82 53 501 349 467 120 Clay * 65

EF: Excessive fertilization,

500 =
R 200!
400~ [ 2002
® Climatological
) Normal
£ 300
§
S 200
£ \
100 4 l
ol ]

May  June July Aug. Sept.
Month

Fig. 2 Temporal variation of monthly rainfall du-
ring 2001~2002 irrigation periods

veRt.

200197 200298) B TS A% 47,
48 mw/dz Yk, BE ASIFLE A7
2.6, 2.4 mm/d2 e

3 U9t 22| 2HEE AT

200193 200295 AP B9 7349 ,g_

SF: Standard fertilization, RF: Reduced fertilization

(2.9 mg/L)7} 200 d5(2.2 mg/L) B} ezt
A JYeEgz, F i 27 w48 s
mg/L) & WEIA Faich a8y T-P 35
T 0.08~0.09 mg/LE FA71F0.1 mg/l) &
833k Aoz ekt

7t BEskt

oMd B¢ AEF =N T-N, T-P %
CODe:8 Basre AEHAdU o Table 5%
2o B, BEANT, ZulTeiM e T-N
o] HFELE 2001d4E 4.2, 34, 3.0 mg/L,
2002300 5.2, 3.8, 3.8 mg/lLE AW} £&
52 =7 Uepgoy, B4R An AME &
A Aol g Aoz Yenth '

FopAulF, EFAET 2 zH|Fellqe T-P

79 9923 B Table 4% 2om, A9 PerE 200199 27 0.20, 0.18, 0.17 me/L,
Table 4 Mean concentrations of pollutants in rainfall and irrigation water
2001 2002
Water type No. of T-N T-P CODer No. of T-N T-P CODer
samples (mg/L) (mg/L) (mg/L) samples (mg/L) (mg/L) (mg/L)
Rainfall 11 0.7 0.01 3.0 7 07 0.02 54
Irrigation 15 29 0.09 22.1 10 2.2 0.08 213
100 57 =FA #4874 #33, 2006
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Table 5 Mean concentrations of pollutants in ponded
water at the experimental plots during 2001
~2002 irrigation seasons

Constituent Year Treatment sI:r?ip(l)gs‘ 1\(/1;21}1];5)]5
EF° 14 42:112°

2000  SF 14 34+12a

RF 14 30+1.0a

T-N EF 12 52+1.6a
2002 SF 12 38+1.3a

RF 12 38t1.3a

EF 14 020£004a

2000  SF 13 018£0.03a

RF 13 017£0.03a

T-P EF 12 02240052
2002 SF 12 020£002a

RF 12 015:0.08a

EF 14 35.3+75a

2001  SF 14 35.117.7a

RF 14 338+7.1a

coDc, EF 12 452+9.8a
2002 SF 12 383+7.2a

RF 12 32.8+75a

*EF: Excessive fertilization,

SF: Standard fertilization, RF': Reduced fertilization
®Within each column, means followed by the same letter
are not significantly different ( @=0.05)

2002 = zH2+ 0.22, 0.20, 0.15 mg/LeE 1}
ERtil, CODe BEFsEE 2001d9] 247t 35.3,
35.1, 33.8 mg/L, 2002¢°] 45.2, 38.3, 32.8
mg/LE AlH|Fo] & AulFN FEE & @S
Aoy AR ATE folFel Aol B
o]z kit

L Bk(m) ¥ (|)d sxHg
= B4 QHEA Tk TE IEA 5¢
kol 69 FE7HA wlnE 3 1-Wsk 3
A Jepgod, 69 skeiE sPdstel wa AY

Journal of the Korean Society of Agricultural Engineers, 48 (3), 2006. 5

A5t veRdth(Fig. 3).
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Fig. 3 Temporal variation of pollutant concentra-
tions in ponded water
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oy 1 F2= 74 Ed, 53] 20024%
Fdu) A3 o) NS HA AdkSolE
2152 557 0.38~0.95 mg/L7HA F715H3
t}. olg FAKH, 38 AT £2ATY =olA
2ou] A% guge T-PyEsh 0.45~0.60
mg/LAA Asshe Aoz RuHtHKim et
al., 2001).

COD5EE 69 FE7HE A Yol
1 F2% 30 mg/l o3t @ Vet Hdigk
& 2001l BdH] 3o 92.7~97.6 mglL,
2002dlE 718 Fo) 83.9~95.0 mg/LE e
Joh 5 34T 2FATY =ox £94] Fol
CODe5EE 71.0 mg/LE YEPDH(Kim et al,
2001). CODGEE7} 5, 690 ¥ AL A (K
BE Q9F JUAF7E FHdta, WY e 2%
(ER)OE B QXS W1 7o A 8 =+
Ed5olN 27 (algae) 7t Bol WAF] HEOE
AZdth CODEE7L 5, 690 ¥4 He d4L
FEWNE 3= Y& =XT ABHFIME B1
59tk (Feng et al., 2004).

5 AEEE4Y| 2%8Y 55

7t Wask

270 7] B AFTF oY FAFE
¥ AsHFFEE Table 63 2t

T-N #FEEE 2001del: FTAB1F(3.5
mg/ll) > EFAMIT(2.4 mg/l) > Q1.0 me/l)
£08 $o3 o) B3, 20029+ Ik
ANET(2.6 mg/L)S EFANEIF(2.4 mg/L)7} 7
v (1.4 mg/L)8 A A5 B AJn|F]
o3 o] Y& AoE et

T-P HFEEE 200140l M T(0.025
mg/L) ¢ ZH)7(0.016 mg/L)Ztl f23Q Ao
2 »goy, 20024l RE AHTOA 0.012
~0.015 mg/L2 AuIFel F93Q Aole 9l
= AoE Jepgt, o FE J4T AEATY
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Table 6 Mean concentration of pollutants in per-
colated water at the experimental plots
during 2001~2002 irrigation seasons

. Treat- No. of MeantSE
Constituent  Year ment samples (mg/L)
EF* 14 35t03a"
2000 SF 14 24+03b
RF 14 1.0£0.3¢
T_N EF - 15 261022
2002 SF 15 24+02a
RF 15 14203b
EF 15  0.025:0004a
2000 SF 15 0.020+0,004ab
RF 15  0016:0.002b
T-p EF 14 0015£0002a
2002 SF 14 0014:0002a
RF 14 0012+0.003a
EF 14 1213092
2000 SF 14 11.2+15a
RF 14 4805b
EF 16 94072
CODa o002 sF N/A°  N/A
RF 14 9.7+08a

®EF: Excessive fertilization, SF: Standard fertilization,
RF: Reduced fertilization

°Within each colurnn, means followed by the same letter
are not significantly different ( @=0.05)

°N/A: Not available

FE (loam) 9] =M e HHg 0.02 mg/Lg H|
Zsht, 2FAFY AlE (loamy sand) 2] =ollA
o] H#FE (0.05 mg/L) Bt W2 gl gt
(Kim et al., 2001). =3, AE 2A%hre AEA

EGilt loam)9 EelMe T-P F%E7F 0.010~
0.075 mg/LE v¥z3 2 #%g et (Yoon

et al. 2002).

CODe: BH#EEE 20019 AchAuTe &
FANT7 2HITY §He Aol mglon
2002401E THThEI TS ZH1 7t R H Aol
£ nol 9otk

L vh($a) ¥ (A)E sk He

@84S FrE =xEFAMge 28 T

FxETes =gy #48d A3%, 2006
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Fig. 4 Temporal variation of pollutant concentrations
in percolated water
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Fig. 5 Temporal variations of pollutant concentra-
tions in ponded water after tillering fertiliza-
tion, 2002
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33ict. o] W] &
24 Fig. 58 #th
g AN 19 F9] 41~4.9 cmERE 4
o Zol& 1.3~27 cmE 3tk B A5
A& HoAH| T EEAETAAN 6.8 mm/d,
HFAE 10.0 mm/dE JEbtD, IR 7z

Ao 2.8, 4.1, 7.1 mm/dZ VERRT

A7 092 E W3

o

e A8 bR ) 19 P
97 mg/L 49 5°ﬂ“ 1405 188.7 mg/L

B3oA0l 2 EujEo] g AE (i-1)Y¥H
Y7 egFee wslge A1) #rk

T-NsE&= 34_\:]_}\]‘3]_—[1_0“/\1 A A A AL ,=LF,—LF; |+ LP, | ; = (1)
ot E—i—/\]ﬁl?ﬂl/ﬁ? 29 Zo 543 3% A7NM AL -y (CDYF Y3 2 @Rt
3, el 19 Foll §43] ssigiovt o wsis
3 Toll= o Atk Al 1Y Tl A S,

4 2 ok 150 mg/LE YERtoY 4Y o
L 71~111 mglE 19 ¥ 559 47~74%2 LF ;- (DA A7
LR LP, .y (=193 143ty ASRF

T-PEEE T-N %8 28, Jopan|To e
A A5397, BRANTY 26T Ass A71, LB BEFY gol S(-)A A5l
7} Au] 39 Fele oz 6}70 A B 19 £ L9EA AASE Holm, F(HA AeE
FolE 0.14~0.30 mg/L, 44 el 0.41~0.64 25 A& gnjgt 4 (D2 01%8}01 Zt Al
mg/LE Bo 1Y 3? EEO 205~292%% g BTl 4E 9RsEY WEEE Alted
i, Table 734 L}E}

CODGSEE T-PEES 7o) A7te] Agas: AaAAZE FehaEFelA 0.13~0.16 g/m’ -

Table 7 Change in pollutants flux at experimental plots after tillering fertilization
Cons- | Day EF (g/m’ - d) SF(g/m” - d) RF(g/m” - d)
tivvent| ) | 1/ LRy LPy ALe | LE LF4 LPu: AL | LEE LFa LPuy: ALu
21060 075 00l -014 | 051 069 001 017 | 026 061 001  -034
T-N|[ 3|04 060 001 -016 | 025 051 001 -025 | 014 026 001 -012
4103 044 001 013 | 016 025 002 008 | 009 014 00l -003
2 10014 0014 <0001 <0001 | 0016 0012 <000l 0005 | 0008 0006 <0001 0003
T-P | 30019 0014 <0001 0005 | 0018 0016 <0001 0001 | 0011 0008 <0001 0003
410017 0019 <0001 -0002 | 0012 0018 <0001 -0.006 | 0005 0011 <0001 -0.006
2| 365 307 003 061 |35 314 006 044 | 291 243 007 055
CODe| 3 | 442 365 002 079 | 454 352 004 106 | 347 291 004 06l
4509 442 003 070 | 309 454 009  -136 | 189 347 007 -151
LF;;: Ponded load of pollutants at (i-1)th day EF: Excessive fertilization

LF;: Ponded load of pollutants at ith day
LB i Percolated load of pollutants during (i-1)th to ith days
ALi1, + Change in pollutants load during (i-1)th to ith days
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SF: Standard fertilization
RF: Reduced fertilization

i

4

4848 A3%, 2006



ZA4 - 377 - 239 - 259

d, EZAH)TA 0.08~0.25 g/m? - d, 7)ol
A 0.03~0.34 g/m’-d= Jehdo. d&el 83
=il 9¥89 AW FAANO-N)9 AAZFE
BF 009 gm’-d =2 BuEYHTabuchi
et al, 1987). "

AE RE ATFelA 38 F7H4 Hol 0.005
g’ -d A% £330 T BE 49 Fof
AAEE AES et 2 ESF g9 F
Aol |74 i A$It 3714 A BE
Hr} oF 1,0008) A% wEA $EHE o8 &
#A4 Yot (Horne and Goldman, 1994), ¥QH
AZo] Qo] £&3= AUZTE Folshr] HsiA
5% F7Mg0) 9o8 Aoz AztAn)

CODc= QT Zo] AlH] 3 377 &3k
%S BYon, 1 F¢ £E%2 IoAE|F
oA 0.61~0.79 g/m®-d, ERAH|TAA 0.4
4~1.06 g/m’ - d, Z¥|TolA 055~0.61 g/m’ -
d2 Yehrh

NEg B

B 3= 2001~200299 #A7IHEL AH]
Fo] 2 A 78] A FETF(ITAEF, BFEAT,
M E EH*FOE QHEA(T-N, T-P 2
CODc) 9 % Wk 9 Bdu] $o Q¥Fs}
Hgee dotslgled, 1 498 o9 oS
% 2o

1. AT =B QHEA FFFEE A
vl W w9 AE BYoY FAHCE &
SJFQ Aol Qe ZoE YERT

2. =Ed$Y A7jd T-N, T-P 2 CODe ¥
TE WY F£~69 FO)7 UE AR
o 3R =4 Jeioy, I F2E 34 2As)

%= d, 53] CODaEE7t 5, 6%l & AL
AIHMI ot FRI YRR, v FE 2
o8 B YAIEE P =EUTY ¥ 2%

o2 © IXris -

olrt
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3 43354 FEE T-NY A0l F 4
T Ange] e §93Q xjo)7h AAHY oY
T P$} CODc:d) Z-elle 2001wt FopAju)
%‘54 7T el {98 Aolg Bk T-PF
£ 0.01~0.04 mg/Le] 22 oA W5
Ox:q EERSE 5T ok 8~10% AL WA U
Ebith
4. ALAE o] AgHE Edu) AF T-N
Et— MY 19 3RE A&F07 743 v,
-Pg} CODCr FEE A 1Y 3HE Y B

REH T g2 S8, T-PEEE AARo|

AHISA Ggtgels Bk Ael 047~064
meg/L7A 53

5. ¥du] A% T-N& 0.03~0.34 g/m’ - st
F AAsE AR Jeidoy, T-P% CODax
EE AulpolA A 19 F7E 3d 4] &

Z3e ZAeg dehgr 5‘-%3] AF T- Pﬂ
COD:7} ‘8‘53}*“ HAVUES 5 F7H8E T
stod 7HE Fest on "37—}%‘_‘3}.

#Ae| 2

o] =E2 2006€%E FEUSE FEATA AL

A9 ATH|Ad 2Jste ATHUEFYT
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