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TOIANTIIERPEICBT 2 EFERIEEDO—>2THY, 2006 FEOHMEIZIET THAE,
FEHZEIT 230 ATV IEX 2, 2 VIRV TEZY (BHOKES, 2009). TG CHEL TW
L0 ENT OFREIIIZFEEH Y, —FHiE 2— FNORIEICHFK T HIEELZETHRELIETL
BEOHERIESEDLARAZ X —RAA T L, G IEY =— FDOTEEE #FRE LK OIEE % B
ESEDLAT V=2 AT THLH. MHEBEBANBAREE R 2 —PEEOEREEHLEY Hi5
i 2 FHA L 723 (2009) IC KL, AZ X — RZ A 7D TEAEFED 80%% HHOTWVWD.
ZDO5h, bolbAEEENZVREL &EARTHLED m—FTrn—¥ ThH.

I IENT ZEET 256 OFIERAL, RN OITDOR TV L HEA M & 5 HHE:
EERIFAT IR REE EREE L CEIR CRUAE LIBHEIRIZ L7 E#R & FRITh 2 N IESE i
MEZEHETor Yy 7 U= BIBEO ZDICRAITE 5.

TR IC X A0 TEAEFEIT, 5 BEIEEA INFHERFIC 1~2 5% L CIET 5810 RIF sz TiET
FIATONATEY, 1 FI21 EIEEEOUBZRL-DICHBE LB TOLENDD. £D
72, EEEZ G FERMOLN6~T BI124T7% 5 AFETEMFR N —KHI Th 5 (F£,1998b) .

oy 7 U VERIEIC K D80 BT O EFIAEREIL, 1985 FITHER)IR THID TIThiL TLLRE,
AL &2 (B, 1987). B v 7 Uv— VEEIIHIE - KN~ =2T LEhTn5
s, EEOETMENFRETHD. TOID, vy 77— LR CILLBHRE L B L T
AEE 1 FY7-) OREEBIIRELS R-2TETWD. By 7 U— VAT T ZREHIZHW -
7 ORBBITEREIL, EBERNTIIEKEERED 79%T 6.7ha (AERBEXRE LR ¥ —
FHE, 2004) IZHFELTWNAD.

0y 7 U RIET, B E L THMEERLOEUREREES T 572012, H#EEONT
CHEAELLT VW rr YR (IR, 1996) ZFEAELIC V. 20D, 7aa vy ADFEELED
STDIT, RBREAITVIHBIE PO vy 7 U=V HEBRICOV B 2EEELZ V. Ll
BRIRG, NZEVEORMITHFEEVHEAITIESND DD, 1990 0D 90 M % FK &l 2008
FEIZITIVBHICETTEL TS (BHKES, 1991~2008). v v 7 v—LHRITENTH
D RE, R TFRORIERBAREICE T 20HORBREENRE VI L LREOEGERL
ZROLEEEIIZ V. £, NTOuy 7 U= VHERIIA T X OFIFEEML TEY, &
NEOTBESMEICHEAE L TS LTS VERN 0, BEBEREEICOV UL REE X D LE R
o, ST, LEEIE LERICRENA L @ RICHR < JERHRIN SR THEB OBV EARES



BLAEZRAVLIHEZLITONTWD D, BEERKEOR v 7 U — VAT 72 LBEEBKE
b L CAT28ET 256, DB CRIE L 22BN AL RITFHEET, B O
WAREBEGAECIC V., S LUE OBRMITIELARE & B L TH 30%m 48 e T O flE i & 0SB
BIZEZ DHEBIIRENI LD, BIBRAOERELE RV SD0b BB ICHIT HHEEHL
BOMEEIZOWTHL I LARITIER b 220,

BRAOE v 7 U — N FEIEERRIC, EEWEN RN ECEHFNERFAIRRT —F 7
N CHE (BAEBED, 1991) BB SN, T—F U L CEOFIRICELTIE, =70 v
FR -7 —F U VRFITFHAERICART D L & b ITFFEMTAEROLME L, FEEEICL
U EMEI O XL WRHLETH D . O, FFFEMTEEORE Ly, BH#EET
BAZE SLTonA T v ZHESETHE (RIR - BEEFEZEM, 1994) bmixaon vy 7 U —/LEEITG
A, £72, FEROEBTY 22— MKRERF Y T TE (53 - BHE, 1997) I2X->ThH
IHENFTHOR TN 5.

2y 70— VEETIAESHWOLN TWAMESL TETH LI T —F o ISt TEEANA T v
ST TER LB L2 SCikiE D 72 <, 2R S (1997) 130N A 7 v ZHESL TIEO Y fEAEEMILT
—F U TN THELRBR L TEP 2T EREL TS, LL, o Z o0 THEIZI X
T, ¥ — MKEH Y dF L THECRIBRICOI D TEAEMZ FIRFIC B Lo STERIT R Y 72 6 7
W BRIEIDRET DI RN—Y Vv a— FEEETRIET 27 —F o S CEITRIEER & 7
oI O0DS, NA Ty ZHESL TR 1 #R4 720 3~5 REREORIERHE 2>, AEMIL, 81t
BEOBFREIZER L TWDLEEXONLIPALNTRL, BRIERBEOKELMBATILERD
5. 72, WThOHL TESREEEAR (IBAS, 1993) LTINS KFELLTICHY hif b
NlEEEZE Ty 2a— b afFo, 7T—F U 7/ TETIE, EEEOBAND 3 Bitkd LAI
WETH &SN TVWADD (Shimomura &, 2003), [E{LEERTLE D b O#ERECKENZEI T 5 4
XA LN, 20D, FEERARPIREREREZRIZLTWD LEZXOND N, EEME
OB EEK 2D 7= DI IXFAEERE OBEIC DWW THLNITAIRERDH D, 7T—F 7T
BIE, B0 B TIEL B L CR ARV IENINETE 5 Z L3 bL T 5 (Ohkawa-
Suematsu, 1999). ZDOZ b, EHFHAFEICITE L TWDD, TOFEIRERICHS.
BEMOKEER 1L, 2005 FICHEEEXERBTHLREL, £TOPFTHR— L2 —AFTEIIHIG LA
X - ZINEIR ORESL 2RO TV DA, FZE « ZUCHE L 72 LS THEIT 500272 > TR0,

LTAT, BREOw vy 7 U= FIEDOLZ L, K EEEIN D5 %ICe y 7 =L AT
TR S IR o T BRI 2R 2 RO~ T2 000 L T T T g (HY - %



FH, 1992). TR LEFRNTIE, BHEFOIEBRDICEIRE~OAFMOHERMABREI LT

=75, A7 A TIHERABIC LV PHROPEHAHIR S TR Y, 1998 F12i%, T TIZ 75%
DEECHEROBBFEREAFLIE NITLOA TS (BEE, 1999). 207D, BAEOR v 7
UV B T O HRR BRI 2 AERM O BEERABIEEMROREN RO LTS, BIK
EERAFIEIL, TNETHEEL TCWIHHREZERFAIATL20T, BB A FOEKRTIZHLHFET
EOHEHMTHD. LrL, BREBERGEE TIE, IEEHEROZEEIC L D7 1 ey ADFEANH
JRE DRI X DREFERE D F A (FEfE, 2006) ([CERET 2 EEEORT 20 SHiTEZHRET 5
CENEBETHDL. AT X TEAINTNDLEINE, 4V OB L 5 BROBREERE T
HASCKICEEORERZET S (FE, 1999) Zenn, MBETIRIEELEALEREINTED
T, BPAEOBRICEI L 2 HINFEE AT O LELH D .

IHIT, BEBBICEBWTE, AR Yy 7 U=V AT T OREIENLGICED D RBEN A
LCW5. fEakmfg 10a U720, 135m’ DEAELL Y 7 7 — VAT TR B2 D & IBETE
INTEY, BELSICETHEHMAIL27,000 1 E722oTnD (K RSLHRE NI BER
Tt 2 —4E). BRBEREUEOBERREZEET 2720120F, ERABEA Yy 7 U=V AT T
EREESTTARRBRVBAATILERNDD. LA, vy 7 U—V AT 7%, BREEIZ
FOHEENMET L, RAKENEDLTLHZ L0, TOEETEHBAATLIZ LN TE 2V, £
D=, BAESCHAANTELR, BEICELV R Y7 7— L2 T TIBD OB S KD
HBILTVN5.

T, RMRITBEBIZ ICRBIT DA Z X — R A TONRZ 000 JEAEENE, BEOM L
BLORE~OABWBREAEZ M 572010, HPECROHEEEEOZ VY ‘m—FTr—8" ZH
T, B ETCEAROEEL IO TENEERICKIZTTE DWTHE L. £, £
HEARTSERVWRIEBKORE S B L OEMEN O EHEERSITY thif £ TOB A 5 i
L7z, WIZ, FE2EIZBWT, UVEEERICRELEETLI2REEERZHALNICTH720I1T

BEEZERABEOBRREBE LONEHEE, [UR & EEER O CICHEIZOWTHRF L. F
7o, FYLEAR S L ORI ORI DWW CRINM A ZEBILRFAZAWTHLNZT 5 L &
2, ZEMLRFIES OB IEICOWTHRE L. &%ZIZ, 3 ECIIHEHRZ B lizk s ~BE3E
SERVERBERABIE RO ERMEICOWTHREF L, BRIZZIEER S OHHEZHETE 5246
BB K EBENOBEEZITo7-. IHIC, BELASVBBEE o TWnWbHry 77—/ A
T 7 ORBEMOERMEIZOWTHEF L, BHANREREHIORE 21T 7.



B1E HITEOHRICKIVYEDEEMERLE

HIH HITEHLEEMSIUEBH

FOIENT OEREEICENT, By 7 U—/LaE s 3 2 BEFEED 1985 FIZHAR~E
A (R, 1987) SCLRE, 2FBICER L TE . MRV TEAMRE Licr v 7 v — L3S
TIX, BRI OFRAE L ZI 0 i CTRIEERB. (IBAS, 1993) &L, X—H#L=a2—F
wHEAEEMNOINEST L7 —F 7ML TE (GHEED, 1991) MBI, £0%, [t
HAR A KT L RIEBEOWTHICL AL, RIERKO EHMPLRET DY 2 — MEEELL
IS DA T v 7S TiE (KRR - EEEEMR, 1994) A, SHCEN—%rva—hax
Y F ETCRKFITH Y # T CERIERE L L, Z0SEmME KO D RAET HE APV #iT T
FLERARE L, X—=H v a— FOWFENOHEET D 2a— N ERNON#ET 5 =2 — |
KT Y gL TE (54 - M08, 1997) AR SN, 20 O TEZWT S FFEF
it oo TBY, NTOUYIEERGZICBWTAIFERAINATWS. 25 (1997) 1%
T—=F U TN THEENA Ty VS THECBIT 2 A EERB L OREZRHAE L, EEEIT A
T AL TED, BEIXT —F v 7 TERE oot HmEL TS, L, Thb=
OO TEICRBIT 20 EOEEEREL KOBE L RRICHER LCREITIRE 6. 22
T, L TEN Y REERB LOBEICRIZTTEEIC OV TR L.

LHBBELUHE

NT ‘m—Fu—8 OEmLAELZAV, EMIT1997F6 A 26 BHIZIT-7. BES T AF
VI T YV AT ARICRBELEZE S 60cm DX F EICRY =F Lo uRA7 40 b (-
EHER) 28X, O ERICEE 91.0em X 1§ 20.0emXE X 7.5cm DR v 7 U—/V AT T (=F
T AM) A THETE L. EREO T IEL, R 15cm X 45 40cm O 2 G4 % RAEE E : 6000
BR-10a" FHY) & L CHRLARE ZER Lo, H&RIEE, Z£EBEHIC KSK-101 H LT KSK-102
T, MEERICKSK-104 (TR OEFEXEK) 2AVT, -1 ROBEBIVE 12 £
OiiGETHEANTRLE LTS Lz, 8%, Vv, AU UL ANV ULBIOR~- T XY
U LADOEEREX, EEN100:23:91:72:13 & LT-.
EFRHMFOMBIREX 16°CEL L, 25CTRELMK L. #HEEEIE, 1 K472 4 8D
ARE L LT, EEEREIMELITORPOEREHIRL, 929 BIZTXTOY 2— F & KFE
LT OAE~YY i TRIEERAK E Lic, A TEOREKKZE 1-1 KRl 7—F



Fl-1R HERHACLDOEERRE
iG] NO;-N NH,-N PO,-P K Ca Mg Mn B Fe Cu Zn Mo
(ppm)
4~ 5H 170.0 20.0 60.0 2400 1640 500 1.0 1.0 46 0.06 0.12 0.06
6~ 9H 1133 133 400 160.0 1093 333 0.7 0.7 40 0.05 0.11 0.05
10~11H 170.0 20.0 60.0 240.0 1640 500 1.0 1.0 46 0.06 0.12 0.06
12~ 3H 2615 30.8 923 3692 2523 769 15 1.5 56 0.07 0.14 0.07

-2k MERHCEOBBRE
MG M5B fi5ER wiESE
(mL-#khH (&A™ (mL-#E)

4~ 5H 200 3 600
6~ 9H 200 5 1,000
10~11H 200 3 600
12~ 3H 200 2 400

= MK Y dhF
F1-1R HAITEOEAER

THSETETIE, VT RBICRAELEN—T Ly a2 — 2 REEEMHOIINE L. N T v
JHSETETIE, =Wy a— 25 S 200m TEVF L, BIEBRELE L. 1 B4 7-v o
AR SIL, 2~5 ACTEH I KL L. ¥ a— KRR iF 2 THETIE, 370 i %ic



BELERX—H Ly a— hOWN, 1 BEXUTF EIKFEICHY i THRIERE L L, Z0%E
BRI TS g TR E L. 28, WIS TEIZBWTYH, 774
Rya— M X OUHER M IZZE LR 0% 40em KD > = — M, WEZICHEEET O FH
LA E LTy dif 7z, U0 OIUEREIX, AN D 1 E£/IChbiz> THEE S |
Pll, v2—F2% 40em P EE R b DICONT, EAMNKERECBEW- AT —Y 4 (H
FF, 2008) TUNHEL, GIvfEA%, GIVIER, UIVIEEL L OEHEIC OV TITo 2.

bR -1

INHERRIG D 1 RO 1 BRE72 0 OB D AL, N1 T v 7L THETRBRE < 348
RTHY, RNTYa— hAES Y IS TED 329K, 7—F 0 FESLTHED 254 RO
NEIZKRE o7 (B 12 X)) B HAHREIC L 2T ERINCHD &, WTHORIZEB N TS,
80cm LA EDUIY FEABMNHE B RE L, NA Ty 7S TETIE19.6 K, 7—F 2 7H Tk
T 159 A&, ¥ =a— hKES O #iFESL TETIL 1SS A TH -7z, FHEIZ, 70~79%cm DI
AL, " Ty 7N TETIESOR, 7—F U 7N THETIT 48 R, ¥ a— MKEH
DTS TIETIR 9.0 K Th o7z, —F, 40~49cm DUV FEAREKIT, W FhOELTHEICE
WTHmH T/HE< 04~07 K THY, LEXMICEIT RN T.

VIR EE AL &, AEHEZE L FEHYOUVIERIZT —F U VL TE TR RE L

40
TR
3 . [F b
. O] R 040~49cm
;5 30 | :
C I.I
_}% 25 0 50~59cm
& 20
K S B 60~69cm
W15 |
=
;\'3 10 B 70~79cm
::115
5 L
m80cm=
0
T —F NAT T va— FKEPT O g
HSTTEE

F1-28 H{HZTEMNNS ‘O—FO0—€ OYYERNOYIY ERBIZRIZTTHE
* E—# /NSRS X Tukey OHSDRR FEIZ L U 5% /K ETHE 2 ZNEIE L2



F1-3R HIATELANS ‘O—FO0—t OYYREREIZRIFTEE

ST TR itk OIVIEE itk GIVIEER/LIVIEE
(cm) (g) () (grem™)
T—F T 87.4b" 48.5b 15.4b 0.56
NA T T 81.6a 42.2a 14.5ab 0.52
= — RS dhiS 80.2a 41.4a 14.1a 0.52

“ A — B/ NI I Tukey DHSDIR E 12 L V) 5% /KETHBRENFE L2

ar ARG
¥ ——T—F
ﬁ3 | —_— AT T
E —A—\‘/:L~}\‘7J<¥Z
Ez— 0 S
jSa
=

1 L
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m 12 1 2 3 4 5 6 7 8 9 10
I A

F1-0K #HIZTEANS ‘B—T70—t€" OIREARDYIYEARAKICKIETEE

87.4cm TH VY, "A T v 7N THEE V2 — MKREHR Y T TERRBE T, £hth
81.6cm & 802cm Th -7z (B 1-3K). UIVIEEDL, YIVIERORES o777 —F 7L T
ETRELS B5g THY, "A T v 7L THEE Y 2— MRS i TERRRE T,
ZNEN 422g & 414g ThoT-. EiEZ, YIVHERORE o TT7 —=F o L THETRE
CI548iTHY, ™A T v 7L THEE Y 2— MR fiF L QERRRE T, ThEh
1458i& 1418 CTho7c. UIVIHELAZTVIER TRLZZEETH D W/L (Morisot &, 1998) fE
X, OIWREREOIVIEEDORE N7 —F U 7N THETKRE L 056 THY, AT v 7tk
MTHEE Y 2 — RS i THEIZRIC 052 Th - 7z,

INHERBIOE O IERE 25 &, WELFRWG LA 12 A3 72<720, 1 AIZIZEM
L7 (B13KD). LL,2 AICETRTORTR DR Ro72n 0187252 Lidenoi.



3AUREIE, HERAKRY IR LN LRAICHENT 2EmICH - 7.

3ER

NI DOEBBEFIZ BT, AL TENTI Y EEEES LOREICRIETEEIZ OV THREFL
o, TORER, U0 IERKIINA T v 7B TERRBREL (B12K), YIWEREIXT
—F U TN TERRLENRD (F1-3FK) JENELNERY, ZHE (1997) O#®EE—
L. £, TG =20 TEIR, INERFICY 22— M2 RAEEHNORIET LI LD,
BEAE< b THIEEERICEND. MA T, INHERIC S BEL 1~2 BRI Bz TE
TEEMZBET LEDICLERDYVELEENRETH Y, EAFENENFRETH -7 (5 1-3
).

T —=F TS TTEICRB T DBFEALIIR T D7 T 0 1 DFTOHRTH DL DKL, N—T
v Z AL THE CTITBRAE R DRRZFEDN AL & 72 5 DT, 1 BRIZIZ 2~5 D ETOBEFEIL L H 5.
F72, Va— MK TETHE, VT2 X—% 1 a— L0 (EK) oW, 2~3 iR
FENHFEEA L 725, INHERBEA TH 5 11 AD 1S 720 o8 v fEAKIL, % 1-3XITRLE=
£, T=F U TESLTHEN 23 K, AT v 7L TER 34 K, ¥ =a— FKEH i
L TER 19 R THhH o7, N Ty ZHESTETIE, ZOROEY ERBPEERE O T
H5H3 XD EENoTR, ZTHEIRIERKOERO A2 57, ETORFHKD Y =2 — FHUY
HCEdThHD., ZNHDI &, NEBRMBIEICE T 2B FMALOEN KRG LA D
BB EZOND. AETIE, Y a— MKER TS TEICBNT, XU FERiC
TOITHX=Y Ly 2— FOREE 1| RICHIR L2, EEBEFICBOTE, 2 KU EHD
BT CRIERE T 2F0 b A0 5. BIEREN 2 KOHE, Y10 FEAREITHEMT 2 BN BEIX
BFT5E&ENTWD (AR - Nk, 2006). ED7=, N F LIV EITFHX—H 1 =2
— FOFREIZHOWTIE, SBRFMIMETTILEND A .

RERIEZ 16CL LHman Y =7" OBTEREIL, 53 B ThH-7 (KR - FrA, 1980)
EENTWHZ Enn, ‘m—7u—8 OXHORFEARLERELEZIOND. 2D,
INFE A B L7 AKLARE DOUNHE A B o8 0 TEAREIE, 121E 1 228 TEITHEBEBRVIRL 2R b4
HIZIRT L, EHLUBITENT28RmZ2RLEZOTHASS (B 1-3K). ¥ =2— hKESY g
S CETITME Z MW RFORFENBNLCHELZZ L Z2BEL T, 2 12~2 A
T COE Y FERBOEED /NI Do JfE & E 2 Hivd. Zieslin - Halevy (1978) 1%, %
EAEICT D B 725E, EMEICHoFZELMELLEHREL T, ZOBERBE



E—HT D, W AR ONA T v 7S TEB XY 2 — MR Y diF 32 TE T
WIS INFER IR E R ICITRIERIRICE AL L CWEENRURICEE L. L 2AD, BitH:
REFFTIR T —=F U TS THED 7 70 CHICITENELE L TR, BRIERICHET 5 &
ENZWVIT EBTER DD 720 (KN, 1999) 3Ty, EE2FTLRIEREEZFE L2V
T—F T THEICR T S 2~3 AUV IERBOBIVBENRE N7 E2bILD. #K
BERFOIRED 25CT 17 C LB L TEWEEIZIE, BEfEaER BT L &b, UIVTERE
BELOEKITEA T % (Marcelis-van Acker, 1995) Z EAHESIN TS, 2D, WTh
DL THEICB W TS, 5 AURE, BRPAEEL L EBICHEENESRY, BENEF L
ZEMDLERERE N DAL e, INERMGA TH D 11 A L HE L TREWEI D IERENE S
nNieHEEIN5.

UEDRERNDL, NTOEBRNUTFHBE T T —F U IS TE, N T v 7S TERS X
OYa— MKREFVEITELTHES BIZ, BEEZTT272O00TVELEENRETHY, 1)
VHEEBLIOCUIDVEEL BICREVWERERDVIENEAFNETE LI EPALNE RS2,
BEMRIKEEG A 2005 FICHRE LB S EEREFH CIX, F—L2a—2HAFEOLEKRIZLE LA
VW, EBAO 80cm L& Lo B LY bV 60~65cm TRIEZRWE LTS, 29
L2 enh, U0 EARBB LUV EREZREIIERT L L, A T v 7L TEN
ERAEEICIIFEERI LRI N,

F2fi THEEOERARELEEELLUVEBE

RIEI CHB L 72 Z2 D TED 5 b, B0 BOEEMIINA T v 7S TERR B E <,
BEIXT —F o VL CTE L IBEREDORWI EEZALNIC L. L L, N T v 7T
B, 7T—F U S TELIFELR Y, G EFES TE L RRRICEIERE OB NS LETH
. 890 B TIETIE, RIERBROBERERND D IEOEEESCHREICEETHZ LD,
ELEBREREEZER I E2720I121E, EEPOINERBE COFRMMNEEL SN TS
(#k, 1998a).

FIT, N Ty ZESTHEICBIT 5, EENORILERSKITY BT TOMMETH 5 EF K
AEREI D FEAEENES LOBEICKRIETEEIC OV TR L.

L.MEEEUVEE
NT ‘m—Fu—t OFLAEHZMHRL, EHEFE BEEE, EERESLIOCEEEHIX
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BIEIER—L Lz, 199948 A 6 HDOEMUREIL, MELITVRNPOHREZER L.

WX E U CEMNS LRI B E TCOBEMBEE 45,60, 75 3L 90 B & L7z 4
KA#T, £nZFn9HA20H, 10 A5H, 10425 HBLWI A4 BICUEEZBRB L. &
Ked, 10T HOER L. FLUBEXTIE, BRTOREERAR LT T - RICBELN—
YAy a— NERIEBE LT HEDICRERICHEEL, TORIZEHHND 20em & L THY
BT 7Z., 2o —H Ly a— hofry i iE L v eimiiL, FMERRE L TH- 7.

G0 IEOIERE FER L ORLEAZOEEFIEL, F1EFIEHER—& L. IUHEHR
ERTRICE T 2RMEE AR OERE L, £ TOIEREMEE IOV CER M (AAC-400,
EL) ZAWTHIEL:Z.

bR -1
MEEX Z & OFRCERIT Y iFROZERIT, 45 B, 60 HX, 75 BRFB L N90 B R Z
AEH 29.1ecm, 35.8cm, 64.0cm 3L 74.8cm THolz (5 1-4 K). F7-, FEHIL, 45 BIX,
60 HIX, 75 HXB L0 HRTENZFH 145, 1514, 398 B L S541Th o1z,
EULEAKEF O T BICRAE L=y 2 — FOERKIL, BREENDRVRIFENE
<R BMEMICH D, 45 AR 14K, 60 BRA 15 AR, 75 HEA 23 &, 90 HX2B 2.1 K TH

o7 (B 1-5K).

90 70
01 oxp oux 1 60
i
+ L {50
E 60 im
S L i
w O - 140 &
M40 | 1 30 %
30
1 20
20
0l 110
0 0
458 60 H 75H 90 H
AR

F1-48 THENMASRIEERABITYMBITE TCOERBHN/S O—FO0—t" ORI
ERABITYBITHROEZERPS L UVERICRIFTEE
X5 DR AE HERR 72 (n=10) &2 KT~
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FRABAYHITRON—FIL o a— b REICRITTEE
B DfER I IR HERRZE(n=10) 2 R

160

- T
140 T

HH

120
# 100
g

& 80
o 60 |

40

HH

——

20

45H 60 H 758 90 H
AR H
$1-68 FEHEH,ISELERLTYBITETOERBHENNS ‘B—FO0—+" D

INERIBE COBRHICRIZTEHE
B4 o DERR AR R Z(n=10) 2 R T

EMENDINERBE TOREIT, ERAENDLRVKIZE/NS LS RHMEMIZHY 45 BHER

101 H, 60 HXA 117 A, 75 BX2 128 H, 90 AXA 138 HTh-o7= (F 1-6 X).
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35
b g itR
30 b
—~ 0O 40~49cm
j*ﬁ 25 ; a ! PR
' a IS
% 20 R :”“': 0 50~59cm
g 15 ” ; i I 60~69cm
B0 [EEEE HE
e I i & 70~79cm
| ||
0 Hﬂ”m M 80cm =
45H 60 H 75H 90 H
BHRCE
F1-TR TFHENSEMEEARFYBMITETOEREHIANS ‘O—F0—€" DYIYTE
A RIFTHE
* =B/ N SCFRNC 1 Tukey DHSDRE TE LT & 0 5% /K Y THAEI 0 TEASICE B 72
DMFELE L7200

Fl1-4F% /\45v’]&ﬁﬁfl:iﬁ(f%lﬁlkﬁlﬂﬂﬁUE(fijG@’éTﬁiEl%&
MNNS ‘O—F0—t DIBEOYYEREIZRIFTTEE

EIAEE g fER g1 fEE Ik I FEE/ Y ek

(cm) (g) (#) (grem™)
454 70.9ab” 40.4a 14.0a 0.50
60 A 69.1a 37.5a 14.1a 0.50
75H 72.6ab 36.4a 14.3a 0.54
90 H 74.5b 36.8a 14.2a 0.57
Rl —H/ NI Tukey DHSDIR TEIZ L U 5% KETH R R ZNTFE

L7gwy

INFEBR MR 2N e b o 72 45 H R OINFERR AR & 1 R O 1R E 72 0 Of ) v FEAREIE,
45 BRBELU60 BRT/IhEL, ZNEN201 AKE 24K ThHho7z (F1-7TH). 75 HRB X
W90 HXTOMREI AL, Thb LU TAERICRELS, THEN29.6 KL 287 KT
o7z, 80cm LLEDEIV IR HONTHD E, 90 BRN 121 REFbHREL, 75 BHXIZ
814, 60 HXIL5.0 A&, 45 HXIL 62 K ThH o7, 40~49cm DUV EAEIX, WTHhOX b
1 AR & /hE <, RERXFIZEIT R o T,

INHEBRIAE D 1 FIEOE) Y EREL, EEENKRE Do O FRREIAONRPS T
B, BRABBZVKIZEUVIRELS LUV EEREE BICKRELS RVENDIBEHRIZH- 72 (B



1-4 ).

NS EZ LB LMW EREEZR L &, UIVIER, IV EEB L OHEHK L bITKRERET
mimole (B1-5K). YIVERIE, RERKBIZIELSEZIIRLNDN, BREENZNTER
GIVIEEZYY

L RHEMICH 7. B0 EEL L OEHRICIE, LEXETENR-T.

HETHRULAEIZAS HEBIU60 HR2A75 HEB I HR LEHE L TRORRKZXNo 77,
INFEBRIRIX, 45 ARBION60 AN 11 AnG, 75 BRBXU90 BRIZ 12 A TH-
72 (B1-8X). INEABDOEI Y fEARIE D E, WTHORIZBWTYH, INEZBIELT-KRD

A3 <720, ZOBAHLBIIEBZEYELRDLEAICENT 2EmICH - 7.

FI-5K NASYIRIATEICBTSREERAKITYMITETOERBSH
NS ‘O—7FA—t€ OYYEBBEICRIZTT
BRCH gl fEE Hi% I fEE/ U0 TER
(g) (grem™)
45H 40.5a 14.1a 0.57
60 H 37.6a 14.2a 0.54
75 H 35.7a 14.4a 0.49
90 H 38.5a 14.4a 0.51

A BN ST NI Tukey DHSDIRTE IZ & V) 5% K HE CH B RN FE

L72uy

YIVTEAEL (48K )

AOYNY FERBUZRIFT

I A
F1-8 THEAMALRIELERAKITYBITFETOERBHEANS ‘O—FT0—€" DOIFEA

B2 4808

EIEE

—0—45H
—a—60H
—o—75H
——90H
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3500

—

3000

2500 | T

HH

2000

1500

HEEFE(em” )

1000

500 f

458 60 H 75H 90 H
B R A %
F1-90 EHEHNSEMEERAKTYBIFETOEBRBHEA/NS ‘B—F0—€ DOEBRK

THOFNER(CEITSRIEERKROEREICRIETEZE
B DR I TR EREZE(n=10) 2 R4

INFERER TR ORCE AR OERREIL, 90 H XA 33260m” THRbH KX o720, Do
X CIE, 45 HIX232182cm?, 60 H XA 2437cm?, 75 HIX 23 2302cm” Th Y, KX 742ET /2o

7= (19 X).

3ER

T DA Ty JHESLTHEIRBWT, Ef»LRILERABT v i £ coMMch s ERKA
BN, OIVTEAEMEB IOREICRIETERIZOWTHRF L. Z0RER, R IEAREKIL,
BRAEBREL DI THEMT2MERICH Y, BERBENT5 HIB LU0 BOGIY fE4E
PEMEIL, 45 BB X UV60 AL L CHEICEL27 (B 1-TH). REBRTIE, BIERKZOX
BEBE LR, BETEERIMPRVKIZ ERERR L LIeN—Y Ly a— DX
BORE o7, Bryne-Doss (1981) (%, FRIEBAOER LUV FEAEMES L ORE L OREMR
AL, RIEBRKOZERPREVIZEAEEBIORE L bICEN 2T LB]EL TS, £
DOEMB L LT, BEEORIVRIEBKOMEFIZRENRELS, BEMOLFORE INRE WV
HELTHEY, RERTHRBELRHEGNPELZLHEIND.

EREH DI IAE TO AL, BRBEDZDVARVIZE NS o (8 1-6 K) 28, T,
BRBEPN DI NRIZES Y P L 0 RS TEFES M (Cockshull-Horridge, 1977) 41
Tl EEZDbND.
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FALR AT D TR OERIE, BREBNPZVIEERES D (5B 14 X)), LHEBRAKREIC
HEAELTEN— Ly a— FOREIEL, ERABENZ VI ERE LS RHEMICH 72 (B 1-5 K).
Kool-Lenssen (1997) (%, FMLEEABITY BiFREICH T 2T BHEORE SR, X—F L=
— FOBEFBBLIOZOERICEEL TV L LRELTVD. 2O b, RERIZEW

b, BRFICER S NTZFIEEREOERN N —F L a2 — N ORERKEZHIE L THd Z
CHWEIND. ZORER, BIERK LR X—H VY a— NORKB LOERNUI ) TEAENE

LR EBERIEL TN EEZLND.

ERBRAR TR IV L7z | BAEOUI LR IT, BRABEDIDRWVIZE/NNSWEmIZH 7= (58
1-4 &) ZLnb, FMLERAKOERREIL, UVERECLEELRIET LEEZOND. /ML
(2006) 1%, T—=F U THELTHEDHRE, MMEEAKPRE VL ZAINSWGE L HBL T
P HEEBLIOCOVEERKRE L Ao LTS, AERICBWT, BRAKOD 2o 12
RICHBITHEOFEEN/NE o722 W BEDETIEX, FULERENE WO ERED D
R TAR LD EEZOND. LML, WEREHMAZ LB LUV IERBIOUIVEE
I, REXEICREREE o7 (B 1-5FK). Zhd, BIERELLRELEY2— 1D
£ &I 40em REEOHEITIE, FLFEALE LTHV T 72720, 1 RS-0 ORMLEERE D
RPN, ERE TROREEAKROEmEIL, 90 HXEZRWTRE RENR T (F
19 M) 72 ThHAD. LEN->T, UINHEAEELS LIOREZET I E2WVWE D ICFELER
NSO DREKEDZHIGT 272010, 1 HRELV OEEBBELRS/NIS ol 45 BXD
2182em’ Y L OEBEEN/SLELHE SN S, 75 BRB LU0 AROYIVIEEIT, 45 AX &
WL CHEBRETIERD SN, MEholz. 75 ARB LU0 B XOULHERHARI O T) ) fEA
B]ix, 7~8 AIlHxRbREL2-oTHY (B 1-8 X)), ®RICKVUIVIEED/NS L L-o7810
HEZWE LD THD.

UEDFERND, NTOERNTFRIFIZBIT DA 7 v 7HIETHETIE, RU0IERES
LIV TEREEZEET 5 L, EENOREEFERABIT Y 7 TOFERBEIE, 60 BLLT Tl
R+5ThY, 75~90 BIIHERZ ENRBE ST

E3l REBBRORSILEEMSSIUBE

NA Ty ZAESLTHEDINENLEE, 7T —F U 7L TELIIERY, Koo 7 7 v b
Nl bfiZH 5. £, WEL ORIEERM (BAS, 1993) LTINS, HEMRETOED
LR ERE LT BT AR D, T —F U ML TETIE, AR T U by
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HITONTNDDRTHLDIZK LT, " Ty 7HNETHETOENITY T U v EERIERED
WTHIZHH D

T —F U TS THERNA T ZAESLTEIE, IVHERRIC 5 BEEZE 1~2 Fik LTINS 57
RO BIFHESZ THELEELT, RWEIDENINE TE 5 (Kim-Lieth,2004; —AF 5, 1997,
Ohkawa* Suematsu, 1999; Sarkka-Rita, 1999). —75, 241 b O TEICK T 2810 FEAEEME X
Y EFHESITELHR L TR T T2 2 ERTRMG (1997) ko THREIN TS, 7
—F U THNTHEENA T v VTS TEICRBIT 200 TEAEES KO E L L5 E, W
DIEEEMIIANA 7 v 7S TETE WA, SV ERB IO IEEILT —F & Z L THER
REWZEZFIEFIHTHOLNII L., IO OO TEAZBET L &, BIERRERD
B, FL320RINVUDEAEEBLOEICEET LI ERHEEINDS. LEL, ~ 1
7 v 7S THEIC BT 2B OR & L 810 FEARBD BRI OV TERMICHET L 2 F 8K
FITRE 20, 22T, REITIE, N7 v ZHELE THEOERE L R 5 BRIEFKOR I3,
G0 FEAEEEL LOREICRIZTEZIZOVWTRET L.

LMHELVHE
#F FZ—2% (Rosa odorata ‘Sweet’) BARESHLE O ‘m—7n—8" &AL, EES
BHEEE, BRI CEEEHIFE I EFIHEFA & L. 199746 A 26 HOEHE
BIL, MEZTORDPOLHEEZEMKL, 90 19 BITHEAR, aRLEBFETLINTOY 22— %
—HIZAKFELUTOAE~TO T CRERIGERRE Lz, T, INEEREICSEL 2R IN
40cm RO 2 — MIFERIS, T T4 Fra— MNIBEERT»ORIEFEAK E LT
oz, vk, BAREFEARIZE S 100cm % 8 2 72K 5 T 80ecm £ THIV E L 7.
WX E L TRIERBKOE S 5,10, 158K 0 20em & L7z 4 Ka&IT72. HXEH, 8
DIREE Lic. BUEXTIE, RxOREFERAKEZFT T RICEELN—Y Ly 2—
NI E T LOICHEL, TORIZEHNG 5, 10, 158KV 20em & L THY
F7z. Zhoo_X—H% )i a— hoWHFry i E XL v Emiiy, FEMEERAKE L THR-72. £
7o, RERICIE, BIEREEZEL 72w —F U TS TETH H 0Oem KERE LT-.

2R
INFEZBRAE L7211 A0S 1 EMO 1 Y470 o FEER ORI BRI, 0 B LT 5cm
RT/HhEL, FNEFN245KE2I3 AR TH-o7= (B1-10X). kLT, 10cm XiX274
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A, 20cm K[E£304 RE KX 2V, 15em K CTHEKEHRE VI8 ARTH>72. 80cm LL EDY]
DIEREIZONWTHD L, Oem X & 15em KNFE U TENEN 150 KL 147 KL KRE <, 10em
X & 20em KiTZhZH 123 AL 112 KTRREBETH-7. LrL, Sem Kid/xkb/hE< 7.3
K ThHoTo. FERIZ 70~T79cm DY)V EAREIE, Ocm KA 3.4 &, Sem X3 4.4 A&, 10cm XA
584, 15cm X2% 6.8 A&, 20cm X723 7.9 KTh-o7=. —77, 40~49em OYIY FEARKIT, W
NOXE/NE< 08~22 K ThHY, MEXEIZEIT Lo TZ.

G EL AL L, OIER, G0 EEBS LU E HI12 0cm XAMMOX & R L THREIC
KREmole (F1-6K). T7bb, UIVIEEIL Oem K23 854cm TH Y, X L kL T 8.4
~11.9cm K& 2o 7. 0 HERICITRIERFFEED 5~20cm OLHEXHAN THEEREN DI
7oy, WTFHOEXE 70em UL ETh o7, GIV EEIFUI VLR O K E » > 72 0cm X8 53.1¢g
ThHY, thOXLHEL T144~165g K& o7z, LL, BIERHEEN 5~20cm O LXK
RO EEIZIE, AERENRP-oT. BTV IERORE 2o 7 0cm X7 16.4 #i T
HY, OXLHEELT04~1THRE N>, L L, IEREE N 5~20cm O LR XHE AN
DEBIIL, BERZEN R -7T2. BIVIHELZG VLR TERLUZMEIE, Ocm X730.62 THY,
DX & B L TO0.11~0.13 R&E -7 WA IO 1 BRE 720 DU FERBEOHEB 2R D L,
INFERRAE D 4 A ETIIWTNORE S 1 208 T EICHEBABRVEL (B1-11K). Zo7k
D, 2BRIO2 A0 AT NS, WTRLORIZEWTS 1 KT Th-o72. 5 AL

35 -
be g0 iERE
301 b —
~ Tt 00 40~49 cm
] L _ab’ : TR
_it 25 : |:1:|:|: :.:.:1:
Bl b - e i il | 0s0~59 em
ﬁ .:IEIIIIEIE. Illlﬁl s N 55
NI R i'i:i:l: i S @ 60~69 cm
= o e
S0 ¢ o 57075 em
SE i
5 -
"""II m80 cm=
0
0 cm 5 cm 10 cm 15 cm 20 cm

F1-10R JREBKEANS ‘O—F0—+1 OYYEERYYEAKICRIFSHE

" A3/ N SCF RIS X Tukey OHSDIRE LT & 0 #8680 0 TEASIC B B /22 MFTE
L720
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B1-6% REBRRANS ‘B—70—t OUYEREICRIET

2480

Foa
BRIERRE OIWiER  UIV{EE #ith IV IEE/ VIR
(cm) (g) Gi) (grem™)
Ocm 85.4¢” 53.1b 16.4b 0.62
Scm 73.5a 37.7a 14.7a 0.51
10cm 76.5ab 38.7a 15.0a 0.51
15cm 77.0b 38.2a 14.9a 0.50
20cm 74 3ab 36.6a 16.0a 0.49

* A3/ N F I I Tukey DHSDIR TEIZ L 0 5% KHECTHE 22N

FE L2

5
4,
€|
¥
5
K2 F
£
S
517
0
1 12 1 2 3 4 5 7 9 10
INFEH

BRIEREBCR

—o0—20cm

F1-11E FEBEENNT ‘O—FT0—F OREAROUIYERKICRIZTEE

OE Y TEAREITEERIE N /N E < 720, 8 A% TlX20cm KAERWTHR L IZEIML7-2%, 20cm X

TR 7 AURBRICED AR T, B0 TEARBE D &b RE DRI, WTIhoRKIZENTY

6~9 ADEEMTH-7-2, 5 BILN 15cm XK TiE 8 ALK, Ocm KFB LW 10ecm X TIE 9 A

VIR il 0 FERED NS < e o Tz

INFEAB O FEROHER LS L, 0cm KOV EREIL, 12,6 BLON10 AZBRWT, il

REtEm L TRENo7 (B 1-12 X). 15ecm KB L 20em XX 12 AUV EENKE < 7

SN, MEIZXD2ZTIIRLKHEEP BN REWIIVIEDTZO TH - 7.

WTNORXE, )
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120

100

80

60 r

YIVTEE: (em)

20 r

RAERER

F1-12K

2 1 2 3 4 5 6 7 8 9 10
I A

REBBRRNNS ‘B—T0—+F OREARNOUIYERICEREFTHZE

11

90
80
70 |
60 r

50

BIVTEE (g)

20 r

10

RIERER
---¢-- (Ocm

F1-13E

12 1 2 3 4 5 10

I A
RIERRENAS ‘O—F0—€ OREAROYYEEICRIETHE

DIERITINER 2RO 2~3 AETIIKREL, 5~8 AETIINhEro722y, 9 ANDLIFHTR

XL R BHEM DI LT
INHER BB FEEDOHE A5 L, 15em KB LN 20em KO FEEIL 12 Bl k&< 72

o7 (FB1-13X). 0%, GVIEEITWVTNLORIZBWTY, KIBEHO 3 AlIciEbREL< %



20

v, TNLUREIZ8 AET/hEL REAmMAALLNT.

3ER

RTDNA Ty ZHSLTHEICBWTC, 7T—F U TS CEZMBICRIERFEOE SR80 1
EEMB LOBEICRIETEEIC OV TR L. 2O/, IR 0em TH LT —F &~
THNLCTEOREI D LR /N E o7 (F1-10K). HHEE LT, ZHS (1997) MHERL
TWbH EHIC, EXEOREMENKTD Y 70 1 DFTORTH Y, WAL 2 HARFFO> /A
T JAESLTE L R U CTERIEEL N D o Tefeb EF 2 bivd . HIZ, BB 15 B X
O 20cm KOG EREN L VB & LT, EXEZRESELIBRAEBBEENREVDO TEEN
RENWZ POV I7REPELS, REREDORFBEN DN EWTZO TR N EEZLND.
ZDID, AN O OBEFHMEM U LHEIND. —F, Sem K TlIH b U0 FEAHEN
WS pole. TOEEBE LT, MIEREEN NS WEDICHEREY OITRENNHE D &
KW ERBZOND. 6T, BRIERKICHRT 2EERAK L RTIchRT 5 RILHER
FOBEBE TN T2, B H 2 RIERR O EULE AR TALIZ & 2Rt O AL A 4 #
L, TOEMOKEREIMET Uiz ki, TIHEZERT 2720 REREDPEER SN
EDDLEDERBICEE LB XOND. £, topophysis & FEIEI D B DRREE D& AL

BERRE & bIc RIE T2 (Bredmose-Hansen, 1996; Bredmose 5, 1999) 2388 < fEF L T\
52 EHEZLND. LeBris b (1997) 1%, Ya2— bOEfICEET IMEOEFTITTAICE
ATOHRFOAFT LB L TRNP-TZILEEZRELTVD. THHDZ MG, BIERKEEN
REWHEIIEZOAEFTNBES L, IV EEEENES R bEZILND.

T —=F U T TERANA T v ZAESL THEOTI D fEIE, TEROYIY BT ESZ THE L i L T
ERThHD LS TS (Kim-Lieth, 2004; Z4F %, 1997, Ohkawa- Suematsu, 1999). 7 —F
THILTERNA T v 7L THECBW T D ER P REWEEZRBERIT, Y10 B TE
DEIIT S HEE 1~2 HiEL CUNET 20 Tidkel, REEHCNEST LD THD. &b
2, B0 B CIETIIBEENSEX MR £ COMMICBIT 2 R EMEN OIEIE, fiDE
ELINFE L -RRICR SN SHEICHE T 5 H D Th 5 (Kohl: Smith, 1970; Mor+Halevy, 1979) .
—F, N Ty S TETIE, B ORLERRICHE KT 2 A RED TR~ bR
THIEBRMBNTWD (RED, 2000). ZDi=s, 7T —F 2 7N TETE FEICHED
~DHEREDOERENPRE SR, RRRUIVIEDNNETELLEZOND.

ABOE Y FEAREIZOWVWTIE, [IEVRBWVWEHFARSLBEREN NS 2D LT
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(Marcelis-van Acker, 1995), 4 A LIREIZRIRD BRIV IED S IN#E £ TCOMMMAEL 220,
BRSNS holo B2 OND (B 1-11K). —F, FEALCOXTS ALKEREIZEY
EARBMET LD, [RIBOETIZE > THFABRBLOIEERELRELS RoTclen LB
ZbiLd.

INFERRAE A DI Y LRI, 15 B LV 20em KK & B L TOo/h S o 72 (BB 1-12 ).
INHDORTIHBRIEBEENRE VD, BRMOEZOHIEMBIIMOKX & e LT L&
b el NTIIRER, EFMEANTNELZEA L, EFESMERTICTEAR S D EiEIIRE D
EMAELS RDIFEEDTE (K, 1999). 2070, HIEBEENRE WVIEERFEOEE
MEATEY, KEMTHRIELZEEZEZOND.

1 22B ZEICHTIEA RO Y IEE T, LA EDKRTI Al K ERS72 (BB 1-13 K).
Van den Berg (1984) (%, ‘Sonia’ D)V EEIFTFEHKIB 17CTHROREIL 2V, TR ETIX

ETT 2 LHmEL TS, REBRTIIRERIEZLZ 16°CLLEICHER L7zD T, SEIgER L
o ‘m—7er—E IZBVWThH, RIBEHICHRZBLEAEZOTVEENRES o1 EE I LN

—77, Mathis (1973) RHREL TWD L O, MBSOV EEITERT I 2@ m A2 =L 7.
IhUE, NTOEOKAEBEE L, 35CEE L D L BFITIKT T 5 (Lieth-Pasian, 1990) DT,
FALFE RN S v 2 — O EMEYOBERENHAD L2 Z L2, it ToREBR/NEL
BT DICFUEED OAGDNB N DN o ZENBERE L TEILNLD.

ULEDFERND, NT DA T v 7S THEICK T 2RIERKOR 1%, GI0 B0 EEMS
FOWEICEEZRETZERHALN o7, BIERBEOR &% 15~20cm I2T25 2 L TT
—F U TN THELHE L TUVRERELRT SIS 2 i<, AESELZM ETE5Z LN
Lk irol.

Bl BEABIVEARLERABOEREEERB S UVEHR

BOEO LBBEL BT H0 BIFESETHETIE, HURE LB L CTAEENE S, REE
WAL RRLFHZRH~OMFEOEmNERESARENIRSFHA I TS (KJI, 1973).
Fo, BEIAEDOEKRIZIX Rosa multiflora 3 b %< AWVLILTWSD (bR, 1998a). B1V EiF
L TIEICB W T, BRPDAEERICKIETZELHAE LHEITZL Y (De Vries:Dubois, 1989,
1990; KJII, 1973; Kool: Van de Pol, 1992; Raviv 5, 1993). L2L, B v 7 7—L#IEIZ L5
NI DU IEAETIE, BAREIHLE LR L THEEEOZm i LT 25 A7 5 FF 5
Z. Lavh, X TEER, TS CTARSITOR TV IR O T 5 KEEL 1~2 5%
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LTS 200 Bt CiECided, MLAEZAWT, EEZICEELZPEOY 22—
Na#ry i CREEERARE L, NEMEZ —EICL Ty a— M aMRESELT7T—F
TS THERNA 7y VS TERER E 2> TS, EZAR, 53 - BE (1997) X, &
ARBEEHLELZHAWT, BARICHRKRT 22— FOARLTEROKFICHKRTH2— &
LD T CRMLEA L T AL CEEBERL, BFeRE L.

INETIC, BEREFEICBIT 2RMEERAEEZ RS TEICBWT, ZHICET5BADHE
BERIOERICHERT 2FIEERAEOEZEITAL NI SN TR, £z, BERBEORHFD
HREZBELZHEICIE, BALEFOHREGICLY, BAOEERRR LD I LH/NAE
(1991) IZk > THEBINTWDE. ZZT, RKETIE, NTDONA Ty 7L THEECBITLE
K, BARBEROFEULEFERELOF & LA TERE Y TEAEERS L OBEICRIETHEIZONT
A L7z,

LHBELUAE

L, EMFE, FEEE, BERERBICEEEHIIFIEZFIH LA —L L. R
I LA &, BEE LE OB RIZIL, Rosa odorata ‘Sweet” (LLF, 4 FZ—4) 3 X O Rosa
multiflora ‘K-2> (LLF, /A7) #HWe. BEHELEEZHWESEEICE, EAEXDO Y 2
— MEBEISHETHEARDPLEELLY2— M EHICAMEERRE LTI T KB LW
BRERDOY 2— MARBEIERVWRERITZ (F1-14K). b, eABLOEREIE
AROBFREEMEAG DY 4 B AT . MBRXIZIIELAHEZ AV, BREILER
EROBTEREIL, ABMBTFAHRICELNEL, N Ty 7S TEICES LY. LrL, K
HiCIIRIERE A F L2 DESTENORET LEEZLRIET 2564501 7 v 7L TE
el AN

1 KICIH 4T 23 ECTHIR L. EMIZ1996 £ 7 A 3 BTV, HEZITVWARBOKE
FER L. 9H 19 BICHEKR, AL BIZTRTOY 2— FZKELLTOAE A~ i CRIL
BHAKE Lz, INEREHRATORCERAKOERIT, FI1EFIHEFEA—& L.

2R

INFEBRZR/N D 1 EM D 1 BRE 720 ORIV IEREIZ, F R T — 2 EaRESHE LBOBAREILE
AR ERFEETEHGE IR DRELITIORTH-72 (B1-15K). —F, /JANRXTHEABEEDOE
REMLERR 2 Fio 7256 O 0 AL, 242 RTHVELIBA L. 40~49cm D
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B0 IEAREIL, BARRCHIN TENELR > THBRD TLAEL, WTFROREBHIC13~24 KTH

> 7.

AARFICEAR — b =

BA

e

z=)

- A RIT—=ZETT A NT
LA TETRL

F1-148 i TEOEXE

40 q
3B , . oy HE
¥30 [ — — 00 40~49cm
K25 b | i
= i3 K 0 50~59cm
ji 20 £ pe T
B o5 | e s [ 60~69¢m
= Esi SR
;@ 10 ’ R B 70~79¢cm
S 5 L St
Il 0 80
0
BARELE _ 15
PR O % —
B — I RT7—X
H LA BIREL

F1-158 &, EAXBLVERBLERROFEN/NS ‘O—F70—t OUYIERH

P Y TR

RIFTEE

" B —# /NI 1L Tukey HSDIR B L 0 5%K HETHAED 0 FEARSICH E 72
ERFELRN
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H1-1R ARSLUEARLEREOERANS ‘O—F0—+ OYYTEREIC
RIFSEE

EVN BARFICERAR BI0fEE BIvfEE &k UIVER/GVIEE
DA (cm) (g) (g - em™)
fHLUAHE — 67.7ab” 35.8a 13.9a 0.53
FRT—H i3 69.8ab 36.0a 14.5a 0.52
" 75.8b 40.1a 15.1a 0.53
J AT 4t 71.9ab 41.7a 15.0a 0.58
&l 65.2a 37.8a 14.0a 0.58

“ R/ N SCF I X Tukey DHSDRRTEIZ L U 5% KETHBRENFE L2V

UnEwEEZ A5 L, UDIERZ, HLAEO 67.7cm LHEL TAH K7 — ¥ GRHEEKDOFEIL
B2 -7 AEX T 8 lem K& o712, /A NTERBERORMLERKZF-E7-
WX TIL 2.5em /hE o7z (B 1-7TR). BIVIEEREIE, /A T ROEREICEREN 720
LBEX AN 41.7g TH Y, FELAKRE D 35.8g Th o BNUERXEICHEERE T o7, it

VRO REPSTZABEX TREWVEMICH > N LEXEICEEREX o7, IV TE
HEUDIEETRLZEIL /AN TEREAWVTEAERXN 058 THY, HLAHBLIOA R
7 =2 ERERWTZAEK T 0.52~0.53 Th o T-.

3ER

NTDNA Ty 7L TIZBNT, EARBLOERFEERKEOFEN L FEEEES LW

BEICRFTEEICOWTHRF L., TORKE, R FIT—F2HY, BANLHAELE
MATEFNPLEAE LY 22— F2REFEAKE LTHVIITLHZ L2k~ T, Ul

DIEEEMNRES DL LB ITRERMET LI EBNHLNE o1, —F, BRIZ/ AT
ZRWESEIZE, EARRHEEREOFEEIZ L VR IERLIBD L, BEOIKRT T 2EM
WZdHoT.

Kool * vande Pol (1992) 1%, 5 EOEAZAVWTH LAE L OBEAHE L, ERIZED
BENRLRDZEEREL VWD, AR —FYOEREMLEAKZFELEIGEIC, BLAHE
EHE L TREI D IERBEDNRE S o TeDlE, BEREULERED S DG R EY D 2N RAIIE
E~ERfii L (RE S, 2000), UIWIEAEEOEMIFES LizizbtEXOND. —FH, /A
NI DERBAICERENGIX, 7 —FOEREICFERABICIZIZ L A ER LR TS

DHEDTRBIL L ZEOMENFEE LTI, BMEETINLEZFIRTILENS -T2, 20
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TENDHWRT DL, BRELIE /I ANTOBENA FT—F LB L TROWEOEBLEAE
L, FMEFEAED S ONXERED PN ERFEICERRZ Db DODOAERICHE DN, TEXITEG L2
MOTIe DIV A B LOENE LIETLEEEZEZ LS.

L L n, ERFEFICET 26 REICERKEZRF -S54 TEIR, UARE LKL
THMOBmWVESHELELZHVWOILENSH L L, BIEEENEMIC /D 2 & TEEENMET
T252L, SHIUREFERRICZROFAZEST L ENLER L TVRVOBERTHS.

KN (1973) 1Z 7 AT BRESAKE &ff LRE TOEENZ LR T Y BRI Tk
ICR VB LR, 8 Sl 7 M CHEERBOAEENFE LARE LY bENZLE LTV,
L)L, REBRIZEWT, /JANXNTEREZAWGEITIE, HUARNE &L TRERICEI FE
AEEBLOENENTWDIDIT Tidkdrole. By 7 U — VBT LHEE L Ry, &
BRDFICLTRLE LTRICERBE S TWD. £, =y 7 =L AT TN TOKGDOBEH
TELS, EMOBGRINGES 2720, EWRKA NV AZZIT 52 i3y (Hf - L3,
1992) L EINTWD. - T, NTDOBEHILIZE WL, HLAE THLESKSORIA+
FATOND =, U IREERR EZBME LT, HX THBOBVERE HV D LEMIX
BnweEZB2H05.

UEDFRERNS, "NA T v 7S THEIZBIT 237 OFBEFEEL W TIE, U0 EAEE,
BEBIOEERLZZETNLL, EARAESHLEZHNVDL I L, EOICERFILERKEAZ R 2
HOEMMEIMMELS, MLABEOFANEMRANTHL Z LRI NI,

B BEEFW

NI OEMAG Y ERIEIL, RONTZHMBEANTITORTWDL7D, £AEZEXPFEOM EEZX
DI, BAEEY OV IEREEZEMSEL I EANEATHD. £, BERNPOLHD
&, BHILEY BRI LU0 FEOEAMIL, UIVERNPREWVIEFELEEEII S TS, £0
e, NI OO IEEEEIL, DIVERORESWEIVIELZ LV ZEET LI LRBDO TEHE
ThDH. FIT, Ry U—ARBICBTLEBERHELCUETH D, 7T—F 7Tk,
ATy VTHNETEBIOY =2 — MKRER Y @IFAEL THEICB T U0 TEOAEENE EBEIZD
WTHRET L7z, ZO/ER, Y0 EAEEME, UIVIERBICUIVIEER EOBEIL, AL TEIL
FOVERDLZENALNE ST

IV ERB LUV IEEIL, 7 —F TS TERNA T v VTN THEB L O Y 22— FKE
Pro I TEE R L TRE Doz, T—F U TN TEE, B bBETHX—H L
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Ya—h EeFT v I Ny NTERIET D720, RRARUIVEZNETE L LHEINTND

(Ohkawa- Suematsu, 1999). /A 7 v 732 THEB LY = — MRS Y #h T HE32 TEIZB T
% 80cm UL LB TEAREIL, T —F TN TELRFEU ETH- 7. UITEREHAIEER
1 (BMOKEER, 1994) 1%, BIVTER DS 70cm UL EA & Bk e L, 2l EOHEIT, EED
BOMEREZRTTDEHEL TS, IHFE, NTOREHEVBHEML o552 &b, B
RAORRREIVIETIT R, BERYVELZHENTE 2FIFRORENLEETN TN D.

A (2005) 1F, IV EEAUIDER CTRLUME (W/L) 280 EOBRMEL LT, 045
Ubk#z ‘vm—7o—8" OkPLLTNDH. KETIToLTXTOERTIE, Wb 045
LiETH-o7. —7F, Morisot & (1998) (%, BMET WAL ELZEHL TV, £AFEICLD
B (WL) EOATEYEREICONWTERTE RN EEZLND.

PO MELXZROMIZITEVHEEOH 5 Z L 4/MMIb (1998) FHREL WD, T—F 7
L THEIL, "M Ty 7N TEBL Y 2 — MRS TEE R L TH O IERIB LYY
TEEEBIIKREL, £, UVHELZUVERTRLIMEORE D212 &1F, 7T—F 7t
SNMTETEHEORWEIVE L 2D SSTWERAIR S D Z EERLTWD. 25T, 7T—F 7t
SNTIEICZBWTAA 7y JHENTEBI O Y 2 — MAKRES D fiiF s TEL L TREID
FEREN D Ie o T DiL, FULEREN O ONEMEMN EICEEZ RS T2 LiTEbiizi:
WEEZOND. YVIEE (5 1-3FR) ROV IERE (F1-2K) 2% C72EIX 1234~1469¢
ERRD, WTRNOAEN THEICEBWTHIEEILTWD . RERED 1| A47-0 8 TEEORESR
EUIVIERE DO EHLBIZIRY AT 5500, trade off DREMRICH Y, 7T —F 1 /L TER
A%, "M 7y 7 BLO0Y 2 — MKEF Y TS CEIBRE Z2ERT AL TEEE XL
o, NA 7y 7 BIOY 2— FKERY T AL TEDL, T 080 FERMAMER T 2 B0
BT, AWIIVFEEHFALOOZNE BIETAEEFHICEL TWL I ENRBRIND.

HEELIE=>DMTER, WInbEIEERARE X2 onzy =— &k
W, T —F v AL TR BT D &iE 72 LAL %, Pien ©H (2001) (% 1~3.5 &, Shimomura
(2003) IF3MELHRELTWVD. L, BEBEOCRLERKEZFE>NA T v 7 Tk
RRETT L R D RIHH O W IS b FEYLE AR 2R/ > = — FKFEH Y d S TEID
BWT, SOLRLEEERDOHN EAZRH7-DI21E, BERNOREZ LAl ZB LT 5 LEN D
HEEZOND. ET0, TNH = DD THETNTT 12~2 ADYID IERBED /NS o T2 (5B
1-3 ) Z&nn, ZOBERZHALNIL, TOXNKEHELLIZENEETHAH. T—F
THESLTHETIE, AHICE 1, HDWIE S ML 2 BIR L TINET 5 & LB O INEALL A 1
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U722 ENE (1996) IZL > THEIN TS, ZT0w), LTS HEL2EL-2E0 k
T TINFES D HIEE, N T v 7B 22— MKESRY TS THEICB O TH A OAE
PEM BICER RIS 2 LEEESND.

TR BN T, NTDOBERICHERSEMHEE LT, KJI (1981) 13810 HEREKE DL N2
ZEMLTVD., REOERTIE, A FNT—XER, &L50VE /AT ERESHELELZHW
T EDNA Ty VS THEICB T AU 0 TEAESET, HLARAE LKL TREETH- T2
CORERIX, vy u— AT EIFESTHEICLVINELEE, S AT REARERA
RT—SBEREOEEEDFE LG LB L TEN-270 L LEEEDRDL (1996) OWmE L ITRR
L. AESTHEOEWVICEIIEELEZ DD, B CEMEERAKZF > CQEICBT
LEROG FEEEE~DFEIZHOWTIE, #HTEH LY bEEFEAROKEL BE T 2 LER
O EWNRBEEIND., ZOZEIE, ERFEEHEAROFENG Y FEEERICRSEEL TY
5 (F1-I5K) ZenbbfEzsd. 20O, N7 ORBEHZICE W TIE, FULERO®EY)
REBENAEAET O EDEETHLS. SORLEEEROR EZXL2DITIE, KERKIZK
S TRMEERAK TERIND 1 BRE2) ONEREY O EERLZBMSEDL ZLRLATH A

-

2.

Foli WE

NT ‘m—TFu—t AR, X TE, ATy 7L TEICB T 2F R AR E BRI
HORS, BRABLOEARAMEEREOEEND Y HEOEEMES LOREICRIETHEEIZON
THE L.

1. FHLAREZAWSGE O THENT D EOAEENS L OB ICKIETREIC OV THEE
L7k, EEMIEIANA 7 v ZHEMTERRBE L, RWTY 2 — hKESY fiF HHRLCE,
—F U TN THEDIETH 7. —F, VIR IOV FEEITT —F » /L TEN &
HRELS, " Ty TEBIOY 22— MKEHR T TERFRRE CH -2

2. ATy IESTEICRT 2 EM D FELFE R i £ TOERBEREI 0 DA E
B L OREICKIETTHEBIZOW TR LR, EEMRITERBAED 75~90 ADOBEICE
NWUTOHE LR L TENro7e. L, BRBHIL, UIVHEREICIXIZEAEREL 20
-7z,

3. N ATy 7N TEILBT 2HRIEBRKOR S0 EDOAEEMS LOREICRIETTREIC
DWTHRET L7 iR, EEMITBRIERBE D 15~20cm OHFAIZ 0~10em & I L TEL 2D,
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L bIE M E L.

4. AROEEL LOCBRFEICERKOFENY) ) EAEEMERS LU FEREICRIETREIC
DOWTHRRT L7RER, EEMEITIA FT7 =2 aRE AV TaREIEERKRZF 581D,
HLAE LB L TAEESENES 2D EEBITUVIERNPREI o7, LrL, /ANRTHR
RERAWTERBICERRZFZE5EICE, EBOICIVAERBIOE L BIZHLA

BB L TREETLE.
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F2E YYEDOLEERSIUVKREICEST AREEZEROREHR

B AEREE, REBEEOHRBRXEEERSIURE

10 B THETIE, INERHZIIOLERER O Y — A2'E  (Mor-Halevy, 1979) & L
TOSKEL I~ 2HETHLERDD. L AN, Bifi CHEE L= T O Z 504 TEIR
WIS EHEERRL E XN D, EABEZLS BT 2— b 2RO L IZHFERH Y, 5
MEAZBRSPTEXZLZET»OINETS. 2026, FMEERIL, 5 KEL REICE
BREHDY —AWMBE L L COREEZFOZENHEESND. WEROG Y EIF LTI
BWT, XTS5 KEOHEMEEZHTELEEFITW S0E (fE, 1981; Bozarth
5 1982; Lieth-Pasian, 1990) &H T\ 5. 4E (2008) 1%, BHFONTICBWT, #V
BT AT O FE LB AR IC B 2 IRE & A REEOBBREZHRE L, RIEKIE 20°CTHEE L7z

=7 u—t EONEHEEL, TELRFRED 370ppm TiX 25°CT, 1000ppm T
X 25~35CTHRRICR ST EHE L TWDH. EEICH Y T b -FEHEBFEAKICR T 558
ERGREZ Kim & (2004) (TRIEL, 0 T EZICWVSTZAKT L2 SEROREE, 3
BRAZRICIFFVHTRIE CLRABEE TERATLILHREL TS, LarL, I EL4 I
FOREFERAKICIENT, KEREEICRZTREERTHS, IRE, PPFD Ctama®
HEFHEE) BLIOZBRIERBZREORELZRE L-REIIAL -0

N HERAEET L O, REFXEERBERO—>THY, Mk CidELom
BT &0 EEBEGHIE Lo v, R (1999) 12 v, HidEiR BT MAEIC K> TRZR D2,
—fRIZBRIR 25~27C, BB 15~18C L SN TW5. ZTD7e®, KERZELHEEEMICE

HREREFIE TONT OEFMEO 0 EAEIL, AFEEL Y XAHOMMENITIREL 2D
ZENOCERERICEAMEN, —FH T, EMIEERERDL I 0N LIEHET CASE
IZOleo>THThbI TV S,

NT DA OREZSKIR L0 b < R - BE T 28F%81F, #2 < #t5 (Hanan,
1979, /K= - HHE, 1973; Moe, 1972; Zieslin ©, 1987) S TW5. —F, EHOEIRE % #E
JF D7Dy KT K7 7> (Plaut &, 1979) <°#ksk (Plaut- Zieslin, 1977) ZFIH L 7=

RVHEINTND. ZNDHOMFRIE, ZNENHRELLRESECHIEE TAT 2R
BL, O0EOEEESHELRAEL VD, TORD, MHEEBIOKERELEL ETIC
EWf 2% L C\5. %72, Pasian-Lieth (1994) %, {EE L BHNL AT DY a2 — D%
BTHZIT-oCVDEN, BEICKECIEE CHEICRERIBEN RS Z L 2HEHEL T
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%.

B VAENMNFHLTAVWTEROBBRELZIT &, RE, BB RFTOEF
[CHFE R ST T, ZEROBIERPRELS LD ZENRHESNLTVD (FHEE, 2003). *
7o, ZROBEANZ = NTREICI > TERD (Ito B, 1999) Z LT VHHEN DK
b2 EHMICHE TE D (535, 1994; HE - EE, 1988) Z EBNBHLMCENTW
5.7 OB 28ROZE, [ALBAICHE S BNK S & & & OBEMEN S H 5 (1990)
STHBIN TS, LD ent, BF—VREMFEZHANT, T ORI
BRERBEICAET S22 LT, ARECKERBEZEHHE CHRE CXLFRBENLH .
T, AEITIE, B 1ETRE, “EBURFRER L0 PPFD 28 EYLE A DJGE B
HWEICRIEFTHELRELZ. SV TE2HEICBWT, 27— VYRAEMFHZHWVTRER
NA Ty ZTHNLTHEICB T 237 ORIEREREORERICKIETEZEIZ OV THRF L. £
LT, BI3HIIBWTC, BENTVIEAEE, BEBIOEMEEICKITTHEIZONT
REtL 7.

ek, AETIE, AHTORELZRRLE L, MYTOREZRRL L.

>

e

AN

$£11H BE —BLERRBRES U PPFD XA
KRIETIE, NTDONA Ty 7SS THEICBWT, BE, “@BLREEEL LONRARKRE
I EFHEENFCEREO AR EEIZRIETTERIC OV THRE L.

i

W

LHBBELUEE

HEBEEE, ‘v—T7o—8 2R L, NDRIEM X RS B E R E (L1-6400,
Li-Cor) Z#HWTCHIE L 7=,

DREERERE & VIR EE

HERERIL, A RT— X EAREEHELEEL, 1999 6 A 10 BIZ v v 7 7 — /LABRLR
I e L, B 2lem ORBEX SE~FEMHE LIZFATET OMLEZ 2 REFOKRZ Az, ftak
fE{A % 2002 4£2 A 5 BICHAE (7~19 BF : 30°C) EREFH] (19~7 B : 20°C) % 12 BEf 4
IZ, BEIE® PPFD 1349 700 u mol-m?-s [ZFE LIm ALABIRBEAMMA L. HEEOD
MEIIE 1 EE1EER—ICL, 1 BY20 5 E, BRRERRN/GEN O EHEIND
THi G L7z, HEBGEEORIEIEX, 200242 A 8 BIZ 7HMEDLMHEL A, &4
WTHT - 7=, KRB REEIL CO, EE 4 360ppm (I L 7= 821822 % % i & 500 1 mol-s™ &
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¢, #EMRO PPFD % 780 p mol-m™+s", IRE % 30 B LN 40CE L, FEALEEFAL DR
EHORRD THIEELRED 4 ZEIZOWT, MR 3 R D 10 ReICBIE L7z, Ao
IR 3 BE |3 B R E S T AIE AR A 7L JE B L CREB ML L7 4 BRI
ELT. BEIOMNREEL, BE% 20 BL25°COLMET, WHIBIMG 4 BRRI% O 21 B
HIE LT,
) "BERRRE & SRHEE

HEERERIL, 7y 7 U=V AT T~ 1996 4£ 7 A 3 BIZEME L7ZBRIEFT OIEZE % 2 KEF
O, AT —HZERESHLE O 6 FAKE AWz, EBOEED , 200343 A 13
B, FHLEAREO 7 EDOEMEL A, ZREN4EIZOVTI0 K1 BITo7. JIE
I, =iRF X OMIELORE % 20°Cle, @O PPFD % 780 pmol-m?-s™ {2, &% 500
e mol-s™ I L, CO, % 100, 200, 400, 800, 1200, 1600 35 X T 2200ppm @ 7 /K ¥ & L
TITo 72,
3)PPFD & (& REE

FRE2)EF—DOHRERAWTHEZIT 7. HEREEDOREL, REZ 25C, CORE
% 400ppm (I L, 2003 483 A 14 HICZEERE O PPFD % 0, 200, 400, 600, 800, 1000, 1200,

1400, 1600, 1800 35 J T} 2000 1 mol-m™2-s' @ 11 A#EL L TIT-o 71-.

2R
DIRE EXERE & UIEREE

FIT DA BCGHEE D D B O MERGEEE 2 B U - E O ARGEHE X, 30CK L g
LTAOCREPN/ NS ot (8 2-1 R). —F, MREHER X OEEHEITRES&H 2o
THRESHEMET, BEOEWVZLLEEII NI o7,

R HI DR RS L OVERBGEE 13, AR L i L T/ E <20, 20CR 2 25CIX & b

LC/hEmolz (BB22%).
) "BERRRE & SHEE

WA FIEE L, CO, EEEDY 800ppm £ TlIAMEIC EFH L7272, TR ETITEONICT
BeL7= (38 2-1 K). HABEEIL COBED 100ppm TH /&<, 431 mol-CO m™>:s™
Thoto. CO, IBEN 800ppm DHFA I KA BEE THEHKE <, 229 4 mol-CO, m™-s
Tohol=. LL, COEEEN 800ppm LA ETITHEEREII R - T,
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F2-1%k NT ‘O—F70—F DOIAERICRIFIREDTEE

et BOSEROREY B D e 35K ARHOHEE
(umol *CO,m”s") (wmol *CO,*m”*s") (mol*H,0-m™*s")

30°C 8.7+0.7 3.8+0.1 76+1.4

40C 6.5£1.2 3.740.4 7.9+1.5

AR EHEERR E (=) B T

Y B E B OPPFDIE780 1 mol-m™+s™

$£2-2% N\F ‘O—FO0—+F OKRMOIFRIC
RIFSERENEE

RUR I 35 ZHH
(umol- CO,'m>*s") (mol*H,0-m™”-s")

20°C 0.6:0.1" 1.120.1

25C 1.5+0.1 1.5+0.2

I R () R

25

10

A EE( 1 mol*CO2em ™ +s ™)

=]

v

100 200 400 800 1200 1600 2200
CO2 i EE (ppm)
FE2-18 COREMN/NT ‘O—F0—t€ OXEREREICRIFTEE
TR 7E B 0D & IR.1320°C TPPFD(%780pumol-m-2-s-1
Mo ORERRITIFEERZE (=4) ZRT

3)PPFD & R A REE

YA BOEEE I, PPFD 28 2000 4 mol-m™-s £ TO&FN Tlx, PPFD 285 < 2 A1 L= -

TWAHRLNZ EF L7 (8 2-2 ). PPED 73 200 u mol-m?-s' OA 21T 5 A BEE

1%, 9.7 umol-CO,-m?s' Tdh 7. PPFD 7% 800 u mol-m?-s' |2 FH-4 2% LB ROEE I
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18
16 |
o 14t
£
3 12
Y 10}
o
E 8t
3
wo o
@ 2
R o

2

0 200 400 600 800 1000 1200 1400 1600 1800 2000
PPFD( 1 mol-m” -s'l)

%2-2K PPFDA/NS ‘O—F 00—+ OXESHREEIZRIFTTEE
I ERE DR IR IF20°C TCOJE E 1 3400ppm
K OMERRITAENERRZE (n=4) &R T
Kx< 720, 186 umol-CO, m?-st & 7257, PPFD 7% 2000 x mol*m?-s' 1 LR % &,
WAREEITEIBICREXL< A, 233 umol-CO, m?-st L7257, LaL, PPFD 7% 1000

pwmol-m?:s' LA ETIX, REBEEICEEREIIR)-T-.

3ER

NTDR v 7 7= VBB T, BENEALE RO EBEE R L ORI EE 2
FETEEBICOVWTRILE. TORE, BEEABVWHRAICEONAREEIIETTS (&
2-1K) —FH T, BHHOMRIEE I EFL (FB22R), AMOMEREETIRE S E{LLR
WZ EDBRBH LN 0T

RNT VT OREREEL, BAKRK CORE TONEFAIL S0klx THY, £D
& EDOHARFEEIL 15 2 mol-COy m?-s™, IR ITIER CT18~23CTH 5 (#MH, 1981).
%72, ‘Samantha’ DA REE L 25CTHR AR LRV, 14umol-CO; m? s THotz b
Bozarth & (1982) |F#HE L TWDH. O LT, MENELR > THHAREENRKIC

L DFTIREN 18~25CRETH L Z b, REBRICEW TG MIEEME) - T BiH &
LCHIEROIRENE N2 T2 X, ABEELZRET S -OICHBRE] TRV L
Exobhb.

FEMV B AL O Y& BOE EE 1T, CO, I EE 3 800~1200ppm T & 1272 - 7= (% 2-1 [X) . Enoch
5 (1973) 1%, NTORBEIZE > TRBETICBIT 2 EREENELRY, SRED CO,
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EHEG T 52 L THIROAIEERZBDO TS, £/, NTEROKILOEIIEIC L > TE
7% (Rouhani &, 1979) Z & CHAMMNER D LA MEEN R/ SH Z & (Ueda 5, 2000)
o, SEFRELE ‘v—T7r—8 LV LILICHAEREEORIWEENH D EE X
bid.

fHE 5 (1981) 1%, /N7 TPPFD #Z X THEMEEZBIE L, COREN 360ppm D
BE, HEEDOH L, H=F OXMAMEPFELEL 926 umol-m?-s! THo/zL LT
5. REBRICBWTYH, XAREGEE L PPFD 2% 1000 p mol-m™+s' £ TiX EH L=, =1
LI o PPFD Tlx A B R ZEI1L 20> 7= (8 2-2 [X]). Aikin-Hanan (1975) I%, ‘Forever Yours’
DIEEFI AL 540 pmol-m?-s' THY, ZDL XDONAKFEEIL 8 umol-CO m?> s TH
Sl EHELTWAD. ZHUE, EOES (1981) OMELFERII—HL BT, Bl
LmFEERAWTWAS Z e, REMEICLILZbOEEX NS, £, BIELLRTO K
FEHNERRLZZLbEZAONS. ERFELUTYH, FERENELR D L HEREIRENELT
% (Berry-Bjorkman, 1980) = & 2381 541 TV 5. Ushio & (2008) 1%, /3T D ea ks E
X, RSN ORENRRD LNEREENRRERDIBENRLRD Z L aHE
LTWa. Lo T, REFREEOREICEL TL, HMOBIEEZHA LT 2HLEN
HAHD.

U EORERND, N7 ORMEERBICEIT 2EDOKEGHHEEIL, 40C L EEL T30CT
REWZENRHBMNE o2, 72, BEN 20COHE, COEELRTIEBEND 800~
1200ppm £ TCEFIHL L THREMREEZREZLSTHIENAFETH 7. PPFD ~OD
FOGIZOWTIE, PPFD 2% 1000 u mol-m™+s™ & TIXHAMEE D LF T 5 Z ERHLNE

ol

21 BRELHREBHEEOHBX
RKIETIX, NTDONA T v TS THEIIBWT, BE LSRIEBEZO B IEROBERIC
WTRR L7z,

LHEB L UHE
DEREFHTICE T SREBHEOBRX
1999 42 6 H 10 BiZ® v 7 U —/VilRife 2 FEE UEAE 21cm DR gh~ER L7, A F
BRBEEHLED ‘v—FTun—8 %, SAREMCERKZEF OB 2 KO
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AT v VS TEICERL, 2T HOERICER L. BEPOIREL LORRIREHIL,
FI1IEFIHER—& L.

ANTHABATEREEZ R, AHZ 7~19 B, BEH 4 19~7 B0 12 BEFOICEREL
7=, EBRHIE S OKITTO PPFD 139 700 pmol-m?-s & L7z, BAMA, HFHI & & IR
10°C, 20°C, 30CHEA0CH—EL L1-4 KEFHRITT-.

BACREEROBIEIX, 1 RS20 E S 15emX K& 8~10mm OE|IERAEL 2 RENZE
DRI E S — UV AEME (UL-10, I3 7) 2 1 AT Wm0 41T, ZDfEA 10 4
fBicT — & 17— (DC-1000, NEC =2¢) (ZUXEk L 7-.

2000 11 A 6 HIZEIR, ®WIRE S I0CICEE LI ALIBE~FKE LY 22— Mk

OHEEREE A AL, BEZBRB L. T0%, 4 BBIZIREL 10CT>RFTr—42%
gk LTz, 7F—ZINEFIL, B ORKSG OREZERET D & FIRFICHEHEK S ORZEDN

i

R FIEFTEEZF ST, BEEBEROKREEZ ZHEHBRBESZ S 1 BEEIC 12
|, BRI 3 BERIEIC 3 | & L, BEHOKSIRES & IR - 7.

DEBEHTICETSREBHREOARX

FREROER HTHWEEEORILEFERASL LORERERZORL, o7t v 7
S TIRICER L CEBRICER L. BIEHIF S O PPFD, Ml L UM # O R, HBE
TRER R L NCHEIERFEITZERE DOERLEFR—L L.

B DIRE T 40°CH LV 30C, WHIOEEIZ25CHIU20CE L, £ b zfllAhab
72 40/25°CIX, 30/25°CIX, 40/20CX$ L TN3020CK D 4 KE27&IT7-.

BACRERRIE, 2002 41 A 8 BIZEIEIX 30°C, WIRIX20°CICHE LI ATRSE K
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BEL, —EDRELEL, HLVTUT THHFEPBO LI 2®REL WD, —FT,
Bryne © (1978) &, KIBIZEEREPEMLIZZ L 2HE L TWD. ZOEWE, mfE
#17 (Pasian-Lieth, 1994) IC X2 b D ELEX N D. REOEBRICK T BT, RE
PEWVIEERELS RDEBICH 72 (FE23,5BINTER). XNTORBMBEOIEEIT, 1K
BT Tl B /(L9 5 blackening (Zieslin-Halevy, 1969) 24U 5 Z &R bn T 5
20/15CRB LV 20/ 10 CR TOEFAEIB L OERAICEERZIT R, SMEAROFMLEAT
bolo. Flo, BHRKEZEOBREEGET — 4 X—X(X, ‘m—7rn—8" OEF#H%E 25~
9ELTWVD. LEeR-T, BRIR20C/KIR 10COEBET CHIEENERET, EHRK
MR Ly ‘m—7rr—8" %, EBKRERICBRONVGEETHDL Z E0NmR Ik,

UEDOFRERND, BRIEEICBWTIE, DVEAEEBSLIOBEELBET L L, EHIC
XA CORE A EF ST RN &0, AHNTITRIEKIEZ 15CLL RICHERFT 52 L EHER
MR EI NI,
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F28 RIEEABILOXEREVOER

EPETIE, vy 0=V Z2EMETIUVREENRTDLIIL, RNV TF %
AWTitabivTnd. £, BExEF T ya— b2 CRALLERKE TS
T —=F TN TERNAA Ty VS TERESERLTWS.

SHELAFEL CNEST 280 IS THEONT TIX, Mor - Halevy (1979) 2% 1
FESLTHEORTZHWTERD 5 HREICHRT 2 XEREY OEBREZMREL, K
T 4dmm DLW ERBBNT 7 THLZEEZHALNIZLTWS. £/, Jiao b
(1989) 1%, "CO, Z#HWTATDOY Yy 7 LY —20MBEREL, BEFOEL WV
MWV UV I7BETHDLEREL TS, MXT, NTZBITLHEREDIL, T
XOUVELEBIIR~, Y=2— FOHF - MEICHEVM EHNITE AL EDERL,
MTHTCHIMREMELTCHDLD P a— VDOV Z7EEPEH T HEINTWVD
(Kohl » Smith, 1970) . L/»rL 2R 6, O MITKEZERMCFERAKLFEL T DN,
FILERABEICERET D2 HRERED DO Y — AL LTCOFMBLRNZF0pELICET S
WMEITRY L 0.

2T, AMtERAKOGD Y EEE~OKEEZRALNCT H20IC, BRAIEHOIEE
EETET —F U ITHEETEBLIONAS T vy 7S TEDOARNTERHWT, FEME
DEZLZFECERKICHRT 2 EREDOEE 2 R E _BLRHE (°Co) ~L

— VP —FERICIVBRE L.

ILHRELUVHE

EBRIZIIAN—T A MEHEMELTEELEFELAED ‘m—7u0—8" % 4 T
v, REHEFOREKIEIL 15C L L, #LAKIIT 2004 F9 A0, EMIZERDR
2lcm D FEFE Xk~ 2004 F 10 AICAT o7, MELZITVRNOLHEEZER L, 2005 4F 4
Altd R_RCOva— b 427730 OREEL»L TORMICERK (LT, Lb) &L
TH V7. LbI VT BRICEELEX—HPF L a— MI2ARIZHIRELE. ~A
7y S THEICBT 2 L0 2 KAORAEEMRE (LLTF, Ubl B3 XL Ub2) Dy i

FUE, 2005 5 Al N—=H v a— 2 AEBEAERICHMALEL, Kb 15em £
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X 45em OF S CTH O EIF 2. ok, FLFEAKOBEIT@EERY KRV 72,

SHX (LLTF, OLb K) BRBRIEBKE 2B -2 \WT —F V7 HEE Tk & L, Lbic PCo,
G L7z (F2-12K) . LEKI2AORMLEBKEEZ 158 XLV 45ecm & Lo A
T v ZAESLTHE® Lb iz PCO, 2 M5 L 72 15Lb K35 L O 45Lb X, R 2 KDL
BHEEZ I5EB X W45ecm & LIz A T v 7S THED UbLICO A& PCO, 2 5 L 7=
15Ub X35 X O 45Ub K % 5% 1 7=

PCO, D fi 5 1%, 99 atom %D PCO, & 1%EHTHRENT VY ADHT ATIT- 1=,

BCo, M5 1%, At EAE % 5 EHICE X 650mm X 1§ 480mm X & X 0.075mm O

(I5cm)
Msl1

F2-128 NEROEXE
FEHE ML, 13CO, %5 L 78L& 9
W5 1XE N2, FiiE, Fs:fEZ, Ub: LESFMLEAR, Ms IERH,
C: 777y, Lb: THFEMLE AL L OR B Z RS
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B VRTEMBAL, 2004 6~7T ADKERABICI~IMAKRETITo. ok, 1S
D2LDOHAZHE L, iGRTHICIELICE=VEEZKRELLZ. PCO 25 L
EAEERROEEBE TG 72 % ICESK CTES L, ZEEEF (AAC-400,
HEL) CHIELL. TO®%, oFaREHIE, %, BIEAE (0Lb XEKR)
Ub (OLb X%#FR<) , Lb, 7 7 VUV BLUPROIMAAICETL, EHIZ80CT4H
Mz L. REETEYELFER, BV v 7 IV (FEEER) THBBEBLE.
PCRBIAAHRMAEHZERZESITERE (VANCA-SL, PDZ Europa) ZFHWVWTER L
7z. Catom %o excess, 'CEHFHERB L O® CHEFIThZRKRRICL Y KD T2,
¥, KEKC atom % excess 1%, BEHIO PCEEEO S UEEICHRERASIERL
1.078 & L 7-.
PCatom % excess= (¥ ’Catom %— K& ’C atom %) X 10
Petmik= (2 PCE-"Cxis LR EAKL "CE) 4 PC & X100

%

BesmER= ( BegTUPCcsEEmMmrbBE L4 PC &) X100

S

HR AL

2HER

PCO, M LEE= L EBAORERIEITZ4~37CTHY , MEB DOEWVIZL DK
XMREE Do, BERERO LY EIT OLb X2 128.4g, 15Lb X 7% 164.2g, 45Lb
X 7% 170.5g, 15Ub X 7% 181.5g, 45Ub X 7% 231.3g Th o 7-. CO, % i 5 L - FL®H
PR O #EE FE 13 OLb X 2% 4536cm?, 15Lb X A% 3556¢cm”, 45Lb X723 4411cm®, 15Ub X 73
1906cm?, 45Ub X 7% 1508cm® T - 7=.

1 kb7 04 PClRINEL, 45.9~558mg CABXMICHEEREZIT R L -7 (8
2-13 )

PCOo, M5 LI L E A 2 b M E AL~ 72 BRI 1% O R I1L, OLb X 2% 68%,
15Lb X723 65%, 45Lb X 7% 67%, 15Ub X 7% 69%, 45Ub K& < 50% T » -2, A E
REZ R Mo (B 2-14 1K)

C atom %o excess (X, Lb {2 'CO, ZMfi 5 L 7= OLb X, 15Lb K ¥ & O* 45Lb X Tix 7

Sy, HbAWEBTEN-T (F2-9%) . —F, Ubl Iz PCco,##i5 L7 15Ub
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o)
S
>

W
o

>

p>

~
(e
T

O E&3i
O 7&4

[\
o
T
&

o

PoE (mg ke
(%)
o

—
o
T

OLb 15Lb 15Ub 45Lb 45Ub
P COo i 5-EAr
$2-1380 RHBZEICERAKICHES L1 ""C0,0T285R% 128 1+ 2563 °C2
? R — 2 SR I35 %K HE T Tukey DHSDIREIC & 0 B AR EMNTE
FELZN
T EE2-14[X B

100

R (%)
9,
o

25 F
0
OLb 15Lb 15Ub 451.B 45Ub
Pcouti 5-Ephr
E2-14R RABEIEERZICHES L1="00,07281EIZ 8 1+ 2 thEp i~ D

gy
* R —H /N SR 1E5% K Y CTukey OHSDRR EIZ L 0 BB /2 ZEN
FIELZW

V- 14[XB R

X3 L ON45Ub K TlE, Ubl BE FOBIERE Msl TE <, kW< Pco, #HiG L7

Ubl B EDFE F1 BLOIEX S1 Tho7=. L»L, PCO, %25 L TWAWiloit

F2, 2 S2, B Ms2 B L O ED FALE A Ub2 TIZIE - 7.
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0O, & M5 L7 7 L B R 0 B (S0 ~ > 72 BRI 1 00 #2843 B K 13, 45Ub X

EBRVTRABE LTS (8 2-10 8) . RUSA~OHMH S EHR1L, Lb iz PCo,

#2-9% R BZREEEMRKICHES L1z 0,728/ % <5 T 283

G atom %o excess

AL i -5-E 5
0OLb 15Lb 15Ub 45Lb 45Ub
C atom %o excess
F1 0.176ab’ 0.187a 0.302ab 0.073a 0.529ab
F2 0.187abc 0.112a 0.108a 0.052a 0.041a
Fsl 0.119a 0.108a 0.293ab 0.066a 0.840ab
Fs2 0.144ab 0.088a 0.088a 0.059a 0.032a
Ubl - 0.092a fed 0.017a fed
Ub2 - 0.116a 0.052a 0.026a 0.027a
Msl — 0.073a 0.757b 0.064a 1.172b
Ms2 — 0.116a 0.073a 0.073a 0.057a
Lb fed” fed 0.094a fed 0.101a
C 0.612¢ 0.632b 0.375ab 0.324b 0.367ab
R 0.515bc 0.576b 0.394ab 0.507b 0.201ab

214X B IR

YRl —F /N S F BN Tukey OHSDIR TE I Z LD 5% /K HECH B2 FEE Lg
N FOERIAIRNZ L E R
" CO, A 5 LT AL AR

$2-10% EAZEICEAKICES L1000 728 R% 126 11 38653 *CHE %

AL it 5-E 5
OLDb 15Lb 15Ub 45Lb 45Ub
S BEER (%)
F1 1.0a" 0.9ab 1.2ab 0.4a 3.0a
F2 0.9a 0.5a 0.4a 0.5a 0.2a
Fsl 5.9b 4 8cd 7.5bcd 3.9bcd 23.8bc
Fs2 6.4b 3.0abc 2.9abc 4.1cd 1.2a
Ubl - 3.3bed fed 1.0ab fed
Ub2 - 3.4bcd 2.3abc 1.5abc 1.1a
Msl - 1.8abc 15.9d 3.2bcd 31.8¢
Ms2 — 2.6abc 2.4abc 3.4bcd 1.5a
Lb fed” fed 11.2cd fed 4.3ab
C 10.0¢c 8.1d 5.7abcd 6.5d 4.9ab
R 75.8d 71.6¢ 50.5¢ 75.5¢ 28.2¢

214X B R

¥ Rl =2/ NS IS E Tukey OHSDRREIZ K V5% /K HE TR BZRZEMFE L2
S ZOE RN LA TR
" PCO, A 5 LT AR
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ZHiG L7 OLb X, 15SLb KRB L VO45Lb XD 7 T o o CTE o=, —F, PCOo,DfE
5 7% Ubl & L72 15Ub KB L O 45Ub KD EALB 4 BEE R 1L, Ubl B T O 4L Msl

TE NS IZ.

3ER

NT ERWTRR DEAL ORI & O EREY OERFIZ OV T PCo, & b L—
P—L LTHELL. ZORBR, RToREERKICHRT I HERERIL 7V B X
OUR~, BRACEAL O R LB A Bk T 5 06 R ED LB OBRAE A B L OfEE~%<
ML TWD ZERHALNERoT2 (B 2-10K). 207k, FMLEAKREAFE>T7—F
TS THEBIONA T v 7S TEICEBWT, FHEBERRRITEEMEICED & 337 8
EOEBIZRELSFEL VD LEEZLND.

Kohl-Smith (1970) %, BIIEHICH DT TlE, FEXLRB 7 L L THRALTWD
TEEREL TS, AEBRTHWIEHROBRIEAT — VI, PCO, M G-I HA KR E
ICBRWIREEDBITERIC H o 7=, ZORRIZIE, Lb ICHETHHREREN DL I1Z7 T U v
BRORAERGR L TV, Lb OEERIIECE 2T THEAHLLEH D, 5 B 1 ML g
LD TREW. 207, BREREDICH ZIEOMERIC L HHFEEELFIVTHREK
X DEMLEY OAEREIL S ME 1 KOAOH Y EIFESLTHEL KL TRELS, KER
V—=AThbEEZLND. - T, EBLOEE~DEINTAERED DK T T
VB LORANLHSICER Lo/, FEURERE D ONERED OFE1E Z 5720
Sl LHEE XD, —F, Mor-Halevy (1979) 1%, NT DY a— FRFE LK,
EREBLIOY 2 — FOERT I G Y —ANTE D Y FE A~ D Y& RLEEY DR AN HE
MTHELTNWDE. Fi2, 7RI RORBEN 7T THLN, Ya— FNODEFRT
—UNELRIZONTEDY U VEENRE D & STV 5 (Whiley- Shaffer, 1993). AR T
FAWTROTEZIZEENEATRIEBICH o 72720, Lb ICH KT 5 XA R EY O/ ELERN
ROV 70 TENSTEELEZDND. EDD, BEMORBZEFROEL DI -IEX %
FOMEZHWT, FYLERT G DR E SEIZOWTEHEMICHE T 2 LE R H A 9

Cralle-Heichell (1988) (X7 V7 7 V7 7 Z AW T EALEEICHE S L7 “CO, ITZETEHOXK
BEREEIC£ <, FMECHE L "CO X7 77V BLUORICEEIR LI L 2R L
TW5b., RERTYH, NA 7 v 7 CETRIEBKICHEKT S UbicHib L7z PCO, ix
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ZOIEER LOEE ORI ~, BRTICHKT 5 Lb 25 L7z PCOE7 7 v B LW
ROLFTENE NI, DD, NTIZEWTHRILEABICHE KT 2 LA REDIL,
ZDORUEFERABIZE WS 7 ~ZERRT 2 2 L AR S L7z,

NA Ty JAENLTHET Ub I PCO, 2595 &, LbIChih L7 & ik L CERAtR:
BOESIZHIPb T 7 THHRD PC atom %o excess 1 L R ~DERHRE R AL D>
7= (BB2-9BLON0K). —JF, Ubl OFEAT BRI T PC atom %o excess DE 5>
el b, BIERRII T —F o 7S THEDO Y 0V ERRICIROIEZX ZRAEI T H T
DY IHEEEZR L TCND ZEMNRBENT-. £/, NA T v 7N THET LD I PCOo,
EHiG L7-5A, RO PC atom %o excess 8 L OR~DSERIL, HAERBEOR SICBED
5T —F U THNCELRBOEE R L (B29BIUI0RK). ZDH, "1 Ty
IS TEICE T D Lb IZEICH T EOAERICES L TW5 2, Ub IXEELDOREEZD LD
DERICRESEE LTS EHESNS. LD &b, N T v 7S THEIET
—F U TN THELHR LT, V=X E LTORLERKRKOENRZ WD, RBLVDY Z
U UAMI BRI N RE RV v 7 o TV DD TEEEREWVWEZ X BN, S BT,
NA Ty 7N THETIE, BIEBRORE SRR >TH "CO, % Lb IHiG L7254 1L, &
AZBID BC atom %o excess B L NS EERIZIFFFUE TH-7-. LovL, FRAEREE DN 45cm
T UbIZ "CO. M5 L7z 1L, WAEREE 15Sem & HEg L Cli G- BT ORERE D PC
atom %o excess BILONDELENEN -T2, & HIZ, BIEREEN 45cm TRBI W 7 U
> @ BC atom %o excess B L NIEIRMNEN o 7. b~ b (Tanaka-Fujita, 1974) oA >~
> (Olufajo &, 1982) OHAMENIZT v 7 DRESICE>THREENTVS. 25D
Zenh, BRIERBBENREVWE VI RREDTZDICHERENINEESL Z LTV IEDA
EMNRE, HOWVIENEND EBEX LD, FHEEERICLVFEMCHRFTINE
BbHD.

UEDRERDPS, AEEAKLBESNT DAL Ty 7 CTHEICE VT, KT
WCEATL2RMEERAKICHRT 2GR ENIRICEVWT, RIEBKIZEET D
LERAEICERT 2 REARED IREFEICBVLTHEEL LV C atom %
excess A@mmnol. TOZ b, EMEEAKITY —ABEBELLTHERELTEY,
HRTORACERAKRIROKEZ, RAEBKORCFEAKIIEZOEZICHEL TW

=2
D2 ENHLMNLR T, EDID, FEERN O R TR R F 5 Mt
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LFoTHRAIEFERAKDOEEGHREL SO L LT, W EAEEMEZ ML TE 2 A MR

R X T

FI3IM “BMERREELEERBIUEBE

FE2ES IEICBWT, TEMLIRFIEEN 800~1200ppm £ TEHT 2 L, T DEYL
BEAKOKEGREENKELS 2L E#HALMNILE. ZRETIE, NT T, ZEBR
FOMGIC X VOV IEDOEEMENR LT 5 Z &2 Lindstrom (1965), Enoch & (1973) 3
& OV Hand-Cockshull & (1975a, 1975b) IZ L > T@HEINLTWAD. LaL, Tk, W
Tb LEFE T Y RFHESE CEIC L s TSN ERI ChH Y, FLEAREZRFOE
HRFE DN TIZBIT 5 LR FHEGICETOMEITRE6RW. £, B2EH2H
T, FMEBERD DI ERED DI ~EER L TR0, EEEICESL TS 2L
O LT, BGREEIX RS L 13 R, HETOFEY O SRR HRT D
LIRFBEORHEAN~OMEBIIHF CE RV LD, ZEMLRFM G & 2 EEMR B
FEWnEEZLND.

2T, KRETIE, FHEEAREEFONA 7 v 7L THETHEE L TV BRSO
TIZBWT, bR FEME S0 IEAEERS LOBEIZRIETREIC OV THRET L.

LHHEE L UHE

BLAED ‘m—7ru—t" 2L, THEFE FHEMRB, SEREEL LOCRESE
HIIE I EE 1HEFE—L L. 20068 A 4 BICEMEL, NA 7 v 7L THETRIET
DIk Z AWz, 2007 10 A 23 BICERIERE P OHAE Ly 2 — MEREEERE LT
NTH O Y, BEHO ZEBRE (BLT, CO, LHEF) M5 #MtaL7z. CO, BEIX E
FR2% 1200ppm & 7225 X912 L, 7830 3005 9B ECTo 90 oS- L7= (85 2-15 X).
xR X% CO, & il L7gh - 7o

EBRFOMBBEEIX18CL L, KRB 28CTHEKTHIIICHREL. 1 KH7=0 8k
TORW, 4 KEEL L. GI0EOINHEREIL, NERLGO 11 A TANDL CO MG %2 T
L725HA31 BETIro7-.

CO, i -1%, ATHRBERIMBEME OPER A AFICHET S5 CO, #WEL, BHRHETESY
FULTYr—bk (LSiOy) ZRAWTITR 7. VF UL U r— X, RBEYFU L
(Li,CO3) & ik A F# (Si0,) D2 FEOEE LT I v 7 ATH Y, LisSiOf+CO, <>
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HER A A PR T A JH
(CO P4t F) CO i (CO IR IF)
SVRED A A

T Far—XH

77 Far—=4 BT RY (CO S
TIFat—H (CO it (COM i His . BH)
(COBi S ) )
: )
T Farz—H
T Faxr—& (COfi B

(COPA

: BH)
. BA)

AT R SESC
R B

B2-15  UFILY ) r— &R A L=C0MR IR - it EE DX

Li,Si05+Li,CO; DAL FER TR EIN D L 912, CO, LIBEIC L » CRAIWANIC K InT 5. &8 2-15
Iz R HEE (WEZ) 20T CO, DI & ik H %17 7-.

28R

KX & CO, i G- KIZF 1T DIREND CORE 7 By DR Z 5 2-16 IR L7z, CO,
W5 X ClX, fiG-BItEEEAIC /2 L AEIZ COBEN ER L, 3REME TH S 1200ppm £ T
EH L7 —F, #BRTIECOBENAEOHE L HICAERICKTIBEUTE CETLE.
WFROXE BT, BED CO, REIZRTBELUT X TIERT LR, FE2LITEHI,
8 55 BIFERERIC ER LT,

INFERRAE ) D 1 KR4 72 0 O] 0 FEALKIT, CO, fii 5K 23304 A ThH 0, xR D 252
REHB L CTHEBICRE o (5 2-17 X). HHHWERINICAD L, WX LD, 60~
69cm DY) FEAF N b K& <, MBXTIL 7.5 K, CO,Mi5 X Ti% 87 A TH-7=. 80cm
VLD EAR%0E, CO ML KA 71 R THY, MEBRRXDO3TAREEEL THFRICKE )M

STz,
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1400 KB €O fii 5
1200 : : : :

1000

B (ppm)

800

2

#k o
600 WA

%
Il 400

=

&

200

0
BP0 12 0 12 0 12 0 12 0 12 0 12 0 12
A/R 12/4 12/5 12/6 12/7 12/8 12/9 12/10

582-16 COREDHER (200141248 ~108)

35
g itR
30 |
0O 40~49¢cm
%25—
i% 20 O 50~59cm
#
ElS— T IR @ 60~69cm
B - - i
210t e i 0 70~79%m
S i i I”m MO 80cm=
0 |
& )
CO. i 5

H2-1780 COME5AA—F O—+t' OYYEENYTEARICRIFESHE

UIWIEDOEIZOWT AL L, AEHMZ EBLEFEHOU Y EREL XY EEIT,
CO, i G- XA KTHRIX & BB L THEICKRE o7t (B 2-11 £). Lo LEIEKICIE, BER
ZNRolo. GIDIEEATVIEE THRLULLMEIEX CO, EEXNLTNIIRENoT2. 1
WY T- 0 OREI W TEEIL, COMEERKNB%BR &L THRBICKRE 72,
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F211R COMESASOYYLEENE HESLURYYTEECRETRE
COJu e itA%%k UIvitE YvitE i W ER/GVIEE RUIVIEE

) (cm) (2) (grem™) (g- 8"
4t 252+0.1" 704 £08 326 £12 147 =02 0.48 4210 £ 7.7
H 304+01 745 £12 365 15 146 =02 0.50 586.4 = 18.1
BEMW Aok Hok * NS ek

‘IR AR HERAZE (n=4)
VxS FOMIZ L%, S%KETHERENHDH I L&, NSIZENRWI L E2RT

—
o

GIFEASL (R 4K)
© = N W A U O o O

12 1 2 3 4 5
I FE A
F2-18K COiEEA/NT ‘O—Fa—+t" DUIEARIYIYEREIZKITT
B 488

s

B OfERRIIMFEERRZE (n=4) 2R

INFE R B ORI 0 IEAREIL, WTHOXEBIZ 120053 AE T 1 »2A Z&IcsEE %
@EIRL, ZALBEITEML (58 2-18 [X). 1 84720 0810 fEAREE, INEL =3
TOATCO, G XKNRBE LB L CTAEICRE Mo T2

3ER

NRTDEBEHIEC L DA T v 7S THEICBWT, CO, fig- 2300 fEDEEMR IO
FEIZKIEFTREICOWTHRE L. £OFE, 1200ppm @ CO, & 90 /a5 5 Z &
(RO EDAENE (F2-17K) 1I&Em< Y, BEIZUVIEEL LTI RN KRE S
mHZETHmELRE (B 2-11 %).

ZORERIT, NToHY EFHEITIZBIT D CO M5 T 5% < O (Enoch &,
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1973 ; Hand- Cockshull, 1975a; Kimball, 1983; Mattson* Widmer, 1971) & —%+42%. GI0fEAR
BOREMLIZEEB L LT, BFOREMEILICLD T 74 ROFBEDORD N HERKDER
T 5 (Hand-Cockshull, 1975b; Mattson+ Widmer, 1971; Zieslin &, 1986) & & T\ 5. i
W7 THDHIEH (Jiao H, 1989) 1%, HAEKEVOEMEDORRIZEIN T I 4 Fv
a—hERDN, FE2EFIEHTHLMCLIZL I, NTOREMEEILCO, BENE
AT HLERERDIEND, TRETOME LRI, BAELLL =— ML
DRIV IERBENRELS o bEZ NS, £z, FE2- 11 RIIRLEELDIZ, CO s
OB IEEENFRX L L TREN2TZZENDL, COMEEIZED 1 Y7 D
HARREDDAEFENEIM L 7= LHETX 5.

—7%, CO, fib-1Z K 5 AEESCHEOR LICITBEERROLWGENFET LI L &
HAES (1991) FHE LTS, BERE LT, EREHCHLIMREIBOAFENEE R
TLEERMLTEY, BRAZEIRBOBEBNEIATOND DO TEHRBED COIZNT M #E
BT ARMPEN -T2l LTWD. &6, HFE LY RIF s TEIC L Ehr g
ToTWD7e®d, REREIT O BB NA T v VS TEEHEL TELIARNDT,
1 BRE 72D D CO, DRINED /NS o Jo 72O B 0 FED AL FEM R RICBRE RN RN o Tz
EHEEIND. AEITO CO, D 5-FFIX 90 B Th o727, S LICEREM O 5230 %
COVWTHEBRFTDOLENDHS D .

TR & HIPR L 72 WESE Tl L7 4 L > (Idso-Kimball, 1991; Idso-Kimball, 1992) <°
=FRvFv (FEE, 2003) T, REREHEENEHB O CO, M52 X - CTHIRBIAARFIC
ER L, WMi5#&TEICIEE LK T 5 down regulation Z4E U723, a5 L7
2 AX (X, down regulation 4 U % (Azcon-Bieto, 1983) Z L A#E S T3, down
regulation 234 U 2 —HIZ, ROV > 7 IEEMET L, ZECARE S L7 EREEY) O fxii#
ERKEREEIF Y EH L722 v (Idso-Kimball, 1991) 726 & STV 5. KEBROD X 5 I,
RILEZHIR L 72T OBEHIZICRB O TUE, 2 AXOa T FEELITRERD, BEEN
BAERICEBE SN TV D TEOFKGA ML RAE2ZTT, ROV 7EENGLMHEFEIN
eEEZLND. £, FMEERAKRZFESAZIE, B0 U7 L L TORERFOT 22— b

(Mor- Halevy, 1980) ¥ X OMEE (Jiao &, 1989) 728 1 #kTHICIRIET 5. 72, TNOHNR
WIHETYH, E2EFE2HTHLMNILELLOIZ, ~A T v 7L TEICB W TEIRIER:
bW 7 ThD. RBA MLV AZZTT, BOT 7 BBENEICHFEET 537 T
X, REIB DO COMiG%#4T>Th, HF2-18KIR L LI, TXTONEA THi 5 KD



60

G0 IEABSHIRIX &l L TR&E o722 L2 5, down regulation 24 U722\, & 50
IFECIZK WEEZBND. £z, Zeroni-Gale (1988) %, 600ppm, % 7-i% 1200ppm @
CO, A EBANCHEE L CTHO N T DEEENMET Lo 7cZ bamEL TNDH I L
b ZOWEELIFHL L.

U ED#ERN D, FUEERRKR AR S/ T OBBHEEIZB N T, KN LEHICKIT HE
WA 72 CO M G-1%, 90 mOERH ThH - Th, UIWHEABBLIORELZR LS L7200 D
BNRFETHDL Z EDBRBEINT.

Fafli REEE

—EDONTEEFIX, Ny KT N7 7 AL 5BBEOFESEXRKE € — bR TIT
K2R G R HAEDLEEHEZIT>o TS, RNy KTV K7 7 T, BEOEEN
REZINVRIR L RIREE CTTFF S 2 L3 ARE (Bk, 2003) TH 5. Plaut 5 (1979) 1%, 3
Y RT7 U RT7 7 U IBHNC KON T ZHIE L, (BN RKESRDELBICUIVIEEREGRKE L
B L TIRENAELEEBEL WD F, E— MRV T EZEAL TWLEERIT
BNFEDIREREZ 20CERE L LTWDH Z ennb, EHOMERANOIREIZRIR 35C, Kik
0CHEE LA S, RAE (2007) 1, t— FRY T ERWIZRBRKEEIC L - TRIEAK
DEMLEID B E DR LT 52 E2RBDOTNWD. LEN->T, SBHICEBTS /3y K7
VRTZ7 bt — bRUTEEOMAE DY LD FBEBL R, T OV IEDERE
MBI EZ2M LS00 RFEEEIOND.

F5 (2006) 1%, I=F 2T —A0EFICKRITTREZERAZHEL, BEANE, &
HEMBERBIVOEERBEBEEONTNICENWTY, AEARHEBAOSL 722 L 2HWEL T
W5, L, ZO®REL BER53FHICHELEATREOEREZAS L TREZER &
BLOMBBRARAEL THLH70IC, KRS, H2WVIEERHAOLOMEEIIA ST
2vy. =777, Shin b (2001) 1%, EEHUBROCEEZEE L TEORELIREOBEKAL
YIal—varyLTWnay, ETHEELEGEICEOBDREholz LTS,
40/20°C (BIR/RIR), 2520CH L 20/10CE KB L7256, BIEREOBIERB IO 1
RS20 OU 0 EHEMAFEE T 2520 C TR B REL, 4020C TR /NS hoTz. T b
D Ent, NI TIIRIEREO BIER & W EEEOMICEELRBER DV, FHERIR
B 0kT 25A101E, RIERERO B Rz EHEBE T2 Lk, gD
AFEMZ TRITE DA RBMEN R S LT,
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FLBE A OHEREE X, PPFD & “ELRFRED ERICL W K& ot E£7,
FL AR &I S iz ZEL IR FBICHRT 2 A REWIL, 7 BHED & EAL A~
LTWe., 561, AHORERN OB “BLIRFEMEIZ XY, 0 FEDOEEMES
FOWERmELZ., LER-oT, AMEFEAKZRF ST O TEICBWTE, RE,
PPFD 15 XL O (LR FR 70 EOREER 2 KB /2 & ICHEFF 35 2 &2 X » TRMEE A

DHEREEZFmDDHZ LT, UIVTEAEEBIOELZILICMEI®ELZLENTES
EEZLND.

S5 RE

NT ‘m—Fr—8 EFHEAL, BELMELFECERBEONRERERE, BE L RIERE
BOREAR I D IEDEEMEL L ORE, FEHLERED b DA REY DR &
e bR FBHEE- 238 D TEDAEEMEL L OREICKIZTEEIZ OV TRE L.

1. FEMEHAEOREREEIC OV TRETLER, ZERLRFERE %2 800~1200ppm F
TEDDH E, RERELEHEL T30% L ERE o7, L, ZBLRFBEEEZZN
UEZm®»Th, HEMREEITIZFEAE LR Lol 72, NHEMEEILX, PPFD 2
1000 x mol- m™?+s' £ TITAKIC EF L7272, PPFD #F N EICEO THIFL A EREL
ANSY Y/ oY

2. BIEBHEOBBRRICEETIEREOEEBIIOVTRI LEER, BRIEL LIC—EDH
&, 20CTORRPEbBREN>T. —FH, 0C—EDHEITITRARFEITINAE L 7-.
30/20°C (RIR/MZIR) Tid 40/20°C & bese L T HAER A K& 2o 7243, 20/15°CH £ 18 20/10°C
DOENITEN 2o T2, FHIEEWEIRE E SDd 2520C TORERFEOBIERN KD K& o
7-.

3. BENDVIAEEL LOBEICKIZTTEEBIC OV TR LER, 4020°C (BIR/
iIR) TIiX 3020°C L B L CRITEA BN E LS REL< 2D L L HICHENRELIIETL
7. 72, 1 kb= o AEEEIL, 3020°C THOLMMIE K L. 20/15CIcB T 5810
TEAEFEMEIL 20/10°C L B L TR E Mo 7R, BIVERN/NS N2 2 b, 1S
DEWEERICEN RN > T, FEEEIR & S D 2520°Ck LV 25/15CTix, FIHE R #Han
H, UIDTEREORT LA LR o T,

4. FEMLERARICHERT 2EMEY O & SEICE L T, BEHOKRE AN THEL
TehER, 7T—F U TN THETENRERENDZ BIRE T T T~ N T v 7T
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ETIER EFIERE AR L TV, 20200, WIS TEIRBWTY, [k
HRAKIZY —A@WBETHY, RBIOV I7U 2, NA Ty 7N TETORLREITR N
VUUBRBETHhDL I ERHLNE R ST

5. AR T DR N~DOFEMmA) e W bR FE 52380 FEAEEMRS K OREICRIET
HEERELFER, 10 H TEO 7830 505 90 77/, EBR% 1200ppm F2E & LT
BILIRFENE T 2528 T, GVIEOEERBIOEE & bICE/S LB L TELLM
kL.
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BI3IE BRERETEICT HSERBREHTORMS

F1f HBEOERAALEERSIUBE

HAE~ 1985 FIZHO THEASINTOVENTEFEDO T v 77—V (R, 1987)
X, TOBEETEHELIEM Lz, JEBRICBWTIE, 2008 FED /T F 5 HfE 8.5ha D H
H, 6Tha ETEDL L IITRoT, =Ry 7 U=V HEETIE, ny 7 U—b~vy A
DIEBIEER L OEBRERZ Y — (LS T2 72O B EOBRBKREZHBKRL, BRIk
BKTHDOYERITES, FHEMZS~PHSL WD (B - =H, 1992). LarL, 47
Y TCIEREEE CHR T PR OPEH TR L SHIRSNTWD 20, PHRORENR
BE 15%DAEEENT> TS (BER, 1999). HAEICBW TS, 2001 FIZKEHEL
IERAT A NBIE S, HEERMLEW R ERBICHKRRGIEE IS E SNz, 2 OEER
BESH~SEASINZGEICE, BEOLTRLICL 2SI T2y, REFEE
EPICHBREAMATOILERNDD. £, BEHMEEAERL TWD 267080 R
BCOAEBRICEDLE A NOFE LML TETWS. T LERENS, BAE
DARTDI sy 77— AFHEEIZBNTS, PHREIK = X N CREERN A 2 B 0%
ROLNTWD., EZAN, By 7 U=V TIIr v 7 U —/)LOREERENP KW TZ O
PR & B8, BEAAT L LEREEKOEBS N RE 2D, Bl - FFE (2000) 1F b~
N DIEBRBBIIES ICB VT, VUMMM OB s & i L 7255 G, vy 7 v —)L
B TS RAEEES LOESREEME T L ®E L TS, E, BREKHHR
DF 27U TiE, BROLOLAEDIZ L > TEERNMHI SHELREEENMET 5 (&
5, 1998). NI OFEFITF 27U LIV BRBMICOIZL72OS, R5D0LAHMIC
ABERTNECHERERD S,

BREAEERAA LSS, BERTICHEENRATLIAREOH S Z L2vh, HH,
HOVIBRENLEL D, AT X TIIMBULER, F Y B L O RRN 9C

2500 UL EDEETERI I TV (Runia, 1995) . A E O FEZOBIEHIZICEB T,
BERIR T ORIFE 2 G35 72012, SEIMRIRES (FEX], 1990), MEEE (AH 5, 1992),
bOHVITAY B (I, 1993) ERRAL LN THD. LL, ZOUbEVWThbRE
R, PERVAEE LOB@REO SN DIZE AV CAETBICEAIN TR, —F, &
5 (2000) 1% = FO NFT #HEEF 2B T 2R EEOHENE L LT, 2l TSRk 5%
HABIZOWTHRETL, BEABITEBROBREICHELE N E2REL TS,
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PR D EC 134TRD EC EHEIL TEL R TWD 2T ENE WD, EDOE EEEFA
T5LAERD ECIX ER LEET S 2 Lnh, RITEEREEZEL L. 2070, PHROME
BRAAICEL T, KXo THR, &2VEFICRECRWERBRAZ S T2 LENH
5. LL, Armromy s v— ST, BRERRBREMONEREECHEOEK TR
AT D (BE - WA, 1997) Zenh, BREOBRWERBKRAZEG T 5L, NTICBNTHAE
BEORTZ5 T AREENH D.

Z T, AEITIE, N7 OBRBRRE ST OPROBRAMA L AT LT H7-01T,
WLIERREFA L BEASBLFRE AV HA BT 2 EBEOBREMAN T 1L
DEFENE, FE I K ORERIR T OB REIC R TREICOWTHEEL .

LHHEE L UHE

FRT—FEABEIFHLED n—Tu—¥ ZH#RALL EHEFE REEEL IO
REEHIIFE1IEF IS ERA—-& Lz, ERICE, 19846 A I8 HICEMLKELY 1K
B0 10T HHAL .

FEERBAAGK 4 22 A RTO 2000 43 A 6 B D, 8 1-1 RIR LIC Rt LU 1-2
FRIRLIEEEECEBRE TR L CTH—HEE 21T 7-.

2000 £ 7 A 10 BICFMEERAKZEH T 572010 T X TOv 2 — hEFV T TNT 7
v VRS CTIETERZBMB L. MRXE LT, § 32 RN LM OFREERREZ )
FHRINPIMLREZR T, LEXELTry 7 U—b~y ML SN TR A KT
2 FICHRN LA EDZHHAEREER CHALIRAEERE LTERENLEZIRA L TS
T52EARE CHHREEIR 6 : HHR 2 : MUK 2), BLORBRICHERZ KT 4 fF12/AR
LIRAHEE T2 4 (5ARX CREEEERG : 4R 1 : UK 3) 2RI, BERIL BE
) RNV EATT RS, T2 L0 UK GRS Le. BRESERRIE, IR LERB LW,
2 BRI 20%, 4 AKX 10% & Lz, 72720, BEX TIIHRES R LTz & EI(Z
IFTHUERBERRO %2, —F, MIREICHT 2HREOEEG Th 2REHFREL LE -
fo& X, EROAEES Lz, BiRER L OHRREIXREH TERRIE L.

W EWRN L HERBEROBEE—IRAIBFIEIZED (2000) OFEIZHER L, KD 0.2mm
THRE 140L O L KIEN 3~5cm THE 28L ORI TITo72 (5 3-1 X)) . WITHIEN 3
~5mm CH& 7.5L O VEFEM OIEMRK CHEE R B L (ULTF, #BE—KBLOZ
kA% BT AHiREMERR) . W, BRIEB X ONEMHR & bICEKEEZ /T2 &9 K RIChE
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HERIEA O bz T

w2 A8l T
(60cn) COm N o |77 | 57 i

E:d

O =

$F3-1H RBRICAVERBRAZAMEEE R

MINTeAR) = F Lo B-(O T BIGICEEO TEBRT~OWE AL L. A8#EE L85
120~400mL £ 722 KO I ELZF CTHE L. EBRPIEL, WITNOAEBEM HRHL
otz A UTEHEKIL, Na %z 12mg L, Cl % 10mg L' BEETe/kEAK (LLTF, K&
BFE) AN X CRTEMFRICHIR L 72

I EOFAEIZE X 40cm UL EOTEE Z B R KFEIZBEWIRECTINFEL, 9 A2 B2 D 1
FR, BE S BN ETo7/. Aok, INHEREICEI Y TER A 40cm i DL IIEE 2 5 - B
D, FAEEH LIV S CRIEEAKE L.

FXEHICH B RE, BEHEERS LOAE%YER O NOs-N, NH,-N, PO,-P, K, Ca, Mg,
Fe, Mn, Na £ X O Cu D45 ol ONZ pH 38 L OVEC OBIE I ZAFRBIARE £ 705, 11, 12
BLO2 AERBRWTEAFEIZITo7Z. NOs-N I/ A4 r7ua~ 777 4 —1kIZLD,
NH,ANZ7 0 —A =l a qRICXY, POPITEY 7T 7 A—RIZLD, ZOh
DEATIERFBRIIEIZ LD EnE ot Lz,

WMAEDES L ORFEORIEL, 2 HHREOA\AETR L OAEEOPERK %2 AV TER
HifH D 2000 4E 11 A 6 BIZAT o7z, MAEMBORIEILX, ABER, AiEEHLA2 FEE%, 4
FEfIfL 30 KOV 6 R ORI A AV, SRREZ v — AU AT, MEEZ T L7 IV
FEREHIC LY 255CTS5 HREEE L, BIRFPHIEIC LY an=—4 % REL7=. ODED
BIE, WREFE (21906, A A Rm 7)) %AV TS590nm OERICEVITo7.
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2R

INHERRAG 20 5 1 D 1 #RY 72 0 ORI D FEAREIE, TR LD 332 K, 2 FHRK
M262 A, 4 fEFRREN 268 K TH-7-), WHEHRKMICEERZIT krolz (B 3-2K).
BEI D FEARFDZEIL, EIZ 80cm L EOTI Y ERBDBE N LD DO THY, ZDOEIHIE
AEE, PO LRA RS RE S 198 A&, 2 FEMRXN 13.7 K, 4 FHREXN 120 £TH
7. 40~49cm DY) EREIL, NI LETIZ0OARTH Y, 2 HFHRXIL LV 4 FHAR
X & HIT 05 KR THoTz.

35 a Ty {tE
Ea 30 |'|'| 0O 40~49cm
=3 ] a2 = 1
¥ i TR ] B 50~59cm
;ﬁg 20 = ':':'.'-".'

ﬁ 15 | E HHEE [@ 60~69cm
= i
IEE 10 r 8 70~79cm
S 5 |
0 M 80cm=
T L PSRN MERIR
BER DAIR T 1E

F3-28 HEROFRAENNS ‘O—FO0—+ OYIYTERAILIYIEREIC
RIZTEE
" Rl — 3/ N FERIC X Tukey OHSDAR I L V) 5%7K HETHa) 0 TEAR
BICHBERENFEEL R

BI-1R HROFBRAZNNS ‘O—T0—E OYYTEBEICRE

TEE
BEROARGE  GIvIER  OIvitE itk IV IEE/GVIERE
(cm) (g) (grem™)
T L 82.3b 40.8ab 14.9a 0.49
2fEAIR 80.4ab 44.9b 15.2a 0.55
MEARIR 77.0b 37.9a 14.7a 0.48

“ R —F/ N CF N X Tukey DHSDRR EIZ K 0 5% /K UETHE 72720
FELZWD
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Sxe R LAY N L [EO N R THE)

LT 69 SO0 ITO €0 TO €9¥l €vL Svvl vi6T 1ST €0 1'c0c g
€1 T9 TO0 800 60 90 LE€E ¥8T S68 6¢€vl €I€ 09 198 Sk MR
I'¢ 69 900 II'0 €0 ¥0 €vvl S¥6 6081 ¥9¢€ 6LE  +0 Lcee g
91 L9 TOO 800 Ol 90 SSF 0LE €L6 €L91 TI9E 6L 6'L01 S ST
8¢ 79 800 610 60 €0 L9TI ¥9TI 810¢ 086y 0€8 +0 $8CC g
Sl [9 700 80 ¥I1I 60 9Lz 9I¢ €8 66L1 tvLr 0¥l BV A=) ek YL
(,-1-Sp) f-q.mav
od Hd nD  uz °f  UAN eN SN ®D M d-'Od N-"HN N-*ON EfEOINEZ FE o

=1

8% 78
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3-8k HROFRMAZNIRLY OIEHREICRIFTHE
PHROMRTIE FREREERE  RAEEETO  WieikE REE HHER

PERE APUKE (%)

(L)
MU L 190 0 0 190 62 33
205 AR 105 52 34 191 0 27
AREAIR 89 28 45 162 0 17

$3-4% B EEMRTSB LEHERPOBENEE S VDEDFFEIL

AIER  Aildtk R PR I ESE OD
(hr) (x10cfurmL™)  (x10°cfurmL™)

AR — 10.3 23 94

w 0 1.3 34.0 98

2 1.3 6.7 98

4 11.0 1.7 96

6 1.7 30.0 96

TEME R 24 23 4.7 100

TIERIE, NTRLK, 2 EFFRK, 4 FHRXOIEICKRE <, 4 FHRXDOH 77cm
NS hode (B3-1KR). DIVERT, 2EARENARE < 4FEHREB/NS 07 &
g, WThoOREBIC IS EHRE CEFERET R o7, IVIEELZD Y R CRLIHE
X, IVIEEDORE Do 2 FHRENZOMOK L L TRE< 055 Thol-.

PR O TICONWTHD &, WTRORIZE W TS, NOs-N BEIXHRIERES &
MTDO2IEREL72->7- (B32%). £72, K, Ca, Mg, Na, BE O Zn 22>\ TH, HEET
DREEIZIVTRORIZBW TS EFH L7 NH,-N, Mn 33 X O Fe B B X8 BRI EE#IKR & bt
BLTELLETLE. RO pHIZDO TN ER L, ECIZE LS EF L. POs-PEE
X, "WHRLRCHEELS, LERTIHEL 2ol

ERBIELZ LB LI 1 HRY 72 OFBRIEREERREL, 2T LK2 190L TH Y, 2%
FREB L4 EBFREO 2 ERES - (B33%). BEAALLIHREIL, U
L TIZOL Tho7ehd, 2EHFRX, 4 FEHMEXTITENLEN 520 L 28L Th-o 7z, Fi#l
VEREE BIRICIR BB 2 N 2 TR &I, 4 A RX DA 162L Th Y, ZOfMOK &
e LT o 7z, EBRBIETICESRE LR EIR, 2T LKA 62L Th > DIkt
L, 2FEAREB L4 EFRETIINTN S 0L Tho7e. 2k, HHREIL, WThoK
ICBWTHHHRENZ L o 0 OERTEE LY bEL o T2,

PR T OSRE L, B AIBIC K0 ED T 2 EAICH - 720, MEHICIER & 2B
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ol (B34FK). WHBBROENRIZEDHEAETIE, KREHL LOCMERICE/LN
ol L, {EMERICE D AE%ICITHRT O ODERS ER L, WEMET L.

3ER

NT Dy 7 )= VIRIZBWT, B EIEERIC L DEEASBEIEROIEERFA BT 0
EDEEME, BEB L OREERERICKIETREICOWTRFLL., ZORR, ~NJ0n
> 77— VEIEIZ B W T, HERZEUR LAY EVEMR TAHIBKRICK T2 /5, 70134510
RUBBUICER LICERBREIRE LTG5 2 & THRIREICIER D %2 & DHRR 2 R 5k~
PEHET, 1 FEMIZhlz> TV IEEENFRETH - 72,

WL DBEABITIRE X FPLMT, EENES THDHD, HilEFIZ NH-N, PO,-P,
Fe 35 LU Mn 72 E O BERERL 7 5B L, Rk (&5, 2000). HTH, NH-N (F°
I E S THEFICRRENSLT WA A THY (FFHE - BiF, 1998), NHe-N 2 2ZEHH
(2 I5~25%REG R 5 2 LICKVEFTNRIFICRY, UVIEOLEEEN M ESTS (FTH,
1993). L22L, DI LK E 2 AR L4 FARX EDORMIZIE, U0 FEOEEME
BERENR -1 (B32M). ZiHux, F32R~RLELOIC, BEREREBEEAHAL
TPALERKIZ W T E, NHe-NBE I T LK & L TR o 7208, RENMES THHE
ICIRBEA~MEE S CW el bR IND. —F, UI0TEOAEMEBS IO fERICIEKR
ERZETR ST, NHe-NIRENEWEZERE S kol (B3-1K). ZoZLix, RE
BREETONHNRBEOEN ST ENEELTWVWDEEILND. £, NO-NB LW
PO,-P BEGLEN-7=. FEE (1997) X, NTOERSBIVEE IIFEHELE L, EICHK
RETHETXETHHE LTS, HHREKTHERLIZEGE, SEHICBIT2EEBRD
KRENETICHHELZRITL, 20— F CIRIBEHORKIBENEET ZIH L - FTeetEn®
bbb, Lo T, PHREZEERSBEICEENAT 256, PHROKIC LD HREER
X, A TIEETEDL LN TREEND.

Z5 (2000) 1%, BERAHEICEDME ST HREDREZHRE L TWD. RERIZ
W, W THEIRZ SO0L B Aifke (TEERALHRBELG 4 72 A %) (2B 5 ARE % OBEE
e O SRORE ST 103cfu-mL” 205 13cfu-mL” ~JE0 LEREZIRNFE O b, MEK
[ZIXZEN ol (B 3-4K). Zhix, &6 (2000) DOEER & IIPHRLIRR DR SN
Bipolclzd, HHWVEIWNLOMEORIRHEIC L2 DO EHEIND. LER-T, B
ICEBBEABTIIREDREZFICRRICESZLIIRELEZX N5, EHERICES -

ot

m
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R AHIETIEBREDRIT R Do 720, FEEKD OD EZ 96 75 100 ~EF L, B RMETL
7o (B34K). KBEEOX2 U ) T, BEREZBMTHRBIEEREBNTS L, |
NHOLAHPTEMSRICERE S, EEEPETLRPoTZENEED (1998) 12X
STHEINTWD., RERTIE, ROOLDOLAEMORIE, REIIITLRro7=0n, &
DBNERTLIEZ D, 2OFa2v ) OBREEFRRICEERTOLRALLO LAEHED
EWERICEESN, UVREEEDIKRTEZEL P EHEIND. HDHWVIX, BARD
FRT =N AR L TOMEREWNZ EHEZOND. N7 TEr v 7 v—L#
BDOER, &2 WXL O OEALR EICEVRIRE O~ Th D IREH & & DA
IN—ERTRD LTS (I, 2001). FD7=h, 1w 77— LaFEH L L I-BIFERR
By CIEEHE, HOVIIRERINOELNEETHA .

U EDRERND, NT0m v 0= ABIEIBWT, PHRAEESBERE CHBEZITK
THRL CHAEBSEEREIESES L TH, 1 FMICHD > THTi L & REOY)
DIEDAFERB LOREZHRETEZLIENHALNERoT. ZOHE, PHROKICES
FRERIT, BEBEERRT OEEMSRESFRIEKIEERR L ZIERFEICRD 2HERED
FRAEY L S,

B2 HBE~OEBESBKELEERSIUEBE

EIEFIHICBNT, PHREZD LEHR TREAB LZRIKT2/FICHRL, i
ERR LB EIRAE L TG 35 2 LT, 1 FfiIChizs TATORBBBENICEL )
DIEAEEDFIRER Z L ZAL NI LT,

L2 L, BIRMEERAFIE CIE, BEEIET O NHe-N, Fe 38 L0 Mn BE X2 L & bhEg
LTELIESHER L. 72, =56 (2000) 1%, WIC X A8#E A8 FIZ NH-N, Fe 38 &
O Mn 72 E OB DB L, REEIND EHMEL TWD. NHe-NIIANT DEFZ BAT
L (7TH, 1993), —F TFe BIUMn IIRZTHIUEANTICr7 mu v 2% 27 (I,
1997) ZiMAmbN TS, HIE|ES 1HTIE, NDOEHERSOMFEEITRST, 7
T L EFIRREDORBREE CHEREE LS OAFTIZOW IR Lo

ZIT, REiTIE, NT0ny 7 U= FHERICBT DHROBRERNE L AT A 2L EN
SHLHIOIT, W ETEEREZFIA LICEEA BTN E AV BIT5, Atk OHER
~® NH4-N, Fe 3 LU Mn BT OFER AN Z G0 EOEEMES LOREZR b N HEE
TR D ERERL IR E I RIE T RBIZ OV THRETE1T > 72,
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LHHEE L UHE

BIEFIH AW A RI—FEARESHLED ‘m—F7u—8 2L &
FiE, BHEEE, BLXOEESHRIESIEEIGHLFA—LLE.

BEIEE IEOERNSKT L7 2001 £ 10 A 17 B2 6, BHEEHE/S T 0054 AR (N
FE, 1997, LITEEI/NTALS L BEED) ICHEU 72583k 4 N:200mg L' OEEICHR L THh
FHEL TR TH -G ET 7.

20034 1 A 24 BICEHEERAKZEFH T L5720 X TOY2a— a2V #iiFTg Z
v VAN CHETERZEB L. [MRE L TEBRMAREZEM AN TLUFIZE 500 LK
FETT-. A% ORRIEEFEERAAT 2 LBEXICIE, Na% 12mg-L7", Cl % 10mg-L" 2
FEETKEAK (LLT, /K EREFE) T 2.0 AR L 72k~ NH,-N, Fe 38 L O Mn ity % %
HAN TS OREICHFTT D 2.0 (FEKX, kA 2.5 fFICHRL 25 O EMEAL S & i 7
L7a\ 2.5 (IR s L ORI 2 2.5 fIC A IR LB 0 2 W e 35 2.5 A K &2 sk 1T 7=

NH,-N {Z[Z(NH,),S0, %, Fe (21% CoH;2N,0gFeNa %, Mn (1% MnSO,-4~5H,0 % f\>,
FIVEIVHE TR BT D EE 78 NH,-N:28mg- L', Fe:2mg L', Mn:0.5mg- L' 1272 % L 5 IcfiFE L 7=,

WTFHROR EHIZ 1 BORIEEL 02L-F ' & L, #ERFEN 12~3 A1F20%2725 L 9 1
H2ME, 4~6 ABLN10 & 11 A1E30%2725 X5 1 B3E, 7~9 A1Z40%I2725 L9
1 B SERBRAMEHE L B3-5K). MRES LUOHHRETREF CHEABELK. 20
BAROBBROMIEIL, B ATLG THBICER LIERRK L 5, FRE&EOREER
WNI12~3 AIXFNFNFFIC6:4 T, 4~6 ABLI10 & 11 Ai%4:3 7T, 7~9 Aix2:
8 THAGT 2 LT AHR U THFM L2, 25 FEEB L 25 BAROEHBROMRIL, =
HINTHTT THBICARRL L2 RIR L A1, MREOBRIRD 12~3 AlIZZh TR
5:5TC, 4~6 HBXO10 & 11 A1325:75 T, 7~9 A1 0: 10 THAET D L H L7z,
Tabb, e 25 BICHR LZAER T, 7~9 AICIEFR L2 RiRO 2 2188 S8

$F3-5K HEBROBEAZLSIURHANESE

BREO KICED Bomk il SREBERR B IO EROSHEE S
fEsr PR O O A 12~3 7 4~67, 10-118 7~97
AR BUEHEE : 20% BREHEEE : 30%  BREHEIEE : 40%
HERIERL K HEIR ERIERL K HER FERMERL K BER
TP L i 48 10 0 0 100 0 0 10 0 0
205 & 20 H 6 2 2 40 30 3 2 4 4
25 % &/ 25 H 5 3 2 25 45 3 0 6 4
25 fF W 25 Fis 5 3 2 25 45 3 0 6 4
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To. W LIEMEIRIC K 2B RIROBEHEA ML, F3EE 1L FEITY, ERFIIVWTH
AHIWEM bR LR h o T,
PO EREIIFEIES IHLA—L L, 120 11 B0 1EMIChz> TiTo Tz,
&K & HICHE P L OHEIR D NO;-N, NH,-N, PO4-P, K, Ca, Mg, Mn, Fe, Na, Cl 3 X 1 SO4-S
DR 53HT I ONE pH 38 K OVEC ORIFEIE, A 1E 6 ¥aIiTo7-. ok, LHEX T
AIBETE LA ENENOEERIRIZ DOV T & 4047, BIE U 7o, B O 4TI,
3EFE 1L R—FIETITo .

Rl

28R

INFERRZR D 1 MO 1 BRE 72 0 O D FEAREIL, WTFNDX E BT 33.9~364 KT
WX A B EZIT o7 (5 3-3X). 80cm BLEDOY) D FEAREKIZ, 2.0 FHXAM 9.8
ARTHOTDITNEDoTZ), ZOMORKIL 12.8~141 KL RRE TH o7z, 40~49cm DY)
DIEARBIL, WTNORE BT LI~23 KL NS hoT.

B IERIE, 71.9~752cm ThHho7h, LERXBICHEERZTR)r-72 (B3-6K). %
7=, U1V IEEIL 33.4~37.5g, HiElL 149~153 TH Y, WIFNHLUEXBICHERREITR
Mol GIVITEEAZUIVIERECTRLAMERR, 20FERBL 25 FERENZEDOMOX & H
BLTOTIMNIREN-T.

20 FEAERICBIT BIRAREETET O POs-P, SO,-S BELUNa &< EHERR DB E 2 5N
pPHB X O ECIE, NI LR EIZERETH 72 (B 3-7FK). 25 BAXDREREEERT
DR Y T, MIFHE LXK & L T NOs-N, PO,-P B I ONK BEMNKL, SO.-S,Na
LU CIBENEN-TZ. 25 BEROEAKEEK T, NaB LU Cl 2E< £ TOERK
DIEENNPTHUK & B L TE LKMo £72, 2.5 BERXO pH 13& <, EC 1L
Mnoiz.

WATHER O TR BE L, TR TORERIZEWNT, FHfEREER 25 VIR
BB OWRE L B LT NHy-N ZFRWCER L7z, 72720, 2.5 (FRX Tl ABaTdER
D Fe BELOMn ORENDEAEBEORE LB L ToOTNET L. £z, 2.5 (FHE
KO AEEHEE O pHIZ EF L7=2y, ZOMOXO pH IFMET L=, A@Ei#Ek o EC 1%
TXTOMEX T2 HFEUEICERF L.

20 ARBLO25BFARXICEIT 5 5BEIBREF DIT LA LEDOEKRTIREX, 1B
BT B L TR T L722%, 25 X TIL SO-S ZBRVTHEVIEKT Loz, 20K%F
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40 y

35 i = -a- = a a a t]] D TE%
30 F fo e e T
25 | *:':';'; ' ':E:E [ 50~59cm

20
15

10 HE B8 70~79cm
5 L
0 M 80cm =

ML 2.0(5F 25058 2. 55 M
BRI OIGER 7 15
EI-® BEROBRAEN/NT ‘O—70O0—F OYIYERFNTIYIER
BICRIZTEE
* A3/ N R 2 13 Tukey OHSDRE E 1 KV 5%K e THATT D FEA
BICHERENTFELRD

B 60~69cm

RETEASL (& 45

$E3-6% BBEROBERAENMIYVIEREICRIFTTEE
BRRO GIvfek  YIVTEE Hig  UIVAEE/UIVIER

TEER 71 (cm) (g) (g-cm’)
MITHE L 752" 35.3a 15.4a 0.47
20 & B  719a 37.5a 15.1a 0.52
25 % B 747a 33.4a 14.9a 0.45
25 % #  73.0a 39.5a 15.3a 0.53
Rl — 3/ N F NI Tukey DHSDIE EIZ L 0 5% KHETHE 2
ZEFEE L7

KBLO25@BEXD pH XA BEZIC LR LR, 25 B EXTIIRIC THh-o72. £72, 2.0
BEXBLIO25FEARXTOECIHMET LD, 25 FEX TIXIZIERL Th o 7.

1 BRY 72D OREERKREIX, 203~218L THV, WTFNOR L LIZEFEETH-72 (5§
3-8K). FHUTIER LT H LKOBREREL, LEXO27~50FTho7z. £z,
DT LIRIZE T 2R OERFHEIX OL THh o722y, MEX TIX 63~74L Th o7z,
WEXIZEBIT 5, FHROFRICANWTZIRIKDO&EIX, 68~98L Tholo. HEROEEER
DT LR 48L TH o728, WTFROMEX E HIC 0L ThoTo

1 R4 720 ORERG 21X, NIRLXE 20 FAEXMIIIFRETENREN 41.6g &
38.6g Th v, 2.5 FHXIE 21.8g, 2.5 FERITH LD/ 1598 ThoT- (H3-8%). £

DHL, FHHIERLIZNTH LEKOEEREIL, BGELFRED 41.6g ThH VLXK L
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838K WERDERAENIMRIA-YDOEBERESSLIVEREICRIFTIEE

TR D EERE (L) HEIR R EFEE (9 7
W MW EERFUR APUK BRIER BB (%) M5 JRERFUR BRUIER BEdE
e

— 4.6 0 416 195

NTHEL 208 0 0 208 48 23 (7.2) (0) (7.2) (0.3)
B 386  23.0 15.6 0

20 f5 H 218 74 68 76 o 34 G303 G0 O
) , _ 5

25 f5 H 203 63 98 42 O 3wy w0s an o

25 fF # 213 73 98 42 0 34 159 8.3 7.6 0

08) (0.1) 07  (0)

20 NITHRZEZEDON, NH-NEEZ T

HEL TE L Zh o7, BILEEFRED S H, NHA-N &1L, WTHOLEKITE W T
MTRLK &L TELL DR 11~46%TH o 7o Tl LROERBERFAEIT 0g
T o727, 2.0 EHXIL23.0g 2.5 FFXIT13.2g 2.5 FHEX|E 83g ThHh-o71=. HkT D
BEFRREEEIL, NTMLED 1958 THLDIZHL, WTHOLEKXE 0g TH-oT-.
DT LUK DOBEFEEFZOITE A EIENO;-N TH Y, NHH-NIFREODT N 1.5%D 03g T
b

7B, TRTORIZBWTERFOEME~DESRZ, &5WVITEBRERIIBEIN
Rinotn. Fiz, WERRLEAE Lo T.

3ER

T DEAIE RISV T, HER T ORI E MK T 3% NHy-N, Fe 35 &0V Mn
R T D H AN 0 LD AEFEM S O E e © NS B O MR B E I RIE T8
IZOWTHRE L. ZORER, NT0u v 70—V AT 78 E Lz T LEEE T,
1 BRM720 1955 DEZRVPEEIND ZERHALN L o7z, BE, N7 OEBEAREL,
FEEEFE 1024720 6000 RAEE THDL Z &0, BIBEBEY -V ICHE TS L 1182kg D
ERPREEINTVWDHZ LI %. LrL, HERAERD LIEMER CREABHZIZKT 2.0~
25 HICHRL, FHIEREEREBEAL CEREAATLIZLICLY, ERS 2501
Ao E K BEEET, UV IEAEEBS LOEZERT SRV ERBERIBE N ATRETH
> 7.

FEIRH O NO;-N IR EIL, 25 FEX LB L T20FARBLO25 AR TE N T2
20 BARB LV 25 BAKX TIE, i NH,-N 2T L7-0T, NINRINEEEMIK
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XL NOs-N O3 BN -T2 DITREN LR Lclew LRSS, $XTOKXTFe B
O Mn 72 & OERER 5 DR ZIEITBE S 2o 7o, R /98 O 2 A7
X, BRBERBGEENEMEICRY, aX P bEL< AL, 20D, Sk OBEERIC
LD DG ZRBBANCHTE T 2 MBEITRNW I AR I LT,

REDERICIBNTS, H3EE | HIOER L FRERICOTIE LK L i L TRER &R
B D NH,-N I8 E MK 2 72 25 (B EXIZ B T 500 EAEMES LU EIL T LXK & [F
LEThol. ZDID, ART—FEARESHLED ‘m—7u—8" TiE, NH-NERE
[T EC LABICIEL ThfktE b, LICHBEDRW I ERRBEhS.

BRINTUS TEBREABEEMA LSS, B3 TRIORLELIICABTIZAEEL SN
DAGHEF D SO4-S, Na B LU ClLIRENE S oz, ZDT2s), AHilth DEERIEDOK TOA
BEERL 25FL L, 2oL | FULITOHEICIE, AERSOEBN DR VSRR
MBOBRBERRD HND. By U=V AT T ERANTNT OREITIE LS TIE, A
T T RNOEER S OEE /NS T 5720, IBFICITHERELERET DEHD L.
RERICBVTHER I L ICHHRREERE L, 7~9 AI3HEER%Z 40%IZ3RE Lz, ZOfE
BO25EARKB LV 25 BEX T, FROBEEL E - 72 < SIS HREEE O 5 218
BAMALE. L2L, 7~9 A THHHRT OKEEMDRE TS <, EMIERICL > TRENR
AELRWVEE CHRFEINTCHEIND.

20RBERBIU25BAEXTIE, 1FLAEDERMS THBRICEENRKEETLT
WeDIZxf L, 25 FEX TIHMETERIN/NI o7, ABETHERD 2.0 (56 XK LV 2.5 1%
BXDpH IZZFNZFNA4L L 44 ThHhoT=DIZKL, 25 FEXTIZT3 EEmhoT- (5 3-7
£). TDO=H, ZDpH DEWIZ L > T, Fe, Mn 8 X PO,-P 72 ENABHFICABER ~
WESNT=DO0NE L.

U EDRERND, NT0m vl o—VHIFILEWT, SHREEEASHEE CAHE L%
2T 25 BICAIR LR Z AW 56, FEOEMMR Y ZHT LR TH 1 £/
ST LERE L RAZEONVIEOAEEEB LOBERERCEL I ERHLNE RS
7o, BE, By U—LBIETONT O IEREEL, 2~5 FRETONLD. RAERITIL
FHOBRTH L0, MEMICOI> TREOHAE, UIVILOEENE, BEOM, BE
HIBEBDOFEMREIZOVWTORELMLETHAH. iz, NTITEFEIIL-T, oK
AR KR E B2 D (R, 1997) EWbhTWnh I Enn, £ OREICERTE %
BRBIGHR OB N LETH A .
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EIM HEMEAEENE BELIUHEERER

BBEDONRT OBBERHIZEICBNTIL, FOIRLALTR Y 7 U—L AT THREME LT
Ao nTng., By 7 v— LREBRBEOBEME LA AV 2#HEAE, BELFE
ICHEELTWDZ &, YBREMTORBKSERSGICHATE D 2 L, S HITHEKIRIEIC
ROV OTRBEBRIREBIZRLTEE RN TH S (Smith, 1989). LavL, tERFIC
HETLHERAFAOR Y 7 U=V AT T, BEAZX INBREWI &ELLE~DOH) X ALN
REETH D720, 1T AEPEEREED L L THEDSLTASEND D, &5 0VITESE~5
BAINTEY, REQEELR--TETWD. EEFOLDIRERANDOEIVIENT EERFE
DHMFAEEZTo7L 2 A, W LICREEEAE 10a 47208 13.6m° O v 77—V A7
TREESN TN CRER).

ZOLIBREENS, NTOBBEHEEZICBNT, =y 7 V=L RATTORBEM L LT,
E— hE A (g, 2004), ZAEEZIv 7 A2 (ZHH, 2001) /8 A (K1, 1999)
FROEZBREISESRE SN TWED, EEFG CEALIN TV IEMITIZEA LR
W, ZOEBRLLT, Byl U= AT TLSNOEHITIERTLTH D Z LD, EMEATD
NUF~OWAL IO BEZROWMHEEIIZ OB NEETL L, I HITHHANR
CLARWEEDO Ry RRRERZ ENEZ NS, £z, HHOREE D & ICEBR O
IRFRERIERS, MO EMECMAMR EOF MR LETH D .

&L, BEEMEZBGEEER Y = X7 Vi CE S S 7o e VR N Lo RO A
PERHEED (2002, 2005) ICL > THESNTWD. ZOMMICEL-T, EMEZBHELE
ICE(L S5 2 ENATERR 72D, BAAOFRREM # B L, BE~OATIMER
DTNSWEMAIERTE DD EEZBND.

ZIT, KEITIE, T OBBEERREES BT, BFEER Y = 27U CEIL

SHTERHS, I FEAENE, ER I OEERHEKOEEICRIEFTEELL v 7 U —)L
Bl & PeEsFEAm L 72
1L.HHEBLVHE

FHLAAEHME LT, ny 7 V=L (=F T AMW), N—IF 274 KA CKifE 6~7mm,
JETZEM, L), /KL CRIfE 1.5~2.0mm, [F, SS), /~—F 4 MRKL (KR 2.5mm, /v
N UWR, W-SS), [RI/MRL (RIfR 0.6~1.5mm, —H4&E T¥EMK, Fo 73— S) BLUH
LAY T AEAALT FHER 3mm, JUELER, =—F 40— F) ZHWL. mny sy
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— VSN DEHIZOWTIE, BEEERY 22T VM (Y7 v b, 7T LK) 2FHE
HC3%RMEEH, A— F 7 L—7WNTI20CIZMEAL T, BB L7z, T X TORMOK
T L, MESem X B Sem X & & Sem DESEE L. vy v —, N"=IF%F=2T 4 K
ki, /N—T 4 FRKB LA TEHIZOWTIE, 2005411 A 1 BIZREXKIAEZ 18CIC
MFLEIARNENTHLALLE ‘m—7r—8" Z20 KT OAVWTERFAELZIT- 2.
0y 77— VEOEMEAEIZIE, £ 9lem X1 20emXEE 7.5cm O v v 7 v —~
v FEAWE, MERICIE, LKA SR UEMICEBEER Y = 2 T Ui 2 A
T 6~8%JEA L, 120°CIZMEA L TR & 40.5cm X 1§ 20cm X JE X 7.5cm O~ v MRIZ A
L7cgstz Wiz, WFhoiEit, RNYZF L o7 /b A THE L THEEFICHER L 72,

FERIIIFELAEO ‘m—7ur—8" ZME L. HLAIZ, 200545 H 15 HIZI A
MK T TITo 7. EREIE, 200586 A 21 BT/, WBEET T AT v 7 7 4V LY
APIZERE L72Em S 60cm O F EICRRBIEZE X, EEOFET, ik TOEER
ERE—ELT, HLABEZERLEZ. 1 REZD 16 KT OHW, 40 4REELE L. &
TEZITEE ZITVRN D, 20059 A 12 BICTRTOY a2 — FEKFELUTOHE~TY
B CREMEEREE L Lic. ZTOHRICEELZN—P /L a— MNE, BHS 25em TEF L,
NA Ty VN TIETHIE LZ., 0¥, 774 & FiEB L OB IZE L /2R 7% 40cm
KDY 22— MIFWERICHREER»ORICFERAKZE LTIV 72, G0 EOINFER L
IX, 2005410 A 17 B226 1 H, FE3EFIH EFE—ITTo 7.

TEMERT 2005 4F 6 H 17 B L OMNFERE T#% 0 2006 42 11 A 7 BIZ, EMEAEH#R T
B IMICOVTERELZ 08 £ T 24 BH%HE L%, M 2By (i) 7mRE
BEEEE (KM &, BRREUERT) 2V, &Moo Em S e TEELBE L. £
7o, BEMBEERNELFECBIC, SEMIKICONVTES, EBEBIXOWEXZ 3 1T SHIE
L.

BERIR ORI E FAER N 7 LG A AR (DNEE, 1997) IZY¥EHLL T, MERIREN
200mg-L" (EC:22dS-m™) &725% K H IR Lo, 8EIKIE, FHIERIEEIK & &8 H
SEIR LR ZEE&TRS (UT, BREHBRR 5T 2EENE L, BKFRTHRIR
L7z, 8B, "—=IF 2714 FBRLUON—=F4 M T, TRENREBEDORR DEEHNG O
PR ZIRA L CREIE, BRABEBERAER L. 2170, vy v—LREBIORaAs TR
TIRAEEEIET O NOs-N B E 2 450mg- L' Z#8 2 72 2005 ££ 9~11 A3 L Tr2006 4£2 A &

3 A1F, TR TOXRTKREPERDOAZEFERBTIREG (LUTF, #HEHRIK) L5 L. 1
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ED 1L 720 OFFKEIL 200mL, 1 B %720 OBIEREIEIE 12~3 AN 2 [E, 4~6 A7 3
|, 7~9 A2 5[E, 10~11 AN 3EEL, vy 7 U—/LRIZBTHHKREL 15~45%I2
FAEE L 7o BIEHIR R OFE N ZAOKKIEEITZ16CL L, 255CTREZRMK L.

FERIR DB 7IRE, pH 36 X OVEC ORIE 2 EME D 2005 4 6 A 28 A6 EH T
21 \EfTo 7. HBEDOHHIL 2006 £ 10 A 18 A & L. E|EERSOSMIE, 53 EFH 1
i & F—FETITo 7.

IV DR LIRAEIX, 2006 3 A, 6 AB LIV 10 Al iTo7. INHERE LT 724
WIEDOW, BITEAT —U 03 4 (HFF, 2008) TR &2 60~70cm DU Y L4 R, EXR %
60cm [ZFAEE L, FEHEA S 20cm UNOEZEIRL, EHICKEKIZET . 24 B 7CO
WIREN CERZICEN SRR L, 1 R 2KiEKE S00mL FHE L 7= 1000mL O =F 7 F
AAETTIERELERAE L. ETKOZHBRIIITORNo T2,

pX -1

LUARDOEEMICHITAREMBATE, X—IF=2T71 FBLPr Y7 T—/LT/HhEL, A
— 74 FTREDo7 (B39K). BIREIX, "—TA14 FOHRS50%EK>T2. WTHD
XIZHBWTSH, EORMIILA LRI 2T,

ER AL (X 91.0em X §E 20.0em X JE X 7.5ecm #H) OFBEEREIL, 2y 7 Uv—/LKX
Db/ E < 1202g, N—F =27 A M RKLX D 4360g, FI/NKIXK DS 3947g, /X—F A b K
KIX 8 3407g, RI/NBIK A 2997g, 224 TR 1517g THol= (F3-4X). £/=, KE+5
BEET 24 FEBE LZRICUELLEGEOERIL, 7y 7 U—/LKNRN 12409g, /N—3
X T A FRKLX A 11953g, [E/INKLK S 11561g, 73— T A b KRKIX S 10154g, [Fl/INELIX A3
11141g, =14 7 XM 11436g TH o 7-.

EMATORHOKRE I % 100 & L7eHa, WHEREKR THROERILOR B LOMEIE,

E3-9K EANS ‘O—50—F ORRBICRIFIEE

Rt FIRETORE  FER KR
(%) (%)
0y —)b 29.7+3.9° 100 0
N—=IF =274 FNRHKL 27.5+57 100 0
IN—T A NKHKL 50.66.2 50 0
aA7 37.4+7.4 95 0

BV AR ERRZE (n=20) 2T
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EMERTEIZERCTH Y, REDRETR L7 (5 3-10 K).
S, EMERTE LTy 7 U= VKB LU aA T KO 4~8% L1273, £ DOMod

12000 —

10000 F

8000

6000

HX(g)

4000

2000

TKES *

/N K

N

B my -l

N =3%274 |
FI-K TFHABBOEZEEEFIUVEKE

=

B ORERITRERE (1=3) AR

$3-10%R  HEBHREN EMOKRE S ITRIFTEE

O&/KE

O EhEE

p2pc i) S & B

2y 7 v—)L 1013 £01% 988 £07 920 +08
NR—IFa2T4 FKRKL 1000 203 978 206 975 +2.1
N—=IFa2F 4 FNEL 984 +01 968 £12 1033 +£0.7
IN—T A NRHL 996 =04 1027 =37 1027 £2.8
IN—=T A ~/INKL 1003 =02 1000 =13 966 +1.7
aA7 1002 £04 1008 £0.6 956 +12

* BT SR HERAZE (n=3) TEMERTORE S &100& L7

FAXHE 2 3

B TIXIZIER L Th o 7.

EMATOEE MO FEiEE L, RRICEADL LT N—IF 2T 14 MR 367~408g LK<, =
ATRIE451g TRy 7 T—VRED4T2g L[AETH-7= (F3-5K). —FH, =74 K
RIS DD B3 631~622g E@EoT-. WNWHEREKTROEMBEE L, 2y 7 U—L
KBLUON—=F A FREIXI L OVNRIX TEMAT & i L TORE< R0, £ £ 399,
594g B3 L N589g Thol=. —F, EMWERTEHEL T, N—IF=2T4 FKAXE IOV

KX DEEHIREEE X, ZALZ 4 448, 436g & DT )]

Im<7ey, a4 TXiL455g THY,

LorL, BHoOE
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700
600 | i _} ea
500 | :
1 = . E
= 400 | = | & .
~ ==
X
B 300 |
200 |
100 |
0
2 A Bl % Bl % Bl % ®l % EI % Rl #
BRI x /N K /N
bebii} my - N =3%a74 b N =74} 7
F3-5N TEHAZSHOEREESLUEKE
EF OfE I AZ R ZE (n=3) &7
35 ¢ 0 40~49cm
¥ 30 | P =
- c I S - B 50~59
¥ s | o S et 5 on
& N ) N R -
ﬁ S = I i a ol | @60~69cm
g 15 + [ il
@ 10 | b g5 [ 70~79cm
s 888
M I I 80cm =<
0 1
KR PN/ S N i
B my )y N =3Fa7 4} N =74} a4y
FI-6K AT ‘O—FO0—€ OUYERNIYERBKICRIZTTEE

" Rl —3/ N R X Tukey OHSDAR I L V) 5%7K HETHa) v TEAR

BIZHEEREDFEL RV

FIERETH T,

200546 A 21 HOTEHREN D 2006 4£ 10 B 18 H OEEEIE SR T ETO 1YL -0 O

IR EIL, 289.3~301.5L T, WEXMEICE TR oT-. F72, T XTOEHMT, EEDORKR

2D WTBRIEECHEFIC L DMEROELEITA LN RN T
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INFEBIAAIE, 2005410 A 17 BMD ThHh o7, N—J 4 MR TIHRZRICED ST 12
ALEAITHoT-.

INHEBRAG O 1 M D 1 RS 720 OBV IEAREIE, N—IF =274 PREREB L=
ATRNZENZEN 36T KL 382 KTy 77— /VRD 262 RKEHEBL THBEICRELAR
D, N=IF 2T MRIRIZ348 KT v 7 U— VR EFERETRD - 72 (5 3-6 [X).
—F, NI A4 FXIIMOLEX & g L TEL /AL, AR 181 &, KRAIXD
139 K TH -7,

I TERIE, FRICELL T N—=F 4 NP vy 7 U — LR L T/hEL, 247

B3-11F  HEMANSOY YTEREISRIETHE

B vtk UIVIEE itk  GIVIEE/GIV LR
(cm) ) (grem’)
o 77— LT L 63.0abc” 35.3a 15.2bc 0.56
oy 7 — UG 64.8bcd 35.0a 15.5bc 0.54
N—IF T A bKHL 68.2¢cd 36.4a 15.2bc 0.53
IN— 2% a2 T A hNKL 68.4d 37.1a 15.8¢ 0.54
IN—T A NRHL 62.1ab 35.9a 14.4ab 0.58
IN—T A ~/INKL 57.8a 31.4a 13.6a 0.54
24T 63.5bcd 34.2a 14.7abc 0.54

Al — /N SCF I X Tukey OHSDRR TELZ K V) 5% K ETHE R EZNFE L2

0 \\\\\\;\\\\‘ 0\\\\\\\\\_\\\\\\

6 8 10 12 2 4 6 8 10 6 8 1012 2 4 6 8 10
/2005 /2006 /2005 /2006

AR (H/4)
F3-TH RIEHIZE 1T 2EEROOHE L VECOHER
® .y y—, O:N"—=IF2T(k, A:X=FAF,
O:afr
—3HERA R L, ERITRSHERRLES LM e ~T
N=IFa2T7( PBILUON—=T A MIENZNRAL, /INRIFEICFE T
BREER T
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XARBETHY, N—IFa T4 FERRRLKEN-7 (F3-11%). 90 EEIL, 314
~37.1g THVAUERXBICEEREZ T o7z, BiEX, 13.6~158 TH Y, YV IEEDOK
TVWRTRENhoT.

aA T XOEERD pH 1, HBEERROFAEHMZE L TEOMOREH & ik L TO0R
<HEBLE (B3-7X). EBRRKBFORGEERKO pHIL, 2ATKEKDOH 59 THY, fill
DEEHIL 72~73 Thotlz. oA 7TRUSNOEEH#TIL, pHIZEM 3 22 H1% D 2005 £9 A
FTCVWoZAKTL, ZO®%ERL, EM6~100AKETIXFTRETCEE L. —F,
IATREDpH X, WolZAMKT L%, T 10 2B %D 2006 F 4 B £ THELIZ ER
L7z, 0%, WTIHoOsEH & pH IZEM 11~12 22 % D 2006 4 5~6 A £ TIKT
L, 1522HUBICHEORER L.

FEBRBLGEEO EC X, 0 v 77— VEDOH 1.2dS m” TH Y, FOfOEEH#TlE 2.0dS m”
TRy /7 U—VREERB L TEN»->7 (B 3-7K). ECIX, T XTOHEM TERARERE
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