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1.1 HROER
111 EBRERORRMERERHER

JE [ SO B K 2 AETHZE M~ O FEBAY ) OB, ZNETICTHEZ L DFEFINRA LI
% (Gary, 1990), Z O X 5 \ZHEW % HUTICiE Z 5 &3 26A0E, A3 N ORI R )72
WHEETHHZ EZRLTND,

TR AR L LD ET0RAY, FLIHENEZEZTZODADRIFRLORNLEWVWZ D,
7 RU A (atrium) X, JERITZT T UEET, e —~OERICEIT L XEHORME, )
W U A NI OV Y D RFAREOFFER E AR L, R U TR EZIIMED Z & 2T,
BRIZBT27 M) UL X, EAREDORBBEEMITH DR EHFITOZEROZ & 209 73,
ZHVHRARICHTED & 5 REEIZ R LTV D, EEE, 7 M) AL, @O A0LEwE %
DI IRMEEM E LTRITHND Z LN (HAREYE, 1994),

AATIE, 1990 WD DOFRFROEID, KEBREEM I HEZ < ETOHN, AT
AV DEEST-RBE VL, —BRASSFEETHY, HOT v R~—2I1lR 0155, Zin A
DENLTHIHEAE, ELVOHFEZOLONRREDOEMRE D, T NEADEEE, T
Y RAT=ZADmNENLE LTERZESRETE D, ELDOAF—T =2t > T, KA
ERETLHAV Yy MIZZIZd D, 128, HIBIZ K > UIEBEPHESN TN D, DT
W, EAOFIZZEROERMTHL7 M) U LEELS L2520, LhL, ZO7 M) ULz
T DOZEFIZLTUE, ELDfEZEE L TCLEI D, 7 MY v LD TZEMET] NGBS
b, TITEZLNEZON, HEDET 4 L) NTH), BB ZRZERIC, ZOMMBTH
DHEMZRE L, EAOTITHINb BREZFH LA L DI T 2FE, 7V —r7 MY
T ATH D,

U =0T PO LERRID-OIIE, BB Z ML LR TR 620, RIEEEY
NELETHNZRHICFEG L T, ZOEromNLIc xR, ERERERZIZCOZ ORRLAE
F o7 (BEH 5, 1994; Mpelkas, 1990; 1=F} 5, 1995; Scrivens, 1985), #ix b2\ Fik1%, dHEVEHE
DBIEEDIZ LB TH DN, XUV ¥ I U0WR Y 77 EOBIEERMMIY, KA 1T
—2a 7T NET, BERIRKLIAENIZBINIERIZZ WD, THA R E—RITR D A
HThole, £ZT, LVEHMIENEmWMED E LT, AAROAERGEIC X i 2 iRtk
TR X DR E 2 bz, BIMNTH 2 B E ORRER A EAL DI HHE< & 5o A—
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VEFERTLFIETHD,

— 5T, HEHBANOLHEEIZE 2 DEBIZOWTIE, xefZER STV 5 (Asaumi et
al., 1995; YTk « B51li, 1989; = « AR, 1993; =%} 5, 1995), HEHTHE~ -k iz, AFZ
NETICS, AFOFIEMZES Z IR L, EROBEMZMIEHE L TETWDH, D
BV EREZ D Z L TCAAXDOLERT T A=7T 4 ZZRZAEL X5 & T 5%, Table

LIZRTE ST 1990 FRIZEL D7) —2 T b U ARG SN Z LItk T 5 Gilz,
1995; Ishikawa and Yamazaki, 1994; #&, 1992; A5, 1991; S5, 1995; @il 5, 1994; B1LD,
1995; WA « 51, 1993), ZORI elEmnn, 7V —r7 NI UAE, ELroF—F—ba
— =DM EZ 5 2 D TIEE L WA D,

BE, #=0B0ME, BN ENGRE EZIX U O &3 28WED O b, Wb b Lk
~NEBV EDoTE TS, TOHEE, E— T4 7 RESOKEEZ B L-EHE X0
JF BRI ORI L D ERMEDBHBICCBEIZH 5, FHEDT LN TWD EEMEIE, 8
OGN & A~ TR OB EOZEFUEAE D IZ< W, D72, eV bic L o4 —F—
IZEoTDaA ATy MIUZE AL LR,

REEEY ORI, FERROMHICRS 72 2 & TRV, 2O ZHD LTH5H2,
IR RO D RRFIRR & WD ABIETH, HORFORIEN & L TEREINLIBEMNSH 5,
FERDEARD G, KBUEEMIZ L HEIRA~DOHIFFE, LVUEITR->TETWD,

BNFERIE, B O IMEE Z 5D 5 7o O DZEREHIIE T 5, BNIZIRD D k(b 2ER D b
ORFERMERCIE B M ZE M O RN RIZ D723 5, IRAER FRBHZ L DRI, FHID7an
ZEnn, L0 —BORENIFETE D, OO ASDLEIIFRILI L LAADZ &, i
TREIFHTRE TR A—FT—AHICE L INDI D, A—F—IZLoTDaXA AT v D
BWFEZEWR B,

XA
FEGU) DIEARFEFE OB ERIC KT T 2B A 20 5 . BEH OHMEL L = O MR DOTER S DA
Mgk DFEGIRIL & DT A %R T 5 Z L2 R E LT, ARl EHERKIENIC B W T

Hig Ik OFER 3 L ORTEER OB EIZ LY, ZO&EEBENHIRIN TS EREEHEE
&), AREEZ, ik EI2HIBRIZ X 5T 50~1000%D I ED HIL TS,

(ZE 1) FOCERILERIX o B A0 oD UE T3 MIsk o0 1 8 A FE R 13 300%

(% 2) B X Opa R O EE A RHRIT 500%






Table 1.1 Major green-atriums in Japan.

No. Building Location Completion year Use Indoor plants
DAIDO LIFE INSURANCE .
1 o Suita, Osaka 1972 Office, Store Evergreen broadleaf tree and 75 others
Co. LTD Esaka Building
2 YOSHIMOTO Building Osaka, Osaka 1986 Hotel Benjamin
3 MEGURO GAJOEN Meguro, Tokyo 1991 Ceremony hall Evergreen broadleaf tree, bamboo and others
HIGASHITOTSUKA Yokohama, L
4 . 1992 Training institute Evergreen broadleaf tree and others
Education Center Annex Kanagawa
5 APPROOSE TOWER Osaka, Osaka 1992 Office, Hotel Washington palm
Sapporo,
6 SAPPORO FACTORY . 1993 Store, Office, Hotel Evergreen broadleaf tree and others
Hokkaido
SHINJYUKU PARK TOWER Shinjyuku,
7 1994 Hotel Bamboo and others
(PARK HYATT TOKYO) Tokyo
Kansai International Airport Izunisano, . o
8 . o 1994 Terminal building Evergreen broadleaf tree and 30 others
Terminal Building Osaka
Fukuoka, Palm, 200subtropical plants
9 SEA HAWK HOTEL & RESORT Fukuok 1995 Hotel
ukuoka




m EIE FR

Tk & 2 EIEITH T HIHERN 2 =— XIFET D2 b DD, TR THEE, A —F =Bk
LB NITFEMA) CTRVWEAR S 5, £OEBIEL, T X MR35 812805, RO TIZ
MHERIL, BATHLERENTEREZREWIT WD, BT TIEE Y < OHEFFE R D5,
HERFBEODIZE AT OEEATH 5, i, BIREFRIZAE U D5~ efE~OXHLZ
WL ERTHD, BANERBICBOTHETREHIAIL, KOEEARD D,
(1) R
WEL, —BEEORERENZOEET N TV AOREIZZRY, 78U v AOEF]
OIRERIEITAT O R, Z< 056, REREITEN 26C, 4H122CTh 5,
(2) W
I OZERHEN AT oS, WE IR VITE TH L0, IREHIEORE LT, Xt
1L A0%FEEIZ 72 5,
(3) JEuH
NIRRT NS RPE AR U SHRVE 5, BESEMERICAY, 05 ms' LLFIC
L EOWEI STV D,
(4) 3t
) U CTRIMBIE D S%FEE L VW biv TV g (AARRESS, 1994), ERNO 7Y —
7 MU U LAOFERFRERTIE, E~FO B PICIs T 5 ERRED, 5 X 5,000 x &
TES7, Ziuk, AEEREmAICERD Ade &, BVAMNRE < 2o CZEFHEIR =2 2
FIRDIMBDIZT TR, 7T (F5LE) DA UPRERHRERE Z /EiL /e E ol
BEBRAET LD Z NG, BERETOBER O AFOEEN IR SN D7D TH D (AR
g, 1994, ZEERAN - MR T4, 2001)
(5) £#l
RTNRTF v hEAIRE, ADERDOZNEYNTIL, REROEBAMERFT 52 L&
DB ERIN D, £DOTHOITIE, BAERERAAIRTHD, £72, KEOBIA
TlX, TEXDRETMABZACHRORH /2 EOVEELZRET 572012, ABREDOEE
FHNCHR L, *REHECRTNIT RS R0,
(6) HeAlTHcAT
T RTINS HZEMTHH7-0, WERNBEAE LSS OEAHARIZIX
FELy RN IR SN D, FREEVEDIROEEFNIM A TE 22 T <, (EfEE DA
BAEZBRELTZHATD S A X 2 7 OREPBIAR AL DR 72 EIZEHI D720 K9
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(T 27 EDORRENMETH D,

LLED & 5 &b THIAZ AT ST D720, EOHERR LT Shi, BIAROREIC
BOEHESHEAEA, HxOBERE, MR IMONRERNRRAIRTH D,
ZOEBRDORINTS, EBFREEZZHL, BEZL MO 25 2 &1, FHICHEMA R MR
NERIND, BEEMY L, FHEBEHE LV E Wb DR 2k L7 FY o A

TlE, HMENEELL THEHEHRZITo V28155, 9 LIZEFORETIE, BN
DEHEPRIMERD 10 FULLWOIFERE[FTND, ZORBERENN TV =27 MU
LORERMED 1 DT> TV D, FAZF TR L BHIC, BIADNREICI2A ML 2%
ZFTCWDNEMD Z ENTENUL, EMFZOFEFEIIATIC R, EHEM 2B T 5,
SOOI, BIRDEL INELRDOND K VAN, BEA MV AOFELHET H 2 LN TEIUTL,

DI Z T Z T8 EDXRZ D Z LA AR 2 5,

1.1.2 HEYDOR L RHIEE
IR S U7 IRAT R Rk D 2 N L 2B ELR PUT 2 DD,
(1) FEMEECHIETX B,
(2) BHITHETE D,
il FEE UCORIC L 2MEMPEEN & 5,

AT L B EAMRIEEICIE, EASLEOEKREOERESD Z LN TE HHHIE (K
5, 1979; HEB S, 1994; IR D, 1991; [LAD, 1994; FHH 5, 1999; EH 5, 1991), HERZHS
FRAMEIE  (Bartholic ef al., 1972; Clawson and Blad, 1982; KB 5, 1993; K5, 1990), & L TH
MO OASCREN D D, AWIETIE, HOLEICER L, REICED A PV AOFELHE S
LFEE LTORREEE T 5,

TRV H D ERECREICIE, 7 e 7 4 VEOCOFEHBGNE, fafn LRk,
HEAA T BVRIGE, ENEMPENRDH S, 22T, EAEOBE,IS, BAEREO X N L
ZHEIEITRO N DHB UL TORER TH D,

(1) Zffi7e3EETHD Z &
(2) FRl7adkRE « B2 R LW IRETH L Z L
(B) R—=ZTNLTHDH L
4) HIEIZEER DI D &
LLED RIS, SOEHEOS FIEEZRET 5 &, S UL 2 ECHOEHE TR O 5800 HER
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B E1E F®

ShAEND, faF L ZETNG B TFE L LTI N R FIETH Y, B R OB A
72 B0 #12% (Cerovic et al., 1996; Krause et al., 1982; Morales et al., 1999; Schreiber et al., 1986;
Tobe and Omasa, 1999) 7372 S TW5 25, AWFIED B BT ERRDHIETIZ RN =, S L
HAF UL AE TR DN A IHERBLEE IR B2, £, BROFEHBLOWE & D
&, FIFDERST 72 EOREDN LR Z &b, BHORNGRBETH 5, HOLFmIZBET 2 KT
DIFFETIE, 7 = b b~ E 3 ORI X DM D S IZOW TR L 725 % (Cerovic et al.,
1994; Latouche ez al., 2000; Shmuck and Moya, 1994; Schmuck et al., 1992; Takeuchi et al., 2001) 73
HHA, THHEBNEMT, BELEHIIZV AR, B ORI, FHEMHES A0
AR VR, #OEHEG AR LT ARy MUEIZIRETIE, EARIEMmREICmRZ D5 2 &
WARETH D, BIEBMOFIEL I L THETHL Z L0, (D~@)DTXTOREIHE T
LAaetEE b B, AFIEOHMICIET—FE L TWD EE X biLd, BiEDLICHANE, fRmtEo
B L—Y % V% Laser Induced Fluorescence (LIF) {EZ£ATIUE, X0 @mWEIERHE &
PR Z2 LIRS IR T E D,

113 /007 4 )VEXFERRREELIARS b

FEMB G 0L, K9 20 0, BFEIG S S BEICEEYEAE B L E% A HEL D, ane
T 4D S OEIECREORKBELTH D, 7 av T 4 a0, Fig 1.1IZHRLTIZX D
72 Kautsky 203 & FEIE I 2 3R O 528 % 77§~ (Havaux and Lannoye, 1983; Kautsy and Hirsch,
1931), Kautsky 2h5i%, HALFPRIEDOERER OBLRITOREL KBS 5 Z L3 BT
% (Govindjee, 1995; Krause and Weis, 1982).,

WA hL &1L, FhSEIC &k - TENDOARELEW R EBRE LN DD ALY
NVGHCH D, FEXOWEREICE T, HEND AR MAGTIZRR DN, BRI
S (UV) % MBE L7284 T, Fig 1.2 OF10 X 912 430, 530, 685, 740 nm T2 B — 27 73 H
Bld 2,
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Relative fluorescence intensity
S

0 300
Time [s]

Fig. 1.1 An example of chlorophyll fluorescence induction kinetics upon illumination of
a dark-adapted green leaf. O: origin, I: intermediate, D: dip, P: peak, S: first steady-state,

M: maximum, T: terminal state.

Relative fluorescence intensity

300 400 500 600 700 800
Wavelength [nm]

Fig. 1.2 An example of UV induced fluorescence spectra of a green leaf.



1.2 EREDOHZRE

AN VAT D O ROGE 7 ma 7 4 )VEOEOFE RS THRANT % % < OHFSE (Table
1.2) 12z, 7aue7 o vEE s toR (EiE6, 1992), BHEE L F2EEOEV (Lichtenthaler
et al., 1981; Lichtenthaler et al., 1986; Lichtenthaler and Rinderle, 1988; Stein et al., 1990), IEDFKE
@& (Lichtenthaler and Rinderle, 1988; Shreiber ez al., 1977), HED A FEXME D28k, (Croxdale and
Omasa, 1990a; Croxdale and Omasa, 1990b) 72 FDOHIZENH 5, ZILH DAFFEIZ AWV B ILT-HEY
ORI, BN OIEY, BIARETHEIAY, EEPLOFHRIZT T, L7 nn 73
A M ERWEIE S 20, AREE WTZEOEHIE T, IR R EOEMI LM TH %,
F7z, FHEWBLG 2 EE CRME L 722 b W< 202% % (Govinjee et al.,, 1981; Havaux and
Lannooye, 1983; Schreiber et al., 1978; Smillie, 1982; Smillie and Hetheington, 1983; Smilliie and Nott,
1982), £ 1 -DIZ, Lichtentaler H (1986) A32ME L7z RA BN D %, RfdEIE, fov< -Dnn
DOHFZE (Méthy, et al.,1994; Subhash and Mohanan, 1994) THAEE % 72 A | L A DD M 12 H
WHILTWAHHZRIBE TH DD, RAEZEET 572 DIITRERICK 5 nhlz T 5 &
WO RIEND D,

HIART PV L HH5EE, BN TOERRND, AFEZRETVE— o7~
L REIE AN o TV D (Cerovic ef al., 1999) , A b U AR i & {503 5098 % Table 1.3 (2737,
UEe— by ZSOMHEETIE, GFE AT MLVOBMREZ R LTZFZE (Chapplle ef al., 1990;
Chapplle et al., 1991; Gitellson et al., 1999; Lang and Lichtenthaler, 1991; Lang et al., 1991; Stober et
al., 1994; Subhash et al., 1999; =it 5, 1995; Mf 5, 1997, @5, 1991) 3H Y, I L&, A
TEIZRI DAY MV E BN L72#FSE (Chappelle and Williams, 1986; Mineuchi et al.,
1999; Saito ez al., 1998; Hiffi &, 1993) 23& %,

UIED XS, MBS LAOEART MVICBET D083 8E < H 50, BREREDEIA
DFFEHB LW NA R M E X DBORME, BIRD A N 2HE~DISHZ B &
U 72 BT & A T AR I R 72 B 70,
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Table 1.2 Studies on detecting plant stresses using chlorophyll fluorescence induction
kinetics.
No. Stress Reference
1 Herbicide diuron Krause and Weis, 1984; Krause et al., 1982; Shimazaki et al., 1984
2 CO, Krause and Weis, 1984
Govindjee et al., 1981; Havaux and Lannoye, 1983;
3 Water
Lichtenthaler et al., 1986;Wiltens et al., 1978
4 Nutrient Subhash and Mohanan, 1994
5 SO, Omasa et al., 1987; Shimazaki ef al., 1984
6 O3 Schreiber et al., 1978
7 uv Smillie, 1983
8 Salt Smillie and Nott, 1982
Méthy et al., 1994; KJIE « 41, 1993
9 Temperature o ) L
Smillie and Hetherington, 1983; =#& &, 1992
10 Air pressure Lichtenthaler and Rinderle, 1988
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Table 1.3  Studies on detecting plant stresses using fluorescence spectra.

No. Stress Reference
1 uv Mineuchi et al., 2001
2 Water Chappelle et al., 1984; Valentini et al., 1994
3 Metal Banninger et al., 1990
4 Herbicide diuron Kim et al., 2001; Chappelle et al., 1984
5 O; Kim et al, 2001; &iffi 5, 1993
6 Temperature =G 5, 1997; Takahashi ef al., 1994
7 NOy Takahashi et al., 1994
8 SOy Takahashi et al., 1994
9 Nutrient Chappelle and Williams, 1986; McMurtrey et al., 1990

Lichtenthaler et al., 1982; Stober and Lichtenthaler, 1993;

10 Light
Valentini ef al., 1994

11



1.3 HIROBEERIXDER
ARFZED BN, RIS OB B A 2 T 272012, BIARDED 7 1w 7 1 VEEE
LG LAY M VR, EREORILEEE O LIFIETHIEL, T0O7 —% & E&
A L CEBREE A N L AOFEAYET L BIN AT D 2L Th D,
AR TIE, BB AE S5,

(1) BWIRNC 7z 25905085

(2) HEKEIL7 EIT L DARKRZ

(3) BAI L BN A~DIEAIZ X 2 Wi 72 YR E DK T

(4) FEIDIRNEREE
U4 5>ORESRIETICE Z & T (Fig 1.3) BIRICEEA L 2% 52 5 FREITV, £0O
WA LIFIETHRAT S, 4 DORESRMEOPBELZFRLET, BIARDERER b L A~DIRE
D D 120, MR R BB R & 5 2 FERT %, FROFEMIZ OV TIE, HFETERD,
MMZT, BAAERME CIIEESCEDOLEAL VAN T 2 Z LNEETH LD, ORI
BT D, ZOBE, A NVRHED Y 7 b U =7 720 TR, EHEOBREEL L OEER 25D,
AR LT
VAR, FRIZFRR L7 W6, ABFE TV D A b LR EI3IEAEMI e PR i B 5545 (M R IR 5
DA NV AEIET,

(1) Long-term low-irradiance
(2) Water deficient
(3) Abrupt drop of light intensity

(4) Non-seasonality
—
-
7 4 i Q

| o L Il

Fig. 1.3 The primary environmental factors which atrium trees should experience.
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K TR D K 5 IR SN D,

H1 =TI, B ORI 5 & B, 36 X ORIBEMIIZE 2 HilThoTs sl > Tl
N, AHFREO BRI TH DBARD A N U ZHEEMHESLOMLEMZ R L T D, A b L ADOFE
PHETAFEL LT, LIFEICLD 7 v 7 0 Vi EOFEHEISG L a0t 2=y MVAIE %
B L7ZBBICOWTHIRRTNS,

F2ETIE, BRI LIEBARICEE SN D RHIDEA R LA LKA FLRIZHONT, 7
B0 VEEOFFEME S L 8O AR MV THE LR R AR RS, S E G oM ERS
REFHIT 2 Rk & LT 2 IREREIEZ IR ET .

#3 BT, BADDEBEANSOMARHIAE S DM/ CmER FIck 5 A ML 2 &2/
THEDIC, BMAEZKRETICEWZERICOWTHHRD, BANKEFTCA N AE2ZT 5
Barnn 7 VENOFEHHRL L > TR 5,

B4 T, RSN FHAMORVERE NICBIT DBAROZEREZ 7 v a7 1 VO
BRI L - TEIN T %, 2 2T, BEMERRENT T 2872237 A =% MM EZ 2%
T 5, Mz T, R—=F T NAEEEOFEICOWTHIRY, TOEMRMEEZHRHFT 5,

BSETIE, NI A—F MMIZE DA ML RHELZRET D, BRIEA N L AZZITT2BARD
WEOHGHBIG % /3T X — 5 MM T L72RE R 2R, £ OREREZHEIZED T2 A b L AHE
FIEDOZLMENG, NT A —F MM IZ L5 HEDOHEMWEETRTRT 5,

BALITH 6 ETIE, AMEOE & LIS, S%OBEITOVNTIRN, Rl ks,
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B $£52F RPFEAAFLRAEKRA LR

FT2E EHBEEAMNLREKRFLR

2.1 [FL®IC

ARETIE, BNTHESINDIHMEREE L AKKRZ OREN, LIFIEICLS7 007 4 V@O
FHEIBI G LB AT MUCE > T, BATE 50 &R T 5,

BRESRORIREZ =T 27 M) ULATE, HEKIRbEBSEETLIERNTHL, TR D
LIRAEHI L TEHTH LD, BEIZ L > TUINEDORRIC L > TEF TERWGAEN
o, £z, BARITEHREKZE>TEET D, Z<DOT P TATE, #A~v—Il2&o
THEAKRZHIE L TV D R, BRCREOMEESCE OIEN ORI CRKDME L L5812, BER
DKRZIZEDA NV RAZZTHZ ENEZOLND,

ZZTARETHE, FIORTEHHEA L RAEKA R ADEEEFRDLFEREITH,

(1) BIARZRHIEICOZ Y 9LEREE T CAT S 2 FER

(2) BEIKRZ %G 2 2% FR
IO OERIZEIT LG, LIF EEHAWEZT e 7 o ba eFEBIG L 3ok A X7 b L
IZE > TRATTE 203 %<5,

TG L AT DU L DA R, BIARD A L AOFE WA HET D Hike L
IS N

(i) BB LOKA L AORITIG Uiz #e R o2 b

(i) FEAIZEND L0 BVastifmoZ(t
D2 HBRATE DN E o THWIL, A RURHEEE L TCOMMEE T 5,
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B $£52F RPFEAAFLRAEKRA LR

22 MMETE
221 REAFHEARA LR

FEERIZIX, BE 34 m FBRIED 7 X/ % (Cinnamomum camphora) & 27 713 (Quercus
myrsinifolia) ZEM L7, Z® 28X, HAOARIZ I X SN TH D ALK E
WV, 2B ORIARIE, S ITHRORAFERM R IV T, Bniha W ORRE 2R L7
RERXN T S FLL AT SH 72, BRX OB % Fig. 2.1 12, #FRBRXOFERELEA A
St AR (PPFD) % Table 2.1 12737, 723, xtMRX ORI PPFD 1%, BM% 1 H 12
Kif] & L7 BAANCTOFERETH Y, £ O URIX OB 3o X O F2HIE & F& k) DI D
HROTND, S60~S98 D=L, MW OHARIC Lo THIBRS D, RO R 55
M BB DED 2 LIC kT, BRI EOMBRIX 2 5% E LTz, 5 BRSO
DOHFT, B b S8 ICH 1T H4EM Y PPED 13, SN TOMMNWEIEEIC LB IR (R
B224%, 1999) & [FIFREE DY ICEE ST D, 1996 4E 7~9 HICH 1 [Bld 7 vu > ¢ L
HOREZIT, ZD 3 r AMOFE %2 RkHT=, WEIZIE, 1 DORBRRHT-D 5 BOIEEME
HL7,

72%5, Table 2.1 (TR d 5 BRFEDTRE THIARZ AT SEHR, BB hL 7 2/ %
1, S98 (EEFR 98%) DB TIZAFT TEFITMIE L, £ T, MK, S60 (=R
60%), S83 (HEN:#E 83%) F5LUNS93 (HNE 93%) D 4 RMEBAX DME LT > 72, I/
ENDYTHYOUEBIToI, T H UL, S98 THAIE LR o7=DT, 5 BREOKIRE
D HAFEAZ:, KX, S60 35 LY S98 DIE AT 72,

HELEE OB LOHEFINRIC DN TR D, MEEE N FRENICRE S, e
TNTANFICEy NLTHIET DV AT LA THDHZ L, MIEEEBNATETICHDZ L
DHIFIO T2, RFEBRTITBIARNOIELLIL, S<IXHr b AREENIEAL THE L, &)
BHIAESL T Y o 721, #@aBi<izobly nx b /o ~— "\—Z F /L Ta A THRi#EL
E=— VRSANTPRDIIEAT B — /LRy 7 AN L, ECRERGTE TEAL, Ay 7
VTN OZER S TR TICE Wz, ERE ORBHIEOENZBL <Te®, T3k
whHZ, $7-8CORE N CTHRE L, LT D 30 AN EIRICERE Lz, WIEE, ORI
2D 36 BFFHILAICAT o 7, IEOIRTT & EAAIERNIZE £4%5 Rubisco DSUSIZHE L (K
1, 2002; Ramalho et al., 2004), #FEHTRI & EE LT REMDN H 508, TN ToOME%E
F—RIFETIRO B> TN D7D, BB O RFFEME G2 i TE 5 L& T,

IR OMNERFZIE, BRELZZBEZEN TV Y, 810 nEdahn /o N—/"—Z 4 v
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TEI, TN OIRE LT, B 7 v Z2 v b L, 20 R ORFLEE 21T - 72, BFALERTL,
T L—P el L, MEERD D OSOETRE DR 2L 2 lE LT,
AT FVORE TIE, BN T Bo TREL 7+ v 212ty B L, T2EBICH

ExEIT-> T,

222 KRRLZR

FERITIE, KEHETOHEE L T RWIRIEECTEIMNIAEFTT D, 7A /XLy I DS
BAIBT oMW, 77 0 LatOFEMBIZIE, 1999 4 7 HICHIEZITVY, HE A
7 MU 1999 4E 1 AICHIE Uiz, BEXIEWRET CUI0 Blo 7=k, ZEM& T (IR 24°C, Xt
1 40%, PPFD 13 umol m™s™) (Zf4fE L, MEff&EIC & &7 5 A& (Shimadzu, AEU-210),
B A7 (MINOLTA, CR-200), #HEMHIGE L OEEARY MV OELZRIE LTz, HIEX
LAYV Moo ESGE 0 E L, Z0%I%2 KB 12, 20 FEffE% £ TITo 72,
FEBRIZ, HERDRINZDIVZIE LI X5 256, BIARPKA ML ZAZK L L ETITE, £
WIFER )b EB 2 bD, T2 TIEAKA R U RITKRT BRIARDISEEHE 23D 57291,
LYY Bl THUE T D72 K A b L A% 5 272,
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98 DL 000 E
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EES
e e
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1 T X
Z g
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(b) Cross section.

Fig. 2.1 [Illustration of outdoor shading experimental site. Trees were enclosed with

cheesecloths with different shading percentages shown in Table 2.1.

Table 2.1 Shading percentage and PPFD of each treatment. PPFD of the control was the
annual average PPFD measured outdoors, assuming daytime to be 12 hours per day. PPFD
in each treatment was calculated as the product of PPFD of the control and the shading

percentages.

Treatment code Shading percentage PPFD
[%] [umol m?s™]

Control 0 660

S60 60 264

S83 83 112

S93 93 46

S98 98 13
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223 /0074 )LEXAFEHRRZOATE

7 mn 7 ) VESCOFFEHBROWNELERET, JEEE, BRI, B X OT — 2 LB TRERL
EhTwb (Fig 2.2),

JERITIE, 7 v a7 ¢ L ORI R Ot 2 8RS 2 @ke ¥R (continuous wave; LAZ, cw)
PR L — (B, TOLD9220, R R 659.2 nm, g 3.2 nm, 17 1 mW) ZfiH L, %
~DOANF AT 457 L LT,

BEERIE, BT V2, 6T 7 AN, LETHGEE (iR =2 X, R758), ~/VFT 4
VEAY (F— F=2 A, APC-204) THERLINTWD, BB #0201, L—I R & a0t
HHADKT 7 A NEAFTTHY, 7 VENNE, SNELDEDSAS LW EEIZ /e > T 5,

W7 7 A NIPEERY AR E 738 nm DT 4 v & (HAEZDLYE, B 20mme,
DR 738 nm, AEIE 3.5 nm, i 84%) AT L COEEFHEEICTRAIL, vV TFT 4
Z A PIRAE LT,

TN ORI, HE T A= 8D, T — X WP TH 53—V Fa v a—# (NEC,
PC-9801RA) 2L =T, L—H WG & FRFIC 192 PR O HOERE DA L& AT 5 K 9 12
HshTnd (EiEH, 1992),

HIER R %2 738 nm (Z LIZBBIZOWTRAD, Atz RE L0 r7ma 7 0 uhb
DEIANRT FUZIE, 22O E—27 (685nm, 738 nm) 236 5, FEERBILAATIZ, 685 nm, & 738
nm O 2 WRAZFRFCHE L, @A (LA iR U2/ R, Fig 23 1R T X518, £ O
ARG — AN AR e oTc, 22T, 738nm IZ[RE L THIEZITH 2 & &
L7, 2, ARFERTHEHLZRBIRKE 659.2 nm O L—H D54, 685 nm {11 D RN
REIZ AL DR DFEEN T H AN Z 2 b, ZhZEET 5720 Th D,
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Personal A
computer

i |
p
h

Trigger generator Multidigitizer

DC power Interference filter(685 nm
suppl
PPy —I]— Photomultiplier

Bi |Diode laser (659.2 nm) Interference filter(738 nm C

—|]— Photomultiplier

‘\Optical fiber
>

/ﬁ Sample

E Sample holder

Fig. 2.2 Block diagram of the measurement system of chlorophyll fluorescence induction

kinetics. A: data processing unit, B: light source unit, C: spectrophotometry unit.

738 nm
685 nm

Relative fluorescence intensity

0 5 10 15 20 25
Time [s]

Fig. 2.3 Comparison of the fluorescence induction kinetics of a leaf of C. camphora at 685

nm and 738 nm.
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224 BWIEARY MILOBIE

AT R VORNE LR, JEIRER, 53 GRDERIS K OWENY L 4 THERL S T 5 (Fig.
2.4), JEIRIT cw Ar' L —H (NEC GLG3028, 351-364 nm, 20 mW) % v 7=, SR % 1.0 7
T, ERmICHH LT,

SIRDEERIZ, v —T Ty F T4 Z (RE,L-39,L-42) 072067 7 4 28, Zptds (U
Y — GG, MC-25NP, BT 150 A/mm, 7' L — AP 500 nm), Image Intensifier {7 & &
A A — K7 LA Kgs (Tracor Nothern USA, TN-6133, 512 3% 7), MDS (Multipurpose Data
Processing System, %727 / hm >, SK-300) THik I, X—YFrar v a—4% (NEC,
PC-9801RX) ([ZX - THlIfHl S TW5D, L—WhEEZ O N TE, Mk R,
AR B AR E TO 418.7-7542 nm TH D,

BB T A7 U T, EOREEEIZH L TA TR 7 ANZROHITHZ2 DT

XHMEL R >TVD (EES, 1995),

A B C
Shutter Multipurpose Computer [
controller data processing

system

Diode array

detector
(351-364 nm) Monochromatot Plotter

Cut filter
(390,420 nm);
Optical
fiber
Mirro
"\ v .
Electromagetic S | Printer |
shutter ample
holder

Fig. 2.4 Block diagram of LIF spectra measurement system. A: light source unit,

B: spectrophotometry unit, C: data processing unit.
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2.3 2 REBHBCKIC K SFEHEZROTM

U—YHIZ L - THE S N80klE, A ROPIHEROBILELKSIZE $ 72> T, Fig
2.5 \RT L 9IT, BhEEHRKNBIAAE R IRV Ik Z R L (P), —H, WENEE L%, 7
OHOEBREN ERH L (M), ZO%, SMETESHICHETS (), ZoZrnu” o vEko
FHEMB LI ONWT, FhEERNLG D 192 BRORIEEZIT -7z, HKDA h L A% 52
T DR R UG R, ZORENE b IIHICEN D OIX, B O RS
D M ZHRET, FERMITHIETRE 2B S a0 2 Th 5 2 LN bhr oz, BhE SR
524 Mg OME A T EERT D, 024 H DR TSH, FHBIUKA FLRICEDE
NIETHY, TOEOFmNES Th DML, BXLE 5 BRICHETLZ M 25 TF
TOXBZRT 524 BB TH -T2, ZOXREIL, HEFAROERTICEITS Qand, QallfED
BAREREF OB L Z T THELSNDOREZ KM L TS (Krause ef al., 1982) L& %
HILDHA, T2 TIHEET 2HBROBIROAIEH L CGHIiZ1T o 72,

BIEDOFER, BB LOKA NLAE XD Z EICE > T, M-TREICESEZ B2 S FRIOD
BRI R TBIRICZEE L T 2 ¥binotz, & 2 TR E 3 Tl L,
UTELEER EOZE AR, TR OMRER K OE#EOME 2 i 5 2 L2 ko TRl & 1T
Dfz, TIVEE 2 WHMEIELE T 5, 3 IRATEL LB i, EREMHICL 729 M-TOF
WROZICED S, ERLLZEDO RPBIFEAEDERE 09 L EDHEEZEY, M-T% L < %
L7zl Th %,

AT, PHMEFIEZ =3, sFEHEBE 0 5-24 B Oih# 4 3 RATERIL, (1)AXD a~d D
Ha155, Riffl[s]Z x, MAxt#EmEry &35 &,

y=ax’+bx*+extd  (a#0) -+ (1)

(W& 2 [y L, 258 mo x JBEE (Ip) ZRD 5,

dyldx’=6ax+2b=0 L 1< &,

Ip=—b/3a (a#0) e (2

() D a B LT Ip Ol 7 7 ER X [#] 6 K OESRHU% 00 i e Chbige L 7=,
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Relative fluorescence intensity
=

0 5 24 192
Time [s]

Fig. 2.5 An example of laser induced chlorophyll fluorescence induction kinetics upon
illumination of a dark-adapted green leaf. O: origin, I: intermediate, D: dip, P: peak, S: first
steady-state, M: maximum, T': after 24 s state, T: terminal state. M—T' of induction kinetics

is analyzed by the second derivative method.
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24 H#HR
241 #BZEE
B OB HIE £ TIERFH AT 5720, TOREEHRT L2 R LT 7,
AR, RERZ BRI, ST S AREETT~EAER, RIS B Od0t O EHE L =
HWE 1 BE), Uk C, -I% 2~9 B B £ TEA, [ ZEERFZNCHE 21T > 72, i,
PR R 2 RS HOLTRE LR DTER 2 xR & L, FFZ 0-24 PRI D O-T'OJRIRICIER L
Too T DORER, TREUE 48 FEFLIN THAUTFEWHGZIIRE < B LW 2 & 2R L7 (Fig.

2.6),

242 F2REEPEICLDIBHAR FLRADEEDRE

7 A XOUERERE Fig. 2.7 (@) 12, TV OFER%E Fig. 2.8 (a) ([T-d, TOREE,
596 FCABSEBAIZE, P-M MOEOGIRE DA L, M-T'MW OB =2
WA~ E L, RERIOEHRRICR D Z ERbh o T2, M-T'Z AR OFHMBIEIZ LV 5 2
UOERIE TR T & Fig2.7 (b) ,Fig. 2.8 (b) DX HITb, ZOFE, FBX TiLa<0 TH 5D
DIZHF L, WEHRDE N $93, 98 Tl a0 7R L1z, £77, a>0 Th AN T, dy/dx’=0

TR B Ip DA T 5 & ENRROEORBRIXIEE Ip BN RKEVMEZ R L= (Table 2.2)

243 BHEARY MLIZKBBHAR FLRADEEDRE

AEBRFONIREIC L DHHART R OEWE Fig. 2.9 (239, HEA7 FUiE, 738 nm
o v —7 2 HUEE & U TR LT, 3027 FVIZiE, 430, 685, 738 nm { 3T 2B & 7>
RE— 7 BSHBL U7z, BBRIX OEWNE, 430 nm o v — 27 126 b K <Blh, sHRIX THRb K
SUMEZRL, EXRPEVRBRKIESEDEEZ R L,
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Fig. 2.6 Changes in induction kinetics of a detached leaf of C. camphora. Days are the

durations after the detachment.
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Fig. 2.7 Effects of shading treatments on (a) induction kinetics of leaves of C. camphora,

and (b) the second derivative of 5-24 s curves shown in (a). For Control, S60, S83 and S93,

see Table 2.1. The vertical bar indicates £SD in (a).

26



Relative fluorescence intensity

0.010
0.008
0.006
0.004
N: 0.002
0.000
-0.002
-0.004

ldx*

E REHBHERXMLREKRFLR

Control

(b)
Control
S60
so8—
0 5 10 15 20 25
Time [s]

30

Fig. 2.8 Effects of shading treatments on (a) induction kinetics of leaves of Q.

myrsinifolia, and (b) the second derivative of 5-24 s curves shown in (a). For Control, S60

and S98, see Table 2.1. The vertical bar indicates £SD in (a).
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Table 2.2 The coefficient a of Eq. 1 and the inflection point /p (Eq. 2) of the curves in
Fig. 2.7 (C. camphora) and Fig. 2.8 (Q. mysinifolia). x not calculated in case of <0, "y not

measured, z withered and dead.

C. camphora O .mysinifolia
Treatment code 3 3
als”] Ip [s] als”] Ip [s]
Control —6.0X 107 "X ~7.0X 107 "X
S60 2.0%107 -0.7 2.0%x10° -83
S83 2.0X107° 5 "y "y
S93 4.0%10° 13 "y "y
S98 2 2 4.0%10° 10
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244 F2REBEABEIZEDKR FLADEEDRE

SEERBR AR HIRFRHIOFEIZ & b 7220y, FFEHIBL RO MR EHRRE R LTz, 7 A %D
fik % Fig. 2.10 (a) "9, sHEHIEGOMMRA S 2 YCERISUE Tt L 7o k5 R X Fig. 2.10
(b) DXL/ D, FERBALAEE (0 h) 121X, a<0 TH DM, KA ML RAZH X THDH 2 K
HUPBE (2-20h) 1TiF a0 Z T HER E R o7, Ip EICIE, FEREEIZE 72 5 —EDO[mIX
B HiIe o7z (Table 2.3),

Fig. 2.6 (21, ¥l & h <708 0 0 28 fc _X—/X— % A/ Ca A CR#E L - 32O FFE ] E
BORBENERLTND, ZOX )TN O LT, FEMHELN 1A LICk
AR

A ML RAZEH ZI200EE) OWIEZ L TWRWA, Fig. 26 0 1 HEE 2 B AR K < 21k

P

BT HZ bbb, £2T, KARLZADOERTIL, xHBIE (F—50TTK

L72RWZ LD, Fig 2.10 TIHK A b L AT 20/ 2 & DISERHGLN TN D L& 2T,
ABEBIFRFRE ORI L7223 > TR LTEDIZXF LT, a2 ERBEMG S 10 FEf% E T
ERE RN ENT, KA N ZADRETEANET H120%, B0 2 EHB L
7= (Fig. 2.11), ¥ 7 B ¥ THRBEOFERE NG 72 (Fig 2.13, Table 2.4), 7272 L, Db
AEBEORE L bIZBZEIN (Fig. 2.14), 0 R H & 10 R & 2\ % 20 FEFZ OFED

FE7-% Fig. 2.12 & Fig. 2.15 ([Z”"F,

245 BHIARY FLIZEBKA FLRADEEDRE
FER A Fig. 2.16 (23 ¥, FEBRBHLARE & LT, 20 RERB OEE A7 hLIZIE, 430, 530 nm
FHED Y — 27 BNRE L RAHMEBNH BT, LA, 2-10 BERRGEE O 2 kiE, BAREIC T

T&ERhol,

246 AR MLRADEELFIMIBZEDOER
RO S L OEHEOEAE AT, 7 u o 7 0 VEEOFE S 2 30 L 7= f5 R,
FIHA RV A LKA NV ZAOEBITRO LS ThoTo,

A L ADERNW AR TET &,

SR 0% D & X a<0
< YR 60%LL Eod & X a>0

Flo, ANV AEZBEZTGAO pMEIZEL T, >0 D& &, pENAREWVIZEFHLEA
h LU ZADEEEZ T TG & WA DT,
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KARLVARE, AMVAZEZT-FEFBTROL IR TZENTE T,

- 0D & & a<0
< 2 IFEILL B & &= a>0
Control (a)

S83, S93

L

p =

(b)

Control

Relative fluorescence intensity

500 600 700
Wavelength [nm]

Fig. 2.9  Effects of shading treatments on LIF spectra of leaves of (a) C. camphora, and
(b) Q. myrsinifolia. Spectra are normalized by the values at 738 nm. For Control, S60, S83,
S93 and S98, see Table 2.1. The vertical bar indicates £SD.
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Fig. 2.10 Effects of water stress on (a) induction kinetics of leaves of C. camphora, and
(b) the second derivative of 5—24 s curves shown in (a). Times [h] in figure are the lapsed

time after the detachment. The vertical bar indicates +SD in (a).
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Table 2.3 The coefficient a of Eq. 1 and the inflection point /p (Eq. 2) of the curves in
Fig. 2.10 for leaves of C. camphora. Times are the lapsed time after the detachment. x not

calculated in case of a<0.

Time [h] als?] Ip [s]
0 -3.0Xx107 *x
2 2.0%X10° 12
4 1.0x10° 17
6 5.0x10° 7
8 3.0x10° 3
10 7.0x10° 14
20 2.0X10° 33
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45 1.0

Color difference [@]
Fresh weight [g][O]

35 0.0
0 2 4 6 8 10 12 14 16 18 20
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Fig. 2.11 Changes in fresh weight and color difference of the detached leaves of C.

camphora. Time is the lapsed time after the detachment. The vertical bar indicates £SD.

(@0h. (b)20h

Fig. 2.12 The detached leaves of C. camphora after 0 and 20 hours.
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Fig. 2.13 Effects of water stresses on (a) induction kinetics of leaves of Q. myrsinifolia,
and (b) the second derivative of 5-24 s curves shown in (a). Times [h] in figure are the

lapsed time after the detachment. The vertical bar indicates £SD in (a).

34



B $£52F RPFEAAFLRAEKRA LR

Table 2.4 The coefficient a of Eq. 1 and the inflection point /p (Eq. 2) of the curves in
Fig. 2.13 for leaves of Q. myrsinifolia. Times are the lapsed time after the detachment. x

not calculated in case of a<O0.

Time [h] als?] Ip [s]
0 -4.0%X10” *x
2 8.0x10° 13
4 2.0%x10° 15
6 4.0%10° 17
8 9.0x10° 15
10 4.0%10° 17
20 5.0x10° 13

35



B $£2F ERHBENAERILREKRFLR

60 1.2
e O 1.0
Ch O
2 0.8 =
250 | =
3 0.6 &

5]

= 45 ) =

104 =

S 40 | o =
35 0.0

0 2 4 6 8 10 12 14 16 18 20
Time [h]

Fig. 2.14 Changes in fresh weight and color difference of the detached leaves of Q.

myrsinifolia. Time is the lapsed time after the detachment. The vertical bar indicates £SD.

(@)0h, ) 10h.

Fig. 2.15 The detached leaves of Q. myrsinifolia after 0 and 20 hours.
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Relative fluorescence intensity
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Fig. 2.16 Effects of water stress on LIF spectra of the detached leaves of (a) C. camphora
and (b) Q. myrsinifolia. Spectra are normalized by the values at 738 nm. Times in figure

are the lapsed times after the detachment. The vertical bar indicates +SD.
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25 EE

Fig. 2.7~2.9 OFERIL, 7 v r 7 o VENOFEMBIL O 2 YOERSIEIC X 2 b Es L
OHIEANRT B, G9HA PV ADKEERMTE LI AR LT, EHLDOMERRD,
BIEA RN L ADEBOKRMNBAEETH 5,

KA N L ADOERIZE T HFEHERROEITIT,

OARRT v v LOIET
Q@KALDOPAH &G RGHEE DR T
D2 ODENEZOND, OIXEHENRKRIRZTHY, QX _RNREETHD, T

U LICEBWTHEKDMEIE LEBRICIE, @BETRE, OOFENEND & PHTE 5, AER
TlX, Fig. 2.11, 214 [R LIZABEEORD G, Y10 Blo 723E0 D DKy DZEFE R T X
Do ZOZEMNDL, EIZODKA N UARPDS TS AIREMENEVY, ARG 72 RHE T H
L0, TR DLATHEINDKA N AZFERIPTHIL TNDH EEX HILDH, Fig 2.10 &
Fig. 2.13 OFERIL, KA MU ADOREE, FEMBIGLE 2 YOEEBIETHIT LR TE 5 2
EERR LT, BT A FOFRRTIE, BREICEENHENLH, 3T 2 FRROE %I IR
a \ZBEN BN (Fig. 2.10,2.11), ZOFEHRIE, EOOELL Y B, KA N L ADFEL K
HTCEDAREMEZ B L TV D,

FHHA N L ADEEL, BHALT ML TH I un T 4 VR EOFEH L T HRMTE -
DIZHKFL, KA NV AOEEL, 7 un 7 4 VEtOFEHBIR T LEa TE 20 -7 (Fig
2.16), WIARYT ML TKA N L AZRMTE R0 o B HIE, AEBRTEH X728 9 22 mlin
IRKA R VAT, ENOBRERIZEBEZ bRholclcbtEZX BN,

7 U U LTI, MO LD RDEEICEIARD A b L ZADOFEZHE LR2ITER 6722
WZ L EBEZDLE, RO BMICIE, 7 rna 7 ¢ VENEOFEMRENE L TWDHE N5,

WHEOFFEHHGT, 5-24 PR OFEHH L2 3 kA TP L72%, 2B#s LT, &
BANZRHIT 5 2 &N T&E 2, Z ORI LEZRBIERFEIE, Lichtenthaler & (1986) @ Rfd
EORERRID 5 I Th D DI, 24 B & HEWEHEE © > TV D,

55 2 POHBIEGEIC X DSBS ORI & 330 H DV ETAKA S LR EOBIMRIE, LTO LD

ICE L OB ENTE A,
« ARV ARAZZITTOVZRUVIRRE Tl a<0
« ANV RAEZITTODIREETIX a>0

IpfEI%, a>0 D& X, IpEPREVIEE R b L RAOZEN B MEIA 2R A REE DR & o 72,
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26 FEH
AETIE, LIFIEIZL S mn 7 4 VAOLOFEHER SR LAt AT b0 2 SDOREFIE
[ZOWT, BRSO Z ML ZADOFELHES 5 FEL LTORREEZ B LT,
BNTEBTHBARICKEID 955 8A FLABLOKA ML AOREL, Z7aa 7 4 L#
SEDOFEIFR A 2 YOHBHGE T T 5 Z L IC K> THRATE 5 2 L 23R LIz, $2 K
HRASIETHNT S 5 &, KEDIT U OIS 2 &4,

(i) 9B LUKA b L AOIREITE U721k

(i) ZFEAIZHND LY RORHoZ L
AREITE D 2 L2 L, BEEBREH 2 YVOERIEIE TIIT§ 2 71508, A b L AHIEE
ELTHYTHDLZ EEZH LML,

39



FI3IE BRLEABREDETICESIAMLA

3.1 [XL&HIZ

32 #MEEAE

3.2.1

322

323

BEX LR

70087 4 VEAFEHRROAE & fRiT

ERBESEDRE

33 R
3.3.1

332

FEHRR (2 REEHE) 00X

EARESENEIL

34 ER
3.4.1
342
3.43

35 FEH

FEHRR (5§ 2 REBEHE)

EARSE
FERRAR (F 2 REFYER) LERAESEDOERF

41

42

42

42

43

46

46

46

54

54

54

57

40



B ¥3E BRGABENETICEISA LA
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3.1 LIS

ATECIE, LIFIEICR D7 nr 7 4 VEEOFEMB L OH 2 YEEBIEGEIC X 2 e,
FIHA R LVAEKRA NV ADWIFEBINTEDLZ &0 b, A NVRHEESE L TOMEMEZIRR
L7,

KRETIE, BADPOENSBAREZIMATDERICA LD, W2 LiimE O T O E OB %
oAb, AIE TR EHIMICHIE 2596 A MU A LB L, BIARDOKIGD 72 25 AIREMEN &
%,

EbImVEREDOZE(LE LT, BNEEA~OIELHIMZ &2 TR 2562 8ET 5,
SREDEAICKIT D, HRNRICEFGDHT2D, BARZETICENTHEA N 24252,
7 wan 7 4 VENOFEB L OB A 2 YA BIEGE TN %,

E DI, FEMBLIC L DWE L OFET, ENBEEREOREETT 5, ENICER Sk,
JERENTH Y (Austin, 1972; 5l 5, 1995), TNEFARDL T LICE-T, HREER EBR
BEER ORI Tl A MPEM ORI b HERT 5 2 L3 TE 5 (H, 1977, IR, 1996),
ERA N L RAICKT 2, ERNOFERIEFEOZ B0 ZEES, HEHHR L LT, I

B2 ML RTHTDBARORINEELZT D,
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32 MMERE
321 BERARLA

FERITIZ, B 2.5-3.0 m OFRRILER DO, BICOBIND Y ~ET (Myrica rubra) 3
KERBHI DI ND T v 22 (Ternstroemia gymnanthera) 5 R D FE X OEfE % A L7=,
INHORIARE, WA%BIZ 6 7 H~14M, SIXTTHNORITET I E/-%, IRITEH
MHWRE/R /' — A F % 28 (i 3,600 mm, HATE 3,600 mm, S 7,000 mm) PHIHA L7z,
7u—2Fx NI, MR ERTTWDT B U LAOFERFERITE TH D 24C, 40%!(ZHl
L7, JEREDIK FICx3 2I8E 2 H D 5720, Fx o SNIZRIZ &, L7,k
BTy~ 201 7 A, Ty a7 %28 1.5~2 r HEIZbTe > TEE, BIRPE LWIEE
(2B D ETHT 7o, WERAPEOHIFIIL, sk Lo BSOS CTHEK LT, Fv 7SN
JEICRETE DIRROHBEN IR TH o722 000, £7T 3RO EREITV, FEROKE TR
KD 3 k% T v U NSNARAL T, IEREREZIT o7, Gt 8 ROBADIERIL, K8 » HD
W%, #%Tilk~_2 A-C HD 3 [T/ TITV, T v U SNARAT D ERTE TR CTEE
SH¥7, Table 3.1 IR T X1, AMIZ4~5H, BHIZT~8 HZ L TCHIT 10~11 HIZHE
i L7z FEBRICHWEARE, ARIZY~EE, BRI CHIZFETY22THS,

WERA N 22 BT WBIROZ b ETR D701, FEBREMEZ OB XLZ 20 HEE T
1 BBEI, TRURRICITHEENE LS Rolclc®, 6 BB EICELRINLAIEZIT 72,
L2 HE, 7ren 7 0 VEOLOFEMBIG 2 RE L%, FEZME L CEERiEs o~
NTT T IS KD HENREE BONEZIT o7, dOLOFEHHL L I CEAEZ /L b, 1 #
K120 3OELRE LT, £72, ABIOBHIOFTERMNHKET LIZRER T, BERA ML 2%
B2 % OBEERN IR T 20BN H D EEX, CHIZEREZIToTE Yy 37 3RITONT
%, EBREHEN ST ETOM, BIK 1 RICOXEEOR 15 KOESZHH~, FEBREMbETO
BER & bl U CHEDFE > TV 5 IS (LR—proportion) % 3R 7=,

322 70074 )VERFEHERDAE & FET

rnan 7 4 Vi NOFERH L OREIEE L, 2 3 223 HICERE L7-b 0 L [F UEE 420 H
Ui, 72720, B 7 4 v 2 FENCIEIRME (B8 ERT, BW-4, SC-18) b DKtz @mL, 7
FVHEE —EIREIZ L, BEREEZ —EICROZ &N ATRER G ICEE L. (Fig. 3.1),
PR U 75BN, Help 2 B <Tesh, EREYI D A2 i ieX— =2 L TuA TREL
Too 24 CITRE LTZRAB 7 # VX WNICEEZ® v B L, 20 0B OB 21T - 72%, L —¥ %

42



B ¥3E BRGABENETICEISA LA

ML, FREBAAE O 24 RO DOZEFR I O OFETI L 2 1E LT,
HETHELNHOREE AR, AIFE TR L5 2 WEREIETHIT Lz, 2% a & Ip

DL, IpIZANS TR HZR CE RN oTelod, RETORMMIIRE a 2 Wiz,

323 EREEEDRE

HEM B WE L% OEE, @ik v~ 8277 7 ¢ (Hewllett Packard, HP1050) |2
L VIENOREEEZNE L, AERTIE, A/o—X, JLa—X, 7L7 h—AD3fE%
HExIG & Lz,

TR AT LT BOEN D 0.5 g 2 FF &, BAEHE L, 80% T % / —/WZ THi%hhi,
Lo EE (TOMY, SRX-201) (& &0 rliatlE ol 215 7-, Z O HiE= O (EYELA,
CVE-100) 2LV =X )=V ERELER, YZ7uur X o BIXORILES T A (Waters,
Sep-Pak PS-2 Plus) |2 CHasE, ¥ X7 EEZMY RE, SBAER LT, BEifEE L THO0 %
1.0 ml min™ O ETHH L7, & 7 2 (Shodex, SPO810P, SP0810) % i Loyt & 7= sk kH,

TRAEEYTEHMREIZE (Shodex, RI-71) (2K » CHfEE®R L7, F¥FIEE Fig. 3.2 1ZR L7,
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Table 3.1 The trees used and the periods of experiments.

Code Trees The number of trees Experimental period
Period A M. rubra 3 April-May
Period B T. gymnanthera 2 July—August
Period C T. gymnanthera 3 October—November
Personal A
computer
Trigger generator Multidigitizer

DC power Interference filter(685 nm
su[;ply Photomultiplier
Diode laser (660 nm) Interference filter(738 nm
Photomultiplier
B C
Optical fiber

w Sample
EI Sample holder

Thermocontroller

Fig. 3.1 Block diagram of the measurement system of chlorophyll fluorescence induction

kinetics. A: data processing unit, B: light source unit, C: spectrophotometry unit.
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B

HABEDERTIZEDA FLR

0.5g Fresh leaf

4

Crush
‘ CRYO-PRESS CP-100(Microtech Nition)

Add 80% ethanol

4

Centrifuge
I 3,000rpm 15min
Extract Precipitate

Evaporate 80% ethanol

imp Preservable sample in freezer

Add Dichloromethane

Centrifuge

I 15,000rpm 15min

Extract Precipitate

d

Filter
‘ Sep-Pak PS-2 Plus(Waters)

Filter
l 0.45 1 m CP045(Millipore)

Analyze
HPL!

Fig. 3.2 Preparation procedure of HPLC analysis of leaf sugar content.
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33 @R

33.1 FEHIEZ (562 REEHLE) 0%t

Fig. 3.3 IZERIZHAW Y~ EEOKF Z2Rm T, i DD LETOREBTERZITo 72V ~EE
DO AHIZEBNTIE, BERETFICRERICECOFEYHZIIRE B Lo 7- (Fig. 34),
52 YOHBIRGE TRIT L72RE R T, BEERX b L AOBEZIMICHAT 5 2 LT TE o
77

ERANAER LIREBOBAZ AW BHIOEy 2 71%, BEERA ML RAZ 52 2H0 A
P & b 7 o CTHOLOFEMHGUE LN A DTz (Fig. 3.5,3.6) . 8 2 WEBEEGEIC X 5
FrofEs, BEORBICE b2RoT, HoENE 2 EEEOHEE NENLIEICEIEL S 2 & 23
RENT,

Fig. 3.7 IZFEBRIZH W CHIOE Yy a7 D+ 4277, CHIOEYy 2 712iE, ABY~EE

DR L AR, FERBAMG TR OHOEOFEHHGIIA b 22 kid s b i~ 72 (Fig 3.8),

332 EAREENEL

WEEIT-T- A7 B—RA, J)a—A, )7 k=LY, EREBZOEEOEIT, 1X
FEFRBROMEM %2R LTZ, & ZCURRIE, T oo 3 ek L TiRsm~25,

EER AT TR EIR 2 <, BERA MLV RAZE G2 -0 BN EDRIZ N T, ENHES E
WZB bR B BT (Fig. 3.9), A 10 C #l2ix, EBRBAMERIC—H, ENESENMET L1,
—RpICE RN E L R BN BE SN (Fig. 3.9 (@) , (o)),

B, S HVIDICER LI-ERERER TR Th 5, ERAMOENESEIZA BIO
CHIL B L CRWEEZ R L7 (Fig. 3.9 (b)),

Fig. 3.9 (¢) OfEFE B, FEBREIMD 10 HEHNBE, ENESEN TN X 7RICK
ENIREDLZ N oT,
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(a) Before the dark treatment. (b) After 26 days dark treatment.

Fig. 3.3 The change in M. rubra appearance with the dark treatment in April-May
(Period A).
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2
é (@
= 2
W 18 gg;z
= 18 days
3 6 days
2 4 days
e 0 day
=}
-
=
5]
2
=
%]
m 1 1 1 1 1
0.010
(b)
0.005
~ 4 days
ke 18 days
N; 0.000 ﬂd&%—% days
= 6 days
day
-0.005
-0.010
0 5 10 15 20 25 30

Time [s]

Fig. 3.4 Changes in (a) induction kinetics of leaves of M. rubra in April-May (Period A)
with the dark treatment and (b) the second derivative of 5—24 s curves shown in (a). Days

indicate the duration of dark treatment.
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(a) Before the dark treatment.

Fig. 3.5 The change in 7. gymnanthera
July—September (Period B).

B %3E BREABRENETICESIX LA

(b) After 57 days dark treatment.

appearance with the dark treatment in
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2z
g (a)
E
3
5 57 days
2 22 days
= 10 days
S 4 dag,fs
&= 8 days
_“Z’ 0 day
k=
%}
m 1 1 1 1 1
0.010
b
0 day ®)
0.005 a
- § ﬁa%‘
=
S 22 days |
2 0000 10 days=—— ~
~ 57 days
-0.005
-0.010
0 5 10 15 20 25 30

Time [s]

Fig. 3.6 Changes in (a) induction kinetics of leaves of 7. gymnanthera in July—September
(Period B) with the dark treatment and (b) the second derivative of 5-24 s curves shown in

(a). Days indicate the duration of dark treatment.
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(a) Before the dark treatment.

Fig. 3.7 The change in 7. gymnanthera
October—November (Period C).

(b) After 42 days dark treatment.

appearance with the dark treatment

n
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2
g (@
E
S
s 42 days
> 4 days
@ 0 day
S 20 days
= g days
» days
2
=
%]
m 1 1 1 1 1
0.010
(b)
0.005
NR
‘ |
A 0.000
=
-0.005
-0.010
0 5 10 15 20 25 30

Time [s]

Fig. 3.8 Changes in (a) induction kinetics of leaves of 7. gymnanthera in
October—November (Period C) with the dark treatment and (b) the second derivative of

5-24 s curves shown in (a). Days indicate the duration of dark treatment.
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(a)
M. rubra in Period A
—@- Sucrose
- Glucose
—— Fructose

(b)
T. gymnanthera in Period B
—@- Sucrose

- Glucose
—— Fructose

(©)
\>KT. gymnanthera in Period C_
—@- Sucrose
—#- Glucose
X —/x Fructose .
—X- LR-proportion

(A

30 40 50 60 70
Days

100

80

60

40

20

0

LR-proportion [%]

Fig. 3.9 Changes in content of sugars in leaves with the dark treatment. Days indicate the

duration of dark treatment. LR—proportion in figure (c) indicates the proportion of leaves

remaining on the tree. The vertical bar indicates £SD.
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34 BR
341 FEHBER (52 REBHCE)

BHIDE v =1 7 D 2 YA BIEEIT K DMFNTRTRIE, ATE TR L7289tk KOVK A P LA
DB L B O E & OBEAARERICHEATE 5 LRET D &, KRB NO8HBEET
IR N L AORE)R D72 <, 10 B BURRIZITREER R b L 2ADREN G LTS FH Ok
BIRSISHHE -T2 B2 515 (Fig. 3.6 (b)),

AMOY~EE (Fig.3.4) BLOCHDOE Y27 (Fig 3.8) IZBW\T, ®IEOFEHEILIZ
BALDBIN R s> =D, BERA N L A% 5 2 B EI0RBINOBREED BRI B L KT
Lt Ez2bN%, ZOMMELE LT, BER N ZAERBIAFOENES BEOEVRZET bR
% (Fig.3.9), ZOFEEGEDE WL, FEIC L > TRULEERENNZET 2 ([IF S, 1978) 72
EOAND, BIMNIBIT HFH T L OKQIROER, ZhUl e bieos THEBIMICA L HIE
DR, AR, iR EOABNELOFPBEE B Z T -0 L HEERTE D,

AREBRTIE, RN LRICKTDHA T & DIREREISENR W ERE L, BATHSSY
RIERP LG EOWEZ LT, #4527 1 —2XF ¥ SN TOEMOFHEHHS
DOz@) (Fig. 430~32) 75, BN TOZEE LRFERZ L R &2 5 2 7RO S RVE 2 ik
HIZENTED,

342 ENEEE

Fig. 3.9 (a) BL D (0) KA LN LENEEBEO MY E5IT, ENESENRLTS L&,
T TV EORENITEBE O RNE Y, SR SNICE OMERE ~OIRKAET D LV D
W (B, 1977) 26, BFRA N L AL > CRABBEREIMZIL L, ZENBFS B2 L7z

%, ENITBME DN 7o Z LITENT D LB b5, FrICAWIE, FE2e{bx

=N

ZHFEAWITHY, TORRTRLH LWELZEICHNTWS, ZoR#liciy, £< Ol
T E BN EENIZIFIET D728 (Lasheen and Chaplin, 1977), Fig.3.9 (a) IZA b5 ENES &
DEANEZ ~T2EEZ6N5, UL, Fig 39 (a) ICHFICHAONDENES BN &
WA 40 XTI TH D,

Fig. 3.9 (b) (Z" T BHIOE v 71 7 ORERFES B EVILR & LT, BEEmBE, ok
PHERFE L oo Tz (IS, 1978) Z L NBZ bivd, EEBLE, ABIOCHIzEFHN
HAETHEEES EA Lo leold, & ARYICIIZENITEYE &2ME T2 (Britz, 1994)

O EHRIND,
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FR~ZHNZH T TUE, BEBIEMEME T35 v ) @i (W S, 1978; WE - 12, 1994)
WY, ZOZ LITL>TCHITHIT 2 ERIMOENIES &IX, AMHLW0ITBHIE TR
WEEZRLIZEBZ BN, £, AWICHT T, HHWVETHEOERICE bRoT, HENETH
WENL AR END Z LMD > TW% (Lasheen and Chaplin, 1977), ZDZ &b, A H
LIRBED, CHIOREEGED Y72 EF (Fig. 3.9 () 1%, BHL D IENITHME N L < &
RS, TORFRDED RS NT-Z EICNDLEZ RS,

343 FEHBEZR (B2 REBEHKE) LERNBESEOER

B WICkT 55 2 UOERIEE T LR8BS &L ENE S B0 Z2E 2 k4 5 (Fig.
3.10), HEERIZIE, RO BEOBIMNPRELLBNTZA T 0 =22\, A7 10— BTN
BARMLRIZESTIERFL, 8 HE®HDWT 10 A BIZIE, EXEMAE R LT, ORI,
B2 WEBS OB E L EANDIEICEE T, 5 2 WA OMATRE R & BENRES B X < it
ST D EN Do, TOZEND, BEENEEEZ AT & LEOEIREBOE(LERT
OLOORLZETDHE, R alZEDA NV RHED LRI LN R0 LEZBND,
Fig. 3.9 (¢) 720, EETIENHEZENEME L2V IR LIZE, KT LES7RZITE D
DN DiND, O LIE, 52 YCERIEE CRRNT LSRRI, YEEEORTICRIAR D
REDEAIZ L DA P VAR TE D AlREMEAZ /R L TV D,
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BIGHESEEDETICESRA LR
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Fig. 3.10 Changes in the content of sucrose in leaves and the coefficient a of the second

derivative method of 5-24 s curves in induction kinetics with the duration of dark

treatment period (Period B). The vertical bar indicates +SD.
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35 F&®H

RETIE, BN BNICHBAZ A LT 280, M2 sEOR Tk A hL A

, BN TIRZ va 7 4 VB OGS S 2 5 2 WOERBIE TRIT T 2 Z &1k - T
BEITELZ &R LT, MAT, FHEKICK > OLEKEN MR T 2REICIE, 2D X
U ADRERBNTR N E NS HEE B BT 5T,

o, FEHHG, EAESE, BEROHEBZHFHNIHRND, BEDOHNIA ML ADEH
B2 TE DRt 2 R LT,

ZZETIE, Zrn T g VEEOFFEMBIG A 2 YWOEBUE TR T 5 2 LT, 9962 b
LA, KA L ABIOMIRZCBEDKTIZL DA ML AE2L ORE, MMTELZ L%
R L, LLZhbidnang, BINEE TO, HoHWIE, BIMEEN O BNERE~DOZ
BIZBIT 2 ERFER TH 5, FrICARE TH L NI o e FEE L OB L T H2EE X, FH
il U CREZBODRVWENTS, R THI0EHRTIUNERD L, ZORERETH

MZT D,
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FA4E ZHEIELORZVRE

4.1 [FL®IC

ARETIE, BNERE FZBT2FEHBLOFEMOEHZH N T D, Zicky, 3 &
TR LI FEIAME L FEH B R O RRA, BATHRENEZRIET 5,

FARETIE, FUMBLRE EEET 28727237 A— 2 2 ET 5, TNETOHE 2K
GRIHEIT, TR P LAKERA ML ADRE S, A ML ADEBOELS WIS TEIK
L7273y, KA RLVATIE, A MVAOFEITRAT L0, AL ADOREZFHMET 2ITIEE
STV o7, FLWWRT A—=F T, ZOREKEL, A ML AOREZRM TS LD
(29 %,

B, HLWHIEEEZBYET 5, 2 e 3 BB CHOWZHORRIEEREY, 2 FRO®EE
FRHCHET SHREE b b, FHEABEE 3 U EETE 2MREEZMAT-b DO Th o7, L
ML ZAVETIZ, EREAD 1 EOWET —Z 7210 T, BERT —ZBBoN5 2 ERbh
S TS, MAT, FMOMERIZRIEICIE, EARBETITHIE TE 2R — 2 7V 7R 3&#E i)
VETHDH, 22T, A NVAHEIZNERT — X DR ERET HHR—Z 7 Vi@ e fEL,
AREOWFEIHEH Lz, ZOHEEIL, fROEMREZ HEICANLTHRE - fEL7- D TH
Do
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42 KR—BIVEGFEHHERAE | B# (Dias) OHE
421 HWEODBH
AR E TTHWE, ERERENOWTIELEONLMANEEL, A LV AHEITKERT —F DI
ZE T DAHRRITHR Y IAT, FARRMLELZRBERE 2 2., 72— & TV IR E 2 ET 5,
BUEIZHT2Y, ROEHEA ZERAERE T 2,
(1) R—=F T NREETHD
(2) R EDS 1-3m @ S OHIPATHIENTE S
(3) MEHIZ, AR DR LEE Ly
(4) HED 20 S OKFLHN TE 5

(5) 738 nm DHEL A K 25 BOHHEIE CTE 5

422 JRTLIERK

RIE O ERAEE A - 7B 2 REL, Diasl (T4 7 A - UY) L4FHT 72, Dias I Ol
EXFGHE, KREMAFL CTEEMORVENIHEZONTZE I 3 mBEOBADETH S,

Dias I O#Mél % Fig. 4.1 (27”3, Dias I 1%, HIEHS & SISO S 5, HIERIE, U —
TN EE ]G D, BEEOEICEHEZED, WO REicHd ) —7 7 4L ¥ THE
Zikde, 20 rMORT AL, BHERIIC L —V 2 B LU O S cat oOF SRS 4 1) 25
ROV HEST S, MESNTT =21, 7XA 77 A 0E L TRIFT 5,

U—7 7 3 VH OWiREIK % Fig. 42128 T, 7 7> 7TEOMRMABECEZ 2, R L
T45° TL—¥haRHNT 2METhH L5, hEERICIT ew BEIK L —F (T 7 I A4 K77 7,
MINI-650F-10, H0LE R 650 nm, HiJ7 1.0 mW) Z W=, BEnDodskix, T~ v (B
AREZEEE, EA 20 mm ¢, FULER 738 nm, T 3.5 nm, %ilER 84%) LT, FEHEHD
B FICH DHE TGS (AR h=2 A, H5784-01) TR LT,

V=T 74 NZE, AT LAROT7 VX7 AT —25 (UM% 16 mm, £ S 300 mm) & E
# (Manfrotto, 308, TMiH{if B 4 kg) % i\ T =il (Manfrotto, 075, RIEh#EPHAE 7> 5 420-2,585 mm)
LEHEL, NOFEEOPICFTEoMEIC LT,

HlEEcdh D= — bRy 7 2 (IE300mm, HATE 200 mm, &S 50 mm) (21X, {55l
PSR A DG L=, KB FEEELOOEBILAD AL, 3ms MR T — % ZHVIiAALT,
HIE D ON/OFF 3 LT — % OHLY iAFE/3Y =22 (NEC, VarsaPro VA60J) CHilff] L7z, Dias

I D27 2MEE % Fig. 4.3 IR 7,

60



B $4E FHECLOLVERE

Dias [ 1%, UV —7 74 VA ZHE A, /XY 2 VEEH CTAY — NRZ U LIE#IL, 205
OB 2 W ICHB CTIEZ BT 5, Diasl DY AT LZ A I 7 F ¥ —
Fig. 4.4 ® X 51272 %, WESIEM % Fig. 4.5 12”7,

Dias [ CHIE L7ZiFE MBS DF — % % Fig. 4.6 (TRT, HEEOFEEOIE A Fig. 4.7~4.13

WZRT,

423 Diass] HIEDFLH

4.2.1 IR LT R & Xl 723 — & 7 L 7 I E 2418 Dias 1 2 8UE L 72,

Dias [ 13, HE&HATAY — MRZ 24720 CHREMBRSBOMEN TS, BB
EET D, BUELIZY =7 73 213K 700 g 503, ZHNCEET D2 LI K-> TEEMED
mEWRIEN TE T,

REERTOBEM 2 O T 7o, SER AT Z i ch v, EFANThH 7=, LL,
BAEVEICHENL D — T, DX RIIERBH LR 5T,

(1) %1 B2 OREICK 21 pEEL, SEMERET 258120E, R0
WE D,
Q) V=T 74N Faahb e 5kg D “HMNEL, BERLIZ W,
() V=T 7N FIEEE T L EDOMESDEN LIZ Y,
RIATIE, ZHEDOREOIRIZHT-5,
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Photomultiplier

eaf folder

Camera platform

Tripod
Console box

}art

Fig. 4.1 Schematic diagram of the measurement system (Dias I ) of laser induced

chlorophyll fluorescence induction kinetics for non-detached leaves from a tree.
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@O Case

@ Stage

@ Clamp

@ Roller guide

® Roller

® Roller shaft

@ Filter bracket
Photomultiplier stay
@ Laser folder

Arm adapter

Photomultiplier

Interference filter

o

@

Leaf

Fig. 4.2 Cross section of leaf folder of Dias I . Laser is incident on the clamped leaf

surface at the sample of 45° after the dark treatment.
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ZFHETILOLGNRE

Leaf folder

Laser
(650 nm )

Console
box

Switch
1

Battery

DC/DC

Photomultiplier

| I |

Lead relay

Filter ( 738 nm )

A/D

PC

Potentiometer [

Fig. 4.3 Block diagram of Dias I . The Laser (650 nm) and the photomultiplier are

mounted in the leaf folder and fluorescence (738 nm) excited with the laser is measured.

The measurement is controlled by the console box and the PC.

ON
Swich
OFF ! !
N w !
Timer ! 3
OFF ! ;
Photomultiplier =~ ON i i
OFF " ; !
! 10 min | |
oy | | |
A/D | !
OFF 1 : | | :
! ' 10min | i1,
o | | o
Laser ! | b
OFF | i i | ! )
3 s 24s [1s' |
! ‘ ‘ g
I Dark adaptation Measurement .
i Start p End
Total time 1 (20 min) Q45) :
— _
20 min 27 s

Fig. 4.4 Timing chart of Dias I .

adaptation for 20 minutes.

It measures fluorescence for 27 seconds after the dark
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Yl [EBY Ko |

FEREE |

EiFeurlEr [
HWAERL [5700 (6]

AR [ |msac -I

ZoimpRs | < AER o HERE
ERET | & IS RS
oL

@ s |

mE | osview | #7 |
|ADC STATUS | REX-BOS4E IERHEL 1'OA-R:0x140 IROES: 11 4
[FM OFF [LASER OFF [TIME STATUS 4

ZFHETILOLGNRE

Fig. 4.5 Graphic user interface of Dias I . Through this interface a user inputs required

parameters for the measurement.
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Fig. 4.6 Two examples of fluorescence data obtained using Dias I .
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Fig. 4.7 Whole view of Dias I . Fig. 4.8 Measuring fluorescence using
Left: leaf folder attached to the tripod, Dias I . It can measure to a height of 3 m.
Light: console box and PC.
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Fig. 4.9 Console box and PC of Dias I .

Fig. 4.11 Inside of the console box of Dias I .
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Fig. 4.12 The leaf folder of Dias I . The Laser generator and the photomultiplier
are mounted in the leaf folder.

Fig. 4.13 The leaf folder set to a leaf. After setting a cover is slid to make dark
adaptation of the leaf.

69



B $4E FHECLOLVERE

43 R—2 JILGFEHRRAE 2 S (DiasT) DR4E
431 HEODBEH
JelZib 7z Dias I ORERZ MR T 5, R 2 54 Diasll (747 % - V—) ORYEETT
I, M, V=774 N X LZNEZIFFTHL=boTro, TO2 RIZHZRK > THER
ZETHEY 5, WRICERINDHERRIE, LFD3 HTh D,
(1) R 7= ORERE AT
(2) MEEZHHIZE Y FTED

(3) HEEDOBINIIZITX D

432 JRTLIERK
DiasI1 ¥ AT LRk A Fig 4.14 12, VAT LMMEE % Fig. 4.15 (2R $, AMEE TlX, Dias |
DR Z LT O L DIk Lz,
() TROBERV—7 7 ) v 72 MHT5Z L TEMIC L2272 L, EED s
U 7 THEEOIEOR IR FIRFIC T E DI LT,
Q) V=770 T LUSNDOT R TOMIEE 2 Y —/)LRy 7 AN L, 22> Y —LR
v 7 AIHETBET MG LT,
B) WETDE~DOT Fr—FiF, HILICD ST ADFETITY, K7 7 A4 % HnTbie
JaBH L, DOENS OEE A IRET DHEEIC LT,
U—721Y > (HEINZWALZ, DLC-8) |Zi%, KFUELDT-DD AT A RH/N—R3 20T
Do JNEDE & HEDARRITIE, BIADE SIS TE DL 3mEDNT 7 A48 (EHEFAT
7 A, SOG-70) #FEH L7z, kBHTH D DiaslliL, V—77 Vv T L7 74 \EfRE,
J T Dias | & R OMERZ M L7, Diasll DA% Fig. 4.16~4.21 [Z-7,

433 DiasIHEDFE LD

KB vr 7 ¢ VEOGTHE B RN E RS DiasI #8/E L7z, Dias & MOV 77 o+
JVHER Gy DE % Fig. 42212779 Dias L, 3.7 gl YV —7 27 U v T 6fiffi 45 Z & T,
6 M DOIEA [FIFFICHFLEE G5 Z LN TE D, ZhUCk v JIErEf 2485 L, Rz 5 2L
WTEIZ, 61T, V=720 v 7L3mEONT 7 AN XY, IKRENS 1-3mm S OWE
FIRERAPH 2 (R L7223 D, fHICEA T SATHIE T 2MEIC Lz, 20 Y — ARy 7 AT
I U7 M8 & Xy a3, BECEICBEITE 5,
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Leaf clip

Optical fiber

Console box Note PC

Laser
Photomultiplier

Stepladder

Battery

Fig. 4.14 Schematic diagram of the measurement system (DiasIl) of laser induced
chlorophyll fluorescence induction kinetics for non-detached leaves from a tree. Dias Il

can simultaneously make dark adaptations of up to six leaves using small clips.

Switch —
Console box | Battery
DC/DC
Laser X
(650 nm) ]— Lead relay ==
.. PC
_ ”_ Photomultiplier A/D e
Optical fiber
prieat Filter (738 nm )
Potentiometer

Fig. 4.15 Block diagram of DiaslIl. The laser generator and the photomultiplier are

contained in a console box.
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Fig. 4.16 Whole view of DiasII .

Fig. 4.17 Console box and PC of DiasII .

Fig. 4.18 Console box of Dias II (from the side). -
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Fig. 4.20 Measuring fluorescence using Dias Il (close up). Laser is irradiated and
fluorescence is measured, after setting the optical fiber to a leaf clip.

Fig. 4.21 Measuring fluorescence using Dias I .
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44 BEEEBEEDFEED

LIF {EIC &k D7 mu 7 4 WEHFEHB RO R —2 7V il EE 2 5 Lz, fHEL7
Dias I (%, Fig. 4.6 O & O ([ZFFEHBI L 2 EHIZHIE L7z, BT Té % DiasIl 13 Dias I (ZH,
12 % T -0 ORENEERH 2 3 X2 1/5 1M T 7, BERA S 2 CHED
i CH Y, EAEOBEOVERZBETE T,

LB D FEERIZIX, Dias I & 11 % iz,

Fluorescgnce

Photomultiplier

Leaf folder

Optical fiber Fluoregcence

Laser § Laser

=
1 L
TT
i~ | Flexible arm

Leaf clip
Tripod
(a)Dias I . (b) Dias1I.

Fig. 4.22 Differences of Dias I and Dias Il . (a) the leaf folder is attached to the tripod in

Dias I, and (b) the clips can make dark adaptation of some leaves simultaneously in Dias
II.
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2 5 Ms, Me %3R5 FlA%ZLLUFIZIR, Fig. 4.24 (2% OIS 2 ~7,
(1) TR 2152

Ot
L—H RG24 B Od#RIE, BEEY) (ZHEAGE A5 @ Savitzky-Golay 5 (B,
1986)) 12 &L= TFik L7z,

@Z
MR ORISR (1.5~15 X)) & #2448 (3~25 X)) %, HxRUSEREROBRIF72 9
wAf x), g (x) TEEILE,
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Relative fluorescence intensity

Time

Fig. 4.23 Points Ms, Me and area MM on the induction kinetics curve. Ms is the point at
which the slope of the kinetics curve deviates from that of the nearly straight line from
point P. Me is the point of contact of the tangent line from Ms. MM is the area bounded by
line segment MsMe and induction kinetics curve. MM-shape is analyzed by three
parameters, the gradient of line segment MsMe (MM-gradient), the distance between

points Ms and Me (MM-distance), and the maximum height of MM (MM-height).
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fX)

Relative fluorescence intensity

Time

Fig. 4.24 Schematic illustration for determining points Ms and Me. The point Ms is first

determined and then point Me is computed on the basis of Ms. For details, see the text.
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Relative fluorescence intensity

()

Relative fluorescence intensity

© ®

0 5 10 15 20 25 0 5 10 15 20 25 0 5 10 15 20 25
Time[s] Time[s] Time[s]

Fig. 4.25 Several examples of the tangent lines. MM-gradient, MM-distance and
MM-height are calculated for (a)-(e), and only MM-gradient is calculated for (e) and (f).
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4.6 ZEBR

FEBRIT 2001 4 7 H~2002 4 9 H, < IEHWNTEMmLZ, BEK 25m O 27 %
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H 9 1 AK1% 50 pmol m™> s & WS L7= (LI#%, CH50), BLED 4 Ki2HOWT, 142 7 Hlibl-
S THIE L7z, 20024 6 A £ Tld Dias | %, ZHLIFEIE DiasH #fEH L7z, DiasI, DDOEDL
b, HEZ 20 S ORE A U= 2 U L, BENBRLE G 24 B OF ST %
HIE Uiz, WIE LIZBEOKE A Table 4.1 12737, £z, HLBEIZLS U TEEAET (2 /14,
CR-200) |2 X » CHaEZHE LHEMBIR L O EITo T,

WEE, EBARICENT, BEANEEYLTLE FOELWESRIEL RO Ty —F 7L,
1~2 AR Z L ICHIE LT RIBENERE L2 GA1E, Imd Ol - 728 OB A 87z 72 E kT 52
B L7, FEBR, CH300 12H SUYRARA L, RIEITHREOMIELE MR L2 5a1E, i
WOLLE > 72 TEE L CRWIELFTZRRIERR L LR, MEORECTEDEILIIHE -

722002 4 5 HUREOT— 21X, [FFEMEICRITET-0O2EHET 5,
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Table 4.1 The experimental conditions of induction kinetics under seasonless

circumstances in the chamber and under seasonal circumstances outside.

Temperature RH PPFD at the sides of a tree Number of samples
Tree code Place o 2 4
[C] [%] [wmol m™ s™ | [/tree]
OUT1 5
outside non-control  non-control non-control
ouT2 5
CH300 300 10
chamber 24 40
CHS50 50 10

(a) Outside.

L

Fluorescent light

Tree

M Blackout curtain

Ground plan

Cross section

(b) Growth chamber.

Fig. 4.26 Schematic illustration of experimental arrangements (a) outside and (b) in the

growth chamber.
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Fig. 4.27 The potted trees outdoors used for the experiment.

L &

Fig. 4.28 The potted trees in the growth Fig. 4.29 Fluorescent lamps for
chamber used for the experiment. side-irradiation of a tree.

82



B ¥4E FHEEOBWVIRE

47 &R
47.1 FROEIE
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L7zl aomd, FEBRBBZORIBZH2 S &, OUTI~2 (X MM OZIRICEEIIE U2 e
HHATZDIZKR LT, CH300, CH50 [ZFEBRGIFIHIZE A EEBRH bR D -T2, OUTI~2

DZEHIZALIE, MM-gradient (28T, & HHAMIZHERT 22 LN TE L,

472 FTREDEL
CH300 & CH50 ®3E\ %, MM-gradient (Fig. 4.30) & MM-distance (Fig. 4.31) THERT 25 2
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FL b2 ¥ bhotz, MM-height (Fig. 4.32) ([ZIZHEERFZEEHBRDZ LT TERN-TZ,
MM-gradient & MM-distance DFHBA% Fig. 4.33 12" 7, MEILE 572 < DML LT /XT A —

Z TR, BEPDIAMENSD D Z bl

473 REDEA

CH300 (2RI LW EDOZEZ 7 nn 7 4 VEEOFEHE R TR TE 202~ 5720
(CHREE (y), WEEOHE (py) EHkE (pg), ME (2 [ZOWT, Hx D 12~15 KDOFH
G LA JIE Lz (Fig 434), GEICAEERHHIZHEDL LT, MM-gradient (21
FEINI B IR DN o T2, MM-distance, MM-height TH [AEE T ~72, £ 2T, FHEWH L O iR
ZH 2% & (Fig. 4.35), MM O KiE & O HBIRFEIZZEN RO bivie, LnL, HBIFH OZEN
R TELDIL, EOOEIFZEDOHTHY, y & py DM, g & pg ODMICEITA LN
72, Fig. 435 OIFHERAEZ R LR T, AEEREEZITT 7225, WTFADOR TS P<0.05 T

HEIRFZT IR o1z, K42 DIEDRRT % Fig. 4.36 1217,

83



B $4E FHECLOLVERE

0.02

0.00

-0.02

-0.04

-+O0UT1
== 0UT2
—A— CH300
—-®- CHS0

s 9
> >
[~} (=)

MM-gradient [s'l]

-0.10

-0.12

-0.14

7115 9/14 11/14 1/14 3/16 5/16 7/16 9/15
2001 2002
Date

Fig. 430 Changes in the MM-gradient over about one year. The vertical bar indicates

+SD.
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Fig. 431 Changes in the MM-distance over about one year. The vertical bar indicates

+SD.

84



MM-height

0.015

B $4E FHECLOLVERE

0.010

0.005

0.000

7/15
2001

9/14

11/14

2002

3/16

Date

5/16

7/16

9/15

-+~ OUT1
—=-0UT2
—A— CH300
—-0—-CHS0

Fig. 4.32 Changes in the MM-height over about one year. The vertical bar indicates £SD.
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Fig. 4.33 Relationship between the MM-gradient and the MM-distance.
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Fig. 4.34 Effects of disease on color difference and MM-gradient. (@): the color
difference, (O): the MM-gradient, (y): yellow leaf, (py): yellow part of diseased leaf,
(g): green leaf, (pg): green part of diseased leaf. The vertical bar indicates +SD. a, b:

different letters mean significant difference at P<0.05.
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— by

Relative fluorescence intensity

(@)

-8
—pg

Relative fluorescence intensity

(b)
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Time [s]

Fig. 4.35 Differences in the chlorophyll fluorescence induction kinetics of diseased

leaves. For y, py, g and pg, see the caption of Fig. 5.12. The vertical bar indicates £SD.
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(a) Green leaves (g).

(¢) Yellow leaves (y).

Fig. 4.36  Green leaves and diseased leaves from a tree in the growth chamber.
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(3) EHIRORFEZ N LA
Bt 2.5-3.0 m O v 2 7 (Ternstroemia gymnanthera)5 K& Lz, Zh b ORI,
BANT 6 o A~1 FERAEE SE721%, 24°C, 40%, BFERODO 7 10— 2 F ¥ /3 (F 3,600 mm,
BATX 3,600 mm, &S 7,000 mm)PNICHEYR 2~3 S5 T O A L=, FEBIL, FE~FKIThHiT
T3 HNTHT TT o 72, BRI OFEM & BIAR DA% Table 3.1 1Z77 3, BIARITE LK%
DRONDE THRTICES, TOROFLHHAZOLAb 2T~ WIEITITE 3 Bukz
BHRLTHW, 22T, EyazoB#lE CHIOT —2 gl Lz GEMlIT3
ELMR),
(4) FHIBORFEAR N L2
5 HFHAI~6 HIZ, k3 LIRERIC, B CAET S 7Y~ T EMyrica rubra)2 X% 7 1
—AF v N (I 24°C, FXHEE 40%, BER) WNICESE, BRA ML A2 527, 71
—AF ¥ NTENTNS 10 B BICHOERIMIM Lz, £OMIC, %3 M/ARZHRIL

T, FHEHHEREAZNE Lz, WEITIE, Fig 3.1 OFEE L AV,
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53 HRBIUBR
53.1 INTA—H MM KIZ &k BT
(1) 95%A R LR

AT 5 H % Fig. 5.1 (27”8 F, Control & S93 O MM-gradient (2] & 7R ZENH BTz, i
IR A B L A %EZ T TV D 893 D MM-gradient 1, 1FF-0.02 s' L EO@EVEE R L
72o —77, WEIEL TU2U Control O MM-gradient 1%, 1F& A E23-0.02s" L 0KV MiEZ R
L7ce /N7 A—4 MM ITEDLORREZ BRI LT \WR D,

S93 @ MM-distance %, % (Z Control & ¥ K& 7efi &7~ L 72, Fig. 5.1 O#d#H T3 L U Table
51122\, 532 THT 5,

(2) KA KL A

T 7 v OfFENTRE R & Fig. 5.2 12789, MM-gradient 1, KA b LA &Z T DI L=
THE BN D Z L Bbho T2, MM-distance 1%, FEBRBIMBHZICEARE < A2,
Z D% MM-distance=0 s) L7z, 2D &nb, /XT A—H MM [FT/KA kL 2D)
MO ERI LT WK D,

(3) BB OREEA LA

Fig. 5.3 12 v =2 7 (B ) Ot R 4 <77, EBRBAMG O 18 H#I20MF T, MM-gradient
IERELRY, ENURL, X —EDOEEZRT I ENbhole, /XT A —% MM TR
A NV RADPINDHIEFRE BRI LT,

Fig. 5.4 1ZE >y 22 (CH) DOMHTRERAZ~T, MM-gradient IZHF B A b L A TG L7 Z
BIZ A SN2 03> 72, —J5 T MM-distance %, B #] & b _XCTIEA/NE <, 35 ALAREIZIZ 08
oLz,

(4) HEHFORERA b L2

Fig. 5.5 |2V~ &E Ot R4 <97, FZERIFHIH D MM-gradient (2 H 37 - 72280134 5
722> 7=, MM-distance %, BFETICRE L72RIS/NEL< 0, BA~RHLZ 10 HE
VBSICIE R E RMEE /R LTz, /87 A—4 MM I, BEERZ RN L 2O HifRE2 i L
ez b, ZIZT, Fig 5.5 OEERZEICHOWTERD, FRICHWZ 2 KDY~ EED
A N L RSB R ICENE U272, MM-distance 23K & 2B dH 2 WITIHIR O 5 &
RTINS, TOEDIELOENRKELL 2o TND,
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C. camphora

Fig. 5.1 Effects of shading treatments on induction kinetics of leaves of C. camphora. (a):

MM-distance. Hatching areas show G-region (MM-gradient=-0.02

MM-gradient, (b):

s') and D-region (MM-distance =5 s). For Control and S93, see Table 2.1. The vertical bar

indicates £SD.
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Table 5.1 Percentages of measured data belonging to each (non) region in shading
experiments. G-region: MM-gradient=-0.02 s, non-G-region: MM-gradient<—0.02 s,

D-region: MM-distance =5 s, non-D-region: MM-distance > 5 s.

C. camphora Control

Month Jul. Aug. Sep. Oct. Nov. Dec. Jan. All
G-region 0 0 0 33 33 33 33 19
non-G-region 100 100 100 67 67 67 67 81
D-region 0 0 0 0 33 0 0 5
non-D-region 100 100 100 100 67 100 100 95
G-region or D-region 0 0 0 33 67 33 33 24
non-G-region and non-D-region 100 100 100 67 33 67 67 76

C. camphora S93

Month Jul.  Aug.  Sep. Oct.  Nov. Dec. Jan. All
G-region 67 67 67 67 100 100 100 78
non-G-region 33 33 33 33 0 0 0 22
D-region 0 0 0 0 0 0 0 0
non-D-region 100 100 100 100 100 100 100 100
G-region or D-region 67 67 67 67 100 100 100 78
non-G-region and non-D-region 33 33 33 33 0 0 0 22
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Q. myrsinifolia
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=
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10 12 14 16 18 20

Time [h]

Fig . 5.2 Effects of water stress on induction kinetics of leaves of Q. myrsinifolia. Hatching
areas show G-region (MM-gradient =-0.02 s™) and D-region (MM-distance =5 s). Time is

the lapsed time after the detachment of leaves from trees. The vertical bar indicates +SD.

Table 5.2 Percentages of measured data belonging to each (non) region in water stress
experiments. G-region: MM-gradient=-0.02 s, non-G-region: MM-gradient<—0.02 s,

D-region: MM-distance =5 s, non-D-region: MM-distance > 5 s.

Time [h] 0 2 4 6 8 10 20
G-region 0 67 100 100 100 100 100
non-G-region 100 33 0 0 0 0 0
D-region 0 0 0 0 100 100 100
non-D-region 100 100 100 100 0 0 0
G-rerion or D-region 0 67 100 100 100 100 100
non-G-region and non-D-region 100 33 0 0 0 0 0
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Fig. 5.3 Changes in induction kinetics of leaves of 7. gymnanthera in July—September

(Period B) with the long-darkness stress. Days indicate the duration of dark treatment.

Hatching areas show G-region (MM-gradient=-0.02 s") and D-region (MM-distance =5

s). The vertical bar indicates £SD.

Table 5.3 Percentages of measured data belonging to each (non) region in the

long-darkness stress in period B. G-region: MM-gradient =-0.02 s”', non-G-region:

MM-gradient<—0.02 s™', D-region: MM-distance = 5 s, non-D-region: MM-distance > 5 s.

Days 0 2 4 6 8 10 12 14 16 18 20 22 26 30 34 42 50 57
G-region 0 0 0 33 0 33 33 33 67 100 100 100 100 100 67 100 67 100
non-G-region 100 100 100 67 100 67 67 67 33 0 0 0 0 0 33 0 33 0
D-region 0 67 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
non-D-region 100 33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
G-region or D-region 0 67 0 33 0 33 33 33 67 100 100 100 100 100 67 100 67 100
non-G-region
100 33 100 67 100 67 67 67 33 0 0 0 0 0 33 0 33 0

and non-D-region
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Fig. 5.4 Changes in induction kinetics of leaves of 7. gymnanthera in October—-November

(Period C) with the long-darkness stress. Days indicate the duration of dark treatment.
Hatching areas show G-region (MM-gradient=-0.02 s™) and D-region (MM-distance =5

s). The vertical bar indicates £SD.

Table 5.4 Percentages of measured data belonging to each (non) region in the

long-darkness stress in period C. G-region: MM-gradient =-0.02 s,
MM-gradient<—0.02 s

non-G-region:

, D-region: MM-distance =5 s, non-D-region: MM-distance > 5 s.

Days 0 2 4 6 8 10 12 15 17 20 23 27 35 42
G-region 0 0 0 0 0 0 0 0 0 33 0 0 0 0
non-G-region 100 100 100 100 100 100 100 100 100 67 100 100 100 100
D-region 0 67 67 0 33 67 33 33 67 33 100 0 100 100
non-D-region 100 33 33 100 67 33 67 67 33 67 0 100 0 0
G-region or D-region 0 67 67 0 33 67 33 33 67 67 100 0 100 100
non-G-region and non-D-region 100 33 33 100 67 33 67 67 33 33 0 100 0 0
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Fig. 5.5 Changes in induction kinetics of leaves of M. rubra with the short-darkness stress

in a growth chamber. After dark treatment for ten days, trees were taken out to the outdoors.

Days indicate the duration of treatment. Hatching areas show G-region (MM-gradient =

—0.02 s™) and D-region (MM-distance =5 s). The vertical bar indicates +SD.

Table 5.5 Percentages of measured data belonging to each (non) region in the
short-darkness stress in a growth chamber. G-region: MM-gradient = —0.02 s,
non-G-region: MM-gradient<—0.02 s”', D-region: MM-distance = 5 s, non-D-region:
MM-distance > 5 s.

Days 0 1 2 3 4 5 6 7 8 9 10 11 12 13 16

Dark or Outside (6] D D D D D D D D D D (6] (6] (6] (6]

G-region 83 50 50 33 33 67 83 83 67 67 50 100 33 50 83
non-G-region 17 50 50 67 67 33 17 17 33 33 50 0 67 50 0
D-region 0 50 50 100 83 100 83 100 67 50 50 0o 17 0 0
non-D-region 100 50 50 0 17 0 17 0 33 50 50 100 83 100 100
G-region or D-region 83 100 83 100 100 100 100 100 100 100 100 100 50 50 83
non-G-region and non-D-region 17 0 17 0 0 0 0 0 0 0 0 0 50 50 0
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532 HIEREDHRE

RG A=K MM B EDIEZFZT ERBIARNRA R L ZEZIT TS &HET 50T, EE/R S
Thbd, £ZT, AMVRAZHET LEEIZONTHRET 5,

Fig. 5.1~5.5 DFE BN, A N L ADEEIL, 2 5D/RF A =2 D EH LNIHN DA H
LT ENbnoTz, TIT, 2 DOHERMELZED, BET LA ML A HE LT
MM-Gradient=-0.02 s or MM-distance=5 s D & & XA h L A &% (F T\ %] Th5, Fig 5.1
~5.5 OHIHE P & M CRd, SRREDORMA LUTIC

Fig. 5.1 OFERNG, AN AOFEEHHIT 5 H%E LT, MM-gradient 23-0.02 s LA |,
HHWNTEN LD /NS &V D FRENRIE S L2, LI, MM-gradient 75-0.02 s™' DL O #iPH %
G-region & FECR, —0.02s™ £ 0 /N &P % non-G-region & L5,

Fig. 5.4 OfEHRIT, G-region DFEHEZ T HIL, A RNV AHETE RN LEE2RLTWD, 1F
EAEDT—H1E, non-G-region IZADNLTHD, £ T, AL RHELNIEIZ D-region %
Mz 7z, BEERA R L 22 U TEALT D Fig 5.5 @ MM-distance & A TEZ D &,
MM-distance 7% 5 s LLFDGE, A ML A &%ZIF TS EWVWR 5, MM-gradient & [AIFEIC, A b
L A %% T % MM-distance O EHiPH % D-region, 52} T 72V VHIEHiH % non-D-region

k I:I?L‘S;O

533 ¥IEHECKBZRXFLRHE
IROPIERAEIZ LI TA MU RHEE T 5, Table 5.1~5.51%, Fig. 5.1~55 D&% D
WET— 4 & VT, G-region IZA D %A & non-G-region IZADEI A ZHE LIRERTH D,
Z DFEIZIE, Dregion DFLETHIMA T 5, MET —Z BSHEEEIZADRNIG PR D 7201
G-region or D-region & %0 non-G-region and non-D-region #7 L 7=, ZH 5 IXZNZH, A b
V2AZZITTND, HOWIEZIT TRV EHESNLIEEZ R LTS, HEDRKRZLLT
(iR %,
(1) 95%A R LR
Table 5.1 @ S93 {Z331F % G-region or D-region | %, FEERHIM 2 18 L THI 70%LL L&~ LT,
%1 non-G-region and non-D-region I, #J30% & /NS, Control DFERTIE, Z OfffA
DR LT,
(2) KA KL A

Fig.5.2 &% % &, 2 A BLAREIC Gregion & HE T&, 8 A HLLREIX D-region H 0% =
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LMD, Table 5.2 T, 2 FEfi]#%IZ G-region or D-region 2347 70%\Z72 ¥, non-G-region
and D-region 73 30%\Z72 5 72, 4 IRF LU D G-region or D-region |3 100% % 7~ L 72, 7235,
Z DFEERAEFRIL, D-region DIEAEL N2 TH, G-region 721 DHHUE L 22 (LT 2o Tz,

(3) BEWIHOBEEREA L2

Evarz BH) OFEE (Fig. 53) 76X, 10 A D G-region [ZAD Z & A
72, Table 5.3 DFERMNG, FERAHETIZ L7253 > T G-region or D-region |5 W EIA % 7~
L, non-G-region and non-D-region |Z/K< 725 Z & N o7,

Tyaz (CH) OHERKFE Table 5.4 (279, 27 HH FE T G-region or D-region &
non-G-region and non-D-region OF| 51X, 1ZIERRE TH 7=, 35 HLAEIL G-region or
D-region 7% 100%% 7~ L 72, D FEHR & e, D-region (27 —Z DAL EIGILE WD, HFE
A b LIRS B OGIE B #lE B Tl o7,

(4) EHHEOREEA L2

HHIMOKEERA ML A% 5 272 TIX (Table 5.5), FEHRIMZ 8 L T G-region or
D-region [ZmWEIGZ R LTz, BFERX ML A2 B XML, ZORENFRCE<, 1FIE
100% Cdh-o7=, 3,4 HHDFRERIL, G-region DEAESZ TS 1E, BFERZA N L RAEZIT TV
TRV EHTE SN A EIE B E WA, Daregion DIEMEZNZ HZ & T, BEA N AEZTT

LHETE D,

534 HIEREDZ LN

2 b L AHEFYE MM-Gradient=-0.02 s or MM-distance=5 s IZ L > T, 1F& A EDERT
— A TANVAZRATH I ENTET,

INTA—=H MM IEE 2 BT~ 5 2 YOBRASE L A L5 &, 55 2 WOERIRGEN A F L
A BT TRIER 4 U ORTITIE TH D DITH L, 28T A — % MM 1AL E I 5 o i
Z 2 ODIEECTERBMICTMT 5720, 2 ML ADOEBLIERITHRTZLENTE S, £D7-
W, ARNLVAEZTHEBEERMTE HHE03H D,

FIEFLYENE, MM-gradient=-0.02 s & MM-distance =5 s D4 PEIZ DN TR~ 5,

S93 DIEHRPEEE, FHI R 7Y — 2T b U T AOERFE PPFD 90 pmol m” s (FZHIME) &
DHEV, L7 ->TS93 1%, 7 hY UAKXDRNEGIEAR ML AZZITTREBIZLEZ 2 BN D,
Fig. 5.1 775, S93 ® MM-gradient [Z, 1Z& A EH-0.025" LI ETH 5,

FHIREEA N LA %25 27 BHIOFERTIE, BETICEWVWT 8 HHEICENHES &ENIXIE TN
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NEBHZENDLIr->TWD (Fig. 3.9 (b)), Fig. 5.3 128V T, 10 H A LI MM-gradient |13,
1E1E-0.025'LLETH Y, FFHL T\ 5D,

MM-distance D 5237228 1%, HEHIREREA ML A2 5L &I Z>T0 5 (Fig 5.5),
Fig. 5.5 7>5, MM-distance D7 EFEHEIL 5-10s @Y= Ex BN D, LrL, MM-distance
I% MM-gradient [ZL, [ XHOENREV, EEHEEZRKESTDE, AR LVREZZITTNDHE
WO HIENEL S 20T EL MR H D, ZNEEHET 5720120, IR/ NS RED 508 X
WV, ZHBDIZ ENS, MM-gradient=-0.02 s', MM-distance=5 s |&, HIEFEMEL L TDORY
HERENEBZ D,

I B AEBE 7R Fig. 5.4 3 LW Table 5.4 I2OWTIE, 3ETHELRLTWS X HIT, &
LD HAHRENDIETICL > THEZ ML 2AOEENFEHBLICENRTVRNEEZS
ns,

A N U RHEDORBBIERM TH D Z L5, WHEL A ML AL OBRL BET D ME
NdD, ZIUZDWTIE, 3 EOFT, RHIFEEREA N AFEROFT, FLWEEL MEEE
DERDESTEHZLEIOFEH L THROALLBLTHDL Z L E2MER L TWD (Fig. 3.9 (0)),
MM-gradient O EHKAE-0.02 s 1T, NG BN TNV X0 L XDETH D, 2D b,
ARVAZZITTOWDLEHESINTY, TIHEETLIDITTIERNVWENZ D, LIRS,
M7 E =2 ) U 7 Ko THIEEAT 2L, BT DRI A ML AT 2 Z LN ARET
b5,
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54 F&®H

KRETIL, 4ETRELE AT A—FZ MM DA b L 2HERIEE L COAMAMEZHEL, *
N L ADAME L E T % HHE, Goregion or D-region Z 424 L 7=,

59X R A, KA MUV, REIREEA MLA, HHEEREA NV ADERT —X %7 X —
Z MM ETHENT LT2RER D, BN THESND A ML ADREZERIZL SRS Z L 2R
Lz, F7, HIEERMEDT, BOHERTA ML AOFEBRMTE L Z 2R LT,
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6.1 KF/XDFEED

AFHICTIE, 7 b YU U STIRAERE R 2R T BRI, BIAOEH AT D, FEH
P2 A N L RHEEORZICE Y AT, ZOOIC, LIF EEHAWEZr a7 0 Vi toREE
WL H DVTHOEART UK 5T, BATHADZIT 2 A b L ADOENBMTE D)
BARGE L7 BRI O X LA L LT BT~ DEREA L AB L UBREAEE LT,

(1) EMIMICHIZ 558064 F L&

5L EIZDTe > THE FICEWBIARDEEZ HV, 25 2 YR REETE TR L 7=
IR LA AT AR b VRS D0 2T, ZORR, EHE bR
HMTEDLZEEZWLNTI LT,

(2) KA RL A
EAUBR L CHE L, FiRE L & BITKR L AE %, FHEHBIG L HE A~y
RIVIIKA N U RERIT D20 E T, ZOFRER, 5 2 YORBIROE THNT L 72 58 1]
HGE, EANETHEVENIKR N L 2AOEELRAT L ERHL NIRRT,
—J7, WAL MR TE RN Z EBbinote, ZORERND, RIFFEO BIIZ
LI LT\ D 2L, FFEHIBROMITIE L UCE 2 WEBIMENER TS
LT ENRENT, Fo, EAOEILELD B A MUARBITE 2 /RS RE I
7

(3) MG YEIRE DL FIZ L > TZITHA ML A
BIANE L HFET 2 E TR TICES, TORMEZFEBIG L ENES EOIE
CEoTE=Z2Y 7 L, BEERTTORERGBHE L, ZORMR, Mmoot
RFICE DA P LA, EHCHIIE 2 YEEBIENE THNT L 72 8B K-> T
MTEDZERHLNTe o7z, SEREBIPME T 5FHITIE, HREOKRTICED
A bV ADEENBNRNE WO MWE RSNz, £, EROFBRENG, HEDRIN
BIRDA MU AL TE D[aetEZ2 R L7z,
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(4) FEHELDOIROERE

1 AERNS DT ZZHEREE FICE WM AROSEB 28R Te=2 U 7 LIz, #
MG %N T A —5 MM ETHIT LTZRER, T A—% MM DSiF S IB R 02 bz
I<EFT L, BENTIIHFERZEBEL URE—EDEEZ T Z EBbhoTe, BN TIEZE
HiOREEZ T RN VI FERND, EFRICHAOE AT 2 ECIEMNRE=4 1
VIEITHIZEIZE ST, BIARNA N LR AT DR A RAT D R H NI 2R
STy TODDOIIEL LTO/RT A—4 MM OFHMtE b RSNz, £72, R—27 1
HEEEAZRUEL, TOFEMRMEEME LT,

ryuan 7 OVENROFERRESEND, A NV AOFEERMT MRS LT, 52 ER
BIELNRT A= MMIED 2 D&RE LT, Eb 0 bHMlIcnE T —21%, 25 BH LV
O WERERHOME THON L FETH D, &2 WEBEKIAT, A L A2ZI T onE
MIZZ LCRHMI TE D582 > TV D, /37 A—F MM [L 2 DD /3T A —4  MM-gradient
& MM-distance THERL S5, Z DN T A—FZ MMIZHE Y g A b L A ELEELZ ED H Z LT,
FRT =2 DL UTHONT, AV AOHENHETE DL Z 2R LT,

UbEDZ s, ZAl TEAEDHERNELLE 26> T, ENLD 7 vu 7 4 Vaotikal
BGa EMINCE=2 Y 7L, "T A —F MM IZ X > THHT L, A b L RHEFEEIZ L - T,
BIRERBNICABESND A LV AOHEZIZITHETE L2 EEHLNIC LI, A#RCTIE
FEAMOBEWVEFTFED 1 DL LT, Zan 7 0 bdtEd AV BRSO 2 - L R HERE
R LT,
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AHFFETHRE LI BRSO 2 b U RHEEE, EFINRE=2Y) 71k >TENT2
TLEMEL TS, A%OMEE LT, =) U HBORERSTE =4 Y U /HE LT
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DDA N H D, £72, AR TIL, 7 un 7 0 Vit O EERL TlIRE O RN K
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ARFZECERA LI EIEORIFEIC L D A b L RHERIL, HES AT LD Ak EAEEOBLA
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ZliE, ARIEBRETREATH D, LIFEOFRZENL, VE— ey 7~ REE M
D, BEOE=2 1 TEIROMREEZ BT Z L b4 BROBEELRETH 5,

T DA b L ZHEHINORLEITIE, xRN EZ bR D, BUE, 0RO
MfED & HAEICEDY, BESCHERAGSERICESRE - T D, BRE ARthE L 03tfF
EEARIC, BEFEMAIH, BEAMBROEREZBEL, a7 e —F B3R A b5h T b,
t— 7 A7y RBRREHT 272012, B EOBER, @O EN 2T 5, kb z e
ETLEHMEEZD 1O THD, ITHFETIE, E L0 E 2D, BT BIEED EVRE SRR
ZITHH LTV D, 2001 4121, BRHER 2N —E S 2ol 7= 9 T T D kb 2 #5510 5
Zf) THRUZE T 2 BIROMRH#E L [BIEICBT 5561 &Mt L7z, 4%, &bzt
JVIERDIHE IS 2.5 2 L IR R ER TH D,

W OAEBFERIT, BNFKEIZT TR, B OB O, HEE b3 o fimirkts &,
NEWMOBER THICERESNOMETH 5, WEEHRT D L OEBMET, 55 & AN
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