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Chiorophyli tltlorcsccncc imaging at rcd and 最 ir―rcd、vavclcngth rcgions、 vas uscd to as―

scss thc cttccts of ozonc cxposurc to sunn。 、vcr(Frt′ff′?ィ7Pどド `7′〃?′′2′ざL cv｀ Sun―hopc)icaVCS Clllo―

rophyll tluorcsccllt‐C tillagcs at icd and far―rcd■ a、rclcngtil lcglolls、VCrC Obtaincd tisingに vヽo band―
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Ozonc cxposurc induccd both visiblc h」 uttCS and non―visibic symptoms that wcrc non―

unittllllly distributcd on thc lcat Visiblc ill」urics wcrc bicaching of chlorophylls Non― visiblc

symptoill、VaS dCcrcaslllg thc photochcllaical quantum yicid of photosystcil1 1l by incrcasing non―

photochcmical qucnchins The sitcs ofthc non―visiblc sylllptoms did not ncccssarily corrcspond to

thc visiblc illJurcd sitcs ln ttr―rcd chiorophyll fluorcsccncc llllagingゃthc chlorophyli tluorcsccncc

intcnsitics and thc、alucs of ΦPsII slightly dccrcascd whllc a slight illcrcasc in thc valucs of NPQ
、vas obscrvcd at thc‡ jurcd stcs On thc othcr handi in rcd chiorophyll nuorcsccncc iniaging,
changcs oF、 alucs of ΦPミ1【alld NPQ wcrC nOt Obscド cd at thc visibic llturcd ShCS Far―rcd chioro―

phyH nuOrcsccncc illlaging dctcctcd both thc visibL illlurics and daniagcs in photochclllistryA whilcA
rcd chiorophyH llt〕orcsccncc llllaging dctcctcd lloll―viSiblc photochclllical damagcs avoiding thc

cミミct of chiorophyll bicaching by ozonc cxposurc
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I n t r o d u c t i O n

Ozone is a mttor phytOtOxic air pollutant(NoucH1 2002)Ozone exposurc
to a planl lcaF induces slon3atal closuren dccrcascs photosynthctic rate,and causcs
hctcrogcncOus vi豆 blc irllury on thc lcaf si】rttce(OMASA & al 1981、  1983.
Sc Hl、ィ[DTぷ`a1 1990) Itヽras fOund out that changcs of thc qtlantum cfRctcncy of

photosystcm II by thc ozonc cxposurc cannot bc dctcctcd M/ith a convcntlonal and
intcgrating lluoromctcr(LEIPNER&a1 2001)bCCausc ozonc is highly rcactivc and

is thought tO rcact rapidly、vith a rangc of cOmpOunds associatcd with ccll watis

and mcnlbranes(HEATH 1994)

Chlorophyll lluorcscencc ilnaging is a sinlplc. rapidi and non―invasivc

mean to asscss thc hctcrogcncous photosynthctic activity acrOss thc grccn plant

sul偽cc(OMASA&a1 1987、 DALEY&a1 1989,OsMoND&al 1998,TAKAYAMA

&a1 2003,OMASA&TAKAYAMA 2003,ENDO&OMASA 2004)ChiOrOphyll lluo―

rcsccncc spcctrum has t、vo peaks at rcd and far―red、vavelength reglons The red

lluorcsccncc is iargcly rcabsorbcd by thc chiorophylls, whilc thc far―rcd onc is

hardly rcabsorbcd(PFUヽ DEL 1998,VoGELMANN& HAN 2000,PETERSON & al

2001)

In this studyn chlorophyll fluorcsccncc inlaging、vas tlscd tO asscss thC Cf―

Sccts of OzOnc cxposure to sunflowcr(Hc′r`7″r/rどrs α″″rr″rs L cv S`un‐hopc')lcaVCS

Vヽc havc also carried out a conlparativc anatysis of thc charactcristics of rcd alld

far―rcd chiOrophyll lluorcsccncc imaging ill this study

卜1 9 1 c r i a l  a n d  M c t l l l l d s

Sun Hopc plants(ryt,′ぜ̀′′7r/7ど′下̀ r″″"ィ!′ざL c、|)、ヽcrc gro、vn ill aどro、、lth chambcr ttjr 4、Tccks
aicr so、、ing in pots Thc pots、vcrc illcd、vith artillcial sOil(ln3iXttirc of vcrilliculitc and Pcrlitc, 1:1
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with a nぃ11ビヽ:lt solution(1:1000 dillition oF HYPONc、)MaturC rr7ドよr2rF/t′ごcr,7′′7′イドcl,7′?r′2パL lca、ics

werc uscd ill thc cxpcrinacnts

Thc tlzomc trcatlllcnt、、as pcrttrlllcd iti controHcd c11、lrollnicnt chanlbcr(D)icc1 0ES_
10A)Thc ozO1lC COnCCntitRtioll lllsidc thc chanlbcr、ドds t‐Ontinuotisly lllolll(Orcd ustllg an atltolllatic
illonitorillg dcvicc(Dylcc、「v10DEL 1200)For this cxPcrilllcnt、thc Os concciltration、vas sct to 300

ppb Thc plants、vcrc cxposcd t()thc ozonc R〕r24 11 uridcr illuminations(PPF 300卜tlllol lll:sl)
Thc chiorophyll fltiorcsccncc inlaging systcm installcd ill our iabOratorrヽVas tiSCd in thc
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idc lal〕〕ps(St〕,1lita Optical Glass LS―M180)cquippcd、 、itil a shon―pass nllcr tc onlingA 4‐96t九 (

600 1lnl)thrOuどh an opticcll tibcr Cll10rOphyH lltlorcsccllcc 、VaS Capttirc(l by a chiliせd charどc_
cotiplcd dcvicc vidco canlcra(1lail13111atsti Photorllcs.C5985)cquippcdヽ、‐ith a rcd or rar―rcd、、ra、‐c_
lcngtll bt11ld‐pass llitcr(Optical C Oatings Japalllえ=6800■ 740 nlll)Rcrlcctancc inlagcs、vcrC Cap_
ttircd、vith thc systcnl、vithout bd1ld―pass tlitcr as vistial illlagcs

Atcr ozonc cxpostlrc thc icaf、vas dark―adaptcd tor all llour thcn Fn、 111lagcs at thc rcd
and far`rcd、vavclcllgth rcgio〕ls、「crc capturcd ARcr illc photosyntilcsis rcachcd a stcady statc、 FⅢュ
and F lln3_qcs at thosc rcgions、ドcrc capturcd Usinどthc iclativc lltlorcsccncc yicld i】1lagcs、ilnagcs
or thc pholot‐h口1lical qllalぉtu11 ヽyicid of photosystcl〕〕II(ΦPsiI)、vas colllptllじd t,sing thc lollo、1〕】ご
由nllはla OP、‖=(Φ FiギーΦF)lfrlFm (`GENTY&MEヽ こR1995)
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R e s u l t s  a n d  D i s c u s s i o n

Fig i shows thc distribution of ΦPsll and chlorophyll fluorcsccncc intcnsity

(Fぃぅ)M/hen nOnphotochenllcal quenching、vas zero, at rcd and ttr_red、vavelength

rcglons on thc lcaF surfacc and visual(rcflCCtion)appCarancc ofthc lcaf aftcr ozonc

cxposurc ln thc control lca二 hcterogcnctty、vas not obscrvcd cxcept for vcins ln

thc lcaf aicr ozonc cxpOsurc,non―unifomly distributcd visible itturiCS Can bc ob―
SCttCd ln thc visiblc illlurcd sitcs,thc changcs of Φ Psll and Fin at thc rcd wavc―

lcngth rcgion 、vcrc not obscrvcd‐ 、vhcrcas ΦPsII and Fnl dCCrcascd at thc far―rcd

wavelength rcglon Signiflcant changcs of Φ PsII and NPQ(data nOt shown)wcrc

obscrvcd at both wavclcngth rcgions Thc sitcs whcrc ΦPsH and NPQ changcd sig―
nincantly did nOt ncccssarily corcspond to the visiblc itturcd sitcs

lt sccmcd that chiorophylls wcre blcachcd at thc visiblc ttturcd SitCS

(OMASA&a1 1981,1983‐ ScHMIDT&a1 1990)ThCrc arc two pcaks in thc chlo―

rophyll lluorcscencc spectm■l at the red and ttr―rcd、vavclcngth rcglons Rcd chlo―

rophyll lluoresccncc、vas rcabsorbcd by chlorophylls,but in thc far―rcd oncn itvヽas

hardly reabsorbcd(PFUNDEL 1998, ヽ アoGELMANN & HAN 2000, PETERSON & al

2001) In thC blcachcd sitc, light absottt10n dccrcascd, so cnllssion and rc―

absolption of rcd chlorophyll lluorcsccncc also dccrcascd.thcrcforc thc changcs of

thc chlorophyll fluorescence intcnsttics at thc rcd 、vavclcngth rcglon 、vcrc ob―

scurcd On thc othcr handぅbccausc thc cFSccts of rc―absotttlon V`Crc snlall at thc

far―rcd、vavclcngtll rcgion,thc cttcct of dccrcasing itght absolption vvras conspicu―

ous
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Fig l ENccts ofthc ozonc cxpostirc on a FycFtrr,7r71′′「̀ 7″′,ど′ll Lゞ lcaf 111lagcs of visual ap―

pcarancc.ΦP、キl and chiorophyll nuorcsccncc intcnsity(FⅢl)at rCd(R)and far_rcd(FR)、 vavCICllgth

rcglons atcr ozonc cxPoSurc Thc sitcs stirrOundcd by、vhitc dashcd lillcs rcprcscllt thc visiblc i11-

jurcd arcas Arrows rcprcscntthc typical sitcs whcrc Φ,、‖signiflcandy dccrcascd

NPQ wlliCh iS calculatcd fl・om the ttnllulat NPQ=(Φ Fin―ΦFm )`/ΦFtギ

(DALEY &a1 1989)rcprCSCnts thc cxtcnt of thc ability to dissipatc cxccss CXCita―

tlon cncrgy as hcat At both wavclcngth regions,ΦPsll dccrcascd and NPQ lll―
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creascd in thc samc sitcs,、vhich implicd thc incrcasc in nonphotoche■lical qucnch―

ing caused the decrease in photochcnlical quantum yicld of photosystenl II at thc

sitcs(TAKAYAMA&a12003)

These results indicated that ozonc cxposurc of sunnowcr leaf caused both

visiblc and non‐visiblc symptoms lmaging analysis、vas nccdcd to dctcct thc dam―

agcs,bccausc thc symptoms、 vcrc non‐uniforttlly distributcd on thc leaf lt、vas ob―

SCttCd that thc photochcrlical quantum yicld of photosystclll II did not ncccssarily

dccrcasc in thc visiblc illlurcd arcas lt was possiblc to dctcct non―visiblc photosyn―

thctic damagcs avoiding thc cfSect of visible itturieS i.e.bleaching of chlorophyll
、vith red chlorophyll nuorescence imaging
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