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Initial growth and responses of leaves during leaf expansion of

Quercus crispula seedlings under different light intensities and temperatures

Hajime Tsuda'!, Kiyomi Ono', Akihiro Sumida' and Toshihiko Hara®

Quercus crispula Blume is a deciduous species that is typically found in cool temperate forests. Its leaves
expand in early spring, when plants in cool temperate forests are sometimes exposed to low temperatures of
approximately 10°C. Immature leaves of Q. crispula could suffer from photo-oxidative stress under such low
temperatures, even under low light intensity. Under deciduous canopy trees, it is likely that immature leaves
of Q. crispula seedlings will receive high light and suffer from strong photo-oxidative stress. In this study, we
grew Q. crispula seedlings from seeds in environmentally controlled chambers to investigate how the initial
growth of seedlings is affected by different combinations of light and temperature, and how expanding immature
leaves and expanded leaves respond to environmental stresses. Seedlings grown under low light with a high
temperature had higher relative growth rates than those grown under the other conditions, and showed smaller
stress responses.  Our results suggested that this growth condition is favorable for Q. crispula seedlings. Under
low light and low temperature, leaves expanded slowly and showed low photosynthetic rates and low Fv/Fm
even after they had fully expanded. Seedling growth was strongly inhibited under high light and low tempera-
ture. Immature expanding leaves with low photosynthetic rates avoided photo-oxidative stress by various
mechanisms including the water-water cycle, and maintained a relatively high Fv/Fm.
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Fv/Fm, membrane-bound ascorbate peroxidase (EC 1.11.1.11), relative growth rate, Quercus
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1. FU®IC

NSRS

Jt¥EE KRR Se AT

Tel. 011-706-5469

e-mail - kiyomion @ pop.lowtem.hokudai.ac.jp

1) dbdEER SR

Institute of Low Temperature Science, Hokkaido Uni-

versity, Sapporo, Japan

2 X7 (Quercus crispula Blume) 3R 24
R BEERD—D>TH D . HERMEMLSH KT
YEFT 208, vy 7DRBHI NS EMEEREE T 2
ZENDH D, JLEETIE S HPANICIE S X 7 EEDF
ERESsND UNUIEA, 1992) 2, ZDOEEIZIF 10°C
HVDERIZESEINBZZEHB. L, 20k



58 HE T, /NP R, BE OB, B OSEE

SRR T I X+ 7 OWHIREN ED & 5 nig%
20, I ED I IBEL TWE 00X, 725
o TWwign, KRR TIEEE RO RIRE E % OBER IS
MEL, ETRIRS WD AV F—fEbid, @l
Wb ENb 5. WL ST AN F =T A—
N—=FF ¥ F (0,7), IR (H,0,), —HIHER
#F(0)) twoleiFEMBEEEZREI Y S (KH
1999) . #E¥E CuZn-A—R—F F Y R TALY —X T
0, # H,0, L L, +¥7 a4 FEFKEGET7T2AarE
VBNV F VY —¥ (tAPX) I X5 T H,0, 2KIZ
Ll Ok 25E %28 < (water-water %4 27 )V,
Asada, 1999) . TEMEMFREER O BRI IEREELE
DaA—uyX7 <Y (Pinus sylvestris L.) (Krivo-
sheeva et al.,, 1996) =, A ¥ (Cwyptomeria japonica)
D& DO#EE (Han and Mukai, 1999) TS 2 {EA A
Rehns.

K r X —fEIc e 2 E RS HEELT, K
IANF—OWRINZED S DR S T Hik, WXLt
INF =2l S ik, EIFEE LT 2 fiknizs
Fond. Bz axvF—DBNERES THEZWL O»
HoBW, ZO—OBNORNEHbL 7007 4 VDT
VT FYVARDMENTH S, T ruaa 7 4 i
raouZ4lvagitrzuoaZ 4 vbngihs—F,
RIGHhzaa 74 vicidzaa 7z g va LargEha
\» (Yamamoto and Bassi, 1996) 722, 7> 7 5%
AX%EWo T er7aa 7 4 va/bBEMT 5. BILL
T ANF -2 RBEERTIVLFMATESL LD
T 570, BROHWELY LT 20, BREZH
PRI LTNIT RS, BE LTI 2 R+
YT ANTAINVDEboTWwS,. FH N7 4 Y
ANV EXTTFY Ty (V), 77 7F %5
(A), E7F%>F> (Z) £vd 3OOMEDM TN
¥k, TRFVMMIZEIoTE DT> T3 (Adams
and Demming-Adams, 1992, Demmig-Adams and
Adams, 1996 2 ). iR Ffbxhic7 > 779
VIV, BT FY U F URBBENCEDLY, v
F—DWENC L DR TV TEF Y N T o YA
NVOBERRENPHEZ 20, B RF o hoEGo ML 72
Y 4% (Adams and Demming-Adams, 1992; Demmig-
Adams and Adams, 1996 %= &) .

ruana 7 4 VENEHET S 2 LTk oT, HERD
BIEERVBED LI IZEASTH20008bhY, it
¥R U ORRKETIEE (Fv/Fm) I36EA bV ARED
RO ERD, APV AZZFTORWIEFFEICEL S
3 0.83 i D fi %/~ & (Bjorkman and Demmig,
1987; Maxwell and Johnson, 2000) . Fv/Fm »MEWIZ
EXA P VAR ZIT0E EHFZONS . FERkh
DRI T RUBP # VR F ¥ 5 — ¥ L\ o 7o RIEFE
EROEEFENDV 3, HEBIEEIME T2 I AT

EECHEZZTIELTERA NV AEZTRTVESE
ZHNE. BVEDNZ bV ADZTRT XL
LT H % (Krause et al., 1995; Yoo et al.,
2003; Jiang et al., 2005) . Jiang et al. (2005) X5 T
BB L7/ A A TRBEORBEE LB TFY Y P74 Y
4 7 VRPIEERR L o RN FET 2 L &
wLTz. F72, B OMEAREE CIEE WEL2REHET
FHEHIEL D B HFD Fv/Fm OIETORENKE <,
EAE T TREOCETCHKHIEL Vb 7uaa 74 VBTV O
FHU R T4NTA I NVOERR, FRCET RV F
BN% o7z (Krause et al., 1995) . @i ClI v &
HEARTRUESMECTZ01Z, §IHETHT A0 F — 03t
W BAEEMED D 5. ETz, IR TIREE 2 it
ARMESECIZD, RoR» o ZEL BT 2 2 L8
ERRREICE > TEETHSL EFZONS. Fv/Fm &
R EORICHEIREMRLS H 2 Z EXRINTWVDS
(Farage and Long, 1991; Laing et al., 1995; Egerton et
al, 2000). ZD7k®, I RAFTIHMEET T MRiEaE
A MVAERBGE, BEREHUKEL T o Dtia
ERioTwa tFEzohs.

ZOFX TIEFBLOEE T CTHRET % I X 7FEER
RS2 ERRR R AEFREO T TED & 5 IRk
KERL, BRZTORBEAEL X OCRHTT LE
B, EQXIBHA M VAINEERT O EHSPIZT
52 EwHME LTz, BREHIET T X7 7 EEDORR;
KT IR EZR L, BATOLET L BEMNT TFE
wmd s,

2. MEHXUTTE

2.1

2 X+ 7 (Quercus crispula Blume) OFETFI3IbHEE
EE O IL¥EE R NEEM Fepk (N 44723, E 142°19) T
BonlzborHW. Bt 2 £ TELKICE
HACCTHRELL. BTRIAEEN2.5-3.5g (K1Y
3.02g) DbOEHWI. FEEEICIIALTRSSE (H
KERE,, KR %, SEEERENC IMRERFADISERT O
REERRE 2 8 X 03 (HABMIZE, LK) =Hwv
2. SXFTERERRD 4ODEME, Thbb, WbE
® (FE4EATE oK EFHREZEEPPFD 1000 gmol
m 27!, EAEMIOSRIE 25°C), 5EH IR (1000 xmol
m~2s7!, 10°CEIE 72 W ELMHEDRERIE 15°Ch & 20°C
L EFThRA), 55X EE (100 gmol m2s7t, 25°C),
B L UFPEEER (100 gmol m2s~!, 10°C) THEHEZL /2.
FRYGIEIR (1000 gmol m~2s7!, EAEMTDSKED 10°C
W23 X ORERRE) TORE LRV R LTS 2,
FEOVIHEE L  HE I o 2 BRBE0E S L
T, FLENFEF NS LSBTV, K
BUZEBFERCHVSE ZENTE R Mol 22T,
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NIRRTz 4 D DEB LM TR 21T 7. BT
6RO FB6REEFTCE L. Ky b (EEI12.5cm,
HX20cm) WA F TV —r (FE0.6%, Vv
0.5%, 7V 0.5%) ZAN, 1Ry bYHkeb 1EED
FEEPRE L. EORMTET & CICET 2 HEOF5
ORF (BRE 1), ZERZ T 3 200 (BFE2), &
BASE T 1HEME (BB 3) O3 DDEBETRIZHRR S H]
EB X RO 21T > 72 . BBREE 3 AW, &
EBFLEGTEOENE CCBETIHBEEFNS 20T,
ORI LIEZ3HIECHET 2 v FiER %
To7z. 25°C RGBS L UFXER) T8 H,
20°CIT < &) Tk 11 H, 10°C GHHEE) T
B9 HZEDREBT T ETIKE L. 22T, Bl
DOHEIE B & OB, 585 & 350 TR EED R
DIRE > T o 4 HiR, BXFETIX 6 HER, FHUER
TlX 10 HERWZAT - 72 . TEVIOBEUIFF 10 Ko & TEF
T To7z. S X7 TRERFBIROREZE R BT 2
e, 2DHH 2, IWMERRL, WEERTHAEL,
ORCBREEOHE £ TORM, —80°CTHREFEL:. B
D OEEIFEEmFEET (Li3100, LI-COR) % AW CEEHFE
ZHE Lt R, 2, BFLebBEMRI—TV
(PSN-80, {HARBEALFHEIRBIER) 2 H v, 80°CT 48
RELA BB L 7o RO ERIE, EOWEER % H
ELEOHEM LR OFEOEFE» S A b o7z,

2.2 MEXHREE

BEBFRBICE T 2 RN 2 S 2 7201, xS
FE®E (RGR;g g ' day') % Hunt (1990) % Li
et al. (1998) D HIKIZHE - TEHE L. SEZEHL 72
D RERZFEDOR LD » 5 O HECH L TE
IR L7z, 2 OEREIRAOMEE 2 RGR & L.

2.3 XEMERESIOOZOOT 1 ILEALDRIE
HEREEB L7 an 7 4 VEDEORIEICIZ 7 o
7 4 VEDGHIESEE  (6400-40 V) — 7 F = 2 N—T N
0 X —%— ; LI-COR) #3272 BARE LG Bk 25 H0H &
% (Li-6400 ; LI-COR) % w7z, S8 B o #lE 7
WCEERME T v > N—128k A, 20 5L EREFTICE W2
#%, K BLXUFE, OHE 2TV FR/Fy(F,=F—F,)
ERD . HEBGHEE L, iR 25°C, CO, 43 36 Pa,
HXBER 0% I EL, ATKRRENTHEL /2.
KB A e R E (PPFD) 13 0 2> & 1500 gmol
m2s7t F TEAL SR, H— A AR O fAFIE 4 2
B, mAAEHREE L L.

2.4 BRONM

ruua’Z4)va, uuaZ 4)vh, €4 T7FHF
V), 7v77F% 5> (A) BLUOET7FH T
(Z) DWEZTT-> Tz, WEEFRPTELBHREL, 20

R F 7 REDOYIARKR £ FEOABIIEE 59

—E R BB ST PR OBIEIC AW B L7z
TEDIL, AENOmgHE~ A 7 a0Fa—7cmb
WY, 1mld100%7 £ b &2z CTHRELL L,
4°C, 21,600 g T10 /M LOBER T2, Z D,
FEET7 4V —ToHBL, GEREEI O N T T 7
HPLC (LC-Vp, B, 5H#) THrE{ir->72. HPLC
IZ X %43 #71% Tabata et al. (2010) & RAcD H T
7oz,

2.5 PRIOANVEVERILAFII—E (APX) &k
DEE

BEEMRELIZDOLS, 15ml~v A7 0Fa—7 1
AEFHOmgrEEVN-/. 2212 10mg S 44/
SRk 10mg XY E=LEa) Ey (PVP: T
S F& 360,000) ZH0Z, 40 1 D 50mM 7 A 2V E >~
1%, 20 41 ® 2 Na-EDTA B X U500 ¢l ® 50 mM KH,
PO, (pH7.8) ¥ L7, 4°CT21,600g, 5 45
DS RER, TR R 40 1 O 50 mM 7 R 2V E U,
500 1 @ 50 mM KH,PO, (pH7.8), B X OO A%
D722 5 ul D 10% (v/v) Triton X-100 #1072
W L., COBEEE 4°CT 21,6002, 547[H
OO, EEREESE L TF T a4 NEFKER
APX (tAPX) OS#TIz w7 . tAPX i&M1E Nakano
and Asada (1987) D HEIHES> TRDIz. 7 AALE
Y OBALHE 125 EHEET (DU 7400, Beckman) %
vy, 290 nm OWRINZE L% 25°CT 5 EHlET % Z &
LUk,

2.6 iRETEEAT

EE, £AFRE, EOREZREVSELDOE—D0
TN—7E LT, ZV—THOlE 21T > Bz iE—Ioht
B D E T & Tukey HSD #: % Fl W T H EILIK %
1T 7. #atibricix SPSS 11.5] (SPSS Japan) % H
Wiz, BE L ARLSEOWZEERORREMROMES =%
EI 3 2 Bk Turkey-Kramer % w7z .

3. BR

3.1 R&EDHE

RGR X, 5% & T0.085 (P<0.001,R?=0.84,
n=9), #¥%E IR T0.055 (P<0.001,R>*=0.96,n=
9), FXEETO0.11 (P<0.001,R*=0.85,n=19) 55
HARIRT0.045 (P<0.01,R?=0.65,n=9) Th-o'.
TR AR R 13 55t i CH bR IO ER L D b E
o7z (Turkey-Kramer #, P <0.05).

3.2 HEERI OERXREFNE (Fv/Fm)
EBERHPEBREICED 59, 241 Fv/Fm
130.83 X0 b{EL2o7 (1), MUERRUENTIE
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Figure. 1 : Changes in Fv/Fm in leaves whose area is
about half of the leaf fully expanded (stage 1), leaves just
fully expanded (stage 2) and the leaves after 1 week of full
expansion (stage 3). Each symbol shows the mean and
standard error (n=3) of plants grown under high light at
25°C (high light and high temperature, O), high light at
20°C (high light and medium temperature, 2), low light at
25°C (low light and high temperature, @) and low light at
10°C (low light and low temperature, ). Different letters
indicate significant differences between groups at P <(0.05.

Fv/Fm CHRERE W L 2N aEEEZN R ok
otz (1), FRERTET LELED Fv/Fm &
FPLRRSPENEER TEBT LIHELED Fv/Fm XD b
Bnoiz. &R (10°C) THEB LEEEFER (25°C)
THEBLEFEEID HEOHA PV RARZELENTNDS
fERN R Sz,

3.3 fEmRE FV/Fm
Fv/Fm £ EEDOHMHREEE (RGR) & ORICIE
HVIEOHBEN R S0 (M2, R=0.985, P<0.05).

3.4 RRAEGHRE

25°C (39)emi, MOtmR) CTREREDICONT
EORACERBEEZHEML 72 (K3). 10°C (F38E
H) T, BEORRERBOMICAEEZIZR oo
7. EEFRMMTUEREE 2 i 5 & EO R T
(B&FE 1) R BAEBZRBR W Zr o708, FEORMK
T LEMR (BRE3) 1C3stmEiR, mtEE (202
DRBHEEERE»o7), HOEHIE, $EERDIHIC
KA FE o Tz,

Jo, /NEFOWEE, BH O, B OB

085 . : . .
08 | J
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OmEE
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2 IR EHEE (RGR) & Fv/Fm OBfR. % 51350
StEE (O), iR (A), FtEE (@) B X UK
W (W) TEBLEZIAF7EEIFEE» SKDIETH
D, Fv/Fm 3 FEB & OEHERZE 2 /RT .

Figure. 2 : Relationship between RGR and Fv/Fm. Each
symbol shows the values of plants (n=9) grown under high
light at 25°C (O), high light at 20°C (A), low light at 25°C
(@) and low light at 10°C (H).
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Figure. 3 : Changes in maximum photosynthetic rates in
leaves whose area is about half of the leaf fully expanded
(stage 1), leaves just fully expanded (stage 2) and the leaves
after 1 week of full expansion (stage 3). Each symbol
shows the mean and standard error (n=3) of plants grown
under high light at 25°C (O), high light at 20°C (2), low
light at 25°C (@) and low light at 10°C (H). Different
letters indicate significant differences between groups at
P <0.05.
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Figure. 4 : Changes in total chlorophyll content per leaf
area (A) and chlorophyll a/b ratio (B) in leaves whose area
is about half of the leaf fully expanded (stage 1), leaves just
fully expanded (stage 2) and the leaves after 1 week of full
expansion (stage 3). Each symbol shows the mean and
standard error (n=3) of plants grown under high light at
25°C (O), high light at 20°C (A), low light at 25°C (@) and
low light at 10°C (). Different letters indicate significant
differences between groups at P <0.05.

3.5 sOO074)b
FICAEBEREO b DRI E X2, EHEDZZD D
runa7 4 VEIZFEORREFICI2EEEZIIR S
mhrots (B4 A). BEORREELEL D Oz
EXIWZ, 7un 7 A VRICBEBRFICI2EEZIIR
Shkimolz (B4 A). 7uana 7 4)va/bldisEitss
(YR, iR CEms 2 @@ R o iz a3,
TNTNDOEBRFTEORKRERIC L 2AEZEITIRS
Nigipoiz (M4 B). EOREREENRELC b O %R
lee&W, zun 74 Vva/bCREFTRFICLI2ER
ZixRonk»ro7: (4 B).
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1to#FE (B) 0%k, FEORREEFFIEK1 LFRU. 5@t
(O, #EXriRE (L), 3tER (@) B X UFHBERE
(M) THEBELILIXF 7FELED IEEOFYME S L E#
BFEERT. BT V7 7Ry ME P<0.05 THEZEN
Ronle 7/ v—7"%21R7.

Figure. 5 . Changes in xanthophyll cycle pool size per leaf
area (A) and de-epoxidation state of xanthophylls (B) in
leaves whose area is about half of the leaf fully expanded
(stage 1), leaves just fully expanded (stage 2) and the leaves
after 1 week of full expansion (stage 3). Each symbol
shows the mean and standard error (n=3) of plants grown
under high light at 25°C (O), high light at 20°C (&), low
light at 25°C (@) and low light at 10°C (H). Different
letters indicate significant differences between groups at
P <0.05.

TENEM T o7z (K5 A). mMEMg GiXm
B, TR CREOEBICHE-T, FY b7 a4
YA TZNDT =N A XWEEINT BMEADFE S L7208,
ZOMMIIMETCEE TR Rro7 (K5 A). £
Y74 NYA 7 VOEREROR TR F ALOFIE (A+
Z)/(V+A+Z) BRCEBSETHKL 72 & &1,
FEORERBIC X 2EREZIR s ahrol (M5 B).
EORERICHED 59, FptmBEy Clkmtsst
(SR, mtiE) SRR R v {bDE &I
E»-7z (K5B).

3.7 FSOAREHFEE APX (tAPX) &%
HHEH-) OBHEEH 7 AV E VBV F v
F—¥ (tAPX) M, SEBLRFITBWTEDR
REBCI2EEEZIR Lo (K6). FEDRE
PR (BeFE 1) TSt miRSEto tAPX &M i3t
D 3 &M GEtEE, bR, IUEE) X v bEw
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Figure. 6 . Changes in membrane-bound APX (tAPX) activ-
ity per leaf area in leaves whose area is about half of the
leaf fully expanded (stage 1), leaves just fully expanded
(stage 2) and the leaves after 1 week of full expansion
(stage 3). Each symbol shows the mean and standard
error (n=23) of plants grown under high light at 25°C (O),
high light at 20°C (2), low light at 25°C (@) and low light
at 10°C (H).

HEA R S hiehs, MEtaBEEZZL»>7 (6).

4. ER

4.1 EEDEBRHTTCOREDHE

Fv/Fm 3t EE#HE (RGR) & mWIEOHR %
wL7z (K2). ¥4 327779 (Brassica napus L.)
(Farrage and Long, 1991) 24 > 7 >~ X (Phaseolus
vulgaris) (Laing et al., 1995) ZBWTd, Fv/Fm
EWEDIREREMEN Z ENRINT WS, A5
WWBWTY, Tho OBEME L ERLFBRIR I
2. B EER T, 8 THoTH RGRBE L (X
2), AEREENE L (3), A bV RRERN
Dign (B5) Tehro, ERRPEETHL I XF T
(Kikuzawa, 1983; Koike, 1988) D44 IC# L 72
EBEMETH L EFZoND . W THMNEE BRI
BETPWREE (RPPFD) % 100%, 10%, 2% &% 2 T
SRS TEERFELIERICBLTY, REZEERIC
1% RPPFD 100% & RPPFD 10% & TEELREMNE S
Bhpoleb DD, zua 74 VE LA KHEE X
RPPFD 10%®D /i 3% <, RPPFD 100% CAH L 725
£13 Fv/Fm 2MET L Twiz (Matsuki et al., 2003) .

S RAFZIIEIRERCET L, KRCEET 2 2 e

T&5. L2»L, REDWFTIHZI0°CTIEFHEALTD
Fv/Fm BMEWEWD X2, KEBA MV ARENR
s (K1), et AETHRRI L 5, @ro
YD B OEEH 10°CIc %% 5 & D ICREZRET 2
&, EORRMPEL JEFESN, EiIsx, FEEIThS
g oz, MELEREZBERL IV, +403 4 BoOMEEk
BRLZEMTERPo. 10°CTIEFBIE I AT
EOEFRURRICT 208, W34 TFEL REHEET2
EFEZoNDL. ARV T EHMO2-2 ) /F
(Egerton et al., 2000) 32— v X7 4~ (Slot et
al., 2005) TIEHENELEOKRERZET Z LS NT
W2 . Egerton et al. (2000) &, AHE%E 509123k &
TR Lo TREDEDKE D Fv/Fm OET 34
Zo, ZKMONERHEENE L, EEOHEEIIIZ
S5NBZExERLIz. S RXFTEETHFHNHTHRENR
ENAEANRSNEH, OB THAI TN
T, FPOBEIR THAHEE S Fv/Fm O3k
Enh ®1BLEU3), EBORBHICEWHEZEL /2
(MEB L OHESR) . LeoT, 10°CE w5 ERI
SAFITYELREICESTHRBELRSZMETHE L0
3. HF»rOEETT 2 UFEEFEET, KRICHEZRK
W% L DL SERL TR EENTREDEE
ZFRPTwEFEZONDS. iz, WA TIEYEEFELED
FEIHIRMMICE W2, S THIImANRD 5 W TEDH
FOSED 10CL D LA L TWAA[EERDH L. Z0
Bt, COWSRICE T 2R TR S kiR X 5
W2, FORER LD b RAEEHIEEDOE MR E &Y
(3), RIAFICIIFEEEL D b RELSFEEVHET
LEEZHNS.

4.2 EDOHREMRICELDHAIRILF—FBADEL
zuan74)va/bZFEESREME, EORKBEED
MNCHET A EEZ T, WM TR L AEDH
ElcfEoTrz oo 7 4 a/b 3883 2 @@s H S n
72 (M4 B) s, ZOWROEETTIE, X7
TREDKRKAIENT > 7 Fraa 7 2 VDY A X &
INUTHOBIN 2273 2 L v &I T> Thian
LEzon5. EORR 1ERE BFE3) OXERFD
7ZODFV Y N T 4 VHA IZNDT =Y A RIEEHET
EB LAY CEIETEBLIEI LD bREr o7
(BI5A). FH > b7 40T A 7 VORTRFAMLDE
BIEFIEERTER LTRSS, ORETEFL
T TTE P o (5 B). $ X+ 7 DYFELEEET
BEOREICHES TFI Y N7 4T A 72 NVD T — )V
A RDHENT 52—, EOEMOF VR, & itk
BIZIGE L TR R AMEDEIENEML Tnd 2 LN
ANz, FEEREDIZDDF T a4 FEFEEHO7 A0
WE VIV X F—¥ (tAPX) WEHEIZ AT MM
THEORREFEOM T HMAMNICERERZNR o
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molzn, EORBH (BREL) o, FpotmiiTidfo
EBEEGL Y DEEIMEEAL RSN (K6). 73
KRR ZERE, EORMKT 1:EME (BRE3) Tk
RAGHRE ML (K3). EORMIKT T2
E CIIRBEERIMEL, BINS iz A+ —1F
W e 2R EEM N D L. —F, Fv/Fm®F9% >~ b
7 4 VA 7 VDR R F ALDOFIE I ITEED IR B
XD RBREEIR W o7 (M1 BLOY
5). EORBT BRE1) ExVy > b 740¥ A 70
DT =N A4 XWNEnizw (B5A), water-water
P A ZIUDERBRRIC L 2HEEL SREHRETF L7720
WA I EE BB 2RI L Tnwb EFzond . B
DRI B R B E ERE ST BN 5 & water-water
A ZNVEAEDD TANVF=—PREDTEEFHFEZONS.
D& D BZAFZESEHL T LI Fv/Fm % —
EWRDODIZEIL> T EHFZOND.

5. #iE¥

Z DERERD—FRIARIRFPIAWTEAT DERFERE 2 B £
U3 =2fioUTbhl. IXF I7ETFEEEL TV
W2 ALHEE R A RN REITSEM DRER B2, FRER DBl
YR— b 2B T RICEHOBELEERT 5.
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