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Il bOPTEETIE, £ oRBIE oW TRE, ZE
WO EERZ, MR soT beEiesK- 1, B
BFEEYACTHIRLTER REORETABRYHMT S
Ty, REOHEL T EEBRT I LENRDD, Th
FTCEHL DEELRMIC B CHEB I C X% (Bollard,
1970; Coombe, 1976; H/ll, 1978; HiE, 1998) 25, RELHFE
DIFPHH B E, HE Bl oyaBE LR EL O
CHETHAHHEEERYEMT A ELAEETHS.

KT, ChEIToMEILDASBORBINEI,
WREED TR L WEERYI D 2877085, Th
FCOMBRRE PO, RERE BomlRy il
O D> B R Lz,

1. RERRICH D HigEEOZE(L

REOIEALEAEBEOAMYLEMEEITEE L5
BAARLN AR, MBSO S0 5 OFFIELREIH O ¥
FERINTWBTEREL\ . Coombe (1976) 1ZRERE I
DT DREMOPT, REONREY R b EMEME L
AEAEGRECEYE, KoEE RN OWEMER S
DR, I DLREEEECHMRERREOFENLME
Hng BREORBTABEOWTE R/ TES D
ExRBERTwS, FEHIHEORB o WC, REORE
BEYREERE EHEMEEROTr BT L FE,
1998), Zh b DZEAL & RAMIER D O RE, RIHOHEE
HOFREEOERYEE L TE k. 05 RBHTELE
ATIEREREN L ) #YCEFTE L 0ERT S C
EXEETHA.

1) REIDREAOHWEEER
REOPAEECHEEL T, Efr D REOHER
DFEFERNEFMNCIIET S 2 L1k, BB E L E ORI
B2 EEFEN BT 5 L TEETH LS. THLEM
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TBEFETAUROREYHIT 5 L, EMrbRE~OH
FREMPRE RS FREENTEORETE, HND
VE TR ERFE L O THEBH LR TS, ThiedL
T, FETFMIEORE TR, #HEI RN ETER O c#
e MR TR 5.
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TAHH, FAEMERA R » MRCRAREA, #HEEHRILR
BOEZMCHEAL Thinvy 1A, B). BIRLE
EoRWOYOhbt v vaReRbdn E, <L) —
VEITCIE T A v VIR R D RENCARICBE TS D
L, v V=V EBETIE LA EERE L - (Findlay b,
1987). 7 ¥ 7 BEADKFOBITHAR VY — v TirE L
LTHEEY, _vYy—vHTIEBcias s & ERELT
WhH XS5 THS (Greenspan H, 1994). Z OFHEIZDOWT
HEE R OIS S L Cu B, WS4 RkE
BB LTI,

v Ve v 3 VT ORETHNIC 3 1 A MEE IR AE F
b, FHEERAERL TV 5 HEEFERRCT 2 RHNE
ZAbRA GE1RC; FE, 1998). 0 | ZFITEERT
S L, FHEEEY ER L CERC A DHEEE, Mg, T
Bomddtimd a2 #ER (ROETRCRETS) I F
B LM CIERe O s fEE R & FHEY TR AHEE R
s (BEEEEHRICR D). THELY TR HHEHE
ETEB O TR CIER D B 0 U v S R IC @& 1 5.
RE (THEE) PHOMEHRE, WhdBh 7 A-F (b
ERL, RECHMT AT & 5 EA L TWiR,
DT LU 5 ~OBEOBITIIIEHEE IR O
i s,

DL S IBREPOWEFRIZ—TOIALI Lo LT
BHT, RAREEL TS KEs OZMg I Em - T
e,

2) BRERRE L RIFHHERORE L OBFR

—f A U B0 RECIHREMORRER EKE R
HEMPD B, FFAOKE & REIEA L OB BT
WAS, R RAT OB R OME 2 DM 0B RE
ERFERE L ORFRERE LR E i GBE, 1998).

T REOUE, R R IIBIE c4 % & 10 K
FHEELTHAML, REORBMC KT FhF R
RAlTtxs BRAOKEHICI TS, RMEHETRELT
WADERAEBEEI N TS, REFREL &L SR
HISEHEU L CRET 50T, REORER, REEE
PHEEROEL L EFHEORE L OMEY A S R
TED. FUREORFEM L REEOMINEE WM S
SRS Lieds, S OBEE I B 2 8 R O R ER
BroBGRETHBETsLUTOERY THD, —KRAKHD
EEROHEINIFATEEART LT O 2 B T L
Dyofe. TORIIOREAFEREL, REH T cEERLE
U7z, EEESOERIIEITE 2 BB DA L. 221
THORAROBEERI I Uicds, Mot d Uik
RPN BEB DR B, ORI EEOIARE
FHULCEERBEY LD, 3RS TE 5. #3
BeonBREOREKE b, EEREHEOmBXEML
e, Z OREZBRIGREOEKBE &L BRTHEEERD
BREE L NEBECBERL WD E2R LTV 5.

HvFVRTNY, weRETR BERFDORRE

DOREBIE CIEEEE RSB L T 50, RENEETS
CONTEEFLEZHER T 5100, EEOHEIES
Tin\.
3) HEEREICARONDEKRE (nacreous wall) FED LS
LEExETEH
EDOHEBIC X » TEE SN ELEY O BB IS H
DRI - T 5. 35 B OR CIafis a2l L T\ 5
BliE D MITREE SR T 5, HERE & i A G kY
BT5s G2, NIRUAORBCIIFEEL . B
DEBRB oW TIE, Esau * Cheadle (1985) 1= & h iy X
NTWBN, HEEROFRE EBEESTRETA DR,
NIPOBRBORENS, Yy, Yy vd, mkvI v, E
FROWTHEBREORBERE 2 I L (Nii b, 1994). %
ORER, CUvNRBKEETHY, TLERECEINE Y
ANE N —NEBEL TR » TENoT. TOLS5IE
B ERCEE W X > THMET S (Nii B, 1994) 25
B ERA e EHIELTEIT5 (Kuo, 1983). T
FEEC L HEES RN, TEROHEBE X6 AN 10 XD
BEThD, 10 Hiciesn &, BB TH L 5 ThS.
B LA EY ORI EE L CuwafilaTth b, A
SEORMOEREILY L —AThD. BERBORE
Wy L b — o OEETICBI RO B B RS R b A ine.
4) A>FVYREDHL & SH~ADFEDER
HvFYREOHL & SNBEOEBERETHLY, W

F2R vvRHEEPOEREEROME LA LI S HEEE
O FH AT E T MG %
B: A ORNOIEKG
EEN - R O AT EE O IR R
A=Al A Tum, B:0.5um
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U 5 i@ snnffEm Ly, BU s st miice
TR OIS LT\ 5 (BE, 1998). WU x5
R L T A My, FIREEKCOMEE: S o/ a
AIRRCRAT S Z LI EREEI R T, ¥l
BROW U 1 5> WOMICIRFUBEERSHL L o/ E v
Wha, K&k, BE< DI rav Py 7T EOFLE
PHERTED B3R, 20X 5B U r 5ifaoEs
b, WU x 5 F~DOBREOEMIL, FRFPOHEERYBT
Lick, FBEHE?SHBRENBPEOERF~OBAR
A T B R0 o ORIRIC X B EBEME SR
WINB. 7o, L x5 h~OREEBIZ oW, Koch
B (1986) MEMEBED L v 75 A N A LIRS
et LT\ 5.

BORBE LI v~ O &iflOWHERY, Bl
DR DS OFIAZER & KR L - #aEgEd LT
B (Nii b, 2008). WU x5 &S TVvxx0HERs
REHLORETHY, RE—MEHD K 1,200 HORA
HEARET A5, #EAEE 1 Aol MEAL
T 5.

5) EEREOREORE

= REOI KM O R EEH IS FEWLWAENRHL T
WHDIMABRIND I LB D, ZOWREE, REOHE
TR D LAY ER LT 5 R &R T 58k
PHOGWEEZBRD (Nii b, 2005).

EEDRPMNCIIHEFRP FEHIRCSH L, COHEER
WRE RS D G4 D). IR R R oS

B3R vvivav i vRBEEEREREOWNL £ 5ith
b B FE
A : BATEHRD
B : A
SH : RIE A

BN T 5 1 BEN R TS, BEXRERT O
TOMERMCHE L, BEE TREXTHABREEL
FMME I RORWVERE D, SHEFEYEL T
BELTOLZ EAEEI N B S EN SR
4% (Masia 5, 1992) 2, ZOMEENREREL 0
IO L TV ORETAZNENRD .

2. EOWMREER, FICERKICRITTHIERED

2

B REOBBRLRNT IS D, FFLOEDIK
VAR S BRI Ol FEERMD 2 L TIEO L TEEE
BET2 L CAREEECTHD FE, 1980). ¥, Flik
L OSER OMEF R O F b VAR O FE & RPN E
LTCWBI LR L.

L ATRBZEONAREE YR LIATERXSL RS
D, FEFEEET AR LA ML T,
DB BETH ECERFCOWTUHEEL T 2 &
REETH B,

1) ERMIBOEEICK 2%

REECKFIAMELHET - L1y, REAELE-
TEAFIETHS. BRADIEIELEMER L - THBEL
b5 Licin s, BEEEIE WL, RN
X BFEB S (Syvertsen + Smith, 1984) 2%, HEDN
Hhed, FHEREoMMBELSCED X ST s O
OWTIRBEAEREI R T, FoTteeb vy
va v I VEERAWCTABICERARE LSRR L, FEo
WEHED L5 w8 % %00 5085 Lic (Nii, 1987; Nii «
Kuroiwa, 1988). % D#EH, X IEE DK T icfk - CHERE
LKL, EROBEIIHEL Y, BEEY 0w

FA4R == RERFARORBHEIRICL SN SR
A:6 8 11 H G&EmE
B:7H278 (BEWmH
C:5A23H (HtwmE)
ED el
Ay — kA, B:100pum, C:200um
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a7 VEBIIEL fnot =T ORBIECIAMRR AN
BIBELiebo L, EMBENMETTSE, 2BHS
Wit 1 Bk Lie, 7 w07 4 VERIECAEE G F
EL BB, FRTIEREDF T 24 P oS RE
BELL Iy, IREFRKCERTHT v 7 v hEL
BHIELBLEIBETE 5.

2) BEHRIEEOIEICLIHE

Delong & (1984) 13F 7 1 7 A — 2 o WT, EEMIE
BOMENEOEMENCEELRIFL, EXEHRED
HHLERNDOFT Y 7V ERNEET B ERHE LA,
TEDF VS VERIC L o TEREAOFEENF D L 5 Fil
F B DOHNIBE LT TRV, ZEE S (Nii b, 19978, b; Ali &
1999) 1k®® &Y v AT AW CEERILESZE 2 TEE
L, BERELFET S L &L ERRYEE, ER
A %, Ribulose bisphosphate carboxylase-oxygenase
(RuBisCO) % v {7 BEBECRITTHELH LI L.
FORER, Bl TETOHERALAL L OO, HE
LTW5Z EIXERBIBEN Db &, ERT VIV
EEMEINT A, ThERELTERND s on 7 4 LEE
WIKT 5. —F, EFRIEENES kb L, Tv7vE

FE5K wemERROBSREOREIEREDT v T VER
I RIET e
o EREIE
H o R
A, B : Hibik#HAE
C, D: @fntkini

s: T VTV

BET L, RuBisCO # v X 7 HEBITHA S #Bin L.
3) EREEOHEE RRIZ{EPRERNENRBROEICK
IFTHE
RE~ORILEYORRED LI L » TEDNABHE
ENAKECEEIND LD (Chalmers B, 1975) , EDHL
HEERITREOFEIZ L > CTLAE {HEYFT A, FE
BEMC BT ALERATR O 7 v 7 BRI, EEREN
EREBECHNTHEETh-> 2 GBS, ToOBHE, HAE
RN ) ONENEERERECE I~ BERET
i, 77 v OB L o CEOIEKIENVIIFIZ N B,
HBRTT 57 4 — 3y 7 HIHIAAR DAL S (Noel, 1970).

3. BOREEROERERROUICHERIEDH

Bk e

KB OWOETERELHET2EMELC, FELTE
DHIEB I OV TOINE TORERKEYBNT5.
1) BEHRORNC L AR S S BREE

BoRE L EEYHEFT5 52T, Hi< bbbt
BRI H AR — DB, TNTOMEHEEY ORT
VL, AR D B RGP ATE T s O MaEE & S
VRIREECD FATe s AR Y —fR e S BRI A L
T 5, — B OBIEL i THES T D Je5% & *T I
LChARY —@RFREL, RESEEFLEYTERT 5
AHH AR —BUIIPREOREYET L Sl s. B
WS FEARMCIEY— B oS LR Th B, AT
B oo B PR BB U A B o B o il EE 2 R
MEBCIRE - 2 M S N EE CE 5. & OfliakEs
o phi IBE L HEER T 5. BER Ly ae ) v v K
BTG, ml, RCEHBEIND.

RNSPEEYEO YT, Vv, v, 2ewHAWTHK
il g BRI B 5 h 5 il EE o NEREUR O R & i
U7z (Pan » Nii, 2005) . #OfE, © v ORERE N
3 HEE T H - 7o, H < 1% Esau (1943), Riedhart* Guard (1957)
DI DRGERCOWTHE L, £ D% Mackenzie (1979) 2%
Vv IO DTS LTV AN, FEL WA 7o,
phifEERE DX 5 RBEIE L C-2008EE LTES
TV BR, NFTEREBORCES AN ) ~BIRET S
BN phi IBE BT 2 GB6 ). 7 X8y —BMNERT
AR KB OHIRECIEENAR b s = &b ek
DIEEIR G M7 A0 — IR » TRB B VIR E DB
SR BHELTNEDE LR,
2) HEROREDTEREER
WOREEZHNLE—FEHERORELRHDLZ L TH
B, TihbbLbREOMEROSIEE R OER S ZME D
REFHEOTIMCAEREI NS, BOME RO 2 IET
IR REE L VBT A ETCLEETHS.
EERABEO KRBT RBILUTOLEY TH-
fo. WV avIhY (BFRF) 4~6{, Fv (v
VaUwAFY)I3~TM, TRV (FrrteT—
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6K vvREERKOERBICL BN A )~ L philBED
HOGBEMER I X B R
A~ FROEE b o X 8L Rt

CHRME L D S mm

REE X D 10 mm

CEEE L D 20 mm

DR L D 30 mm

L D 50 mm

DfREE X D 80 mm

KEWEH : phi JEE

INEVRED s o A0S ) —

X EE

A — 4% 100 pm

W g QW

V—DBHR) 3~6M, =% (FrvEET) 3~T7{F ¢
7 4~8(, ¥ruw :5~7{, ¥yvxx:3~7@ A
FUrEAF 2y 2@ TruF  3~4MH, v T—:
5~7{8 0k 5 HEEROEAFIIEE X - THE
ThH AFCIEAFavDE S 2MHERT->TVBD
Db, Yoo, vrd—0) 5 RERENS LD E
BHBHR, RELCHE CREETROEAKOEENMEK
Lo TKELBIEDBIEDRPELNTH 5.
3) BEEE, ICTBEBROMEICL ZROBEE(L
HvEFIVECCUBYHRLC, HEYERICEE
R NaCl OREFE 3 THEEL, BRrrlol s s
DENAEHFE L (Cui b, 2003; S, 2003). &<
R OENRSEMoMEgoE L L IRER wER T2
FUyTVORERERHEELL. BEEERESEA N VAR L
THIIEEDORIEL, T 7 v RNHET A ENEDLRK
75, HERBOESNENSEE IS &, FiilEL
R CRARE Mg MrEETED LoD, TSy
LEOEET L. ERELOEEA N v AR ETRIGT
5OMRELEBRSEERZTH D, Th OITERERECE
R IRE T 5.

¥y i EORT BHREN R R K &
LHID TS, B RATE & phi [BE & OBRE IRE
Liz& 2 A (Pan b, 2006), phi JEET-EEAR R X T
AHEIRLBEE ST, BRI ToRWIRIC TS
ThHote. BB Tk phi BE OB DWW TIRIARATH
BB, phi IEE OB BRI T 5o —>
ThaEEZLNS.
4) FEREHEOHEEHSBICRITTEE

BRI R T, BEM»RINEYE DD, #HIE
BT AL EIREETH L. AEHEEOV V2
HWE B &, REOIEKEL ST oRE
b, BRENSL MBI ONT, RECBITTS
KA &SR T HHER, EPRcEE T 57 7
BIEA L, FRAHOHENLLABZ L5,

AVFFELIOT 2y v L BMe ) OB Ry
HBERCE L CTHELEREBN 5. REOREK
BT, ERAPLCABER CHBENME VR, Bo
FVvIVERIMED o ¥, BENEZCBETRO
HERLT v v oBERRIALRE . ZRARFLTE
FLRTDERABEOFEL, vvvav IinvERRS
HgAADB R B, REBEFHFPIROMPERIEF LA LR
Lht, WEMOBREST v 7 vERIES R b T
Dl OB Ay I v EREETHLN, T
REOIEIANE AThHY, WHEEROEDKARIEIIE
WIREEAHEF R T B LD o TIREE DO HTR O 5
APFELL, BEBAEETSEEDCBOT I vERD
MERB LA UCEEC T TR L. OFERIRERER
BOPNXETHOBEEYRL TS EELZLRNRB.

F&

REEEORESCE, HoRErMEEE 0T br bR
BT EOBEBENAEM L. BE E BmEEE
RPROIE, £OREBEY REORKE BRI
RS OB L bR A L1k, REOKKEARD
Hpr L —BREDLZ LD EHLEEERE T
LU THEE IR D F R % & D R EA~ O LW E ORI
AR ICERT A L OESRYER L. BE
AR SR OREE, AR DF&E &S BAR”N
BH. Ei, FERESORMEME LMD I LLEET
b, FO—FELTHvFVREOHL & 5 BB LT
W5 R O R A AR LT

Fio, BELRYELECREOBEEND, AHFEOM
HRARYHEME T2 LAEETHY, E0LEEROS L
PHORERCEEMAT2ERGRCELEZRE > TR L
oo vz by —2 L OBEND, KEOHB RGN, ¥
BT v T OB D T, EOLBEE OB CIREE
PRI B Z EATR L. BTy, #ASY —
e A SRR T phi IR D\ TEE L. BEHEOM
S LR BRERTISBROEERTE L Ebh 5.
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