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1. FU&IC

R L35 B L 2z Wi (et R IE, 774 b bo=s ZA2ES
N B HEYBRBIFERMRR (774 b hoy) COWYWEKSRLISOLY v ZRU
ffF D7 OWRIZEORRE AL ZEATEL. ZOFTHOMIEE, 1970
FEROPETEISBTY, or¥a—F L HEFNBROREL LLICRE
LT &7 (212, Matsuiand Eguchi 1978, 45 1979, KB - 48 1981, KEZH
1988, Hashimoto et al. 1990, Omasa 1990), 1980 fEfL o) @ (21, BAE DM L
W TRES N TV D L5 4 AR BHOL O BITHIEIR SN T o 3
RISE T AT L, TOEFZM 21T BE Y 2T L0RMSETEHH-
Tz, ZOHBONEEZY - FLTE7203FE L HROMEETHLZ &
AHEFRIIZ S M TE Y, 1985 FEIZHE TH 24172 Instrumentation and
Physiological Ecology” @ [E[[§t 3 > 3K 27 77 A % #F T (Hashimoto et al. 1990),
TFTa—0KEODT7A b Oy RNRAFAT 2T 2ETHNEN TR, &
512, 1990 FACH D LIBE, M FEBBER EMELIHLVWGHTH S
Plant Phenomics filf ZE~ & F&BE L T & Tvr % (Omasa et al. 2002, Furbank 2009)
ZOGH ORI, totta~ohos LT, AR LB, Fi%
BRIZBE L 7= b TETHB Y, RELEAS L -RHEEAse L L
TAITHIY T ORAeum EEEHIF RS E b Wi b,

=05, T =vNnT AEQEMAY AT LD 5K, FEZEEELE VD
oA 7 ¥ Tix, BRICKEGRFRSESHEMLm L3512 b O0sFER
HLTED, BRICDEASISATVE, ZOFTTF~OWEEEHIEH 0L A 0
BEREE, B L7774 PO UERBEORRTLHDH, ) — NI AD
OB - SO AT T TORAB{E~DOERTLH o7z
(] 2 4, B 1975, AKE1983, A% 1994, A Br2010). ffl 2 (X, Walking Plant
System (3 F » ¥ CTRHESN-BE{LO > A7 AT, EHFBAATRER IC
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§TRN—I= IOy MM ERE, NV 2T TREL %
EREHMEAT I & ) i EF LB L, HEREHHEHAEDbY T,

T)= NI ANTORELEHLT L2 AT LTHE. BERE, Fvy ME
FFOFREIZIRE SN TV E KGR HEE 2 BB EEY TH ISRV 0T
HhH. ZOVATLADORT, HPOKELEE X BWT 5 EEEHIHENT I,
HEbOonF—F7 ny—kwz 5. B, BOERIEESEIER
WZBR5E STV 5%, Plant Phenomics DFFZE & BlE L 72414 D8 7 2 38l Hs
HiffshTwnid

ZITIE, FELVITo CELTHR - BRI RGN, FORE S
FHE, BARAERERN, 3 RITHREGREHISE L HOICBAT A E LIS
Y THIZBT 2 FIHOWTERIZDWTER 5.

2. R - SRRSO R ES&EE

TR BRI O R ER (400~2, 500 nm) 12350F AW O ET, B8
B LU, RKHH 5 VIIATOMRE, SHBE (yau740a b,
AVFIAF, 7874 FF) PHMERS (BF, 2L VY, <T7Ry 54,
Fr Ty, W FyrRsE D=y, ko —2%) OFFEB L UE, Kok
BEOLOFEREHEATYS (KE2002). T - T HRS6 K6 0 &5
Wix, ZoOWREHOEHFEORECEFEL T, FHE, oY st
THEL, AEFHREBESTLAEBTERZITIBDOTHY, v WF AL A
ATRNAN=ARZ PVAH AT, FLTHHRBON S —([FH%2EL 00
HT—NAFEFFIATES, B2, MW, W5 e ICRT,
800~1,200 nm D IHO LE VB RKE W &b, E/70CCDH A T2
800nm PLF2H v M ARET A NF—2@BLTE-ANS MVHETEY
by a2 L&Y, ERPALESICHEYEESZ B L, BEEHSRED
FRATIZFI & LD () 242, Matsui and Eguchi 1978, KBS 1988). F 72, #Hi#g
OFMPLHERFHIT LI Eickh, Em, BTN ZYE, =L
FOWHERROBHESCHIR ST A -V E2iEFTESL. L L, ¥adHE
BOEH TR S M2 A0, gm0 2002, oSG
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R e IS X AR W 2 0EYRH 5.

AR - TR R EEHAN X D B O N EROR R 5 5EM &%
WTHIY O EH B FE KR, #E HHESZlT 2008 %
FREPREI N T3 (KE2007). HEHMIZEGTIED27D07 4 V12
DN THEOPOIEIMREZIN TV LY, KEEEORBEDEELRE
FTHLDIIERLAEREOREP LD L o B RIETLEN OO 7 4 L
BEAMETEL. ZOHE, KHOKRE AL (5212 850mm) &GEo
Wi (550 nm) O E EHT 5 MRS (0.95 BLE) (KB - #i% 1981
Omasa and Aiga 1987). BEOHE, 7007 4 VIR O 450 nm %° 680 nm %
Hwz LRI KRETEC, Ho THEBPSEL RAZ LICEREZAETS. 2
DEIN, 2ERONF T AN —RFERLATMEH AT TOHER LS
BHREB/EIENTELOT, H05, MYORE HERMCREERE)
RHIE, WRZR, BERHRE, AARSE, KOREEOBENICHE S
NTE7 o, BRTHHTEOBESLSEENT, KFE0BHLESL S
ERTES.

SBI, BEOXETANVY — (FHT105—) % HEIRYIZE D B2 W EE
BRNVF AT PIVA AT R SRS R B E N FTa e RE R
AN—ART P A ATHEOL ) ElLRERELFIHATAILICED, k0%
COEMFFREHELIELEFTES. IFIZ, NA/75=ZAX7 P VEROFEN T
X, FRATOFTHTHVERTWETEA N v 7 A (£ LS ERMT)
AV HEMEESI TS, LaL, EFL T2 S, EBRICH
BRAOBSELZEHIT 2 ICERAENH L LICLERETES L. ZoHb,
FNENOBG OWRIUE L, HLEFTEEZETH- T, £ETOFHITIE, £
FAOIRER RIGIZ & o> THOEEEZ WA HE S5, wrkL
ferzuB 74 aDBFELE) THolzdt, KA L ADEER S H IR
REARLEEIZH IO LNV D, EFENSD L) REEBRIRETE, Ko
WS (1940, 1450, 1200, 960 nm) % FIH § AUZZBWI© & 575, BEOEFIK
FEQENBEEOKRA F LA (—1L0MPallL) Tk, EASONEARY L
BT B8, FOBLIIRE—TNY FETAL L&D ERRLNR W,
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EhWwz, KA ML AOBNICIZ, BRELCOFHOEFTERTHL (EF
52002). BRELEOHE, EEAOEREEREOMMELBIC, zun T4
VORERZZESESL, ZO00, HEMEEZ AL, SFEORINEF LY
b, 550 nm LRSI E DR 700 nm [FEQOBRINT. v PO (L7 F) &,
suan 74 VERRLMFRTLEEOEGEFT LAV EHTHS. &b,
BHABERCHERTOREEZHE T 254G, HEIRE L ORFREHBMBINC X
DRDOLFTEZ LD, HERES 0.9 ETH-oTH, EBICIZLE
TRIECEEOEFELLDOT, ERLESFITICAATS L X213, iE
BeBET A, /2, NEROBIELDOEIE L S35 PRI (Photochemical Reflec-
tance Index) b ERDEFEMHTOFHTIX/ 1 ARFOHIKEL, oo
74 NVFEOHYEREFEDOREL L TALERL V. ZhbsE2EET I,
A7 PVEHERHNE, BoNBEEERLE{, DT, »romELED
WHEZRZ &b, FWEESH TOEMAFBOT ALK E v

(19.1 #4E (Kalanchoe blossfeldiana cv.) @ HEIHEE > 25 4 (KF 2010)
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1910, FF ¥ 5DT) — g A28 BEIE (Kalanchoe blossfeldi-
anacv) DHBIHEE L AT LO—EOFETROEETH L, AT+
(E=bER) PHEIZEHICED SN2k, BK Mifdsibhs, #
LT, BEKEMLT, #Ear7HIcBEsh, 7)) -y 2ARTEFEE
B, FOMEBIRIVFFHEM Ty Pa— It 0SNG, —Eiips
B2, B4 0, BBIRNATRERIC Y 7FE DLy MBS,
N AT TRBETL. FLT, EFRENEEON A T TN,
SEENL. A—0EFREBUCSESN28%, BEREI LT CBL
TV=Y NI ARZET. ThEgDEL, EPEE, HETE2 L3 42k
BIZETEF LML, BHE2EICEFTS. 20K, BHtoEDEE
TOMMiHE %, LEETT Y FOTRVERICE VT TRE, B, —HEO
BWET, HEMEEN TWhvoIL, AT EREEROEEZTTH D,
T = 2y ANOHKCEHEE, MHESE, Nk co, Ml s,
BEERHH AT ALV HBENE. F5 0y THRBLTWVWS L0 L
IREEARD, EEEHOMELT TR, TERRBEALL I, HEM0L
EN, T, BELEIEORBDOI YA ML v ¥4 ATOMAL VWS Z &
T, THTRFANRLN TS, FREOHBLOR DL a7 & & B EHFZIIC
i, A7 —1ERESTH - LRSS R SR AR S hTw b,

3. BE{REHE

HOEBHERHINGE, SEERHNO—FETH 55, £ CdmEBm AR
T, WG EARICHES L, 8o b8 ED S EAEREZEL D LT
55D THhDH. HEML—V— 2% v VEEMEL SIC LR OBEIT
JINCERLTED, RETIE, #EBE W7o —7) 25 252 85T
AR L, BEEHSEOSHEL D NS OHF LNV TORSO/BED i
B> TETWD. 70— THEOREE LT, EE~OBERNLHRE
DBERFE, BONHEROLZRSEOMBELLIEH S TwE 2, il
PREZ T 5 ) A TEERME TR EEA F > OBEBE2WHT 2200
LA 7 O — 7R R OB e A I A TV S,
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B19.2 FhE % 300~600nm F TEZ L X0 F 27 1) 2EH 5 O steady-state
HE % 4Gl E L 726 (Omasa et al. 2002)

—, ERIIKRIIEETAHNE T e -7 (AE#AETe—-7) 2FIHL,
HEFRERL LS TES. K19.21%, FREEEZ 300~600 nm F T%E
Al EDOF 27 BRSO steady-state HEE THME L -FITH B,
HHE2RETANEELTL 7L, 70072402 p-07y, 753
Lo aEOM, MREO 7 . — 0V BN hER LB RS
ZHETHOT, FUROWMERIFIT§5ILICLY, KEARY PLD
AT TIAAE S N WRER R ORI R ERLS T E 2T REEH 5. 2oy
Bci, hEYE LT L —H—% Mz LIF (laser induced fluorescense) DFF%E
EEAATONTE Y, EWEEOSE T, RESLERFEOZI~DFH
PRAONTV A, FFRMIE, BREFFHNAFYyF—L LT, 72, N
Lo ANCEEESNVATLLLTEBELTWDDEEZ NS,

B 19.2 @ 400 nm Ll E DG THE 54172 650 nm ML EOTEWEGEIE, £
WZZART A adbDENTHL, ZOUHKIE, BiFcBEWR w2l
B ak, BIENICFOBESEEIIELTABSE LCBEINLE. 20
BRI/ 007 1)V a DELFEHBR Kausky 25%) & LTHOSNTEY
HERDFALFR T DEFZAEE QA DEALRTRERLETHERG,
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V) CELRIS SR 2R T T a4 FEO L R L E—[REEZE 2 T3
b, ThWwz, ZOERGFENHKLEEEN S22 81080, diesd
FORAHAGE DR ERBOBECHRE, BEA, BEA L AZIZLS
HE R E DB TE 5.

SO H S O WG AT OWRFEIL, 1987 SEDOEEE S DTFIE (Omasa et al.
1987) RN TH B, €O, L HEEMNLERTOZDI, FhitoBE
WZINA T, BV L A5 % B4 L, photochemical quenching (P, PSIT
yield) & nonphotochemical quenching (NPQ) & (=438 L TN 3 2 HEAE
EEIN, AT, K- TVEOEBLERENTHE. 2T, Ol
PSINZ BT HEFREMEDIRIEL LT, F7/2, NPQUIIEIZF T a4 M
ZWETTO H IREA B R T 2 B IR ORE L LTHY RS,
LapLdih, QO & NPQ 3R % | ZIZF OV 212 X B5HIAS LB TH
50T, EOFVGEIEOFHINIZEL TWADS, HMEESEE S v/l
NV T, EERTIEd 55555\ FEEHETRHITT A 2 4R S L 5
%M@ﬁﬁﬁﬁ?%%.&ﬁ,7DD74»a®§ﬁ§%ﬁ%EK;oT%
ET AT, RERBUSIZMER L TOMEDEL i HEEA S8
RIZHBNT, %W Boun7 4 )baDEAERNEo IO bbb,
HHEESE ST EOPHR P ALNIOTESET 5.

B

=

19.3 =¥ Y OFIEEMO NS HIE OFEEEBOBE (Omasa 1992)
ACEHE B:rzuoo7 4 LHOGEE
a:AIVA, b BERAIE o PSR O RE B
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B119.31F, =¥ OREMMOEEREE OREE M 2 206
RICLOFHIT A ZEIZENELAETH S, AIVA (a) »oitEHE
(b), hirseids (c) OER~KRETLICH o T, #timEI AL, 7o,
FHUHEPHEEIIROOND L) ol Fi2, ERTOFMEEWE
LT, L—F—%ENICAFry=» 7L, #EFEHRESR T % TEHIT
25 LIFT HEFHHIV AT Ak EDflbd 5. FEEEE, 1980 FEHAHEE,
L= =% R T W QEAF v —2HWT, HICIEHL,
BGOSR 2T 2 A 725 LA FLT, L—F—2Fy
Tl L B REEHHROMRBHTH 25, ENFEUMHARHIBIES L, B
IZFIFHT& 5 Z L %R L7 (Omasa 1998),

4. EFRHHEERETA

BGRHMVEREHING, FE A SRR S B BRSO BRE 2 W EHN 5
ZEIZkD, BIHYWRELZEL LV ZEATTERL, BONRERG
6, AR L S ICBRT 2 BRERERILEUS, &, 2otior R
RS L2 L L)L T2bDTH S,

N EF QBRI BEHERHIIZ DWW TiE, BAET T, BELOMENARS
1% (] Z IF Hashimoto et al. 1990, X FZ 1988, Omasal990, 2002, Omasa and Croxdale
1992), #EF S, 1970 EROBRYEH, ERBITATELY 27571 % E
THEETF () CAFRTHEL, EEOBNZZMITTEZELIZLY, 3
IR o, ZEREERRIILBIRI L/ Sfla > ¥y v 2 R), HHET AR
GRS OZEM AT OHEE 2 MFI R TiT o7z, ZhbofETELh
ZZAREFAE LT, SIS T R I T O & e A SR & 5
EL72A b L ABWIRHEEEE O b D # ASTHERRE & ORI EE O I
WZDOWTOWFEEIToTE 7

E19.4 13, ATRSEEANTRBESLAREN,—-EOEGETICBLNL
Fa)DKAPLARLLBKREF S VEERETF v, BERT
Yxl, KIL2 v F o5 v R, O EOMRE, Fav)EORKELD
& THL, Hnb, KAMVAILLY, 5, ERF U2 LABETL
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KEF v (MPa)

—0. 35 MPa —0. 65 MPa —1. 00 MPa

B19.4 KAFLAIEIAKRBF YAV EREET v (AFA), BERT
Yix v (@HA), Rilavyy sy A (OHE B), (Dpsn (AKB) LD
BIMRR OV o 1) BED IR (BEEF & 2002)

WICEILDHEEL, 2512, BERT Vv VOKTIZE - T O, 25ETF
FTHIENDbNSL. FERIFRILECE> TELT 245, BIREIE, XS
ERODZWRMEICLY, BOERTF Yy VOBRT LY HENRD.
KEXETTEFT LTS EEDTYH, BAREN—EORMGT T IEEm %
DFHINC & 5 5 LS AR L LW RECTH 5. I L 55
A5G < N7 H TR R WIREETIX, ML THEEFKBEFE ULEFRLD
bEVRETHIUIRETH S, HABRBEHE(L L 72 IKEE T b SR/ (% F
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M19.5 5 %2815 b~ MEREME.
BlidH—=<# A5, CIIEHEHIO-DOERETHL. 5T — 7 i,
D, EIZRTLIICE=F SR, HEAREHMI A7 LATHAZRS (K
B 2010)

12 LB SIS R AR O FEOREL R Eh T 5, [ThiZLTD,
FREGIC L BB ELED OT, EMLAZHOL0121E, FERICHK
04— %52k BHEE DA LEIFLETSH S,

F19.5i%, 550~ EEEROBTHE. +5 05T, b
BEOIIKT, AEHEOIRPEATEY, 40ha DRFEHBEO L OB I
HMLTwaD, MENORBEL, SRS L FEE, BHERERHY A7 4Tl
HaEhb ZOB K[EEHPCERZREOE=5) 723 TEL, =<
AAGIC L ATEREEO ISR EEEICLLAEREEDOT=5 ) ¥V E T
TWAHERbH L. PENCHSREr—~ v d A 5 /8L, BB SHIE
BRELEL20PHTAREORMRbOLTHRENTEY, M THTo
FIHAMRES NS,

5. 3 RERIREREAI

3IRTCICIRERERIC 1, FHN D 72012 L —F—EE0 BRI 4 1844 L
TOREFHIT 2 2 L2 X o THEEM$ % 155 BB HiE LRl 72012
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19.6 M= FEEE (A) LKA DL RCHTAERENL (B) @3 RTHEE
(Omasa et al.2007)

1.0

0.0

§ s
9.5

B19.7 BREALE (FVEBCTHE - 72805 12k T4 (A), o074 vk
4 (B). PRI (O) 037"1@)3&(71:"@&"{% (Omasa et al. 2007)

007 4 VENOBEICIZEE ARSI E DS, & PRI DEEIZIEE
HER LN,

WAL 2B AL e 5. —iRIC, ﬁ%ﬁ&i LEAHE
%? il TH 525, FHUREE I L v, SIS LT, 8RR, 3k
W OERZ, 2 RICFHIICHS évh.tl_ﬁ'v@m% (CCD;’JX'}% £oT
Bohd) POBGLERBREOUMELFEC L VIV T MY I PIZE T
HT EMDE, —lgIl, EBEBIIZMTH LD, ESHEMNE L { (h—Fyx
T Lo TR TES), BERFHNROT 2 2 F v |[KET S,
F19.6 1%, BEEINTETH 2 MEEGEEHNT A ¥~ (f A=V 7Ly
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VIrAXY =) EHWTEHI LA b= FREE LKA P L AICHES 3 kTl
RERDEITH B, FEEIHMETHERENAI T TETWE Z L 25bhh 5.
BT, HEMREE O 3 RITHESCEEEATES (LAD), EWRERE (LAD,
EEFA, NAARRZGTEL, A T—EERPr 007 4 VELETE, 8
FEEEFEEDI Y ET y PeHlIATEIZZ>TET w3 (K19.7) (Omasa et
al. 2007, Hosoi and Omasa 2009, Konishi et al. 2009) .

6. HHUIC

FFE, INE T, LB Y O G OB &
T, E, FEE L BN % H v 2o ke %0 2 HE R O MR FR R HY & RlE A e
D E U ORSISEZ L SIS 2T o TE 72 BBy
PEREMRSE T, EYd 20 IEBROE, L2 EGETIC L VS
Breahd, BEIPZIEMTHoTHIHFENDL LV HTEHD . Hilys:
EOFETS, N4+ 75 /0T —RRA MR M EDB WS H
THHBIBCTE, WBNEELEETHo TOEMNS NG, BEHH
TH, HWIHO L2, S, &Y, I TE—BIA741L
L7aRHERRTIE, EBRICEASRTETWS, 5%, MEoEBELE
RN EOREALIC L D, BRSPS ENE. MEEFIZOWT
FTREZET S,

(WF9ERR L) http:/park.itc.u-tokyo.ac jp/joho/Omasa/papers2010311.html

(G - 70 http://park.itc.u-tokyo.ac.jp/joho/Omasa/books20090123 . html
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A HE - AEARE=-ME FH -0 BB B EEEFo S urAREE
T OFEME (VD) BEROMI{REL ARSI 17:27-33 (1979)
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