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IR L B2, F72, %KXOHBHF
KOWr A5 L, HERE3 cm T, HHEZS H
HICIEFETHFERIZN% 2 B2 T2 b b
T, £ OEKCTHRZEDOMED TIEP TR L T
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2) EREEDEKY LIEBSEICRITTHE

— %12, IO T 72 & 7z B ACHRAE 1
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Fifs BB OREBIZE > THEA, BRILEICEM £ &
Y —D@EME TIEE ORIZZERASTE, B s TiE
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BRENEOGEIE -2 E Ko7 72, H
FIFEO Y — 7 HANE L, E— 7 EDPRWIXIZE
WbE (35K 3172,

(3) HEROHE

FEIEED 1 cm O¥h, FREANT FRIX I ERE 3
HEIZERZEICH YT 5 1 cm T CHESHEL
T, MEZET LA, BEEAERKX, A
X & [AZERX T, %3 HEDES MEE T,
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1Ry bHO20MEEDOFEHME % K> T, 3KHE (3
Ry b)) OFHErEH Lz, SHICINHLDT—
y e ffio THREEA O I, 1 Mt B X OIS
FTOVPHHEB LUOF o BEE, VY &
IRk D 5 CRANT L 72

3) IRRERART

PEAER4, 6, 8, 10, I4HHIZKI2M0 (2 X X 2
EHX 3AE) ©a v T 5 HEFEEARL0ME K % E
EIIPEWH L FAA I CRAE L 720 MARDEF N
B SR ZRY, BE 2 AZ VA F Ly b
0.25% TRt L7zo HIRRDBIRE A A =T X
FrF—ICXVEET—5 L LTy a YA
&, Kimura and Yamasaki O B[{Zf#HTED 12X - T
EREB L ORmBREIE L2, 72, 2REBX
ORIHFNC DWW TUZ BB Z &2 5 AR D FH il %
RKOT, EHICINSD3FE (3ar7F) OF
i L7,

4) TEOT7CEZTRESSUHEBREERREED

HITE

2004412 H10H, 22 ¥ 79 (34X19X15¢m) 12
TgEFTEL, & 2T, REKERELRE,
B L OEL 7o 720 ZOEBRTIIIEZITH
¥, WIREEB L OB LOBRE X LR RS
L7ze 7 FIEFH5IR%E22.5C (25C - 1285 -
B4t (9100 gmol m s '), 20°C - 12054 - B
Zefh) \CRRE LIRS ERE L, EKREH L
REHE BT 720 ST, FTAAX THiAt#A
0, 3, 5 7, 10, 14HHIZa > 7 FhoiEiEALE
2B WTI00mL 18 7 & Hwvw T HIEREH» 5 3
S5 emFTCOIETINE (33> 7F) TR
L, @RS RFICFERROERTIC B TR 72,
WEM -7 TEIIATO F FH IR, 10g
ARV FRICERILL TL0%3E L7 V) 7 AT 1 R
RE DM EIT- 720 20, AHEEITV, BilE
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1) HTEREBEOHE

(1) 2BEOT7 > EZT7RSSVHEBRERTEE

OFi::2

TR DT T REERIREIIITAAKX TG
XD 2 f5i\v10~15mg /52 1.100g O & < & <
BT 72, FTAAK TIZEKR AKX IZ N
THECHER L7, MHMRRBEERIREIXT v E= T REEE
TR |2 R TR & B X ERIVNE o 72,
WIS 5 mg/521100g Atk THER L 7243, %
BAREH T L RO ZR L, FKRXTIEEK
IR DOFLHBZIITIT PR L, TR GPIE T L227
~MAHBIZ2TTHWIML TEE Lz L, #k
XTIl L7 (553211) o

2) HIF EHEIAL L DERAE

(1) HEPSEILL E TOHRE
HEFEIZOWTIE, EYRFRICUEX TR E
RO SNL o775, BREHIFERZ, #HKX
TGO ZERD 5, FTIAAX TEREKXIZIL
NTI0RA ¥ METF LD L, %KX TR
FZE DN E o7 BBTHR) . 1 EDOHMH
IZDWTHE, BEKKISHAKR A AT H %
PEEIELS, FHEIAFEICEE -2, Ko
HEBIIRROON o7, 2OX ) REMIIHE D
IZOWT D RBICEED bz, B, VIOERTIX
SRR 4 T8 1 S5l a R B X OV L B AR

JUMN R SERTIE € v & — i

54875 (2007)

BAT L7720, BRELFEOMITREE 1 =R
BIUBHEEOERLFELICR 572,
(2) BER, F1¥ER, ERB L UZMEDMH
%

B3O MR KX THEE THEKKXOML 7D
RSFTMELRD, WEEOZEIRED S NA
o7z (5833M), DX REmIZE 1 EOME
[ZOWT b AFRICEED b7z,

#1100 g 2472 U NH'N (mg)

5 1-100 g %472 WNO*-N (mg)

0 2 4 6 8 10 12 14
FBR% A% (A)
32 TEOT CEZTHRB X ORNRREsE IR
JEDHERE
) @ HTIARBAKIX, A EEFEKIX, O]
IRBRFEKRIX, AN ERBEKK, =T —N—1Z
EHERRE (n=3).

TR R DM S FEAAERANEEE, 1 EMN, W BRI RIT T
HEF F1LE ERAS
MEAEVE B CERHIMEE K- B EHH A B T F— B
AREH  BE R MR A% fhid R @b Byb #rb
(H) (%) (H) . (%)  BEHE) FEF E (%)
2fEX K 4.1 0.6 95.0 5.7 0.4 95.0 6.3 0.4 95.0
LU 3.9 0.5 98. 3 5.0 1.0 98.3 5.5 1.0 98. 3
fHAAZX K 401 1.1 85.0 5.7 0.5 85.0 6.4 0.5 85.0
&K 4.3 0.6 95.0 5.2 1.0 95.0 5.5 1.0 95.0
MR (A) ns ns Kok ns ns ok ns ns Hok
g /KEH (B) ns * ok ok Kok kek Kok ok ek
AXB ns ns ns ns ns ns ns ns ns

) ckok, ok DWOHTOMR, 1%B X5 BKETHEEYSHSLZ E2RT. ns I HEAERL.
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T —N—RERGE (n=3).
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FIAZ X K 2.6+0.1
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) B ZCEIME £ B RERE. % % L T
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(3) IRRFERDHERE
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REFCTITHEALIE I & 2213/ S Do 728, FT3hA
Xt 4 XIZ R THEWER Z R L7 (583501K),
DX BENIIRBEIC OV T S FAREICERD 51,
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ToTREEREEICRIZITRE

HKRERFHE AR BT 2 HEREPOT v E= T8
BRIBEO LAPHE - MU LERT S5
PEICHRE SN TV 2, VIOFERIZBWTHITA
AR TRELEED T v F = 7 RERFIEEEH 4 fi
REICHARCTHMER LA %2 JE (5B32H), HFEOK
TR EER - T ESO AR 2B S o E R
IZhoTWhbEEZ LN, LHL, IOEERTIZ
THEFOT VB TRERIRES RO & CHER L
FIARX OFEAREETIIHIE - 151205 % ]
&, WEAEHIVEMTH) FETER), 2ok
37 v ESTREEREEOARTEFIH TS
BV EERLTWVE, THIZOWT, BMEBICHE
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LIEFIRIASEMINI 22 5N/,
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W EEML 720121, 4%7 Y EZTEEREDIA &
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o 7mo— 0, REBTHW BRI E &K > OHED
THWZZ IR L RRIE SRR Y, HER G OE &)
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BT BIAAFREFEIEL, ARG L HAs
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FEANVENLEL 2 B 7230 A0 [F R R AS 2 - WAL B 12
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oA LR d koS FoEER, TYES
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VI HEFRE S L UIEFOLBEY D HKERE
KIBOHIF EBEILBICRIETHE
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KAGO K EIRFLEE 12 BT O 4 02 8
ETET-OWEMRH L OBBREHL 2T 5 2 LI,
W - Wb ARG L, ZE Lo AT R
LI-DICEETHS, 4 FOFFHFEIIBITHHET
DY EACH OWFZRITLART & D T ™, #KEIEK
MICBI 2WERHIZOVWTDH, KELTFTTOH
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B tRIlZ X ) ZRRICEALT 525, COERELTL
BEOWMHMN B X OMLFMEE 22T Tld s {, #HiE%k
RIS L7 OWERH S ZD—21l % 2T b
TREMED D 5o HE1Z, VIV THLY BT 72 3%l [ e
FIAABHETIE, T EEEAOREIEIC X 2 LfEY O
AFRBIEL, WhOLERHRERE LR S,
TOWERBMI BT GRTZIENERLONLEZ
s, TOEEEMRHT LLEDN DD, IDEER
T, MiLE &I 2R OAE, AR
FHEW) BESMAEZ TREDIMFLREESS
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IT—HEOEBRA IO —R, FVaA—RX, TN
b= AGwmE I - WL H & DOBRIZOWTHET L
726
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2. MEEARE

1) &HEBAE

KFGGAE (e /ey ] e, FEERIZ20044F
STV SR T 7 — (FR RIS AR )
DIEIREEN TIT - 720 T3 L BERIL T )V 2 T LA FIH%
BRFOEMITY LEkE L, Wz 7 H28H
AT o 720 #EHERTHICEFALCTAKL TR E 2175
o3 rT R 1 HEEE L, T3 L REKE D HE
L7ctk, KEKZRREL, LB X ORBEZ1T - 72,
B BB X AR AR (LP 2 — F A D HA022—
BDY0%) % M\ CIE 3 cm OFFIRICAT o 720 &
TIEELORF & AT E 2 B & 9 FEIEALE A S 3 cm B
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(22.5kg/10a Hi24) D3 kL Lz, Eito X1
B LlzaryrHid, FHRIRE22.5C (25T - 12
Wi - B (B9100 gmol m % s '), 20T - 128
M- BESefE) 1CRE Lo Egs ISRl L 72, K
EHAKD 2 HHOKER %I 72, HAKEHRDOT Y
7L, W ICEA Y Ry P W CER
KEBEL, ZORITTIERED S DEFLDOAIZL
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B ERBORDOFEKIREE L L7z K EHO T Y 7
I2iE, < ABEE L72KEKEZ, 1H 1 EMRT,
1 cm OKELZ MR L 720

2) HEEBIEDREE S LU

WEE AR ScE 2 R, BHWMA L2, #ER
3, MHEIZ&TOMEEZHRNL, SEHEOHER,
AL, EG L EETEWELIE L, ESOllE
BV THE L T A ERIEHIE L TllE L7z,
FOEFITINT LML L, HFEMMEE, E£3ES
VP EIZOWTIE 3 FUE DO kD, IR,
AL, L 1 XNO0EARDOFEEE KD T, &
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NEDT =4 2o TCRYMIFHE, PR
CEHHMFER KOS oKaEltx VY L kD)
FEIZLoTEH L,

3) BFDa—T73IT7—tEEMBLUEEENATE
BREGSHEICI Y TR0 ETOMT 2L,
—20CCTHRE L CToMIct L7z, BUBXD o — 7
37— BIEESHTICE 5 A, BEESHTICIZI0N O X
KefiL, SREECTHMEZTT o720 a =7 37—
VIEHEIZ 5 F v & (Megazyme #1#) = H v,
A7U—=A, FNVIA—ABLITTINVI b—=ADE=
FWIFNnL F—kit(f % —F 3 3 FIV4tE) 2 H
WCHBERNC X D lE L7,

4) tEOT7 U EZ TR SUHBREZREED

BAlE

20044E12H 3 H, 277 (34X19X15cm) |2

0% MM &ML AT
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7TRH28HOEFRLFE UL FTEL, 2E 2TV,
KK ZEE L%, BEBIO0ELZro72, &
DFEFRTIFIFIIATH T, WKL L O Lok
LT H28HDFEERE R E L7z, a v 7 Fid Py
R[imE22.5CIC%E L7z (25T - 12K/, 20T - 12
WEfH) EIARICRRE L, $KE & RE R A 5T
T 7 H28H DER & FEOKERE Lz 5L
X, Mt 3 HEBICHIEMESD S0, 6, 12cm D
L4 12 B W T100mL F3E a7 2 J v ¢ bk
MAP»S5ES5ecemITCOLELINE (3207
F) TERML 7. F72, WEWY LFEOIEEB LW
ST FMEVIY & RO FETHE L7z,

3.8 R

1) HEFRE EHEF - B 5 & DRk

(1) MIEALE, MIEEH L BERKEE Y

FREORER

HZE - W D IR E O 2, KitE
(0 cm) DAEF RO EBIEL, FEIEMED S cm
N s &, ZOREIIEMICE 570, Z O % B
WEIZR L7182 14 H H Ofef i 7 HEERIZD W T
Ab L, BERTVWTNLOLMETLERAMAE (0
cm) A D, 3emPETEF AEMEZ R L 720
F 72, KERAZE O HFISHEEE T 212 EAR
Lz, ary7FERo R, s
Izt TIRTF L, %KX &0 KK AR E ) %
m L7z (537K

%) 2R \T T

i AR FririE P REREM3H B R i CAUIEtE
K %K K K
RN Ji A & 13. 3% 36. 7 35. Ok 63. 3
fil X -1 32.7 53.3 56. 0 78.3
FEEHAE (%) 41 69 63 81
25 & Tt AV 0. 0% 0. O 26. T 46. T
fill X -1 36.0 41.3 55.0 70. 7
FEEHE (%) 0 0 49 66
RISy it AV fE 0. O 0. O 21. Tk 11. T
fitl X -1 20. 7 29.3 46. 0 67.0
FEEHE (%) 0 0 47 18

) a) i AEAL S R E A S OFEEEA 0 om D, LXK P B IR AL E 2 S 0 Bk A
3, 6, 9, 12, 15cmDEDPIME 2R . AFHEIZABX PIIAE IS5 2 Jits L AL & HFHFEX D

HXHEZ 7R,

b) *, sk *(I[A UAKEBLO i LA E AR & AP gL 5 5 %, 1%KETH

HENH L LERT.
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b, RGOS X OREIEE O H
FRRMTEELIEDPHENE L7 (559F),
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NS DOHEE (cm)

Ne}
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(2) HIFRE & HEFR E DR

B BT 3R 2R L72IXIE, BEBZI4HHO
B HER S B L R AL DY), FEKRIXIZE
&fﬁﬁmm*%ﬁﬁw@mEfu%ﬁ%MHE@
A 7 MIER K B A EIAIDRD bz, £ D
Kk, #tEE2 3 HHOMIFR L 14H H ORI %



112 JUMN PR SE L 7 — 3 454875 (2007)
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AT OGS 57 (538K A), FERE 3 1 H ORISR & 2140 B O H3ER L 0
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(4) HEFXRELEY, EHSSUEEBZYEL

DIESIEN

B B2 M3 2R L 72X, oIR8
T, FWEOWIS R E 2@ DY), EKIX
TR XA TR EE AR T 580 H 7z,
HMfR14H HOMFR L FH ORI L ORMIITAHE
PR¥r =0.947, 7 H O % & ORISR r =
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fifE B & ORI EATE T D o« —7 3 7 — Xl
PIZRIZT B AL L, HEEN 2/ IR S
Ea—T 37— ViHMELE LS, MIRMELC X
BHEEHE DT r o7, BMTOWMEEIIKIZTTR
X, A7u0—AEGR\IERED 2, L b
DI > THAX TS L, HAX TE#EHRT %
AR L7 PNV I—AEEBEBLN IV F—2X
a3 E OB EIEALE T B L
72 (510%%), &M% 3 HH O oM #EY & H
HREDEBIZOVWTAL L, HFERE ¢« —7 3
7 — Xt L OMIZITHBESRE r =—0.207, A7~
O —Afm s OMICIEAHBERE r =—0.150& 7%
AR AR b N hr o 7278, HIERE 7L
a—AEEE OMICITMEBERE r =0.625, 7V
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ERIEOMBAMRIRRD b7z (5411K),
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<, RALE DS OFEEAY6 cm Do Tld iz
BT Lo F727 v B TRESHEEE TGN ELS
WIEEEL R, AR K W EKEETE T A E
L7z —0, TP OMMRESE RIEEIL, MM
&, M, FHEAKEEICEDS T8 1:100g 4
720 3 mg HiBEDOMHETH -7 (F4214), B 3
HEHOTERO 7 £ o 7HEZSFEE L H3FERED
I3 1 %/KEETEOMBABRYDTLD bz, i
FRAEEE RIRTE & OMICIZAHBERIERD bk o
7o (5431X), X512, TYEoTREFEE LE
TORBEYOEZRE AL & (F44K), o« —7T 3
T —EiE, A7u—-2AEEBL TNV T b—RE
e DOMIITAELRMHBBRIIERD b o 7273,
IV a—AEEEDOMIZIE 5 %KETAEDOHEMGR
AR 5 N7z,
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#1035 WIRE IR ESEFO « — 7 37 —PiHM, BEREICRITTHE BE%3HE)
MERE fFErarE? o7 I79—F  AZn—2R 72— A TIT =R
WEME Y U0k) R Y (me/108) ER Y (ng/108) &R Y (mg/10%1)
WA K WA K K K K TEIK
EvERE fEARALE .09 1.14 1. 09 1.35 0.33 0.61 0.01 0.05
it [X 15 1.13  1.31 1.15  1.12 0.41 0.72 0.01 0. 09
FARHE (%) 96 87 95 121 80 85 100 56
o ARSI E 1.89  1.89 1.34  1.14 0.26%  0.37% 0.01 0.01
fth [X S5 1.93  2.15 .29  1.32 0. 42 0. 82 0. 02 0. 02
FARHE (%) 98 88 104 86 62 45 50 50
Mg eiEAE 1.77 2.37 1. 40 1.23 0.26%% (. 28%x% 0.02%  0.01%%
fth [X S5 2.00 2.11 1.32 1.45 0. 46 0. 85 0. 06 0. 09
FERHE (%) 89 112 106 85 57 33 33 11

) a) MEHEALE IO E 2 S OHBEA 0 enDfiFl, MDY ISFEALALE D S OHBEA™S, 6, 9, 12, 15mDED -
2 RS . AEE DI I3 2 MR AL EAR A O FHE % /R 9.
b) ok, skok (E[E CRE PO LA EIFRE X & P e EIC L 2 5%, 1% KETHEENH D 2 L ZRT.

60 rr = —0.207 o -r = —0. 150 o
o So)
50 r (? ADA - o Qcp
A
An a, o
40 (') A B .A&
30 | % o o° i !?’-£L\?
° u ] ol g
20 am i mA
([ ] [ J
10 b s
~ 0 : Al ! ! LA |
S 1 2 30 0.5 1 1.5 2
ﬁ a—7 7 —BIEME (U/10%1) Ay m—AEG R (ng/10KL)
H 60 -
50 |
40 +
30 o
20
10~ r = 0.383*
O 1 1 ]
0 0.5 10 0.05 0.1 0.15

Jva—2gE& g (ng/106L) TNy h—AEE (ng/10KL)
FHAIN BHEESHHOETFD o« —7 3 9 —ViitEB L OB &R & HIFER L OR
H) O iR - %k, @ EHERE - K, AL 2GR - KK, A 2MHE K
() 358 - %k, W 3fEE - k. %135 %KM, * %131 %KETHES

MR AE 5 2 & &RT.
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V) ST TR, REREE (B H%) 55
F 2EM AR ST (BE38) o I HZE L 72 i
Ri%, 2B 1%EBLOE 2 EMESFC, 4 A TIEE
BHIICES 2 BEMIB R IR A ARG s e 2 L
RERET S L, RHNCHERERAERIRAED & IR
BEABAT L CHIIAER 2T 2 2 LI U
WZHEEO BN AR R ICHIET 2 2 L2
<V, FOHFERZEOTHILEREZELTLEE
AbNb, TOLH) REENG, FHEEWETIIOHA
RIZBWTHELELZEZ 52, EafMEARIZE
WTHRIME OB HFOEGE RS T2 &, £ LTHRE
BEAEEHT DI L Lo 2 H RO AL DI
Lo THE2EME T TERODHMERE T 513D,
ARFEI 2 O b ORI E RET L2 &%
EWLETH D,

SR, @ D REHEE K, A 2f5E - TEK, A

et - K,

<k, B3R - K. HERRIIEHERRE (n=3).

2) BTORHEMHP HEI - BALBICRITTHE
KREBRTIE a — 7 3 T — Vil & 5k 3
EDORNIIMHBERRARD b o7z (H411K)
S L CIHEMEIOIAND « =7 I 7 —
LI SRR COEMEOERRPL W L HE L DM
WA ZD SN B VE VI REL H DY, —F,
REBETIIFEMGE 3 DHOHFER MOV T —
A, V7 h—AEE L ORICIEOBERA
BOLN, A7u—A&ELEOMIITHBEEREE
DOENLR»o7z (FAIK) 4 AFEFTIEAZ 10—
A% EESRH T ERICE > THE DY, B THAK
ENAr7 00—, BRAEHFTCAZO—2Y ¥
F—PIZLoTIZNIA—AE TN b—RITHHRE
NAHBREPSFELTWDL EREINTWDEY, T2,
fRH 5L, BSASEMHTRERSDOA 70— v
Y — L OERENEE o 7okER, A7 80— A5HIC L
HTNVIA—=AETNT b—=ADEENHEIMLIzE L
TWwbY, TOL&) REFHNOMEGEOLE) & 3
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TR L ERETR 3 H B OMIERE OBR
STEK, @ D REUEE - K,
S YRR, A2 B K
svEAK, B3 REE K
% JKUE T A 7 M B B FR 05 B

O
Pl
e

iE)

>

| — o% oF 1
X fln it

i
7
h

(v%[]
Ry 77 W
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AP TE Y, SR HESLETH L,

3) TUOREZTREERIHEF - BABICRITTHE
REBTIHER D7 v B TREFEE G
BIZONTHIEERIZET L (F43K), o s
- AGEDSFERIET T 2@EmE R L7 (54
M), ZOfERIZTERDT Vo T REREIRLE
DMEZIHTALI LI > THFELZHET L &
BIOHTOS NV I—-AG2ICHELRIZTILE
RELTW5, —J, AREOT v E=TRERE
FEICH L, BRGOKEHIZE > THIFERB L O
FOTNVa—AEEITELY, FEARXIGHEAKXIZIHT

RTEP2720 TOT LI EENORRIZ X S
T yEZTREZOAFHE T EKE BN L 72
ZERRBLTWA,

T VRS TRERIKROMIG - Wb A2 HET
BHIEEIZOWTIE, R L 7218 o BmZERIL
A& Hh T BRI R BRI 72354, 0. Tppm DL B,
2 ppm DL b® L OFEDD B, REERILHPT T
L7z 38 % BRI L 7218, KCLH L7238 % o0#1 L
72720, FNSOHE L OEHORE DB EIT R
VDS, REEROHEKIX TIE 4 ~12mg /521100g,
%KX TI1226~44mg /¥ 1:100g O [ THIFEFE DK
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ERIETHTSICHLSPICE R TV RS, 474,
LKV IEMHLRT v E=TREREE L HFEBLIUET
DEALFN OB EY O E X 1TV, o DOREH
R BT LB B D,

5.1 &

AR & [+ bR CORFE 2 e L,
L B & O DO EE A3 K T A E R L 72
KEGOMIE - WML BITKITTHEEZ R Y MR TH
U720 BERAL AV S AR BT & ok g
CHERE L 72 ISR L723a, H3EoEIc X Y
FER M I E AR o 72, BN L 22E
I RIAB HOMFERIIE T, BN
BAIIIEREA AN HOHERIZET L. F77,
HEHEZIAH HOW SR EFH ORI, Tk, 23
M E & ORI IZE VIEO BRSO S iz,
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77—, Ar7u— 288 L OMICITHBERERIX
BOSNLG o120, T Va—AgwEk bz 7 IV
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EHIZHIEHED T v B TRESEFIEEDNE T 512
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B ICAR T A 2R L7z, MlEokE, #tkth
PR - VEARERR R CI, A RO LI LB LU
Bk T =T RREFZOFE L Z I 52 &£12
Ko THZF - W E25M BT 5 2 EAVRIE S 7,

VI #EZR

HARZI998FEDT Y k- IVTTA - T2 Fg
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PN S
) O Bitem - %k, @@ BRIk, AL 28 - K, AL 2R - K,
O 3= - %k B 3fFE - ik *E5 % KECHELRMEMBIFESLZ L E2RT

L, 19994E75 I =< AT 7 A% A Dl AKIC
EROMEBLZ 227 Ta A0 AL Z ) &
LTWaDs, 4%, a2 AEEE»SOBBEE T
TR E S LTINS, TG L TH
RTIERED KB 2 & 1k &2 Me, A1t
DEFHFEVEDIRT Y, EIHFRIGHA O - & KD
ROGHEL Lo Twh, K EHERRE I, 1E
ROWHE - AR OB HAN 12 5\ TH AR,
ICHARTENTH o 7275, WHERYEDS D I L <
FTWEWIMELEDH o720 ZODICH L RS
N7 FT AR A & [F]F - BB 2 I 7o i s
Ve SR O EIRFEE AR R CTRIBRYE IS, B
15, ENTEizEmoTWwW5b, UL, #aThik
N7z X9, RFEEETIIBMEE RS 7 ~10H
FREED FRTE ARG X o THEE - W76 Ot &
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FTORY b HWIRERIEBROKE R 2 BEET 5
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£, 10a 4720 OWEEM I21E 2 FHREEDIT X b
DY, T OMS FEAKEFRR O RILAE X5
IRTRERWITE > TWD, 55, HKEER
Boa A Mba o B bx XA 729121, &
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e WIRREHAT 2 MG T A LB D D, T2, TOY;
A, BREBIEREHETLIL, TyEZTRESE
FZOEFMREL @RS 272012 R oRFER
Bl B e UCHFT 2 2 & 7 & ONC H3F 58 o i
WETER RIS 2 L e Lo R A G DbES S
L2k oT, W B bORENLE XD LEED
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AIFZEIZ & - T, (b2 & Fagd IR X 7z kAR
O - W HLOEEPHLNERY, 20U
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2B WTHIEE - B B I L% 5l U CREH o i
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LHHROREERET 5 L, KMo & PP BT
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7z, HiEFFEAR, W, B 13 MEel) FRIME
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Influences of Fertilizer Application and Drainage of Flooded Water
after Seeding on Seedling Emergence and Establishment of Rice
Plants in Submerged Hill Seeding Cultivation

Masami FURUHATA

Summary

In Japan, rice production by mechanical transplanting has increased rapidly since the
introduction of the rice transplanter in the 1970s. However, further labor-saving rice cultivation
technology should be developed to reduce rice prices. Direct-seeding rice cultivation would
resolve these problems by eliminating such management practices as raising the seedlings and
carrying the seedling boxes, which are necessary in transplanting rice cultivation. Thus, the
National Agricultural Research Center for the Kyushu Okinawa Region developed a shooting hill-
seeded direct seeder. In this research, we investigated the emergence and establishment of rice
seedlings seeded by this machine and examined how to improve the technology to expand the
machine’ s direct seeding cultivation area.

1. Draining flooded water after sowing rice seeds coated with calcium peroxide into puddled soil
caused the paddy surface soil to contract and the solid phase to increase with the decrease in soil
water (liquid phase). A change in soil structure resulted, and the air permeability of soil increased
due to the increased air phase. In the drained pots, coleoptiles and the first leaves (incomplete
leaves) of rice seedlings stopped elongating soon after seedling emergence, and the emergence and
growth of the second leaves immediately followed. Dry weights of the shoots and roots in drained
pots were greater than those in flooded pots. Under flooded conditions, the soil structure and air
permeability of the surface soil did not change, and the coleoptiles and the first leaves of seedlings
continued to elongate after seedling emergence, resulting in delayed growth of the second leaves.
These results suggested that increased air permeability in the surface soil after draining improved
the early growth of rice seedlings. Drainage of flooded water, therefore, helped stabilize the
emergence and establishment of seedlings in submerged direct seeding of rice.

2 . Draining flooded water after seeding rice seeds coated with calcium peroxide into puddled soil
changed the three-phase ratio of soil and soil structure in the surface soil proportionally with the
degree of puddling before seeding. In addition, the water-holding capacity (air permeability) of soil
in over-puddled pots was higher (lower) than in normally puddled pots. Seedling establishment
rates of rice seedlings at 14 days after seeding in over-puddled pots were lower than those in
normally puddled pots, especially when they were seeded deep and wheat straw was applied.
Furthermore, dry weights of shoots and roots of seedlings were affected by the degree of
puddling. These results suggested that normal puddling (not over-puddling) improved both
seedling emergence and establishment after flooded water was drained following seeding of rice,
especially when they were seeded deeply and wheat straw was applied.

3. Water content and soil structure varied somewhat with the speed of draining flooded water
after sowing rice seeds coated with calcium peroxide into puddled soil. Draining immediately after
seeding produced an air phase in the soil, due to increased air permeability. In contrast, no air
phase was found in the soil drained five days after seeding. Furthermore, in the pots drained
immediately after seeding, the number of days to the second leaf emergence decreased, and the
dry weights of shoots and roots of the seedlings increased, compared with the pots drained on the
fifth day after seeding. These results suggested that drainage immediately after seeding improved
the rates of emergence and establishment of submerged direct-seeded rice seedlings.

4 . Water content (oxygen diffusion rate) of puddled soil was higher (lower) in the plots puddled
twice with a paddy harrow than in the plots puddled only once. Water content and the oxygen
diffusion rate of puddled soil varied somewhat with the degree of drainage after sowing, even
within the same plot, due to irregular leveling there. The water content (oxygen diffusion rate)
of soil was lower (higher) in the well-drained part than in the poorly drained part. The number
of established rice seedlings per square meter in the twice-puddled plot was lower than that in the
once-puddled plot. The number of established rice seedlings per square meter was the lowest in
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the poorly drained part of the once-puddled plot, and seedling growth there was the worst. These
results suggested that, in rice seeding with a shooting hill-seeder followed by drainage, less
puddling (avoiding over-puddling) and proper draining with uniform leveling are necessary for
both stable seedling emergence and establishment.
5. In the pots (containers) of fertilizer shot, early growth of the aerial part and the subterranean
part was delayed more than early growth in pots (containers) of fertilizer incorporated into the
plowed layer. The soil with fertilizer shot had a higher ammonium nitrogen content than the soil
with fertilizer incorporated into the plowed layer. Seedling emergence and establishment
improved in the pots of fertilizer shot that had been drained of flooded water following seeding of
rice, and the early growth of the aerial part and the subterranean part was promoted, compared
with that in flooded pots. These results suggested that the delay of the early growth in fertilizer
shot with seed was reduced by drainage.
6. When flooded water was drained after sowing rice seeds coated with calcium peroxide into
puddled soil, the seedling emergence rate and early growth of the aerial part varied with the
speed of seedling emergence. The final emergence rate increased (decreased) by emergence at
an early stage (a late stage). The plant length, the leaf age, and the dry weight of vegetative parts
at 14 days after seeding were highly and positively correlated with the final emergence rate. The
seedling emergence rate was negatively correlated with the concentration of ammonium nitrogen
from the basal dressing. These results suggested that seedling emergence at an early stage and
elution control of ammonium nitrogen from the basal dressing improved the rates of emergence
and establishment of submerged direct-seeded rice seedlings.
7. These results will surely improve emergence and establishment of rice seedlings in the new
direct-seeding method using a shooting hill-seeder.
Key words: Ammonium nitrogen, Direct seeding in flooded paddy field, Drainage of flooded water,
Fertilizer application, Puddling, Rice, Seedling emergence, Seedling establishment.



