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Nutrient Balance and Runoff Loading During Cropping Period
from a Paddy Plot in Maryeong Irrigation District

3 %l +* -+ 2} =*- & A u
Choi. Jin Kyu - Koo, Ja Woong - Son, Jae Gwon
_&_ 3!6). }_:]** . }_ Z“ og***

Yoon, Kwang Sik - Cho, Jae Young

Abstract

A study was carried out to investigate the water balance and losses of nutrients at a
paddy plot located at the southern Korea., The observed amount of precipitation, irrigation,
runoff, evapotranspiration and percolation for the experimental paddy plot during cropping
period were 1,030, 566, 701, 551, and 310 mm for 1999 and 1,214, 413, 710, 682, and 234
mm for 2000 year, respectively. The measured input quantities of N and P into the paddy
field during cropping period were 122 to 140 kg N ha”! and 29 to 30 kg P:Os kg ha by
chemical fertilizer, 20 to 28 kg N ha™ and 0.35 to 0.36 kg P ha™ by precipitation, and 26
to 35 kg N ha” and 057 to 0.72 kg P ha! by irrigation water, respectively. The output
amounts of N and P from paddy field were measured as follows. They were 48 to 52 kg
N ha” and 1.1 to 1.6 kg P ha™ by runoff water, and 9 to 12 kg N ha™ and 0.04 to 0.05
kg ha’ by percolation water. When the runoff losses of nutrients were compared to
applied chemical fertilizer, it was found that 34.3 % to 426 % of nitrogen lost via runoff
while runoff losses of phosphorus account for 3.8 % to 5.3 % of the total applied amount.
When the ratio was calculated between nutrients losses by percolation water and the
applied of chemical fertilizer, two year results showed 6.4 % to 9.8 % for the nitrogen and
0.1% to 0.2% phosphorus, respectively
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Zessner et al. (1996)¢ &13lH 2 AEFH Yo}
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PPy B vjFegde gl A dey
T ULE HAsA HUoh ved A3
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A =AY dUEZ fE0] AT 2992
2 833 Y FAsHAch HI FAHA
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o] WFHHM EY BEAL o8¢ 2LHERD A%
9 gulge] AluF A (Lee et al, 1990:
Takeda et al, 1991: Kunimatsu et al, 1994: Coale
et al, 1994), FAAZRE Y EARZY AY
(Seta et al, 1993), 28l 3tA¥ £ 4R
2 oMo 2EEE Q3759 ¥E (Chescheir
et al, 1991: Takeda et al, 1997)& ol && 4+
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A 7 &3 gAsE EAH e 7IE9
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o] AR @A AR AEEA HAH YX
&0 AAl E7tel NEFE olF AN AY
T &3 wAsy] dqEoith EolM FYEEY
o3 & A& wo diFd FEo FEE

oX o rir we

At Fi A §H4 9%E vE F gyeE
2 =i Fd vYLEEZY fE WS
ek AFAA Hrirk deiojor & Aoz A4
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¥ 47 199993 200049 270 Fdol 7
Zt 3§71 5€ 14%H 9¥ 30¢7tA AyE
E A% viEw gAe £z AE i
2 3ggEdolA =M SFELY FAS &
&53FE AU

I.x2 % 9y
L AEEY R S8

B AYd AFSE AFEEAL 19959 59 7
A7t 98F AZEc Ak wiEA HA)e
Jd 9183 dod, YA FxA FHAW
t (Fig. 1). ¥ AgEFo2 {5 W4
S NPxAoZHE ¢ 2 km AFAFAN {4
AAZREA BRHstd FYdERI Ny F3Er o
o AYEAR 782 A 100 me @ 50 mE
A WAL 5000 mPoltk & AWEFY EYL
Ao ALAFE (Jisan Silt loam, SiL : fine loamy,
mixed mesic family of Fluventic Haplaguepts) £
AN =E%S o|3%H 542 Table 13+ Zrh

2 AR B =oAMe FsEEH AHE
& Table 29 zth APEAS 19999 59 22
Ao =ZolE 3T FFE Al F, 59 25¢
A2 A 15%30 cm, 157 F 384 71A]dE 4
AEEh AHEARS AWESTZ A @uso)H,
109 2¥9 F3idc ¥AAN7T Fhld=
g ¥ 9FAe AF =EY FEIHT WAL A
B2 Rt 20008 3¥ 2299 1x =FHeolE
# o2, 59 20¥0) 23 E=Zolg HAEAT 2
2 dxodE 649 290l oY AAFHILH, 10
A 1099 BE @At B Q77T AH
2o tga 7l 1A dxdE 59 229 2
7] 71H]2 76 kg N ha™, 29 kg P:Os ha” 28 %
29 kg K0 ha’ & AZAM) 3den, 69 159

- 154 -



fEAT YA =L 2R g5 dYEY FAY HEFIAF

of #du)2 28 kg N ha”, 74 304 44| 18 4l I 1
kg N ha, 2000 39 209) FAdHIEE 2,000 N — —
kg ha' 02 A ST 22T E 54U 20 ! G
Yol Fj7] 7I¥Z 84 kg N ha’, 31 kg PiOs L™l e || s ||
ha-1 281 31 kg K0 ha’ & AZA] se ol R e |
-1 {209.349) (209.318)
o, 69 14o] $UME 28 kg N ha', 74 239 ==
of 442 28 kg N ha” & AWt & A9 ] i | Wi
TR A hulEe] G FEALAS 3 < || cannn
A AMF (N POs - KO = 110 : 70 : 80 ke I
hahyd vlws A A$ oF 110~130 %, 1§ . R R-7 L-7 .
- rd
T Ql9) A ok 40 % $E2Z AMFT AN oo || e
| ey | (;v—.e:s) &
Table 1 Physical and chemical properties of the soil N BB e N
in paddy plot P ol | s g (s
Particle size . R-10 L-10
Chemical properties fraction o (ee:322) (297.0M)
(g/100g) v 4um R-11 L-11
X e w o (@7 (208.778)
Orgam‘c matter (g/100g) 2.32 Sandy 25.0 — —
pH (1:5) | 5.89 | silt 56.9 | (2 510) )
Total-N (mg kg ") 889.3 | Clay 18.1 o
Total-P (mg kg ") 2842 v [ e [ aenn ]
CEC (cmol’ kg'") 9.6 ) X
Exchangeable cations(cmol'kg*) Fig. 1 Location map of study area
Ca 32 R = .
Mg 21 AYEGol HAQ ANEE= FFF 3L A
}I\(Ia 8(15 ¥ %A (Casella rainfall system, UK) 1%, #
: A% #9% 24 98 434 12, =4 &
Table 2 The records of agricultural management
Fertilization and
Year Date agricultural activity Remark
1999 May 22, 1999 1st plowing and basal 76 kg N ha'', 29 kg P05 ha'
fertilization
May 25, 1999 rice transplanting transplanting distance, 15X 30 cm, three
seedlings
Jun 15, 1999 tillering fertilization 28 kg N ha'
Jul 30, 1999 panicle fertilization 18 kg N ha'’
Oct 2, 1999 harvest
2000 Mar 22, 2000 spring plowing
May 20, 2000 1st plowing and basal 84 kg N ha'!, 31 kg P05 ha'
fertilization
Jun 2, 2000 rice transplanting transplanting distance, 15X 30 cm, three
seedlings
Jun 14. 2000 tillering fertilization 28 kg N ha™
Jul 23, 2000 panicle fertilization 28 kg N ha™
Oct 10, 2000 harvest
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4% 33e 9 ANFHAA (Water level
recorder, Ota Co. Ltd., Japan) ® #o} AJAd 12,
az3 el AEFASG FEFAE 44 1324
ARt ZE &3 71718 19999 59 19%
B 20000 94¥ 30¥7bA &FEAT Al A
249 A FAdF o LA, Ty
A8 A7l FFAY ZA7715R N Fo-FoR
J1gdnh NEFS AQEERFY] FFLE {KYF
d AXg FFAE o433 WNF KBS &
Aatgen, of BMAwth bucketingg §3HH
F2E BANHLT FEFFS doldA f&H
= U5 24T o doARFTAE o831y

2. AMEMH % EMYY

73 NEE 2 mm o8 Aol 2AE
gojc}, IS Alge o BAAEG BAls &
JroiA AdEAT FHH AFHAS FE€EF AR
9] AfdE A¥AVE AF {FEol YT dric
A7 ZHo 2 NYPEA o] F&FAM £3
g £7) (2£)0 ALy, ZE £33N
BE 4 °C o3t 252 BASWHA EHARRE
AHg3igtt AEY BEAE USDIY FWPCA
manual(1971) ¢ 71&8 9} ¥R 2 (suspended
solids) Al 1000 mLE &t HFadHdAH
o2 FAi9 ¢RYcldALE #IAME 500
mLE & 747 {ASF-deH TR
o2 BENgAtt $UA& #3AAE 500 mLE F
3ta) 50 mLE ¥%% oh& ascorbic acid reduc-
tiondol 71FEste] EM3ich ANAHLE 045
mel #FEAAdF AA (GF/C)E AHE-3te oA
L oA BvlETd Y (Sykam 4260, Germany)
o)g3kd B4t EHEAME Jackson (1967)
o) 71Esth EAS micropipette 22
=2A3tem, EY pHE 1:5 H0O #E8 FoA
AT 8 SA8NT, Fridd §FE Walkley-
Black §o.2, %ol X &8 %2 1-N ammonium
acetate® ©|&3te] EYE NH, 2 E3AY F

lo mjn

g\

LEFRYES o183t A Yen, @ &
0] 22 IN-ammonium acetate2 &3l 2
TF k2o (Liberty Series II, Varian, Australia)
2 434

m do o 2§

1. Z9E8Y

1999'd 5€ 14%€ 2000 9€¥ 30€71A A ¥
717y FL ZAF A WE 3R e
BE4E A e oS3 2o e 649
209490 AlFste] 79 18Ul FEIANUEH, oF 28
Y2A o de 2993 vk AFelUd. £
FEANE =X EY - EU°) B2 6,7, 8
Holl A 73 19999} 79 765 mm, 2000
do 7 883 mmE Ukt B A0
o] 5L 9¥d ¢F 270~290 mme] ¥ F
o] /15HAtE Heoldh 98 F F+FE 19909
FE 1996 d7tA1 o] o The-Fe] o 200 %E
Rl ek, 199993 20008 YE7170 TS A
&2 242} 1030 mm, 1214 mmE e A

wolAe] BeA WA o ()3 7ol
HEY F 9l

Wt = Wt-1 + It + Pt - (Rt + Et + Ft) --- (1)

71N, We 487 254, I& lsZE P
' 9% RE #%4% Ex- F44% I8
Fe 3554%E 9vsd, Az tE t9& YEd
=3

ZAZIZE B¢ f - EYE B ¥E dYIo
E4Ag ANE Fd3 199999 A FeFL
1030 mm, AL 566 mm, AFFEHL 310 mm,
F25%L 701 mm I FLAFLS 551 mm
o], 200049 A% AL 1214mm. BA
S22 413 mm, AFFFE 234 mm, FETHFS
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710 mm 282 FLAFLE 682 mm oAtk &
A2 199999 7S 34 mm, 200089 AS 1
mmEZ et (Table 3).

Yz § (1990) 7 A7IE HAAF A A
AZ =M EFANE ANY A3, As
8086 mm, TNFFL 7154 mm, HFFF
3180 mm, &% 1060 mm 18I F
22 668 mmE A3t 5220 mm Hoi B
I up glom, ol F (1995)7F W AQw)r|zk
¢ B4XE A Az 2932 1513 mm,
Bl 500 mm, FFFFL 552 mm, SEY

> rlo rlo &

#
K
&
L

#F2 598 mm, K#ETFFE 500 mmE ehgod,
E3oa= oF 363 mmATY BIstgEth o9}
7ol Z+ AFAYE ATFAAI AZ AolsiA
B glEd ole MA4RA, EGERESZEAH, FE
Aupra] ® @AFF Fol AAER o2y gF
o Jehvde A QzdEr

w

UL REUL B

Ae-7E F4F 293 A FE5E §
24339 dAE AUNA BN A Fig 2

N

Table 3 Water balance in the experimental paddy plot from May 1, 1999 to September 30, 2000

Period Precipitation Irrigation Runoff Eva_p ot;ans- Percolation
(Year,Month,Day) (mm) (mm) (mm) p(llr_ifnm)n (mm)
1999. 05.01~05.10 64.0 0.0 99 29.8 20.0

05.11 ~05.20 0.0 0.0 0.0 23 2.0

05.21~05.31 32.0 160.2 431 433 29.8

06.01~06.10 7.0 92.8 0.0 372 27.3

06.11~06.20 82.1 54.9 133 395 330

06.21 ~06.30 71.2 0.0 46.4 39.8 23.8

07.01~07.10 838 0.0 55.8 411 16.4

07.11~07.20 7.2 56.9 23.1 50.4 175

07.21~07.31 194.6 39.3 2132 483 184

08.01~08.10 80.6 0.0 56.3 477 15.9

08.11~08.20 8.0 54.3 2.6 46.6 18.0

08.21~08.31 130.2 107.7 151.2 335 225

09.01~09.10 784 0.0 75 311 233

09.11~09.20 464 0.0 8.6 353 224

09.21 ~09.30 144.0 0.0 70.1 25.3 19.9

Total 1,030 566 701 551 310
2000. 05.01~05.10 8.6 0.0 0.0 1.2 1.0

05.11~05.20 72 218 0.0 116 2.0

05.21~05.31 238 10.9 0.0 34.4 220

06.01 ~06.10 1134 63.5 329 473 19.5

06.11~06.20 138 340 30.3 51.4 20.9

06.21 ~06.30 128.4 17.8 110 369 199

07.01~07.10 446 229 15.7 54.4 16.9

07.11~07.20 53.6 0.6 185 56.8 143

07.21~07.31 181.2 71.1 164.6 779 10.9

08.01~08.10 408 54.2 67.6 450 12.0

08.11~08.20 86.0 38.9 84.5 443 11.3

08.21 ~08.31 2208 62.2 131.2 61.7 15.1

09.01 ~09.10 70.4 15.3 243 60.7 214

09.11~09.20 220.6 0.0 120.7 64.1 20.6

09.21 ~09.30 0.4 0.0 0.0 34.3 27.0

Total 1.214 413 710 682 234
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of UER ko o] eFH BT 49
RE AABAS YA gtk ok ol
#&3 BAse] F2AA S 4P WAQA
ol BOIE EolAe) Mal HHY, §EFE =
Az 2e =gl Het JPe v 9
Rog Az

X

iy

150
1999 42000

100

N .
x 1999 yoar
% - R y= 0.1429:( +3.5548
£ a - R =0.2502
[+
04 ----- o I
2000 year
8 y=04022¢+3.1151
:
R R’ =0.2783
0 A
0 50 100 150

Runoff (mm)

Fig 2 Rainfall-runoff relationship

Table 4 Summary of water quality monitoring

4. THAEZ Fae} olo| Blaks)

2 d7e BYYEel FAHL YE =odA
- &Y= #INEFT FTHRY sty
FEFstEe Hrpsiax . gutyoez =
e ol Ad) 71N < 50 %2} BT A
HEY, 68 F- 8¢ BEvE &4 25 % o
W3R 25 %= TH deAd FHE Augd o
717490 1999 5¥~9¥9 2 20009 5¥€~9¥7t
A =M & EU5e FEANEF FUERY
g W3E AT A= Table 49 vepd s
8 7},

297 A9 3 A8E A¥EYE MRS
329 ¥FL 014~329 mg L' W92 W
# 156 mg L7, §EYALE 008~244 mg
L'e ¥92 23 094 mg L7 28z AN
A 003~101 mg L9 H92 HF 038 mg
L'§ JEITE © 5 (1995)0] ¥legAZ #
@3t ZARE AR HAAY BT dEYet
AL P 125 mg Lo AP 8% 092

(Unit : mg L-1)

Samples Total-N Ammonia-N Nitrate-N Total-P
1999 2000 1999 2000 1999 2000 1999 2000
Precipitation Mean 2.8 09 1.9 04 06 0.3 0.03 0.01
Max 33 24 24 15 10 1.0 0.05 0.10
Min 23 0.1 15 0.1 0.3 0.1 0.02 0.00
S.D.* 0.3 0.6 0.2 04 0.3 0.2 0.01 0.01
No of samples 18 32 18 32 © 18 32 18 32
Irrigation water Mean 6.4 23 1.1 07 49 15 0.10 0.06
Max 13.1 40 26 1.7 10.1 36 0.14 0.13
Min 25 1.0 04 0.3 16 04 0.01 0.00
S.D.* 36 1.1 08 0.3 30 12 0.02 0.05
No of samples 8 8 8 8 8 8 8 8
Runoff water Mean 72 49 47 24 1.3 1.8 0.14 0.16
Max 18.1 132 13.2 6.3 2.6 6.4 0.24 0.25
Min 37 2.3 21 11 0.7 0.6 0.11 0.10
S.D* 34 3.1 20 0.9 0.4 1.0 0.04 0.04
No of samples 25 23 25 23 25 23 25 23
Percolated Mean 38 39 0.5 05 2.7 27 0.02 0.02
Max 56 5.7 13 13 438 47 0.03 0.03
Min 25 25 01 0.1 12 12 0.01 0.01
sSh* 1.0 1.0 0.5 04 14 14 0.01 0.01
No of samples 8 8 8 8 8 8 8 8

*S.D. : standard deviation
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mg L' WmAl B ZAAHANA ekt A o
Ebdth £29) ¥FS 0~006 mg L1 W=
B 002 mg L€ Jehieny, A7 ot
THEAQLE HEHA FATh Lee et al (1990)9
datd A7E IAAE dde) F2F Ao e
B OASAES AR A5 M0 AE:ER
g%, Flo TFE A7l HAAQe] 004~
008 mg L2 @& ¥ Yehhudz Hius
Aed B ZAZAE ol FAME ot

WS 24 gRUcAL 2 FAER
Ao @B 247 096~1313 mg L7, 033 ~256
mg L 2 037~1006 mg L9 #Hagen, =
3 AWE LR T =M FFERS M
5 9 F&o] Frtele oldRrld A vER
ok BAF o] He SHSFE RALZRH FF

B 4E R 2 $4ES gREA Hed
1 EEE A9 AZ 2 Al g gEA u
eluA gk 83, E AMExge AS Fdhe
ol L olfE &2t YR HELOE
ol glol 412 WA =o2RE wisE Bo) ¥
AA A5HY7) GRS ALEETh Lee et al
(1990)e 95 BMaE ANGES] §FL o
dx7dE ta gou F$Fo] B 649 F¢
HE 79 F& Alold #A3F] #AHE A%E U
BT stdEd B ZAASAE olsh fArg
Ago|t. A9 ¥FE 000~014 mg LY
W2 WF 005 mg L'E Jeiien, ortho-
phosphate= A2 &9 AFHA HEHA &
pig=d

#2543 23249 L 234~1810 mg L
o WYE HF 58 mg LT, ¢RYPALE
1.09~1317 mg L' ¥H92 7 338 mg L7,
I8y FAE AAE 062~636 mg LMo HY
2 BF 160 mg L'E vEhIAY 349 @
Ze HEANAZ] &, 7)u], Bgu R $u] Ay
A7l AsA Frtetgni dak gasts A
goldEd FTA F¥o] B wPEs|TAE
#2542 2429 %ol A URE 4~5 mg
L'e] WeE vehlio] sHos Y€ AS 4

Al @A A% A £ JE FFOZ 2AH
At Kim and Cho (1995) 18l3 Lee et al
(1990) ol w2 F A9 gfo] vlg Mo
% 10~15 mg L'§ Ueithr 79 o3& =8
AN 2] ghgo] ol HIEAE {&o WE 9
o} §1g oI FPYEd, B ZAME 7Y
olFol: B|AFYZEY (F7A, 1993)o14 A
B3t e $UETT 2HA 7IEA A 10 mg
L'g 28 ZAAZGAN 233D e Ro=
vebsteh £919 #8 010~025 mg L9 ¥
912 HF 015 mg L'E JerAQEd 716 Ajw)
F Az Zkslst 649 sheol¥ 4wk A
e 73go|

FE717el 1999 5¥EE 97 20008 5
EHE 9UANA AYZ Aol ofdE Ekgd AH
HoR oFF AFFF PR A7E g
H3E A A3 og3 7o B AN
E EQPopda 30, 50, 70, Wem AL EY
£ AL vdsigort e Hy
Eckfd qH # djAdZo) 90 cmE Ao s A
HAAE =98 YEFF FAL9 HFe
246~569 mg Lo M2 #HF 386 mg L7, &
FyolydAsE 002~131 mg Lo ¥Y2 HF
051 mg L' J2l7 AMAFELE 115~476 mg
Lo W92 #7 229 mg L' Jehadd
Lee et al. (1995)¢] <& W A7 T E
FEd AMAFL o) 43t FAFALY gFEYol
Adae 49%E ZAR A, dFJeldaAL
o 7% olg&xIlol EEwWslyt AA Jehd
W, AAAAIAE 01~05 mg L2 9AsA
Bttt stk & AP Ao blwA] A7)dE
EFEH3A zo]E Hojn UedH ZARNYY
E¢g B4, Fexd, vEAvg 2 =E3Y F
o] MR t27] fiq Jeld AR AZEd
Z919] ¥} 001~003 mg Lo ¥z w7
002 mg L7, 71¢AAL 0~002 mg Lo ¥
2 BF 0003 mg L'E v
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5. =0llMel Haet olof g

EollA st gEe EZELE A AYAL W
24, A2 R/ # Ao AMHE, ¥
Bt BREAL F9t 22 ARV KA
o=, AEYH FATAHIHN ¥ FYEL
BN ZAo) WA Tgsu], dEYot i
3 gde 58 oY RS, =FFA49
AEEA, FEE EhYg de Ix fEre
F2EAS e AR fEAC AZET ol
Zol =EY WM sedEel BAsAE 93
MR QA AdHe) AR, AFHA F4go
QY o3 2AFA AVt BFIA dE
g £ Atk B ZAIT Y =28 §- 298
FFERY FA FEH3FL Table 59 Zrh

Table 5 Input/output of N and P from a paddy field.

Unit : kg ha’
Total-N Total-P
1999 | 2000 | 1999 | 2000
Input
Precipitation 28 20 | 036 | 035
Irigation water 35 26 { 057 { 0.72
Chemical fertilizer | 122 140 {29 30
Subtotal 185 186 |29.93 |31.07
Output
Outflow water 52 48 | 1.1 1.6
Percolation water 12 9] 0051 004
Subtotal 64 57 | 115 | 164
7t wedAl
24 $74) 4L v £ e JYER 7t
S ynias AuE A9 AL SR E
4528 ZAY A IYEIY FUFES A%
v gol o8] $ZA 122~140 kg ha”', $ 29~

30 kg ha'. 5ol o8} £FA 20~28 kg ha,
291 035~036 kg ha', @7Fol s FAAL 2
6~35 kg ha’, $¢ 057~072 kg ha'7} fY”
Aoz Jehgot

L. pEi
Qx5 fael o8 YA 4F

Be%e £d29 A9 48~52 kg ha'l, F&
4717k 11~16 kg ha'2 Jebgrh A7E2 6
Yol FEFo] 7HF U=l ol AHIEHRZE 6
el F&+5 A4 EY FE/F %7 GEY
ez Aztad §E%S ANE SHEFS
NNELE FHES A A, A9 AL Al
Hjzke] oF 343~426 %, AL 38~53 %7t /&
AR 3o 48 Aoz Vel Kim and
Cho (1995)7} 771= A4 F vHdA Fdi=lE ol
oz o A7 5 Sl AF dGE
A9 fAFe 2AMY A, A4 15 kg ha',
059 kg ha'! ojReH, A8 F4 532 %,
001 %2 vebgcr, £33 A3 | (1989)7} 737
T A4 Add HAZE $HA 293 hag Y
oz o AL ¢ YA FEFE A
& Ax, $28AE 1237 kg ha'! 18T QL
216 kg ha'2 uebdch Kunimatsu (1986)2
19833 & 71Fe2 dRoA AFEHAD FAA
A QA ojFo Ul d7AA dEFYE ¥
Ao ARE ALdY =AM JYEHS #XE
Adsged 2 A4 ABFEES B3 F24L
143 kg ha' 22837 %9 0482 kg ha'7} &4
At} Takeda et al. (1990)01 Wik FHq A
116 ha8) +& tiAeg JUEAY KEHE3F
& ZAMe A3}, $AA 457 kg ha” 2T £
872 kg ha'Z2 uvExgten, I F ®lgEz
(2279) £l 7 AL 52 %, £ 14 %7t
S2HUL, 9E719E £d2 221 kg ha' 23
I 29l 748 kg ha'o]l UYEY RAOLE RIH]
itk 8 ZAldstet AEAR AFdE S - 9
A3 vgs] BE B ZAOA A9 Ay &
2380 Lo Pk ol FFAH o
2 Hlg A& Ay, ABAY), BEse R
7399 ozt 4R Fo) F AYEAHLZ QUEY
geFE Ao F&Fo] o7t EAF/ A2 A
At

B a7 Ad 4UEe IF/KERINFS F
AAx9) 74 9~12 kg ha'& YHZE 69l 7t
Z =A Jelgd ol 59 dEE AT M

[ A
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PIEAT A =228 957 498 FAY hEHAF

AME =E2 £34 §Fo) A FEA7 o
£ Aoz Azdd £99 IAFEHFE 00
4~005 kg ha'2 Jelxtor], Y4¥2E 593 6
ol 7+ =4 el Kunimatsu (1986)0] &
2 5EEAIY AEE AL molA AFEL
B ZAIG Az, A= 1134 kg ha! 2832
#92 0194 kg ha'2 Yehgt B 2AZas
Kunimatsu (1986)9) A& B8|ZA F3Lx A%
EAFE FAG Agolgon, FA2 £ FA
Az7t | ZAA Jeldd ole AT X499
Ql Alwjgke] Aoz FA2H ZiQdde Aoz
Hasdch

N. 29 9 WE
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