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Changes of Nutrient Concentrations in Root Zone of a Paddy
Plot and Nutrient losses via Infiltration during the Rice
Cultivation Period
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Abstract

Changes of concentrations and losses of nutrient via infiltration from paddy plot during rice cul-
tivation were monitored. The infiltrated water samples were collected in a ceramic porous cup
which was buried at the depth of 30, 50, 70, and 90cm beneath the soil surface. The relationship
between nitrogen and phosphorous concentrations surface flooding water and those in the infil-
trated water were investigated.. The nitrate-N concentrations within infiltrated water were gener-
ally higher than those in surface flooding water. Ortho-P concentrations in infiltrated water were
also higher than those observed in flooding water. The observed losses of total-N, ammonia-N,
and nitrate-N via infiltration were between 8.98-11.90 kg/ha, 1.26-1.72 kg/ha, and 5.94-7.60 kg/ha
during rice paddy cultivation. Meanwhile, the infiltrated total-P losses ranged between 0.036-
0.048 kg/ha during the two cropping period.
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Table 1. Physical and chemical properties of the test plot soil

Chemical properties

Particle size fraction(%)

Organic matter(%) 2.15 Sand 29.5
pH(1:5) . 5.8t Silt 55.3
Total-N(mg/kg) 856.47 Clay 15.2
Total-P(mg/kg) 246.34
CEC(cmol‘/kg) 10.54
Exchangeable cations{cmol‘/kg)
Ca ' 4.35
Mg 3.02
Na 0.15
K 0.45
Table 2, Record of fertilization and agricultural practices
Date Agricultural activity Fertilization
Year 1 (1999)
May 22 plowing and basal fertilization 76 kg N ha™, 29 kg P, ha™
May 23 puddling
May 25 rice transplanting
(15%30 cm, three seedlings)
Jun 15 tillering fertilization 28 kg N ha™
Jul 30 panicle fertilization 18 kg N ha™
Oct 02 harvest
Year 2 (2000)
Mar 22 spring plowing
May 20 plowing and basal fertilization 84 kg N ha™, 31 kg P, ha™
May 28 puddling
Jun 02 rice transplanting
(15%30 cm, three seedlings)
Jun 14 tillering fertilization 28 kg N ha™
Jul 23 panicle fertilization 28 kg N ha™
Oct 10 harvest

61



62 S EINUlS HOH 15

A

3. AZMF X 2MYH

1O

oA AstAE B T A4
A2 9 ol FHFE RAFSH7] fsto]
2, AR¢ AR Y =EY A8E o 250t
F7)H 02 st EA3IAh =8 AEe
of 2Futck AFEFY] 3RAA HHE o
FYUHA £t 4 T o3t 22 BHs}
HA BANRRE AT AEFE BESE
o AfHFol WfHE 4AHAA NEFEVE
o] g-3te] A3 thE Tt 4 T °|5tY]
LEZ BPHA EHARE AMREGY, B
FAEE ABELY 42]HfA BE 1em &

£ AAS o AHst FAF 2mm AE
TIAIA BANEE AHESIE

2N AELE 2 AANRY £42
FATANEY @FHA, 1993)l 713 AT
pH® ECE @& A 7]7] (Orion Model
840)E olg3toq Y ZAstqen, Fdx
o} drYotdALE AR 100 mLE F
st Z+zt SUFF-ZEHT SHHFHoR

[o]

€ ascorbic acid
Lol 4= R R
Are 0.45 m ol8te] fed{oA (GF/C)
£ AE3tY ot o o] 23 EutE T 1
(Sykam 4260, Germany)E ©]&3}o] £4
33tk =EY AR £4e EYsHEAY
(F&3%%, 1983)°l 7IEstict. EY pHe

B3 2549 8S 152 4T We

[e1999 w2000

450
400
350
300
250
200
150

1 2 3 4 5 6

Precipitation (mm)

8 9

Date (M(;nth)
Fig. 1. Monthly precipitation

62

A pH meter (TOA HM-209)2 &334
o 9718L walkley-black¥, £9&
vanado-molybdate®, S&UJ4LE bray
No. 29122 B4t AAddLs
brucined, GEYoHI AL} FHLE kjel-
dahlg o2 ZA3ct.

=

19999 59 19%¥ 20009 9€9 30Y7k*
b

BT S A cpH el W 2t
A$ B4E 2T 2L o2 2o, Aot

%
3t A
= 6¢Y 2099 AlRsto 7Y 20¥° TR
=), oF 30Y2A o] 29U} vjgt F
ojdtt, £EZ FEAZ|E =AM BY F - &
o] e 6, 7, 8¢l WA S 199949
4% 620 mm, 200099 A% 1,172 mm& Y
Eftet, B AT 59t AEAE 9¥
oF 233~302 mm9] 7] 715H U= A
oith, 9¥ & 742 1990 HE 1996H7A]
o] dd 7ol oF 200 %S YEUH.
199993 20008 45717 B¢ AeHgE
74z} 1,030, 1,214 mmE Yehe] dd 7#4$
gt 20 $Fo|qlth(Fig. 1. d%7)7F Bt
o] FHELS APge A3 19999 310 mm (6
212 ~ 99 30%), 20009 234 mm Y 21
~ 9% 3092 Uebgtt Fig. 2.

pil
3

i1

N

100

80
60

Infiltration depth (mm)

Date (Month)
Fig. 2. Monthly infiltration



¥x7 BX=L 29 YYET 55 Het ¥ UFENY 63

Hygol

f

100

SEHS}

}OI-

2. =2 8

£22t Ga)7iel 19999 59 1958 E 9
30477 ¢ 2000 59 145 9¢ 00177}
A PFAHo 2 uf 25 A2 =ES &4
3t SRS A7 FERSE RASE E
= 23 2 (Fig. 3, 4, 5, 6, 7).

=8 3 £449 5% & 0.53~15.9 mg/L
o] Wg HWF 461 mg/LE Wehigith
1999¥ =9 A AL HFE5T7} 6.9
mg/Lel 81 20009 == 3.23 mg/LE Y
Eidch dRYotdALY FTE 0.24~
11,69 mg/L8 HYE FH 3.12 mg/LE Y
Blfglon ALY B2E 0,05-8.65
mg/Lo HE BF 1.09 mg/LE YEH)S

o Aadel SEE w2 A7) $7%
Gzt 4ol o AEG2E U Ao o
27 gowol /1A B3 AsE A

o] et

=& o EAste T8 EaY ved o

2yobd AL} oF 65%, AARAAT} o
30 %% e 2 S1sih ol o AvB &
auE7 AT 15 AR FRsEA 8l

B RAY GO FRYPYALE
Agd o NS BUAHE FA3o]
ARYA AR AFE= ofFo] ZHr] W2l
Ao AZtgeh o|gA) ¢EUoyYLE E
x].]s]._l—_ L7142 40 dHL 274y Zot
of & ABlHA L AH AAALZ HEE
= Aoz Yeigth A7|HIZE 199949
71884 %7 20008 Hrt 24 o4 A
vehed ok AYERY) WA Fe-42
54, B8E, W] Ao A3 2 9%
g w7 gl Aoz AziEr 1999¥ 3}
2000%5011 AP do] LY B
= 747} 9.8 mg/L3 0.9 mg/L o9 B
79 344 HF5EE 47 6.4 mg/LY
2.3 mg/L °o|tt. 19999 748t 4
FE7F 200089 A9EG £U4EE ¢+ 4

lo

63

& 5 a2 H3tef M

QL ulAE AR} s 2o AulE]

g 2 AFojA 19997 20009 =9 3}5}y)
= *lt‘} —& 2 Aol7t dedle &3t
o9} Zro] =& #F sleAR ] £r7t & ol

£ Holk AL Agdt 9o o3f A IF
.9_ t:l]-ol- ] 11]}5_0 oz /\(1)47_11-%1;]..

=5 5 FA9 == 0.002~ 0,266
mg/LY WHE HF 0.092 mg/LE YEHH
aom, 7HeA4 AL AT e HETA
ojgh ofQith, F19 FE& 7[8] Aju|Fof o
ANH LR F71etiohzt AA; gaste Aol
Ak Au|E olAbAu| 2ol Aldako] wWE A
o] EFFol FAEAY o7 7k BEg=E
A9 Qste} B&3EHol I FERITT AA
et 2oz AzZEd, oA 95T d4
o] Al FEwsel FYetA Y] Afod=
199993 200091% 9] F3tu|g AJu|go] &
olg Kol g1 Yol E BT £
FFET= 199999 A% 0.191 mg/L,
200099 0.032 mg/LZ 2 20|& Ho|x
Tk, 199993 20009 =) RAME 7o
%919 FFFEE 0.03 mg/LY 0.01 mg/L
o] e U FFEEE 0.10 mg/Le}
0.06 mg/Lolgltt, Ao ZA$ 3ot g,
24, BA+E Fol] gRom FFHE ¥
¥, Qe sehuag Wi4E Folol o
SR FUHI 9 Ao2 AT oo, o
ghx 3letu|g o] AlH|EFol 2 zlolrt gl AF
gofl A o]g} 2o 6uf o|4ke] Zfo] & vehh:
A
o

rl

o Bpsh WS 9L W Y A
2 2390
3. US4 B selyEol SEal

NgGEZFf 30, 50, 70, 90 cm 722 uj
A% Eofgdl QAo E 0|53 AESZ 3]
FHRO A7) FENNE A AFE o
<3 2t (Fig. 3, 4, 5, 6, 7).

UO



64

gyl MM 15

2449 $EE 199949 H$- 2.07~
13,71 mg/LY HYZ FHF 4.87 mg/LE,
2000dol= 2.10 ~ 13.78 mg/Le W92
B 4,92 mg/LE YERRAT. 2+ B4
d4 335 E 30 cmolA 6.43 mg/L, 50
cmo4] 5.89 mg/L, 70 cmolA 3.92 mg/L
221 90 cmolA 3.86 mg/LE e o] A
FHo2HE At BolALE AR 1 5
7} Zraste Aol

ool A4 199999 AL 0.10~
4.10 mg/Lel 912 B 0.99 mg/LE,
20009 %= 0.02 ~ 4.12 mg/Le ¥R ¥
7 0.92 mg/LE Ueddct, 72+ B¢l
HFEEE 30 cmolA 1.79 mg/L, 50 cme]
A 0.92 mg/L, 70 cm®lA 0.61 mg/L 18]
I 90 emolA 0.51 mg/LE YEIHILS
EoZold Frusts 3HA 2 RS
182230 =

a3 AAAAALE 199999 AS 117~
8.57 mg/LY HHE HF 3.50 mg/LE,
200090l 1,15 ~ 8.48 mg/Le HYZ ¥
# 3.46 mg/LE Yerdct 2+ EoF ol
BFE5EE 30 ecmolA 4.26 mg/L, 50 cmol
A 3.90 mg/L, 70 cmolA 3.04 mg/L 1
I 90 cmolA 2.73 mg/LE e LT,
Eokziold yrHdle W49 7 A
Ra2a8 =

B2714-L 7k AAAGALTE AR S
H 22 2449 % 70%S, dRUgdA
L oF 20%E AABA AT ol EFOl &

FAe M Q= AR SaHg uE: A4
QAo AS 4ouiay ggo) Sogoz
ARHL Ao FANLAE AstnE B
“_7-‘7]' EOO’FLHOH/:] $7]§]—E]7—]1,]— Z]'E)']—E_Q] O]%_
2 23 2AHY 9&e dFT Y AE
b ge gdmUodaAe AL frEoe] &

U
g1, g5kl gl A3t
2 Ol FHL U UL it

ol9} 3 (1995)° ot B Aul7|zF Ft

64

Eofgo YIS o] g3t HAGHAY o
ByolAdA A9 S-S AR AR, dEY
ol ALY A S o|dzT|of FEHIIF A
vehd whd AAgddAE 0.1~ 0.5 mg/L
2 dA3HA veEdtn st & 2AE T
o} vl mA] A7 FEEBtA 2to]E Holx
o=t ZAAYY EFEA, A2, HE
AeF 94 =53 Fo| AR t27] fZo
vehd 232 AyztEc EFoRHE AL
A0 53 0|52 32 EYLEY T4
PAo hE dfFols (convective trans—
port)ol &J3te] Aoz 7Fe-gko] I
A9 getof 71 3A T QU2 &
HA o, duryoz EcfogRE R
LS A R oA 2] FHbAlFe| u]ste 7§
gro| W& uf dojun, ALJALY §HE
7yo-akal ofo] Amhg 7k A SEEC T U
A Ak (3 F, 1994).

AeLZ 2019 =5 0.01~0.075
mg/LY) HE HHF 0.034 mg/L, 7HAY
2 0~ 0.026 mg/Le HH=Z HF 0.008
mg/LE YerUith olE U4 e
199993} 20004l A9 zfo|7t vpebLEA]
otom E9 Zo|HaEr {94 e AolE
Vel A gkotek AR o]gz7]o 30 cm A
HolA EA Uehd AL AL A7IEERE
2 2ol & YEeR A ottt o]kF 30 cm #
oA 1 FE7t AHeE A vEd A
& AJuE olAtAu g2l dB7} 7HE-3E H A
U Eokgeo] o3t S4F B ARAEY 9
& uroby) el Ao Qgzher

SR H3EA

OO

i
ofN
of
i)
b
1o
off
1
rr
DO
()
(en]
o
s
o

o
o
o

£ i
fr fo ol b
o -
=
oy
5

7)ol E¥Zo] 30 cm®} FAFSIEEIL A
AENZY JYEE F
|EET o BA YE

g



g7l wxi=e 2 YYBY SE Wi Y AL

>

g 65

Yoz koAe 25 297 WAL
W7t 232 A WA A5Hgo| Lojut
ohgo A EHEo] WS A2 A 9
o, webal olghzle] o] AHE stz
et AagRol AA RSO 5L 7] OB
of A7\7} ATRLE AHYESF W4 5
=7t 4 eld Aoe s

A, £B3 A2HE 5=

i) E-—'— oT,
= AG3] ¢ £Eot Fig 4. ¥4 o
B uheh Zo] AAgALE FAHE HA
Qe BAZ EGUCl FHEHA G N2
olFste ol AE w2 Aow 4EA 9l
o 2NN B uteh 2o] B HofRR 2

Aolg et Al ¢l St

| ole AAAL

| %~ Paddy vater —8-30 —+— 50 --4-70 ~&-90

5 3
|

@™,

Concentration (mg/L)
=

e

/"\(/x

0 ).99 J-99 ‘A-99 S99 J-00 J-oo A{)O Soo
Months

Fig. 3. Variation of T-N concentrations in
paddy water and infiltrated water
with respect to soil depth (cm) in
1999 and 2000

—%— Paddy water ~@—30 —o-50 -a— 70 -e-90

| | - \

~n
=1

R =

16

o

%12' /\\’(‘\ \

k=l = ’,f b

B NN

S 8] = : \

5 f\.f, \\t\c//x\\t\ ,

> o

s 4 /x\x_

o + T T 1
0 J-99  J99 A-99 S-99 J-OO J-OO A-OO S-00

Months

Fig. 4. Variation of Nitrate—N concentrations
in paddy water and infiltrated water
with respect to soil depth (cm) in
1999 and 2000

65

7k B oA FRER G AE o|FHe
ool B ‘%EM Fe AR AZEHS @
A oA FAAL oS HHE o
=B 5w 7P =9str]o F27t 9l
S AR YZAHET

otz yotdAAL A A A oF Auit) o) 7
& veblz gl (Fig. 5. =l AlB¥ld &
A E 159 ojyo] garteEa i
o= oPEl,lo].}\-ixl/\i @QE‘J:_KH _-15

2ol =EF a2 FiH o &
Yo Aae FREE U1 Y7 fedf B
oFe) SAste} FARESO] o]FoA 2J3t= o
Bk ool adth dEYopEaY ¢
o= AL P72 =AY olF
H718 i =559 FEY 7HAL =9
s7]ole tha Fej7h A& ALz g

EEFA AEHE 399 3uE A
o e WzA AHA Gty Yok
(Fig. 6). 543 199939 4$ $99 5=
7} 0.2 mg/Le) FEol9eu 20008 =
0.1 mg/L ol3te] HE5 Utz Yot &
2% Y545 399 =S uy £ 23,
199990l e =539 =/t AFEY 24
A dehdoy, 200089 ARG F 55
2op g4 @A Yept gl o] F2of df
HHE 23 BHAAP L Foto] A4S ABAYS
ZApstejol & Aoz Azt

o b 034.-"
o rr

O

__.

Il

Lx~l‘a¢lymlzr “8-30 ~+-50 470 ~o-90

2
|
i
|

>
X

3

e

Concentration (mg/L)

//\
S

4 oy
0 J-99 J-QQ A93 S99  J00 J00 AQ0 S-00
Months

Fig. 5. Variation of Ammonia—N concentra—
tions in paddy water and infiltrated
water with respect to soil depth (cm)
in 1999 and 2000



66

st e

HoH 15

[-%- Paddy water —-30 —+-50 470 —- %0

=4

g1
g N
“':’12 SR
k=
23
S
e == =S8,
S, Lo e
0J-99 J99 A99 S99 J-00 J00 A00 SOO
Months

Fig. 6. Variation of T-P concentrations in
paddy water and infiltrated water
with respect to soil depth (cm) in
1999 and 2000

Zole AY griol 3
UrE}kILtﬂ A e A E 4ol A
@%E\E’- ok, o] AlH|E A4k
po| = FAUEo| doiut
e Aow geA ot olgA =
Aol A2EA gt 7H8A0) A
sazod FEHE HAAE AT of
bA 4502 BFETiol) A2 BA
bol ola) 849 QAR QE} 7HE

et B4re2 Azt (Fig. 1.

rlo

=
=
ﬂd

P

RN -
oz W &
of
L

= off
FIF © 1o
=
flo 4

o &

P 0}

of o O mx rir e

-

ot n&

gt ofet
io*

|~x—-hddymner+30 —+—50 —a-70 —o—90 |

=g

o

~

o8 I
WY

-]

Concentration (mg/L)

o~
/

/
l\

0 yg9

899 J-00 J-00 AOO S~00
Months

J-99  A-99

Fig. 7. Variation of Ortho—P concentrations
in paddy water and infiltrated water
with respect to soil depth (cm) in
1999 and 2000

HeE 2

=l

t

100

toh

5. =E¥ &

19994 5¢9 193¢ 20009 949 30¥€7HA

66

Sty
M¢
r

L Fig ,9‘3‘ Fig. 10 & 2t}
22449 e 8918 ~1360.5 mg/kg9]
Wz B 1116.4 mg/kg, FRYHAL
L 21.4~57.9 mg/kg? HHAE Ha 34.5
mg/kg 1831 FAFEAE 17.3 ~114.3
mg/kg® HHE B 73.1 mg/kgs HEH
%4<mg8»§%méiﬁi°ﬁﬂwﬁﬁ
Ax gl ¥A verdt A3 &, 1991).
Fz7 o F7tst szt

qxge A7EE oY

Ao O 42 % UF 1207 4B 9
27 §4oo] Z7HHEA M3 Badte 7
ol girt.

[-m- Totak-N —e—Nitrate-N —4— Awmonia-N |

" 40y /_\O—LNV‘

May -99 Jun-99 Aug-99

)

1400 1
1000 0 &
= 800 " g
£ 60- PR
05

2

s

%

May-00 Ju-00 Aug00 Sep-00 0
Date
Fig. 8. Variation of Total-N, Nitrate-N and

Ammonia=N concentrations in the
paddy soil in 1999 and 2000

- Toml P —a— Ortlmj P

450 4%
400 4
=~ 0 B =
2 0 g
£ 2508 % E
Zz 0%
T 10 L5 £
=100 10 ©
50 5

0

e ; 0
May-99 Jun-99 Aug-99  May-00 Jul-00 Aug-00 Sep-00

Date
Fig. 9. Variation of Total-P and Ortho-P

concentrations in the paddy soil in
1999 and 2000



g57] dxj=2 2

18
of

Q9] g2 213.5 ~ 411.8 mg/kg?] ¥
Y= H 313.3 mg/kg &3 7HEAAL
21.3~42.2 mg/kg? HYZ FH+ 31.5
mg/kgS YR AT Fig. 9. £ vt =
EYF A4 Feot Z2TE o Qlito] B
o] ZA3ln] YA Fe-PE ZFsH Fe}
A ko] AA 9 50%5 o] EFU A
olFge] 22 Aoz A Qltk 2 A
M= QAR A AJH] Tof o7t Z71EE S
B 2 ¥z} glo] 9AsHA A= At

b oy

6.

o

E+E 8¢t

AFE717tel 19994 54 RE 9Y7A 9
2000 SYRE 997t AFEZ ] wjAHH
EFEA YHTOE o5 SR HE
EAFE ZARE A3+ Fig. 10 € 113 2}

B d3o] AHLH 0.5 hadl = AFzA
A Ge7ted ARREE JUHELY S
oS3 2t 19999 =9 AL dEyolA A
4 1,72 kg/ha, AHJAL 7.6 kg/ha, $3
4 11,9 kg/ha 281 F<l 0.048 kg/ha®
Uetiton 20009 =0 GRyopdAA
1.26 kg/ha, AAMIA A 594 kg/ha, F44
8.98 kg/ha 121 &4 0.036 kg/haZ Y
Bttt} 2000928 7|Z202 YEE A49
A JEREH8FS v 3t 764
Hl 2 59 ot 69 Atolo] dmujobgAa
0.64 kg/ha, AAYAL 258 kg/ha, 3
4 3.68 kg/ha 18X %<2 0.12 kg/haZ U
23728

A7 R AL AAY AL HE
FERoFE 549 st 69 Afolof AR o
9 50% A=t AEFEH Ao2 ey,
E3 FHL e dEYod ALY &M
& 20% wgtol A9 djf o] AAGAA
o FEHZE YERE SHo] BT Aoz y
Ehtth, olek Zo] 54 skt 6Y Abolof

y O = A = (e] 2 A
Fo AFERE &40 WA AL HELZ

0

67

FLEAY Tt w1, o] 7|te] &4
geiol =4 FAEHA7 gl
Azt

Bl#3 (1985)°] 4& &
ato] =o)X AREATFS
2 11.34 kg/ha 5 .
kg/haZ UetHth E3 Fy oA o] 7
(1990)0] #H7l= S+ =
A e W AH| R I E
AEE 2AE 43t d3Al
6.75 ~9.82 kg/ha, ¢ 0. .
kg/ha, BFAHS] - F44 6.07 ~ 8.51
kg/ha, £¢ 0.07 ~ 0.12 kg/hao] sFst=
ool &AEloH, AuHo| utet YFER
o JEEAF zol7t Yehd 4 ik &
Aok, AT H (1990)0l <J3tH AHHAGE =
oA AT 9 YEFEEY £A4F2 FAA
7.54 kg/ha, 182 FQ 2.06 kg/haZ U}
Ebdeia B s qlrt,

2 ZAbAM Y AFZAR= A9 HE 7E
of Hug Auel A FARE A3E Yehy
ot Q4abe] He= EA o AA e
ol ZAAH Y H|EAH|F, HEAH] FE)
HEAE A ez, V1%, EGEAL 9
FEIEH7T AZ Aolste] vehd AntE Azt
=3

r

ol
oft
g
19,
>
1l
|

ro
ol

]O
|

5
¥

(% @
12
=
2 &
g || — ]
8 i -
s ¢
b5 e
£ 2
£
0 - .k P
Ammonia-N  Nitrate-N Total-N Total-P
Fig. 10. Losses of Ammonia—-N, Nitrate—N,

Total-N, and Total-P via infiltration
during rice cultivation period in
1999 and 2000



68 stz

TN

HoH 13

[ Ammonia-N —aNitrate-N %~ TotabN —s—Total P |

o

0.015

1

Fs

0.012

0008 &
[o]

0006 .8

00 E
/-\_\‘_/4 o
=

0000 3

WMWN@%W May-00 Jun00 JutH00 Aug00 Sep00
Date (Month)

tral

o

Nitrogen infiltration losses (kg ha)
losses (kg h

Fig. 11. Temporal variation of losses of
nitrogen and phosphorous con-—
stituents.

=
ko
2
i

Ao ol A
SERE
stot A3

ALtsHR

4 olN };1 rle
e a2
ofN T H
% r:l-‘ r‘r
T >
= o

-0,
o
=)
o
oY,
)
ok
rle

RN
=

oo 4y 4y
1o
<
=3
Hu
ox
Shi?
1o
rpr E
>~ o
ol
o .

»-4
a3

o 4

=
w2

29 SEE =N B IE
7t E7t o $A et A
W glsie

YE4S QAL durjo}
o EL Eld RS °
o Fo] ) B BE Aol
s gk webd EolAe) At
Ao gEYotyPLY o5 B}
W 29 SEWORE B0l

o 10

NS
'EJ;OH,
xl.'l—lo

Mo msh ox = & ox i

du oo mog o
B
[m

pas
|o
b
i
o
s‘-L
N L

A

w
N
—_

o4
re
rlo

LBFAE A9 ool
2 vt AsAES A
225D At E2IAE A
A 43k 7H8A Qo] A3t
AzEE AS =FUAY 2T
Qu7} A4HoR EFEI|%
U gabEAb] o8 deAY A
7 71 8Ee dehd dyoE

ofl oY op
ogi fl

oy
e
- i

1o

JH{ e

].

2

1o o it 4 1o o me
ofN
2
S

ue
i

68

1.72 kg/ha, é&*ééi 5.94 ~ 7.60
kg/ha, 34 898 ~11.90 kg/ha 1
2|1 291 0.036 ~ 0,048 kg/ha® U
el 9 Ao ¢l HAEFEES)
g vwg 23 59 ket 6Y Aol
of AA %2 50% A=t AFEFEH A
O 2 etk B3 FA4 7keH 4R
Yot A Ao £AFELE 20% B|Tto]1L
A9 g Eo] AAgdLe FHE AT
§& &A4o] HAYE o2 Ueytth
o] =22 1999V & TATEY Ay
o 98 YL (KRF-99-042-G00002
G1105)

e

1 289, 24, 1995, 8 Aeel A gl o
& GIRRY B4, FIWAREIAA, 20):
pp. 150~ 156

2. AR, 4%, 1991, FeAEt Eoko] oAt
32 _E_ ‘\oﬂ u]x]‘— o:l?sk J_];Hb-;_q-al: o) D‘Z_]»Oﬂ

o] ¥z} FEYu|EE3|R] 24(2): pp.
~115.
5 S WIERTL, 1969, EYAARAY

109

4, NFA He3 1990, =4 A4 2 9 5
o %%%], 2845882, 9(2): pp. 183
~141.

5. 947, 9% 1993, E%F AAY AL §
% 7‘]@*’&, =374 583 %], 12(3): pp.
281~297.

6. o1714, 3 LE 1995, W AujA] AAGE FF
of Tt AF FARAFEAFLEILA, pp. 346~
349.

7. 01%7], ojlZdd oA $3Y, °JvE, ?:l’“

& AR, 4714, A4, 7:1%% 1990, %%
E}@r“;“ A Hheto] #sk A I HIRE
ZAoz ZUIAAFAFYE 11! pp. 293~
310.



8.

9.
10

11.

12.

13.

14,

15,

gs7| Uxl=9 29 Y2 5k

69

Az g o]7]F 2001, ZFHUE AL HF
ool o AMESEAT} AT Wt HFH 2 Hol
3t A HEAY HE=FY. pp. 15~21.
74A, 1993, AT ZAEH.

. Behnke, J. 1975, A summary of the bio—

geochemistry of nitrogen compounds in
ground water., J. Hydrogy. pp. 27 pp.
155~167.

Briling, I. A, 1985, Pollution of ground-
water by fertilizer nitrates, Vodn. Resur,
4: pp. 101~107

Comly, H. H. 1945, Cyanosis in infants
caused by nitrates in well water, J. of
American Medical Association, pp. 112~116,
Kolenbrander, G. J. 1972, Does leaching
of fertilizer affect the quality of
groundwater at the waterworks,
Stikstof, 15: pp. 8~15.

Kuroda, S. and Tabuchi, T. 1996,
Change in nitrate nitrogen concentra—
tion and load of the springwater:
Studies on the characteristics of nitrate
outflow from the vegetable upland fields
(1), Trans. of JSIDRE. 181: pp. 31~38.
Priddle, M. W., Jackson, R. E,, and
Mutch, J. P. 1989, Contamination of the
sand~-stond aquifer of Prince Edward
Island, Canada by aldicarb and nitrogen
residues, Ground Water Monit. Rev, 9:
pp. 134~140,

69

16.

17,

18,

19,

20.

21,

22.

National Research Council, 1978,
Nitrates: An environmental assessment,
National Academy of Science.

Rossi, N., Ciavatta, C., and Vittori, L,
1991, Seasonal pattern of nitrate losses
from cultivated soil with subsurface
drainage, Water, Air, and Soil pollution,
60: pp. 1~10.

Rosswall, T. and Keith, P. 1984, Cycling
of nitrogen in modern agricultural sys-—
tems. Plant and Soil. 76: pp. 3~21,
Terence. A, R. 1975, The microbiological
role of nitrate and nitrite, J. Sci. Fd
Agric, 26: pp. 1755~1760,

EH BT AKEREERIHEE. 1990, EF
BT AKERERAERSE. 224,

Bl#i#i. 1985, B 6 DON, PER. BRER
fli. 14 : pp. 114~119,

REAR &, 1986, REARBEOM T AKDIHEE M E R
. BERMRET AN ETRFEATER. 160 pp. 25-29.

o] =EE 19999 = & Z AT
Aol o A A= A&
(KRF-99-042-G00002 G1105




