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1 5EFROERILUYD
BHFRIZEFDERBERIRFESSE R OB & &k
ERARRICIER LT, ~NTAT 14EIC 4~5 (BRI
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N, EHICB W EM LY FISE M CTREI ST\,

1993 4E1T1E 34 B ORBEBEETLEL, H RO
DOEHHHELTLESITENTNS S, —J7, RL oy
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JREETI—my /X, TAVINASREL R LT E, AR
WARFELTZRIE RIS, FEERITIIEMENLL,
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7o BUIETIE, WPELWEPEDO BESE BV AN FL SR
ZHFESNTND.

ROV IUEIILD ET DT I FRHIR ORI A
9% VA (Vesicle Arbuscule) HIRF ZH 72720, VA BHR
B 2MED ORI, LRI R 2T, Vg, ~
THRT L, $RgE DIRT VRIS % 7N LRI L THE

WIZEZ, DO E KR TEELIES 252005,

ROULYTIE, D VA BERENRWD, HIERORE
SYIEHEY B B OWR I BE &% OO RR B P E M 2 X0 pE
ESNT-ABIRICE > TRUL Y IRNIZERVIAENS.
72, TAVEHEY OARE DS HHES 7 A3 R D T
EOE IR A R REA R LT . HEEH AMAEY D 1 ST
»5D Pseudomonas fluorescens(Y 2—RKEF AT )LF L
TN, FULYUOREICHEL, T AL —
TUVTLREDOREHEMH T LB T a7+ T R EA
T5. oFurFTIEkEFL — 2 —0—FET#HE R LL
AT EER F > TCWD. £, T 74T, 8RO
BRWERRECIEELESND. AFRORVLV YU ERIT,
KILK HHER S WD, RV YT DAEE SRR 2 DT
WDIZ pH % 6.5~T.0 IZHBIET DLTAHNL . LIchioT,
AKIZEE T HE KRGS kD RR LR > T DT il B
BB I ONEHET V=T AR DI REEE Y, TR

TREESNTWDEEZLND. ZOIIITHRTL YT,

fAE & R DB ED SR THY, TOH 5 WU
ZOWTh it EY & R D FIREMEN D 2.

ROV YT OSBRI EICOWTIE, BFMGRED
WEZL > T DR TEDEEN, ZO720I2h, EE
BEOMSIPEE THL. KELEROBRP TSR
LYY, TEROMBIEE R IRE LR O
RE 1 LA RIGR RN L2356, REIORS A K%
FEL, EHSNIHBITHERHI I ¥ 20729,
TENLDEZMBEOBENICL-T, AR BIZFLTH
BEANIEBIREISENDRHLIELE 2 BND. T7hbb, It
B b0 ERMAGRZ B/ NI L, 18R Z 5B 2T i
Wi, EOK TR ESND.

3 BHMFARAICKLIRE

I, AR A =R F—DRARZHOL, £
TR ODE UG FBRELTRIE, HPERERED, £%
PEKIG IR DA TRA Y DL, ZhRA7ZFH 212
L, Btz D SHIEEFK S DIEERZ 58D TUOKZEDR
HENTWD. RELESRE TIXEEOBYL oM
ZHINCIESWIELT, BEURE k22—, JA 72

L OHEOL LITHENE 22 L DA D3RR ST TD.

T RCH R PFE R A UL ICHER O i A AR S h T
0, BrEEEEOBL RN D EICFEE SAHEIE N A ST
Wb ATIR, 4307, "= (%) 7e & DRIEM %2R
AL 5 AHERIE C/N FR3 20 Rilf: THY, T8ITHE
SN E, BAREROLID LEBAMICIVAEN
T, LIRS N D TR TIALRL LU THES,
JERFEL TORREIVE HEYEMEOWED R E LS
TS, AL, ZOJHREHRMVIABLBOHEEIZIB W
Th, BEMEAENH L QOIS BREL-AEY S
HEIEEE N ENDZENROO NI D992 $7n
5, C/N lO@EmWERMEM Zi A LIz%56 T, HH
IR DM IR EFR O BAIEE LB E BN RS
IR AUZ SRR E R S, R E RICL AT
KIBYENERESND. RETIHIEEE BRORME b, W35
EAED 1/6 128D RMICE RO LB HED A S
NTWD. 2O EE O ] LTI, MRS
i OFBENEEIZRDOONT. BEMR SIS
HEVR S R OZEECIE, £ BRSO A e
FNLVIEE, BFRPEK P OMERRE SR RIRE N @I
7z . FE T, ek R A S BT A RN
DIEVEFER AL TOE, ERLIARDNOEREE
FXBENCRHEN DL THIRICB T EIRE O
DERAESISRITIENMAIND. HBROERIT, -
BEDE 0D A 192 HE 25 58 DR W ~ D WL I i &Rl W R PN IZ )
WSl D [Efb & E DO BIRIZE > TR EINDHA, fH
Wy ~DOFEEE I 1L, & FHAE R THIE A FTRE T
5.

4 BERMAAICKIEDOERRIVFS

T, B A LI B RS 20 T, 1R
IZH D R LSS AR = 2T TiERl,
BRI A A B B Sk 0 B oy R A BERE B A
AL W DEDRTaN &N, YV RTICAEETDHAZ O
T RE I A DS, KB R ICAEAE T Dl
i7" R EIIHR D Tk oT 0. BFIERIARL B O
BAEMNT I BERIN L 0 a—F AT oRIZEITS
EHHARBROM R TIE, SbAva, B — MR RO
BIRDUNCEFFIH =D, AL AR EHX &0 A H fi F X
IZBW TR ol 8. hyEray ORI A Y A
K EODBALRRIEE K TEO &S, V7 by TlidA B i i
KOFGNEN DR ORENH T, £z, NbAva, v
—h, SV CHEWERA LGRS LTIZEZA, I
FHEBWIUED HEEP O E R RV LDl D
HAbEl2EINn -, Matsumoto b ®1%, =P bF oy
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Y AITEWT, Okamoto & 4L, AR, YILHATEBN
T C/N H=10 OFFEMNT 2O TRERAITV, (L7
FHX LR L O SRR R VD72 IREE TH - Th
EAFEBLOERBNEN LRI/ HELZ. =iH-
BTYL 520, - vh MR R 22 SR 721 TR O I B S I
LA ROV A NH DI E MG L. D, $ige
Bk A E 2 OIEM T LICB =T DL, MR
BLARNWEFI AW O RESINTZ. 70, VA BERE 3L
B 9 % ~F 4 F X a (Ribwort Plantain , Plantago
lanceolata)l X HHEF OAAE R RO LKy T &
DEJBEEARDPLBMATLIENHESNEZ 0. &b, -
BERORHREZE R IL B RTFEIEL T PN L0 § "N # 2 < Ff
STEY V5 N ONDOREY DOREL § N RN RE %<
EATWZ VZEinD VA EIREZ RSz LR o
HHEREEFR A MBENICRI A c&pzenmbaniz. 11
HOEFROK) 0% NHEEIEE R THH, HHHHFIH
TOEHRDOBIENEEE RO LI TULR R L
EWI T B AT KL F VDT,

FROEFNOHERTHE, BHEEERUNOEHEL
AT 2 et O SO BIFET DA REME DS RIR S U
Jo. LIeiioC, EMOEFZIEICRL CIXAHEERO
L ETOLERDD.

5 IRDBEM

i & miT iR L LT 2 e T B 7012, A
MR ZZE U L BRI E T AN ERSD. I T
AAFFETI, (DF B 5 S0k T ¢ R oA -
BEEROBENTYL LV YUOAE, BRWIULGE
FOBEICRIETREICOWTHAE TS, QxR
DS DEREL T BREER T SO A HiB%E#
(LAF, PEON) ICIEE B L, H# 0EE K P I L O T
TOMHE ELISA B2 W CEE W H o PEON £&, T
B PEON EEZ1T). Q)VEMEIEER LN, 1EHD
FIHCED LEROAEEEROFAEFIEIZ OV TR
BT LD BEIMEIEER K T5. (DFRTL YT RN
TEDWHRERERLZTMI 5. G)VBLGTEMETEDHFTL

VY REE T LT BRI R O 5 Rl A OB FEEAT U,
BYL YT DEFRRIFE R U7 M AR R T 5.

IhEb-o THEME M ZaTRE L HREHEZ IR R
THIEEAMELT.

$2E AMYERSTHETIZIETS
M&ITROLYIRIEDERE

EFROTEL B THLIRYL YT RIC, RAT
L BB PESNDA T A4 5 AHENE &2 FI W TR R o
HARBR ATV, ES oA B R E R OBRENR
LV DOEE, BRBINSISBEOMEICRIET
BIZOWTHA L.

1 MHEBLUVAE
(1) RBREYS- HEEMF

REBBUT, FTNOFE L%, fit 3m, ] 4m, TES 1m OFf
R 7Y — M T LT R B (T A A—5—) THE
MilL7-. T EEIL, 770 ERBR7 RICEL,
pH=5.6, 1tk LiC, &R 3.2%, £%FEF 0.2%BLOH
FaHEEE 1T 0.57 mg/kg ThoTo. REBRMNOREND
0~40 cm ETOBKFEELIT 2.9~4.0X 10 m/sec (20°C),
BFERIT 54~65% Th-ol-. T/ A—Z—D LT =)L
NI AEREL, FEEFHTHD 4 AHH 11 AFTE=L
AL 11 APDEED 3 A ETIRE =L %2R ELE.
(2) RBRX DR

1998 4FE735 2001 4F- D 4 AERIATVY, AR LY T a4FE M 2
~4 EEMT L7z ABFEIERHXICIE, EREMEL T, Vv
Fe% i, UESEIMAYCHREAL, fEFEFT B IC/EL
Tz AL IR O H I E TR OFE R I, 1
EB X, N % 9g/m?, P,O;% 13g/m?, K,O % 9g/m® Clii
L. 2 fEBIE, N & 7g/m? P,0, & Tg/m?, K,0 %
7g/m*> ThiflL7=. 3{EE X, N % 4g/m?, P,O; % 4g/m?
K,0 % 4g/m? CHEfEL7=. 4 TEE X MESEH & LT-.
HEIRX T, 1 fEE RO 2 BRRNTA 7 X485 A8
JEAAET 8 kg/m* ML, 2 VEH LARRIZ, MEfiHELTZ.
BTFRTEDTODEEEVELTHEAT A4 5A FED
HEESE A BE 4 kg/m? THLHD, BEELTHITHTES
DO EATITZ0, IEZhHE 50% O i I B 45 & L.
HWAEOR I, 4 BB O THERESIZVKS 66.7%,
pH (H,0)=8.6, C/N tt 23.7, 23 0.6%, U Bk 0.5%,
V0.9%, AJK0.7%, %1 0.2% Th-o7-. 4FEMOIEFT
BILOER&E2R IR T.
(3) gt mE

4 H~8 AREMIFIZIZT 7747, 9 A LIRRIERRICIT
T 8%
(4) FeAEAR=X

FAEE FE 1 100 #K/m? (BE[H 8cm X 42 12.5cm) &L,
=T —7 1 KERICEOREE AT o7 0 A K B
FEREANCIL 50mm/m* %, #4213 16 mm/m* ZAI Y
ZAF 2—7 & O TH — 1T T RIE A E VB A,
T E A KA —1TAT o7,
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1 ROLVYIEERBROMELHASESSURESE
R it JE A (g /m?) .
FEOEH BERER IEER (L2 EELX. o LWBR BT
=F U ) AR ELE =X Vg ) AR LR
1998 {IfE 7THTH  8H20H 9 13 9 7 0.4 52 40 66 63 26 TIT4T
ol 10460 11H24A 7 7 7 4 0.2 0 0 0 0 0 ThI%
1999 #1/E 5H16H 6H21H 9 13 9 7 0.4 45 40 71 61 21 TIT4T
HoE TH19H  9H2H 7 7 7 4 0.2 0 0 0 0 0 TIT47
EI3IE 9HIIH  11HI1A 4 4 4 2 0.1 0 0 0 0 0 ThrI%
2000 HIfE 6H12H  7TH19H 9 13 9 7 0.4 39 34 55 32 11 77547
HoE 8H24H  9A28H 7 7 7 4 0.2 0 0 0 0 0 7747
E3E 10A6H 117280 4 4 4 2 0.1 0 0 0 0 0 ThIv¥
2001 ZH{IfE 4H2TH  6A28H 9 13 9 7 0.4 46 43 85 63 20 TIUT47
#ofE 6H29H  8H1H 7 7 7 4 02 0 0 0 0 0 7747
%3 8AS8H  9H19H 4 4 4 2 0.1 0 0 0 0 0 7747
BAE 9H2TH 11H14H 0 0 0 0 0.0 0 0 0 0 0 T7hovx

(5) HEIOTEE

H EEEEHE, IHERRIZ Im? ENOFRT LY T2 FEL,
FRBRXCHIE 20 HRABIRL CGRENE LT A B A,
eI E Rt AL RN R E R AicE s L. -
BealEhg, BB 4 SRfHEE R RATED 5 pFBL—k
F—H—Z T 0~20 cm O AL BN 2cm
FTO TRV,

(6) HEtDLHrIE

RV YU EEOERRIEE, SEFEA R, B
WL AR IR R LT 1%, =2 7284 SOz 0B sy
RLCT V=T HEERLL, A= T I/ — (T T —
At AAT, LU, RBSGER) 2 W CoirLiz. R
CEDT VBT REROERIFIA R T =/ —VEICE DT
tERTH-TZ. ALY ORIEREZE #IT, L% ES
DNTHABTL, Yo T NVE (T RT AL, TFAY T VENR) I
5g FERL7-. ZOREHT, 16mL DR KZIMZ, R T
BEREL, KEIMZ THN2285 50mL I ER L. 2% No.2
DAETAIML, 10mL DA A= EEIZHY, 10,000rpm T 1
SHEOABELT, RiEEE. EETOMBA4 %
HPLC T L7z, MAREEER1T, M2 1 10g 12 10%H b
U7 100mL 202 C=RIRT 1 BRSO L=#, No.5B D5
AL, ARESITREIE L. A— T T4 —%H
WTHHTL, 7o BE=T BRI AN T =/ —/Vik, FEERRE
BRI DRIV LB T —F T F L F L VT IR
FNENHEERLEZ W,

IR ~OEFEMEL, TAA—F—HT ~EEBLL 72 &
HREZE R R, RERBELRG KT ORE LZEKENDH
U7, MR R IT, ARG A — T 74— AT
WL, TUoE=TRRERIIA N7/ — )ik, WEEERIT

e HRIT 2B IE—F T F N F LTI LD FNE
NEEAERLE. 2ERIT, BRE2NCI0RE - HEITW,
100ml IZEBL-REBE AN T2 ) — VIETERLT.

2 BRELUVER
() AUV YUINERONBE, REBLOERKNE

R2ATUHEREF OB E 27T . 4 FEROFEERBRE @
T, L, BEXBIOHERELI, FERCERICLVE T 0%
FHEZH2HO D, HELX TP IR X L0 EE DM A3
DO, BHERFO AT ITHEIL X THEA TV,

IRV YU DR, NHERFOERGHRLRIO=E
FWINEZRT. AES EOEBIH DL OO E, JiHEE
BLOEYEOFERBNAFIL, WINOERLHEIE XA
{LFAEEX 2 ERIDE A AFR O BV, LR o 22133
BREH A Y W) LOBHERR O AR AT 2000 4, 2001 4
W THIBR L 2o Te. ERE A 2IL,2000 FEBRVZZD
o> 3 AFERNTALEAE X TV ME I Ao 7. 2RI R
XHEIL R LRIERIS, BIAMAAEIEH D0 D OHERL K D )7
PMEFIEBHX LS <, 48 12 fEDOGFHTITHR 1.5 547>
. ZOREFITEREMTERA LS4 T, Ay vl
ERWIN R I ORI ENBEML, G O A2 R &
WETBINETOWRE VLt —FK L.

— B HE AR SE A I L B E N 2L, A E IR
BN AELAZENLN TS 2, L, KBk
TUFLBE DB LD FHAKGREL, THERE B D PR 72 221358
DONT (T —2EHE), HENEHERIZL S TS B2
ALY DOEE, IWRICKIETHBIIRERLO T
NSy itat it >3-V V) ol
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®2 EOVEDERARILIYIDEL EH FREICRIFTEE

L HER e
IR 1EH (cm) Ci'e) (cm)
(kL 7-WIE AT 7-WVIE {EZEAEL NG
1098 1 15.4 0.5 16.2 £ 0.4 136 “10a 204 *11b 57 01l a 62 +*0205b
2 16.5 = 0.4a" 21.3 0.6 b 11.1 = 0 11.9 £ 0 49 = 0.2 a 6.1 =02 b
199870 1) 16.0 18.8 12.4 16.2 5.3 6.2
1 184 £05a 214 05 b 128 £03a 141 £040b 6.1 L 02 6.2 £ 04
1999 2 207 £07a 179 09 b 239 =03 a 143 =03 b 48 =+ 0.3 45 + 0.2
3 157 £05a 244 £05b  10.0 + 1.0 9.6 =+ 1.3 40 +02 a 55 +0.1b
19997700 77 18.3 21.2 15.6 12.7 5.0 5.4
1 87 *03a 180 *050b 104 =05a 235 *10b 25 *02 a 67 *09 b
2000 2 105 £0.3 a 196 £05 b 120 £ 04 a 223 £19 b 2.6 = 0.1 a 6.1 =03 b
3 153 02 a 212 +03b  17.1 +04a 11.6 +020b 33 +0.1 a 40 =+ 0.1 b
200040 -1 11.5 19.9 13.2 19.1 2.8 5.6
1 241 =07 a 334 *120b 175 = 1.1 147 * 27 16 *02 19 *03
2001 2 119 £0.2 a 129 £02 b 11.2 =04 10.4 += 0.3 4.0 *=0.3 4.3 £0.1
3 124 +03 a 181 =05b 166 *0.9  17.6 + 1.0 38 *+0.1 a 53 *02 b
4 13.3 £02a 227 =06b 133 +0.3 127 +0.5 34 +0.1 a 64 +£02 b
200 LEED T4 15.4 21.8 14.7 13.9 1.0 5.2
1998~2001
B 15.2 20.7 14.1 15.2 4.1 5.5
2 LHE - FEHERR 7 (n=20)
V[AITEHE, FATCRRLIUFIL, HITICED 5% KETHEEDHY
£33 ELROERANKRILUYIDODRESLIUEERIZRIZTEE
IR EHREGHF EHRWINE"
=Y/ S (& 1 (g/m") (g/kg DW) (g/m")
(LA 7ZWJE (2L 7ZWJE (L 7ZWVIE
19984F 1 124 +6.2a° 157 =72 b 48.7 438 6.0 +0.3 a 69 *03b
2 102 +8.1a 147 +89 b 47.5 41.0 48 + 04 a 6.0 + 04 b
19984EAE} 296 304 = - 10.9 2.9
1 119 =49 a 191 *7.1 b 41.4 29.7 49 *0.2 a 57 *02b
1999 2 123 =46a 8 *52b 44.4 43.4 55 =02 a 35 *02b
3 50 +7.4 57 +8.2 49.6 42 8 2.5 + 0.4 2.4 *+ 0.4
19994E 551 293 329 - - 12.9 11.6
1 35 +18a 18 +860b 36.2 42.1 13 £01 a 80 *+040b
2000 2 56 +22a 273 +23b 41.9 416 24 +0.1 a 11.4 =10 b
3 122 + 0.6 121 +39 46.1 50.9 56 =+ 0.0 6.2 =+ 0.2
20004E 55T 213 584 = - 9.3 25.5
1 161 =75a 213 * 27 b 39.1 32.9 6.3 =+ 0.3 70 * 0.9
2001 2 48 +2.6 53 +2.1 38.7 30.0 1.9 * 0.1 1.6 =+ 0.1
3 95 +3.1a 177 £9.0b 44.9 385 43 +0.1 a 6.8 *04b
4 94 +392a4 318 * 17 b 43.0 35.9 40 +0.1 a 11.4 + 06 b
20014551 399 761 - - 16.5 26.8
AP 1131 1978 - - 49.6 76.9
oty Bk
G/ (B (g/m") (g/m”)
= 7R =] 2R
199845 1 1226 + 67 a 1504 = 69 b 1082 & 59 a 1338 & 66 b
2 888 4+ 98 a 1268 =119 b 799 + 92 a 1170 =+ 103 b
1998EEAET 5114 2772 1881 2508
1 1267 * 78 a 1843 = 96 b 1104 * 66 a 1546 T 84 b
1999 2 2016 + 82 a 1440 = 91 b 1908 + 77 a 1267 + 89 b
3 672 4 131 a 1133 =219 b 576 + 122 a 989 =+ 206 b
19994E &5t 3955 4416 3588 3802
1 324 T 26 a 1698 + 105 b 283 =+ 20 a 1522 =+ 100 b
2000 2 371 + 15 a 2231 +204b 341 + 14 a 2079 +192 b
3 835 4+ 5 a 1035 = 46 b 720 + 5 g 831 + 38 b
20004E 55T 1531 4965 1344 1439
1 1871 =+ 126 a 2461 *398 b 1769 =+ 119 2045 =+ 374
9001 2 651 &+ 38 a 812 =34 b 577 =+ 35 697 =+ 30
3 766 + 37 a 1548 + 116 b 694 + 33 a 1403 + 104 b
4 645 + 33 a 2184 =166 b 560 + 28 a 1896 =+ 146 b
2001 45t 3933 7006 3600 6040
RAOEre 11533 19158 10412 16782

T+ R (1-20)
VR, AT RADIF, AP 5% KIECH B bY
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HEIR R Dz FE i H&I3R LRI ERY, £EHENEHEZE
FELT 1 4EYTY 45g/m* THY, (LFEAEEIORH & THD
16~20g/m* Z0H KIEICZ V. —RIIEWITA IS £
DEBEBEHERI-FIHT 2O TIE7eL, EWIZLEHL
SNTEERZDZDORIREE 2 DIV TND. EDT, R
IZRWTHE, HEE D I b I = R BN LB ER D%
& EEST2ZEZE), HIBEXOFRTL VT DEFTBLIW
E RN EMEFPIEB R IS REN ST TRV EE
ZHNTz. LLRnRG, R LS BHEE ST A= TSN
TeRHR OIZLDE, HIEN LB LS DL HESNIER &
1, A 1RO 1998 4RIV T 4.8¢/m? THY, D%,
EFHINTAEMICHLHOOEA 4 42 H 0 2001 2B
Th 8.3g/m*> Thoiz. Zhbid, {bFEImEHC LYt H S5 i
Mg ZE S8 & 20g/ m? KD TRV ME CTh 7= (F4).

F7o, ERIGRB MO 2EHIC W TR TR
REE R BAME LI E, HEAE X O mBERE 2 & XL
BHRIZHATRD TEVMECTHRBL (K1 A), ToE=T1
ZEFILMALH X IR 22RO bR -7 (K1 B).
T =T RE A FR LAY EE R 2 R T AU D TRV ME T
HHIEDD, FERIINC L HE O M e EE E 213 ISR X

A THERREER
140
120
100 - - O 1eREs
] W 7=LME
80 -
60
40
20
0 (=2} 0
2|8
1998|1999 | 1999 | 1999| 2000 | 2000 | 2000| 2001 | 2001 | 2001 | 2001
SE14E | SR 24F 551 45| SR 24 | SR 34| 55 1 1F | BE 24F | 35 345 55 11 | 55 24 | SR 31F 5 44F

THEER (mg/kg)

TUEZ

PR LD BARVME THERB LT, LTcdo T, HEIEXIT
BT &, 2 FEWI R EFEIER R I L 72
DIE, HEAE SO % 7 O B L B OMEE IR O i &% 1
[Bl > 7= 2L DD TR EHEER ST,

R4 1 FRITHEASATDENMSE#IESIDS

EFRHTE

i e ﬂ:?” WAl 2 B
HE B X He B
(g/m”) (g/m%

1998 16.0 4.8

1999 20.0 6.6

2000 20.0 7.6

2001 20.0 8.3

21999 ELARRIL, AIAEE YR ITHE A L7272 IEOFE
B AHEE B DRI L L= HEESND
wEREHELANN AT

140

—_

N

o
T

O feZ2REs
M 7=LME

—_

o

o
T

o]
o
T

[=2]
o
T

Eay
o
T

N
o

o

M1 Bt tIROBREEZRSEOHEB (AMBEER, B7U0E-TEER)

SR S 24F | 55 145 SR 24 | SR 34F | 35 145 | 55 24 | 5B 34 | 5 1 1F (3 24 | 55 345 | 5B 44E
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(2) RV YU DIENEEREER
ALY P OMBRIEER G &I, —HOERZERNT,
HERE X DML AR X 0 AR D TIRV MEA R L 72 (£5) . &b1Z,
RYL YR ORERIT LD HHEEER ORI
BHXZ H A CHEIE X C I3 TR e o7z, BEES VipkE
MR S fi 922 L1 kY, TR LD AT LYo
RS BAME T 3222 ME L, ZTORRIC OV THREL
Bt 60 R &0 B Tofgfbas il s i, RoL Y oR
AR TET B =T N EERERIPRELL TIFELIRR,
T R=TRRERDPIANCSZBRINEN LT E LTz, AR
BRCITRRE 0@y, 4 FROFEEHIFZ@L T, HEIEX O T
B O REIR AR % 3RS B E IR X KD b e TIRVE T
HRBLTRY, ZOHRTL Yy ICEESNDHIEESE
FEEMEFIEBX IR o lob D LRSI, —F

THEPOT U E=T BERE EITMLEMICRERET
RO T2 (K1) ZED, {LFRAREHXIZ -~ THEE
KT, TP OEERERICEHDLIT E=TEBERD
HR DRI @< 7e o T2 ZEB FUK O — 2 LAt L
DL, KFHRESICRB VT, BHOMRERER LT T=T 1
EHFEDOHIRIN 2:8 THRTL YT Di I HELE R IN &1 %
BTHAZLIREN TN VZLnh, TUoE=TREZED
HEBEWGEA THo THRYL YU BMBERMICT E=T
REEREMINL 72135 2. EDOT-OARRERITI T,
AR X D2 R B FIER R E BRI DEE R L2
DONWTC, TP OREEEREBIUHEBEERLT VE=
THEEFZDOHRPOHEE T LIIRMR LD EEDS D%
Brau,

RS WEFKORILVYIPDOHBEZERRVEERSE

THEREER" 2ER THEEREE R /28 FH

e8] (g/kg DW) (g/kg DW) %)
{EZEREE F=LME o=t oy S =AY {EZEREEL f-U VAR
logg  BIE 159 £02a 24 £00 b 48.7 438 32.7 54
$2£ 54 +01a 72 +00 b 475 410 115 17.6
19984F 1Y 10.7 48 48.1 42.4 22.1 115
1999 ®1/E 150 £00 a 08 =00 b 414 29.7 36.2 26
F2{E 178 £01 a 10 £00 b 444 434 400 23
S34E 102 +00 a 126 +01 b 496 428 20.5 295
19994 14 14.3 48 45.1 38.6 32.3 11.4
2000 ®1/E 120 £02 a 31 =*=00 b 36.2 42.1 33.1 7.3
¥2£ 82 +01 a 58 £01 b 419 416 195 140
FEIME  — 7.2 0.0 461 50.9 14.1
20004F 14 10.1 5.4 414 44.9 26.3 11.8
2001 F1E 84 *01 a 17 *00 b 39.1 32.9 215 5.1
F2/E 160 *£00 a 18 +£01 b 38.7 30.0 413 6.0
¥34£ 57 01 a 07 £00 b 449 385 12.7 19
EAE 88 +01 a 02 +00 b 430 359 205 0.7
2001 £ 14 10.2 0.9 422 34.8 24.8 29
1998 ~2001 1.2 37 435 394 26.3 8.9

DT

7z P EARHERRGE (n=3)

y A, T CRARLILTE, DR 5% KUETHEZEDY

(3) WTANBHLIZERE

P23 KO BITHE FAR~ERL - B R =R B L U4
ERELRT. BEREEROBEMEIT, HEIE K5
KEDD7pipot, BEROFERED, HEILKAMEFAIEHX
F0Diehotz, U EDZLiph, R LSh EHEESh
DHENE X D MERE R 22 3813, (LEIERHX LD 72K, v, F
HERENZERIRINT.

TATV A= =%, a7V — MO TIiTE S 7 27T T
BY, ZOX IR, SERR 9 (1997 ) 1%, THEE
FEI LT 4FC, AT OARRE THM 9~14ke/10a EBELT=.
ZOFERME, UTIEBLL TWOELTH, {E2RIERHKIC A,
AW DL NHERIX T, TR 7 MR RE 22 FE ML IRk
KEODIpNZent, BERERERNER LWL, &
ZAZLV,
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500

400

300

200

BHREEE R (ke/ha)

100

90 107 —O— fLEAER —o— itfE

H9 H10 H11 H12 H13

M2 BEESICISEHEZRIBHE (ke/10a/4F)

500
467

400

300

200

28R =(e/hg)

100

—O—{LFHEH  —e—HfE

H9 H10 H11 H12 H13
M3 BEESICLLIEERBHRE (ke/10a/%F)

3 F&D

ARRBRNS, ALY YL, B EREREE R D
WIRBETHEREZWIL, £EB LR CEDRENNHDLLEN

I,

WA, TER ORI E R BHEE OO, BEEIEICR
DOMEORF M TONL— )7, HiHEN S EHREER D
LIS DWW THRFISINZ B, AR E RO ERESE
BST T DIFZEDHED HIL TN 5 KTl 0.1M CaCly,
0.5M K,SO, 72 & OEIRIKIC L AHHTE Y, BATIHAE D 2z
FoTIREINZ 1/15M k) BRR R HIE DS & LT
VW5, Matsumoto - Ae®13, ZRHO®WIKIZE> ThiHEns
HHEREZEHR D C/N b, 7/ T THEELL TRY,
AREHNITFEBRO A HIEE R P HI N TODO TIER N
NEHEZR L=, F7-, Matsumoto & ‘1%, HPEY L FRREETIK I
Lo THIHEND 5 RO A HERE SR 3, TIEOFRKEHI K
OB EHE O 0BT, /518 8,000~9,000 Dk

BB — 2R L CTEEL, WThOAEICEW TS
—EHIME R TCCOWEBHSSN, ATHEEHEORIRE
RDHTEERWA LTz, TARE, M)A ZALD 1 R o L RT O
AR REE KAWL - FI AL COBATREME 2 R3S 2 Thh
10, 65), 67, 72, 96) - g o Z 33T DA M 0O IR ZE FRIFUL HLIC 1
ok A B b R L SN IR B R O IR ES
ARV DTIFRONERRFINL LI oT-. ZNHORER
DI MBS S T I 2b D THDL, 1F
BT TV ARBRIC BN T, 4E- DB AR
%18 U C i v oo MERE AR 25 3R B I IHEAE X AM b ARk X IS
FEARTELSHER L COIcb b b3, HERK 02 FE R
ROMEFEIERHXZ LEDHZENRBOONT. Eo T HEEE
FTHIGEHE OIS E ST O, 4 FER O
BRTEAONLERIVIELL T, BIEMEIH D500
EZITO. Tp e h, AL EIRIET T = BR Y
TCHIBNERFROZ W LETHS. ERHYE ORI Thh
3, LI X CHER RN RSN T 23T ChD. Fiz,
TEPDERIT 0% PARBEERTHOLNTWDN, £
DOEFIIEIL L IERETHY, BRERBREIITIUIE
ZIRNEVIZEEIRLE O TEDOWE T, AU LYy
DRI AT BEZR ZE I RE (2D T, PEON (Phosphate— buffer
Extractable Oraganic Nitrogen, p30 Z) &% 2 bz 9D T,
ZHIZHOWT, FHLSHAZ T DL ERDD.

$3E PEON E=ZxZALVTEREKIV
EBE®RDD PEON DB

¥ 2 ETHRYL YYD ATREZR %5 R T REIL PEON Th
DREEMEICOWCE LT, 22C, LEP RS IO
WPERE R D PEON 2357 dIlcy = A2 T ay 7 4
7' k& BELISA {2 E-3\ 72 PEON E B iEE AW, Zo )i
EOMBEITR OB THD (4) . K LK HEN DRI
72 PEON ZAffi > Ty 47541 PEON HUARZAERR L=, K
PEON % SDS-PAGE L7-#%\ZBIRTAVZAZ T ayT 1V
TIEITHEERL, PEON Ry E A 7 L UATERE LTZ. —IRPLIK
1%, PEON IZ iM% A 3581 PEON Ig fitfkx Ay, A7
L'v @ PEON B —RFUEEFEA S IRNT, —IK
PURICHURM AR > HRP i ki E OGSz, L
T, SRR IS SN\ EY e v g F o7 — 8
(Horse radish perosidase, HRP) DEEZEIEMEIC ISR AK
JEEFIAL T, A7 B PEON iy 2R L=, RICH
PEON $Hif&% T, ELISA (Enzyme Linked Immuno Sorbent
Assay) I D%, EREEATo72. ELISA 7L —MNIRE R



ANAE - HEAEHREH SR TS

BRIV YT DEERPAL ML TR

RO 9

PEON @ 1mg/mL PBS #iKk (pH7.4) &2 —T 4> 7y 77—
(pH9.7) T 10, 20, 40, 80, 160, 320, 640, 1280, 2560 f& AR
LRG3 PEON W%, 24 0.1mL/D =32, 96 U=
Jb ELISA 7L —NZAEL, iR T—Bis Tl A ST,
WNT, Yo/ VINOIEIREETC, 7ryX 7R 3% 0.1mL/ v
LT OSTEL, BIRTIRHEFELZ. S5, Yo /LNOD
W E T, ARLUIZPT PEON —WHUR £/ I3t R o
Juik% 0.1mL/7 /L $O457EL, IR T 1.5 FEREFEL, X
IESHETe. BUSHE, TBS-T ZHWWC, UL % 3 a3 L7-14,
HRP £k L7z Ht7 ¥ 1gG HU4K (2,000 £5#47F0) %, 0.1mL/v
=L FOMEL, ERCIRMEEL, OGS, 7od, £
NENOHFURDFIRIZIE TBS-T #H\V =, ZD#%, TBS-T
TU /L% 3 [EVESL, FOGOBIIE TMB 34 0.1mL/v =
T ONELTHASYE, SHIZERED IN HERICTREE
EiksH, v~ /7L —RN—¥— (AR (F-TyR FRT
I — ) T 450nm OWSEEEAHIE 3 D&, PEON BITIGE
TESEDENELRDZED RSN (K5) . 207 ikE A
WC, AR RAWINT DRENI D DDHEB ZHNDHERTL
VEERL, MWEE T o PEON OE RBLO+HEEH 0
PEON DM EZAT 7.
1 1#59 + V/15MY) > EE#R1E& (ph7)
I D[SDS-PAGE]

thr *FH 5 Uy BONM
B @[western-blot]

I AT LIUADEE b AaH]
FILEBI AT TS T4 —

(Sephadex G-50) B R = R

— Rk
HEPEON - —RiALk:
a) HPEON™ H-Flghiik (K1Y O—F LK)
MW __3,000~8,000Da b) KEE DY FleGHiK (MR

 ZRAE : HRP—R Y FlegGhfk (R &)
BRHEE: ECL

K4 HIRALTAYToUY5 3KIZL%S PEON iR DHE

1.2 4

Absorbance (450 nm)

1.0 4
0.8 1
081 —e— ANLI-PEON IgG
--¢-- Non-immune IgG
0.4
0.2
B e S -% --------------------------- §

004 ; ; ; : _

0 0.1 02 0.3 0.4 0.5

PEON#AREEE (mg/ml)

X5 ELISA iZ#%FL f= PEON D&

1 ROLYIEERTD PEON HRin/E DR H
(D) #EBLOFE

ROL ORI T DXL TR L=, £5 F#ks
FAEDORTV Iy B S, K THSLZ. K
B OLAIIEO T T, F-HEEEOLAITXDE
Z B (HuimAD Ocm DO SY) TEASFNTTINTL, 80% =%/
—/LTCEI Q&S LT, =y XU RV T Fa—TZ, IN
IR L Ny ) — L TR LIRSS BARR AT, 2h
ZEOY OIIhHh ST, EEEO THEIZE, FAUAT 7R
EDBEH BB DNIT NIRANEHE, TENSOY T
NOIRANZEPNTE. 16~20 ReZICBUIERICE N8
WEERRIL, ¢045um OT74LZ—TEBLY T Ll
7-.

R 1.6mL 2B CIRMEL, ZALE 4D T IEITHE
STYTAL LT ay  NeATolz, EERR 1.5mL s LS
PBS 0.15mL (CEfRSECEMAL. vmAZ Ty balTo
TeRU LYo, OB, OHEIEHEH, @16k - HE
NERA i, L2 IERHE ), OB EEOL D% V-,
2%, tRPUAL L CIERET X O MIEN SRR LT 13G &
ANWTY =22 T ay b a{To7-.

2 HEBLOEBE

FERERGITRT. "M T 'Y — I —THY, "P Ik
I PEON THD (BPERHR) . L — 1 idukhsks ic kv, 11—
> 2, 3, AR IR, ZRENE LAYV YT
SEMULTZEE K Chore. IEIETIF 1gC HURTIE, W
TNOY TNV TSR RO o7- (L—r 2 BRU 4
DARS T HEIIC A DN DR EE N R 1L, HHElc il 2
R RN R THD) . ZHICH L THL PEON $ifk
X, TP L — OFE R PEON LG T 5 ERIRFIC, BHECHkEs
L7eARvL oy OB ERELGL, #30 PEON Fizik
PEON FRPURMRH Sz, L LRERSESh ARy Loy
T DOEE R ENTE LD T

LI EO#ERND, AL TlX PEON %7213 PEON £EpT
JR SRS WAV IAEAER T, A A - (b2 Ik i
(2B S HHERES TIE PEON %7213 PEON BRHURAMEY
HERICGEIET HIENHLNIToT-. AlG, HEYEE K
HH DL PEON BRIt -% PEON F7-1% PEON A:$LEIE
TEHEH OB D THHZENRBINTZ. LoT, LIS
PEDENHREYEE i T o PEON F£7-13 PEON #EHTFIC 5
RO OWTIRFTT 210, V=R Ty T 7k

TIE+43C7e<, ELISA 1245 PEON %7213 PEON £RBUF &
DB LB THHZEINHLINTIR 5Tz,
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M 1 2 3 4 P M 1 2 3 4 P

3

CEEF

S=3

- a y
- = -.'."

T Y= 1gGhik HLPEON Ighi fk

X6 BEHKEEEDRILUYIEERD
IR T Ak
M: oy Fa~—— ; LR
2: RS (b iRk
30 B (b2 EkE -+ HEAR)
4 TR (HEATSL)
P: }EHIPEON

2 ROLUYIBERFTD PEON HRiEDEE
(D EBLOFHE

FEBCHWTAT LT, OGS, OfbZ2ARE - HE
B 20 R A K, OILFAREL - HERE 4R S, @b AEEE-
HEIE 8t IREHEH, O FIEEHER, obox M-, R
YTEEREET 1, DICHELE. Bbhzhrr Yy
WG 1.5mL HRE L L 2 PBS 1.5mL TIAMESH, &btz
—T A TNy 77 —T5fEARRL, PEON & & ELISA 2D
T %, PEON 7213 PEON #RBUROEBEITo72. 728,
K& PEON ZAZ#E bl L U TR R A R L T-.
(2 BRBIUEBZR

FrE SRR AN B R ey N By ® s e S E OV NP0 v
WA OW YR A, FH PEON OB EAR(X IR AL, &Y
LY RIS G EN%S PEON AR &L L. $ak
WEELFIS, fERIERTR T,

x=(y+0.022)/0.0691 X5

X AR R O PEON TR & (ug/ml)
v 5 SRR T L AR D ELISA 2331 DB

AL T O PEON BEPUR BT, AR <1k
AR <AL HERR 20 <ALZEAERBHHEAR 40 <ALZZAERH
HEAR 8t, DIEE AR o7, KB ICBWT, FhrRR T
PEON 2R T AZ L1372\, —05C, Ak LR
VY EE R D BLISA IZBWT 0.1 FREOWSEER RS
03, FERIET Y XHURICLD PEON M H ELISA IZB W\ T
t, ABSO0.1 F2EE D W S EE 3 d > 722 &35, HT PEON Ig $i

ERBIERRAIZSIGELTZH D (PEON TR LS O h—
IS LIz D) B 2 b, B IC Wi, b
JEELO B O X LY, HREZJFHLIZK D)0, FuLey
VRO PEON BRPUSIIHIINL 72, X512, HEfEfH &
DI DIEE, ALY iEiE o PEON MR EIT
ot FEPICIIAEDIEIEO A B0, HiE
HIIZ PEON MFIEL TS, AL CHEEA HiiH 9%
Z&T, B PEON ARFURZMEINL, ALY oild-
TN S ATREMEAN RIS LTz, T ERRGEE T AI2iE, HE
JIESt X - 8D PEON ARPUREZIE 320480385,

0-3
05

[ 025 |
» : 0.2
% : g a 015 |
i . 01 |
[ | 005 -
Il Il Il G
2 15 1 0.5 0
log(FBRAis %)

‘07]@3# MESAEL & (LA EHHHE 2t WA AR E MRt L7 IR HEIE 8t

M7 BEHEFHEORILOYIBERD ELISA

y =0.0691x - 0.022

0.14 5
012 L R*=09752
0.1 |
® 0.08
0.06
0.04 F
0.02
0
0 0.5 1 1.5 2 2.5
log{PEO N(ug/ml)}
X8 #5%! PEON O ELISA 228
25
20
e
%10 -
[ca]
(=
5 L
0
PN it it it it
B = # = #
i i i e
+ + +
H H H
il il i
2 4 8
t t t

Ko BIEHEEZFHEDRILUYDEEKD
PEON iR D E =
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3 RILUYIRKIEMM TIE P D PEON £
(1) MEBLOFE

FRRICH W T3, O EHEH, @R 8t fi
A%V, 18P o PEON &, #1300 mglZ1/15
MU EEARET R 2 3 ml N C, S|IRC 1R RIEEO LIz,
YT 44 —(ADVANTEC Y, 0.45 pm)THilEL7-
A HTREr L 2, s R B A R BEE W THlEL
7.
(2) HEBLUEE

R OMBEREE R IO ERMBIEL TR Y
VTR HE RIS B 7oL, KBREBETHS
1998 HEDAEAT Al T 38 TITHEAR X &AL 7 AERHX TIZIE R
FRETho7end, A 4 4 M Lo o +3ETig,
L IEEHX CRERBIAATLO LD L, HERX TIE 1998
LD 130%H M7z (£6) . HEEAHA 58T 1
1> PEON REZESE EIFHINL-. FH 20, e BRs
TEAWCIUEREE IR CHH L AMEER &L
ELISA J£I2X% PEON &EDIZEWIEDBFZRBHHZ L
EWELR. $70bh, HEE 8t X9 PEON &I, L&
JEHE X0 PEON &X0b SN EERUT. A%
Jii AT, PEON RREIZAERESHNE, BEKEEBIZ
PEON 28t Tk ~ABLL7Z 228, 45 2 TIZB WAL
B BERENDIRVEE NS 2 3, £3), PEON 139
L 72 &138 212w, UL, HER X CTHIANL 7= 7T 4 g
ERVEBENITRTL YT OE BRI R KITT R
WZOWTE, RRBROEENDIIRHTH-7-. Milne
22 T EmAMR VO HEIE X 0D 28 FE RN E AN N3 B R o
WTHEZET DL, ARBROFERITRBICEALT —4
THY, RUL YRR AT RER E R TEREIZ OV T
Birp o MR RE IR TId e, BTG A ko T
325 5tk AR EFROBRELE D TIHITFELL
MEEZTOULERDD.

4 FL&H

A HR T PEON IS 25T PEON Hi{k % Fv /&
Z% PEON IF &N, B3R Tk LR B3, R+,
REARH L DX A7 \Zinbo b, 2EEF @ PEON &
ELISA %12X% PEON & & D Al gEMEA /R E 72 (K] 10).
T7bb, FEICKY, &K T O PEON &t
PEON 23 tH&niz. LL kXY, LY id PEON % H
R 5 AT REME S & WD EAVREN . Ll il
MEEBROFMEL CHISEE R LB E T 584, PEON
PIAMZH BRI HIE D, BENK Y FRIE ™, 7B UEE LSy
L 20 FBRERTE DOV ST, AR RS

e

DWW TI, YRIRE Ve AR R A5
ERSD. Fiz, PEON REESLTAI=ULLRFEAELTND
AHEBERTOHNIL, HEMEORHEEREZRINTS
RS HD. ZNHDOFAHEREE F )Y PEON LERLTERE
THHNEINVFERL, RIL Y IRF AR TELEHE
DO REEEEILTHUIENDD.

#6 LZIEHMRERUHERRXDO PEON BERE
(mg/kg)
1998 1EfF+alT 2001 1EAH#%
(b RERH X 97.8 90.9
HERE X 98.0 127.8

1.2 1 —h— KEEHRL 1 ek REEML 2
-t KREBEHRT 3 | _a- REEHRT 4
1.0 —a— FE 1 -0 FE 2
--o- KWRLE 1 —o— NUERLE 2

o
@
:

0.4 4

Absorbance (450 nm)
[=]
(=2

0 041 0.2 03 04 05
) UEfRE R THHEh - L IERRAE (Mmg/ml)

K10 3D TIEAATERLV=ELISA %IZ&D
K¥E4 PEON DB

FA4E LTRAICERLTVIERD
RES AR DIRES

B 3ETHAYL Y UIX PEON 2B W IF]H 327 6
PERFNZEDNRENT. UL, R E B OGSl TfF
B REZET 5% A, PEON AL AN TV
B RNIREOFANL FIEIZ DWW TR ETIMLERDD.
BE RS WL TN D % B NLIREE OFFA HIE1E, A
WML TR S, WH 1L, R EREE Ve
REEAIL TS, ZAUE, R 30°CC 4 EHIEE &L, ARkl
TR RE R B AW E T 5%, TAUTIIEG &R ITRER 2303
D, BUGTRIG LIZIE FIELIT O WA, BT,
Keeney and Bremner®Z 13U, ffi 2 O¥RHKIZ L DA
ERRES N 19203750,

INBALFER T IEDS S, Fl A P03 BRRE LIz o Bk
W HEE TSNS AR E R EWIL, 2o 7%
PEZRTWE CTH-o7 0. SHITRARS SV, FHGERIC
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OB ER OB AW AT U7 R, 7 BiEE D% L 53
0.4M LA FCIEZ O E IS THHEN D A HEIEE E N
BT 522 MR L. £z, 0.4M HREEL D BRER &K
THi SN D H BB S & OHEE 4y 828 8,000~9,000
FREE ThHAHZEEMERLI V. &5IZ, 1/15M Vo Mk ik
X TSN B E R &L, 0.2M FREIEIRICE
STHINENAAHEEFBITIFIZFLCTHY, 0.4M Fit
FEVSIRIE, ThEVZ WE IR R Al 3228 H3 8
SNCENT. —J7, FHH KB A S e
TiE, 0.2M B LR ER iR E TS o2 A e ZE R
SHATH L7220, Z ORI o FR AR B fh H vk LR RS 278
ofz B ZOZEND, 0.2M LL EORGEE LY BRE E K T
MHEINDEHE O LR COFTERREL R T 200 A
oD, Fio, Hx OB Tl ShD TP OERIE,
B NTERE EENITHER L TODE B AT DGR D
TRIFIISC THHEND LB 2D TWDR, LR o=
FBREDO N ONTIL, EHICFELRFIRIN TR
AY

FITAETHE, AREERNERIBRELEZRE L
MR E B OFEME L TR SN D20, Btz VW
BERIBREONBIEBEIToT-. ZOLE, XL\ UEWHE
LR CREFL CO D RTRRIE BB B I ER, T LI=
TATHHN B LR COEERERERD-OICE
BAL L ORESIREBICOVTHRF L. &512, Vo BERiE
B HE T, BRAA Y S —EILB T 572, Filig
DOREZEE 2 =B IR BT T,

1 BR¥E A
(D) #RBI I

O fEaktiE

R 8L, A FRIE ETEEFREBTORVL S
VONGALRGET e 2 E BRI+ ), S T IRER
ORIV 2 LR (Ta7 2 ERA7 ™), %
RSO KT L (Ter = FERAS 1 ),
BIOEHERKEORSHE MRS 0 5 HEE2H

®7 HHELRO—RHME

W (£7). T ar7=V BRRI -, BT er=8
BRIV +ENEN2MIEIZSOWTIE, MV A—TEICLD
AIAGHEY R D BAe D I AEIN, L7z,

ROV YA AT, 2003 £ 9 A 10~13 H, Fv
Loy o i 8, fE DRI L. KRE A,
2003 4£ 9 H 12 A, KRE O 115, 1E g o8
BU7z. #PFE 0%, 20034F9 A 12 A, MNZATEOE AR
FARF oAl h e R R AR B Y — N TIRE SR
TV B2 AL WPhho S EZLT 2mm O
fiCHERBIL 72

@ fhHHE

11 BROTRRITRLIZ. KETIE, ERLO LS
DEEBORE L 9 Ot otz & HHEARKE T
FEBREAT T,

TP OEROBRES LT DL T 7.

a KBEBER

3g ORI HFEHZ 30ml OKZENZ T 1 RERIRESL,
1043 HiE (10,000rpm, 5 43) Liz. 20 RiEHk & K EEREHD
HRELT-.

b EEEER

TR YA BERD IR 12 30ml O 10% AL A U7 L it & N
2T 1 KRR ES LB, 55043 B (10,000rpm, 5 43) L
7. 2O BiF R A AR R e LT,

c EHEABER (ERHH) Y

MRS R HH 7RI 30ml @ IM(5.7%) BEig &Nz C 1
KR ES LT, 5043 it (7,000rpm, 5 43) L7z, HliH
FEIEIZ 10ml OKEMZ, FTREELZIRY, 2 07BEL
7o BIEWIE, WEEAHD R IR, T2 E TR N
LT,

d SoftEAgEER1(VBEEREH) Y

EHE A O AR AR TS 30ml o 1/15M U Be i ik 4
Mz T 1 R ES LIz, 3043 B (7,000rpm, 5 57)
L7z, fhHZEIC 1oml OKEMNZ, Lz, 2o LiEK
%, VBRI SN 2, 22 & TaY - ReiR T
SRR Pl Bl

BRI

e o

pH ®xRFE £ZEFE C/N w[iaE) 1
(H,0) (%) (%) (mg/kg)

bkt AFRAEN FETev=EEBEAZLE 6.3 4.09  0.28 14.6 200
iy HFREET ETrrEEARZ T 6.0 676 0.50 135 2000
OEEE KRR OET Ty EREARZE 71 467 041 114 76
VIR A FRVERT TervoEERAZ 0 650 4530 043 105 2000

RE4H  HERRE

SR 1

6.9 092 0.07 13.1 156
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[ E Al (#H Ai% B
ii§3g
<— ZEE/K30mI -
HH R TRiE
< 10%KCl 30ml
HWHE®E BE
< IM(5.7%)EFEE 30ml
+7K 10ml1(Gk)
Wtk BEE
<" pH7.0 LB & 30m
+ K 10ml
W R BE
04M FEEE 30ml
+7K 10ml
MWK BEE

< IN NaOH 30mIx1[H]

1% 3g

727K 30m

MR BiE
<" 104KCl 30ml

WE®E EE
< 0.01M B &  30ml

Ei el %
0.1M FiE& 30ml

HWHER BEE
'f 0.2M FE& 30m|

W& KA
<— 04M EiEE  30ml

+ K 10ml + 7K 10ml

& %IiE

miE %R

11 ARBRTHELLZRMHE (ABLUBE)

e HoMMEABEBER 2FBMmL) "

S oy FEPER R 1 OFRIEIZ 30ml @ 0.4M fit &
Mz, 1 BIKEEOILZ0E, & 04 B (7,000rpm,
54y) Lz, FhHE® I 10ml DK EMZ, L.
ZOLIE®AE, 0.4M BRERH RSN 272, 2Bk
B EE 2 BV, Z2FE T4 0.4M Hi B2l A
LT,

I EEMEATHEBERCKELT N Y L) Y

5y by R BERE & SR 25 T 12 30ml @ IN KR b
FTMNUAREENMZ, —BHEEL, | RERIEELD, &=
D BEELZ, MRS 10ml OKZEM X, — B
L, LRERIIR &S, =0l L7z, B IE, INJK
B A RUD 2 R IR . 7R 2 10ml
KEMZ, 1 ReELS, mOOBELZ. 20 LK
Z, INKE{ My KIcnx, Z2ETEIN
KEEAL T RU Y Al H R LT,

@ s Hr 5k

TNEFNOMEEEZ0.45umD A T T T 4 NH —
(TR Ty 78I L. ZOWKEA LR —ViE
TTUvE=TEEHR, - VFIVLEL—FT7F L=
FL VT I 5 TRY B B % R LAY R B 2 R
ST EL, R TR REREON L. REEN
DEEMSREEFEL AL VW THBEEZRZ2H ML, £
7o, R 05y F EAERF T D720, 4 F EiHPLC
WZRD BT &AT o7, DR, 22 _UE B ERICR
Je &R T T2 L, 280nm i3 1D Wk S S A
ELZ. N EFNDOHPLCO S 41X, MatsumotobdD 5
B0 E W,

BRI % ORE I, REIE20b, Mm LT
WL R VTR B R AW E L.
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(2) BRBIVEE

AT, b Eh7z2EHE D 90% ~100% A
HEBEER Thol. 10% MBIV B IKRIZLS
<, SN2 F D 16%~55% Ml B
EEFR, 25%~53% BTV E=TRER, AT

52%~90%75§ﬁ%&%,‘*§%$f&>ot. 5 oy PRI B
e 1 CHiHESNT=2EFED 98~100% 1A 1w
FThote. 5oy R %ﬁ%‘é 2 CHINEn-2EH
D 99~100% WA EFE Th-o7. IN KER{L T
MY LABER CHIHSNTEEEFR D 13~66%017T

41%~94% NI HEE R CTho7/z. Hilig T & EoTHEER, 3T ~S8TU N EHEER TH-o-(F
NERERED 10%~8%RT v E=TREH, 8).
*8 MHEAEAICKIEEDHEERE

b bt EE A R oIEHE KB
ESEE S (mg/kg) 2830 4980 4250 4120 650
HZEFRE  (mg/ke) 1073 1661 1387 1346 175
T E A (%) 37.9 33.4 32.6 32.7 27.0
Tl H R (mg/kg) 2413 3101 3297 3336 525
EIINES 85% 62% 78% 81% 81%
IKIBREZR R MRE =R HEATE S 5 60.3 58.7 76.1 27.2 27.5
TUESTHERESE 1.0 1.1 0.8 0.8 1.0
R YR E S -0.2 0.6 1.3 3.9 0.4
EEHR 61.1 60.4 78.2 32.0 28.9
fERgRE / 2R 100% 99% 98% 88% 99%
MEREREZE SR *‘“‘“% H R REZE SR 8.0 7.0 8.0 3.5 2.0
TR T RS 9.0 4.3 5.7 5.4 2.7
Fi¥RE =5 1.1 1.3 2.5 12.9 0.4
REHR 18.1 12.7 16.3 21.8 5.1
fEpgRE / REER 94% 90% 85% 41% 92%

gzt ﬂﬁ*ﬁ&éﬁ“%’% HEATE S 5 - - - - -
TUESTHERESR 3.1 2.3 3.1 2.3 1.4
FHgre R 10.2 21.2 20.8 12.6 1.5
REEHR 13.3 23.5 23.9 14.9 2.9
MRgRE /2R 23% 10% 13% 15% 48%

U ImHERE 2= 3R HERRE SR - - - - -
TR B TR T HEE R 1.9 1.0 1.0 0.1 0.0
i FH¥RE =5 80.4 71.1 88.1 71.0 29.1
REEHR 82.3 72.1 89.1 71.1 29.1
fEpg e / REER 2% 1% 1% 0% 0%

Tl ﬂﬁ*ﬁ&éﬁ“*’% HEATE S 5 - - - - -
TR T HER S 0.3 0.6 0.7 0.8 0.0
FHhE R 134.1 139.9 96.4 205.8 35.4
EEHR 134.4 140.5 97.1 206.7 35.4
HEPSRE /e 0% 0% 1% 0% 0%

JKERIL AERE 2R H AR REZE SR - - - - -
F R L TR T HERSE 137.3 227.5 179.0 134.1 48.6
i FH¥RE =R 627.0 1124.5 903.8 865.1 25.4
RER 764.3 1352.0 1082.8 999.2 74.0
JEHERE / pEE R 18% 17% 17% 13% 66%
R PRER 1340 1440 1910 1990 350

12 124 il iR o o 4y F & D5y Ai & 4y 1 i
HPLC THM LI REZRT. FEOHEEIL, 1F
HE W) E (Gel filtration standard,Bio-rad Co.,Ltd.)
THONDRFFREF ORI o7 5 SOV —r L5 &
MOREMEERL, =205 T BEHEE L Y.
b T, FrECH LA R ERIT, 2 o
O =7 K13 ICEMHRToOLEERE
LE— R EDBRERT. R 280nm TR ST
2HEE BN ENA KBy ORERRELD

MicEm WHBEZRROOANIE, LTEORBEICEDLS
THBELTHEETIABEER THLLRM TXD.
Pe->T, FEIZE-THRiShiz 2 ov—2D55, 8
FEOE—ZIFFIITH YL, #E 5 7 513 4,000~
5,000 Th-7=( 13A). B aEEESR 1, 213,
JFY R —r» 1 KBOLI, #HEE 5T & 8,000
Thote. 2o 2 SO L, Wb HH#E T o
REXRBLE—EMEOMICEWHBENR OO,
VLR AR E O r°=0.91, 0.4M Hilig ® r?=0.73 T,
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WL 1% KETHE Tho72 (K 13 B, C). LA 9,000 BELUHEE 2 7 & 200 O 3 #HT O =733
Lo R, hshi-FHREEFEFOS T+ EIT o, Z0oh, bIKWE—JHBEE SO
4,000~5,000, 5 X, 8,000 THHEEZ ZHND. B D4y 7 &ix 8,000~9,000 LHEEL. Zok R
IN K E2 AL F RV 2l R P i, 4 - ff HPLC @ i, o EBEIC O W THLREEE O ThoT.

HEBRR A IChrmy FREHME D+ & 8,000~

A B
350

4.0 F 1N NaOH 8.713
= | 5
| 3.0 1M AcAcid 8.933 | 250
( 9.624
Vi 20 9.056 7
. 10% KCI 8.926
E B 150 0.4M H,SO, 8.867
V) 1.0 W) 1/15M PB 8.731
0.0 50
4 6 8 14 4 6 8 10 12 14
[RFRTD) [RFETSD)
M12 EFHHEBERDS FEF HPLC I2&Do0<RTSLAL AL E L)
A K VA TE ~FE R S =T o8 K
BV #% 1 K Bl ~ INJK 8 (b T R D A4 E T o8 iR
2 NOglE, 100mg/LASEE HVD DB O — 2
A BEER B VB E KL
350 1500
® soRBE—7 i *‘
300 — R2 = 0.913%
O 93naE—y |, . 1200
=0.77""
250 | %
S ¢ = 900
e 200 B
= Iz}
T 150 T 600 |
o @O U
100 ® FOITUE LS
0l o =] 300 B FO7IVE
0 L L L L 0
0.0 0.5 1.0 15 2.0 2.5 0.0 2.0 4.0 6.0 8.0
LEFRE(mg/ke) EERERMmy/ke)
C 0.4MFB:ERHH
3000
==
2500 - §|R2=O.73>§'
Y
~2000
>
g
*{?1500 F
Y1000
500 . Rreo=R H13 EHEERZHELE-EHMERD
. S E—/ERLLERBELOERK
0.0 5.0 10.0 15.0 20.0 25.0
2EHRE(mg/ke
K& 10%KCl BRIZRD KB EE R MR E R Th LT BT REEREXPILE.
LEMSREERME a2 Lz, ZOR, BElRHAKIZ BT, IBEO LRI TR LN -85, M

IR LD MR R R D BEAIE T 5720, MREE PR G UV D AR E R 2 H 3272012, IM B
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F % V2. BLEE, AR LA E 9~ 572012 IM FER
TrE=TABANBILTODD, ARBFZECTIIKIEMER A
HLRE D 73 AR T DB, fh e CERDOR ALY 1L
L7z, IM EEER & VM-, Zof ik <, M
OROOLN. IR B B, o BARs BTk,
EERBICKLTVE=TREZRDOEIEN 48% L% -
2. B ISV A — T IEIC KD AT AR RRY R (DL T,
Truog-P) B &\ 158 (£8) Ti, iitHEn 228 HZEN
Lol W EE, BARZ LIS, Gl
B LR T OEE BB D72 Eh 6, pHA.0 D
IM EEE CR G I RSNT-ZEND, TV E=THEER
BEMHEhieBE 265, 25% (0.42M) EEfRTH
Ny DR AR TS 5 RSSO, 20 IM FEiE T
HHLIZZERBFIEL, DL LEEALTOBEAMND
SRR E . 200, BRETLI=U A
DOFEGEIE R L 7, VVERET AI=0 LOKE G EIE R
S NEEZDLND Truog—P MNEWEETEEHRENL
HENDTREME D RIBS L.

UL BRAR N, BN 0.4M FRERIK Chh S /- AR
EHREIL, 4 EHERL 7 8 TIOR3 F2 2
HETRIEEBEMUTZ. LIZA> T, U BERETKE 0.4M Hifg
WS, 0.4M B FRIAIR 0O 757 73 A B RE 42 S 4 22 <hl Y
TELLDEERT. Fie, Bt AREEREE L
VBRI A W56, 4 DOBRARY T TIHIZER
EOEENMHE . RE BT, BR74+08 1/3
OEFZEMMHSNZ, —7F, 0.4M BifgE AW 4,
Pl = 7 B 0/ s T | ol e ne = Ry 3 e we = QI ESEAT
BoEHE/HBSNE. Ty HBR LTI, ©
IFHEOEFRENER HEOERRED 2 FZMHE
iz, RELETE, BR7Lo /4 &0EFEBHHsn
7.

5y Ffifi HPLC CTHitiEn-v —smfE g+ o4
ERBEOBMRIL, HFBILERTIE 8.6 3 HEDOEY—2/T
(£%=0.77%%) | U ERRRMATIR (r*=0.91%%) | 0.4M Bt ER 4%
7 (r’=0.73%%) C, ZNEH 1% /KHETH BB
bz (4 13).

2L, VU BRREETR TSNS TRy = VB B 1
BoOREFET, O 0INREL, EHRIBKRE LM
DA IEEENMRARB AR RDD. TrT o E R
R LOEBRZRROIILOENRKEVEAICONT, iF
T NI=T LORPGREHRL TODERDNLR, 4%
DORFBHETHD.

IR RIB & L 2 DR O PIEEEE RN L,
To AKERIE T D L LT 5B 2RI LT, A

GRS D 515 P B HIEIC A WS ZofER, IN
KEET B U U A THIH SN EROK 00T F
=TRRER, KO PAREERTHoTe. ZOT7UE
=T RREHRIT, HH ISR AR X o TERE O —E
DEHBELIZbDLEEZZOND. £z, oMKz
53 F-fili HPLC (2 & 2 43T D 3R, K413 ) o BRAR TR
RAMBIREF L 8 B — BR DN &
b, ZONTENLELLEEE L CIEPICFEEL
TWD AR RIE STz,

2 FRHML B
(1) MEBIUVIE

O Rt 5
FAE, 1, (1), QLD HHEZHRLT-.

@ HhHHE

BEHERE 2 FITBROT NI AL AL THY, T
JEREDS TN I, 8k, TAI=D LEFEA L TEARSPTR
EMEAEL TOBERES L 00, Iy L~ T Ry
T AH 0.0IM FiBR CHIH LB ICE SN0 D2E )
F72 0.01M Fifga AW e Fikd, 0.1M BiEEH» BB FEYIC
WilRIE g% FHSEHIS U CHIEIEZRE HZREABMLZ
W INESEBICUTRIEZREL (K 11), HHEEROM
HICEY B A A OB REIZ DV TREEL7Z.

a KIEREZEFOMHNIT, MH IR A, alcHELT.

b MEREREZEF oML, i FEER A, bICHELT-.

c S fRIEATBEREZEFR 1 (0.01M Fifk)

HE B BEl HH 78 12 30ml D 0.01M FREgA N2 T 1 BERE
EILT=Dh, E O HE(7,000rpm, 5 43) Liz. 20 LiEiR
Z 0.01M FRERfh I L LT,

d ShorfeteaisneaE 32 (0.1M Fifk)

5 o3 FRVER BB 25 38 1 IR 30ml @ 0.1M Fiitfig %
Mz T 1 MBS LI=0b, @048 (7,000rpm, 5 47)
Lz, 2o B34 0.1M Fifgehh Hik L L7-.

e BorfREATHEREZE R 3(0.2M HiER)

5 oy FRVER BERE 22 55 2 #8312 30ml 0 0.2M A g % C
1 BrRRES LIz h, 3045 BE (7,000rpm, 5 43) L7z, Z
O EiERE 0.2M ik iR e L7z,

{ Byt A2 58 4(0.4M FilE)

Doy IR PE R R RE 2 32 3 JRIIC 30ml D 0.4M A& 0
Z T LREEIRED LTz B, 12047 BfE (7,000rpm, 5 43) L7z,
ZO FIERE 0.4M BRI HRE L.

g ShorfRtEATHERE % 5 5(0.5M i)

Doy IR PE R B2 32 4 FRIEIC 30ml @ 0.5M Al 0
Z T 1LREEIRED LIz B, 12047 BfE (7,000rpm, 5 43) L7z,
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O FiEik A 0.5M Fighh ke L.

® itk

FAVE IV OHH iR D Rk

T BT

4 ', 1, (1), QITHECT. IR D& B A A ORI,
JERELHEAL QWD ES Db TVWETIILI=U A, $i1% ICP
ok e L.
(2) BRBLUOEBE

KA, 10%E YT 2EIR TSN e 2RO
R, MIHSEER A LB TH-o7. 0.01M fEEB LIV
0.5M FRERIC LD TIE, &ZEFRD 100% N FHEEESR
Tholz. 0.1IM~0.2M FiFEIZ LA H T, lEhie
SRFEOIL, BARZ LT 1%AK0, W 18T 5.3

~8%NT BT RREFZ THY, 90~99% A 1
Thotz. 0.4M BifglcLohhH <, shians-

=

il

L o
EER

BEHR

DL, BRI LT 1%, B HET2%R T E=T
=R, 98~99% NHIMIEEF Th-o7-(FK9).

z9 MHEBIZKPERDFEREE

KELEDSOTET 1/16M Vo BB E i T s
TR I 0.2M Bifg THIH SN E RO B3 L o7z,
Zhud, B B CHIHE L QO EICER M s8R\l H
WERWZ-0, LENLDOEEREHIHEN-EE 2
BND. —RICERI LI T A I=r AN EL G EN5 T
THDOHN, ET T2 BRI 4T pH 2N 5 LT T, ke
TNI=Y AN EERBA BEBRL TS, —JF, Tar
= VE AT LIXpHE L ETHY, ERECIEEOENT L
R=UAFIET e =B BRI X0 T Fibh,
TAI=Y MEERT o7 2 B EBR7 LIVERWIETRY
VBRI T, BRELOVIIAEEERLEALT
WAT LI LEDFERIE, 772 B BRI +OF
MEDFEL IR ESND. LI ->TC, [—HiH
O T Tl 2 ERRIIET 7V EBRS 110,
Turz G BRI £ TCELIe Dl TREIND.

b b8 ¥ LB R B oOF s KE L
EHEHK (mg /kg) 2830 4980 4250 4120 650
E Rk & (mg /kg) 896 863 937 2066 180
fh i E A (%) 31.7 17.3 22.1 50.1 27.7
e & (mg /kg) 2831 4912 4456 4190 567
=] I 100% 99% 105% 102% 87%
KV HEE F Mk =5 i e RE% R 60.3 58.7 76.1 27.2 27.5
TR THEE # 1.0 1.1 0.8 0.8 1.0
A HNe =57 -0.2 0.6 1.3 3.9 0.4
2EFR 61.1 60.4 78.2 32.0 28.9
MEERE /2 EFR 100% 99% 98% 88% 99%
MpgREE R oMk =5 i ik a2 & 8.0 7.0 8.0 3.5 2.0
TR THEE # 9.0 4.3 5.7 5.4 2.7
e =5 1.1 1.3 2.5 12.9 0.4
pEFR 18.1 12.7 16.3 21.8 5.1
Mg /=R 94% 90% 85% 41% 92%
0.01M MHgRE =R i i B2 3R - - - - -
Tift B8 TUE=THERE # - - - - -
e =5 21.9 24.9 24.8 13.5 11.6
R 21.9 24.9 24.8 13.5 11.6
MpgRE /=R 0.0% 0.0% 0.0% 0.0% 0.0%
0.1M MgE =R i e e R - - - - -
it B TR THEE # 1.6 4.3 4.3 2.1 1.6
e =5 111.0 156.9 122.6 107.2 28.4
PR 112.6 161.2 126.8 109.3 30.0
e /=R 1.4% 2.6% 3. 4% 1.9% 5.3%
0.2M MHgRE =R i i B2 & - - - - -
i TUE=TREE R 2.1 3.2 4.3 4.3 2.1
e =5 269.1 306.8 307.8 499.5 24.5
LER 271.2 310.0 312.0 503.8 26.7
ERgRE /A ER 0.8% 1.0% 1.4% 0.8% 8.0%
0.4M MgE =R i e e %= R - - - - -
fift & TR TR # 2.1 2.7 4.8 5.9 1.6
A Hhe =55 408.8 291.0 374.2 1379.4 76.1
A HEHK 411.0 293.7 379.0 1385.2 77.7
ERgRE /A ER 0.5% 0.9% 1.3% 0.4% 2.1%
0.5M MR RE 2R fild B RE %2 & - - - - -
Tift B8 TUE=THERE # - - - - -
e =5 47.5 28.6 91.0 82.8 66.2
EER 47.5 28.6 91.0 82.8 66.2
mHETE /A EE R 0.0% 0.0% 0.0% 0.0% 0.0%
ik i 1935.4 4049.3 3518.9 2124.3 386.9
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4T RS B TS - AR RE 2= = L8k
BLOTNAI=ZULABERT. DV TLETT RUT A
I, AHEREEFE MMM ELBEARN R LN 0
b, T—HEEM L. TRTOLET 0.1M FEID
0.2M BRERICONT CHBEEBER RO MELHIZT I
SULENEINUT. — FEEIE, 0.1M BitEEE 0.4M Bt
B CHEH E ML, 0.2M il L 0.5M Hi e It

1000 12000
900 - Jt £ P20mg
(FE7BO E) .
. 800 | 10000 %
<700 | 8000 2
£ 600 i
Wlﬂ’!l 500 6000 T
& 400 Iy
# 300 4000 P
200 2000 "
100
0 0
& & & & & &
T = & & B & &
o = = = = =
- — ~— N < Te]
g 5 © o o
P it
1(9)33 =EF P200mg 12000
| (EF7OTIVE) |
800 I 10000 _
2 700 | { 8000 2
£ 600 N
I 500 1 6000 &
% 400 a
# 300 4 4000 LE
200 { 2000 "
100
0 = 9
¢ & & & & &
T = B & & & B
o = = = = =
- - — N < o
8 o o o o
p= %
1000 12000
900 I BE(REBEEHLT)
2700 || —m-A 1 8000 B
£600 [ | ——Fe b
18 500 |- -| 6000 ?
h L il
24 400 1
#2300 | 1 4000 2
200 1{ 2000
100 |
0 0
¢ & & & & &
T = B &£ £ & £
= = = = = =
- - — N < 3]
8 o o o o
S %

B LIz, SE B (T ey =B RARY -, /s
RV FE & & T6mg/kg) I, fho LB IZE~, T A=y
LENERREEF T 0.2M B FE Tl &2 — D Lz
2%, i H Rt B R0 2 o7, SRR, 0.4M BREED
5 0.5M it TL | S/, Jb b, PEAR, =B -
Bl RATE D VA o T, ey
VB OWENEE ICE N, Thebh, TRy,

1500 30000
N BES P16mg —
1200 = (7RI 8) 1 25000 5
1 20000 @
PE
4 15000 {&
4n
=
xﬁ 1 10000
X
n
4 5000
\I:I 0
Q ° ¥ & &® & H
I £ 8 8B B B 8
o = = = = =
- by - N < 0
8 =} o o o
P 7%
1822 48 P200ms 12000
| (FaoI>8H) i
800 |- 10000
) | X
S 00 | 8000
£ 600 b
500 4 6000 1T
& 400 a
# 300 4 4000 n
i
fgg 1 2000 "
; [] ml,
L o & & & & &
I F & & B & &
2 2 2 3z 2z 2
S © © S S mmms
o

K14 FRMHE B THHIh-HHEE
EREHBBLUTILEZOLE
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BB THY, Tu7 = NBT I ANEREL ML, A EIORE R0 D, HERSh=gk, 7=
RTWHEEZHL TS, LER-ST, BEOH R UAEBRBLIENTEZOND LEPEEET VAKX
Lo THZLDOTAI=ZY ARHINEINDEE 2 BN, 15 (2R LT,

VB OREARNELL, AR BREN LN T e =
EEARI LOWR BT, EEHELLT W T A= 4
T TIVCEERALTRY, JVBEFEAaL TRy
WEELST W T A=y AE D70, LRS- T, Vg
MR OLnNTa7 2 B BAR7 XD, @O E O
BIZE-T, 7AI=valiEnsEE 2605, —
i, VA ZEO W, oo T7Tuer = ERY
TCIE, Vo m i A R OLWIEAR BEEEER LT, XV SHON ll’Ec
HMNBEOHBE CELOTAI=T ANEMEND. e

D3 THE, 21 B THY, TR R TRE
LTHY, 0.2M B TTAI=U ALAHMIER RO S
WADBEFEH IO TELHEBZ 260D, —F, 81T,

0.1M FilEL 0.4M Rt T < SN, LHL, 0.1M ki |

W TIE, TAI=U LG BB L LD ot ®15 fHHiEA BADEZSNS PEON DF M E

0.4M il TIE, TAI=7 AICH N, $E0H &3 %)
ST, ZIT, 0.1M it & 0.4M HiEEIC K0 Hh H Sl
SIHOEFE 1 5T UVOTAI=T L, SOFIELETH

Np=lz A 0.IM R TTIRERIMIC, TAI=TADLE 3 F&H

TEHAEL, 0.4M FRER CTIXEkDIEE LSS 2o 72 (F
10). ZOZ&iE, HONRBETOTAI=YAEIRE STl
BEsHy, 851F 0.4M O FE TS D RWEE S 2R
TEERLTWD., ZhUE, BHEDR Iy ThDH 7 IVREE L
DEERDLEEN, §E>TNI=TL>H LT ADE
THHIE WERUAE R LT ZORKIEZEHRLT L
AW LOBRICOWTIIRKERHY, Zhb 4 %O

B HIE A TiE, K, 10%KCL ([2XAHH LD
FAETIL, 131F PEON BL U PEON £k BERE = A
=417z, PEON 1%, HIEanA/NHOgRLT AI=y
LEAEG U CLL B B oy it & 720, (L 2 R O TR
ELTIFIEL TNDEE X BNTWD %9 JE % 53 fif LT
EHgfe B 4% IN KBRIL T N Y LEHE TES
N-AHEESROS T &S 8,000~9,000 D —7 T

R10 HHSNEERIDFURLYVEBELTVDEEAONATILIZ VLB IUHOFAEL

T bbb Ry PR o KH
TR = b/ 283k 0.0 0.0 0.1 0.0 0.0
10%HAL AV 2.6 3.9 2.8 2.2 40.0
0.01M i 14.6 1.8 0.4 0.9 38.8
0. IMAf % 53.0 25.0 35.9 208.0 46.3
0.2MHi i 29.2 25.5 24.4 21.6 90.1
0.4AMAf 2 11.7 5.8 8.5 12.4 15.5
/=R K 0.0 0.0 0.1 0.0 0.0
10%th AL A7) 0.0 0.0 0.0 0.0 0.1
0.0 1Mz 0.1 0.0 0.0 0.0 0.6
0. IMAf 2 31.2 14.1 29.0 25.3 56.4
0. 2MHAfi % 3.5 2.0 1.9 0.4 52.9

0. 4Mifiti 1% 13.6 7.4 15.0 6.8 23.1
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SIS MRER Sy Thoto., HEOAKEEFITE
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y=117.1x+5.38 ®

50 R? = 0.84™%

40
30
20

y=542x+24

10 + R®=047

0
0 0.1 0.2 0.3 0.4 0.5
St (280nm)

K18 04 MBIV VEEGATHELT:
BEDEEZRELZTORINE (280 nm)

NI, 1% KETHEERT
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— 7, VBB E M IHE T, R o= %
e 280 nm DL EE L DRI B FE D HILTZA,
0.4 MAitEE DZ LB I, i Sh 2 E = R &
OFFAD 0.4 M Fi g HE LR EN CThorz. HE
O RARs L, BB L EHERA -, KA
Xt +, WA L THREORFZITV, B8 2 EEE
BAR7 L TIHIEWELF O HEEE R ENFE — OR
J TR BIEE LML, RAD SR LT
RTCO LV BEREEIREOMIC 0.1%KHETHE
TR B BAR AR DT, UV BAR R XV 0.4 M fi
e D BNE VAR b Lz, S 1
13774 L CHRBEDKRF ATV, IBIKE O &V 158
TIX 0.5 M FRER I HIVE DS L CWD 2R . Zh
LOHRERFROMREZETNIL, BRI/ +52E
WETHEFIRORTL YUK IZB W T, 0.4 M
Bt B b HH R I LD % R ABIRE OHEE X, ERLIKE
NEVIEHFIFA O LHICH, M TEXHZENH LN
oS-, mTFRTEHEEHD 8 BINRERI/ L THDHIL
b, BAZ L THAMENELS, H5 T, Lrbild
THEORF LA EOFMEL ROENTND. 5 5
BZBWT, RUL YU~ fgb S o s E R H kY
> T A TR e T 4y R0 SIS EER M 0> 0.4 M B R
i H 3 10h R S EERBDI-ZLnD, KRBT,
ALY LRI R E R OHEE L
LTOo4MEEEMEELZRMALZ. Z0Z8nb, 0.4M
Bt 1 C b (Y S A7 TRV IR 0> 100 5 A7 BUR 0 R Y BE
%, 0.AM i CHIHH SN L IEE RO 2 EF R OM
SRR (M 18) ITIAL, TEAMEE R ERLH

WL, BRI FioRd.
Y=117.1x+5.38
x:0.4M Hilg CTHi Sz BB O 100 1% 7 R
DY S B (280nm)
y:0.4M B CHiH SNz L HIR IR O 2 E FH T &

2 ROLVYIDEZRRIRE L 0.4M FEEIZKD
BHEERELOBE R

ROV TREM 3 ERGE L CWABIMERE TE
OB A B U, £, FAR OB 2 1 N Fl
WobEM LUz, ML K 2% T, AL yvlc
LB A [ 28 3B W X B & 0.4M R e THh L7 8BS BT o
TERAEEEREANE L.
(1) B BIUCHE

2003~2004 FF £ T, "YUV YTEER 3 EHREEL
TWOHBLHIE R TR RBABIE L. £/, RO
i EZFTNTHIT 072, & B OMERM T o -8 &1
ZFE 13 IR T. 20— E OB BB T, IR
B 2AT N, RO LY DI LD % 3 I & LR
RTO TP ORHRESE R EL Filk oWk EEUY)
WX THIE L (Vo BE AR B R A HIE B IO 0.4 M
WRER R HI¥E) . 8 »ET DS AT LR 4 13 ke %
F# 11~147mg/kg, AT HEY - E 198~3014mg/kg, 22
#aitt ) 356~1416mg/kg Th-oT=. — K2R
VO R IX%E S 160g/m?, Vg 80g/m?, &
U 600g/m®> THY, 2 FHD 1 #EE (B BEH) OHY
PAMIARTL YU RAEE T DDV, BYHR
FhollBEZLND.

R13 HEAREToCFESORELHBEIMNOLIEDILF M

0.4 ME: B3

i'%z i.%Fﬁ_ 71‘;]“1;‘;;") :tiii—ﬂ “j’ﬁ;ff;f ;ﬁg 1?1#[)%3]@%@% 1’51‘}'@;}?}(?@&
(mg/kg) (mg/kg)  (P0smg/kg) (KO me/ke)
A = 6 EFOIIVEEKRSE 370 35 2,157 646
& BT 7 EFOTIVERKRSE 380 22 2,656 717
J\ % EH . R
B iy 1 OOV ESRIE 430 1 389 356
c gﬁﬁ;g 10 FOJIVEERSE 440 20 414 790
it £ 7 EFOTIVERRSE 520 63 222 928
D i £ 6 EFOTIVEEKRSE 540 65 108 1,175
E gﬁﬁﬁ? 8 FOJr EBHRIE 570 104 3,014 1,416
F gﬁﬁﬁ? 7 FOJIvEERSE 620 147 2.924 1,175

ETNT 7Sy bR OWTZIE 1%, TR 3 & T LTl



ANEE o HERRME A S TSR AR T L LT 5 SRR L AT A B 2R 3R O R 27

O B E S
ABRE ST T D450, T7bbEE T (REHE
S, 77 2B BAR L), b B (BT, FETRT
cVEEBEARIL), NEEHER S (REBE, 7
EPENE T YWEARNUN BN CE AN
Tu7 o ERART ) ONTRAFRE LB TIT o (F
13).
@ a0 R
AoV FRE, & EMORHELE SR A AW *
DHFHMER 14125737, T72bb, 3~5 A BTz

F14 HEARICAWRIL YD REERERA

WOBW T IT4T7 BILR A—b—T",6~8 A
HWHZ T T, MM AES CABIREEOR W
VORBLION Y T4 R THD.

@ HE OB LV

F2E, 1, G)IBIROIHETT.

@ tHETOFKREERE

Ho6 =, 1, (1), OQITHETHEEEUWVIZE->THI
ELICRHEOMALE 6 8, | THRLAERRICR
ALTHHL.

Eibd ST EiEFEE F14E F2UE FEHE
BiEH IR SiE BiER MR SiE BiEE IR 2
A =T 2004 3A30H 5878 4—/n+—7 b5H248 6A28H #Hv34X 7858 8g11l 79747
= 2003 4868 5814 4—/n+—7 b5A24H 6B18H H 34X 7818 TH30B 79747
B /\IP%EFEI;T 2004 3208 5A13B 7YV T47 6A5H 7A6H TR 7A188 8H31R HY34X
AR
C NPEZEE 2003 587 6B12B 745+ 7J 1A16B 8HA19A HrS54X 8H22B 9AI18H Hr54X
HIRTEE
JtEm 2003 48268 b5R24B 74747 6A28 1878 74 F7«7 T1HA2H 88H20B 74747
D dEHh 2004 48248 5B27B 7495747 6A5H 7888 7475747 8A1H 986H F7UF47
E %EE? 2004 3A30B 5H6H HrS54X 6H25H 1H2IB H# 54X 9B10B 10A13H H#rS54X
F {E\EEE 2003 48208 5A22B F4T«7 6H20B 1H2B Hr54X 8A1IA 9H16B Hr54X

ETNT 7 Ry ROV B Y 1T, FEBR 3 A5 E LM%

(2) BWEREBLIUELE
19 IZBih L 523 6 H T LOFT NS 2 7T, &

RSB FEHEE B 500mg/kg LA RICARBLERITH L7200,

SHIZHIY F DB 2

RBOHbNT. Tbb, ZILHDH

DT 8 #HT DG CIThN IR L YU DEFER
B (R 3 fEoAFHE) &, SRR R Lo
0.4 M B R VAR K 20l HY IR O WO BE (280nm) I K D
AR ER REOBGRE R T, RAE RS2 TIEm#E I
AELRMBEIEEROLNR-T2H00, 0.4M Fifgihh A
BEREZEHEHE T HOBMILY, RUL Y OREEWIE
LT 2EAAROENE. — 7, bEWAEESE
F# i (620mg/kg) THo72 F BIFICBWT, RAUL Yoo
ERWIN RIS THEAPEOONI LD, FUL
YT DEFWILITIITS 0.4 M Hilifh Ak e 22 FHE
TE B OB e E AR T BT, BHEWINREHR
LR RER 19B IRLT2. RYL YT ORI &
(gN/ ) ZFKER100 0.4M BRFRIh A FERE 28 Sk B

(gN/kg BANZICHAERD) CTRRUZ A 2RI SR 5 L L
78, 0.4M Bt fib HH A B RE 22 R HEE B OB I -
T, BRBIBDFRAEITMT 2000, 0.4M FiEEH L

UL, THED 0.4M BiEEEf A BB s B4 E &) —
FA B X 7o a1iE, BT LbFRUL YT ORI &
EENMSELLOTIEARWILERBL TS ES 2 LN
5.

— MR, BEEIRE DR EE BREL THEIR R E OF
W nshe HE 503, £ 0 IEAETHHE TITRW. HEIED
WAENE K- T, AIAGREY Ve, RHBLMEN V7R E D5y
DERESND 9. ABFFRICEW T, R LZHE T,
0.4M Bit Fifi A B B 28 SR 4 A i WO G 2 & 2 Ha
HVEBLEVEEZRLTOZ (3 13 LD, Y=3.64X+831,
r?=0.68*, Y: 22tk VG B, X:0.4M R A e %
B). &aoig, R Eohcb i sn- A e
DicbEWF B IO NICHK E B35 T, i T
S RO AR W & R BAE DY BEESN TV, T

b, FEBICBWN TR LYY TOERRINER S
N & RWIhELE A LT ERD—>L LT,

S
=
B
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HEE oI K 2 WEEBIC LY, AvL Yook
ARSI SN AL B xS, —J, TRET
WNEBES DX, AU LY UAFICITEEEE SR
DAFERTZT TR, oA ERz B8
BEYVENHDHZ EERL, 0. AMFER CHiH S p %%
bRV DIRIHENAZ LB R L TE. U E
D &G, BHED 0. AM B ERR HIE O SRR O %
BIEST 2 HEE, ALy Y wHERck 5 s
HEEB LR YL Y DORINERELZHET D5
BEo12L LTHRBTHDIEEZOND. 2720, HE
AEDERNZ L - TAE L ZHBEERIC L2 AEFEMH b5
EBIZANTZORAEZ BT O2LENS D Z L BNTRE
Shie.

25 7

20 A

e o (X

=

K} [ )

W 1o ()

=

=

# 10 1

i ®

= Y = 0.025X + 4.17

(- 2 =0.32

0 : : : .
300 400 500 600 700
0.4 M BB A AR E R E 2 (mgN/kg)
50 7
B °
40
@
@
e
N .
5 30
[
% @
£ 20 1
g Y =-0.0008X* + 0.7533X - 141.57
¢ r2 = 0.49*
% 10
0 T T T 1
300 400 500 600 700

0.4 M Fit B4 tH 7 B 2 3R XE 8 (mgN/kg)

19 ERHTHELEZARILOYOIDERERR
IRE (3 EEEH ELED 0.4 M BRES I H B4
EERETEOEARABLUERILIYYD
DNDERWILIRZEE 0.4M BREL M H B RE
EXHTEELOBRB)

LARTL LY DEFRIN RN/ mD) 0.4 M FifE
il A R T 8 e T R (eN/ kg)
Y, B%KETHEERT

3 04M FRERICK DM EICLIERBMBEICED
W=ROLUYODBEIEFERDIRE

%6, 1 3BL02 T0.4M e fh AR IRy L
VOB O HEA ML, ZO%EEIE 280 nm TO
WIEEZRETHIET, AUV YTDOEFZRIN &L T
W CTEDFEMDOHLZLE R L. — T, AuLr Yyt
BOERMBRICH SN TSR L YRR
DORYBEREEE ALV, 22C, 2o FEEZAVWTt
BB BIOSU TR BEFIRL, AR E S
I CERODRAT. ZDTZHIZ, 0.4M FiEEE TRl
Uiz B8 o A HE e 28 35 BN BL7e D 1 55 4 b 8212, 7%
REEHIE H X, {6 BB R+ HERR O H K 38 LOHEE XD 3
SR X 2581 C, BB A T o7,

(1) MEBIUHE

%6, 2 ITHWZ 8 #FTOMEEDI G, 5 HPT OB
FRLOFTN AL L), AhET 6 »AToREY; (A, B, C,
D, E, F) CHEM 31EOFRTL YU L. SRR X,
HENEft FH O A AL R O F A FEAL T 272 121k
FREEHX, ALF AR+ HEAE X, HEAEX 0D 3 ALBRAAT o7z,
L BRI, (LFIERChEREZITV, 1 fERIS, B3F
% 9kg/10a, Y WE% 13kg/10a, HV% 9/kg/10a fiti I L7=.
2IEEICIL, B, VB, WVETNE Tke/10a, 31EH
WZEHR, VB, WETNE L 4kg/10a i L. {LFHE
B+ HER XX, 11E B /R ATICHERR 4t/10a (Bid) % H
L, (b et X & [R5 & o fi B2k 7 ek C1T o 7. HE
FEXIE, 1 F B AERHRTICHERE 4t/ 10a (Bi#) & Hi L 7=.
TO%D 2 EH, 3 /EB T, EhaH L. HERDRK S
1%, BidHi=vKsy 66.7%, pH(H,0)8.6, C/N 23.7, %
F1.1%, VB 1.0%, BV 1.7%, £JK 1.3%, &1 0.5%
ThoT-.
RELOBBL O AT, 5 2 %, 1, B)BIVGICHEL
7-.

(2) BRBIVOEE

#1512 13 TRLIZ A~F B CRUL L YU EE R
STEEEL, 20 1 {EHT-D DB EE RN IR IR
FE 9 L HED 0.4M Bt B il HH A B B 22 SR HEE Bl KOV
AR & HE RS OB B A R

2[5 LHED 0.4M Bt e il A e 2 R E B LR
ORI —EDH RN ALNT, A EEILRH LN
Dofe. Lo, MilEOEWEREITITAEEDRDLI
7o AL RERE 4+ HERE XTIt oD 2 JLER AT~ TRV IR
BEEhhol. HERHEZER X CIIAEEZITR DL
o bDOHEEX TEVME R Z R LTz, ZhbOHRE R
5, HEAR O TR L Y OB ISR TH
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HEEz L. ALY O ENHEIEO N H 2 Xk
IR EThHo 28T, A BELWE—KL, &
LUV RI DA BEEROBEEERNRBIN
7-.

RV YT R OREEERE X 0.4M Rl A e
FHEEROWEMELBIC LA L. E BSBLOF B5T
I, LD RIS RTHRT L W O RS ER I BE )3 i ME %
RLTE. 2B BRI, 0.4AMFRER TSN 2 A e %
FENPEVIEEEBILERENELIRY, FULL Y0
RIS DR 2 -7 e E 255,

— 77, HEE X O g e & Bl AR R KT B TR
EERLTZ. Fo, LR+ HIEX THHEER LR
REL2LbDO0, AL FIEHXEOHAR T 3D M A3
vz, TNHORERIT, HEOHHIZLY, HEROE
HREE B NABILSH, RV Y TR S DAY EE DY
{LFRERH KA R T A LTl e B 2 Hinb.

£15 ROLUVYDIDRELARNEEEERE (£ 3 5D
EHICRIFTTIED 04AMGEBHEHERS

EEESSMEFEMEHERRDOZE

= TRERE
s (ke/m /) (me/g)
AEIS (370) 1.33 a" 1,858 a
BI&5 (430) 1.90 a 2,259 a
ClE5(440) 1.76 a 1,270 a
D[E5 (540) 1.78 a 3317 a
EEl5 (570) 1.40 a 3720 b
F[E15 (620) 1.67 a 3985 b
(===t b = 1.37 a 3,280 a
L RB R+ HEAR 1.84 b 2,659 b
HEAR 1.71 _a 2266 b
ZREBOHEOHT
@1737 ns Sk
FEAR * ok
Bt x fEil ns ns

“VEAFRTHHE 0.4 M e b % 5% SE(mg N/ k) &R 9

VEG EREAR D 2 BER T on il & O BT E TV, 5% KUET

HEENDST- AT Tukey IRICLA S TR EEIT -T2

®, %k [XENTI 5%, 1% KETHEENHHZLERL, nsid
BEAENRNIEERT

BB T AT 7~y MEIC Tukey 125D 5% KHEDE &

ENBDHILE IR

20 ([ THED 0.4 M BB H A S RE R HEE R LA
LY OMEEREEOBRE R T O 0.4M bR
P Tl HH A B BB 22 e B O BA NN E > TV o Je R
RUPRIZ RN TH AR Ly 7 o il i Y 2 138003 2 A
MR LIV,

LR IERI R ORI L OTEEEIE L, 0.4M fii B
H G H BB %2 FEHE F 7)) 540mg/kg @ D BT 3,000mg/kg
PAEEZRY, 570, 620mg/kg D E BLOF B TIZENLE

414,000mg/kg LA FOEVMEEZRLZ. — %12, Aoy
DR REER I E L LT 3,000mg/kg 28 —2>DHZELT
HfT &AL TRY, ZHARE B AEICL TV DO F B
HD O CNBOBIBITIR VT, 0.4M Filg i H A
HE % RHEE &3 500mg/kg LA N Tho72 A, BEBEIUC
B LFBRIS, AL AR+ HEIE X 3 K OHER X Tk 2 e
BHREDBARTL 7 O PN R R R B IR T 3 B m &
RLTER, 3,000mg/kg HitB 2 DRFEIREE Le o7, 370
H, 0.4M FREsihH AR = FHEE &) 540meg/kg LL 1
Thol- M TiE, HIEM A IZL o A EE R oAb
ORI, IBIREO R _LICKD LB 0% R B
BAKIBIZH U772 Tl LRIz, o7z
D, FERX DRI VT OFEERREED 3,000mg/ kg &8
ZHOH D 0.4 M FBEh A b RE % R HEE &S
540mg/kg) THHIENOHEE T 2L, 0.4M FiEefh =
F &N 500~550mg/kg LA LD TIE, oM EEE
JE I AU, b IR oD i A R s L OVHE AR o i P % B
BEt T 20 ERHLEZZLND. LA EOZEND, BIZE
RELT TR, HEREOMIE S OEFERES KM
LTCNBEZELEZLNDLD, HHEO 0.4M FREEh R D%
OV FE 2 D 5 T, KR LY I
B DA R L HERE OB F 2 R 33 B BR O 1l 5y 7 7 1k
ELTHDTHIEEZOND. ZHOF L, 1 Mo
2 x BT 720 ZIBEmICH IR ETRY LYY+
Bz FLEL 3G L 700, BRI E A EEITROT2D O 1
DELTHBREAMNC /DB 26N, £z, 4, &S
ROV T PN DA 2RI H i i TE DD 20k
FLUETHD.

6,000 7

5,000 -

Y=10.3X-2384 °
r2=0.67%% z o

o 4000 -

<

oh

E

3000 1

o °

g

= 2000 o

® {LRER

| A o O L3 + AR
1,000 A AR
0 ‘ ‘ ‘ ‘
300 400 500 600 700

0AMBEER I AR R RHEE R (me N/ke )

20 ‘LEEHSIUVHEEERALIZKRILIYD
HIEICBITATIED0.4 MERESH H A i%Ress
FHEELRILOVYDHOEEEEE (F/H3
EFH) DR
LM 1% KETHELRT.
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BIE KREBET

ROV YD R 4 R, AT 745 AR RO
MRBREATV, B/ 2~4 FORTL Y UZEHTLT,
EE, BHEWINSSICRIET IOV THRE L.

Z O/, HEAL K OB, B, BRI ITEHX D
Fkx blEoT. F72, iR, BRI ESHER X )
L IEBHK LD Lo 7o, BB 4 O B 38 o> SR s
EREBITHEX M F R X IV o72. EHIT,
ALY ORERITEHDLMBEEFEOLET,
L2 R B THE R K 1A TRV MEZ R LT, 3
BLL7- MR REE R B L R EH L, (LFERK LY
i IRHORERIL, A A LSS, AvL ey
U OETE I L OVEE TR SR ASHHE W o g oK
BREEZREICIGLTWARWVWILEREBTIHLO TH-
7.

ZORRIE, IhETICHESN R RBE R x
8% OIEMZLIZERZTHE, M REETITE L L2
] A9, 4D, 58), 62, 69), 69, 72, 90, 99 L — | _F- | FROHEHH
OHEZ T DL, BHMEBERNDEREFM T2 ATHEME
DOHLWMHNDIFAET DRREMENRIBSND. UL EnD, £
HEEROHEBICEHL LB ETOILENHDILNR
BEhz.

TR A REBEROREED—DIZ 1/16M Y
FRAR AN T 25 08B0, BAE O LE PGS
BREOLMIELLTHWLN TV 22 Matsumoto and
AT, ZOREETELN AT PEON (Phosphate-buffer
Extractable Oraganic Nitrogen)& & %L 7-. PEON [, 280nm
I ES S ), BRI RS O RN AR T e,
LRy BELTOWEZRT 0. Fiz, HP-SEC BLW
HPLC (Zfliik L7z, HEOREICHbO 3 FICH—
DE—2%RL, TOE—JHEEL PEON B OMIZITMmD
TEWHEBEREO L. ZOZLib, PEON 1344 )
Zh T RICLY W E ThrLEZLN 0 %
7o, KRR X B 7 7Bk 53 #1235, PEON @ 20~
30% T/ ERH R DS THY, Z ORI AE Pk
BEDMBIZIEMBIL TEY, PEON [ IMAM B R D23
JERIBEF | THHLEEZ L .

ARBO LES PEON &I, (LR CEREBR B4
ATEOH I L, HEAE X CI3sgmnL7-.

3t PEON BRI LYy DA E 38 LUV H RN
RICEEZRITUTCWDARENRINOT, R
BRORTL VY OEE O PEON ERZIT 7.

PEON E &I, VZAZ T ayT 47 {EE ELISA IEIC

£ = PEON & k% 7= %, PEON I, $ii PEONIg
PR Eoley =AZ T ay T 4 ZYEICEY 14kDa LU T
D 1ARDANUREGE S F B TIIL RO Y a7 — 78
&,

Watanabe and Yoshikawa® |3, PEON [Z[RSt A &Y
ARXPEBR 70~ hTF7 4 —(SECIZ L - T, D 7elEb i+
BORRS 3 SOOI HZEEHE LT, Mivazawa
and Murayama®”{%, PEON 24y A Xk ru~horo7
S —ICE T 1L W4T, & Hisr % SEC LBi/KHIFE A
ERZa~<h7 77 —HICHZE->THHTL, By ZETH
RIS B2 5> TERY, PEON (3H)— 72 TldeWEoRme
L7z. ZOXHIC PEON 1L, BE DR 576/ 0M'E
BECTHHLZENMES N TODA, HHH Y T oKy
fRSAVTZT X B G & LI AR R DT I I X
BfE3HY, TEFOFEERST IR, AW HE
RTELNAL RS 9, F7, HEREHS ) &I
B L VR R AR BT S LA O 7 3 i 1
ZEH—THY, HEMADSEREME DT /WL
HRIL ®ZLhb, PEON %Mk 458/ MDA 134
H & BEL THBETHY, D FEDEVIIZDOM D E
BEIKETHETRENG. LU ED, H—WETh
BHEE ZHILTOAPEON 231 ARD N R TR S en-
B, VEAZ T ay T T T T PEON Of
G REMTONIZLDEE X LS.

X5, H1 PEONIg Hiifkz AV 52 L1z 5D PEON %44
L, ELISAEIZHEDE, HUPEON U= Ig fiikza Flv ok
! PEON ERIEZBARTHIENTE. &BIZ, TN 75
FAYF—TRIESNTz TR OFHE%E#E L, ELISA
B &7 PEON ERHUR B O M2 FH BIBAR A33R
oI, T72bb, i PEON Hifkd PEON BEHURII
THHE MR RSN, TEPOAGREREROVOLST
bHLEZBND PEON O - E&AS, REIZL->TH
2> DRIRITAT X DT LRSI,

EEHE BN B2 D5 F ORI LAY Ly 8
#5 O PEON BRFLUR O« i mAaAT o7z, TOFER, K
PR Lo L Y DRI PEON AR FURIERR D B
T, BRERRER LAY LY UIZiE PEON BRFUR IR D S
iz, RYL Y EEHR O PEON BEHUR B, (L3R
bt A (E#F) <ALZ2AEhR L OHERE 2t JRA B (HF)
<ALZERERE I LOHERR AU IR A A (18 < bZ#hekts
FOHENE 8t RAMM (T8, DIEICZ Sz, LA
FOFERNE, THHIEIBIIZ PEON BFEIET 5%
R LTz, LR ©b, MEMEHLI-AT LY DE
B LY, AWK AL 8% 1T PEON REUREAZ<
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fFIEL, fBM i & OB MICiE->C, EEIRP O
PEON ERHUR LTz, T7ebob, HHMREHIZE>T
i T PEON 234 5K, #ML, YL Y73 PEON %
ERPEL TR T DR REMEN RSN, FUL YD,
FHIEEF LRI CXOMM ChoLRES NI I8, 3,
BRIV Y5 28 BIX, TORBEBLOZE
FWUL BN L > THEZRR S T T

ARAFFEORERD D, PEON iy =2AHX T ay 747
EBI O BELISA B2k T, AuLbr Yyt of
REZE R AFMRAY IR 2 W B ME S LD LAY LRI S
M, MERESRIED ATV YOI G 2 D5 8%, SE R O
PEON EDZELLCRILTE. T, RUL Y TEER
T, KR PEON &L T /BB LU HO & A &
3D 72lnotedy, TIVBRRIZOWTE, ArL Yyl
BB H PEON TREREFT RONRD 72 DM AEDD,
RUL Y73 PEON ZEHWINF L T D Al RENE 23 58
Igpot-.

—J7, TR OABREE R AN T2 EIE S R
HEATEY, PEON LIS OFHERES 7% PEON L5725
R THIMEIDHERL, ZVL YU R CELEFR
TEREAAEIR T 27 B K & W TR R IERE D435
BRI
ARG TIE, FiR2 o0& KMt (A, B) TREIL, 2%
TCREIZOWTHRFL7-.

(A) 7K, ALV D DR, BERR, V> BRI, BREE, /K
Fa MY DR ONE TR EAT 7.

(B) 7k, HiAb AV LVAE#, 0.01M Filig, 0.1M Filg, 0.2M
g, 0.4M HitEE DIE T 1T 572

I CRYBRREE 3R, AL YD AR CT VB =T
BRI STz, B A JEOFRE, U Bk
i, WRERIT AR ER AR L. e, Zhh oA KiE
EHRIL, LLENERS FRETHDLAREMENE NI LR
RENT. KEBIET N ARIR CIET =T lEE R
AHEZER/MHIN. 5T BIZSZHE THoT0Y, K
FA 1L, BRI A ICAWD N RIRE R D4 & T
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Effect of Nitrogen Uptake by Spinach (Spinacia oleracea L.) under Application of
Manure Compost and Evaluation Method of Available Nitrogen for this crop in the Soils

Rumiko KODASHIMA*!

*] Agricultural Reform, Promotion and Technology Division

Summary
In Iwate Prefecture, there is an urgent need for proper soil management that effectively utilizes the
large amount of organic waste produced from livestock. On the other hand, spinach is cultivated throughout

Iwate Prefecture. I applied compost made from livestock waste into spinach production fields. The research

consisted of the following four objectives:

i) To observe the growth and nitrogen (N) absorption by spinach grown in fields applied with this compost
and as well as to monitor any NO, leaching from the surface soil to ground water in these fields.

ii) To understand the mechanism in which spinach absorbs and uses available N in soil.

iii) To propose a simple evaluation method of available N in soil that is suitable to the cultivation of spinach.

iv) To propose a suggestion of an appropriate nitrogen level for soil treated with compost

In a 4-year continuous experiment, the effects of a sawdust—like compost made from cattle feces on spinach
growth were evaluated in a field covered by a plastic top to prevent rainfall. Spinach was harvested 2-4 times
per year to analyze its growth and nitrogen absorption. The chemical fertilizer zone was fertilized annually
with 16-20g/m? of ammonium nitrate, 20-24g/m? of monocalcium phosphate, and 16-20 g/m? of potassium
chloride. The compost zone was fertilized annually with 45gN/m? of compost made of cattle feces 2 weeks
before the first sowing of seeds, and was not fertilized after the 2"! sowing.

The results are as follows:

1) Plant length, leaf width, and number of leaves of spinach grown in the compost fertilizer zone were greater
than those of spinach grown in the chemical fertilizer zone.

2) Dry matter yield and nitrogen absorption was twice as high in the compost fertilizer zone when compared
to the chemical fertilizer zone.

3) Inorganic nitrogen content in soil that had spinach planted in it was lower in the compost zone than the
chemical fertilizer zone. This tendency was the same through the entire 4-year experiment, and the
density of inorganic nitrogen content in compost—added soil shifted to a level lower than the chemical
fertilizer—added soil.

4) Moreover, the content of NO, within the spinach was found to be much lower in the compost zone than the
chemical fertilizer zone. In other words, the content of NO, increased greatly in soil treated with chemical
fertilizer, so the content of NO, within the spinach was also found to be high.

5) Less inorganic nitrogen and all other nitrogen content leached below ground in the compost zone than the
chemical fertilizer zone.

These results show that spinach growth and nitrogen absorption are greater when compost is used as
fertilizer, even though less inorganic nitrogen is found in the soil when compared to chemical fertilizer. In
other words, the spinach growth is not responding to inorganic nitrogen in the soil.

It is clear that spinach responds to soil fertilized with organic compost, but is thought that the most
influential organic nitrogen absorbed by spinach is PEON, a protein-like organic nitrogen that is extracted
from soil with a 1/15M phosphate buffer (pH 7.0). PEON has a molecular weight of 8000, can absorb UV, and

acts similarly to protein (by the Bradford method of protein assay). We extracted PEON from the soil and
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injected it into rabbits, made PEON antibodies, and confirmed that it was possible to quantify PEON in soil.
We took xylem sap from the spinach and used anti—-PEON antibodies to quantify PEON content using the
enzyme-linked immune sorbent assay (ELISA) method. The xylem sap of spinach fertilized with compost showed
a high response to the anti—-PEON antibodies, while the xylem sap of spinach fertilized with chemical fertilizer
did not show much of a response at all. This result shows that spinach has a great ability to directly absorb
PEON. Moreover, this explains the growth and nitrogen absorption in spinach grown in soil fertilized with
compost, as we understand that this is through not just inorganic nitrogen but PEON as well.

PEON has been shown to play a big part in the growth of spinach, but other organic nitrogen must be
considered. We developed a sequential extraction method (A, B) to understand the form of nitrogen in soil that
can be used by spinach.

1) Sequential Extraction Method A: Water, 10% potassium chloride solution, 1M acetic acid, 1/15M

phosphate buffer solution, 0.4M sulfuric acid, and 1M sodium hydroxide solution in sequence

2) Sequential Extraction Method B: Water, 10% potassium chloride solution, 0.01M acetic acid, 0.1M

sulfuric acid, 0.2M sulfuric acid, 0.4M sulfuric acid, and 0.5M sulfuric acid in sequence

NO, was found during the water extraction, and ammonia nitrate in the potassium chloride solution. Next,
organic nitrogen was found in sequential extraction method A with acetic acid, phosphate buffer solution, and
sulfuric acid, but according to HP-SEC, the holding time levels of this organic nitrogen peaked just like PEON.

The organic nitrogen extracted through the various amounts of sulfuric acid content in method B all had a
comparatively average molecular weight, which was the same as PEON at MW=8,000. Also, it was clear that
this organic nitrogen was bonded to iron and aluminum. In other words, it was shown that nitrogen from
compost—treated soil is a multilayered construction aided by iron and aluminum as PEON. Citric acid secreted
from the roots of plants and oxalic acid secreted from the spinach are organic acids that dissolve PEON, which
the spinach directly absorb.

Because the organic nitrogen extracted from the soil through the sequential extraction methods is PEON or
PEON-like material, we used sequential extraction method A to evaluate the organic nitrogen level in soil used
to grow plants. We cultivated spinach and corn in greenhouse soil without fertilizer. We took xylem sap from
each plant harvest, and analyzed the molecular weight allocation using HP-SEC. A peak in retention time in
the xylem sap of spinach cultivated in soil was found that was similar to the organic nitrogen extracted with the
0.4M sulfuric acid. Hydroponically—grown spinach fed with inorganic nutrients did not have this peak.
Moreover, we analyzed the formulation of organic nitrogen used by spinach using sequential extraction
methods. We used the same sequential extraction method on soil that had been used to grow corn. The results
showed that the fraction of nitrogen that had been extracted with 0.4M sulfuric acid from spinach soil had
decreased. In other words, the spinach was shown to have used the nitrogen even in the fraction extracted from
0.4M sulfuric acid.

As an estimation method of possible nitrogen content in soil used for the cultivation of spinach, we used the
0.4M sulfuric acid extraction method to verify the relationship between light absorption and extracted nitrogen
content in 280nm of extracted liquid. There we found an extremely high level of correlation between the two.
Following these results, we calculated the estimated organic nitrogen content from the light absorption level
(280nm) within the 0.4M sulfuric acid extraction solution, and deliberated the relationship to the nitrogen
absorption content in spinach that had been grown without fertilizer (3 harvests a year). As a result, it was
shown that there is a tendency for the nitrogen absorption content in spinach to increase when the estimated
organic nitrogen content in soil increases, but it was also found that nitrogen absorption efficiency in spinach
decreases when estimated organic nitrogen content in the farm field is over 540mg/kg. We used chemical

fertilizers or compost to cultivate spinach annually in fields with different estimated nitrogen contents, and the
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compost zone yielded more spinach and reduced the amount of nitrate. On the other hand, even though the
amount of nitrate within the compost spinach decreased when compared to spinach grown with chemical
fertilizer, nitrate levels rose above 3,000mg/kg when fields had more than 540mg/kg of estimated organic
nitrogen content. We propose that a simple method to determine the amount of chemical fertilizer or compost
to be used can be efficiently determined measuring sulfate—extractable organic nitrogen content in soil with

280nm of light absorption.

Keywords: Nitrogen absorption response, fraction of nitrogen in soil, phosphate—buffer extracted organic

nitrogen (PEON), soil fertility of nitrogen, appropriate fertilization methods



