5. FIREOA Y VIRENE ~ U Y EYERES
(CB T DERMEO N ERMSEEIZ 542 H &

BOWT

95



5.1 BHgEoE Z R OB

TV A ONTRNE A% LIZBEFRO)YDRIFRTH Y, ERINITRE~DLEINE
PG, FAMBEP COEFINBERLICL > TRET D, EiohRETIx, AfH
RLEENOHH SN D ZRMEZEHR (NOy) 28, KBS X W B#ERT LS FIC
DRREND ZEICK VR END, WEBOA Y VR, FHN D DEIRE BRI L
HER EOAEMOMEFFICEL > TWD—H T, XIFE, frcthiihaosy 3, ik
LFAEy FORKPE L LTHONRTWS, KKGEWELE LTOFY VI, &
BE TITHEA~ DB ERM LTV BIED, FRHRARERCERIEYSEOY ~D
S A TV D (Ashmore and Bell, 1991; Nouchi, 2002), 4> BT, FED
WIR(EE EBITHIMLTRY, BCKFEETIE, &Y VEHEREERICBW TR LG
AR KKIGEME OO E D TH D L E % 50TV H(Sandermann et al., 1997), = D7
O, EkRI—1 v ROFKE#K L TV A ORE, H AL CRERE 2 L
DAEPMRE, 7>/ n =R EICKT D4 ORBIZET DN TR
FERHISRM T TEEAAZITHOIL TV D (Matyssek et al., 1995; Sandermann et al., 1997),
VBRI 2 D BB, TEERER O, Rubisco IEWEDET, =F L
DEMOD=Z>BERLRBOL LTHEINTWS, ZORKE, WMWIZIZRE I
RHEKOIME, EOBREHEBOMIMDIE (B) LloEEMEES, E17,
PEELEY A 7 RICBEND Z ENEL, 2Ry MEHIITOMPTIZREETH 2 (Leipner
etal, 2001), AV U OERBABRBIIFILTH D L WVbILTWEN, 4 3 s
DE <, BHITOTEERF RIZER SN D720, T OERSIEITRICRER Sh
TV NE N, A ORABRBEBRALTH D74 61F, [ALMBEICHH LT
WD IR & TR & LT, & SR )T MDA BIEE O AT IR M E o g
WHToTHMTHDEEZOND, LvL, YV U RE% OURIRERZ ISV T,
S E A RE T RERROBURIC SV THHT L2 FliZ R o hARvy, 22T
A R DEZ ORIV e~ T U BED 3D HOCHEE A B L, ST O
FRRMLRR B 1 D 1 %« DI O #HIRE, K ODpsy & FAVT, TREDA Y IRE
e~ T Y BRI 30 2 BERMIRL O A RBREIZ 5 % D BT OV THRAT

IT-77,

96



52 MK UL

A EHZIZ v ~ U Y (Helianthus annuus L. cv. Sun Hope)¥E % FV 7= (Fig. 5-1), &=
D UL, R O E T ¥ 3T, B 11 KRR (26°C) / BEH 13 BERT (20°0),
PPF 300 pmol m™ s D44t F T 4 R B L & 7=, WAL B W B B4R -

77

HMFROFMETIT 72, 9, £~ 0 ) ORBELBEMEIO 27— LM
L, AV REMO 7 na 7 o Vi EEROBG 2Tz, L X
20 5D L 22 A(BD Plan Apo 20x, #R&tEI > haya v, Besms, fufnos
JVAJESRIELT Table 6-1 (/R L2 L 3B0 THD, 728, BEEEIGORNIC, HOLHMEN
—IEWZRDE DT D720, WIHDEE RS Laass s 15 Rl L,

FAE AR A BT BRI, MDA 2 MK ST F mgEREL, &5
W R A 1% R0/ SV 20t % 1.2 RORIBRAY L C Fme {4 & UG L7z, i <
VASE, EEIEENE L L2V E S L ZARH S DK TH LA, fafn LA
APFCERTHRYE LR END &, WEDLREN SN LS Lz k5
MY OBIEHAEMUTLE D, £IT, faF/ UV 2T L 2BHE ORI A B <
2, FmHERE BRI, ROERmO F B2 RET 5 E T30 BHEloA s
TNV ERIT T, Fe, BAHEGRIGOBRE, N0ICHENORTEICESE S
YR, SLICESTETHIL L XETF e, ZhiE, AEBEGRELEOR,
BROE D HHAHRIZBRSND LI BE LI TH 5, BT 4pm [E T,
it 15 % T EANRICERSG LT, Zeds, BIEFNOR EEIZESR H oz 526
NIZBR G, EEFEROHEBIZLY, 608y EE TP L v X% ERF ST
BB ORIGEIToT, 728, Lo X0 ST, BFCHBEShEZAT v E Y
7E—4% PC THIET 22 &L TITo 72,

RIZ, b~ DU EAY CRERA R a—2IIBL, 4V ERHEETIIA
Fa =S BB 12 BFRBL & W7o, AV CIREABHEA LT, Table6-112, %/
CIRERARM A R BB A 3 Y JAERR(OES-10A, DYLEC)A IV CAER L
7= BUFE#H(MODEL 1200, DYLEC)Z FIWVTBRGZEHOA Y VREAZMEL, A F o
AN L RDAY PRIED 300ppb (PRI D S B L, 12 BRI A gk,

97



EvU VA rFaX=2no R0 LT, TIER<HEMEO AT — 2 FICHEE L
2o WIHDEAIRH L2236 15 0 FkiE L-tk, WRERTOREEER: L R, Zoan

7 4 VR A R 2 TG LT,

WIS, ZOX DI U TR 2 HEEOEATERG S ) — X% FVT, SEER,
KOV3D B ORI AT o7, BHOBNCIL, <A 7% 4 X3 7-41 ETHEL, *
NENOE T ZMZBNWT, HEO~RA A4 X THEEANRKRDLNDL L HIT L,
E7o, JAXBREOHRNT, AEFERICIISAIVFA X3 OAFT 4T T 414,
IDMHRIZIEF AT A XS DAF 4T T 4B, ROESET 4 L4 % Tl
GHHIEZ1T > 72,

SO, AERFEREGEFnEREHNT, AEOw HiEOEL 41T,

98



Fig. 5-1 Visual image of a sunflower (Helianthus annuus L. cv. Sun
Hope) used for the experiment performed at a PPF of 300 umol m™
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s .



Table 5-1 Structural formula of ozone, and

experimental conditions.

other

Structural formula

Concentration of ozone

Exposure time
a PPF of saturation pulse

a PPF of actinic light

/O\

0—0
300 ppb
12h
3800 umol m?s™

300 pmol m™? s
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14 15

Fig. 5-3 Focal plane chlorophyll fluorescence images from abaxial side of a
sunflower leaf captured at steady-state under an actinic irradiance of 300 umol m™

s, Atotal of 15 images were captured at 4um intervals using a 20 objective.
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Fig. 5-4 3D chlorophyll fluorescence images of mesophyll cells at the spongy
tissue of a sunflower leaf before ozone exposure, calculated by least-square
operator and Gaussian approximation. (A) is a birds-eye view. (B) is a right

overhead view. Blue line shows the profile analysis line used in Fig. 5-5.
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Fig. 5-5 Relationship between height from standard focal plane (Fig. 5-2(1))

and fluorescence intensity before the ozone exposure. The 623 points plotted for

measurement were taken along the blue line shown in Fig. 5-4.
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Fig. 5-6 3D chlorophyll fluorescence images of mesophyll cells at the spongy
tissue of a sunflower leaf after 300ppb ozone exposure for 12h, calculated by
least-square operator and Gaussian approximation. (A) is a birds-eye view. (B) is a

right overhead view. Red line shows the profile analysis line used in Fig. 5-7.
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Fig. 5-7 Relationship between height from standard focal plane (Fig. 5-2(1))

and fluorescence intensity after the 300ppb ozone exposure for 12h. The 623 points

plotted for measurement were taken along the red line shown in Fig. 5-6.
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Fig. 5-8 3D dpg;; image of mesophyll cells at the spongy tissue of a
sunflower leaf before the ozone exposure, calculated by least-square operator and
Gaussian approximation. Mpg;y image were calculated from two kinds of
fluorescence intensity images, taken at PPFs of 300 pmol m™ s actinic light and

during a saturating light pulse of 3800 umol m”s™.
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Fig. 5-9 Relationship between height from standard focal plane (Fig. 5-2(1))

and @psy before the ozone exposure. The 623 points plotted for measurement were

taken along the blue line shown in Fig. 5-4.
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Fig. 5-10 3D ®ps; image of mesophyll cells at the spongy tissue of a
sunflower leaf after the 300ppb ozone exposure for 12h, calculated by least-square
operator and Gaussian approximation. ®ps;; image were calculated from two
kinds of fluorescence intensity images, taken at PPFs of 300 umol m™ s actinic

light and during a saturating light pulse of 3800 pmol m™ s™'.
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Fig. 5-11 Relationship between height from standard focal plane (Fig. 5-2(1))
and ®pgyy after the 300ppb ozone exposure for 12h. The 623 points plotted for

measurement were taken along the red line shown in Fig. 5-6.
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Fig. 5-12 Reflected light image (A) and fluorescence intensity image (B) of of
mesophyll cells at the spongy tissue of a sunflower leaf after 300ppb ozone
exposure for 12h. A blue area in (A) represents the location of stoma confirmed
from reflected light image, and a blue area in (B) shows the same location as the
blue area (A). The area framed by the red dotted line shows the area at which

fluorescence intensity decreased strongly.
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Guard cell

Epidermal cell

Mesophyll cell
Fig. 5-13 Schematic drawing of penetration pathway (dashed arrows) of ozone
which explains our results when ozone can penetrate to internal of a sunflower leaf
through epidermis and cuticle. Red line shows the captured area can look by
using the 3D chlorophyll fluorescence imaging system (Fig. 5-3, 6-4, 6-5), which
captures only fluorescence emitted from chloroplasts of mesophyll cells at the

spongy tissue.
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Fig. 5-14 Schematic drawing of penetration pathway (dashed arrows) of ozone
which explains our results when ozone can only penetrate to internal of a sunflower
leaf through stomata. Red arrow implies a gradient of ozone concentration in a
sunflower leaf. Red line shows the captured area can look by using the 3D
chlorophyll fluorescence imaging system (Fig. 5-3, 6-4, 6-5), which captures only

fluorescence emitted from chloroplasts of mesophyll cells at the spongy tissue.
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