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Z U, H20 1 44 B m2 OFREX, ZEFMEACEA 20 g m 2 DX AR IR T, KRR E A
LTV ERER LT (- Bl 1997) , R AEBHI IR 3R (LP30 & LPSS100 255 &R &) &2 v
Too BRNOFEF-ZUNHEL T, LAt 25 X DUE L7 113 T Fl - X EREOR, B DX A4, T
KLl 7%, Bk, eE 1,13 CTHKEL T UL FOREICHW, — o 1%, 70C
T 10 HFRZEEL | BFE7-KIZOWTC 10 AR TR 10 WD Rz B AR LT, Zhb0alE4

NV —))VERL . & D43 FRIR D 22 Fa e & L £ (TRAACS800, BRAN+LUEBBE #k:i&#t) 12k
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STERL, FFOERGELZRD, £o, B XIZBWT 1 5 g & 200COKITIRIEL
(TREIFIA 1 cm) | 8 IRFFEIHIRR CHF LT FEAE R | € DRRRFHY72 7 — % Richards BI%IZ 4
T T (Hara 1999) . FEHFIZELIZ HE O RAEE T L, FFHEELT,
(2) R

BARA~OEFREENZVIEE | T OERE ENEINT MR H-72 (K 2-1), Fiz,
BERE (HD AT (L) TERG A ERDL TSR R H o7, BHFEIGITHYE TS
AFEIEIIONT O X THIEE 100%Th o7, FHF HEIL, rOEREGENLZVEREL
IR BB ST, T FEIE P BT T 02 FE BB A OB (r= -0.88) 2
ot (K 2-1), — 7, BFRE BNV T-X (H20, M20, 1.20, M10) 1ZR\WCHE1-O 4 E )3
INSIRoTT2 | FEEE A SR T OB OB 72 (= -0.21, X 2-2)
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4.2 1

4.0 1

3.8 1

#FBE% (A)

3.6 1

)
H20 ®
M20
0.18 020 022 024 026 0.28
BFOEREE (mg )

3.4

H2-1. BFOEREELHRFAMDAR
BRETFRE. FEFZEH: 44, M: 22, L: 11 #% m2)EERMHEEE (20, 10, 5, 0 g mAYMNEL
BSERMLUNFESNTZ,
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X2-2. BFOEYMELHFHBDOER
BEFRIL, FEZEH: 44, M: 22, L: 11 #% m2)EZHRERE(20, 10, 5, 0 g mAMEL
BEMLINFESNT,

(3) B

WO T-KICB W THO I FEI G D@72 8%, FEFEE G NIRRT HE R RS
BT (TS N2 o Te 2 e AR 5, RIS IR~ OZEF L BN L W56 T
DAEBDENZENRESNIZ, BRSO EFMIC &SI HIEE B TOEREELEED
23 >7=D T, DA FRE I DOERE BLFAENIELNT,

INET, WY ESRKEOFE FIZAEBDHNZENHESN TS (L 1975, Seshu et al.
1988) , AFER ThH | R MACED 10 g m? LU TIEZOBEM A HERRS ALz, Ll 2R Ml &
2820 g m 2 LMBREHIC S OGS EHRMAREDS 10 g m 2 OBFAIZAT, ) EIT/ NSWITH D
PO EBTITEPSTEO T, HEIVBEFR G BEOFENREINEZ 2O,

72720 R HBEFE T OEFRE EORARXICI T, EHE X EBHE X BEO - - XD
FHCA B ZAECERFE 1L.2%0)BFONTIln b, i OEFRE BT CHRF A ROLBZHP T
IRV ED RIB IV, RS FE I L5538 E RO RMUR OB NI Y T2, 77205, B
TR OYE  REINIEL, AL TEOIVES ETERLZWIN TEHI0D | ABF R B OBHE RO
EREA RPN IR EHERIE D, FER, B X (LD DINHEL 7 Fi 1 D% R 5 8T
HEM)PEHEX (H) LS @V M 23 > 72(X 2-1), THUTh I LS| BAE X (L2 DIHEL 7- 18
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F-DOFEFIIHEEM)LEAE X H) KOS EWMEM 3 o7, ZDTEDD | BAE K (L) HIHE L 7-f
FIIIHH AT RSN ZR2WE RE DLWV EHENIS I, KO ISTEF ORI AET 230
DITIE, BAETE AR TESLCEALIX &3 070, R E FOIHHE T ~E ThHH LRSI,

2) BtR~DERMEIEBRELE T O RAKITIITDER

BRA~OEFHL RN, FEHF HES RARDFEF X HEIZIBW T, BRI EL\RITIIT
DWW IK DRSS DN ~T2,
(1) FHE

SR 0D % S i S 8 31 L SR 2 E 7S SR 7 D F - 2R 72T 2 - X (L20, M20, H20 &
¥ 20N, L0, MO, HO &0 ON) #3751 | [ 1.06 TH/KEL-, 20 2 fli1-[XD 20N & ON DZEE
BT, ZNEH0.26, 0.20 mg K Tholo, FH KO T2 10 g 75 20°CT0~6 HEH
BaZE 2 TRIEL, ZhOITRZA L THOT 1 RFRISENICEWEZICEHEL, B ES L,
SHIZ, T0°CT 10 HfEHzRLIZRICFHEL , ol EE L7, Wi E R E DA Z WK EL LT,
ZORERND B XKITOWT, 1R FE B B DG K (BKE/ G2 E) 2R T2, 7236, K1l
FXOFIF A A FRLlRIERIZRO T,
(2) FER

20N DF KD EFIT ON JOHIES, FHIRFER 1 B B £ TICAETTENRED 72 (X 2-3)
F2E B OFER A% KRN ARIC 7L 2 A F2E B ORL SV B ISR DKy
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AT, W T XA E S 72040 0.3 g g T BTz,
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BHERICZ BROE R L L CTREOAFE 1 ITFE I KIS H -~ To, FEHITEH
FHKRSERFIL, EBAIEDIC L THRE SN TWAEES — L, B ~DE R R &I
POLTRIBE CThoTe, ZOZEND, BHRICZEOER AL TELIL- 7 XIZK 5y
W DSR2 DI FEEEHL Ao TWD ATBEMEDN B 2 Tz, LR ~OE R R R0 D
FMOAE RIS 1 B BICRHITIERLIZZE0 0 FRCRKIZBIR T 28 EICRB VT
B~ EFMILO BN RN EEZ O,

3) BHR~DERMEILBELETFOHFLEH L HETORE B EITRITHBIR

B ARA~OEFMNE FRDF T4 K THIRPUREREL , P, ZORDOAFTERMEICED
FTO HEUTEOD RONDFT T,
(1) FHE

JEEZ LU 72K H 358 GRPRZE BRI 77 A AECHE 1 - 5ROBEED) IZHRA LT B =0 NI 2 IR J<HE
U, HEREAKDOT B ABERREIL 9.7 mg L Thole, HEETIAT 1o /5%
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—WEFRE L, ERLO 2 X (20N, ON) (23517 212l A $023 20°C T 1~6 H &R D5 12 #11C
DT, AHL 119 HOFE 72y MC R E T 1 em ([THFREL-, #EFE%IC TR E A2 T
T, MRS CEIRE VS, B, I (25 kLx 12 W§f / KR 12 W) B L O
(20°C) Z AL 7258 IS ER & L7 TEIR KA (20°C) 12tk T, 2otk HEFEIEm b LIz
Bt AR T, 7eds, HERIX HIBRENOYFFEN T LELL, B HITE 4 FEQH L2 LE
LTz, ERLERIBRIC, ORI/ T — 4% Richards BEUZ Y CTIEd T (Hara 1999) , HEFEE
FEEHICEL- AR GRFE A LG ) O PR EZR L, HEF R EH IO B EELT,

(2) #ER

HEEEIA IO THOSERATHIRE 100%, 1L HEIG T 94%2L EE720 | AFEIG T+ @b
7o BB 2T BEIT, HFFEE I HOWT I TS, 20N 23 ON Kb L, HZF AT
W) 1.4 B ENH AECY 2.6 A DEER-T2 (K 2-4)  (2FE A D EWEE HEFFRH LD
DB Tp TS, 17H A a5 D EFTE B U TIE R L72 o7, 72721, 20N & ON D212
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HEZFRPH LB OFTE B O RAE T, B A HITmb o3 B RICER L /- X T
FpoTe, ZOMEFXHE DL, T, R#FAE0.7 B) <HZFHE(1.4 B) <H3ZHHH
(2.6 H) &720 | B BBEDEL LILRK T DM B A HNIZ L0 FEHF T TRMFERH LD
DEPHZB N TS, BHAA~DOEF ML EFTREN R DLEE DN,

A KARITIRAEL TR LT - 2R 95, Tl IXH O 22 TRTE B B EE RE<
MR A DK 2-4), HHEPIIME N Do HEFDOEF KT IVLENL(EE 1962)
12 RAE A BN GG EE BROENERTHEE 26005, W, 2 H B ER LT
DL AEBPRNEFOYZFENMBRL BN TRRER IGO0 IR0 W
HOLEF HREDENN/INTDLBEZLND, BIAIT, WS TIIEFOREGZET D720I10R
T HBEHES T 2REEBZOND05, ZOIDITRME AN EWG G B~ E Rz L
HAEBFRENRITEELRDEE LN,

4) BESEIRIIBMR~DERMILIC LT O LB IRES R OMIE

B2 72 R BT | B~ E R IEARIC L 7O A BIREN ER ALND0ETH D
TN, KRR 11 @2 VT, SR AL A28 2 C, AL A F T2 D% O
EREMEICELETO BEITEOD AN ETH T,
(1) FHE

1997 FRIz 2 R fE & (0, 15g m™®) 2282 C, FME L FEA Z Lo 11 MFEO KRG A BT L | fl 7287
U7z (BRE-N, +N EEKFD) , FONA MO 1 XIZOWT, FRLEFRRIC, i Es
EREELRIFHBERAT, IHIT, 2055 5 I OWT, HEFHEE, D% OAEF B
EUTH 3 721358 4 B ETo A EAE T~ T, HBREOTESIT 2em T, IREEIT 18°C LLT-,
(2) FER

TR TR OERE BTN 25-N Kb @072 (1 2-5) , B EIT-N SN TR ERENR
molz, FEHERIGIT 9% EThH o7z, FEHF B EUT, 11 MFE, B AR 6 L fE (= el), FXe
AV, EAEZ, DD 397, BRZTZE) T, N 3N ITH~TF) 0.42 B ED 72 (1K 2-6) , 4 E
RROIH, EW 23 2RV 5 SFETIE, +N OFZE A EAH-N J0bE WIS Ah T,
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X2-6. HEM~DERERENELLIEFOHEF ALK
HEYA~DERMRZEIXO-N), 15(+N) g m2TH D, HEIFIELEBEEZ TS,

Bt~ D ZEF M LD T O WA B RED RS BIERS - A ARG 5 EICOVWC, +
TREFEI I D BB HI AT RER RIS (BARIITES 4 AR L7 0FI G2 5K D7)
TONTNOMFETY 80%LL LT B ARA~DERNEICIZ LD T o7z, LanL, -5 3 4
-5 4 R ETO BT, WO SFETHN 23N IR o7 (K 2-7), ZOZEDF
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PR, HEFETL B, E 3 EMET2.2 H, B4 HEMHT6.8 AL, EBFNHETIEFEILRLT,
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X2-7. BHEYM~NDERGERENELLIEFOHFLZTDEDEE
HIEM~DEZEMIEE(LO(-N), 15(+N) g m2TH b, FTE BT ZEE AN SH 3 - EILEH
H-FAERHFETOETH S, PRIEFETSTT. AR EZSRE TRLTZ,

BB
TN B ARG Z IV T B RA~DEF AL SO 1 X Tl #IHIZEF B o R fE s

HLRY EOZEITAETEMEPETR LI Uz, Z0Z8iF, D7<Eb A AR EIZIBU T, Bl
RADEFZFICICLDTE T OO EFIREZDRPFHFONL LR TS, 12720, S EFiin

FECIIZD IR DG DR T2y ZOFLH IS DB T2,

5) PRERMBIEBRENELIETOEMLEES

B A~ D ZEF M EE S LT T OAEBITE LR D o728, HEICRREL L&D
MHEIGITOEDNHRLNDETA~DT20 | B~ O EF ML B 208 7, TR
2T, THEPIRFEL . B bEIS RPN E T T,
(1) FHE

FRBR 1 TR RN LR AR & (0, 5, 10, 20 g m ) 32D 12 TR DHH | FAts
Z 2 KHE(L(L), 44(H) Bk m)ITRELTZ 8 Fli+ XA LU T ORBRICTH

7K H 8135 (RIRZ B BESRAN 275 A (S 1 - SRR D) D K 8 A AKAMCERIL . —FEJR L7
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%I, ACEROKEET =0 22 MA TERDEL, WO T B =0 AREZE FE R L
0.6,2.5,8.3mg L' ThD 3 D THEEAFHEL 7o, ZHUL, T E=U L EBAIRINTHZETH L
LEIGPME T LT WEME1EDZ LA E KL T 5 (Hara and Toriyama 1988b) . ZHubid, Z4L
ZAVEN B, N £ @N RERKFL L, £, RUESICRWTHAEE ) E D% O HIRAER IR
L. ZhERRFE LKL L, 2O HEEEOT =y AEEREEIT 2.2 mg L Th-oTz,

FNEND THEAHER 4 THWCT IAT 4o VBTG — BB L7z, £ 4 B EHRAEL
FEF K70 119K A by NCREREL 7o, RN EZ TR mE LR HFEOLE L 11
cm ELTC ERREHEOBE AT T, SHIZ, 2 HRKITRL T2 10~15 mm (ZZE (T L7-FEF
AN I PR X 2NN T o, 2O B HFAITEIMNIRE L7 — /VITHHEL , K
R%Z 3~bem (ZARFE L 72 (1997/5/20) , #E1E 1 7 H 1% (1997/6/24) (2 LB BB 2 ~T=, i .
AR AARRFACEH I U7, BT I 0 B EBIREEIL 17~28°CTHY, LK 23°CTh o7,
(2) #ER

JEEZL TR L7z BRI E R REREL 72 &, TR O T e = AR ERIRE D @O L AL
HEG MR T2 m AL (K 2-8) , RIEHZ T2 HHEEFEL 7256 OB L HEIA IR
JBIE D56 JOBIELS I oTe, ZO7 LB IEDS G ARG CF 17%) < mN -+ (CFEY
26%) < N 4= (FEEy 42%) < RN £ CFE) 69%) OIETHE SEHEIG MR o7, —J7, £ TiEE
DENLHFEIEITNTIS T0%& A T, BEKMCL > ThEVZ RS2 oTe, MEET2+
HEEFEL 725G OB HEIG I, £ TREREEFRIRREICE o7 (FE) 85%)
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TR~ DOEF AL DBERITIT-ZVENR T,

FIT BREBRED ST R (BT OBRAZR) O/ FIEOE S HEIRIZONT,
BT KON EDOE BEKFE T KIZOWTRO TR A SEL, BT OEREG B iE
LT EEORTERE ()1 0.73 L7257 (K 2-9) , ZDEE L5 & HI0 ICBWTEHR G ELT
BRI HEIE OGN RGO Tz, — 5, FE3F AR AL T2 D X570
ERPEMRB M S T IRERRE (4) 13 0.77 LXVm<7a-7- (K 2-10)
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REFHEOGE | FTIIRER S VEREEICFET DD, TUoE=V AEERRED L5
XS THFOABRENTOARFERS T FLHEIG MR T URD-72TN00 7orE=y
LREE R NE LU RIS T AT MRS o SR SN, Fio, R4 LT Hk
LB AL E S HEI QB ICIK T LA~ -2 3, BT TICERIR L QW20
[ EEHL | L HME T UIZL D o Te EHERI S AL T2, ZORERIT, PO FE 28
XHZECH LB BT AR5, Lol EBEOERECIL, M TR 570, ZE0
O Z WD L, FENREL WITHENLHME T 32N E 2 D,

THEROSE ., THEEROT By ARBERIBEDREVEE VL OPNR T LT NI ENR
S, ZOHFTHERMRA~DOERMEED L WX OELHEIE OK T IX/h a7 (K
2-8) o ZOTLND, B A~ H L AL WFE A DT 722N A AT R TEF N
DOT(H 2-4, 2-7) EIMLHEIEME T LT VR THZ DR TSz HERIS 7z, L
Tei3o T, BHRELBEIMALL /2B A OEON AT REOE 2R UL, § L bEER
RTFLRLTWEREE TH LD OAR T AMINH SAL D ATREMEDS RIE ST,

3. EEE
1) BHR~OLEBERBEBICLIBTOEBRESE

E R ML ED L WE DDAV 7 XX, FBEFERHNET TR HIFEPH L HETO
A a7 (X 2-4, 2-7), ZOFE X O, AR BEMEPSETNZLIZ03 > THEKR T 5 n)
MAHHTZ NG, FEFTZT TR FRWE LD D B IEIZIBUWN T | B~ D22 3 i 2 i
LD EFIRED RN DD EE 2 DT,

BRA~DEROL BRI T O AT I RIETRECOWTL, ZRET, abFx-F
F L TALKE NI DIIREMIC I N T, B A~ERHIE T DL/ T D E RS #&N
WL, ORI A B DMEES DT LA ZI TS (Fox and Albrecht 1957, Schweizer
and Ries 1969, Lowe and Ries 1973, Metivier and Dale 1977, Rahman and Goodman 1983,
Lieffering et al. 1996), L7L. BHAA~DZE RO N FEF O A T2 Mfl S w7
VOIS (Austin 1972) OB RO T2 09 (Seshu et al. 1988) b5, 2 LF TR
Bz L7z Fox and Albrecht (1957) 1%, FEFHUSE £/ % TELEDER 2B YN I,
T OEFENEEY, ABEPIENE A AEPECTEIIEE2REL TS, ZOZEND, B~
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DEEFHENRIFE T DO EFMH 2N EL R S LT, IR KERZIURE @L< o7, BHRO
BAEARE72 7212 BN L LIS b b3, ZNUEOER P AR L THEFI2+47
TREER NS NI T=Z e HERIS Tz, 2O XS REIE, i EOEh IR RO LRI HE -
TeREE TR IR T o 7o s RIS N D, T | EHRMALSEFMH 2 <ERER LU T, K
NG SO R 7 B Lo TRADEN D ZE D HERIS NI, Z i, Bt~ % 3
JEX, FEF DB I L CRWVEELE VL 52 D RN D, AR T, A F iR
HCh ZE KA A TE DR AEE 2 VD EEBIT, THERPEDS B SRR E A L2 12
UV, EBITBRRINTIIT D RS R-TeD T, ZEAREHF L THBAHUIBIRE T, o0k
B B CL M- OAFICR W EE B X LIS,

FALX THHRESZN TNDEHN (Lieffering et al. 1996) | BRI S BOEFE ML L7-FE 1
XTI AR EL , A E B E MR L2 o7 KD FE R O, RFE% 1 HET
REIERLZ (K 2-3), 2078, B A~OEFHAESFE T OWIAEE 23D 50 71T, IR
DORFUNEEFECEE AR IR D EHEI ST, FF ETIIIRALIRIFE AL SRS
WO (R 1975)  FEEERHL Ao 7o 28R L TIRALO T/ NS IRITRR B3 D2 ENE
ZBND, Ll BUHHARASDEZ AL ORI, IRFLTHEE SHOREH THLIMEM I\ Th
Bl AT BEREDETITWES TILR U2 (X 2-4, 2-7) Zennh, Bt~ % Fhu LI TAR7Z
TR FLICHEEL 52 T, T OEBZRETLEEZ DI,

Lowe and Ries (1973)13m AF DIWEM D LB BRIV G RFALDZ L NI E G RITH BT
HIEERWELTND, LTI BN R EEL TIMEVZ DL RIE R FET D20,
PHED DAEFT IO T ERRENEE ZH1LH, KRR TH | B ~DEF ML > T,
R DEFEBAKMTHEEZONAFFOREESBENEEY., AT OHSEERAED
Nico ZOINT, BIRA~DERFEILITFEFOERKBLWETHEEZILND,

F A LX TERBRZLTZ Metivier and Dale (1977) 1%, Fi 12 DI ~2E R BBAT T HREIX
RAKACI DT T AR R THRL OB HES EOHINIEZIVL R A OBITE
HDDHZEEREL TG, ZOMLITEMIC I D2 F I E D - F2 R DBITE T
FTHZEERET 5, BERIINEMONRBNCEHE 22 NTEOMEL L2 DT280 | FFOEFRE BN
ZE . SR S BHEBHRSNDO T, SO LB IEED LHERIS T,

ARBRIZENTH, B2REGEVPEWVREFITERNE (M 2-4, 2-7) @ HEIG R &7

25



(K 2-9), LIeddoC, BHREENE O T- Tl IRILICE X DN ER N LTI, Sl
IZEBP SIS, T OAEBMEESNTZEE 2D,
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72k, BII(1975) 1% 3.2 FEE TITRALD 92%THE SN ZEZME L TR, Z AR
HOFHENES2 D720 | BRSO BFE LD 2 RITIHZ TOLKEB 2 BT,

2) BUHLESIIHTIMHEFTREDE

BRSO BRI RN Z V& Tl ORIFPHES, TOERDOAEFLHMEN D o7, B
RADOEFRNEED L FEHF RO T DEFPH
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R ERERLZGE1T ZOIORMEARIIALNR D >T,
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DAEBERTHNDM, HIFETITRR-ID DD EBER N R L TRV AEF L, Hix RiEEL
ZFTREL T WO T, B R A~DOEF IR R D720 E | - OYIIAE B HE D, 1L
LN LS T, — 07 R CIE, fE 03 R RIChY, R E IR T
5720 HADOAEFTPES THE L HPERBRNEE 2 BD,

ZOZEMS, TREREICBITDE S BEIG 2R ESEDITIE, EHICHHFE AN T

W AT B R~ O 2 S IR 873
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RENZHFTELIIRRI R T LI LB EELEZ LN,

3) EHBOEMNHLEEEEDDTE

AFRERDOFERNS, LHEHZTI5 G BtRICZ BOER LML THOND W AEF 2
2R T 5281080 ZELIEH L HEIE DBROAUTWEE TIZHR W ThH AHXRIIC
WAL BEIG RO NLEHF ST,

WA B DR N DL E LR 2153572 D121E, BLREAUCIE, BUHERDBER L2V R E
IZE BOEHFEEIETHZESEN IO TWRND, R A~DZEFZHGEIC L > TR D4
WAEBPEELMEL AR THD, 2072, 4% WIIAB NHE L H N R E LI 4155
72D OF AR A~OWY) 72 ZE FHEAEIZ DN T, KVFELSBFT T R&EB 16N,

ZNHD XYFEMRRE D72 0IZ1E, BREESAFPTE T OEWIC I L HDOHJUB LA i d 2
T2 O DRI LI T DD, WL HEIGDGE | T X DD L PR TRED 712D L
LR T/ NS o7 I0IT, FMDBBL T ET0EL X707 58 ZER AR, 1T
LOBUBLZ I DR L LTl MUy, — 07 WIIAE BT RS THIIE, FFITUKAFT D
ZERLERPBFONDLEHERSNDD T ENLT W EHERIS LD, HEFFITHLHETO B
FZEL TERDGONTZENDG, ZOXHRIEEEL Tl T 5 L frE 7z (Hara 1999)

4. ERE

KT ERE DN HIIFE T DY AT ORFELZ TR VO T, il F D H R ITBRNATEN
BHEROEFNLBIEN R DGE 12OV T, 6N OWHIAT ORI ZHFH~, #HLb
FNE LDOBRAT ATz, BUHAR~DOEFFEILENZ L WK FERLL DR D EFDHL 2D
R AFONT, Eio, TSRS DE B~ DOEF RN E3 D72 OHE T2 H~ T g
RADEFHNE &L EF DO E LB BUVWMEAM 3 o7z, AR~ DO EFHME &1L <25
L FEFOERGENELLRY, B EFT 00D AECH L ORI G L FOERG &L
WIEEWEBAR BT, DL ED | B R A~DO 7 BRI, Fi T OERE B HINS
W, T OMAEBTEREL ., b m ESEATENRBINT, LTeD> T, KFRICEFREZ
BEURLZ2WRREEIC i L, R EDN SV A2 A ETHIEN, KO EREICKITHE
NELEN ESED 1 oD FiEERDEZ Z BT,
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BIE B O X BKFROE B E LT R AAb A3 DARR

1. S

RS 7 B AR L, 30 CE A mIRICLz b X, TR ELGEITL Tk A4 2
AL (REZ-JITE 1938) L AKFRO WA B ZLE T L2ZENMESNTHD JITH 1944), L
L. KRBOEREIE, THENFRUITSOSMR ekl | BEPNE T UISKWRETITD
NBBFE DL, RO EIED S THALMAA L DERT 57, FIAEKLIZEL THATROY)
WAEBDHESNDONIAL)E 2> TR, LIZ03 > T KRREIEO BN H BT DR LS A
AL DB THIEDBNETHD, LU, Wb A A ATRR DR NE LS TD A
FERRL, BUGSHERTENN 0 | 2 DA A BB R T 5 2L W T D,

ZI T, ARETIE, KRBOERELL THRENRSEME, T70bb HEILAROR ST 51F, 2
DIRVRIRFRA T B SND EMACA A AR DWER IR 2 ININL | KRGO LB EISND
PNZOWTR AT, ETo, WA A 8BRS 2002 MW 3572012, FEF i fF HH IRV T
FRfbIR T RR o TR IR DRy 70 & B~ T2,

ARFET, Hara (2013a) 2512, INEL TRV EL DT,

2. AE
1) BT E=UADIMNETEOA— ML —T BRABOE L HIIRIZTEE
TIRICHINT DR T o E=U LD EEEZ T, THEPIOKMBRE 724/ HEFEPH b E
CTOELFEIG M~ AT, HEAA — ML —T LA b~ T,
(1) Hik
it W L% 77 0D 7K FH GRDAZ 8 X B A 1 | B8 ) 7 AF B2 R IR L | JREZ L 720 M oD
FFE 10 mm OFfi C5D o7 E 14 AV, AL 8 em DRy Mz HHUE T 120 g O 45
Wiz, Fo B ORY NI, 121CT 1 h OF—hL—7 Uk A FEb T, KR YN, 0.0~
7.1 mmol kg™ Hz HITAHE T HREERT > E =0 AL 1 mmol kg™ Fo RIS 35 /LT =0 A
TR KR U O TN KRy OFE & IR L7 HHEOBEED 1.5 FLe585
Ky B RFE LTz, SRR )T X YRR DA A B8 OB A BT A 7= 1N Z 7=, 1
SR OREGWE | RRELZOD MEE T 2 AfFET DL, THEORE L BRI
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L. HROBOWRSITH L 40 mm, BEADESIL 16 mm iR LTz, EEARE — BRI,
Fe 275 (BrantLuebbe QuAAtro) ICE > TT7 VBV ARERFOREL, /-, MEORE %
ICP-AES % (Varian Vista AX) (ZX> Tz,

1 DORY M 9 RO T HNTHFFSETKFEE 1 (W fE: v /e hY) & 15 156 mm OEE T
Ty MW TREELZ, HHRITFELVO T, FFRELIZEEOIT AR E -7, Ry hME, 20°C
fHIR T, 12 R CHEOCIT 23T 527 10— AF ¥ U\ I ATz, Ry hOALE DN &I 0.1
mmol m™? s Tho7z, Ny MIUFZEEKZRE 2 IRINL, KA2% 156 mm (ZHERF L7z, HHEGEEN
BN R IR L, 5 3 BN RF R A L HbE LT, #f% 28 H BICHEFEHIbL
TERDEIE 2~z 1 M6 DORY MAER LTz, ZNHEIFHNT A —F7L—T7 L TR0
T 2550 TRBRICIIR AN L2, SHIZ 1 g kg Be D AF LT —2 iz TiRELT-
AR BN OERT | Tl B ORRAE TN O ZAEHRE T 272012 EHIZ2R Y bRl 2
B TR 2L, BENGFETLIZELZR CTHADAT LT L —X, BLIEICENMPABEL
Z0.05 V EA FIT/2 5L A 12722 GRIFD 1987),

(2) fR

0.0~7.1 mmol kg ! DHRFET L E=Y LAIRILIzEE, EBARIZHITLT B ABEFRD

TEFEI0.0~1.7 mM, FiEEOPEEEIL0.4~4.0 mM £720) WFRBFEET T =7 AO T IS
BN E<R T,

WINUTiifie 7 B =y AE0A — M L —7 O I BfR7e< | #EfitR L% | MR CHEEL
7=, ¥ 28 H BIZBTAHIFREIL, A — ML —T% L0 1A W35G 70~85%, 4
—hL—T E Ui BRI OTZSA 91~98%Th-o7= (K 3-1), ZOIINZ, FilET > E=U LD
I HERCHZEAE B U olz, — | BLOEIGIE A — ML —T7 2L Qi 1
MWE5E 0~69%, A — /L —7 % Lic HEE WE5E 14~89% CTholz, A — ML —7%
LaW 382 fIVWie & fRRE DR 2 B THBEDRISELLAD L HEIE 1, kT E=0
LOFMEDHINTHIEEM T L, 1.4 mmol kg! DEE 22%, 3.6 mmol kg ' &X 0%&7e~7=, LAl
F =ML —T %L EEERWEGE | EALDEISIE, T =T AOTINEN S THIK
TUR-oT,
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100
80
<
< 601
4n
i
ﬁ 40- —— F—hIL—TE
—o— F—hoL—7
201
H 3
0 r r r r T r
0 2 4 6 8 0 2 4 6 8

HEET7UEZYLDFRME (mmol kg™?)

3-1. KFEDHZFLHEILDEEIZHEITS

BRE7UEZDLEA—RIL—TDEE
BETUEZYLDRMEBEA—MIL—TNBOFENELSTIEICEFEEEL. O
NoETO—RFv /N IZANT, 20°CT28B . B LT-, SR (IIZ#EREEFZTT (6RE).
w* xE REET VRS DLERMUGVWEHLLEE LT, BIREL 5% TEEENHDIILEETR

9 (Dunnett L E LX) .

F =ML =T %L R WG #fR 3 AR T, MR H IR L
IEAF LT N —DFEIPREL, % 5 ARE T, IR ORI BN, ZOit
WRERT > E=T DD BN ZNIETRL DR WEE )T,

(3) BE

TS ML =T Lol 5 E . HEFRIEIE. BT =0 AORINZ L > TR T L2
MoTey, BAMLHEIR IR T U, £, A A — ML —T7 LA HFETHE L TH, it
fET B = DMZEDAETFEIG O FIXALIRD 5T, ZOZENS, EMERET =0 A
MEDIDHZEICES T MO HESNDGEEZ DI, ZOZ LI, Wil A7 D3 lEE o E

IZES T AF AL L B HEAE LB Z DTN TED, Fio, T OEHIZAED

EWERIT, AL A A S gk A A SR A L L Bk (BB 1949, RS 1969,

Ponnamperuma 1972, ARAS 1984, #JHD 1987, #JE 1987) &5 2 Bz,

2) HERELT V= AEDORMBAKREOE L HIZRIE T
WREET = AORIMNE L B AL ET LA E X AER T DA LT =T A
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T DELOLDFBETHLNEFRDT2D | WilE T =0 LORDIZ, BRI LT
=Y LEINUIZG G OW SEH~DOE T -,
(1) Fik

AR 1 LFRERIC, B2 1T 100 g MY ORI LA Ry MZEED T2, LT U E=0 L HilET o E=
UL FIIREE VD D AR Z TRy MIINZ To, 2B, 7 BE=U LA O A4
Y OETRUCIZRDIDNC, LT E=0 ADO &I 0~4 mmol kg, filET L E=0 AEHifE Y
U LD L 0~2 mmol kg™ L7z, #BR 1 L[FEIARIZ, 1 mmol kg™ ([ZTHRYFDH LY DANA
K OEENGNHE LT FEOERED 1.5 {5225 CFFEL | #FEREO7-0 O 1524 (i
L7z,

B 1 LEBRIC, 1 DORYMT 8 RIS 7K 7 (fhfE: v /e ) 2 1591 15 mm
OVRSITHEREL 72, B ML, 3R 1 LRICIESRME T, 20°CE21E 30°CITFRE L7z, #FE% 21 A A
(30°C) F721% 28 H H (20°0) 12, tHEFEH LG LTERDOEIEZT T2, 1 2RI 6 DDAy N
fEHL,

(2) #ER

T U= MR TINL2WIE A BB EIG 13 20°C T 79%, 30°CT67%E RN 72 (K
3-2), LT U BE=U LEIRINUIZS G L AL HEIGIE 20°C T 73%, 30°C T 56%&R0RIX T LT,
Wile 7 o E=y LEIINLIZSE OE L HEIA X, 20°C T, 0.5 mmol kg OIRINT 47%, 1 mmol
kg OUINT 4%E % LKL 72572, 30°C T, 1 mmol kg ' DERINT 33%, 2 mmol kg ! DESHNT 6%
LKL I o, U, BREET B =T A, 20°CTH 30°CTH i L B EN R R -T2, Hilk
A1V 2 2 mmol kg ! ZUSHNT DL, 20°C T 56%, 30°CT 39%F THLIK F L7z, BLHIZK T 5Hi
Fe ) AOHEZNRIT, LT o E=r AEL0E055NEE X BT,
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100
20°C 30°C

60

HE|E (%)

B 407

—A— NH4CI

1 —B— (NH4)2S04
20_ + KZSO4
0 T T T - T T T T
0 1 2 3 4 50 1 2 3 4 5

FUEZDLAF LD FME (mmol kg™)

0 0.5 1 1 5 2 2. 5 0 0. 5 1 15 2 25
B/ A > D iFME (mmol kg™
X3-2. KFEDEIULLENEIZET5T7 0BV LB LRBRIEDFE
TIEICIE, |EHN, if:liiﬁﬂ:T‘/:E:'bArNHz;CIJ\ BB T EZLIN(NH,)2S041. B
B H™ LTKSO. 1 RINLT -, B8R Y O—XF v/ AN T, 20°CEF=£30°CTHE
Liz, S (IIZEREEZTT (6RE) . ™, *IE. PUEZDLELHREBIELAMLANGEHEEL
BLT. BIREL SN THEENHHEETT (Dunnettd BELLESE)

WTNOFRETYH, B IR0 TEIZBITAATF L7 L —0F A, #fE%, 200T 3 H,
30°CTC 2 HIFE TR, FEIfFo 2%, #fEf%, 20CT5 H, 30°CT 3 HIZETHEN
AN BT, Zeds, ZORERIZIW T, Fl O BEIZIIA LT D KBLIE A DI > T, B
BROPESIE, BEET =0 LROWRIE ) T LOTWIMEN L LR DIEE WL I oTe, — 7 T
T LERMUIZSA  BORORSIIETH T,

(3) B&

TEEZ, BiEE T =T 2RI HEFER 1 LRERICE LD R E SN, AU TR
NS TZD3 BRIV Y ORI > ThE LB ES N, —F ., HEITE T E=
ULERIMUTHE N HIREEAE B L2 T oTc, ZOZEND, T E=U MIEDH
SELDOFEIL, T BT LA IOBRRIRA T L DEENRKENEE 2 LIV, ZOZENbh,
WA AL DA AT ANTEALL HNEOEHFEL2EB X DTENTED, o, I FOR
WS | IR T =0 LROMRIE I VD L TIRIRS A LT BT &= LTI TIL#EN T2,

DZEDBY | FET O AT T2 BOERIL, FRERA AL DDA T A A 2 Ak A4
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VEREG LR (BB 1949, 7RFS 1969, Ponnamperuma 1972, AFTS 1984, #J55H 1987,

FE 1987) EE 2 b,

3) FET-LHEET TV ADOTMMB HBOBLRTEMICKITTRE

TIRIZBIT DA AT DAERCRIEHER T 25728 | FlF DI ECHER T =7 LDOTN
BLOMREED, WAt A A DERD B 2 L7025 HHEORR LR TCENI G -2 DR B2~
(1) Fik

B 1 ERERIC, #21C 120 g FHY O ARy MIEED | Bt 7> E =" A (3.6 mmol kg™!)
ZIINUIZb DL DZ R LTz, W# (2, 3R 1 L[AERIC, 1 mmol kg™ ITAH 2 3 D5/ Y
U RENNZ, KO EENG ITHRELZERD 1.5 (S50, IRE% ., Bl
B (i LT,

T omE TTEMIT, A BB R RER EP-201) & ik & M (TOA-DKK
REF4400-0.65C) DA ZNBE LTz, AAEMRIL, Ay o D 3 cm OESITHILZ, F-,
BN Tl IO HEEO R VIETTEN ZFHAT 2720  FEFUIOKFGFE (W fE e /e ) 2R
YT Lo DM T A EMOD S AT 7o, EMEOEN AT 1 R Eic 2 @, 7 —2ud
— (Hioki 3645) Z VT H BRI EFHIIL 72, M2 70V RIE T 5 ) T 272k
RECIE 8 A TRHIIL T,

RAsE T AL OB (BRFERT EHS-120) S04 b KP4 (2007) 1o i, k& T
AZ[Bh (V) 1iZ, B4 EBE L EMOBAZEPD (V) JHRET (C)IbHE &S5 :Eh = PD
+0.206 — 0.0007 - (T — 25),

(2) #ER

fli -2 RE L L 2o/ o7z o iR el IE# 14 A B TSZ.,20CT 0.3 V,30CT
-0.1VETLIN FRBR0 -7 (X 3-3) . — 5 FEFUrfEo T biE BN, #fEt% 20C
T{X4 BT 30CTIE2 AT, -0.2~-0.1 VEEETRMILTL, 20K, —ELRolz,
DHOEES FILFHEO HEOLA B R TEMIL, BT =T ORI LT

Y AP RA IRy
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0.6

mym_ 20C| | 30C

2 ,,,,,,
< —— (NH.),SO.
w 0.0+
eI
-0.2+ T
—— 0.1
W S : SUNURUIS Ry = v : : , : 1 0.0
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
MREEOB#H (EEEOB) (d)
X3-3. LIEDBRILETELMICH TIEFERBR T E=-VLDFE
3.6 mmol kg DFREE 7V EZ I LEBMUETIEESRMLAN TERAERL ., F 59 (2KTRFE
FEEELE, BRELIE. BRI EOBRIETEMNETT. [BFEEI.
KRB FEBRBLLEEOTEOBILETEMERT BEERICEHE T, 20F1E30°C
IZH;RLT=, 5~8RIE TEHBIL Iz, 2R ELXRDEIZFGEH LT,
(3) B

20CIZHBWT, FEF NG TIE, HROMECEMMITZEALSIE T LA o7, Ll
O TITO T4 BIZET-0.2 VICHLIETRMITIK T Lz, 20Zenh, HED LTI
Fe Al u BN DME T LISKWIR IR S T | FEF- O Tl A4 D ECDIZEE TR
PN HIEPR TSNS EE R DN, ZVE T, L TO 26~30°C T HEA KRR L
B CTHFHITNDINT (k- [LAR 1959, @i F& 1971, AR 1972) | BiilET €
=0 LD TCEBAINIEAE B Z 52 I oTc, ZOTEND | Bl T E=U L%
TIRITINA BRI, AKFEDOHE LB A FESNDJRRNL, fl- 50 /T2 IR TIC k- T
A EIRRACD AT DL KRBBEEEZ L0 LE 2N,

4) BRERERLT =V AHOWRMND HEERICBIT O R BEICRIETRE

FEA D H3IZ BT AL AL ZHER T 57-0 . Fi - DOIFEEC IR L 7 B = A OTR
MBINEEZZ 2 T, HIEIREESRIL ., DR OILREOPRE A Z T,
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(1) FHik

AR 1 LRIERIZ, B2 12T 120 g MY O LAR Y MIEED | bz IRy b kT
ZU L RIRT BT A FTAIRRER ) Y DEINZ TR Yy N LT, 7 =0 A A RO
Fe A7 OETECIZRDIINC, Hb T E=0U A0 &T 7.1 mmol kg™ fitlE 7 L E =" LLfiilE
AVT LOFIT 3.6 mmol kg & L7z, 7R 1 L[AARIC, 1 mmol kg ' 1T DYDY LA NN Z
RGO BE NP LNTHE L EED 1.5 (57200 L , IR L7 A e L 7=,

TEAIIE, K5 om, EAL 6 mm OFRPEXF LELET 2 —7 % VT, FRERLT (Toriyama et
al. 1996) , 735D HHVRIRZTRINT 5720010, FREXFIC 2 KiofE 1 (fuff e /e V) Z274Y
TFL DR T, O P 7o, Tl 232G T AR TR R LT,

THEIRIE 2 AR CRR B U7, IR 10 mL & 2~3 H MR CEREL . BREUE I XL A B

iy

ST, 6 M HEZ 0.2 mL Nz 77, TERIKORBEIEZEHRL T oy LB FEDOBEIL,

E

Ik CE R LT (BrantLuebbe QuAAtro) , ANEFEMEAHEAE R B (DL FHUZ, AIRREIRFE) L2
%, 2HEERE R FEET (Shimadzu TOC-VCPH & TNM-1) T4 LT=, DD MEERL 55 (Ca, Fe,
K, Mg, Mn, Na, S, Si, P) D} 1%, ICP-AES (Varian Vista AX) 12L& > CE &L, MbA4> D

IREEX, NN-DUATFN-p T == VT = D AWTEBOGEE CER L7 (B AR TR

2008) .
(2) &R
I 7Ry b HIERIE DRI 1T, T oy AEA N R CE<ieo7- (X 3-4), =

DL, 200C T4 H, 30°CT2 HOM, FLID LTz, ZIUTMHIRAEZE RO E D2 (b2 [
LTRY, MIRERER P E2DE (7 —24EN) | TERROERRE L —EIToT, ToE=
ULARRERITIFE—END TN LTz, ZNODERFROIREIC, FFOFHE L, 1ZLA

IS4 AN QYA eY
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3.0
BREL By | 20C 30°C
25l —O— ®|HFM —o—
—A—  NH4,Cl —A—
— —— (NH4)2$O4 —a—
% 2.04| —<— K;SO; ——
1y
b 1.5
ik
Mo 1.
0.5-
0.0- : . . :
0 2 4 6 8 10 12 140 2 4 6 8 10 12 14
MEZEOB# (FEEZROBE) (d)
K3-4. TIEBRRDBEREEIZBITAEFEAML-IENEE
(I, EHM. F=1E7.1 mmol kgl DIEIET U EZHLINHLCL, 3.6 mmol kg DE
B 7 E= LT (NH,)2S04]. 3.6 mmol kg D BREEHY ™ LTK,SO, 1% R ML=, FDHESIZ
KFEREFEBIEL:. BFELIL. BELGI S ELEDOLIERKE RS, BRI,
KBEFEBRELEEOIED TIEARRERT . BRERICEHLE T, 20F(E30°CIZM
BUTz, SRR REE T (6RE) .
U AR NG A O BRI L0 | o HEERIRIC B VLT, RKEH
2 BHUZ (K 3-5), i HEEER O~ o BE T, #f %, 20004 B, 30CT2 A

B LFA L, — 5 TN ENGE O BIRIER O~ TR, #%, 200CT 6 H,

30C T4 HE S EFH L,
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0.10
20°C BTEL mraE | 30C
—O— #|\&Hm —o—
0.08+ —4A—  NH,Cl —A—
g —1— (NH4)2SO4 —a—
é —— K;SO; —0—
5 0.06+
Bl
2 0,04
A
I~
0.02-
0.0 : : . . . - : ; ; ; ;
0 2 4 6 8 10 12 0 2 4 6 8 10 12 14
IEZDOBH (BEZOBE) (d)
K3-5. TIEBRBRDIVAVEEIZCEITAEFERMLI-IEDEZE
THEICIE. RN, F21E7.1 mmol kg DIEIETUE=JLINHLCII. 3.6 mmol kg DF
B 7 2 E=r) LT (NH,)2S04]. 3.6 mmol kgD BREEHY) ™ LTK,SO, 1% FMLT=. ZTDHESI
IKFRFEFEIBIELT-, [BFELIL. BRELEN S -TEOLIEREETT, (FEFEEE.
KBEFEBELLEEOLTEDTERRE TS BRERICADHE T, 20F(X30°CIZin
BUT-, SiFHIFAZEREETT (6RE) -
FEA-DMENG A O HEERR Ok (K 3-6) , Vo (K3-7) | 135 (X 3-8) DREIFNZFE—EDE
FThHoTM, F I HEO EEERIRICB DI NOOREL, 200CT6 H, 30°CT4 H%»D EH-
L7z,
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0.8

0.6

0.41

E (mM)

e

%

0.21

0.0

—O— #&EHKm —o—
—— NH4CI —A—
—+— (NH,;),S0O, —8—
—— K;SO;, —0—

BREL myshm | 20C

T

0 2 4 6 8

30C

10 12 14 0 2 4 6 8 10 12 14

IEERDOBH (BERDBH) (d)

X3-6. LIEBBRDHKREIZHS ITAEFEAMLI-IEENDEZE
HIEICIE, EHM. F1=1E7.1 mmol kgl DIEIL T EZYLINHLCL, 3.6 mmol kg dH
BE7 o EZ LN(NH.);S041. 3.6 mmol kg DBREEH ™ LTK,SO, &ML=, FDES
KIBREFEIBIEL, REFELIL. BELEIIEOLIERRE TS FEFEEIL.
KEEFEBELLAEGEOLTEOTIEREERT, BEKRICEHE T, 20F1E30°CIZH
BUTz, EBIFIEEREE T (6RE)

0.10

o
o
©

J2EE (mM)

0.02+

o©
o
o)

©
o
&

—O— #&EHKM —o—
—— NH4CI —A—
—— (NH4),S0O, —8—
——  K;SO;, —0—

BREL wyEss | 20°C

0 2 4 6 8

10 12

30°C

0 2 4 6 8 10 12 14

MRERO B (EEEOB) (d)

H3-7. LIEBRBRD)VEEICEITAEFLRMLIIEDEE
TEEICIE. RN, F2E7.1 mmol kgt DIEIE T E="D LINHLCII. 3.6 mmol kg DF:
BE7 2 E=r7 LsT(NH4)2S041. 3.6 mmol kg ' DEREEH' D LTKSO 1 EFMLTz, TDEH I
KFEFETEBIEL, TETELIL. BRELE - IEOTIERRERT [EFEFEIE.
KEEFEBELAGEOTIEDO T IERRERT  BRERICEHE T, 20F(F30°CI2m
LT, SE (TEERELT RS (6RE) .
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8
BREL By | 20C 30C
—Oo— #&\EHm —o—
——  NH,Cl ——
— —1— (NH4)QSO4 —a—
=
£
il
il
i
K
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
IEZOB# (EEZROBE) (d)
K3-8. TIEBRRDRFEREIZHITAEFEAML-IEDEE
TIEICIE, R, £=157.1 mmol kgl DiEIL 7 EZH LINH,LCL, 3.6 mmol kgD
B 7 E=) LT (NH,)2S04]. 3.6 mmol kg D BREEHY ™ LTK,SO, 1% R ML=, FDHESIC
KIREFEBEL:, BFELI. BRELAL--TIBEQOTERRETT . [EFEEIE.
KBREFEBRELLEEDTEDOLIEARRETRT . BRERICAHE T, 20F(X30°CIZM
BUT-, B IIEEREEZ T (6RE) .
TEEIRIE ORE OB EENT, MR AE ANT=56 . ANZeWEEIZH_ T, @72 (K 3-9),

TRERYE DRI A0S T EEOSA D I, HHEVRIE ORI AN L, 7238
B AT Uie o Te, BRI EE O 13, BREEHE 2 U IN U720 s> 7= 5 Bl BT fifi R 20
RIS READ Uie, Flo, e IY L& A T2 G~ T g7 o E=v a7
AT, BEER ORI E OB B KED T, ZOHRD T, 200CT 6 A2, 30°CT 4 A4
MOIEEST, FADOH DD DLT, HEEEIKOFALAA 13, 0.01 mM LU R e G

B CERDTZ (T —2K)
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3.0 - -
20C 30C

2.51

S 20]

£

B ool BTEL BT \.
4l —O0— #&E&Hm —o—

——  NH,Cl —&—
1.0+ —— (NH4):SO, ——

—— K80, ——

0 2 4 6 81012140 2 4 6 8 10 12 14
IMEEROBH (BEEROBE) (d)

SEp

K3-9. TIEBBRDHREREICETAEFEAMLIEEDEE
TIEIIE, EH. F=1E7.1 mmol kgD TUEZHDLINHLCL, 3.6 mmol kgD
7 =9 LT (NHL)2S04]. 3.6 mmol kg D EREEN ) LTK,SO4 1% RIILT=. FDENIZ
KRB FEBELz, [BRFELIL. BELEL L EOTIERRETRT, (BB,
KFEREFEBBELLAEOLIEDOLIEREE TS, BEERICEHLE T, 20F(EL30°CIZiN
EUTz. SiE (TR EETT (BRI .

DM ITH (Ca, K, Mg, Na, Si) OIREIL AT —ETHY, B TOHBIIFEA L ELZ
T2 T (T =2 .
(3) B2

Tl A DN T DO B OB A T T flFI 5 Tl 8k, Vo, IREBEOIREEN LA T D723
OV, BV AT HEOBE I o TN 52800 38R 3 THOLN-IDIZ, FETFUTfHIZ
U5 HROBAE SCE N O JRFTHIZRME T2 R LI2b D LB 2 bivlz, —J7, Fii iR 1T, Tl
T IBN T TR T DEH A3 2 S A7, e 1R (1959) 13, Fll 72 FEFEL 72Uy 13D
Hz J0°CTRELILG G THHEPICHBITDMEEA A B3 L, U H b Ttk A4 23
EHRADIEEHMELTND, LI23 > T, HEEPRIZRBW T, M IImEE A4 LU TFEEL TERY,
THEDBE I ES 2o T, B A ANCEAC T HLBEZBND, B IA T T AR A A&
fE o U ORI DR LERZ TR 22 8M b Fl1- I 5 O 31T D i FE DR T 1%, AIEtED i
FBA L PIABNEDBALERI AL LI & KL TVDEE 2 BT,

LU, BAbAF A%, FEF IO HEERIE THIZEA LRI TER) o7, 2T E6L,
WAL AT ISR E THHD T, TILR Al A A RO L TARE bED (B 1968,
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Ponnamperuma 1972) 728 &E 2 b5, i, F72bimHEn 2B brY7e THEEEEOIRA,
TEEIR ORI ST £ TICEERIRAL T, ik A4 BE S CHRL CLESTZ A
REMEL B 2 BT, AT, WAk A4 1%, BRIRIF OREIZ K> ThitdbkFEL TRIB L7 FlEE
Mebdd, LToho T Bt A4 DR TERp 7228 BT TRk A4 DAL
Aoyttt =N e WY S MG = AR e 2 A5 g Wyl

3. EER
1) FBE ORI LS ARBOE L HHE

30°CTH 20°CTH, HEADRELT > E =7 AOTRNMIZE > T, AROHETLES N )~ T-
2, AL BT ESNZ (K 3-1, 3-2), Yamamoto et al. (2004) (., SEHIREA 19°COKHITE
W, BB O 2L IZEE, TEART = AERO R T, BT T =T AN L HE
AOILETLEREL THBY, SRR RE—ET D, £z, ZTTOMIRIL, KT DA 5N
HL RN AL, )T A (1944) G KFEOFEFNHOEE N, Filk7 =7 AIZL->TH
FINDHILEREL TWDR, OB CIXA 2 VT, 30 CEHB A LR E TRIES T,
JIEE, BREE T B =0 ML D EZ R A A O ITIC LD LM MmO D, TEEEICIXE
IR CRtESH GRER 1969) | #EKATO T Ja G 1A - (LA 1942, Fejig- (LR 1959) THIRLEE
END, BLHENZEIZ, AEIOFE T, LVERW 20°C T, 23 03K RT0 L EEZ#) X700 S
T, HiliE7 =Y AORINC LS THNL BB F SN2, ZO5MIT, KFROBERFIZRBOTE
DBLEMZR &I THD,

1~2 mmol kg ! DFEELT > &= LD L > THE LB EFES N (1K 3-1, 3-2) , ZOTIN
L, BB L7 =Y ARBEROREN 0.1~0.2 mM, HRFEHRED 1 mM ITHY 5
%, Yamamoto et al. (2004) 1%, 7 E=U AREZEHN 2~4 mg kg OEEXE L HNHEINHZL
AL TERY, ZAUIHEET > E=U LT 0.07~0.14 mM ORI Y35, LIZ28> T, 22T
FOAVAE LRI, Yamamoto et al. (2004) DFEFR LT —ET D, 100 kg DJEFz T4 1 m? (THAR
THE WA DLONEZS I SEZ T DI %EFHE &L 2.8~5.6 g m* (T Y95, Yamamoto et
al. (2004) DHAETIL 4 g m2 OEFNiH CH N HBESNT, LI -> T, fEET > E=U A
LD HLOMRET, EEROERHFEY TREIVALESE 2 DD,

Wi AOMEHGE LB A LE T 203, EOMHEREIIMET o E=U MM _RHE5500 K
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ITHS (K 3-2), Ak T =0 AONEH TIEE LB RO EV L F SR -7, ZHHORERIE,
WilE 7 o E=Y MIEDE N HOAEIX, 7=y A4 TIIRREBAA AR E L THAHS
LERELTND, HNLHIZBITHIMEET o E=U LAORFERRIL, MBI LLVEEED TH
Do ZHIEX, TV EZULAFUOH A HEINFE T L RDP D L1200 EE 255 (Hara and
Toriyama 1998b, "E%#5 1999, Yamamoto et al. 2004) , #H H < ZE % (1954) 1%, Fifb A4 DA
AT BT DAT AL TR T DL MEL TNDIEND | il A4 Lt A 12
FOMFMEL B A ONT, — . R 2 THLT U E=U MZIDE L HDOHENR O -
oD, MEEAA L BIERGD e T BE= U M A EDOFARD RN H DN ST ZENBE 2D
o Fold, 7o e=U A4 U0, HEFICBITOH LB AAE TS5 T, i/ GE T
EBERETHE 57 LU THIHSNAD T (Hara and Toriyama 1998b) \ 7 E=U AAF 128D
BB ENTHHSNIZ TS B 2 T,

2) T RIT2 TR T ER AR RORE

INETONFETIL, Wit AWK LT LS OB bR ST BT, BEL B2k L7z e X2~ T
DoVE T DTLENMESN TN A - (LA 1942, ek 1IAR 1959) , AFETIE, EHL T
WRWDHERIZ DWW TN, AN WSS JOGFE 75 O biE e BT E LOEUR T
U7z (¥ 3-3) . ZOfERIF, BEE L4 =3RS (1987) O L —F L Tnd,

Tl A DRSS T H AT, O ETCEM A IR T2 AT~ TR
RO MR BEROWRE L HEOMRAETTENMICBIT M FOAVRL O AL -, tiEs
HEAR U= L& OB ITIBRE T, FEIC, A4~ T 8k, Fid B 5 9% (Marschner
1995) , fEEAA 1T, B OTFAEIZBIFRZR< IMRL TA5 20°C T 4 A, 30°CT 2 HETloais
127270572 (B 3-4) , v A, FEFOTFFIZIW T, IR 200C T4 H, 30°C T2 Hi&IoH
IMUBRD T3, FE- DI S ITHE UG DT EIZZ D 2 Ht%72-572 (K 3-5) , FE1-IT D
TEEEOSKIT, IMRLT20°CT6 H, 30°CT 4 [THIMULTZAS, A28 G A1 e A L RN
L7072 (K 3-6) . ZL T, 2O, I F O B e, £9-0.2 V &V RARAE IS
Uz 2 ARICHAE 72 (K 3-3), ZAUd, BYEETTEMME T 358, Mgk sin+2 (& R
1970) 2L & ML TWHEE Z BT, fit s i, FlF 5 D HIBEIE O - TRUD b, 20
AL, FEFEL TA25 20°CT6 H, 30°CT 4 HIRITAAE -T2 (X 3-9) . AU, BRILIETTEND,
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#9-0.2 V EVOIRARMEICEL 72 2 B BITHM 375 (K 3-3) , ZOIIIT, $PBE DR DZE(KIZ
(3, H T OFED R WA 52TV,

U RRFEDIREES | Tl DIFEIC B A2 T T, VATHE B O HEEES IR D A LA N
L7phote, ZHUTEROIMNE —BL Tz, B8O, VATBROIE T o TR T 270 L%
2B, RFS, FEEO HEER COZMM LT, ZOZ81X, RO A AL T
WHZEAERL TS (K 3-8), ZNOLOMEITRZOL, BR LB ERWAREE Ebhs, 72t
720, THERIR O ESRRE TN QR o7efod T2 (K 3-4) , B0 HHERIKIZR
FHRFEE OIAIE, BB TTEM 0.2 V ORIKEIEL Trb 2 HRICHhEST-, — 7,
FEF NG A O HEIATR O R BRI ITEL AL AL -T2, THUT, SRR D
AL LRI T D, ZNHDEA AR TLEN DL T TODZEITAOENTH D),
PSR E DAL DS BRI TR LR U BN TR A2 T CODINEAR I Ch D, IR HEY)
0, AR TTEN O NI THENL AR T 200b LWL, LAY S
ALDDNH LAV, IO FR T HER T I 0 DIHE SO A B DR AL > Thy
fESDFEREL TR EDDNHLILR,

3) BFIEEFICRIT DR A A LD AT REME:

FEHL T, 20C T4 H,30CT 2 HT, MTiafFofbiE cEi3-0.2 VETETL, —EL
72072 (K 3-3) . WAk A A AR DR IR ST EALIZ-0.2~-0.05 V LS TWDHD T (FH
1961a, fEJE 1961b, ##E- (LR 1976, Patrick and Jugsujinda 1992, Marschner 1995) . Z D 5
1. 30C721T T2< 20°CITIR W Th | Fi Tl 1% 9 IR 5 ThiA b A A > 3 ERL T D 2 k%
REEL TV,

TR DTN BAFRZ2L, Bt IR B IR 165 CO R LTz, ZOWATHREREL T 20°CT 6
A.30°CT4 H%IZhEESTEY (K 3-9) , ZO XTI LR ITENA-0.2 VIZEIFEL 2 B
(A2 975 (1X3-3) , EH1T, 3R 2 12V T HFELT20CT5 H, 30°CT3 HEZID, fiEFDJF

(CRWRABIEES I, B O T HIBEIR OB IR DR Lia T, Zofs Rl #E%E N
TWAL AT ST 75D TEETARIN TWAZEE, M#kA A DFET D ICk
WTARBEMED BOWEALER A AL (REF 1949, #RF2 1969, Ponnamperuma 1972, AAFS 1984,
iR 1987) | BREEAEA L TNDTEA/RIBL TN,
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WALAA 1T, BEEIZB W TH RELBRSTKRROEB S ET D, 2O TFED | LM
NHB5IE, TEOBETEN DR FIZko Tl Es (M- @ik 1959, ik 1968). fifk4s
A OWFFETIE, ME LK H HER IS WS 72 CREZ-)ITE 1938, JITE - 1liA 1942, I
F 1944, Ve LR 1959) , HHEAPKLIZBROECIE IREIZ K> TIRES DD, SHITH
ATD HIROEHRI Lo ThRtESh, HEZRHRMFIC LIk TflESng U1 A - LA
1942, #ef-IUAR 1959), ZLC, K& I (1938) 1o kv, Mzl BA kLG4 T&
2\ 25 CUL R CHALMAF ATAER LN ZEDNHE ST D, ZAl, EBEOKBIZHITHE
FRITH Y T 2807, TN FEFNTHDRWVR IR SR THAL AL DR T 260278
STURUY,

AREEDOWFIEIT BN TIL, TEEZK PO 7T FETERINL | FpSE52872<, 200CTHEKS
o, L7eh3o T, i fHI2 36172 T OB o AL & T IR O iR B O TUH 72K
F (X 3-3, 3-9) . BIEHEDRNWGAE TSR, FMIRREME TS A, I Tl 14
YINMERRL TS ZEZ IR L TG, ZOIIRSEMHILVIFER THY SHIZHEN O HIR TOE
FECIE, A4 AR L TODRTREMER LD @V EB 2 Hid,

IRFRITARNZ AL 2T R L . 2O I DI RENETRIZE | LA N L D'k % B~ DK
PSR ([ 5 - ik 1959), Lol HEEPICHRRES U KRR 113, BRSR 03D Dt e
AU AT A 20D FE P 2B LR S ZERREECHD, 2R, +EF L
KRBDMRE AR Z T LR FE LR ITTSRMA TRTH, kA4 O BEZZ T 0T Ve b
D, 5 (1960) 1%, +3AEB LK TH-TH, BRRZIZTHEMOBRLIHBETL, it
AT AT DZEARE L TOD, KRRBERIZISITDHE T Tld, oMb 23 <720 iR
DLTHY | JERMFZES I TEIKBE BRI E NI 5T 15 Tl b 1A 034
LT, BEELZITRTWVEE B,

4) BALHAA LK EBOE LA E

JIE (1944) 1, JBRE B2 3EKICL T 32~35CIC T D5 Tld, Ml T E=0 220N 5L,
KRROFEIFELAEBDEBTRMEISNDZEE WAL TBY, ik A4 ko TEB M RS
HZERIBRTND, LIZ3> T, LD LD BRFEOFH LB A ET L5~ 2O ERK ThHHE
BEZBNDH, ZOFEZIT, R 2 1280 T, SEEITAEFED JRED RO DRI, FlEF- DI B
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Wi DSBLER ST 28 IC R TH R S5, R A A oK LD b b HES - (M
3-1, 3-2), &BIT, INLOHGIE, A — ML —T LA AW EA, EUeh-o72 (K 3-1),
ZOTEE, TIEBAEMIC Lo TRREEEN DR AR TS (R 1968) DT, Btk A4 D
AR EEERE IS Lo TIES N2 2R TC0D, ZROORERIT, BN EKORNCERL
72<Th, F2, 20CRRE DM IR ST BRI TS, RO A A N+ HD
7ROIE RIS D HIRMA ML DREEA A L O DRI AT DRGNS B L%
PHEL CNDHIEERL TS, MZ T, 30°CEDS 20CH 3o E HEEMNE LIS (X 3-3)
DIZHFL, BALHIT 30°CEDE 20CTIYPAES L2 (K 3-2) . ZAUE, 30°CLDH 20°CD 528, it
TR ILSNI DD EET DI , RRIZe I BLPACIAD BNLD T &5 2
Y QR

B EREAC AT AL, AR BT HEICI- T, MEORBRENIIA(L T2 (REH 1949,
7RFA 1969, Ponnamperuma 1972, 8 1987), Bitdb A4 L 3R LTOKRRICIEE 2 52 528
THALDMBE PR EIRNIDNTT D720, K HEIZEE M A3 S T&E 7o, /K H I /3
EERERRLER DIV B 15 g kg ! ThD (121G 2003) , REEOFER T AV THEO BT Lk
(Asami and Kumada 1959) D (% 18 g kg™ T, ZDIEMEME A X Tz, Mz T, FT-EFO 1
BRI, BR300 THEEL TRRao 7= (M 3-6) ZAUEL, #RAA 2 8 L Tu el Th
-0 JEA0 TIERAL A AL DT LA RLL . Ali#kA A2 LA L TORWIKIED S DD B 57
O, FFNESNLESE LD, MIAYIZ, Hagiwara and Imura (1993) 13, Bitlb T hIw L2
IMLThH, KFEDOENLHIITEAE LR o7 Z e WA L T0D, 2T kA4 D
FOHED T2 &5 2 HiLd, MR TR AT AT ISR BB O gk A4 L5 &
T2, EMSNIEAREMEORALEITA FETITRWOT(REHE 1949) . KFBOABEZEL 2D -
TeEEZBID,

KFROE LB, MBEE A 67 TS Iz o /e B CHES N (K 3-1,
3-2), WAL A AL DILTHLMEET L E=0U LZRINLTH, THEORR LR LN A
BRI o7z (B 3-3) 285 WA A AT HEIETTIT B LW EB 2 Db, ZHVHL, Hile
DOEINZ, KOEZLDOWREEA AL DAL AA ATEALL , ENDNFE IR EEZ 52 LB 2B
oo LTED3o T KRRIEREAES Tl a3 2 WVIERHE WD MENRHLEE Z B,

i ITb b FEICIFAEL T D, Bl 5O HIEIIL, FiERA A ORI H b H T,
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RRRFIICHR SR EEAME R LW e (K 3-9), BREBHEOIRINAZ L722<Th . HETIImifk 14
WAERL, B HEAETHEE 2 HND, FW e HEO A ZhRERT D &1E 2.0 mmol kg™! (63 ug
g) THD, $A (1977) I XAUE, ARNRERTHAS 0.3 mmol kg! (10 pg g ) LA T DA g% i
MT2DMERHDLEREL TD, W HIRO AN RERT O EAK HIZIBWT— IR DD,
THEWB RO T TR BRSO IRINZ L7e< T, TENORE A D3R |
WALBEAET 5K e/ o TWDIENE ZBIT,

4. ERE

IKRERHEIZIN T, BRI NI CTHOD, W MITEIZ TR, ZOFREL T, BrbR
BBV ENRHLIENETOND, Z2TIE, EFRIEE CHOMBET - E=U LD N T, #K
TR LB OB LD AR SN AR R AT T, £ LT e =r AR L THE
SEBIEIHIS AU D o T2 BB CHDRIE T B =0 A0 IR ) 2% i 358 20°CC
b BTl ST, 27E L, BEEF— N L —T THE BT = U AL THE L
Ll S nvienorz, £o, fE HEORRE TENIE, 200CTHE H Thifb A4 3
RO DKHEETIR T LTz, BRLIETTEM ORI o> T, FlE U5 O HEE IR O IR D
KT LT, ZOZEMND, BI85 CIKIETED R A A B L A4 AT L, SHIZ T f
FAA L LBUSUTREMEDRALERIZ 2o Te&B 2 BTz, LT2h3 > T BOM IS0 HHED
IKETNCHBRL 22V GE Ch | Bl A4 S RIS 0 E T 27251F, TP IcF S/ T
LTI, AN Lo TRALA A D3RSI, B L HMIHI SN D LS 2 bz,
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FARE mBELZHEALHRICBTDEIT T BEORAIC IS KEOE LM &

1. =f

ATEEIZ RNV T, W7 R TS, HRICHRBRIEZ TN T2 LKMOE M LME T 52 L%

i

BHHNMZ LTz (Hara 2013a), 7z, FE T FO M & CEN I, RATHNAR T 35720 IThitieA
TN ERGACI AT DAL BN HERE T HENRES T,

FBVT T UBBET, MR TCHE I L AMBRE L OB DL A FLE T D52 e ME S LT
% (YD 1990, Biswas et al. 2009), L7z3oC, BT T U BEE WA LIZEo T, B 5
DAL DA A BLE T HIUE, B LA M L TEDREMENE BT,

ZZ T ARE T, LA DER LT WIISHERE 2 TN U3k HiEic, €V 77
VBRI T KFED LB I KT T B AT~ T,

ARFET, Hara (2013b) 212, IIEL TV ELDHTZ,

2. Bk
1) HE~OEVT T UBEORMBKRBOELHICKIETHE

AL A A SRR T DI ERE 2 RN U 7o 3K 8812 b1 A2 D A sl il 1
ThHHEVT T Uiz kk 2 2B TIRINL , KRR O LB AN B3 05~z
(1) 7k

e i) YR S0H% T D 7K I GRIRL ] 357388 PR 2 B - | 8880 1) 2D AF AR L, Bz L2V R o
F£F 10 mm Offi T55-o7- 18 1% B 8 ecm DRy NI T 100 g §°f5bd 7=, 20K
v MZ, 4 mmol kg §z HITHE Y T DL T - E=7 L8 1 mmol kg™ H2 TS T 5T E=
U L EFRE KRN U TINA T, 85I, ') 7T i)Y L% 0.00, 0.38, 0.75, 1.5, 3.0, 7.5, 15,
30 mmol kg ¥E LA X T, ARRIKIZEED L CIRINUT=, BN, K O B 3RE 112 #a
BLTCHEED 1.5 LD I0Ky EE2 T LT, 1l LSRR OIREME 1 KHERE LD b,
HETT 2 BB LT, 1 DORY NI 8 KIOFFS T KFRFE 1 (5 FE: £ /ehY) & HEO i
15 mm DIESTE 2y M HWTERELZ, FfE%, £S5 cm, B 6 mm OFRFESE LHLET =
—7 %MW C (Hara 2013a) . & 5:MFICAE 2 DOR YOG, 10 mL O BERERAFRILTZ, R

M, 20°CE2IL 30°COTEIR T 12 RERR T AT DN il 357 0 —AF v L ATz, ARy b
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DONLEOYEENT 0.1 mmol m™2 s Th-o7z, Ay MIIFZEF KEREA YINL, KAL% 15 mm (ZHERF
LTz TIENOHEDNBINT RS A LU, 5 3 ENBINI R R A E L HEL T, #EfE1% 21 (30°C)
F721F 35(20°C) B BICTHIZEEHE B LTAEIROEI S 3/~ T, & BR S HEIG D 20%% 1
Z T2 E DA, Richards BA%% % VT (Hara 1999) . H % O SNEHEOFHET —HF 5, L
BT o7 H D R flEE U7, 1 SR 6 SORy Ml LT-, OB O T-L 5
WSRO A A BIZ T 57212 ZIENDO RIS THNIR Y ML, 1 g kg 2 TD
AFL T N—Z N Z . AR ORI L TR 2R fE L7,
(2) KER

20°CL 30 CTRBAL 72 L L HLOBIG X, ARO[ AL (K 4-1) , VT T U Weh
U DERMUIRONG S HEZEEIATE 30~50%CTHY, ZOEIBIIRENITEIT T AT I
DEHE 2 HIEE EL DB B SNT -, BT F AV LD RN 0.75 mmol kg LLF, F7-
1% 30 mmol kg ' L EDOFE | L HEIATX 10%K0 ThH-7-, LinL, BV T AT LD BN
1.5~15 mmol kg ' DE& BN HEIG M LU, THRROT) T T UREIL, £V T U
U LOFMENZLFIL T EA-T DA AL (K 4-2) | fAL B A ELTZEE D RO
FVTTUREIL 0.04~1.5 mM Thole, mbEIEAM EL-LE KBOEFITEIT T
FE IV LORMEN LR DIZE BN LI, B HICELETO B, V7 T
Fe 1) LTI &2 I8 DI1EE T2 o7 (K 4-3),
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EFEIE (%)

100

801

601

40

20
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TYITTUBENI I LDFIME (mmol kg'§z1)

H4-1. KFEOHFLHEILEDEISIZHITDERITTUBN)VLOEZE

EYTFUEAYY LAORMBLNEL S LRIOKBETFEEELL, ChdIFT O—RXF v
ISIZANT, 2012 [£30°C TR F=, FEHIBEBEERT (ORM) . ™, *E, EUTF>
BN LEBRMUENRAELBLT, BREL S%TAEENBHHLETT (Dunnettd
SBLEE).,

E (mM)

2l

Di

A

x)IT

10

10
0.0

/

0.1 1 10 100

EYITTUBA)YLOGRME (mmol kg gz 1)

X4-2. BREEBEOTERRICBITAEITITUODEE
PREDTHEBE L, BEEREEVEENSAT=,
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24

—@— 20°C
229 | —m— 30°C

20+

18+

~

10+

HILFETHOBEH (d)

8-

Ot!: Za T : T T
0.0 0.1 1 10 100
EYITFUEBA) Y LOFME (mmol kggg+)

X4-3. ®RUTTUBAV D LOGFMENHILLETARICRIFTEE

BILETOBRYIEHRIETRUZ, BT TUBA) Y LOFMEH0.00, 0.38, 0.75, 30
mmol kg 32t DEE . BIALEIEE20%EBREMoTz, COEE HIALETHORMDFR
EEFELGEN - (REDWBETRL) S ITIRERELRT (6RE) . ACEREIISIT
SELDIENFIE. BIRESNTHEENHDEETT (TukeyD BB HEK)

BT T UBAVT BB STl & AF LT —% ANTZGG OR300 HHED 2
FLUT7N—OF AT FFRELTHH 30CT 2 B, 20CT 3 HIZETEAIIE(MLE, ADZ( b
(LB BRI, BT T UBAIT LD ENRELIRDITHEST, 1 BIFERRDMEMDR DT (7
—4HK),

FVT T URAVT DOFINEDS 1.5 mmol kg™ LUF D L& T I B ignsBingz (K 4-4),
20°CIZ T 30°CTRWRD MBI ST-03, WTFHOIRETHEV T T U7 AOUN

BRI 512, Buoifigo HERITEN -,
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30

= —@— 20°C

% 251 | —m— 30°C

m
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NG 15+

ﬁ

% 104

L

5 5

i3 F
O' //// T T T
0. 0.1 1 10 100

EYITTUBH)ILOGRME (mmol kg'ézt)

X4-4. €T TUBEN) D LDFRMEDL
BN ELSIETORHMICRIFTZE
EORMNELZETOBHIL, SHOKREFEBELIRYMNIB LT, BREEICRIC
BONRALELEETORREEKRT D, TYTFUEBAUSY LDFMENS.0 mmol kgt
UEDEE, BUOGRIEELEAST (REDBZTRELE),

() EBE

FVT T WAV LOEAE?S 1.5 mmol kg™ LT D&& | T HI RO, £h
UL EOWMETIIBN R o7, o, BOmABNI GG TH, VT 7 VBT LD
BERZONEE | HBUTEL ot BT T VA IR AL DA R E IR T 50T, B
W I LS ThH LRSS (REH 1949, JRFa 1969, Ponnamperuma 1972, AATH 1984,
D 1987, R 1987), 7o, BT T VAV AORMMBIRNE | B HAELNR) T
W, EBVT T UV AOTNNEE 1.5~15 mmol kg' & DEMAMR L LB ERALNT,
DZEMD, LA > DAERPHE LG Z L EL TN ZENRBINT, VT T AT A
DOBINEAS 15 mmol kg™ DEX | FNLHITETDETO A RLRD IINE)S 30 mmol kg™ @
LEHSIBEIABIE T U, Z0ZEnb, BT FUBAIY AOTIENR L TEDHL HEIEN
HELDHZELRIBINT,

2) BV TUHRERMLI. LR B EREDOR
AR 1 12 WT, BT T UBAVT ADORINCE ST, KFROE LB L3528 6
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1ol BV T UYL aRNT 58 EGERL THZEL THALHL T DN OV TR
T 5720 BREE LA X CHALHEIAEHR AT,
(1) Fik

TIEATER 1 LFERRICHE LT, 72720 BT T OB AOTINEIR 1.5, 3.0, £/2iX 7.5
mmol kg ¥z 1L UTe, BYT T U ERAVY AORNINEZ ZO LT E LD, 3R 1 OFERNS
M- 15 mm ORSITEELIZBROE BRI G N @O ZENHEE SN T D, LB 7T
RENEOLNDLD, THAHEL, FFE L 8 RO 1A 1ES 20~40 mm |[ZFFFEL 72, 30°Cick
FHHZFEH N LHORNGZRER 1 LRERIZHA~T, 1 RIFIZ 6 DORY M LT,
(2) FER

KRROHZFEEE L HOEIG 1T, FEFERE DR DIZEME T L2 (K 4-5) . #EFEEREEDS 40 mm
DEE,EVT T UV AOTIMEIIIIDOLT | B bEGIXZEErE o, 1.5~7.5
mmol kg ! ¥ EDEVT T UV AOUMBEDENIL ST, HIESCHE L HOEIAR IR E R

RIHOLNIRD T,

100
H3F HiLb YT FUBEORME
—0— 15 1
801 ] —a— 30 m“;g;‘g
- 75
2
£ 60/
4u %%
{W_‘u *
I 40
H
20+ ok
0 ' ' ' ' , .
20 30 40 20 30 40
BIEFEE (mm)

X4-5. KFEDOHFEEALLDENSIZHITAEITTUBH)DILDEE

EYITFUBNIDLDFMEN RS TEITKEEFEEREL, ChoFTO0—RFv
INIZANTI0CTIELT -, B (IIBAEREERT (6RE) , *, *E. BIEEEAH20 mmD &
FITHART, BIREL SN TEEENH DI LETRT (Dunnettd L EHESK) ,
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BB

RSEEHL 2138 PR L BICBI D AEFRIG TR R o7z, LIehio T 'Y T T R
T LD EINZ L THAL A A > DERRZIMHIL Th | IREFETHLR L HLITKRDEE RS
Mz, TRSEEHE T DIZEHIFRI GBI TLTWOZEND, HFICEDETOMEDMEDRESIZ
FBRADR DY, HF CTERNZERHILHEDE TIC ORI > TNDHEZ 2 T,

3) EVT T VBBEORMA HBOBLRITTEIMIIRITTE

FBVT T UV LORE I EDE LS ERROIEL LT BT T Uiy b8 A
FRALHIZOR S | A A DAERRZMHIL T, B2 bW LS EtEb B 2 bz, 207
W, F|IT T UV Y LONE S I T, R T R B AL,
(1) FHE

BV T WAV DORMOA 282 T, R 1 ERERITR Y ML=, IRINHY Tik
2 HiOFRERNL, B bEIE N EAES FEEL T BT T U AORIMNELE 1.5
mmol kg ¥z t& L7z, BIFED J71% (Hara 2013a) IZ9E- T, FEF LI KFGRE+ (5l e /e W) %
RYTZFL O TEAT, BEBMIANT T, AeEMe L EmAZ Ry M AT K T8I
RE% 3 em ELTEUIAATL, Ry NI, 3B 1 LFERIC, 20°CL 30°CTRIRL7Z, 1 S&fFi26 2D
WML, 2 DOBMOENNZE5, 7 —Fa i —%2 HAWT, 1 Rl &I 2 BEFHIL,
Fe{btiEcEN[Eh (V) ]IX, B@EmE R EMOENMAZPD (V) ISREIT (C) bR L
72:Eh =PD + 0.206 — 0.0007 - (T — 25),
(2) FER

T ORMEETCEMITRHIR T L, #fE% 20°CTIE4 A, 30°CTIL2 AT, BX£%-0.2
V EFTIRTLZ (K 4-6) , Ik e iENIE, TV T T VYD AOTRINC L - TREZZ T 72

-7,
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0.6

) 20°C 30°C
0.4 AMEL o e
| |EBUITORME — —

0.21

Eh (V)

0.0

-0.2-

0.1 S

B o — 00 §
0 2 4 6 8 10 12 14

wENLD A (d)

B4-6. FAELIEOBILETEMICBITHIE) I TUBRIEDFE

1.5 mmol kg DEYITFUBEA) D LEFMU-TEEFMLAVLIEFEBL, KTREF
EiBFEL-, 1BIERICADHE T, 20F1F30°CITHRL =, 5~6RETIHAIL -, EHEBRE
*EOEICREEH L.

() &L

FBVT T UBHVY LORINE, T ISR DR LR TTENIIZE AL L 5.2 7
Molo, ZOZEMD, TIVT T UEAID ML, TIEEAFBCAI R TR b A A O A EcA i
T DD TR, TEEITHAC AL DR T DIZE R ICHINT /2> TODITH DB T Wik
AF L DERREMRTHEE 2 BT,

4) BVT T VBEORMB HBEROE) T T U LHREOREICRIETHE

FBVT T UWHIT LORERIZEDKFEDOE LB EOMIELHER T 570 V7 T Uiy
LA LT B30T D8 I 5 O TR AR IR, BT 7 o SRt O A FHRIL 7=,
(1) Fik

Wy M akBR 1 ERRRICHE(E L7, A7 (Hara 2013a) |ZRE#L7=2d0IC, BEREEE 2> T, Rob
D TR A PRI U T, BARAIIZIE, Fl 5 O HIRSIR AT 272012, 2 KLOFEIFLI-F#
T (fE: e /e W) ZAR) T F L DR TEA T, REEZE AT 2 aRy hOIEIZZELIAAT,
FE A DR SAE D TR A BRI 27201 FEF 20T TICRBRIC R BES B 2 HHRIZELIA
MTEs L RIFIZ 2 DORy M LT, 2~3 ABEIC, BEZERMEZHWT, 8X% 10 mL O+
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B AL BT A BA<T201, 6 M OMElE% 0.2 mL MR 72, MR EEY 7 7 o ORI,
ICP-AES GEEAE G 77 A~ FN o0 /W41 | Varian Vista AX) & W T HTLTZ,
(2) R

FVT T UMAN T DERINU e ole b T OFVEUICERL, TEREROE) 7 7%
FE1X0.00 mM Toh o7 (X 4-7), FVT T Uy LA A LIz & TEEROT) T T R
(3. T, 0.04~0.08 mM T, ZD, BT L, 0.01~0.03 mM &7z, FliF-IrfFo 58
VSRR IT, #EFRRE 1A MIT, FEF 2N O Co RIS @ ol REIR. V7T

Y OREINZEAE B LI -T2,

0.10

20°C 30°C
=0.081 By BT
=% mL e
;’Z i wmEL  —O0— —e—
@0-06' BYITUMIE O 8

T 0 © 00— 0——=0 —Q@—
12 14 0 2 4 6 8 10 12 14

0.000—0—000—=0 .
0 2 4 6 8 10

MREO B (FEEROBH) (d)

B4-7. TIEBBDE)ITUODREIZEITS
BFOERVITURERMDEE
1.5 mmol kgtDEYITFUBEN) Y LEFMLU-TESRMUELLEZEHL, KTRETF
FIBIELI-, BRERICAHLE T, 20F=(EL30°CIZIEL =, TREFELIIL, BELAEM =L
BOTEBRKERT . (RBTAEEIE KRBT ERELEEO T IEOLIESKERT .
BISAZERELETRT G~4RE) . ™, *I&. [EFELICHARTIEFAEIORED. BIREL
SNTHEENHDILETRT .

TR DN S D T HEVRIE DT S BRI RIZ L AL D Lie o=, BRI e D HEEVRIK D
W TR Uiz (X 4-8) , BV T T U AU LETRINURWES . ZORUD 133G, 20°C
T5 H.30CT2 B E T, BT T U AU LETRIUTZSE | iR O/ 3EN

7mo ZOWI T, BEFE% . 200CT 11 Hi%.30°C T8 HE ThHhoT-,
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20°C 30°C

s
E
1
4
S
# 1.0 BF BT
S |mL

0.5 AL 00— —0—

0.0 ————— ———————
0O 2 4 6 8 10 12 140 2 4 6 8 10 12 14
IEEOBH (BEROBH) (d)

[X4-8. :ti%/g/&@ REDREIZEITS
BFOEVITUBERMDEE
1.5 mmol kg*DEVITTUEEA) D LEFMLELIBEERMUAWDTEZ LML, KREF
FIBIELT-, BRBZICADHE T, 20F=IE30°CIZIEL -, TREFELIX, BELLEI -1
BOLERBRERT, [BFEEIE. KEEFEERELLAEOLEOLEARRERT &8
BIIBEREZ TS G~4RE) . *, &, FEFELIERTIEEFAEIDORED. GEIEE],
5% THERENHDHZLETRT,

(Q)E%
FVT T UBHIY DERINUT 6 TEREOF) T 7 R EITm<HER Lz, TE70iTts

CBITDEVT TV O, T T DIEORAIC A TESHER L2, ZOBHITRH THD,
Fo, FEA DO TIL, B OREITHEVEE L) >703 FEF O 0 TR T,
Bt s BE SRR IRFAITARR R Lo ZAUR, BB DS AREEL T D ZEAERL THRY | e A4 73
BEILSI TR AA L 720 fliBRAA > S S L TREEDR LR L o> TOD T EaTRIR L
TWHEBZ BN, I8k, BV T VAT LERINLIZ 56 T fl U RO R X
RTFL, BT T U DERMUIZ S A AR TE DR TR ZORE TN S
7o ZHUEL BT T U BBAT AL DBACI AT DA R 2 SRS 585 2 BT,

3. EEE
1) BV T UBEBEORMIESE M HOM B
20°CTH 30°CThH, 1.5~15 mmol kg ' ¥z +DEV T F U7 L BTN 52212k - T,
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KFROTESNLHM A ELTZ (K 4-1) . 2 TORYMNIHEAL AV LEIRINL TSI | 2O R
VI LAF AZEDEDTIFRNWEE 2 BIVD, VT T AT OMEMIAITLHED—DTHY, I
EHELTH VSIS (Marschner 1995, MacLeod et al. 1997), Z4Udz., EVT T DA%
RICEST EALHD M ELTZATREMEIZE E TERW, L, o EMZE TR LR L THE
V77 v OWE IR 2D (Marschner 1995) | D A[EEIEIZIRWEE 2 B0, LA, EIT
T UBAT L DTN LT, LA DB R DRI EB Z D ETHD,

Fi DU OB LR ITTENIL, TV T T VB OTINC L > T BE = T3, 23K TL,
#9-0.2 V T &7po7z (K 4-6) , BE(LEITCENAY-0.05~-0.18 V (7D R A L DI ARk
FTHESNTWHODT (Marschner 1995) | BLEESNIZFRLIRTTENNS AL ERRL TWDHE
ZExOT, UL, KFEOENLHITE) T 7 VBRIEO IR L > TS, 202 liX, £V
7T BB OTINT, BIETEAICE BT I L b AR E T HI LA RL TS, — K
FRIERE T, BRRIEAAILL THOWSI TW DIl Loy AT, BRGETTEA 2 m<frDILT
HLH A B GRS 1990)

Tl AE U T2 RO R IR LB L E 2 s (REH 1949, 7R 1969, Ponnamperuma 1972,
ARG 1984, #KIFH 1987, #E 1987), B HBUIRAL A4 3R A LT Z & &R
Do ZOZ LI, FEITE CHEEDIRE DMK T LI2ZE (K 4-8) IZL > TH X FFSLHEE 2 BV,
RS A OE AL L > TRAL A L DT D& RIVEMEOREEA A (RIYEED
Bt 28) L EAREME OB b8k CREPED R ) 1222162, 1.5 mmol kg ' 2 LA FOEY T 7 Y
U LERILTZEE  BINLZR WG G AT, B lmo B EFE 1355 T ORI O 23
BTz (B 4-4, 4-8) . IHIT, 3 mmol kg ' 2 LA EDEVT T UMY LAIRMLI-E & B i
THBLL 7R o7z, ZOLED HIEEIROE) 7 7 R EIT 0.14 mM LLETHS (X4 4-2), VT
T URBAT U DOIREED 0.2 mM LLEDEE | Bk AA L Z AR T DIREE IR T DO YEFHA Y255
MAHNDIENHEZIL TS (Biswas et al. 2009), Fifb#) A4 ORI/ DA A LE)T
T UBRAT NI FREEDNMACNDD T, BV T U BEA T OBIMBSTRADA A DA A
HILIzEE 2 HND (D 1990, Marschner 1995, MacLeod et al. 1997),

1.5~15 mmol kg ¥ +DEVT T LAY LERINTHILICEST, B bEIG A tkEL-
(K4-1), Zobx, TEFEROEIT T OPREIL0.04~1.5 mM Th-olz, ZOZEIE, THEA~D

VT T UBEE O, HiAL O LR EZIH T 58128 T, Wy bEm ESETnails
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IRIBEL TS, £ LT, MBI ZRINUIZ#K HIBIC BT A KFROE N b ELEL W15
BRI N DAL TH-T=Z LR L TS, BIlE Tk, ARERIEZUSINU 72K 3821
HAVHBARN, A2 — ML —T7 520 k> ThESN- (Hara 2013a), ZOZEL . il

H

IR IC IS Lo TRIHSNAMAE A4 (G 1968) 12k~ T, b A ESh Qe
R LEEbND,

)7 T % 30 mmol kg LA EYRINL/ZE & HEEIFSEL BT RO LSS HEL
Lo 7o icb b bE KO BT E LR 7= (K 4-1, 4-4) , AT, AKFROEF X
BVT T UBEORMEN L2 H1ZE L2572 (K 4-3), 3Bk 1 TIX, EV7 7 U BEOTN
BRZWGE . B EEOAT L7 N —0iR BN, ZOLORERIT, ZR/OEVT T 1
HWOWMM, KFROEBZESEDLIEEREL TS, LIz > T, KRROE S H (A EXE5
eI LB 7 T VBRI &I, BXE 1.5~15 mmol kg #2 L THY, ZOLEDEI T T
BEITBEZ 0.04~1.5 mM Th-o7z,

2) BV T UBEORMIBIHBEEEOEE

3 mmol kg! W L DFVT T UMENYY LT DL BN HICESETOM, B4 D
ARSI (K 4-4), BV 7o BEE i H L7256 Ch KRROE L HIL, FEFERE N
2B LB 7o T, KRRDO L L Ao 7o DT, WL HEIA ORI RIS DI T o2
T B R DID, AR DSR2 DIZE | RGBT DL, Wit A A D4
I EDH DTl BHEDAEFRE NIRRT 720 b Liven, — I, @ik
U LEFE TR CEDOBEART DT ETEEUNESNAREREREIX 10~20 mm &S5 (F K
5 2007), BV T UEEHEZBINL , 20 mm OIESITHEFEL T, K LR -T2EEDH N HEIG
(3K 50% TIH-7= (1 4-5), ZORERIT, BIEPRE DED, BV T T VBRI IINLIZ 56 T,
WL AN T DHITHEB LI A ThHEVEDLLRNIEZ R TS, £o, BV 7 U
IZEo T b A A DAEREZAELZEL T, K2 E<EEE TN EELN e

TRIBL TNV,

3) TEOBTIZE > THTFPEEELZITHLIA
FVT T UL, BRERIE TCE Lo T, BREBA A L O A F L I8 AT 52 L2+
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DIENHAESN TS (D 1990, Biswas et al. 2009) , AFEDFEFITIHBNT, VT T B O
INZ - THENEBIZHfEZe M ERSOLN -8, MEEE STE DA RINA LS, KFG
BERFICBTOE O ED—HER Tho7-Z a2 R L TV, ZOB ZITRIEIZBW T, gL
M T D LK RIS O LB Z IR L2280, IR Th-Th | fit
LR T DFEE FCICE LR TT BN A B AR N L72Z e JE L7eV (Hara 2013a) .

FBVT T UBBBE ORI L ST, Wifb A A DRI VRIT U, OB GIESTEA DMK
THHLHLIZ (K 4-1, 4-6) . ZOZ &I, ffeHE iR B ML b A4 3 E sz i iud
FRfbaE ST AL MRV TH ARG L H T 5 ATREMEZ R L T VD,

TAmERA A ROFEIRL KTRO BN H AL E T LB 2 B4V S (Hagiwara and Imura 1993)
LU, AREDORER 4 12380 T, TR OSKIRE LI~/ 24, 0.5 mM A2 T2, KAl
ITH LB LT, LIz o> T Bk A A NS ko TREFE L Z T e EI, M8k A4 o a M
KFBDE L HZILE T D050 LRV, Bt AF N K- TREEZZ T TRTNE, B be
FLELZRWATEEMD &, 7o, MM HREIE T DA T BT HHIRIKFIZ/8>TnDH e,
A BRI IR T O BTGRP R BRI T H LD 372> TD (Marchal et al. 2001)
ZOZEND, ZAMERAT RO IR I L D E AR E T HZLIC ST, B AHEFEL T
WD ATBEMES B 2 DAV, AR T, Wi b A A DNE L HIAE O — K CThHZ LN fEIC /o7
R BB O ERIC LS ES SN TODTEND ZNLDMH LETHD,

4. ERE

IKRBRIZ I CIWT, BEIBIEE IR FIETHL E D5 AT EIZ A4 Thavy, THEENRELL
BT LB DR A A 1%, KRR D SEHAHIHIT 5 — KL g b5, WAbAF
I AEMIZ Lo THEEEA A D BAERSNDN, BT T U BBAA AT E DA A IHIT 5, 22
T, fiEEE A i F L7tk B COKROE L HIZX T2 EV 7 T VBRI O Rz i~ Hi
B e FH U 7= 3K 8812 2 128720 1.5~15 mmol kg ' DFV T T U@V LETH T 5&,
KFBOHESEHIEWN ELT, Flo, BT T VY 2O N HIZE > T, FE 0 HEEKRIC

(T DR L OAR T A3, T I T DA E O fif b #k & b1 5 BV BRRBED A Rl
PN, ALEROARINENT, BV T T VBRI Ko THAE A A DA IR S e 2 e %R
W2, BV T IR ORI 0BT FE I O EIR TCEN I LA A SR
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HAKHEETIK T LD T, BT 7 IR bR B A/ LT b O A A Il LT
TR EHER ST, PL ED I RE) T T UBEEIC KD AKRRO B LB A BT, FisEICE T BRI
BWT, BT T VBRI ORI L > THEKERE CORL BN L2 REMEE LB, Mk A
A DIKRGERE DL AT 5 —RIZ 22> TS AT REME A R L TV D,
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FOE RBRELZHA L HRICBIHEIT T ALEH OB F R ICLSKWOE L b b

1. B

AIFZRBWT, BV T Uitz BICIRINT 58, Wi A A4 L I oOF E b A 4 DA

o

A ES IV, AKFEOE LB A BT 228 %7~ L7z (Hara, 2013b) , V7 7 U BRIEDOEINC LD
WAL BT RS HEEICHE A Z VKA T 258 B 260D, L, KBIZH—IZE)T
T U AT DI, ZEOEVT T USRS NEE LIRS,

ZZTC, RETIE, HEIZRMT 200 B EN Dbl snD, - ~DE)T T
LAY OWIBIZ L > T AKROE LB ESEHZEE ML, RIFICRB VT, KIEEDEY
7T AV LA IR L BN T 5L KRBOEB RIS ENBILEESNTZDT, K
T IZOWIE DV T T oA G E WL LI LT, 22T B, iz L 7o
FHEOE)T T ALEME, BLIHBEZAONICT 2L ThHD, T, ML 3 0 30Co
G TR A 2BV T T ACE W ERE B L TR AR T, RIS, ZOHPLRATELDICD
W, DD G TR T B OB R AT,

AFEIL, Hara (2013c) ZAL(2, MMEL THRO ELOTZ,

2. AE
1) #k& TV T AV ERTIEBE L LEOE bR LR

AFCEMEBEMEDE) T T ACE W | kR % Io R TR ITHREL | iR E=U L%
INU7= K B ICHRREL €L 20°CIZB T A E L EI B E i~ T,
(1) FHE

TR DO YERRAZ 10 5 ICARUIZARVE =L T b a— VRIS SR KRR 1 (G fl e /e d
V)% 1 43 HRIEL, AL Cos, 7T HEDEY 7 7 ALEMIZ DWW T, % 0~2 mol-Mo kg™ #z
FEZEZ T B LT, BN T 7 ALEWIE, BT 7 R R (MoM &g, LA
TRL) . ZB{tEV 77 (MoO) , BV 7 (MoH) . BV 7 Ui~ 7 327 (MoMg) | E
V775 MoCa) VBV 7 U7 o E=U . (MoPNH) , VBV T 7 )T I
(MoPK) T %,

i) YL U2 T 0D 7K F GRIDRE B8 PR (8 AR | 88 1) 2D AR 28R L | JRRZH 4712 10 mm
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DEiCHEDoTIRME 2, B 8 cm ORY NI HHET 100 g T2k, ZORVMI, 4
mmol kg ' §2 TIZAH Y T DA T B =U A& 1 mmol kg ' B BT Y 3D (LT U E=0 %7K

BIKIZEN L TINZ, Ky OB BN IR LIZEED 1.5 FL720 100Ky RaFif L,
T L LR OIEEYZ 1 FFFEEL O, MEHE T 2 AfE L, EROMMA &I, 1 m* D
THEOFEZ 100 kg LEGEL T, 11 gm* &7, ZO®IT— AR BN EL0H 208, #inL
TeRBEA A NDDRAIA T DA ZARE ST DL T, BT T ALY DR R E RSN T
LHBITIToT,

AT LFRIARIC, 1 DOy MT 8 KO LIKFRTE 74 THEOHIT 156 mm OIS T Evh
Z W CREREL 7= (Hara, 2013b) , AR ME, 30°COMEIR T 12 FEFIFE TR 28 84T 57 1 —2
F L AN, Ry RDOALED NI 0.1 mmol m™? s THo7z, BNy MIIFFRE K& 2 s
L. AKfi%& 156 mm IZHERFLTZ, 28 3 BENBINZRE A e HEL T, 5%, 21 H BICHIbL
TERDEIG AT ~T2, 1 G-AFIT 6 SORY ML,

(2) FER

fEIFRET- 23K HHEPICRRIEL . 30CICHHE L= &%, BT T AL ME B L)~ T3
DEEHEIAIE 206K TH 7228, 0.05~2 mol-Mo kg %K1 T MoO, MoH, MoPNH Z#¢ 7L
7% 0.05~1 mol-Mo kg ' 'C MoMg Z# 7 L 725515, 1 mol-Mo kg™! T MoCa 2B L1=355
F72. 0.05 £721% 2 mol-Mo kg ' TMoM AL 7= %365, AKFRO B L HEIG 23 L7z (K 5-1)
MoCa X> MoM D LB [A] B RIE, Db BT~ T/NSh o7z, E72, MoO, MoH, MoMg,
MoCa Z# L7354, 0.5~2 mol-Mo kg FZHEWI IO ENZ & WNL B RN RRE5ED
B 2G5z, Lol MoPNH <> MoPK THEEL 7235813, 2 mol-Mo kg™ T, M ZHRIRIT
FIELRNT,
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100

MoM

—x—
—0—
801 —0—
-
——

& (%)

HE

=40
i

0.00 0.01 0.1 1 10
EYITTUILEYDHEE (mol-Mo kg™t)
B5-1. ¥k RGEV I TULEYEHRBEL-KEEFORILLEE

EYITTUILBYEZIEEFICHE. 30°C- HALYTTF(12 h d?, 0.1 mmol m? s THIEL =,
EYTTULEYOBESTRDEY ., MOM: YT TULEH. MoO: =EILE)ITTU.
MoH: EVT7TUE. MoMg: EVITUEBY I DL, MoCa: EVITUBAILL DL,
MoPNH: YV EYTTUBTUEZY L, MOPK: YVEYT TUBEN S L, SGF [SIEERES
TT(6RE) ™, *E. BUITTUILEMEBRBLLVEHELERLT, EIREL 5% THEZE
MNHBEETRT (Dunnettd B EFLEEGE)

(R)B%

HOREDORERAWELILE WTHOEVT T UALEWEHELIZGA TH, KO E SLHN
m L AEm RO, LIz >T, ZNHDOFVT T ALEWIN, TV T T U BA4 2t
DL LT AL AA > DR IHI S, LD A A BT HZEE R L TUVD, MoO,
MoH, MoMg, MoCa Z#EL7-%& B RN L+ E DL, B HEIG O M L2 S D
WHBITZ, BT, KIEEOTY T T UMby 2% % Bl A LTZES, @2 H o a3
SNOMBIENAECHE RN DI, LIZBN> T, ZNOLOMIEEEM TH B BN LT 55
&L IBFIENELDZEAVREBESNTZ, L)L, MoPNH X MoPK T, S L 7= 48 &2 b %0

FETH, @ LHEIGO M _ LISl S SBIZR0 T,

2) B BREHEIIBWTE) ST UALEYMEE B L~ LE0E b LR
W ENLWRIETHE L BIA BN ME T L7720 o72 MoPNH & MoPK ., 8L OVZ2 72 MoO
ZZHWT, SBIT EFERME IBESM, 222 T ZNLDOERI T FUALE Y EiEm LT

e DL HEIG 2T,
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(1) FHE

AR 1 IRV T AEEE 2572 MoO, MoPNH, MoPK % f#3EL7-FE1-& . flEZEL TR
TR QR IFFE 1) (R 1 LRRRICHE L 7=, ZOfE1-4 BRBR 1| LRERIC, L 7= 1381 15
mm OTRSITIERL | IROFMFTHEE LT, () FRMEIFET-AREREL  20°COEIRT 12 R T
FCKT DRI 27 m—AF ¥ ATz, (b) FEEIFFR T2 RFL | 30 COTEIR THOLAT A
R T 0 —=AF ¥ I ATz, (o) HESFFEFZ24EREL . 20°COTEIR T 12 FFE R CHOLAT A
R T 0—=AF ¥ I ATz, (d) 285 FE L, 20°COTEIR T 12 FFfEIfR TAZ LT
ARG T INHIT D7 0 —AF v N ANz, ZOLED ARy FONLED &I 0.4 mmol m™
s Tholz, iR 1 LRIBRIC, FHEEL. 21 A B (30°C) 721 28 H (20°C) (2@ b LT fE kD%l
BEFNT 1 6 ORI L,
(2) #ER

MoO, MoPNH, MoPK % JEf# 3R -1 L C 20°C L7zl (K 5-2a) | M FFE 1 12HE L
T 30CELEE (M 5-2b)  fEZF LT FIZHEL T 20°C (X 5-2¢) LL7zL&, [FERIC, 0.06~2
mol-Mo kg tHMDEVT T ACEWEWET D& LB BT, SHIT, 11T
LT, 20C T, HENZWAZNANTART LT O TFICEN L&D, FERIC, 0.05~2 mol-Mo kg™
HYEDOEI T T ACEWEWE T DL, B bnm ELZ (K 5-2d), LisL, BEV 7 7 ALEHD
BB 0.1~2 mol-Mo kg ' ££<725L | i bEIRITHEVEDLLIRI2Dh RO T 51
CIESYZ=Y ghis
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100
(a) JEEFTBFIZHE (b) JEHESFFEFICHE
20°C- BT T TH S 30°C-EAEAT T THIE
80 -
4[[ 60' d
iT&E
5 407
H
201
—A— MoPNH
—v— MoPK
of
100 - -
(c) BIERFICHE (d) ;RFEFEFICHE
20°C- EAAT T CTHIZ 20°C- A2 )LINSA RS T FTHEE
80- Kk i
g
4H 60- Kk :
iT&E
5 401
|
201
—A— MoPNH —4A— MoPNH
—v— MoPK —v— MoPK
0 —— . : — : :
0.00 0.01 0.1 1 10 0.00 0.01 0.1 1 10
EYITTULEYDOHBEE (mol-Mo kg?t) EVITTUILEYDHHEE (mol-Mo kgl)
X5-2. RREOEE - BE-NENBLIRLILEHIZEITS
EB)ITULEYEHEL-KTEREFOBELLES
EYITUILEYMERELTWVEWERIEFF(XSEEFICHEL., 20F/=1L30°CT, &
4T (0.1 mmol m2 s 1) FEf=(FARIL/NSARLT (0.4 mmol m? s TEBLLT(2 hdY) ., £
Ltze EUTFULEYDOBEERDEY, MoO: ZEILE)TF. MOPNH: ULEYT T
B7E="D L MOPK: YUEYTTUBAID L, S SIZEREEZTT 6RE) ., *IL.
EYITUILEMEHBLEVEHLLELT, BIKREL SUTHEEELHDILETRT
(Dunnett® L ELLEGE) .
(3)&Z%

AL 4 RIFCB T LE L HOMIE, R2ARAITRER 1 LR THY, BV 7 T ALE M OR
BENZIRDIZE | AL bD A BT OBMA DI, £, MRS ICHEL T 30C Tl
AT FITEN G E-OIR R -2 8 L 20°C THOLAT TIZEW 724554 . MoPNH <2 MoPK %4
BUIZLZITHAT MoO B LI LT RN LWV ERNLHEIG O _EFRO0/NS<TeD
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Hm RT3 BIREL THB LIAL S M LD ARG /NS o T, BIRRINC, BB
] LU T O R 0.1 mol-Mo kg! £FTT, SRV ZNAHZ Th, WAL HEIGDOES
250 EIZHO TN THLN, W NS2DAb b, ZOZENE, BALHA EDT2d Dk
MWD EA BRI 0.1 mol-Mo kg ' FREETRNEE X DI, Z DR ThiuF 2z =
RLEV T 7 THREAITRNEE R DI,

3) BRAIREVT T ALEMDEERMEL pH

TV T UACA DN REOENEERT B2, W' T T ALAMOEIRYERS LU pH
ZEHAILTZ, G T, BT T UALEM DL ITKITEE T DL 2~ 30T, HEICRML
EED pH ODEAIZ L DB LT AL | BB b~ XU LEIRE L CpHZ RIFT2HEIZ N T
b, VT T ACEMOUEREMER KLU pH ZFHIIL T,
(1) FHE

ZNTNDOEIT T ACEWIE K 25 COE T, 0.1 M-Mo LD ITFAKEZIMZ THD,
FEOTT RIS, =053 B (10,000 rpm, 10 43 ) ZAT o7z, B E 10~100 f5IZARL T,
ICP-AES BB fE A7 T X~ 5y I3 | Varian Vista AX) 2 FWCEY T T OREL
LTz, AT, FRRICIERL LTV 7 7 DR D pH % pH A—%— (Fisher Scientific
AR50) TRHHIL7Z, ¥z, ZNODEIT T ALEMA, THET TSNS E4EL T, £
V7T ACEWELED 0.1 M DR~ 7 XD LERG LICH AT OWTh, [FERIC, REEE
pH ZFHAIL 7=,
(2)fER

TV T ACEDDHERB LI LED EBROEYT T OPRRFEIE, MoPNH A3 EH K< (0.2
mM) , MoCa (1.2 mM) , MoM (2.9 mM) , MoPK (4.2mM) %% MoPNH X0& /b Ligi<7eo72 (3 5-1),
MoO & MoH 1% 8~9 mM LIFFZFUIRE T o7z, —F ., MoMg 1% 92 mM L&, R TREITTZ5E
2100 mM L7eBZ B EET DL Q2DVERELT=Z 812725, Fl2, MoM, MoO, MoH, MoPNH,
MoPK AR S 72L& D pH 1d 2.5~4.0 DFEPETHY, MoMg, MoCa AR fIESHE7-&£& D pH 1%
6.1~7.4 DM TH o7,
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R®5-1. BALTT R LOERMEERMEHIZE TS
EVITULEYMDBEFELEEPH

EYIFY BRAL< T Ry LEGRMP BRAL< T Ry L
E&m? Mo (mM)? pH® Mo (mM)? pH®
MoM 2.9 3.5 9.3 9.8
MoO 8.1 2.5 101 5.9
MoH 8.8 3.6 102 8.8
MoMg 92 6.1 94 9.7
MoCa 1.2 7.4 1.1 10.2
MoPNH 0.2 4.0 97 6.1
MoPK 4.2 3.2 99 6.2

(@) BUVITUILBEYDOBEILZRDBEY, MoM: E)TTUE£EH. MoO: ZEILE)IT T,
MoH: T T B, MoMg: YT TUBEY I L, MoCa: BT TUBEAILS D L,
MOPNH: YU EYITFUBTUEZY L, MoPK: YUEYITUEENY S L (b) BT ToEL
TO.1 Mol LT B EMEL LORBZKIZANTREASE - () ®JTT&LTO0.1 mol
ICHYTHIEEMIC. pHELITZEMTUENRRIEI T RO ILEMAT, LLOFZBKIZA
NTEEHSER: () LEARICBITDZEYITUODRE () BHBRDpHDIE

— 05, BVT T ARG EEDE T, Y RO~ RV LEIRAG L URBS T L& L
HHEDEVT T PR EEIE, MoCa 23 1.1 mM KL, IRUNT MoM 28 9.3 mM &Ko7z (3% 5-1),
Z DD MoO, MoH, MoMg, MoPNH, MoPK 13334:% 100 mM 720 IRIE 2 THREMEL T,
ZDEED pH X, MoO, MoPNH, MoPK 73 6 F£ £ T&HY ., MoM, MoH., MoMg, MoCa 73 8.8~10.2
T TNNAVETH-T,

(3) &%

FBR 1 ORER 2 1TV T # LB BN EL ZEICHEEL THE b ERRMETL
(Z<Mh o7z MoPNH %> MoPK 13, ZKIZHITDW MR AME A3, pH 23 EA3DITLT28 > CL Wi
ELKIRDIEM Gy DroTe, ZOTEN, g2 &I L TH i b EZEME T3, L
b THED pHARE R RIC IS TpH MR 2 IC ER/-L72E &I M ERE) T T A4 iMibfasi
L1280 HNLBIRNLZEL THROLNDEE 2 DIV, Zli7e MoO &, KIZIIT DRI
B T=b OO FERIZ pH 23 LDl > TRV T T OIRME N B £ D200, FEEETO
FIRICBOTHEHL TWDEE 2B,

3. EEE
1) BT 77 OB FERBICIDKBOE L HOM L3R

AL EDRN T T A EFEFITHB L2556 Th L BRI ZIRINL TR L7 T8I HE
FEL7-&EDKFROE LB ELT (K5-1) , B LIl % T ICRERE L 72 B Fl 1B L
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T ZNBOIEMEE) 7 T LGN, BT T VAT D LT S faShbEB 265,
ATEICIBWC HIBIZEY T T VA IY DRI EE L FITLSIC (Hara, 2013b) , EVT 7
AT ANIIREEA L DA FERGAC AT DAERZIHIL T, KFEOE L bam LSE5EE %
LD, BV T BRI TIIRWED T T 28K (MoM) TE A, 8 T2 L B L b LR
bz, iU, BT T U BORENPBIESNTEY, O ={LEV T T VBN LEI T T
FeAF L VO LT OGS TNDEB X BND, ZDT LT, MoM DIGHEHE A, =BTV T 7
DRRBIR L [FERIZEEYEIZ 2> TRY, Bt~ X2V L2ZIWINT D8, BT T ORENR DT H
12 EF322 8 (K 5-1) bbb g ESnS,

=BLEV 7 7T (MoO) LV T 7 B (MoH) LBV 7 U e~ 7 320 I (MoMg) 13, D1k
BT WD @72 (R 5-1), L HOUWHFERIT, £VT 7T LLT 0.2~0.5
mol-Mo kg™ WiMIZHE L= x| m<iroTe, EBIT, BV T T U B RNZLRDE, B HEBGE
BHARPME T 2D BT, RIS, BB TWEV T T U~ XU ML, BV T TV
DR REEZ<T DL, HHPREAR T HHAN LN, ZOZET EVT T U WeAA
NETELEWHN BN LW RP[ELLEERL TS, —FH VBT T UBRT =T A
(MoPNH) RV BV 77 A1) 2 (MoPK) IZE D NE B A BRI, Lo BT ~T 8
BERNPZOEITOLHELZ LT e o7, ZOZEIE, MoPNH <2 MoPK OYEfiEEAMh (LA
FOBIRV DD EZ 2 HIVD,

EVT T AR MoM) EEY T T UV A (MoCa) D LB A BRI, D€
AMEEMEEE AT, D370 -T2 (K 5-1), ZAUE, ZIHDL B ORI T E D00 &
B2 DD, MoM DIRWEREMEIX, BV T 7 o &R OEKEZO TR DAEEL, b
LINEYT T U BBAT L ISR LIRNTZ D EE 2 B3, MoCa DARVVEFFMEIL, Z Db 5RO FFE
IZ&BEH 2 HivD, MoPNH & MoPK OEFMEIFIRWCH 23 05T, WAL H O[] R RILE D
olz, ZOZEIFE, ZNHDLEWIE pH O EFI > TR S £ LB 2 HD (R 5-1),
MoPNH <2 MoPK (ZJ» T SR 03 BRI D & B3I pH OFEFEHEN 2305
DT, FADWAFD pHIE 6~T 12 EFH-T5LE 25115, MoPNH X° MoPK D X572 E) 7 7
FAYEIE, pH 2% 5~6 BT, RN EWED T T VR IZ 2k 7% (Tsigdinos 1974) . i,
MoPNH = MoPK [ZZ 41 H RDOEMIENMEWICH Db 59 HERICHEEDO ) 7 5 BA A
VEMIETEDEE Z DI, EHIT, ZE0D MoPNH X° MoPK T L= A T&4, wxrbin b
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DI SDZ LT 720 o T2 M ZHUETE & DIEMRIENMENTZD EE 2 BiVD, ZHUTh
BT, MoM & MoCa ZFRIFIX, WTHOBEHMS, FE1-12iE U728 (0.05~0.5 mol-Mo kg ' HzH)
o T 1 Y VA Y/ [ By

2) AREFBBIZEVT T UALEYCLWBOR MM

20°CX° 30°COIREELLMERC, 0.1, 0.4 mmol m? st DFLEIFIZDHHT, MoO <2 MoPNH <2
MoPK % W= Hl B IC Lo T e b B LT (K 5-1, 5-2), B bIZBIT2ENEhOE
U7 T OBIE RS EI A RTOREOA I bL T REL THbT,
LIZhoT, ZBDEIT T ACEMIE, AL AA 2 DAL DK BBV TR ERE 21T
AT, AKRBDE LB Z M LT 57 OICHI I TELEEZHND,

KEORBRICIHBNT, THEAOREET = LAOTRIMER—RI 7 & I0H 27 7= (10 g N
m?), LoL, —H72 BICICET 255708 5T 2~4 g m 2 RREDREET =7 ADNEH Th .,
KRGO HIT R E %5215 % (Yamamoto et al. 2004, Hara 2013a), L7=23>C, ZRHDEIT T
NEEW THWBSNI-FEF1T, fBE T B=0 L7 8 ORI 28 A7 FEREAREE U Tt L7-
BRI, ZERATIH T HLEZOND, BIEOERIZINUT, MEREAZ RN Z2WIEE TS A, fitfk
MAA AT, bEDETBRITHFEL TODHEEAA L B EKSID, LT35> T, iR T =T A
ZHi AL CH, ME B ZVKBIZB WL, BV T AL SO F BB R ThH LS
2O,

KFBOE LB &N LT 57D T BT 2L BRE) T T UALEMIX. BLE 0.1
mol-Mo kg ! #2H1 (X 5-1, 5-2) Tdh-o7=, bL, 10 a O/KHIFET-% 3 kg #&FET D6, L87e
FVT T UERIT 10 a H72Y 0.3 mol-Mo TH 2D, — 75, BIEDFERIZIAUE, FIFRIZKFEO I N
HaEm B350 FFFERTIKE LBICE) 7 7 AL EME AT 556 BT T T
HITBEZ 2 mmol kg Fe - ThD, ZOHA . 1 m* DAKHZ 100 kg Dz HEHE T DL MR
FBVT T DRI 10 a H72D 200 mol-Mo &£725, LTeh3>C, MBEREIT 7 &8, T~
RN AT, T TlIAR D22 T e, 10 a 3 OFE I, b 2l Ch 2 =ity
77 (MoO) & WAEA DB 81X, 43 g (0.3 mol-Mo) THY, 1 kg D Mo % 3,000 F1&L
T, ZDOEMIT 130 e, ZOE TRV ZNDT, FVT T ALEM LMD, E
BROKFERIFI TR TELEE 2 BND,
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AT, VT 7T ATEY O E VTR THY . LITUITIEEHIHINZ 5412 (Marschner 1995,
MacLeod et al. 1997), —ff7eha LI AU, BT 7 o K Z OEMICRIL T, 10 a 720 30
~50 g (9 0.1~0.3 mol-Mo) DEVT F LT N T LALEY T T VT =0 AW H SIS
(FfES 1980), FEFHABDT=ODEY T T AL OMEHEIE, L TOME M &EITH AT
BN, LTz o T, A BIC Lo TRV T U AT 528 T, R0k BTV ERR
LD REPEITIRNEE 2D,

AT R A RRIFCB T, RV T T ALEWOTE A PIED KRGO i L LT RULHE S
FAET D RAETARDMED DD, Flo, ZORIRE KH HIEORH S EEOBMRATRDZ LD,
EVT T ACEHOE G Z2FN N MELLE 2 HiD,

4. ERE

KGRI B W T, ERRITE IR ITTETHLB, BNLOP AL E THHZEL DY, ZDE K
ILFEE TRV, ZIVET, BBE A H U7 B OK B 72T 522D L LR AR
RERDN, AIEMEDE) 7 7 % HIEICH A+ 528 T, ZOE bR ET HLawmE LI,
ZITIE, BRICEORY) T T UM AT AR A T BT T UM OB A
SF720 MEEMEDEV 7 7 U EM AT FICHAE L THAL DA ESEDZE2MFI LT, £ DR
R WRESE AR A L7 B PICRE R L 725 A28 0T LW T hostEs) 7 7 & %
T ICHBL CHE L OASELTZ, FHZ, TYTRYUVEET VB0 LBV T RUVEEA YD A
BIRIT, ZRICHBL THE O FSIUL ol o, b ZiRE) T T &M Th
L=V T T Ub R ThoTe, LIehi-> T, ZNODEV T 7 &b & Kt 12 gE 7
HZLIZES T, BED LK TEIC BT K FEDO L B A WE CED IR DD,
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HOE MEBHR

ZHETHARRRIETIZE IMERIETAMEA RO BV TETZA, mELIZ LA HWFEARZELTPP
(B KRR S ORI ) ~ DB L\ T2 FEREW) E B LIRS, IATICH LT &
FTHERARTAMED BEFE D TR 72 5 TS, HREIT, b FRID DD EAEV D ARBELRDTENG,
BINMERIRTAMEZ R T 2 T IEL L TIPSV TE T, £, Kz, K, /B7RE D& DR
ELUTRIA 2B AKTR O KA ko> T ALV R TRWO T, IVE R TRa Ak

EfEZIEH T 28E 035, FIEALRCINTRDE 2T DM KERKIL, RS Z L i
EREL R0 RPEZIZESTRAZ LD DHZENTEDLD T, FEALEDOKBICEHTE, Fot
BENBRIL T TBEENRTELZD, RIRIZELASNT, ARIZRTFFAND &V, £ OHKER
Tl BB RE B ZENRERBE R Ch oz, LinL, Bix e BIRA B S, BIETIX
BOKERETIL, BRI T 2B L oD DRI LT R4 T IR FEL | 222K H
ZPKE TN AR LICEETEH T 28T LEMRE N HEMR TELIIT8o7, Ll
ERFERIIRT R THY, &I~ ELTND, ZOFERIT, BHED I EE F B TR
ENT AN TRIAR LS TETODO T, AR HNCBAED ELFE O I IEDOE I TERR= AR
PEDBRSLIZ 72N EE A BND, LT3 > T IEREO T IELIVE T TIRI AN F 52 L3
L2 > TS, HKERRIZBW T, BB (LoD AOFEFHEIE, B2 EAICEE R
fifelgoTnD, L, ZOHBITF D000, FICLWEFEO B RTIHRE T 2% E R H 5
e AL RE N, 2 B ED, B120F 10 a 12 3kg OFET-EFEFE 5L 1,500 FHEE DD,
ZZT BRI T LR AT T LA ENS LM 5 78 T B B S T D MBI
oD, Flo, ZOTDITIL, FPAKBEFE T, WL DEWEB LR, EOFEEOR AL
7o WAL LR T T2 ERZHALNI T HIENEETHD,

AWFFET, 5 2 BT, WL OITENDZ LN IS ND ATHVAEB DSR2 A PET 58
Z B B O KRR T D HEAEDE DS, IS FE T ORFESLHERLOZ D% D
EBEETEE 3, 4 M) 12092 BB RIET B ETH T, T O, B~ DR
BNLWERECHIEBINZEOROAEF ETIZOND BENEL oz, o, EOAEFIT)H
3% BERD 2T, A E BB HET o IC LTS o THER T DM AMF DLz, F7o, THHEPICHEREL
TeEEDOELHEIG I, BHEARA~OEHEHAL E3 < FEIFEHOE 1 EE mME 1 GHIT,
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PR A~ORFMIE RN L&, T OER G ENEVEMAHY, T OER G ELHEFA
B FE-RETORREGBEEIHEE IS BV SN, LT T B TORHRS
EWZEDKFEDOYI A B Z D | KDY AEB P RN ENH L DLEIGEmOTZLBE 2B
oo 2L, B B LB CH CTB A B CH TR IR AN T DR 3
EVMEAIN A BN ZER0, TRV T LBV T2 Tl A BT OEREGRICARE
FEDFOIILD DT ZEnD, B DOHREL, YRR D O - ORRE BRUANOER LG5
ERTRIBEND, BIZE, FEFEOREC BHROERFEBFMD RN LNOEFDEF N
HEATNDLZERELE X BIND, LIL, WL TH, SREH O KOG EITORE, E£5%
T D2 LI LT, BERRICE LI AR NRWE AL ZENTELEE 2 DIV, 2
FTOBMREF A DT CIL, BRI R EO BRI K/ NRET D701, &S
FOb it EE R EAYEX HHEINICH D, EFhH E2WE IRl CHEF421558, 04X
2o TLEN, EIBITITRME L7225, LTzA > T, BRSO UEF IRV TR WL,
EFRMIERAIECTIENEELNEEZBND, 2O BT, R ORI EA 2 DI T,
BRSBTS LB LR\, Fo, B T BB RIS L O 0% OE
Bl | 2 OO WL & ESELEIR MG DO THEMT2IENFEETH D, LIzhi>
T, ®w b EERO—2L LU THIATEAEE 20T,

B3 BT ML AA L DHEKERE OB LB EERNI 2o TODOMNTHR 5720 | ERESR
H2fEL ., BRIRL CRIEREED HEA W (b A4 DT DRl 2 T3
T KT F 2L 72L&, 20CI2R VT, HEBRITIIR L2 5220 b0, i L HhaE LFE
I LHZLEWILINNI LT, Fio, MO R TTEMZFHIL, 20°CIZIBWN T, FlF 258y
TEETIT IR EAEERLIESTCEN DR T LR DIZH )b 5T, T Cld 3 HEEE T, i
b A DR T HIEZ R T DR EETIR N L7z, SHIT, ZUTH VT, Fl- RO 11
IR 35T DRI EEAME T L, BB B 23 Bz, DLED s ZIET, Fifk#A
AU BAERTHENITEDIRIIV TR -T2 20°CREE DG IR E T R 5721 13 R 2
FINZIRTTL ., BiAL A4 DSERR L, Mgk A4 LA L TROREEORLEZ AT T0DE
EMTRIBS VT, LT2D3oCL g2 TEIZIINT 2L KO B SL B MK T 9501, FiF-ir %
CHREEA T L D OMALIIA T DAL | KFEFE - ICEL KT T oo eE o, —F, 1%
F—NML—T7F 5L L TEIZIRINL T S bII R ES ) o7, Z0Z8E, A —h
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L — 7\ ko ThEERIR ST S FEIR L T2 Z&C L Wit A A DDA A M E SN2 72 5T
12, BALHRLESNE e Te B R DI, LEDZEND | EFEDPITHONDM IR T
Fl -5 CITRF AT, B LB SCBM MR TLTERY, b AA L DAECLZENH BT
D—R &7 TNDEB 2B,

% 4 BT, SOITHEIAT L DD EHEL T HZEEBOTIRT 20 | ifki A4
DAREIEIT 22 REL DTV T T VB A TIHISRINU Tz, ZORER. BT 7 VBRI ORI
BT L, AU O RO AR SN RRY | AU OMGE R E O T IH S
7o EBIZ, BT T UBEOBRINCE > T, KO bbb iEsSh o, YL EORERIZ, =)V 77
VERAT KT, B AT SRR L7720 | Z AU Ko TKRRO B LB DR E 23 72< 72>
TeZlZRLTND, LTe3o T ZORERD DG | Bt A7 > DA RDKFRO WL H 2 EL T
Wl e RL TG,

B3 BLE 4 O RS, KBEERFFCBOTIE, £, BT E=r 50X O %
B AT IR R E TV ZEAVRRE N, 20CRRE DM GOSN E . THORT
(. BAE A A AT DIF SR KIEE T, B STENM MR T LRV, E72, KRR S
HLUTEZRR T 5L, REZERILAITIRDORE N 2R D, ZD72 | KFEDH &2 WD T,
1 DI EE TR SR T DIFE B LSV TRV EHEISND, F/o, BKERE Thilf b
TN BEFE I LT GE %, LIXOITRBE LoD LD I2 8- T, LR
FRALRIICERIZN D, ZORER, ZIETOKFEICE N T, mireFRIZB W T e A4 O
BEELZ TR oTeeBEZADND, Ll #KER CHRFIORBRBE Lo DEHRE LIRS E
T EEIL, B AA L DR T DIFLRICESILD, ZDTD | PEAKEREIZIBW T, fEF~D
WAL VST OB E A <ITIE, AL AT o B SERNINCT RETHY, 20—
DHEELT, REET o E=0 LR E ORIBEZ & AVTE IR Z i L 720 JDIic T R&ELFE IO
7o o, KBS AHEIEIZORERAA AT < E TS UM 2008) . Bl 21T, KRS AHEIEBL
W1 kg m? Zfi L7256 WilRAA & B2 V- IRY72 50 mmol kg™ M EL T, i STLD IR
A4 1% 50 mmol m 2 £72 5, VEHDEEA 100 kgm 2 &95H&, 0.5 mmol kg™ DREEEA A DU
LD B 3 BEORSR (K 3-2) 00, ML BRHEINDZEN TRRIND, LTED> T, Fd S A
HEREIL, AR L L C EHOR LA R T D LT KA AL T HND M, WilE A4 Oftis
JREND DB | KT K EREO RN I e W ENEE LN EE X DTz,
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5 5 B CIL, EEROKRBHKERERENZ BT, it A 4 OFEZBRERIDIZ, VT T
VRAT L RRBEN WD TR E BT LT, BT T BRI TR T IS oL EE
EEB| &I THEEARLNIZO T, KEMEDEY 7 F U B ClEaL s o') 7 7ok d
WyE Al 9 22 E R LTz, TORER, BV T T Ui~ R T LR E DRV T T BT T2
L EZEBEEVT TURRNT T UaRMR, £V YT T VB AT T IS LIS A T,
WAL A 2 DA LT WINTHREEE 2RI LT HIZ W T Er b B R R b,
ZOHTYH, ZBILEVT T BIT T U VR T T BT = A VR T T U
UAE, KITITHFOEMEL 720D, B b~ 7 R U LEREG LT pH & LT HE 1 FEA LML,
L3> T ZNBDOEI T T AL E M ETE T L TR 248, 130 pHEEEICE T,
DLTOFRIT T UBAT L DG SNDZEN IR SND, BV T T o AF L ORI FEZ IR LT,
WAt A7 > DEREIEIT 5 IEICE L TWDHEE XD, TOHTH, —IR{LEY T 703,
ik 72322< . B I 10 a 720 130 FTHTe, ML/ T L8 TIE 10 a 2720 1,500 77
LZDT, —bEVT T U AW FIET, EEIRNZZ<FE e, £, AT 2&M & 3 kg OFf
TN A3 g D =TT T U A E T D720 ThD, L3> T, Bk A4 DA%
H92EMEL T, KEICFIATEDEZ 2 DN, SOIC, AT EM &3P | o’
MEDIRGH WREL D, BlAIT, ZIVETOWMER{L I LT LAIEGF AL T, MR Rz ]I+
HZERe, WL AN DFOBEZEOUTHAL, BEHZHIRT 228635 20D, £z, #=
—T U TEMITRE L, TR LIZBROmA A F > O FEZ B TE 528 M S LD,

% BARISE LB TH LM M B2 B ERDIRNZLETENL T, b4

Y OEREIIHRIT A FEEREL T AHTELEEZOND,
BAERIE DS K32 505 B ARDKFHEICE W T, HIMEBIME=AMEZ#ED L FBEL
EEAREE OB AN T T, BAEICIW R & LEICHR R 23K BRIV CL
ROMERITHESCH  LOBARLE CHHZETHD, TNETHIHESEH LD ELITIE, 1
Bt T Vo DOFRF B DL BT oo T3 BERE IV 7 LOFE T 13, B ELEBIT
TR | BRI NDE IR AMER R+ Th o7z, AWFZECTIL, fE 7T
TORFRIILFAC A AL DRI Lo T LB ABLES NS FERENHA LN Ao Tz, IRER LS
N DOFEFWBEATORWGRMET, Bixrbam L3245 EEL T, O FBROAFTLRED
D72 BHRICEFE L+ AL THEONLTE 42 WL 28 Otk A A4 315 T
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AT DZENE LB EDO —RTHLHEL T, Tk 4 DAL FKIHIHI THLE) 77 A
T G T OMENEDEY T T ALEW | R Z i = e T T e R E T DT
AR LI, Thbz, ZVETH O LR > TODHIFRE L DA ESE Ok % i Ll &
DELIEIZES T, 5% HKEFOE L HO L E(LZ L T, A /R TR A MK E R
HOMESIZH BT D2 LD s D,
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BIE REWME
IKFBFEFZFN T, BRI I CIRa ARSI DA, 3 BT EZ 443 Thev, AKFaHEK
ERE 2 K SEDTD OB LI > TOD LR LD DL ELEE R TLAMIC ER T 57
DT, HEERC N BT BE 52 BRI OV TR Lz, £ AF O 7 TIIE L H 3
FI<RDHABELNTNDZLEB EL ., AR O KTE~DE R TE D AEF L HH B
OWNLDIZKIE TR BT, ZOREER, iR OKTRICERLMIEL , i FOERE EL
BODHZEILES T A ORFSLZOBROAEFNEEY, HEPIHEREL- LA TR L bEIE
DR EDLZENHLIEIR ST, LIh3o> T, 8- ] OKREHEE (2B 1T o B H# il &4 +457125-2
HIET, EREICE LI BRI D@V F 2130 28N TELEE BN, £, MR ER
DRFHNZ I 20 ERWACA A DAEFRIZTH D720 20°CITIB UV THIBE R 2 THIZIR
U, ESEHME T T D285 MR LT, M7 DO EN RATHNCE LB T > TR, fiF
WD HEFIR O FEREDIR TL CNDIEREND, Bk A AL DAL TODZEDHER
ENiz, HHEOA— L —TR®V 7 T U OUINI L5 T, KON LR E L 28D
b AL AZ L DAERDPE LD ZAEL TWDZEDIRENTZ, ZOTEND | B TIEhEE %
BT HEEROHERR A fi I L7225 S RN ZEAVRIBR ST, SBIZ, BV T T VR DAL A A4
DARERETLHZEEFL, MEEHEDOE) 7 7 ACE M AT IHREL T, it A4 0F
BTN T HHIM A BFE LT, 2B 5L, KK RO L H 2 YT 2 ke
LCHRIHTELEE 2 DL,
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BEE

AMFFEIZ RRBERE O KA [T T2 WL O R EALD T2 O DBFZEL LT, bk iRy Cor
WU bl BRI ok R AT gE e A — L RERT SR T L & —) B8 K UVER RIS JU
TSR TR B 2 —1238UN T, 1996 4-~2011 RICFEML 7=H D TH D,

ARWFFEDZEATIZ I T > Tk, ALk 3R G /K R L 548 B JE =8 = Thr o7 Ky LA {h
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