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Abstract  

Allthestagesinplantlifb－CyCle，i．e．，Seedlingestablishment，biomassaccumulation，and   

bothvegetativeandsexualreproductionsdependonphotosyntheticmatterproductionin   

leaves・Light，aSenergyreSOurCefbrphotosynthesis，thushasagreatimportancefor   

anyautotrophicplants・Sinceaplantisnotabletorelocateitselfforfavorablelight   

COndition，aCClimationto thelocallightenvironments would have high adaptlVe   

SlgnincanCe・Theobjectiveofthepresentstudyistoclarifytheadaptiveslgni且canCeOf   

leaf－levelacclimation to a glVenlight environment through severaltypes of   

ecophysiological叩PrOaChessuchasinsitumeasurements，laboratoryexperimentsand   

COmPuterSimulations・IfocusedontheacclimationofArisaemaheterqphyllumBlume   

（Araceae）tocontrastinglightenvironmentsofanunderstoryofariparianforestandan   

aqjacentdefbI℃Stedopensite．Investlgationswerernadetounderstandhowtheacclimation   

OCCurS at SeVerallevels ftom biochemistry to geometry，and what the ecologlCal   

SlgnincanCeOftheacclimationisfbrthegrowthandsurvivalforA．heterqphyllum．  

In chapterl，Photosynthetic characteristics，1eaflongevity and biomass   

accumulationwerestudiedforA．heterqphyllumattheforestsiteanddefbrestedsitefor   

three years to understand the combinedinfluence oflight and wateravaihbility・   

PrecIPltationvariedconsiderablyamOngthethreeyearS．Despitethedifftrenceinwater   

avai1abilityamongtheyearS，dryyearsof1994and1996，andawetyearOf1995，the   

SPeCiesshowedastrongacclimationtothecontrastedlightenvironments：ahigherlight   

saturatedassimilationrateontheleafareabasis，andalargerleaf－maSStOarearatio   

（LMA）andahigherrelativegrowthrate（RGR）wererecordedfbrtheplantSatthe  

defbrestedsite・WhilethepositivecorrelationbetweenindividualRGRandmicrosite  

lightavailabilitywasfbundinthewetyear，nOCOrrelationwasfbundinthedryyears，  

andmeanRGRwasslgnincantlylowerinthedryyearforbothsites・Leaflongevlty，  
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PhotosyntheticcqpacltyOntheleafmassbasis，darkresplrationrateandleafconductanCe   

towatervapor，eSpeCiallyintheplantSatthedefbrestedsite，Variedconsiderablyfrom   

yeartoyear，PrObablydependingonthewateravailabilityoftheyear・Thedeforested   

SiteplantSShowedalowerphotosyntheticrateandleafconductanCeundertheunwatered   

thanunderthewateredconditions．Theseresultssuggestthattheyearlywateravailability   

maystronglyafftctlight－aCClimationandannualRGRoftheherbaceousspecies，eVen   

innaturalhabitatsunderamesicclimatecondition．  

In chapter2，ef托cts offlexibleleaflet orientations onlight capture and   

PhotosynthesiswereinvestigatedfbrA・heterqphyllumgrownintwocontrastlnglight   

environments：thefbrestsiteandthedefbrestedsite．Leaforientationsaredetermined   

byinclinationofleafletmidveinandfbldingofleafletblade．Leaveswereflatterwith   

Smalleranglesofinclinationattheforestsitethanatthedeforestedsite．Directions   

（angularaltitudeandazimuth）ofleafsurfacesofthefbrestsiteplantswerecloseto   

thosepredictedtomaximizediffuselightcaptureateachmicrosite，Whichweredetemined   

bytheanalysisofahemisphericalcanopyphotograph．Meanlightcaptureefhciency   

（theratioofactualdiffuselightcaptureataleaftomaximalreceivablelight）reached98   

％．Incontrast，markedleafletfoldingoccurredatthedefbrestedsite．Thedegreeof   

fbldingvarieddiurna11ywiththemaximumarOundnoon．Computersimulationsshowed   

thatPPFDs（Photosyntheticallyactivephotonfluxdensity）0Verthephotosynthetic   

SaturationlevelofA．heterqphyllumcanbeefftctivelyreducedbyincreaslngtheslope   

Ofleafletsurfaces．TheimportanceofdecreaslngeXCeSSirradianCetOaVOidphotoinhibition   

andtomaintainhighratesofphotosynthesiswascon且rmedbyarti負ciallyconstrainlng   

horizontalleavesatthedebrestedsite．  

Inchapter3，A．heterpphyllumplantSgrOWnatthefbrestanddefbrestedsites   

WeretranSferredtoanunshadedexperimentalgardeninearlysummeranddiurnal   

Changesinphotosyntheticgasexchangeandchlorophy11fluorescenceweremeasuredto  
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revealstomatalandnon－StOmatallimitationstodiurnalassimilation．Assimilationrate   

伍）andleafconductancetowatervaporreachedtheirmaximuminthemorningand   

thendecreasedtoabouthalfthemaximumvalues，butoftenshowedasma11recoveryln   

thelateafternoon・A atinternalCO，COnCentrationof350pmolmorl（A，，。）was  

estimatedffomlinearelectrontranSPOrtrateUI）estimatednuorometrically，andspecificity   

factorofRubisco（∫），andanindex（1－A／A，5。）wasusedtoquantitativelyevaluatethe   

StOmata11imitationto assimilation．Insunleavesunderphotosyntheticallysaturated   

lightconditions，（l－A／A3，。）afterthe‘peak’ofdiurnalassimilationratewas70％   

higherthanthatbebrethe‘peak’，Whileinshadeleavesthevalueafterthe‘peak’was   

about20％higherthanthatbefbrethe‘peak’．Photochemicalefficiencyofphotosystem   

II但肋’）andネWereCOnSiderablylowerinshadeleavesthaninsunleaves，eSPeCial1y   

atandaftertheassimilatory‘peak’．Inshadeleaves，Apositivelydependedonみat   

PPFDabove500い′mOlm－2s－1throughouttheday，butthiswasnotthecaseinsun   

leaves．Partitioningofelectronnowsbetweenthecarboxylation（Jc）andoxygenation   

U。）ofRuBPwasestirnated丘omAandJ；・Insunleaves，theJ＃Tratiowassignificantly   

higheraftertheassimilatory‘peak，，While，inshadeleaves，littlediffbrencewasobserved   

betweenbeforeandafterthe‘peak，・PhotoresplratOryCO2effluxintheabsenceofair   

COっwasaboutthree－timeshigherinsunleavesthanthatinshadeleaves・Thepresent   

datasuggestthatthemiddaydepressionofassimilationratewasmainlyattributedtothe  

increasedrateofphotorespirationbroughtaboutstomatalclosure・Thelargecqpacityof  

photoresplration，Whichisaccompaniedwithphotosyntheticcapaclty，lSneCeSSaryfbr  

leavestoavoidphotoinhibitorydamagesand／ortotoleratehighleaftemperatureand  

waterstress oftenoccurrlngunderexcesslight，andthelightreglmeduringleaf   

developmentstronglyafftctstheavoidanCereSPOnSeabilityoftheleaf・  

Fromtheseinvestlgations，Iconcludethatadaptiveslgnihcanceofleaf－level  

acclimationtotheglVenlightenvironmentistheabilitiestoenableplantStOminimize  
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thehabitaトSPeCificstressesonphotosyntheticproductivity，1．e．，Shortageoflightinthe   

fbrestunderstoryorstressesaccompanylngeXCeSSirradianceatthedefbrestedsite・The   

mostimportantdataobtainedinthepresentstudyarethosesuggestingthatthevarious   

aspects ofacclimationto naturalhighlightenvironmentwereslgnincantto avoid   

PhotoinhibitorydamageSandseverewaterde且citandtomaintainahighleafphotosynthetic   

activlty．  
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General introduction 

Allthestagesinplantlift－CyCle，i．e．，Seedlingestablishment，biomassaccumulation，and   

bothvegetativeandsexualreproductionsdependonphotosyntheticmatterproductionin   

leaves．Light，aSenergyreSOurCefbrphotosynthesis（Photosynthetical1yactivephoton   

flux），thushasagreatimportancefbranyautotrophicplantS．Sinceaplantisnotableto   

relocateitselffbracqulnnglight，thestrategiesforacqulrementandutilizationoflight   

resourceotherthanrelocationbecomecriticalfortheplanttophotosynthesizetogrow   

OrtOSurVive．Leavesexposedtosunlightatthecanopysurfacecanreceivesufncientor   

evenexcessivesunlight，Whilethoseinthefbrestunderstory，OrdeepwithincanopleS   

O触nreceivelimitedamountoflightdependingontheirlocationsincelightdecreases   

exponentiallyinitstransmittancethroughcanopy（MonsiandSaeki1953；Anderson   

1964）．Insomecases，lighttransmittanCeCanbeaslowaslessthanl％inunderstories   

（BaldocchiandCo11ineau1994；Tang1997）．Moreover，1eavesoftenexperiencealarge   

SPatialandtemporalchangeoflightduetoheterogeneityincanopystruCtureandfbliage   

dynamics（Tang1997）．Lightcapturelargelydependsonthegeometricalftaturesofa   

Plantbody，Whileutilizationdependsonleafanatomical，biochemicalandphysiological   

Characteristics・ThusphenotyplCreSPOnSeStOlightenvironmentsoftheplantSinhal）iting   

relativelywiderangeOflightreglmeCanbeshownatvariouslevelsofplantOrgamizations   

ranglngfrommembranestructuretocommunity，andatvarioustimescalesvarylng   

fromlessthanaSeCOndtoyearsinnature（OsmondandChow1988）．  

It has been long suggested that plants develop their morphological and 

Physiologicalftaturesinawaytomaximizethephotosyntheticproductivityundera   

givenlightenvironment．Thistypeofplasticityhasbeencalled‘1ightacclimation’（fbr   

reviews seeBoardman1977；Bj6rkman1981；AndersonandOsmond1987；Givnish   

1988；PearcyandSims1994；Bj6rkmanandDemmig－Adams1995；Terashimaand  
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Hikosaka1995）．Thestudiesonplantacclimationtolightextendoverwiderangesof   

Planttraitsand responses，includingleafanatomical（Nobe11980；SimsandPearcy   

1992；ChazdonandKaufmann1993），biochemicalandphysiologicalresponses（Bazzaz   

andCarlson1982；Terashima andInoue1984，1985；Koizumi1985；Koizumiand   

Oshima1985；Pearcy1987；Field1988；Harrington，BrownandReich1989a；Simsand   

PearCy1989，1991；Chazdon1992；EvanS1993；Tangetal．1994；HikosakaandTerashima   

1995；ValladareSandPearCy1997），theirinteractions（Bj6rkmanandHolmgren1963；   

Nobel，Zaragozaand Smith1975；Bauerand Thoni1988；Simsand Pearcy1989；   

Terashima1989；Nishio，SunandVogelmann1994），geOmetryandbiomassallocation   

（King1991；Takenaka1994；AckerkyandBazzaz1995），andtheirconsequencesonleaf   

longevityand／orpotentialofwholeplantcarbongain（McCreeandTroughton1966；   

Williams，Field and Mooney1989；Sims，Gebauer and Pearcy1994；Ackerky and   

Bazzaz1995）．  

However，ftwstudieshaveaddressedhowthelightacclimationofleavesenables   

aplanttomaximizethephotosyntheticproductionandbiomassaccumulationundera   

given naturalenvironmentalcondition（Chazdon1986；Popmaand Bongers1988；   

Hamingtonetal．1989a，b）．InthepresentstudyIhaveattemptedtoclarifytheecological   

SlgnilicanceofleaトIevelacclimationtoagivennaturallightenvironmentthroughseveral   

typesofecophysiologicalapproachessuchasinsitumeasurements，hboratoryexperiments   

andcomputersirnulations・  

タ桓∫わわ錘αJα〃d〝柑岬加わgわαJαぐC伽∽′わ〝わわwJな加c¢〝戯わ乃   

Fortheleavesunderlowlightavailabilitysuchasthoseinafbrestunderstory，Which   

areOftenrefbrredtoas‘shadeleaves’，itwouldbeimportanttomaximizelightcapture   

andtoutilizethelightefnciently．TomaximizelightcapturephysiologlCallyand／or   

biochemically，rnOrenitrogentendstobeinvested払rlightharVeStingsystemsinshade  
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leaves comparedtothoseinsunleaves（Evans1989；HikosakaandTerashima1995；   

Kimuraetal．1998）．  

Anatomically，Shadeleavestendtobethinnerwithaftwleafmesophyl11ayers，   

Whichmaycontributetotheefncienttransftrnngoflightenergyintothechloroplasts   

locatedinthelowersideoftheleaf（NobelandHartsock1981；SimsandPearcy1992；   

Nishioetal．1994）．Morphologicalresponsestoincreasinglightcapturehavebeenalso   

appreciatedwithrespecttowholeplantarChitecture・Forexample，Plantsunderlow   

lightconditionstendtoinvesttheirbiomassfbrenlarglngleafareai．e．，1ightcapturing   

Surfacearea（RiceandBazzaz1989a；King1991，1994；PopmaandBongers1991）・   

Sincelightavailabilityoftheleavesintheforestunderstorymicrositesdependson   

OVer－StOryCanOPyarChitecturewhichisalwaysspatial1yheterogeneous（Baldocchiand   

Collineau1994；BazzazandWayne1994），lightcapturedependslargelyonthegeometry   

Ofthe plants regardingleafpositionandinclination（EhleringerandWerk1986）・   

Significanceofplantgeometrywithrespecttoleafand／orbrancharrangementsin   

efftctuallightutilizationunderaheterogeneouslightenvironmenthasbeenrecently   

emphasizedthroughtheinvestigationsofrelationshipsbetweenplantarchitectureand   

directionalityoflightincidence（Chazdon，WilliamSandField1988；Takenaka1994；   

AckerlyandBazzaz1995；PearCyandYang1996；Takenaka，InuiandOsawa1998）・  

InordertofurtherdeepenourunderstandingoftheadaptlVeSlgnincanCeOfthe   

leafmorphologicaland／orphysiologlCalacclimationtothelowlightenvironment，itis   

necessarytoevaluatethecontributionofleafresponsestophotosyntheticproductivity   

and／orbiomassaccumulationinsituinthenaturalhabitatfortheplantwherethereare   

greatspatialandtemporalheterogeneitiesoflightincidence・  

勒∫わわg如才α乃d〝柑印加わg加JαCC肋乃α血〃わ埴ね物舶c¢〝虚血乃  

Leavesexposedtoahighlightenvironmentsuchasthoseintheuppermostlayerof  
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CanOpyOrinanunshadedplace，i・e・，SOCa11ed‘sunleaves’，havebeenthoughttotendto   

developmorphologlCallyandphysiologlCallylnaWaytOenhancethephotosynthetic   

CaPaCityastoutilizethehighlightincidencesufnciently（Bj6rkman1981；Givnish   

1988）．Increasingleafthicknessmaycontributetoincreasingphotosyntheticapparatus   

Perleafarea（PearcyandSims1994）・Leafnitrogentendstobeinvestedtoincreasethe   

CaPaCitiesofelectrontransportandcarbon蔦xationratherthanthatofthelightharVeStlng   

SyStem（Bj6rkman1981；Evans1989，1993；HikosakaandTerashima1995）．  

However，eXCeSSlightenergythatwasnotutilizedfbrphotosynthesismaycause   

Physiologicaldamagesespeciallyinphotosystem（PS）ⅠIandthusmayresultinreduced   

Photosyntheticcarbongain（Powles1984；AndersonandOsmond1987；Osmond1994）・   

Moreover，ahighlightincidenceinevitablyresultsinincreaseinbothleaftemperature   

andsurroundingairtemperatures．ExcessrislngOfleaftemperaturefurtherreduces   

efncienciesofPSIIphotochemistryandcarbonfixationreaction（e．gリWeisandBerry   

1987；Gamon and Pearcy1990；Valladares and Pearcy1997）．Highleafand air   

temperaturesalsoenhancetranspirationalwaterloss，Whichmayresultinlargerwater   

dencitintheplants（Hsiao1973；SchulzeandHall1982）．Restrictedstomatalaperture   

CanPI℃VentleavesfromahightranSPlrationalwaterlossunderalowsoilwateravai1ability   

OraneXCeSSrisingofleaftemperature（Hsiao1973；Chaves1991）．Stomatalclosure，   

however，inevitablyresultsinreducedCOっsupplyintotheleafand thusin alow   

Photosyntheticactivity（FarquharandSharkey1982），1eadingtotheexcesslightenergy   

inleaf．Excessivelightenergyhasbeensuggestedtohavedeleteriousinnuenceonthe   

photosyntheticproductivityofforestunderstoryplantsthathappentobeexposedto   

largeCanOPygaPS（MulkeyandPearcy1992；fbrreviewsseePowles1984；Anderson   

andOsmond1987；Osmond1994）．In orderto furtherunderstandtheeffbcts and   

COnSequenCeSOfnaturalexcessivelightconditionsonphotosyntheticproductivity，itis   

necessarytoinvestigatethecombinedeffbctsoflight，WateraVailabilityandtemperatures  
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OnPlantperformancessuchasleafphenologyandbiomassaccumulationwithleaf   

morphologicalandphysiologicalresponses・  

In the recent two decades，biochemicaleffects of excessirradiance on   

Photosynthetic apparatus and the biochemical／physiologlCalmechanisms to avoid   

Photoinhibitorydamageshavebeeninvestigatedintensively（Powles1984；Demmig－   

AdamSandAdams1992；Osmond1994）．Nonradiative（thermal）dissipationofexcess   

irradiance，WhichoccursasdownregulationofPSIIphotochemistry，i．e．，‘dynamic’   

Photoinhibition，isnowrecognizedtoserveasaTphotonprotective’system（Demmig－   

AdamSandAdams1992；Long，HumpreisandFalkowski1994；Osmond1994）．In   

addition，COnSumPtionofexcitationenergybyphotorespiration（RuBPoxygenation）   

andtheMehler－aSCOrbateperoxidasereactionhavebeensuggestedtoplaylmPOrtant   

rolesinmaintainlngelectronnowandthusavoidingdamagesofthetwophotosystems，   

i．e．，’chronic’photoinhibition（Osmond1981；OsmondandGrace1995；Asada1996；   

LovelockandWinter1996；Loganetal．1998）．PhotorespirationshouldbeespeCially   

importantinasituationwhereexcitationenergylSnOtfullyusedinphotosynthesisdue   

tolowinternalCOっinducedbystomatalclosurethatfrequentlyoccursinthenatural   

high1ightenvironments（Valentinietal．1995）．Comparingphotosyntheticresponses   

between sun and shade leaves under natural light conditions should contribute to 

understandingtheslgn摘canceofsuggestedmechanismsoftheleafacclimationtohigh   

1ight．  

EcologlCalrolesofanatomicalandmorphologlCalresponsesinavoidinghigh   

lightstresseshavebeenalsowellappreciated．Thickersunleafwiththickerepidermis，   

Palisadeandspongytissuescontributenotonlytoincreasingphotosyntheticcapacity   

Perleafarea，butalsotoavoidingwholeleafchronicphotoinhibition（Nishioetal・   

1994）．Sincetheincidentphotonsarelargelyabsorbedbythechloroplastslocatedin   

theupperlayerinsidetheleaf，lightreachingthechloroplastsinthelowerlayeris  
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reducedinquantityandfar丘omsaturation（Terashima1989）．Thislightgradientinside   

theleafmaycontributetopreventthephotosyntheticapparatuSinthelowerlayersfrom   

PhotoinhibitorydamageS（Nishioetal．1994）．Atthelevelofleaforganization，Plasticity   

OfleaforientationenablesplantStOregulatelightcapture（EhleringerandForseth1980）．   

ForinstanCe，inbeanS（肋crqptiliumatrppuTPureumDCandGわ′CinemaxMerr．），kudzu   

U）uerarialobata（Wild・））andwildgrape（Vitiscal陶micaBenth．），Paraheliotropic   

OrientationofleavesundersunnyconditionshavebeenreportedtoavoidexcessirradianCe，   

Whichfurtherresultsinthedecreaseinleaftemperature，theincreaseinwateruse   

e餓ciencyandthedecreaseinphotoinhibition（LudlowandBj6rkman1984；Forsethand   

Teramura1986；GamonandPearcy1989；KaoandForseth199l，1992；Saitouetal．   

1994）．Thesemorphologicalmechanismsforavoidanceofhighlightstresseswouldbe   

moreimportantinplantswhoseleaveshaveloworsuppressedphysiologicaltolerance   

toenvironmentalstresses．  

ぶc岬βqr助βprβ∫β乃J∫血㊥   

血甲〃血〃Cgq′Jg妨わWJわg叩肋〝〃βγβJgぐ呼如∫わわgねαJ如お伽∫加∫肋   

Asdescribedabove，adaptiveftaturesofleafacclimationtothegrowthlightreglmeS   

appearinvariousaspectsranglngffomleafbiochemistrytoplantgeOmetry．However，   

understandingoftheirecophysiologlCalfunctionsisstillinsufncient，andthehypothesis   

thatleafacclimationcontributestomaximizlngPhotosyntheticproductionandplant   

growthunderaglVenlightenvironmenthasneverbeentestedundernaturalconditions   

（butseeChazdon1986；PopmaandBongers1988；Hamingtonetal．1989a，b；Epron，   

DreyerandBreda1992；MulkeyandPearCy1992；OgrenandRosenqvISt1992；Valentini   

etal．1995；ValladareSandPearcy1997）．  

ThenecessltyOftheecophysiologicalstudiesinsitualsoarisesffomthefactthat   

environmentalfactorssuchaslight，temperatureandwaterconditionsalwaysinteract  
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eachotherinmuchcomplicatedmannersinnaturalhabitats，Whereacclimationhasbeen   

evaluatedasanadaptationtoenvironmentalvariabilityandheterogenelty．  

ThepresentstudyfocusesontheacclimationofArisaemaheterqphyllumBlume   

（Araceae）tocontrastinglightenvironments，i．e．，adeciduousR）reStunderstoryandan   

a4jacentdefbrestedopenSite．Investlgationsweremadetounderstandhowtheacclimation   

occurs at severallevelsfrom biochemistry to geometry，and what the ecologlCal   

SlgnincanCeOftheacclimationisfbrthegrowthandsurviveofA・heterpphylluminthe   

naturalhabitats．  

朗甜嗅卯血路馴止血両川加   

A．heterpphyllumisaperennialherbaceousspeciesthattightlyassociatedwithhumid   

fl00dplainthroughouteastern AsiaincludingJapanesemainlandandKyushuIsland   

（OhwiandKitagawa1983）．Aplanthasonepalmatelycompoundleaffbrphotosynthetic   

production，OnePSeudostemtosupporttheleaf，andonecormforstorage．InlateApril   

to early May，A．heterophyllumemerges fromthe underground cormand starts to   

expanditspalmatelycompoundleaf．Eachleafiscomposedfrom甫veto21leafkts・   

Theplantshedsitsleafinmid－Summerandoverwintersasacorm．LikeotherArisaema   

SpeCies（Ewing and Klein1982；Kinoshita1986；Clay1993），Size－dependent sex   

expressionisknown forthespecies．Theplantchanges ffomasexual（noflower），   

throughmaleto monoecious withincreaslngindividualcormsize．Inadditionto   

reproductionbyseeds，theplantreproducesalsovegetativelybyfbrmlngCOrmietsaround   

thematemalcorm．  

TheinvestigationsweremainlycarriedoutinthenoodplainoftheKokaiRiver   

inMitsukaidocity（3600，N，140Ol，E；altitudelO．5－12．5m），Ibarakiprefbcture，45km   

north－eaStOfTokyo・Theplantsgrowlngintwocontrastlnghabitatswithrespectto   

lightavailability，anParianfbrestunderstorysiteandanaqjacentdeforestedopensite  
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（Oshima，TangandWashitani1997），WereuSedforthemeasurements．Therelatively   

WiderangeofgrowthlightreglmeSandthesimplearchitectureofA．heterqphyllum   

PrOVidemewithagoodchancetostudythecontributionofleaf・levellightacclimation   

towholeplantgrowth．  

撒β〃曙α〝ねα‘わ乃げ班由助β∫ね、   

InChapterl，Ireportedfieldinvestigationsandlaboratoryexperimentstoclarifythe   

COmbinedeffbctsoflightandwateravailabilityonmorphologlCalandphysiologlCal   

traitsofleavesandbiomassaccumulationofindividualsofA．heterqphyllumgrownat   

theforestanddefbrestedsites．Ⅰ払undthatleafphotosynthesisandplantgrowthdepend   

Onmicrositelightavailabilityintheforestunderstorywhileatthedeforestedsitethey   

arelimitedbyexcessirradianCe，droughtandhighleaftemperature・Thestudysuggested   

thatwateravailabilitylargelyafftctstheleafacclimationtonaturalhighlightenvironments・  

InChapter2，Ishowedtheplasticityofleaforientationinthetwocontrastlng   

lightenvironmentsanditscontributiontoreducingthehabitatspecincstresses，i・e・，   

Shortageinlightintheunderstoryandthoseaccompanylnghighlightatthedefbrested   

Site，throughexperimentalmeasurementsofleaforientation，photosynthesisandlight   

environments，andcomputersimulations・Thestudydemonstratedthatleavesinthe   

fbrestunderstoryorienttowardthedirectioninwhichleafcanmaximizelightcapture，   

whilethoseatthedeforestedsiteinclineandtentativelyfoldsoastoavoidexcess   

irradianceandphotoinhibition・Inbothhabitats，thechangeSinleaforientationcontributed   

tohigherphotosyntheticproductivltythan鎖xedleaforientation・  

Chapter3describesthediurnalchangesofphotosynthesisundernaturalhigh   

lightconditionsuslngdatafromgasexchangeandchlorophyllfluorescencemeasurements  

fbrtheleavesofA・heterqphyllumplantsgrownatthefbrestsiteanddeforestedsite・  

ObjectivesofthestudyweretoclarifythepossiblemechanismsinvoIvedinstomatal  
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1imitation and photoinhibitorylimitation ofphotosynthesisin naturalhighlight   

environments，andtounderstandthephysiologlCaldetailsofleafacclimationtonatural   

－stressfullhighlightenvironments．Ipaidaparticularattentiontothemiddaydepression   

Ofphotosyntheticresponsesanda氏ernoonrecoveryfromitbecausetheseareamOngthe   

mostimportanteventstounderstandlightacclimationofphotosynthesisinthenatural   

high light environments. The study suggested the ecological importance of 

PhotorespiratoryreactionindissIPatlngeXCeSSenergylnaVOidingphotoinhibitionof   

Photosynthesis，Whichwasrecentlywe11discussedamOngtheplantPhysiologists（Osmond   

βfαg．1997）．  

Lastly，Idiscussed the ecologlCalslgnificance ofleafmorphologicaland   

physiologlCalacclimationstolightenvironmentbasedonmyfindings・Inaddition，   

Suitablehabitatsfbrthisthreatenedspecies（EAGC1997）arediscussed．  
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Chapter 1 

Combinede恥ctsoflightandwateravailabilityonphotosynthesisamd  

growthofArisaemaheterqphylluminthen）reStunderstoryandan  

OpenSite．  

Introduction  

Comparativestudiesonthephotosynthesisandleafcharacteristicsofplantsgrownat   

highandlowlightlevelscanprovidecrucialinsightsintoleaflevelacclimationtosun   

andshadeenvironments（Boardman1977；Bj6rkman1981；Chowetal．1988；Givnish   

1988）．Ahigh－1ightorsunleafusuallyhasahigherphotosyntheticcapacityperunit   

leafareaandahigherstomatalconductancethanalow－1ightleaforshadeleaf・Sun   

leaves alsotendtobethickerand withahigherleaf－maSStO arearatio（LMA）as   

COmParedtoshadeleaves・Otherdifftrencesbetweensunandshadeacclimatedleaves   

canbe foundatbiochemical，anatOmical，andultrastructurallevels and alsoin the   

architectureoftheplantsatthecanOPylevel（e・g・，Fetcheretal・1983；Givnish1988）・   

Manystudieshavetriedtoexplainhowandwhyplantschangetheirleaftraitsto   

acclimateoradapttodiffbrentlightenvironments（SeereViewsbyHorn1979；Bj6fkman   

1981；AndersonandOsmond1987；PearcyandSims1994；Bj6血nanandDemig－AdamS   

1995）．Inmostofthesestudies，theacclimationtophotonfluxdensityhasbeen   

consideredto‘aimedat，increaseddry－matterPrOductionthroughtheincreaseinutilization   

oflightresources（Chapinetal・1987；PearCyandSims1994）・  

However，aplantinahigh1ightreglmetendsalsotobesubiectedtostress  

resultingfromahightemperatureandalowsoiland／orairwatercontents・Anytrait  

acclimatlngtOalightenvironmentwouldbemodihedorconstrainedbytheother  

environmentalfactors（e．g．，Osmond1983；MulkeyandPearCy1992）・Therefore，  
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understandingtheeffbctsofotherenvironmentalfactorsonlightacclimationiscritical   

R）rfurtherunderstandingtheslgnincanceofacertaintypeoflightacclimationofplants   

innaturalenvironments・Moreover，Whole－PlantperfbrmanCeSdependnotonlyonthe   

leaf－levelacclimation，butalsoonthemorphology，geOmetryanddynamicsoftheplant   

CanOPy・Itistherefbrenecessarytoscaleuptheconsequencesofleaf－1evelacclimation   

towhole－PlantperformanCeinordertofu11ycomprehendadaptiveslgnincanceofthe   

lightacclimationattheleaf－level．Forthesereasons，this studyinvestlgateSlight   

acclimationl）undercontrastingnaturalenvironments，2）fromleafqleveltowhole－Plant．  

ThesimplearChitecture（i．e．，Oneleaf，OnePSeudostemandonecorm）anda   

briefgrowthseason（SPringtomid－Summer）ofArisaemaheterqphyllumprovideagood   

modelfbrevaluationsoflightavailability，leaflongevlty，Photosyntheticcharacteristics   

andannualbiomassaccumulationforindividualplantS．  

Inthischapter，Iexaminedphotosyntheticresponses，leafper払rmanCeandbiomass   

accumulationinA．heterqphyllum forthreemeteorologica11ydifftrentyearsintwo   

nparianhabitatswithcontrastinglightconditions，i．e．，afbrestunderstoryandadefbrested   

OPenSite・Thequestionsinvestigatedwerel）howdoesA．heterpphyllumrespond   

Physiologicallyandmorphologicallytothecontrastinglightenvironments？2）howis   

lightacclimationaffbctedbysoilwateravailAbilityandtemperature？3）howdoeslight   

acclimationattheleaflevelcontributetowhole－PlantperformanCe？  

Materialsandmethods  

ぶ細め，∫如   

Theinvestigationtookplaceinthefl00dplainoftheKokaiRiverinMitsukaidocity   

（3600TN，14001’E；altitudelO．5－12．5m），Ibarakipreftcture，45kmnorth－eaStOfTokyo．  
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MeteorologicaldatawereobtainedattheNagamineMeteorologicalObservatory（36QO’   

N，14001’E；altitude25m），Whichisabout10kmeast－nOrtheastofthestudysite．   

PlantsgrowlnglntWOhabitatscontrastingwithrespecttolightavailability，thefbrest   

Siteandthedefbrestedsite，WereuSedfbrthemeasurements・TheplantSWereCOnSidered   

tobegeneticallyhomogeneoussincethereislittlevariationwithinandbetweenthetwo   

Sites fora number ofglycolysis enzymes（T．Yaharaand T．Kawahara，PerSOnal   

COmmunication）．  

TheforestsiteisdominatedbyQuercusacutissimaCaruth．Shrublayersare   

absentduetohumaninterventions．Theunderstoryherbaceouslayerisdominatedby   

AmsoniaellipticaRoem・etSchult，andcontainsmanyOtherherbaceousspeciessuchas   

ELq，horbiaadenochloraMorr・etDecne・，ViolaraddeanaRegelandT71alictrumsl′叩Ias   

L・Var：q併neRegel．EvergreenperennialbamboograssPleiobrastuschinoMakinohas   

recentlyinvadedandl10WdominatesthenorthernpartOftheforest．Atthissite，there   

aremorethan500individualsofA・heterpphylluminanareaofapproximately1300m2．   

ThedefbrestedsiteisAbout150mdownstreamofthefbrestsite．Severalherbaceous   

SPeCiessuchasHumulusscandensSieb・etZucc・，SolidagoaltissimaL．andP・Chino   

dominatedduringthesummerin1994・InFebruaryOf1995，P・Chinowasselectively   

mowedinordertomakeasunnyconditionfbrA．heterqphyllum．Atthissite，about70   

individualsinhabitinasmallplotofabout80rri．  

ThemeteorologlCalconditionsduringthegrowlngSeaSOnSOfA・heterqphyllum   

fbrthestudyyearS1994，1995and1996aresummarizedinFig・トl・InallthreeyearS，   

meanmonthlyairtemperatureincreasedfrom13OcinAprilto270cinAugust．   

PrecIPltationpatternsdiffbredgreatlyamongtheyears，andmonthlyprecipitationsin   

1995was50－60％higherthanin19940rin1996・Correspondingly，meandurationof   

SunShinein1995wasmuchshorterthanin19940r1996．  
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肋αぶ〟rβ〟‡β乃ね   

脚加血射妙姑m激動物Ⅶ姻戚抽叫鮎川明叩頭椚   

Tocharacterizethemicrositelightavailability，Photosyntheticallyactivephotonflux   

density（PPFD）wasmeasuredunderdiffuselightconditionsondenselyovercastdays   

threetofburtimesduringthegrowlngSeaSOn・Themeasurementsweremadeuslnga   

hand－heldmeasuringbarwithfburquantumsensors（IKS－25，KoitoIndustry，Japan），at   

theheight oftheleaves ofA．heterqphyllum．PPFDin the open was measured   

Simultaneouslyattheheightof3mneartheforest．Befbrethemeasurement，these   

SenSOrSWereCalibratedagainstaLI－190SB（Li－CorIncっLincoln，Neb．，USA）quantum   

SenSOrunderavarietyofnaturallightconditionsfromdarktofu11sunlight．Allthe   

SenSOrSWereCOnneCtedtoadatalogger（ThermOdac－E，Eto－DenkiInc．，Japan）．Relative   

PPFD（R－PPFD），WhichistheratioofPPFDattheleafheightofindividualplantStOthe   

OPenSkyPPFD，WaSCalculatedandusedforanindexformicrositelightavailability   

（Tangetal・1989；WashitaniandTang1991）．Soilsurfacetemperaturesweremeasured   

uslngmaX－minthermOmeterS・Thereadingsofeachthermometerwererecordedevery   

lO－14daysduringtheperiodfromlateApriltomidAugust．  

飽乃fgr〃W助   

The丘eshweightofthecormofeachplantwasmeasuredjustbefbreleafemergence   

（秒1）inMarchandafterleafsenescence帥2）inJulytoAugust．Thecormswere   

excavated，andquicklyweighedwithaportablescaleandreburiedattheoriginaldepth．   

Thusjh）2includedthefreshweightofboththematernalcormanditsdaughtercormS．   

Toestimatethedryweight，Iobtainedbothdryand魚・eShweight丘om9corms（㌔＝   

0・987）afterleafsenescenceinAugust，andalinearregreSSionequationwasdetemined   

as払1lows，  

血′＝0．243ル  （1）   
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WheredwandJh）arethedryandfreshweightofthesamecorm，reSPeCtively．   

Relativegrowthrate（RGR）fbragrowingseasonwascalculatedas，  

RGR＝lndwっ－ln血1  （2）   

Wheredw2anddwlarethedryweightsforル2andJh｝l，reSPeCtively・  

TheprocessesofleafernergenCeandsenescence（yellowing）weremonitoredfbr   

theindividualplantsatintervalsof20r3days．Abovegroundgrowingperiod（i．e．，leaf   

longevity）ofA・heterophyllumwasdeterminedasthenumberofdaysbetweenthetime   

Ofbudbreakandthetimewhenmorethan90％ofwholeleafareahadsenescenced．A   

SingleleafletwasharveStedfromtheindividualplantsjustbefbretheleafsenescencein   

1995andin1996．AfterweighingfreshweightandmeasurlngtheareaOftheleanet，   

leaves weredriedat700cfor24hand伽eighedtoobtainleaf－maSStOarearatio   

（LMA）・Leafareawas measuredwith aleafareameter（AAM－7，HayasiDenko，   

Japan）．  

Gαgg∬Cゐα〝即椚βα∫〟相川β柁由   

InearlyApril，threeto瓜veplantSWeredugupcarefully丘omeachofthetwositesand   

tranSfbrredintoclaypots（15cmdiameterx15cmdepth）nlledwithneldsoil．A3cm   

diameterholeinthebottomofeachpotpermittedasimilarwaterstatuswithinand   

OutSideofthepot．Thepottedplantswerereplacedatthegroundatthemicrosite丘om   

Whichtheycame・At7－tO10－daylnterValsduringthegrowlngPeriod，leafgasexchangeS   

WeremeaSuredinthelaboratory．ThepottedplantSWeretranSftrredtothelaboratoryln   

theevenlng，Wellwatered and then allowedto standovernightinthe darkbefore   

measurement・Fortheplants丘omthedefbrestedsitein1995，Photosynthesiswas   

measuredbeforeandafterwateringlnOrdertostudytheeffbctsofinsitusoilwater   

avaihbilityonthephotosyntheticparameterS．A鮎reachmeasurement，thewatercontent   

Ofthepotsoilwasmeasuredbyweighingasmallpartofsoilsample（50cm3）befbre  
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andimmediatelyafterdryingat70Ocfbr24h．  

Leafagewasde且nedasthedaysfromthetimewhentheleafemerged（al）Out3－   

7daysafterbudbreak）・GasexchangeparameterSeXPreSSedonthebasisofleafdry   

WeightwerebasedonLMAoftheplantsfbrgasexchangemeasurements．Leafletsfor   

Calculating LMA were co11ected just beforeleaf senescence，Since preliminary   

measurementsshowedthattheleafareaofafu11y－eXPandedleafwasrelativelyconstant   

duringthe season・Iassumed thatthere waslittle variation ofLMA duringthe   

measurement．  

LeafphotosynthesiswasmeasuredwithaslngleattachedleafletuslnganOpen   

gasexchangesystemwithCOノH20analyzer（Lト6262，Li－CorInc．，Lincoln，Neb．，   

USA）・PPFDwasadjustedbyinsertingorremovingapieceofwhitecheesecloth   

betweentheleafchamberandthelightsource，alOOO－WXenonarClamp（MLBO250C－U，   

Mitsubishi，Japan）．Darkrespirationratesweremeasuredafterthemeasurementsof   

Photosynthesisin1994and1995．Sincedarkrespirationratecanbestimulatedbythe   

amountofphotosynthatesintheleaf（Azcon－BietoandOsmond1983），leaveswere   

keptindarknessuntiltherespirationratebecameconstant，In1996，darkrespiration   

ratewasmeasuredbeforethemeasurementsofphotosynthesis．Aquantumsensor   

（LI－190SB，LiMCorInc．，Lincoln，Neb．，USA）wasusedtomeasurePPFDatthechamber   

height・Theaircontainlng350トLmOlmorlofCO2WaSSuPPliedbyanair－balanCedgas   

Cylinder（TakachihoIndustry，Japan）．Airflowenteringandleavingthechamberwas   

measuredusingmas＄nOW meterS（Kofloc－1600R，Kqiima，Japan）．Humiditywas   

COntrOlledbybubblingtheairthroughawaterbathwithatemperature－COntrOlledcondenser   

（CoolnitC80，Taiten，J叩an），Relativehumidityandtemperatureoftheairenteringthe   

Chamberweremeasuredwithahumidity－temPeraturePrObe（HMP35A，VaisalaKK・，   

Japan）・Duringthemeasurementsoflight－Photosyntheticresponses，airtemperature   

Withinthechamberwaskeptwithintherangefrom24q270cbya2－Cm－depthwater  
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bathplacedbetweenthelightsourceandthechamber．Athermo－COntrOIsystem（PWM   

andBIPOLARControISystem，ThermocontrollerTypeMT702－1206，Netsu－Denshi，   

Japan）attachedtotheundersideofthechamberwasalsousedforrapidadjustmentof   

airtemperatureinthechamber．Leafandairtemperatureswithinthechamberwere   

measuredwithO・1mmdiametercopper－COnStantanthermocouples・Leaftoairwater   

VaPOrPreSSuredeficit（VPD）duringthelightィesponsemeasurementvariedbetweenl．O   

andl．5kPa．Temperature－dependencyofphotosynthesiswasexaminedundervarious   

temperaturesbetween17and45OcandaconstantPPFDof600LLmOlrrr2s－1．priorto   

themeasurementofthetemperaturedependency，theplantswerewatered．VPDwas   

allowedtoincreasewiththeincreaseinleaftemperatureduringthemeasurementssince   

morenaturalresponsesoftheleavescanbeexpectedwithVPDvarylngSPOntaneOuSly   

Withleaftemperature．  

GasexchangeparameterSWereCalculatedaccordingtovonCaemmererand   

Farquhar（1981）．Theinitialslope（叩Parentquantumefnciency）ofthePPFD－dependency   

Ofas＄imilation（QE）wasobtainedbynttingalinearregreSSiontothedataatlowlight   

fromOto60い′mOIphotonsm－2s・1・Intrinsicwateruseefnciencywascalculatedfrom   

theratioofphotosyntheticrateG4）toleafconductance（gl）（Osmondetal．1980）．Since   

thedifftrenceinevaporativedemandbetweentheinsideoftheleafchamberandthat   

Whichprevai1edbefbresealingtheleafinsidewillirrmediatelybereflectedintranSPlration   

rate（E），butnotinleafconductance，A／glShouldprovidemoreconsistentestimatesof   

WateruSeefficiencythanAJE（Meinzeretal．1990）．  

Statisticaldifftrencesinmeanvaluesfortheparametersfbrplantgrowth，leaf   

longevityandgasexchangebetweenthesitesonasameyearWereteStedbyStudent’s   

t－teSt，andthoseamongtheyearSinasameSiteweretestedbySche脆’saposteri0ritest   

usingStatviewJ－4．5software（AbacusConceptsInc．1995）．  
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Results  

漉cr〃g如物如αγα肋如才砂   

Lightavailabilityfbrindividualplantsaveragedwithinthesitewas2－tO4－fbldgreater   

atthedefbrestedsitethanatthefbrestsitethroughoutthegrowingseason（Fig．1－1）．   

Micrositelightavailabilitygraduallydecreasedwiththeclosureoftheforestcanopy   

andthegrowthofunderstoryplants・Attheforestsite，micrositelightavailability   

declinedfrom30％atthetimeofleafexpansionofA・heterqphylluminlateApri1，tO   

15％atthetimeofleafsenescenceffomlateJulytomidAugust．  

Atthedeforestedsite，micrositelightavailabilitydeclinedfrom42％inlate   

Aprilto35％inmidJunein1994．In1995and1996，itdeclinedfrom90％inlate   

Aprilto53％inmidJuly．Iobservedthemaximumirradianceofapproximately2000  

PmOIphotonsm－2s－1atsunnymidday・Thelowmicrositelightavailabilityin1994was   

duetotherelativelydensecoverageofP．chino，WhichwasmowninFebruary1995．  

Onthefbrestfl00r，Weeklymaximumofsoilsurfacetemperaturewasconstantly   

below300ceven duringsummer，Whileitexceeded350cin the defbrested site   

throughoutthegrowingseasonexceptfbrrainyperiods（Fig．ト1）．Thetemperature   

fluctuationwasconsiderablygreaterinthede丘）reStedsitethaninthefbrestsite．  

タ血乃fタゐg即わ紗α乃d鋸〃椚αぷ川ぐC〟椚以ねfわ〝   

Leaves ofA．heterqphyllum startedtoemergeinlateApriltoear1yMayandfu11y   

expandedwithin7－15days（Tablel－1）．Leafemergencewas3－6daysearlieratthe   

fbrestthanatthedeforestedsite・ThetimeoffullexpanSionofleaveswassimi1aratthe   

twositesin1995，butsignincantlyearlieratthefbrestsitein1994and1996．Thetime   

Ofleafemergenceandfu11expanSionalsovariedamongthethreeyearS・Leafsenescence  
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OCCurredconsiderablyearlieratthedeforestedsitethanatthefbrestsitein1994，While   

in1995withabundantpreclpltationduringtheseason，SeneSCenCeOCCurred10days   

earlierinthefbrestsitethaninthede丘）reStedsite．InsplteOfsignincantlylessprecipltation   

in1996thanin1995，1eafsenescenceoccurredalmostthesametimeatbothsites．  

Leaflongevitywasthereforefluctuatedbetweenthesitesandamongthethre   

years（Tableトl）．Atthefbrestsite，theyearlyfluctuationwassmall，buttherewasa   

Sign摘cantdiffbrencebetween1995and1996．Atthedeforestedsite，leaflongevity   

WaSSignincantlyshorter（P＜0．0001，Scheffb’saposteri0ritest）in1994thanin1995   

0rin1996．  

RGRofindividualplants（COrmS）considerablyvariedbetweenandwithinthe   

habitats，andbetweentheyears（Tablel－2，Fig．ト2）．Inthedrieryear1994，mean   

RGRswere－0・22andO・10gg－10negrOWlngSeaSOn－l，WhiletheywereO・12andO・22g  

g－10negrOWlngSeaSOn41in1996fbrtheR）reStandthedefbrestedsiteplants，reSpeCtively・   

In1995，WithabundantprecipitationduringthegrowlngSeaSOn，plantsachievedmuch   

greaterRGRandthemeanRGRswereO．34andO．58gglonegrowlngSeaSOn．1fbrthe   

forestanddefbrestedsites，reSPeCtively・Attheforestsite，RGRoftheplantswhose   

initialweightswere≦6gtendedtoincreasewiththeincreaseofmicrositelightavailability   

in1995andin1996．Asimilartrendwasalsoobservedin1995whenalltheindividuals   

WereCOnCerned（Tableト2）．NoclearcorrelationbetweenRGRandmicrositelight   

avaihbilitywasobservedin1996．  

MeanLMAwasslgn摘cantly higheratthedefbrestedthan attheforestsite   

eitherin19950rin1996．Atthe defbrestedsite，Slgnincantdifferencewas also   

Observedbetweentheyears（44．19士6．00grrf2in1995and30．67±5．19gm－2in1996；   

mean士SD，p＜0．0001）（Tablel－3）．  
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川畑叫叩助摘＝血肌鵬加如ぬ   

エβq′αgβd甲β乃（ね〝叩   

TherelationshipsbetweenleafageandphotosyntheticcapacltyWeremarkedlydifftrent   

betweenthetwositesinthedrieryear1994butrathersimilarintheothertwoyears   

（Fig・1p3）・In1994，Photosyntheticcapacities（Ama）ofthefbrestsiteplantsincreased   

graduallytothemaximumrateataleafageofaround30days，andthendeclined   

graduallyuntiltheleavessenescencedattheleafageofabout75days．Atthedefbrested   

Site，Photosyntheticcapacityincreasedrapidlytothemaximumrateattheagearound   

20days，andthendecreasedrapidlyuntiltheleavesetiolatedatarOund40days（Fig．   

1－3a）・Inthisyear，Photosyntheticallyactiveperiodforthedefbrestedsiteplantswas   

abouthalfthatoftheforestsiteplantS．Photosyntheticratesofthedefbrestedsiteplants   

afterwateringwasalmosttwicethatoftheunwateredplants（Fig．1－3c），eXCePtfbrthe   

measurementsduringtheralnySeaSOnWhichstartsapproximatelyataleafageof40   

daysin1995．  

Ingeneral，darkrespirationratesgradua11ydeclinedduringthenrstone－thirdof   

thephotosyntheticallyactiveperiodandthenremainedconstantthroughouttheremainlng   

Period（Fig．ト3）．In1994，darkrespirationratefbrthedefbrestedsiteplantswas   

COnSistentlyhigherthanthatoftheforestsiteplants．Howeverin1995andin1996，   

therewasnoslgnincantdifftrencebetweenthesites．  

LeafconductanCeindicatedsimilarchangeswithphotosyntheticcapacity（Fig．   

ト3）・Asawhole，leafconductanCeOfthedeforestedsiteplantswasslightlyhigherthan   

thatofthefbrestsiteplantSinbothyears．Inthedrieryear1996，leafconductanceat   

bothsiteswereslightlylowerthanthosein1995．  

摘伽珊御願狛机血血叩地政卵欄畑伽  
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Light－Saturated photosynthetic rate per unitleafarea，at theleafage when the   

Photosyntheticcapacitywasreachedmaximum（maximumA。，Y。），fortheforestsite   

Plantswasslgnincantlylowerthanthatfbrthedefbrestedsiteplantsin1995andin   

1996（Tableト3）．  

However，meanlight－Saturatedphotosyntheticratesperunitleafdryweight   

（maximumAm。SS）wasnotnecessarilyhigherinthedeforestedsiteplants．Amasswas  

Signincantlyhigherintheforestsitein1995（0．536andO．425トLmOICO2g‾1s－1fbrthe   

fbrestsiteandthedeforestedsiteplantS，reSPeCtively，P＜0．01），butAm。SSWaSSimilarin   

thetwositesin1996．Darkrespirationdependedonyearsaswe11（Tableト3）．There   

WaSnOdifftrencefbrapparentquantumyield（QE）andlightcompensationpoint（LCP）   

betweenthesites（Tableト3）．  

LeafconductanCeSOfthefbrestsiteplantSatthemaximumA。，？。WereCOnSistently   

lowerthanthoseofthedeforestedsiteplants（Tablel－3）．Althoughnotstatistically   

SlgniBcant，intrinsicwaterusee用．cienciestendedtobeslightlyhigherinthefbrestsite   

PlantSthaninthedefbrestedsiteplantS（Tablel－3）．  

Inadditiontothediffbrencesbetweenthesites，Slgnincantdifftrencesingas   

exchangeParameterSWerealsoobservedbetweenthewetyear1995andthedryyear   

1996・Asalsoshownintheleafagedependency（Fig．1－3），Photosyntheticcapacityand   

leafconductanCein1996werelO－20％lowerthanin1995（Tablel－3）．  

嘲鮎机直摘≠舶用如拙肌伽卯血仙川叩肋叫画加紡血m血血触   

Atthedefbrestedsiteplants，Watering（i．e．，increaseinsoilwatercontents丘om25to40   

％）causeda2－fbldincreaseinthelight－Saturatedphotosyntheticratesffom6．57±2．26  

to12・30±l．82pmoICO2rn：2s‾1（P＜0．01，Student，stlteSt）（Fig∴ト4a）andinglffom  

O・090±0．054toO．247±0．057mol鴫Om，2s‾1（P＜0．05）（Fig．1－4b）．QEwasalso  

enhanCed丘omO．032±0．005toO．041±0．006匹mOICO2LlmOl－1photons（P＜0．05）．  
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Photosyntheticrateswerealmostconstantattheleaftemperaturesbelow300c，   

butdecreasedwithincreasingtemperatureabove300cinbothsites（Fig∴ト5a）．Between   

180cand350C，Photosyntheticrateswereslightlyhigherinthedeforestedsiteplants，   

buttheslopeofdroplnthephotosyntheticratesathighertemperaturesabove350cwas   

greaterinthedeforestedsiteplants．LeafconductanCereaChedthemaximumat220c   

irrespectiveofthegrowlngenVironments，andthendeclinedwithincreaslngtemPerature   

（Fig．1－5b）．  

Discussion  

帥cねげwα紬rαγα肋鋸J妙α乃dゐなゐfβ叩β相加rβ〃〝p加ゎ叩乃f如〟cαCCガ∽αfわ〝   

Ithasbeenwelldocumentedthatphotosyntheticratesarehigherinsunthaninshade   

leavesontheleafareabasis（Boardman1977；Bj6rkman1981；Givnish1988；PearCy   

andSims1994）．Undersufncientlywateredconditions，Photosyntheticratesontheleaf   

areabasis ofA．heterqphyllumtendedtobeslightlyhigherunderhigh－thanunder   

low－1ightconditions．However，decreaslngWateraVailabilitylnnaturalenvironments   

CauSeSStOmatalclosure，Whichmayalsoraiseleaftemperatures，decreaslngWateruSe   

efBciency（Gauhl1979；Osmond1983；Bj6rkmanandPowles1984；GildnerandLarson   

1992）．Inadditiontotheshort－termVariationinsoilwateravailability，yearlydifftrence   

inrainfallmayalsoslgnincantlyafftcttheleafphenologyandphotosyntheticcapacity．   

InfluencesofwateravailabilityonphotosyntheticcapacityandleafconductanCeare   

likelytobestrongerinhigh－1ightthaninlow－1ightacclimatedleaves，andthistrend   

mayreflecthigherevaporativedemandsinthefbrmer．  

Inresponsetodrought，Plantstypica11yreducetranspirationratesbypartial   

StOmatalclosure；thisreduceswaterlossmorethanPhotosyntheticcatbongaln，increaslng  
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WateruSeefnciency（Chapinetal．1987；forreviewsseeHsiao1973；Chaves1991）．   

Thehighintrinsicwateruseefnciencyunderdroughtconditionandrapidrecoveryof   

PhotosyntheticrateafterwatennginA．heterqphyllumwouldbeefftctiveresponsesto   

thelargeVariationofwateravailabilityinthesunnyhabitat．SuchphysiologlCaltraits   

maybeamOngtheimportantcomponentsofdroughttoleranCeOfthespecies・  

Inadditiontowaterstress，temPeratureVariationmayalsobeimportantinthe   

PhotosyntheticacclimationofA・heterqphyllum．Temperaturefluctuationisinevitable   

under variablelight conditions，Which should afftct the photosynthetic capaclty   

COnSiderably（BerryandBj6rkman1980；LudlowandBj6rkman1984；Gamonand   

PearCy1990）・Theratherflatresponseofphotosyntheticratestotemperatureobserved   

intherangefrom180Cto30OcmayhelpA．heterqphyllumtomaintainemcient   

Carbongalninfluctuatingtemperatures．However，unlikethefbrestsiteplants，the   

PlantS atthe defbrested site showedagreaterdroplnPhotosyntheticrateandlleaf   

COnductanceatthetemperaturesabove350C．Highersensitivitiestohighertemperatures   

Oftheleaves ofA．heterqphyllumfromthedefbrestedsitemaycontributetoreduce   

damagebywaterlossinstressfu1highlightconditions．  

Stressfu1conditionsareknowntohavedifftrentefftctsonapparentquantum   

yieldsunderdifftrentlightreglmeS，Whilesunandshadeleavesdonotdifftrintheir   

quantumyieldsunderafavorableenvironment（SeePearcyandSims1994）．InA．   

heterqphyllum，althoughquantumyieldwasnotdifftrentbetweentheleaves under   

Well－Wateredconditions，therewasaslgni丘cantlylowerquantumyieldatthedefbrested   

Siteplantswhenwateravaihbilitywaslow，duetothedroughtstressandhighterpperature．   

Theresultsuggeststhatlightacclimationofquantumyieldmaybeconsiderablyafftcted   

bywateravailabilityandhightemperaturestress・PhotosyntheticresponsesofA・   

heterqphyllumleavesf王omthenaturalhabitatsrevealedthatalthoughlightisthem叫Or   

deteminantOfthe‘potential’photosyntheticcapacity，SOilmoistureaswellasambient  

2∂   



temperatureconsiderablylimittheachievementofmaximumphotosynthesisunderhigh   

light．  

P加わ叩柁助β如c呼αC妙q′ざ〟〝α〃d∫如庇おαγβ∫   

AlthoughphotosyntheticratesofA．heterqphyllumtendedtobehigherinsunthanin   

Shadeleavesontheleafareabasisundersufncientlywateredconditions，Photosynthetic   

PerfbrmanCeOfsunleavesmayperfomsimilarOreVenWOrSethanshadeleavesona   

leafmassbasis．ThisismainlyduetothehigherLMAinsunthaninshadeleaves   

（Tablel－3）．Somerecentstudiesalsoreportedsucha’disadvantage’ofmattereconomy   

insunleaves（RiceandBazzaz1989b；SimsandPearCy1991，1994；Simsetal．1994；   

PearcyandSims1994）．However，thehighinvestmentofdry－matterinsunleaveshas   

beenconsideredtocontributetoincreasedphotosyntheticcapacltythroughincrementin   

mesophyllthicknessandcontentsofribulose－1，5－bisphosphatecarboxylase／oxygenase   

（Rubisco）perunitarea（e．g．，Bj6rkman1981；McMillenandMcClendon1983；Sims   

andPearcy1991，1992；fbrreviewsseeGivnish1988；PearcyandSims1994）・Further   

studiesonleafanatomyandbiochemicalcomponentvariationunderdifferentlight   

reglmeSinA・heterpphyllumareneededinthefuture・Althoughithasbeenalso  

suggestedthatthickerorheavierleavesmaybebettertotoleratestressconditionssuch  

assoilwaterde且cits，hightemperatureorhighlightstressesthanthinnerleaves（Rice   

andBazzaz1989；Taylor1989；Raven1989；ChazdonandKau触ann1993；Simsetal・  

1994），theseproblemshavenotbeenaddressedexperimenta11y（butseeNishioetal・   

1994）．  

P如那わ如αJr叩川∫βわ榔rg〝〃な加α乃dwαねrαγα肋摘ゆ  

Inadditiontovariousphysiologicalresponses，A・heterqphyllumshowedcontrasting  

leaflongevitylnreSPOnSetOdifftrentlightandwateravailabilities・Ashasbeenwell  
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documented，1ightavai1Abilityisthem年IOrenVironmentalfactora脆ctlngleaflongevlty   

（ChabotandHicks1982；Wi11iamsetal．1989；SimsandPearCy1991）．Leaflongevity   

OfA．heterqphyllumwasfbundtobeshorteratthedeforestedsiteinthedryyear1994，   

while no between－Site difftrence was observedin1996．Itis also known thatleaf   

longevitydecreaseswithwaterdeficitduetoreducedphotosyntheticcapacity（e・g・，   

Wolftetal．1988）．Forperennialherbs，biomassaccumulationinthecurrentyearmay   

COnSiderablyafftcttheconstructionofabovegroundpartsinthenextyear・Therefore，   

longerleaflongevltyOfA．heterqpjyllumatthefbrestsitemaycontributetoincreaslng   

Carbongalnunderlightlimitation．Amarkeddifftrenceinleaflongevityobservedat   

thedeforestedsiteamongyearswithagreatdiffbrenceinprecIPltationindicatesstrongly   

thatwateravailabilityisalsoanimportantdeterminantoftheleaflongevlty・InsplteOf   

thelowprecipltationin1996，1eaflongevltyWaSnOtSlgn摘cantlydifftrentbetweenthe   

Sites．Theslightlylongerleaflongevltyin1996maybepartlyrelatedtotheimproved   

SOilwateravaihbility，WhichwascausedbythedecreaseinP．chinofoliageafterthe   

Selectivemowlng．  

励血朋肋血狛馴血加地卯用甜抽祓助か抑両頭血叫画欄血   

Atthewhole－plantlevel，aPOSitivedependenceofRGRonmicrositelightavai1ability   

atbothsitesin1995andatthefbrestsitein1996indicatethatlightisanimportant   

environmentalfactor determinlng the growth ofA．heterqphyllumin the natural   

environments（Fig．1－2）．Biomassaccumulation（i．e．，RGRofcorm）inA．heterqphyllum   

anditsdependenceonmicrositelightavailal）ilitytendedtobehigherinsmallerindividuals   

（Tablel－2）．Size－dependentvariationinbiomassaccumulationofHelianthustuberosus   

hasbeenreportedbyKondoandOshima（1981）andofthreeBetulaceaespecieshas   

beenreportedbyWaltersetal・（1993）・AhighallocationtoleavesandrapidtranSlocation  
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mayresultinahighRGRinsmallplants（KondoandOshima1981）・Amaximum   

corm sizemaybe anotherreason forthelowerdependenceinlargerindividuals．   

MeasurementsofphotosyntheticcapacltyandplantgrOWthinthenaturalhabitatsinthe   

yearscontrastlnglnrainfal1，PrOVidedmewithinsightsfbrthepossibleefftctsofwater   

availability．Amongthefactorsotherthanlight，WateraVailabilityislikelytobethe   

mostimportantforlightacclimation，andalsoannualRGRinnaturalhabitatseven   

underamesicclimatesincethecorrelationcoefncientbetweenRGRandmicrositelight   

avai1abilitytendedtobehigherinthewetyear（1995）thaninthedrieryears（1994and   

1996）．  
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Tablel・1・LeafphenologyofArisaemaheterqphyllumgrownata払restandadefbrested  

Siteduringthreeyearsfrom1994to1996．Leaflongevityisde且nedastheperiod  

（days）frombudbreaktoleafsenescence．Budbreak，fullexpansionandleafsenescence  

WeremeaSuredbydaysftorn1stAprilineachyear・Mean±SDofmeasurementswere  

Shown・SamPlenumbers aLreindicatedinparenthesis・Difftrentcapitalsandsmal1  

1ettersontherighトtopofeachmeanindicateaslgni丘cantdifferencebetweenthetwo  

Sitesinthesameyear（P＜0．05，Studentlst－teSt）andamOngyearSinthesameSite（P＜  

0．05，Schefft’saposterioritest），reSPeCtively．  

Forest site 

1994（n＝54）  1995（136）  1996（139）  

91．3Ab±19．9  

27．2Ac±5．1  

43．OAc±6．9  

118．5Ab±19．8  

84．8Aa±20．0  

20．8Ab±3．9  

31．9Ab±3．3  

104．7Aa±19．6  

Leaflongev吋（days） 86．7Aめ±20．0   

おudbreak  23．6Aa±5．4   

FullexpanSion  35．5Aa±4．8   

Leafsenescence  lO8．8Aa±19．6  

De払restedsite  

1994（22）   1995（59）   1996（51）  

89．8Ab±18．4  

30．3Ba±5．2  

48．6Bc±3．6  

120．2Ab±16．6  

94．6Bb±9．5  

22．3Bb±2．5  

32．8Ab±1．8  

115．9Bb±9．4  

Leaflongevity（days） 69．1Ba±10．7   

Budbreak  29．4Ba±4．O   

Fullexpansion   43・1Ba±2・9   

Leafsemescence   98．3Ba±10．9  
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Tablel・2．Relativegrowthrate（RGR，mean±SD），andthecoefhcientsofcorrelation  

betweenmicrositelightavai1abilityandRGRinA・heterqphylluminthreeyearSfrom  

1994to1996．MicrositelightavailabilityisthetranSmittanceofphotosyntheticphoton  

fluxdensityattheheightofA．heterqphyllumplantsunderdiffuselightconditions．  

SamPlenumbersareindicatedinparenthesis・Diffbrentcapitalsandsmal11ettersonthe  

righトtopofeachmeanindicateaslgnihcantdifftrencebetweenthetwositesinthe  

Sameyear（p＜0．05，Student’st－teSt）andamongyearsinthesamesite（P＜0・05，  

Scheffb’saposterioritest），reSPeCtively・  

Forest虔te  

1994  1995  1996  

RGR（gg・lonegrowingseasom・1＊＊）  －0・22Aa±0・430・34AbjD・36 0・12Ac±0・40  

Correlations coefficient＄for  
PlantcorIⅧinitial吋1argerthan6．Og  O・379（22） 0・297（31） 0・081笹7）  

plantcormsinitial吋1essthanorequal16．OgO・247 Q9） 0・264＊C74） 0・672＊伊4）  

all plants O・249（51） 0・354＊（105） 0・171（91）  

De鉦汀eStedsi也  

1994  1995  1996  

RGR（gg－lonegrowingseason－1＊＊）  0・10Ba±0・48 0・58Bb±0・30 0・22Aa±0・36  

Corrtlationscodricients伽r  
plantcorrr蛤i鵬tial吋1argerdlan6．Og  O・820＠） 0・683＊（20） 0・244（30）  

plantcorI憬imitial吋1essthanorequa116．OgO・100（15） 0・366（23） 0・625（9）  

auplan也  0・367（19） 0・526＊（43） 0・311（39）  

＊：ThecoefncientofcorrelationbetweenmicrositelightavaihbilityandRGRwhichis  

Slgnincantatp＜0．05・  

＊＊：OneGrowingseason：fromApriltoAugust．  
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Tablel・3・Mean±SDoflight－Saturatedassimilationrate（Amax），darkrespiration，  

apparentquantumyield（QE），lightcompensationpointofassimilationrate（LCP），leaf  

COnductance（g），intrinsicwateruseemciency（A庖），andleaf－maSStOarearatio（LMA）  

inA・heterqphyllumgrownataforestandadefbrestedsiteinthreeyearsfrom1994to  

1996．Plants of3－5individualswereusedforgasexchangemeasurements・SamPle  

numbersforLMAareindicatedinparenthesis・Difftrentcapitalsandsmal11etterson  

theright－tOpOfeachmeanindicateaslgnincantdifftrencebetweenthetwositesinthe  

Sameyear（p＜0．05，Student’st－teSt）andamongyearsinthesameSite（P＜0・05，  

Scheffb’saposterioritest），reSPeCtively．Darkrespirationin1996werenotcompared  

Withthoseinotheryearssincetheprocedureofthemeasurementwasdifftrent・  

Forest site 

1994  1995  1996  

Amax  

「岬∂′CO2〝‡一2∫－JJ  

（仰0′CO2g－JβW∫－JJ  

Dark respiration 

（岬0′CO2〝l－2∫－JJ  

山肌∂′CO2g－JかW∫－Jノ  

Q町岬0＝ご02岬0′－ノダ毎朝乃∫J  

LCPr〃㈲′p加0那椚一2∫－JJ  

gl両用20mj∫－Jノ  

A′勘仰乃♂′CO2〝旧′－ノ鞄OJ  

8．55Ab ±0．42  

0．304Ab ±0．024   

0．32A ±0．05  
0．011A ±0．001  

0．045Ba±0．001  

5．19Aa ±1．06  

0．100Ab±0．027  

91．05Aa ±33．13  

12．94Aa±1．25 11．75Aa±0．67  
0．536Aa±0．057   

0．36Aa±0．14  0．55Aa±0．14  
0．025A±0．006  

0．045Aa±0．002  

12．21Ab ±3．08  

0．183Aa±0．019  

64．51Aa±6．02  

0．054Aa±0．008  

6．45Aa±2．75  

LMArg〝‡－2J  22・66Aa±7・79 23・52Aa ±5・51  

（n＝74）  （92）  

Deforested site 

1994  1995  1996  

Amax  

（仰β′CO2′雅一2∫－JJ  

（仰0化02g－JかW∫－Jノ  

Dark respiration 

r仰0ほ02研一2∫一ノノ  

（仰OJCO2g－JかW∫－ノノ  

QE佃仰∫CO2〃㈲′－ノダ九∂加∫ノ  

LCP佃㈲～〆∂加∫m－2∫－JJ  

gl両川2（フ川－2∫一JJ  

A′軌山肌♂gCO2仰∫－J鞄0ノ  

10．50Bb ±0，66  

0．320Ab±0．0叫   

0．31A ±0．08  

0．009A ±0．003  

0．043Ba±0．005  

7．07Ab±1．76  

0．138Ab±0．042  

79．21Aa±17．26  

13．68Aab±3．3115．69Ba±1．97  

0．425Ba±0．022   

0．94Ba士0．15  0．69Aa±0．12  
0．019B ±0．002  

0．044Aa±0．005  

15．62Aa ±1．86  

0．284Ba±0．067  

57．55Aa±13．17  

0．065Aa±0．020  

13．24Aa±1．98  

LMA（g椚－2ノ  叫・19Ba±6・00 30・67Bb士5・19  

（47）  （40）  
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Figurel・1．Seasonalchangesindailyprecipitation（SOlidbars）anddailymeanair  

temperature during the growingseason ofA・heterophyllum（top），micrositelight  

availability（middle）andmaximumandminimumsoilsurfacetemperatures（bottom）at  

thefbrestsite（●and▲）anddefbrestedsite（Oand△）intheyears1994，1995and  

1996．SymboIswitherrorbarsrepresentmean±SD・DataondailyprecIPltationand  

meanairtemperaturewereobtainedfromNagamineMeteorologicalObservatOry・  
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Figurel・2・RelationshipbetweenmicrositelightavailabilityinlateMayandannual  

relativegrowthrateofcormattheforest（Circles）andatthedefbrestedsite（triangles）in  

1994（a），1995（b）and1996（C）．FilledsymboIsindicatetheindividualswhoseinitial  

freshweightofcormwaslessthanorequalto6g，andopensymboIsindicatethe  

individuals weighed morethan6ginitially・Solidlines representthe slgnificant  

relationshipsforthecormssmallerorequalto6gattheforestsiteandfbrthecorms  

largerthan6gatthedefbrestedsite・Dashedlinesrepresenttheslgnincantrelationships  

fbrtheal1plantS・Thedetai1sofcorrelationcoe餌・Cientsbetweenmicrositelightavai1al）ility  

andRGRareShowninTableト2．  
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Figurel・3．Leaf－agedependencyoflightsaturatedphotosyntheticrates（Am00）in1994  

（a），in1995（c）andin1996（f），darkrespirationratesin1994（b），in1995（d）andin  

1996（g）andleafconductanCein1995（e）andin1996（h）fbrtheleavesofA．he  

grownattheforestsite（●）andthedeforestedsite（○：Watered，△：unWatered）．  

SymboIswitherrorbars（±SD）representmeansof3to5replicateplants・A”．。XWaS  

measuredatPPFDofoverlOOOトLmOlm－2s－1，1eaftemperatureof25－27Oc，relative  

humidityof70％andambientCO2COnCentrationof350pmolmorl・Darkresplration  

WaSmeaSuredatleaftemperatureof25Dc，relativehumidityof70％andambientCO2  

concentrationof350umolmol－l・  
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Figurel・4．Effects ofsoilwater contents onlighトPhotosyntheticrates（a），leaf  

COnductanCe（b）andintrinsicwateruseefficiency（C）ofA．heterqphyllumgrownatthe  

deforestedsitein1995．Thedataareplottedforwatered（○：40％forsoilwater  

COntent）andunwatered（△：25％fdrsoilwatercontent）regimes．SymboIswitherror  

bars（±SD）representmeansoffourreplicateplants・Themeasurementsweremadeat  

theleafageof15days．  
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Figurel－5・Temperaturedependenceofphotosyntheticrates（a）andleafconductance  

（b）at600LlmOIphotonsm．2s－10fA．heterqphyllumgrownatthefbrest（◎）and  

defbrestedsite（○）in1995．SymboIswitherrorbars（±SD）representmeansoftriplicate  

Plants．Themeasurementsweremadeattheleafageof26daysfortheforestsiteplants  

and37daysfbrthedeforestedsiteplants，reSPeCtively．  
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Chapter2  

FlexibleleaforientationsofArisaemaheteYqPhyllummaximizelight  

CaPtureinafbrestunderstoryandavoidexcessirradianCeata  

de伽restedsite．  

Imtroduction  

LeafphysiologicalandmorphologicalcharaCteristicsofArisaemaheterqphyllumwere   

Showntoacclimatetothecontrastlnglightenvironment：Photosyntheticcapacltyand   

LMA（leaf－maSStOarearatio）were叩PrOXimately30％higheratthedefbrestedopen   

Sitethanintheforestunderstory（Chapterl）．Moreover，leafgeometries differed   

markedlybetweenthetwohabitats：1eafletsareheldalmostflatinthefbrestunderstory，   

Whiletheyaremoreinclinedandfbldedatthedefbrestedsite・Leafletfbldingshows   

diumalchangeS．  

PhotosyntheticproductivitiesofforestunderstoryplantSareOftenlimitedby   

insufncientlightresources（e・g．，PopmaandBongers1988；PBtschandPearCy1992；   

SimsandPearcy1993）．Inafbrestunderstory，micrositelightavai1abilityofleaves   

dependslargelyonfbrestsize，CanOPydensltyandthedistributionofcanOPyOPenlngS   

（BaldocchiandCollineau1994；BazzazandWayne1994）・Forleavesexperiencing   

limitedlightavailabilities，theincrementoflightcq）turebyorientatlngtheleafsurface   

tothecanopyopenlngSCOntributesgreatlytoincreaslngPhotosyntheticproductivlty   

（Chazdon1986；AckerlyandBazzaz1995）・＿Inapreviousstudy，Photosynthetic   

PrOductivityandindividualbiomassaccumulationofA・heterqphyllumplants were   

foundtodependsignincantlyonmicrositelightavailability（Chapterl）．Thealmost   

flatleafletorientationofA・heterqphyllumintheforestunderstoryshouldplayan  

importantrOleinincreaslnglightcaptureunderconditionsoflowlightavailAbility．  
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Inanopenhabitat，eXCeSSPPFDsandco－OCCurrlngStreSSeS，SuChasdroughtand   

highleaftemperature，inhibitphotosyntheticactivlty，eSPeCiallyaroundmiddayona   

sunnyday（e．g．，BerryandBj6rkman1980；Powles1984；Lange1988）．Paraheliotropic   

leaforientationundersunnyconditionshasbeenreportedtodecreaseincidentradiation   

Whichfurtherresultsinadecreaseinleaftemperature，anincreaseinwateruseefnciency   

andadecreaseinphotoinhibition（LudlowandBj6rkman1984；ForsethandTeramura   

1986；GamonandPearcy1989；Jurik，ZhangandPleasants1990；KaoandForseth   

1991，1992）．IhaveshowninChqpterlthatdroughtandhighleaftemperaturecaused   

byhighlightincidenceatthedefbrestedsiteconsiderablylimitleafphotosynthesisin   

SituinA・heterqphyllum・Inthissituation，inclinationandfoldingofleafletsshould   

minimizetheamOuntOfexcessPPFDsreceivedandhencemaintainhigherphotosynthetic   

activlty．Moreover，ChanglngleaforientationinresponsetovarylngWaterOrnutrient   

availability has been reported to contribute to the maintenance of an efficient 

Photosyntheticratebyregulatinglightcapture（ShackelandHa111979；KaoandForseth   

1991，1992）．DiurnalchangesinleafletfoldinginA．heterqphyllummaycontributeto   

thebalancebetweenthecaptureoflightresourceandphotosyntheticactivlty，Which   

tendstobeinfluencedbyleaftemperatureandsoilwateravailAbility．  

Aimsofthischqpterare：1）tomakeaquantitativeevaluationoftheleafgeometry   

anditsdiumalvariationatthefbrestanddefbrestedopensites；2）toinvestigatewhether   

A．heterqphyllumadjuststhespatialorientationofitsleafinawaythatmaximizeslight   

CaPtureinthefbrestunderstory，Whileavoidingexcessirradianceatthedefbrestedsite；   

and3）to con且rmthe efftcts ofleaforientation on photosynthesis byartincially   

COnStralnlngleavesinahorizontalpositionatthedefbrestedsite．  
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MaterialsandMethods  

∫血㊥∫如   

Investigationswerecarriedoutinthefl00dplainoftheKokaiRiverinMitsukaidocity   

（3600’N，140Ol’E；altitudelO．5－12．5m），Ibarakipreftcture，45kmnorth－eaStOf   

Tokyo・TheplantSgrOWlngintwohbitatsofcontrastlnglightavailability，afbrestsite   

andadeforestedsite，WereuSedforthemeasurements（SeeFig．1－1fbrmicrometeorological   

data）．  

TheforestsiteisdominatedbyQuercusacutissimaCaruth．Shrublayersare   

absentduetohumaninterventions．Theunderstoryhefbaceouslayerisdominatedby   

AmsoniaellipticaRoem．etSchult．EvergreenperennialbamboograssPleiobrastus   

ChinoMakinodominatesthenorthernpartofthefbrest．Thedefbrestedsiteisabout   

150mdownstreamoftheforestsiteandA．heterqphyllumplantscoexistwithseveral   

hefbaceousspeciessuchasHumulusscandensSieb．etZucc．，SolidbgoaltissimaL．and   

P．chino．A．heterqphyllumplantsarenOtShadedbythesehetbsexceptwhenthesunis   

Closetothehorizon．  

肋α∫〟rg椚g〝由q／わげ肌〃坪メわわ紗   

Inclinationangle（叫andazimuth（0）oftheleafletmidveinweremeasuredR）rindividual   

PlantSuSingequipmentdescribedbyNormanandCampbe11（1989）．Leafletfblding（β）   

WaSCalculatedfromthewidthsoftheleafletsinfbldedandunfbldedstates（Fig．2－1）．   

Sinceatwistanglearoundthemidveinofaleafletwasalmostnegligible，maXimal   

Slopeofleafletsurface（¢）canbecalculatedas  

COS¢＝COSα・COSβ．  

PlantSWith10to171eafletsand30to60cmtallwereselectedfbrthemeasurements；   

thissizerangeincludesmostoftheplantsinthehabitat・Atthedeforestedsite，leaflet  
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inclinationandfbldingfbratotalof16plantsweremeasuredarOundnoononsunny   

days（24，27Juneand4July）in1996．RepeatedmeasurementsonlOof16plantSWere   

madeofthethreeexperimentaldays．Inaddition，diurnalchangesinβweremeasured   

fbr凸veleafletsfrom航veplantson12June（af［eraftwrainlessdays）andfbrfbur   

PlantSOn16June1996（nextdayofrain）．Oneachmeasuringdayexcept12June，β   

WaSmeaSuredfbrthreeleafletsforeachsamPleplant．Attheforestsite，αandOof35   

PlantSWeremeaSuredinmid－May1997whentheleaveshadjustexpandedfully．In   

Ordertoassessthe abilityoftheleafletstore－Orientatewithseasonalchanglngln   

micrositelightavailability，the32survivlngPlantsoftheorlglna135plusanadditional   

threeplantSWeremeaSuredagalninlateJunewhenthefbrestcanOPyWaSfu11yclosed．  

励血Ⅷ肋m椚触姑叫坤椚   

β如crわ乃αJゆげ〟g如αJ肋eβrβ∫r∫fね   

Ⅰmmediatelya鮎rleaforientationwasmeasured，lightenvironmentswereassessedwith   

180Ohemisphericalphotographstakenwith8mm鮎h－eyelens（Nikon，Tokyo）just   

abovetheindividualplantSattheforestsite．Measurementswereperformedon34   

PlantSinmid－Mayandon35plantsinlateJune1997．Photographsweretakenunder   

diffuselightconditions．Theimageofthehemispherewasdividedinto200cellsof   

identicalsolidanglesusingacomputer（Fig．2－2）．CanOPyOPenneSSWaSdetemined   

fbreachcellatl％precisionastheproportionof‘open’pixelsincludedinthecell．  

Lightcaptureofhypothetical1ightrecelVlngSurfacesatvariousdirectionsinthe   

fbrestunderstorywasestimatedbasicallyfo1lowlngtheapproachofChazdonandField   

（1987）．SOC（StandardOvercastSky；MoonandSpencer1942）wasassumedfor   

diffuselightdistributionoverthesky．Bymultiplyingtheskybrightnessdistribution   

andthelighttransmittancethroughthecanOPyOPenneSSdistribution，andbyassumlng   

diffusePPFDoflOOOトImOIphotonsm－2s－1abovethecanOPy，directionaldistributionof  
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diffuseradiationcoITungthroughthecanopywasestimated．A氏erthecosine－COrreCtion   

fbrlightincidentanglefromeachcelltoalightrecelVlngSurface，PPFDonthesurface   

wascalculatedasthesumofPPFDvaluesfromthe200cellsontheskyhemisphere・   

Lightincidentanglewasdeterminedassumlngthatthelightcomesfromthecenterof   

eachcell．Orientationofthelightreceivingsurfacewasvariedover201directions   

COrreSPOndingtothecentersof200cellsandthezenith・Inaddition，thedirectionofthe   

SurfacemaximlZlngthelightcapturewasdetemined：thedirectionisrefbrredtoasDmax   

hereafter．  

エβ材即0肌erりd乃d〟g如c甲山reα一触d弓匝rβ∫ねd∫如   

ThesystemdevelopedbyTakenaka，InuiandOsawa（1998）toestimatelightcaptureof   

amodelplantwasusedtoassesslightcaptureofA．heterqphyllum．Thebasicideaof   

themodelisessentiallythesameasthatoftheYPLANTmodelofPearCyandYang   

（1996）．Thethree－dimensionalstruCtureOfaplantisreconstructedinacomputerfrom   

geometricinformationoftheelementsofaplantcanOPy．Thelightcaptureofthe   

modelplantisestimatedincorporatingdirectionalityofthelightsource，mutualshading   

amongplantPartS，andincidentangles oflighttotheleaves．Somewhatdifftrent   

algolismwasadoptedtoassesstheobstructionbyotherplantPartSinthetwosystems；   

lookingdownonthemodelplant丘omtheskyinYPLANT，butlookinguptothesky   

fromplantpartSinthesystemofTakenakaetal．（1998）．Furtherdiscussiononthe   

CalculationprocedureisinTakenakaetal．（1998）．  

ModelplantsofA．heterqphyllumhavestandard－Shapedwith15leaflets．Each   

leanetiscomposedoftwohalvesdividedbythemidvein．Eachhalfleafletisassumed   

tobeaflatsurface．Variousgeometriesofleaveswerereconstructedbycomputerby   

Varyingtheinclination（叫andfblding（β）ofleaflets（Fig．2－3）．Seasonaldai1y丘equency   

distributionsofincidentPPFDswereestimatedfbratotalof900bservationpolntS  
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locatedovertheleaf（threepointsfbreachhalfleaflet，Cf．Fig．2－1）whichwasassumed   

tobeundercompletelyopensky．  

Inordertoestimatetheabsolutelightincidencefbrtheabovecalculation，a   

modelfbrthelightsourceisneeded．IusedamodelfromTakenaka（1985），Whichwas   

basedoncontinuousmeasurementsofirradiancenearthepresentstudysite．Inthe   

model，Sky conditions wereclassined eitherclear，Well－illuminated cloudy（daily   

maximumlightincidenceis50％ofclearday）orheavilycloudy（10％ofclearday）・   

Frequencyofeachweathertypeandthemaximumlightincidencewithinadaywere   

deteminedfbreachmonthfromtheobserveddata．SOCwasassumedfbrthedistribution   

Ofdiffuselightoncloudydays．Lightdistributiononacleardayisthesummationof   

diffuselightfollowlngSOCandadirectincidencefromthesunwhichcontributes80％   

Oftotallightincidence．Diurnalvariationintheskybrightnesswascalculatedassumlng   

themaximumatthesolarnOOnandzeroatsunriseandsunset，andwasproportionalto   

thecosineofthediffbrenceofthetimeangleffomthesolarnoon．  

Mode11ightcqpturewascalculatedfbrtheperiod血・OmMaytoJuly，themain   

growlngSeaSOnOfA．heterqphyllum．Hemisphereasthelightsourcewasalsodivided   

into200cellsofidenticalsolidanglesandbrightnessofeachce11wasdetemineduslng   

themodelmentionedabove．Afterthecosine－COrreCtionforthelightincidentangle   

ffomeachcelltotheleafsurface，PPFDonaleafwascalculatedasthesummationof   

thePPFDvalues fromthe200cells．Directlightincidenceonthecleardaywas   

Calculatedbyincludingthebrightnessofthesuninthebrightnessoface11justatthe   

directionofthesun．MutualshadingamOngleafletswasalsoconsidered，aSSumlngleaf   

lighttranSmittanCeOflO％．Detailsofthecalculationofmutualshadingwithinaplant   

aredescribedinTakenakaetal．（1998）．Variousazimuthangleswereincludedforthe   

modelplants（Cf．Fig・2－3）butnosignincantdiffbrenceswereobservedamongthe   

directionswhenthelightcapturewasevaluatedatawholeleaflevel．Thusresultswere  
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Shownfbrtheplantsfacingsouth（Fig．2－3）・  

G仇＝㍑d如∽gβ椚βα∫〟作例β〝ね   

Inordertoclarifytheefftctsofcontinuousexposuretohigh1ightonphotosynthetic   

actlVltyatthedefbrestedsite，leavesofsevenplantswith15to17leafletsandabout50   

CminheightwereunfbldedandconstrainedhorizontallyuslngthinwireinearlyJune   

1996．DiurnalpatternSOfleafgasexchangeoftheseplantSWeremeaSuredon12（three   

Plants）and16（fburplants）June1996usingportablephotosynthesismeasuringsystem   

（ModelLI－6400，Li－CorInc．，Lincoln，Neb．，USA）．Asingleattachedleafletwasused   

fbreachsampleplant．Oneachdayofthemeasurements，threecontroIplants（α：20－   

300，maXimumβ：35－700）werealsomeasured，andtheseleavesaretermed’natural1y   

Orientedleaves’hereafter．  

Theclamp－Onleafchamberallowedfbrnaturalilluminationoftheupperleaf   

Surfaceduringthemeasurements．IncidentPPFDbesidetheleafchamberwasmeasured   

Withaphotonsensor（LI－190SA；Li－CorInc．，Lincoln，Neb．，USA）・CO2COnCentration  

oftheairenteringtheleafchamberwascontrolledat360ド・mOlmorl・Airtemperature   

inthechamberwasa4justedmanuallytomatchthatoutsideofthesystem，reftmngto   

thereadingsofcopper－COnStantanthermocouplesmountedataheightoflmabove   

ground・Relativehumiditylnthecharhberwassimi1artothatoutside・PPFDataheight   

of3mabovethegroundwasmeasuredwithaphotonsensor（IKS－25，KoitoIndustry，   

Japan）mounted horizontally．Environmentaldatawere storedin adatalogger   

（ThermOdac－E，Eto－DenkiInc．，Japan）atトmininterval．  
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Results  

加姉剛吻仙ね函相川相加甜舶如加地   

MeaninclinationanglesofleanetsofplantsatthefbrestunderstorysiteinbothMay   

andJunewereconsiderablysmallerthantheseoftheplantS atthedefbrestedsite   

（ANOVA，P＜0．0001，Table2－1）．Noleanetfbldingwasobserved（β＝0）attheforest   

Site・Themaximumslope oftheleafletsurfaces ofthedefbrestedsiteplantswas   

Signincantlygreaterthanthatofthefbrestsiteplants（ANOVA，P＜0．0001，Table2－1）．   

Atthedeforestedsite，βchangeddiurnallywiththemaximumaroundnoon（Fig．2－4，   

Tめ1e2－1）．  

Foreachplant，leafsurfacedirection（DLeaf）wascalculatedasthemeandirection   

（angularaltitudeandazimuth），D，Ofa11halvesofleaflets．Thehalfleanetdividedby   

itsmidveinwasusedasaunitbecauseitcanbeassumedtobeaflatsurface．Variations   

inDofeachhalfleafletaroundDLeafrePreSentthe‘departurefromflatness，ofthe   

Wholeleaf；Smallerthevariation，theflatterthewholeleaf．Meandifftrencesbetween   

DofeachhalfofleafletsandDL。afOfthedefbrestedsiteplantSWereSlgnincantlylarger   

thanthoseofthefbrestsiteplantS（ANOVA，P＜0．0001，Table2－1）．  

加げ鵬血加血Ⅷ痛物腋叫血rg   

ダore∫f〟乃dg用わり   

RelationshipsbetweentheDLeaf（meandirectionofindividualleaflets）andlightincidence   

Wereanalyzedwiththehemisphericalcanopyphotographstakenjustaboveeachofthe   

A．heterpphyllumplants．Duringtheperiod鈷・OmMaytoJune，maXimaldiffuselight   

incidenceontheleavesrelativetothatabovetheR）reStCanOPyChanged丘・Om24．8±6．7   

％inMay（mean±SDfbr34plantS）to17．2±5．2％inJune（35plants）．Becauseof   

theheterogeneousdistributionofcanOPyOPenlngSOVerthehemisphere，1ightcaptureof  
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aleafsurfacedependsonitsorientation．Fig．2－5showsthedistributionsofPLeafand   

PEnaX（directionmaximizingdiffuselightcaptureatgivenmicrosite）inMayandJune   

1997・MostqeafValuesaredistributedclosetoDmaxwiththeangulardeviationsof24．9   

±10・4and25・6±15・2degreeinMayandJune，reSPeCtively・Lightcaptureefnciency   

（LCE），theratiooftotaldiffuseirradianCeincidentactual1yonaleaftothatfacingPmax，   

WaSShowntobeashighas98％（Table2－1）．DirectionaldependencyofLCEand  

SpatialdistributionsofeachhalfofleafletfortheplantSinamicrositewithqnaxbiased  

fromthezenith，and丘）rthoseinamicrositewithDmaxmostclosetothezenith（indicated  

WitharrowsinFig・2－5b）areshowninFig．2－6．DirectionaldependencyofLCE   

representstherelativeamountofphotonsreceivedatalightreceivlngSurfacefacing   

VariousdirectionsoverthehemlSPhere．Fig．2－6showsthatmostleanetsareOrientated   

toachieveLCEsofmorethan90％．  

エβ釘geo朋eJり肌de∫血αredgfg如c坪山redJ叩β乃∫fJe   

Dailylightcaptureestimatedfbramodelleafunderclearopenskywaslargestfbraleaf   

Withhorizonta11eaflets，andanincreaseintheslopeofleafsurface（¢）resultedin   

decreasinglightcapture（Fig．2－7a）．Aleafwith47degreeslope，Whichisthemean   

Slopeoftheleanetsatthedefbrestedsite，reCeivedonly75％ofthelightc叩turedbya   

horizontalleaf（Table2－1）．  

PhotosyntheticrateofA・heterqphyllumsaturatesatabout600pmoIphotonsm－2  

S，1（Chapterl）．Increaseintheslopeofleafletsurfaceincreasedthedurationwith   

PPFDsbelowthislightlevel，WhilethedurationwithahigherPPFDdecreasedasthe   

Slopeincreased（Fig・2－7b）・Effbctsofleafangleondurationwith1ightaboveathreshold   

PPFDbecamelargerforahigherPPFD・Forexample，thedurationofaleafwitha   

Slopeof47degreedecreasedby20％fbrPPFDsabove600岬101photonsm－2s－1，butit   

decreasedtozeroforPPFDsabove1600トLmOIphotonsm，2s－1．βincreasesupto80  
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degreearoundnoon，WhileαtOOkaconstantValueinindividualplantSranglng魚・OmlO   

－40degree．  

伽肌肌血明断狛加減姉㈹拍動血   

Inbothnaturallyorientedleavesandhorizontallyconstrainedleaves，netPhotosynthetic   

ratesG4）andstomatalconductancetowatervapor（gsw）reachedthemaximuminthe   

momingwithamiddaydepressiononbothexperimentaldays（Fig．2－8）．Arecovered   

打omthismiddaydepressioninbothtreatmentleavesinthelateaftern00nOf12June，   

butonlyinthenatural1yorientedleaveson16June．  

Itwasoccasionallycloudyon12June，butsoilwateravailabilitywaslow．On   

thisday，1eavesofthetwotreatmentsshowedasimilardiurnalpatterningasexchange，   

butthehorizontallyconstrainedleavesshowedaslightlylargermiddaydepressionofA   

（Fig・2－8b）・On16Juneitwassunnyallday，butsoilwaterconditionwasconsiderably   

betterduetopreviousday，srain・Onthisday，Aandgswofthenatural1yorientedleaves   

WereSlightlyhigherthanthoseon12June，Whilethehorizontallyconstrainedleaves   

ShowedalowermaximumAandgsw，andaseverermiddaydepressionthanon12June   

（Rg・2－8g，h）・Mo托0Ver，Aandgswofthehorizontal1yconstrainedleaveswereconsiderably   

Smallerthanthoseofthenaturallyorientedleaves．  

Wateruseefnciency（theratioofAtotranspirationrate）tendedtobehigherat   

midday，butnosign摘cantdifftrencewasfbundbetweenthetreatments（Fig．2－8d，i）．   

CalculatedintercellularCO2COnCentrations（Ci）weresimi1arinthetwotreatments（Fig．   

2－8e，j）．  
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Discussion  

Calculations on modelleaves demonstrated that actualleaf orientations ofA．   

heterophyllum plants in the forest understory were such that the leaves receive 

approximately96to98％ofmaximaldiffuselightreceivableattheirmicrosites．Ifthe   

leaveswereheldhorizontally，1ightcapturewoulddecreaseby2．8±3．6％ascompared   

toactualleaves・Especiallyfbr22plantswithDmaxbiasedmorethan10degreesfrom   

thezenith，1ightcapturewoulddecreaseby3．8±4．1％ifassumedtofacethezenith．   

Therefore，adjustingleaforientations to maximizelight captureis a slgnincant   

morphologlCalresponseinA．heterqphylluminhabitingfbrestunderstorywithlowlight   

availability・Smal1departurefromflatnessofawholeleafofthefbrestsiteplantscan   

beinterpretedastheresult ofadjustlngtheorientation ofeachleaflettothesame   

direction，Dmax・ThehighLCEsofA・heterpphyllumplantsarerealizedbyregulating   

theangulargeOmetryOfleanetsinresponsetothedirectionalityofcanOPyOPenlngS．  

Asshownbymodelsimulations（Fig．2－7），1eafletinclinationandfbldingatthe   

defbrestedsiteeffbctivelydecreasedthedurationofexcessirradiancewithPPFDsabove   

Photosynthetic saturatinglevel，and should contribute to maintainlng emCient   

Photosynthesisunderahigh，StreSSfulirradianCe．  

In the modelestimation ofdailylightcapture，IassumedthattherearenO   

diurnalchangesinleafletinclination angle nor folding．However，leaves ofA．   

heterqphyllumchangetheirgeometrytoenhancelightcaptureunderconditions of   

relativelylowlightincidentlightandmoderateairtemperatureinmornlngandlate   

aftern00n，andtosuppresslightc叩tureunderhighincidentlightwithhighlynslngair   

temperatureatmiddaybyvarylngthedegreeofleafletfolding．Diurnalregulationof   

leaflightcapturebytheflexibleleafsurfaceorientation叩pearStOmaXimize甲rbon   

galnOVertheliftoftheleaf．Thisflexibleandrapidregulationoforientationoftheleaf  
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Surfacethroughleafletfbldingmaybecausedbyturgorpressurechangesrespondingto   

theleafwaterstatus（e．g．，Ko11er1990；Saitou，InamuraandIshihara1994）．  

TheartincialhorizontalconstrainlngOfA．heterqphyllumleavesatthede丘）reSted   

Siteshowedstrikingefftctsofleaforientationonphotosyntheticperfbrmances，i・e・，   

SubstantialdecreaseofAandgswlnthehorizontallyconstrainedleavesonthesunnyday   

Of16June・TherearetWOPOSSiblemechanismsfbrthereduceddailymaximumAand   

SeVeremiddaydepression；StOmatalclosureandphotoinhibitorydamageS．Itiswell   

known that stomata close withincreaslngleafto air vapor pressure deficit and   

tranSPirationalwaterloss（Tenhunen，LangeandBraun1981；FarquharandSharkey   

1982；Maier－Maercker1983；MottandParkhurst1991）．Itisalsowelldocumentedthat   

excessirradiance and highleaftemperature cause photoinhibitory damages，i．e．，   

inactivationofphotosyntheticreactionsassociatedwithphotosystemII，and／orreduced   

Carboxylationefnciency（Powles1984；Tenhunenetal．1984；Demmig－Adamsetal．   

1989；Demmig－AdamSandAdamS1992；CheesemanandLexa1996；Valladaresand   

Pearcy1997）．Ifthefbrmeristhecase，Cishouldbedecreasedbyphotosynthetic   

COnSumPtlOnOfCO2・Inthelattercase，AataglVenCishoulddecreasewhileCimay   

notdecrease．SincevaluesofCiinthehorizontallyconstrainedleavesofA．heterqphyllum   

didnotdiffbr血・Omthoseinthenatural1yorientedleaveswhichshowedhighAallthe   

day（Fig．2－8），PhotoinhibitorydamageisrnainlyresponsiblefbrthedepressionofAin   

thehorizontallyconstrainedleaves．  

Middaydepressioninthehorizontallyconstminedleaveswaslesson12thanOn   

16June．ThelowerirradianCeWithintermittentlowlightperiodon12Junecausedless   

PhotoinhibitorydamageSinthehorizontallyconstrainedleaves．Thisresultindicates   

thatthephotoinhibitoryreductionofAinthehorizontallyconstrainedleavesdepends   

Onthedailylightcondition，ratherthantheaccumulationofdamageduetocontinuous   

exposuretohighlightincidencefbraboutlOdays．ThesimilarValuesofearlymomlng・  
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Aofthetwotreatmentleavesonbothexperimentaldayssuggestthatthehorizonta11y   

COnStrainedleavescanrecover丘omthephotoinhibitorydamageovernight．Thisresult   

isconsistentwiththerecentreportsthatphotoinhibitoryefftctsonphotosynthesisare   

generallyshort－1ived（e．g．，GamonandPearcy1990；Krause，VirgoandWinter1995；   

KrauseandWinter1996）．  

Increasedleafanglesinresponsetoadrierconditionsarereportedinsoybean   

（MeynerandWalker1981；KaoandForseth1991；Saitouetal．1994）andotherplantS   

（e・g・，ForsethandEhleringer1980；ComstockandMahal11985）．AstranSPirationa11eaf   

COOlingdependsqnwateravailability（Schulze1982），decreasinglightcapturebymeanS   

Offlexibleleaforientation helps maintain moderateleaftemperatures，Withless   

transpirationalwaterlossunderdroughtconditions（Cowan1982）．Decreasinglight   

CaPtureOfA．heterqphyllumbythenexibleparaheliotropicleafletmovementsshouldbe   

advantageOuS atthedeforestedsite，Whereleafphotosynthesisishighlylimitedby   

Shortageofsoilwater（Chapterl）．  
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Tablc2・l・SummaryofleafmorphologyandlightcapturefbrArisaemaheterqp桓Ilum  

Plantsatthefbrestunderstoryanddefbrestedopensite．Leafletfbldingwasmeasured  

arOundnoon．‘Departure蝕・OmnatneSSOfawholeleaf’wascalculatedasthevariations  

inthedirectionofeachhalfofleanetaroundmeandirectionofwholeleaf（DLe8f）・This  

WaSCalculatedassumingβ＝40inthedeforestedsiteplants．Relativelightcaptureatthe  

fbrestunderstoryindicatestheratioofwholelightcaptureatactualorientation（∂Leaf）to  

maximalpotentiallightcapturefacingDmaxateachmicrosite，i・e．，lightc叩tureefnciency・  

Atthedefbrestedsite，itindicatestheratioofestimateddailylightcaptureforthe  

measuredleafletorientations（¢）tothatofhorizontalleaflet（Cf．Fig．2－7a）・Valuesare  

mean±SDexceptleafletfoldingofthefbrestsiteplants．Sampleplantnumbersofthe  

departurefromflatnessandrelativelightcaptureoftheforestsiteplants，andsample  

leafletnumbersofα，β，¢，andofrelativelightcaptureofthedeforestedsiteplantSare  

indicatedintheparenthesis，reSPeCtively．  

Forest understory Deforested site 

May1997 June1997 June1996  

19．5±10．8  24．1±10．9  

（414）   （143）  

0  40．7±22．4  

（414）   （65）  

19．5±10．8  47．2±18．2  

（414）   （65）  

14．0±3．1   41．1±5．0  

（35）  （10）  

Inclinationofleanetmidvein（α）17．3±10．5  

（407）  

Lea爪et伽1dimg（β）  0  

（407）  

Max．slopeorleanetsur払ce㊥）17．3±10・5  

（407）  

Departurefromflatness  13．6±3・2  

0raWholele誠  （35）  

Relativelightcapture（％）  95・6±2．2   97・7±2・5   75・1±15・8  

（34）  （35）  （65）  
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Lightobservationpoint  

（a）  
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、
 
 
 

＼ 
Midvein  

Figure2－1・VerticalviewofaleafofA．heterqphyllum（a）andparameterSOfleaflet  

geornetrymeaSuredinthepresentstudy．Inclinationangle（a）ofmidvein（b）and  

folding（b）ofleafletblade（C）．（C）representsthecrosssectionoftheleanetindicated  

Withthedottedlinein（b）．  

∫2   



野鼠gⅦ訂e芝刈豊．Åg‡・i8もOdivi〔まeもheskyhe汀11S沖erだま雨200cei呈soぎideilむica旦soli舶夏1如s・  

Tはsv血ユ感gridissup提出・mpOS¢dinaco汀｝Pへu〔e川n髄羞汀呈ageS（二繭e‡Ⅵ1Sphe貢c挽iph〔舶g柑Phs  

ogForesもCanOPyも0；＆SS¢SSSpaぬはsも㌻まbLiむio苫－0ダc弧OPyOPeま－neSSOVer伽喜1∈さr‡1塙舶隠  

5β   



South  

Figure2q3．ImagesofA．heterqphyllumplantsreconstructedbycomputer．PlantSWith  

horizontal（a），inclined（b），folded（C），andinclinedandfblded（d）1eanets．Arrowin（a）  

indicatestheazimuthofawholeplant（seetext）．  
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Figure2－4．Diurnalchangesofleafletfoldingatthedefbrestedsiteon12（b）and16（d）  

June1996．Mean±SDoffive（On12June）and12（On16June）leafletsareplotted．  

Linesin（b，d）werenttedbyeye．PPFDat3mheighthorizontalplane（thickline）and  

airtemperatureatlmheight（thinline）werealsomeasured（a，C）・  
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Figure2・5．SpatialdistributionsofDmax（directionoftheleafsurfaceformaxiInizling  

diffuselightcapture；○）andDLeaf（directionofwholeleaf；○）forA．heterophyllum  

PlantsattheforestunderstoryinMay（a）andJune（b）1997．Linesconnectthetwo  

VeCtOrSforeachplant．Numbersonthecirclesrepresentzenithangle．Distributionsof  

D，eanet（actualdirectionsofleaflets）anddirectionaldependenceofleaflightcaptureare  

Shownin且gure2－6fortheplantswitharrowsin（b）．Notethattheeastandwestare  

reversedasinhemisphericalcanopyphotographs．  
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Figure2・6・Countermapoflightcaptureefnciency（LCE）onalightreceivingsurface  

facingvariousdirectionsoverthehemispherefortheA．heterophyllumplantsatthe  

forestsiterneaSuredinJune1997．LCEsarePlottedaspercentages（5％intervals）to  

thepredictedmaximumdiffuselightcapturewhenthewholeleafsurfacefacedtoDmax（  

×）．DLeaf（○）andDlea。et（●）arealsoplotted．RelativePPFD（theratioofleaflight  

CaPtureattheactualorientationtoPPFDabovetheforestcanopy）areindicatedinthe  

ParenthesisbytheIDnumbers・ZenithangleofDmaxandDLeafWere；23・8and30degree  

fbrID3，5．7and23degreefbrID8，17．8and22degreeforIDlO，19．8and20degree  

forID15，13・6and25degreeforID36，and8．2and7degreeforID28，reSPeCtively．  

ZenithanglesarePrOPOrtionaltothedistanceofapolntbetweenthezenithandthe  

OuterCircle，Whichrepresentsazenithangleof90．  
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Figure2－7．EfftctsoftheslopeOfleafletsurface（中，Calculatedh・0rnαandβ）on（a）  

dailylightcaptureand（b）relativedurationoflightcapture（accumulatedtimefrequency  

inaday）forPPFDsbelowphotosyntheticsaturatinglightlevel（600けmOIphotonsm－2  

s．1）andPPFDsabove600トLmOIphotonsm－2s－1，i．e．，Texcess’lightincidence．SymboIsin  

（b）are；OfbrPPFD＜600LLmOIphotonsm‾2s－1，OforPPFD＞600トLmOIphotonsm．2  

s－1，△forPPFD＞1000LlmOIphotonsm－2s－l，AfbrPPFD＞1400トLmOIphotonsm－2s－1  

and▽forPPFD＞1600トLmOIphotonsm－2s－1・  
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Figure2・8．Diurnalchangesofphotosyntheticrates（b，g），StOmatalconductanceto  

WaterVq）Or（C，h），WateruSee用・Ciency（d，i）andcalculatedinterce11ularCO2COnCentration  

（e，j）forthenaturallyorientated（○）andhorizontallyconstrained（◎）leavesatthe  

deforestedsiteon12and16June1996．Mean±SDofthreeorfburleafletsareplotted．  

ReftrencePPFDat3mheighthorizontalplane（thickline）andairtemperatureatlm  

height（thinline）werealsomeasured（a，f）．  
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Chapter3  

Stomatalandnon－StOmatal1imitationstodiurnalphotosynthesisunder  

naturalhighlightconditionsinArisaemaheterqphyllum plants  

acclimatedtosunandshadeenvironments．  

Introduction  

Inthepreviousch叩terS，PhysiologicalandmofPhologicalevidenceshowedthatArisaema   

heterqphyllumis highly plastic tolight environments（Chaptersland2）・Leaves   

developlngatthedefbrestedsiteexhibitedaslgni負cantlyhigherlightsaturatedassimilation   

rateandahigherleaf－maSStOarearatio（LMA）ascomparedwiththeleavesfromthe   

fbrestsite（Chapterl）．A．heterqphyllumcanalsochangeitsleaforientationtoincrease   

lightavailabilityinlight－1imitedmicrositesaswe11astoavoidexcessincidentlightat   

thedeforestedsite（Chapter2）．ThesestudiesindicatethatleavesofA．heterqphyllum   

areabletoboth“tolerate”thehighlightand“avoid”excesslightinasunnyenvironment   

tosomeextent．Inthepresentchapter，ⅠfurtherexplorephysiologlCalmechanisms   

invoIvedinlightacclimationoftheleavesinthespecies．  

PlantecophysiologlStS have madeintensivestudies onlightacclimation of   

Photosynthesis（fbrreviewsseeBj6rkman1981；Givnish1988；PearcyandSims1994；   

TerashimaandHikosaka1995）．Someofthestudiessuggestthathigh－1ightleaveshave   

PhysiologlCalftatures favorable to utilize highlight orto tolerateexcess PPFD   

（Photosynthetica11yactivephotonfluxdensity）ascomparedtolow－1ightleaves（Ferrer   

andOsmond1986；Adamsetal．1988；Correia，ChavesandPereira1990；Mulkeyand   

Pearcy1992；OgrenandRosenqvist1992）．However，ftwstudieshaveevaluatedhigh   

lightacclimationofleafphysiologicalcharacteristicsindetai1undernaturallightreglmeS   

（butseeEpron，DreyerandBreda1992；MulkeyandPearCy1992；Valentinietal・1995；  

∂J   



ValladareSandPearCy1997）．Furtherstudiesonphotosyntheticcharacteristicsinresponse   

tohighlightstressandotherstressfulenvironmentalfactorsco－OCCurrlnglnthenatural   

highlighthabitatswouldprovideaninsightintodeeperunderstandingofacclimationof   

plantStOhighlightenvironments．  

Excesslight，0ftenco－OCCunngWithhighleaftemperatureand／orwaterde負cit，   

isdemonstratedtobethemqorenvironmentalstresscauslngthemiddaydepressionof   

Photosynthesis（Schulzeetal．1980；Tenhunen，LangeandBraun1981；Tenhunen，   

LangeandJahner1982；Tenhunenetal．1984；Chavesetal．1987；Downton，Grantand   

Loveys1987；Demig－Adamsetal．1989b；Correiraetal．1990；Epron etal．1992；   

ValladaresandPearcy1997）．Stomatalclosureandphotoinhibitorydamagescouldbe   

amOngthemqorphysiologlCalfactorsresponsiblefbrthemiddaydepression・Stomatal   

Closure，WhichcanbeinducedbyalargeVPD（1eaftoairwatervaporpressurede丘cit）   

OrtranSPirationaldemand（Maier－Maercker1983；MottandParkhurst1991），WOuldlead   

toadecreaseininterce11ularCOnCentrationofCO2（Ci）（Tenhunenetal・1981；Lange，   

TenhunenandBeyschlag1985；RoesslerandMonson1985；RaschkeandResemann   

1986；Wiseetal．1990）．InA．heterqphyllum，StOmatalclosuremaybeoneofthemost   

importantfactorslimltlngCq，aSSimi1ationinhighlightenvironment，SinceIfbundthat   

Photosynthesisoftheplantsunderdroughtwaslargelylimitedbystomatalclosure   

（Ch叩terl）．  

Photoinhibitorydamagesincludetheinactivationofphotosyntheticreactions   

associatedwithphotosystem（PS）ⅠⅠ（Powles1984；Adamsetal・1988；Ogren1988；   

Demig－Adamsetal．1989b；Demig－AdamsandAdamS1992；Osmond1994），and／or   

reducedcarboxylatione抗ciency（Tenhunenetal．1984；Quicketal・1992；Cheeseman   

andLexa1996）．Inadditiontoexcesslight，hightemperatureandwaterde鋭citmay   

alsoenhancefurtherinactivationofphotosyntheticreactions（LudlowandBj6rkman   

1984；RaschkeandResemann1986；GamOnandPearcy1990；ValladareSandPearcy  

∂2   



1997）．TheinactivationofPSIIincludestwomeansofphotoinhibition，i・e・，’dynamic‘  

and‘chronic，photoinhibition（Osmond1994）・Theformerisrapidlyreversibleand  

dominatedbyadownregulationduetoApH－dependent，ZeaXanthinassociatedprocesses  

inPSIIantennathatpromotethermaldissipationofexcitation（Demmig－Adamsand  

AdamS1992）．ThelatterisslowlyreversibleanddominatedbyPSIIreactioncenter  

coreprocessesinvoIvingdisequilibriumoftheDIproteincycleandgenerationoF  

non血nctionalcentersthatpromotethermaldissipation（Osmond1994）・Ihavealready  

foundthatleafphotosynthesisofA．heterqphyllumdecreasedconsiderablyathighleaf  

temperatures（Ch叩terl）andcontinuousexposureofleavestoexcessirradianceresulted  

inthereductionofassimilationrateatgivenCi（Chapter2）．Photoinhibitoryeffbcts   

therefbremaybealsoinvoIvedinthemiddaydepressionofthespecies・  

Innaturalhighlightenvironments，1imitationsoccurrlngateaChprocess of   

photosyntheticcarbon負Ⅹationshouldafftcteachother（Foyeretal・1990；Cheeseman   

andLexa1996）．Forinstance，aCOideprivationatthechloroplastlevel，inducedby   

StOmatalclosureunderelevatedtemperatureandhighirradiance，COuldenhanCethe   

SenSitivltyOfphotosyntheticapparatustohighlightstressesandpromotedamagetoPS   

IIphotochemistry（Powles1984；Peterson，SivakandWalker1988；CornicandMassacci   

1996）．In sunleaves ofA．heterqphyllumthatmay丘equentlyexperience stomatal   

ClosureunderexcessivePPFDs，physiologicalcapacitiessuchasthermaldisslpationand   

Photoresplration canbe we11increasedto avoid chronic photoinhibitionby excess   

excitationlightenergy，aSCOmParedtoshadeleaves．  

InordertoclarifythepossiblemechanismsinvoIvedinstressesqinducedreduction   

Ofphotosynthesisundernaturalhighorexcesslightconditions，andalsoinavoidanceof   

PhotoinhibitorydamageS，Imadequantitativeevaluationsofstornatalandnon－StOmatal   

limitationstophotosynthesisandoftheirinteractionsbymeasunngdiurnalchangesof  

PhotosyntheticresponsesuslnggaSeXChangeandchlorophyllfluorescencetechniques  
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intheleavesofA．heterpphyllumplantsgrownintwocontrastlnglightenvironments，   

the forestsite andthe deforested site．Ipaid aparticularattentiontothemidday   

depressionofphotosyntheticresponsesbecauseitislikelytobeoneofthemostimportant   

keystounderstandlightacclimationofphotosynthesisinthenaturalenvironments・  

Materialsandmethods  

肋α∫〟rg∽g〝血q′わq′gαgβ∬C如〝ggα乃dc鬼わr呼如才Jαβ〟〃rgぷCβ乃Cg   

AllmeasurementswerecamiedoutuslngtWOtOfourplantsofA．heterophyllumgrown   

atthefbrestsiteandthedefbrestedsite．Inmid－May1997，SamPleplantswithlOto15   

fu11ymaturedleafletsweredugupcarefullynottodarnagetheirrootsandtransplanted   

intoclaypots（15cmdiameterx15cmdepth）n11edwithneldsoil．Thepottedplants   

WeretranSftrredtoanexperimentalgardenoftheAgriculturalandForestryResearch   

Center，intheUniversltyOfTsukuba，about15kmnorth－eaStOfthenaturalhabitatofA・   

heterqphyllumduringtheevenlng，Wateredwellandallowedtostandovernight・The   

POtteddefbrestedsiteplantSWerekeptunderalightconditionofapproximately90％of   

fullsunlightintheexperimentalgardenduringtheexperimentstoavoiddestructive   

damageduetofl00dinglnthenaturalhabitat，WhileIusednewlycollectedfbrestsite   

Plantsfbreachmeasurementday．Thepottedfbrestsiteplantscouldbekeptattheir   

growlnghabitatsincetherewaslessinfluenceofnoodingbecauseofitsslightlyhigher   

altitude（12m）thanthatofthedeforestedsite（10－11m）．  

Leaf gas exchange and chlorophyll a fluorescence were measured at the 

experimentalgarden，OnCleardaysof28May，7and24June1997・Foreachsample   

Plant，threetofbursingleattachedleafletshavingvariousinclinationangles（0－30   

degree）werechosenandusedforthemeasurements．  
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DiurnalpatternSOfleafgasexchangeWereCOntinuouslymeasureduslngaPOrtable   

Photosynthesis measuringsystem（LI－6400；Li－CorInc．，Lincoln，Neb．，USA）．Gas   

exchangeparameterssuchasA（netCO2aSSimilationrate），glw（leafconductance）and   

CiwerecalculatedaccordingtoField，BallandBerry（1991）．Theclamp－Onleaf   

Chamberallowednaturalilluminationoftheupperleafsurfaceduringthemeasurements．   

Duringtheperiodswhenleafletswereinsertedtothechamber，theywereorientedtobe   

fu11yexposedtothedirectirradiance．IncidentPPFDbesidetheleafchamberwas   

measuredwithaphotonsensor（LI－190SA；Li－CorInc．，Lincoln，Neb．，USA）・CO2   

COnCentrationoftheairenteringtheleafchamber（Cb）was controlledat350トLmOl   

morl．Airtemperatureinthechamberwasaqiustedmanua11ytotheairtemperature   

OutSidethesystem，Whichwasmeasuredbycopper－COnStantanthermocouplesplacedat   

lmaboveground．Relativehumiditylnthechamberwasa4justedtobesimilartOthat   

intheoutsideair．PPFDataheightof3mabovegroundwasmeasuredwithaphoton   

SenSOr（IKS－25；KoitoIndustry，Japan）mountedhorizontal1y．DataofrefbrencePPFD   

and airternperatureWerereCOrded onadatalogger（Thermodac－E；Eto－DenkiInc．，   

Japan）atトmininterval．  

Concurrentmeasurementsofchlorophy11fluorescenceyield（Genty，Briantais   

andBaker1989；Bilger，SchreiberandBock1995）wereperfbrmedonthesameleaves   

monitoredforgasexchangeuslngaPOrtablepulse－amPlitudemodulatedfluorometer   

（PAM－2000；HeinzWalz，Ef托Itrich，Germany）．Theend oftheoptical員brewas   

insertedintotheuppercoveroftheleafchamber（Lト6400－06）ofLI－6400througha   

hole．Carewastakentoavoidshadingoftheleafsurface．Sealingofthechamberwas   

testedbyexposlngthechambertohigherCO2gaSthanthatinsidethechamber・The   

CentralunitofthefluorometerwasshadedagalnStdirectsunlighttoavoidoverheatlng   

OftheequlPment．Thefb1lowlngParameterSWereObtainedthroughthemeasurement；   

basic（Fo）and maximum（ダ椚）fluorescencebefbredawnto obtain photochemical  
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efnciencyofopenreactioncentersas【釣肋＝（Fm－Fb）／Fhl］，andsteady－State（F）   

andmaximum（ダm’）diurnalvaluesoffluorescenceundernaturalilluminationtoobtain   

PhotochemicalefnciencyofPSIIas即作加’＝（Fbi’－F）／P7n’］，aCCOrdingtoGentyet   

al・（1989）・Fmand鞠’weremeasuredbyilluminatingastrongnashofabout6000   

PmOlphotonsm・2s－1fbr800ms．Pre－dawnFvMmwasmeasuredon7and24June．On   

7June，…加wasalsomeasuredaround1700hafter15－20mindark－adaptation．  

In addition to the above measurements ofgas exchange and chlorophyll   

nuorescenceyieldin1997，diurnalchanges（0700－0900h，1000－1200hand1300－   

1500h）intheA－Cirelationweremeasuredon28May1998forthepottedplants   

COllectedftomthedefbrestedandfbrestsites．Cawaschangedinstepwisemanner（0，   

100，200，350，600and800LLmOlmorl）．Chlorophyllfluorescenceyieldwasalso   

measuredsimultaneously．MeasurementswerecarriedoutatthePPFDof1300－1700   

岬101m．2s‾1andatnaturalairtemperatures（20－270c）．Leaftemperatureswereinthe   

rangeof23－25Ocduringthefirstmeasurement（0700qO900h），butincreasedto27－   

300cinthesecond（1000－1200h）andto28－31Ocinthethird（1300－1500h）   

measurements．  

In orderto clarifythe’potential’response ofphotochemistry，Chlorophyll   

nuorescenceyieldwasalsomeasuredundercontrolledlightandtemperatureconditions   

inthelaboratorywiththeplantsgrownatthedefbrestedandfbrestsitesin1997．FvMm   

WaS且rstmeasuredfortheattachedleaflets ofthesampleplantswhichhavebeen   

Wateredwellandkeptlnthedarkovernight，andthenA膵m’andnon－Photochemical   

quenchingcoefncient（‰）weremeasuredunderseveralincidentPPFDs・TheqNWaS   

Calculatedas［（片肌一Fm’）／（Ph－Fo）］，inwhichFmandFb，Orダ椚’werethoseobtained   

払rtheabovemeasurementsofFwFmorA肋’，reSPeCtively．Leaveswerei11uminated   

atleastfbr鋭veminutesbeforefluorescencemeasurementsatanyglVenlevelofPPFD．   

Thislengthofilluminationwasalwaysfbundtobesufficienttoreachasteady－State  
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nuorescenceyield．Thelightresponsesofchlorophy11fluorescenceoftheleavesfrom   

the deforested and forestsiteswere measuredundercontro11ed conditions withCb of   

350LLmOlmol－1，leaftemperatureof25－270candrelativehumidityof70％．  

かαねα〟α如ね   

励励仙触剛直血晰血相血肋血相川棚血肋ぬ椚血   

In orderto estimate the stomatallimitationto COっassimilationrateunderoutdoor   

COnditions，PhotosyntheticrateatCc（CO2mOlefractionatthecatalysticsiteofRubisco；  

ribulose－1，5－bisphosphatecarboxylase／oxygenase）of350LunOlmol，1（A，，。）wasestimated   

bycombiningthefbllowingequationsofGentyetal．（1989）andFarquhar，VOnCaemmerer   

andBe汀y（1980）；  

み＝d膵m’×PPFDxO．84×0・5   

ち＝4Vc＋4V。   

A＝佐一0・51ち一尺d  

Whereみisthetotalelectrontransportrate，Vcand鴨arecarboxylationandoxygenation   

rateofRuBP，reSPeCtively，andAisthenetCO2aSSimilationrate．Eqn（1）assumesan   

equaldistributionofphotonsbetweenthetwophotosystemsandaleafabsorptanceof   

O．84．Inthecalculation，datkresplrationratewastakenastherateof’day’resplration  

卿；PrnOICO2ITr2s‾l），andIusedtheempiricalequation，Rd＝0・44－0・01TL＋0・0006  

TL2，tOaPPrOXimateRdforbothsunandshadeleaves（notshown），WhereTLisleaf   

temperatureinOc．Ifbundinapreviousstudythatthereisnoslgnincantdifftrencein   

da止respirationratebetweensunandshadeleaves（Chapterl）・  

Theratioofcarboxylationversusoxygenationrate（Vノ鴨）istheproductofthe  

speCincityfactorofRubisco（S；mOlmol．1ingasphase）andtheratioofCO，mOle   

fraction（C）andO2mOlefractions（0）atthecarboxylation／oxygenationsite（Laing，   

OgrenandHageman1974）；hereOisassumedtobeequaltothatintheair・  
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隼／鴨＝∫（C／0）  （4）  

IestimatedtheleaftemperaturedependencyofSuslngthedataofA－Cirelationship   

forA・heterpphyllum（Fig．3－8）fbllowingthemethodofBrooksandFarquhar（1985）．   

CO2COmPenSationpointintheabsenceofnon－PhotorespiratoryCO2eVOlution（r＊）can   

beexpressedfromEqn（4）whenV云＝0・51ちas，  

r＊＝0．50／∫  （5）  

r＊wasestimatedasanxrinterceptoflinearregressionatlowCiof15－140トLmOlmol・1   

0ftherelationshipbetween伍＋Rd）and Ci（notshown）．TherebySwascalculated   

usingEqn（5）substitutingOof210mmolmorl．MeasurementsoftheA－Cirelation   

WithdiffbrentleaftemperaturesallowedmetoobtaintemperaturedependencyofSas，  

S＝5570．2－139．8TL＋0．8TL2  （6）  

OntheassumptlOnSthatJTCanbeestimatedh●OmmeaSuredA肝m’andEqn   

（1），andthatelectronflowtotheMehler－aSCOtbateperoxidasereactionisnegligible，A35。   

Canbeestimatedasfollows．BysubstitutingthevalueofSobtainedfromEqn（6），350   

PmOlmol－1fbrCqand210mmolmol－1fbrO，intoEqn（4），Vtcanbedeterminedas  

隼＝V。／¢  （7）   

Where¢istheproductof［（210000／350）／S］．  

ThensubstitutionofEqn（7）intoEqn（3）appearsas  

Aj50＝（1／¢－0・5）叱一尺d  （8）  

While，tOtalelectrontranSPOrtrate（み）canbedeterminedfromEqns（2）and（7）  

aS  

み＝4（1／¢＋1）鴨  （9）  

SinceキistheproductofmeasuredA打勒‡’andEqn（1），V。Canbeobtained・  

BysubstitutingthedeterminedvalueofV。intoEqn（7）andthevalueof¢into   

Eqn（8），A35。Canbecalculated・ThenIcalculatedtheindexofstomata11imitation（ISL；   

％）as；  
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（10）  ISL＝（トA／Aj5。）×100   

WhereAisthemeasuredrateofnetCOっassimilation．   

励伽血細川〃如卯r加加血針軒画血叩血伽血dお如町仲w如血相川脚払画加   

α乃do叩gg乃α∫grgαCfね那   

Totalelectronflow（み）canbedividedintotwocomponentsJcandJ。Whicharethe   

electronnowsdevotedtocarboxylationandoxygenationofRuBP，reSPeCtively．Jcand   

Jbwerecalculated鈷・OmJT，AandRdwithanassumptlOnthatelectronflowtothe   

Mehler－aSCOrbateperoxidasereactionisnegligible，aSfbllowsaccordingtoEpronetal・   

（1995），  

キ＝Jc＋J。   

キ＝4A＋0・5J。＋4月d  

Eqn（11）representsthat払urelectronsarerequiredfbronecarboxylationandoxygenation   

CyCleandoneCOっisreleasedeverytwooxygenationcycleintheglyclnedecarboxylation   

inthephotorespiratorypathway（Laingetal．1974）・  

FromEqns（11）and（12），J。andんarecalculatedrespectivelyas，  

左＝1／3（∫r＋8伍＋尺d））  （13）  

ん＝2／3（キー4（A＋尺功）  （14）  

仇m溝助郡   

Relationships betweenincidentPPFD andAwereline－ntteduslnganequationof   

rectangularhyperbora（Thornley1976）．ForA－Cicurvesmeasuredon28May1998，   

datawereanalyzedusingtheregressionequationofA＝a－bxe坪（－CX Ci），and   

Carboxylationefnciency（CE）wasobtainedas（bxc）・  
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Results  

かねr乃αJ卯伽r那q／Jβq′gα∫g∬Cゐα乃gβ用fβ∫α乃dc九わ叩桓JJβ〟〃rβ∫ぐβ〝Cりねムお   

Dailyassimilationrate（4）ofbothsunandshadeleavesreachedtheirmaximuminthe   

momingandthendecreaseddmingtheday（Fig．3－1）．Atendedtostarttodecreaseat   

anairtemperaturearound250c．ThemaximumAwashighlyconstantamongthethree   

dif托rentmeasurementdays丘・Om28Mayto24JuneanditwasarOund15andlO匹mOI   

COっm－2s－1forsunandshadeleaves，reSPeCtively・Leafconductancetowatervapor   

なLw）exhibitedadiurnalvariationpatternmOreOrlesssimilartoA，butachievedits   

maximumearlierthanAdiddependingonthemeasurementdays，anditwasarOund   

O．25andO．15mol鴫Om‾2s‾1forsunandshadeleaves，reSPeCtively・  

Pre－dawnFvMmofA．heterqphyllumwasashighasO．8fbrtheleavesfromboth   

Sites．Af［erarapiddecreaseinthemornlng，A肋’becamerelativelyconstantbut   

increasedagaininthelateafternoon．APWm’aroundthemiddaywashigherinsun   

leaves（0．3－0．4）thanthatinshadeleaves（0．1－0．2）．Totalelectrontransportrate（JT）   

ShowedadiurnalpatternCOntraStedtothatofAandreacheditsmaximumalmostatthe   

timewhenmiddaydepressionofAoccurred・Insunleaves，JTremainedhighdmingthe   

middaydepressionofA．  

聯c出げ間わげfβ〝甲β相加rβα乃dl研か〃〝助‘用αJαざ∫f沼地わ河川fβ   

Iexaminedtheefftctsofenvironmentalfactorsonphotosyntheticperformancebefore   

andafterthe’peak，ofAinthemornlng・Dataobtainedon7June1997wereanalyzed  

toevaluatethelimltlngfactorsofAinsitu・ThedependencyofAonPPFDwas   

mafkedlydifftrentbeforeandafterthe‘peak’oftheday（Fig・3－2a，b）・Lightsaturated  

Awassignincantlyhigherbeforethanthataf［erthe’peak’（ANOVA，P＜0・0001）・  
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Afterthe‘peak’，lightsaturatedAdecreasedapproximatelyby30％insunleavesand   

by50％inshadeleaves，aSCOmParedtothosebefbrethe’peak，・ThelightsaturatedA，   

eitherbeforeora氏erthe’peak7，WaShigherinsunleavesthanthoseinshadeleaves．  

Inadditiontothelightincidence，ambienttemperaturevariedgreatlyduringthe   

day・Assimilationratereacheditsmaximumatleaftemperatureofabout25Ocandthen   

decreasedastheincreaseinleafandairtemperatures（Fig．3－2c，d）．Thedegreeof   

reductionofAwithrisingleaftemperaturewasgreaterinshadeleavesthanthatinsun   

leaves．Moreover，AdecreasedconsiderablywiththeincreaseofVPD（datanotshown）．   

ThedecreaseinAwithincreaslngVPDwasmoreprominentatVPD＞1・5kPa，eSPeCially   

inshadeleavesinwhichVPDachievedhigherthanthatinsunleaves．  

Cゐわr叩毎〟脚〃柁∫Cg柁Cg   

Lightresponsesofchlorophy11fluorescenceyieldunderoptlma11eaftemperaturefbr   

Photosynthesis（25－27Oc）（Cf．Chapterl）showedthatA肋’wasslightlyhigherin   

Shadeleaves（Fig・3－3a）whileqNWaShigherinsunleaves（Fig・3－3b）・AIsointhe   

plantSundernaturalhighlightreglme，A膵m’decreasedalmostlinearlywiththeincrease   

ofPPFD，butwasratherconstantabovePPFDof700トLmOlm－2s‾1（Fig．3－3c，d）．Rising   

leaftemperaturesupto340Cunderthenaturalhighlightconditionresultedinlower   

A膵加’thanthoseatoptimal1eaftemperatures．Sunleavesshowedbyabouttwo－times   

largerA肋’thanthatinshadeleavesatsaturatlngPPFDandhighleaftemperature・   

Insunleaves，AFWm’didnotdiffbrmuchbetweenbeforeandaftertheassimilation   

‘peak，，Whileitdecreasedduringtheperiodofmiddaydepressioninshadeleaves   

（ANOVA，P＜0．001）．  

InordertoevaluatetheefftctofdiurnalvariationofPSIIphotochemicalefBciency   

OnA，IexaminedtherelationshipbetweenAandJTWiththedataatincidentPPFD   

above500LLmOlm：2s－1wherephotosynthesismaynotbelimitedbylightavailability  
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（Fig・3q4）・Ifthephotoinhibitorylimitationwasresponsiblefbrthemiddaydepression   

OfA，aPOSitivedependenceofAonネWOuldbeexpected．Therewasnopositive   

relationshipbetweenAandJTinsunleaveswhileanalmostlinearlypositivedependence   

WaSObservedinshadeleaves．  

かね∫むαfわ乃q′g∬ぐ血fわ乃β乃β摺ツ加ク加わr甲山Ⅶ如〃   

PhotorespirationwasexaminedbytheindexJd隼，WhereJTisthetotalelectronflow   

Calculated血－OmA膵m’andJbis the fraction ofelectronflow needed for the   

Photorespiratorypath，ObtainedfromEqn（14）．］＃Tincreasedlinearlywithincreasing   

PPFDandreachedasteady－StateatPPFDabove500pmolm－2s－1・Insunleaves，the   

JメナTaf［erthe’peak’ofAwassignincantlyhigherthanthatbefore（ANOVA，P＜   

0・0001），butlittledifftrencewasobservedinshadeleaves（Fig．3－5a，b）．  

PhotorespirationexaminedasJ。q、highlydependedonleaftemperatureinboth   

Sunandshadeleaves（Fig・3－5c，d）・Theslopeofl〝T，Onleaftemperaturewasalmost   

thesamefbrtheleavesofbothtypeS，Orbefbreandafterthe‘peak’ofdiurnalA．  

WhentheJ。Valueobtainedfromtotalelectrontransportratewasconvertedinto   

thepercentageofphotonfluxdensltytOthetotalabsorbedincidentlight，itappeared   

thatsunleavesdissIPatedaboutlO－15％ofphotonsabsorbedwhileshadeleavesdid   

Only5－7％throughphotorespiration（Fig．3－5e，f）．Aftertheassimilation’peak’，the   

ratioofJbtoabsorbedphotonswasslgn摘cantlyhigherthanthatbeforethe‘peak’in   

Sunleaves（ANOVA，P＜0．0001），butlessvariedinshadeleaves．  

動加仙加粛正椚払畑知和卯＝路頭血助成〃   

AtPPFDabove500い．mOlm－2s－l，Whichwasthesaturatinglightincidence，Adepended   

linearlyonglwinbothsunandshadeleavesaslongastheywerebelowglwOfO・2mol  

ttOrrr2s▼1（Fig．3－6a，b）．Forsunleaves，however，AwasrelativelyconstantatgIw  
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aboveO・2moIH20m－2s－1，indicatingthatstomatalaperturewasnotam可Orfactor   

limitingA．  

VariationinglwunderO・2moIHっOm－2s－1causedthechangeintheCithat   

furtherresultedinchangesinassimilationrate（Fig．3－6c，d）．Undersaturatedlightand   

COnStantambientCOっconcentrationof350トLmOlmol－1，however，Ainverselyrelatedto   

Ci・TheserelationshipsarealsoindicatlngthatAataglVen Ciof200LlmOlmorl   

decreasedby20％insunleavesandby50％inshadeleaves，SuggeStlngthatcad）OXylation   

efnciencies（CE）arereduced．  

Anindexofstomata11imitationwasthenusedtofurtherevaluatethestomatal   

1imitationonAinsituquantitatively．InrstestimatedthespecincityfactorofRubisco   

即（Fig・3－7）．BoththeabsolutevalueofSanditsleaftemperaturedependencythus   

ObtainedwereclosetothoseofpurifiedsplnaChRubiscomeasuredinvitrobyJordan   

andOgren（1984），anditallowedustoestimatethenetCO2aSSimilationrateatCcof  

350LLmOlmol‾1（A，，。）fromち．ThusIcalculatedtheindexofstomata11imitationISL   

（EqnlO）．Whenthedataon7June1997werecloselyexamined，ISLincreasedwith   

increasingPPFDinasimilarmagnitudeinbothleaves（Fig．3－6e，f）．However，ata   

glVenPPFD，ISLafterthe’peak’ofAwas70％higherthanthatbefbreinsunleaves   

（ANOVA，P＜0・0001），Whilethedifferencebetweenbeforeandafter’peak’wasnot   

Slgnincantandatbest20％ofbefbre’peak’inshadeleaves．  

かf〟川αJp加わ叩乃助β此rg岬〃那βgわγαr由抽COっα川灯〃抽Ⅶ虎仇朋   

Fig．3－8showsthediurnalchangesindependenciesofA，A肋’，みand〃JTOnCi   

measuredundervariableCOっconcentrationson28May1998．  

Insunleaves，CEwashigherinthemoming（0700－0900h，0．10±0．01；mean   

±SD）andsignincantlydecreasedintheaftern00n（1300－1500h，0．08±0．01）by20％   

（ANOVA，P＝0．0019）．Whileinshadeleaves，CEdecreasedby50％beforenoon  
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（fromO．04±0．01inO700－0900htoO．02±0．003inlOOO－1200h；ANOVA，P＜0．05）   

andremainedlowduringaftemoonhours・CO）effluxfromtheleavesatCaofOけmOl  

morlisthesummationofphotoresplrationrateanddarkresplrationrate・Ievaluatedthe   

Photorespirationbysubtractingthe‘day’respirationrate（尺d）fromtheaboverateof   

COっefflux，takingthetemperaturedependencyofRdintotheaccount・Insunleaves，   

this‘photoresplration，changed血・Oml・28±0・11い′mOICOっm－2s－1intheearlymornlng   

through2．01±0．20inthelatemorning（ANOVA，P＜0．001）orl．71±0．09inthe   

aftern00n（ANOVA，P＜0．01）．Whileinshadeleaves，theywereO．34±0．16，0．63±   

0・03andO・62±0・07けmOICOっm－2s－1forthethreeperiods，reSpeCtively，andthe   

increasefromearly morningtootherperiodswassignincant（ANOVA，P＜0．05）．   

‘Photoresplration’wasslgnincantlyhigherinsunleavesthaninshadeleavesthroughout   

theday（ANOVA，P＝0．0002）．WiththedecreaseofCEandtheincreaseofphotorespiration   

rate，Cqcompensationpolntincreased致・Om30to60LLmOlmol‾1insunleaves，OrtO80  

PnOlmol－1inshadeleaves・  

Insunleaves，A肋，showedaslightdecreaseunderCibelow200トLmOlmorl，   

whileitwasrelativelyconstantfbrCi＆omOto700けmOlmol－1inshadeleaves（Fig．   

3－8c，d）．HighleaftemperaturesdecreasedA肋’andJTby40％and70％insunand   

Shadeleaves，reSPeCtively（Fig・3－8c，d，e，f）．J＃TincreasedwithdecreasingCiinboth   

Sunandshadeleaves（Fig．3－8g，h）．  

Discussion  

馳肋血別肋血血肌狛Ⅳ恒脚加肋助町血   

Severalreportshaveemphasizedtheimportanceofstomatalclosureinthemechanisms   

Ofphotosynthesissuppressionundernaturalhighlightenvironments（Tenhunenetal  
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1981，1982，1984；RoesslerandMonson1985；RaschkeandResemann1986；Cheeseman   

etal．1991）．However，quantitativeevaluationofstomata11imitationonphotosynthesis   

hasbeenscarcelystudiedinsitu・Inthepresentstudy，Iattemptedtoestimatethe   

StOmata11imitation by combining the dataofleafgas exchange and chlorophyll   

fluorescenceyield．  

Stomataland／ornon－StOmatallimitationofCOっassimilationhasbeenevaluated   

mainlybasedontheA－Cirelationanalysis（FarquharandSharkey1982）．However，   

OVereStimationofCiduetopatchystomatalclosure（Terashima1992）orhighcuticular   

transpiration（KirschbaumandPearcy1988；Boyer，WongandFarquhar1997）was   

SuggeStedtobeapttoleadmisunderstandingofthephotosyntheticresponses．For   

examPleinthepresentstudy，themethoduslngr＊allowedmetoobtaingoodestimation   

OfS（Fig．3－7）butanothermethodusingtheratioofJ〆J。tOC此）（CfEpronetal・1995）   

1edtoanunderestimationofS（Fig．3－9）・SincetheapparentCO2fluxarOundCO2   

COmPenSationpolntisnegligibleandstomatashouldtendtoopen，Carefulcalibrationof   

thegasexchangesystemenabledmetoobtainreliableCiandtoestimater＊withlittle  

errorfromA－CirelationmeasurementsunderlowCaconditionsofO－200匹mOlmol－1，   

andthustoobtainSasintheformercase．Thelattercaseisduetoalargeoverestimation   

ofCiatrelativelyhighCa（ex．350LLmOlmol－1）．  

IattemptedtoestimatetheintercellularCOっconcentrationfromSandlinear   

electrontranSPOrtrate（EqnlO－13）as［Ci＝（1／S）・（JJJ。）・0］（CfEqn4），andfbund   

thatthusobtainedvaluewashalfthevalueofCiconventionallycalculatedbasedonthe   

rateoftranSPlrationatCaabove200トLmOlmol－1・HereafterIwillre克rtotheintercellular   

COっconcentrationcalculatedbytheconventionalmethodasCi，andthatobtainedby   

mymethodasCi＊toavoidconfusion．HomobaricleavesofA．heterqphyllumwould   

notcausepatchystomatalclosure・Myfurtherdetailedanalysisonthepossibleprocesses   

includedinthislargedifftrencebetweenCiandCi＊，i．e．，1argeoverestimationofCi，  
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SuggeStedthatcuticulartransplrationislargelyresponsibleeveninearlymornlngWith   

mildtransplrationaldemand，anditsefEtctenhanceswithincreaslngtranSPlrational   

demandand／orCa，Whichinducestomatalclosure（See“Appendix”）．Thusdataanalysis   

uslngCicalculatedintheconventionalmethodsoftenleadstoamisunderstandingof   

thelimitingprocessesonCO2uPtake，eSPeCiallyunderneldconditionsand／orwater   

de鎖cit．Ontheotherhand，mymethodtoevaluateCi＊basedonaleaftemperature   

dependencyofScalculatedfromr＊andonthecombinationofelectronflowtheoryas   

UT＝Jc＋J。］withgasexchangemeasurementswouldbeusefulinfurtherdataanalysis．  

Although my method estimates diffusional limitation rather than stomatal 

limitationitself，this method couldbeusedwidelylnthe evaluationoftherelative   

limitationofassimilationratethroughouttheday．Thepresentstudydemonstratedthat   

StOmatalclosurewas animportant factorresponsibleforthe middaydepression of   

Photosynthesis．Thestomatalclosurecaused50％decreaseinassimilationrateinsun   

leavesofA．  

Whatisthemajorfactordeterminingthestomata11imitation？Cowan（1982）   

indicatedthatrlSlngtranSPlrationaldemandresultsindeepermiddaydepression of   

StOmatalconductanceandhence，CQ2uptake・Stomatalqperturehasbeendemonstrated   

torespondtothetransplrationaldemandthatvarieswithleaftemperatureandVPD   

（Maier－Maercker1983；Hirasawa，IidaandIshihara1988；MottandParkhurst1991）．   

Sincethepottedplantsinthepresentstudywerewellwateredbefbrethemeasurements，   

themiddaystomatalclosuremightbepnmarilytheresultofthatinresponsetotranSPlration   

rateperse（Maier－Maercker1983；MottandParkhurst1991），butthestomatalclosure   

induced by decreasedleafwater potential（Hirasawaet al・1988）due to rising   

tranSPirationaldemandwouldnotberuledout．Infact，thedepressionofAtendedto   

beginatanairtemperatureofabout250c，Whenleaftemperaturewasabout25－270c   

（Figs．3－1and3－2）withVPDofaboutl．0－1．5kPa．Inthepresentstudy，thestrength  
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Ofmiddaydepressionwascorrelatedwithdailyairtemperaturethatisstronglyrelated   

totranspirationaldemand（Fig．3－1）．SimilarreSultswerereportedforsomedesert   

SPeCies（Schulzeetal．1980）and Quercussuber（Lange1988）．Theyadditionally   

demonstratedtheefftctsofsoilwateravaihbilityonthestrengthofmiddaydepression   

Ofphotosynthesis．ButRaschkeandResemann（1986）couldnot員ndaclearrelationship   

betweentheamountoftranSPlrationalwaterlossandreducedratesofnetCOっassimi1ation   

duringthemiddaydepression．  

Inaddition，droughthighlylimitsleafconductanceandphotosynthesisofA．   

heterqphyllumleavesevenundertheconstantleaftemperatureof25Ocandrelative   

humidityof70％（Chapterl）．Lowsoilwateravailabilityassociatedwithhighlight   

COnditionsinnaturalhabitatsshould，therefore，alsoreducestomatalapertureandthen   

limitphotosynthesisintheleavesofA．heterqphyllumplantsinthosehabitatslikethe   

defbrestedsite．  

朗血血摘血町郷融Ⅷ“職仙南血血附加   

Continuousexposureofleavestohighlightcauslnghigh1eaftemperatureofupto34Oc   

decreasedthephotosyntheticrateatagivenCi，i．e・，Cafboxylationefnciency（CE），by   

approximately20％insunleavesand50％inshadeleaves（Figs・3－6and3－8），When   

thedatawereanalyzedusingCicalculatedintheconventionalmanner（WhenCi＊was   

used，thedecreasesinCEwerereducedabouthalfinbothsunandshadeleaves）・Two   

possiblemechanismsshouldberesponsiblefbrthereductionofCEundertheconditions  

ofexcesslightandhighleaftemperature（Tenhunenetal・1984；RaschkeandResemann   

1986；Chavesetal．1987；Correiraetal．1990）；reducedefRciencyofPSIIphotochemis仕y   

andsuppressionofcarboxylationactivityofRubisco（Powles1984）・AlowFvPm  

measuredinthedark－adaptedleavesinthelateaftern00n（themeasurementsconducted  

onlyon7June1997）andreducedAFWm’inmiddaysuggestedtheoccurrenceof  
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Photoinhibitioninbothsunandshadeleaves，POSSiblyduetohighlightincidenceand   

nslngleaftemperature・SimultaneousdepressionofphotosyntheticCO2uPtakeandPS   

IIphotochemicalefnciencyundernaturalhighlightreglmeShavebeenalsoreportedわr   

SeVeralspecies（DemmigqAdamsetal．1989b；Epronetal．1992；EpronandDreyer   

1993；Va11adareS and Pearcy1997）．However，in sunleavesofA．heterpphyllum，   

A膵m’wasrelativelyconstantduringthemiddaydepressionofCE（Fig．3－3c，3－8c）   

andAdependedlessonthevariationofJT（Fig．3－4）aftertheassimilation’peak’．On   

theotherhand，inshadeleaves，APWm’decreasedsignihcantlya鮎rthe’peak’andA   

dependedpositivelyonJT・TheseresultsindicatethatthemiddaydepressionofAFWm’   

maynotberesponsiblefbrthereducedcarboxylationefnciencylnSunleaves，andother   

Changesinmetabolism，i．e．，thelowactivationstateofRubisco，ismorelikelytobethe   

reason（Weis1981；Sharkey1985；CheesemanandLexa1996）．  

Anotherfactorresponsibleforthelow△FWm’insunleavesmaybethehigh   

efnciencyofnon－Photochemicalquenchingofexcitationlightenergy（Fig．3－3b）．Non－   

PhotochemicalquenchingresultsinadecreaseofPSIIefnciencyasadown－regulation   

tomaintainabalancebetweenelectronflowandrequlrementSOfreducingpowerfbr   

bothcarboxylationandoxygenation（Demmig－Adamsetal．1989a；KrauseandWeis   

1991；Demmig－Adams and Adams1992）．However，itmightbepossiblethatthe   

reducedPSIIphotochemicale抗ciencyfurtherincreasesexcessenergylnleafand   

hence raisesleaftemperature，Which further decreasesin Rubisco activlty・This   

COnSequenCemightbemorerelevantinshadeleavesthatexhibitedhigherleaftemperature   

andseverephotoinhibition．  

励油顧慮伽卿血胱肌再血血明ゆ舶用朗飢血叫椚棚舶   

InsunleavesofA．heterqphyllum，Aaf［erthediurnal’peak’decreasedandexhibited   

littlevariationwithみ．Thissuggeststhattheexcitationenergyisdissipatedbysome  
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meanSOtherthanCOっassimilation，andcontributestoavoidingchronicphotoinhibition・   

MyanalysISShowedthatphotoresplrationwasslgnincantlyhigherduringthemidday   

depressionwithhighleaftemperatures，eSpeCiallylnSunleaves・Alargeramountof   

excitationlightenergywasdisslpatedthroughtheprocessofphotoresplrationduringthe   

middaydepression（also seeValentinietal．1995）．Thusphotorepirationpossibly   

COntributestoprotectlngthephotosyntheticsystemagalnStthedeleteriouseffectsof   

highlightunderlowCicondition（OsmondandBj6rkman1972；Osmond1981）．  

Inaddition，theMehler－aSCOrbateperoxidasereaction（Asadapathway）hasbeen   

recentlyrecognizedasthephotonprotectivereaction（OsmondandGrace1995；Asada   

1996；LovelockandWinter1996）．Althoughthecalculatedelectronnowinthepresent   

Studydidnotincludethecontributionofthisreaction，reCentrePOrtSareSuggeStlngthe   

POSSiblequantitativeimportanceindissipatingexcessenergy（BiehlerandFock1996；   

Fryeretal．1998）．ThusthecalculatedratioofJJんinthepresentstudymightoverestimate   

theelectronnowtophotoresplration，andんShouldinclude2／30ftheamountof   

electronflowtotheMehler－aSCOrbateperoxidasereaction（Jw）ifキWaSeXPreSSedasLJc   

＋J。＋Jw］．Furtherdetailedstudiesonthequantitativecontributionsofphotorespiration，   

theMehlerqascorbateperoxidasereactionandxanthophylトcycletodissipatlngeXCeSS   

lightenergyareneeded（Wuetal．1991；Osmondetal・1997）・  

Incontrasttotheabovecharacteristicsofsunleaves，higherAWm’atoptlmal   

leaftemperatureinshadeleaves（Fig．3－3a）suggeststheirhighersusceptibilityto  

photoinhibition（CfAndersonandOsmond1987）・LargerChlorophyllcontentandlower  

chlorophyllabratioofshadeleavesthanthoseofsunleaves（3・1inshadeleavesand  

3．5insunleaves；H．Muraokaunpublisheddat？）wouldberesponsibleforthisconsequence・   

Otherfactorsrelatedtotheavoidanceofseverephotoinhibitioninsunleavesaretheir   

higherstomatalconductanCe（Bj6rkman1981；Pearcy1987）whichcontributestoe組cient  

regulationofleaftemperatures（SchulzeandHal11982），higherefnciencyofrecovery  
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fromphotoinactivation（MulkeyandPearcy1992；OgrenandRosenqvist1992；Oquist   

etal・1992），tOleranceofphotochemistrytoheat（Va11adareSandPearcy1997）and   

increasingleafthickness（Nishio，SunandVogelmann1994）．Physiologicaltraitsofthe   

Sunleafaswe11asitsmorphologyindicatethatadaptlVeSlgnincanceofacclimationto   

naturalhighlightenvironmentslargelyexistsintheircontributionstoavoidingsevere   

PhotoinhibitorydamageSandmaintainlngPhotosyntheticcarbongaln・  

Appendix  

励〟椚αfわ搾q′助叩〃g∫蕗J叩r〃CβぶぶβgCα〟扇わg卯gr郎助親戚鋸川げn   

Conventionally，Cihasbeencalculatedfrommeasuredrateoftransplrationuslngthe   

equationas，  

Cf＝柏′。一方／2）≦－A）／（g′。＋且／2）  （15）  

inwhichgtcISCOnductanceforCOっdiffusionfromboundarylayerthroughstomatato   

thestomatalcavlty，EistransplrationrateandCisthemole丘・aCtionofCO2intheleaf   

Chamber（Iusedthismethodinthedatarepresentedin“Results”）or，  

Cg＝Cα－ A／（0ぷg′w）  （16）  

Ontheotherhand，IattemptedtoestimatetheintercellularCO，COnCentration   

ffomthespecincityfactorofRubisco（S），Whichwascalculatedfromr＊andA＋Rd   

（Eqnl－5），1inearelectrontransport（Eqn9，11－14）andEqn（4）as  

Cf＝（1／∫）（左／J。）0  （17）   

ThevaluethusobtainedwasabouthalfthevalueofCiconventionallycalculatedasin  

Eqn（15）or（16）underaconditionofhighCbover200LLmOlmorl・HereafterIwill  

refbrtotheinterce11ularCOっconcentrationcalculatedbytheconventionalmethodsas   

Ci，andthatobtainedbyEqn（17）asCi＊toavoidconfusion・BecauseofsmallCO2flux  
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aroundr＊，Icould estimate theinterce11ular Cq concentration similar to that at   

Carboxylation site，eVenifthe conductance ofCOっfromintercellularairspace to   

Carboxylationsiteislow，andhenceestimatetheScorrectly．ThusIcanapproximate   

Cf＊toCc．  

Sincein the homobaricleaves ofA．heterqphyllum，PatChystomatalclosure   

might not occur，thelarge difftrence between Ciand Ci＊may be ascribed to an   

OVereStimation ofCiinduced by cuticulartransplration and／orthepossibilitythat   

COnductanceofCO，fromintercellularairspacetocarboxylationsite（i・e・，1eafinternal   

COnductance）isnotin且nitelyhigh．Ithasbeenrecentlyreportedthattheleafinternal   

COnductanceisnotextraordinarilyhigh（完0．4moICO2rrf2s～1：Epronetal．1995），   

therefbre，thelattercouldberesponsible．Iattemptedtodiscriminatethecontributions   

OfthesetwopossibleefftctsuslngdataofA－CirelationofsunleavesofA・heterqphyllum   

measuredinearlymoming（Fig．3－8）asfb1lows・  

LeafinternalconductancetoCO2（gi。）wofksas  

（18）  A＋尺d＝‰（C才一Cc）   

IfCiiscalculatedcorrectlyorthereisnocuticulartranSPlration，Icanestimategicfrom   

the measuredvalues ofA，Rd，andconventionallyestimatedCi，and Ci＊．Here，I  

assumeci＊＝Cc・IobtainedavalueofO・165moICOっITr2s－1fbrgi。1narangeOfCa   

fromOtolOOトLrn01mol－1・However，thisvaluetendedtodecreasewithincreaslngCa・  

The‘true，Ci（de負neasCFhereafter）shouldbecalculatedas，  

ぴ＝Cb－A／g∫。  （19）  

wheregscISStOmatalconductancetoCOっ・Whencuticularconductanceforwatervapor  

な。W）isnotnegligible，  

（20）  g∫。＝0・63（g加－g。J   

Thus，ifg。WCOntributeslargelytogLw，Whichmightoccurunderlargetranspirational  

demandandrestrictedstomatalaperture（KirschbaumandPearCy1988；Boyeretal・  
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1997），Citendstobeoverestimatedandgi。，tObeunderestimated．  

FromEqns（16），（19）and（20），anequation  

C㌔＝Cト1．6A（1／（gルーg川ト（1／g仙））   

isobtained・ThetruegicISeXPreSSedas  

g∫。＝伍＋舶）／（CグーCc）   

SubstitutingtheEqn（21）intoEqn（22）appearsas  

（21）  

（22）  

A＋尺d＝g∫。（CトCc－1．6Ag。W／（凱㌔－g抽g。W））（23）  

Assumlngbothgi。andg。WareCOnStant，aSinthemostpreviousstudies，Itriedto   

ObtainthesevaluesfromA－Cirelationships，butunsuccessfully．Forinstance，WhenI  

assumeconstantglcOfO．20moICO2m，2s‾linEqn（23），gcwincreased血・OmO・01toO・14  

moIH20m－2s－1withincreasingCafromOto800LLmOlmol－1，Whichmeanstheincrease  

ingcJgLwftom7to67％．Ci＃thuscalculatedbyEqn（21）wassimilartOCiatlowCaof  

O－100トLmOlmol－1，butwaslowerthanCiby25－60％athighCaof200p800甚mOl   

morl・Thisshouldbeduetothatasglwtendstodecreaseortobeconstantwith   

increasingCa，andsincestomatawouldclosewithincreasingCa（Wongetal・1978；   

ManSneld，HetheringtonandAtkinon1990），hencethecontributionofgcwtoglwWOuld   

increasewiththeincreaseinCb，andthusoverestimationofCiincreases・  

Inversely，WhenIassumeaconstantg。WOfO・02moIH20m－2s－1，gicdecreased  

fromO．23toO．04moICOっm－2s，1withincreaslngCafromOto800pmolmol－1・Ci＃  

appearedtobelowerby5％thanCi・However，gEcISnOtlikelytochangebysucha   

largemagnitude・  

OnepossibilitycauslngthisdiscrepanCyisthatunderestimationofCi＊usedas  

Cc．TheCi＊wasestimatedusingJc／Jo，Whichwasobtainedbasedontheassumption  

thattotalelectronflowisonlydevotedtoRuBPcatboxylationandoxygenation・However，  

iftheMehler－aSCOrbateperoxidasereactionconsumesaslgnincantfractionofelectron  

flow（Jw）andcouldbeexpressedas佑＝Jc＋Jb＋Jw］，JcandJ。Obtainedinthepresent  
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Study would be overestimated（See”Discussion”）especia11y underlowCa where   

Photosyntheticenergyconsumpt10nisrestricted・ThisoverestimationofJcwouldlead   

toanunderestimationofCi＊，andhencetoan0VereStimationofgicOranunderestimation   

OfgcwatlowCa．However，eVeniflO％ofちisassumedfbrJw，CcatlowCadidnot   

Changemuch，indicatingthatmyrnethodstoestimateSand Cc（i．e．，Ci＊）andthe   

relationshipbetweengi。andg。WthatIexpectedarerObust・Thesearealsosuggestlng   

thatg。WWOuldchangeinresponsetoCaviathechangesofstomatalaperture，andthat   

gi。WOuldchangeinresponsetoCi・  

Althoughbothg（candgcwhavebeenconsideredtobealmostconstantforaglVen   

leaf，SOmeChangesingEcinresponsetoCihavebeenreportedrecently（Harleyetal・   

1992）．Consideringtheaboveestirnationsandfacts，thelargedifftrencebetweenCi   

andCi＊wouldresultfr0rnbothsmallchangeofgicandlargeincreaseingcw／glwln   

responsetoincreaslngCa・Moreover，theseconsequencesarealsoresponsibleinthe   

overestimationofCiinthedataon7June1997，inwhichgcwノ丸リWOuldreachtoashigh   

as50％inmidday，Whichledto alargemisleadingofS（Fig・3－9）・Forfurther   

understandingoftheseconsequences，reSPOnSeSOfgicandgcwtodifftrentenvironmental   

COnditionsareneededtobeinvestlgated．  
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Figure3・l・DiurnalchangeSOfgasexchangeratesandphotochemicalefncienciesfor  

theleavesofArisaemaheterqphyllumgrownatthedeforested（○）andfbrest（○）sites・  

Measurementswerecarriedoutundersunnyconditionsattheopenneldon28May，7  

and24June1997（fromlefttoright）．PPFDatthehorizontalplane，airandleaf  

temperature，leafto airvaporpressuredencit，netCO2aSSimilationrate（A），1eaf  

conductancetowatervaporなhv），PSIIphotochemicalefnciency（Fvum，Anア椚’）and  

totalelectrontransportrate（み）areplotted（fromtoptobottom）・ThenrstplotsofPSII  

photochemicalemciencyon28May，7and24June，andthelastploton7Juneindicate  

Fvqm‥Gasexchangeandchlorophyllfluorescencemeasurementswerecamiedoutfor  

twotofourplantsffomthetwositesandthreetofourattachedleaflet占wereselectedfor  

eachsampleplant（dataarerepresentedasmean±SD）・  
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Figure3・2・DependencesofnetCO2aSSimilationrates（4）onincidentPPFD（a，b）and  

leaftemperature（b，C）fortheleavesofA・heterqphyllumgrownatthedeforested（1ef［  

COlumn）andforest（rightcolumn）sites．Measurementswerecarriedoutundersunny  

COnditionson7June1997（redrawnfromFig．1）．OpenandsolidsymboIsrepresent  

dataobtainedbeforeandafterthe’peak’ofdiurnalassimilationrates，reSPeCtively・In  

thedependenceofAonleaftemperature，dataabovePPFDof500LLmOIphotonsm－2s－1  

areshown．Linesin（a）and（b）are員ttedbyrectangularhyperbora．  
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Figure3・3．Light responses ofeffectivequantumyields ofPSII（△肋）under  

COnStantleaftemperatureOf25Oc（a）andinsitu（C，d），andqNunderleaftemperatureof  

250c（b）fortheleavesofA．heterqphyllumgrownatthedefbrested（Circles）andforest  

（triangles）sites．blSitumeasurementswerecarriedoutundersunnyconditionson7  

June1997（redrawnfromFig．1）．OpenandsolidsymboIsinplatecanddrepresentthe  

dataobtainedbefbreandafterthe‘peak’ofdiurnalphotosyntheticrates，reSpeCtively・  
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1imitationonA（ISL；e，f）fortheleavesofA．heterqphyllumgrownatthedeforested  

（1e魚colurnn）andfbrest（rightcolumn）sites．Measurementswerecarriedoutunder  

Sunny COnditions on7June1997（redrawnfromFig．1）．OpenandsolidsymboIs  

representdataobtainedbefbreanda鮎rthe，peak－ofdiumalassimilationrates，reSPeCtively・  

InthedependenceofAong／wandCi，dataabovesaturatedPPFDof500LlmOIphotons  

mr2s．1areshown．AvalueofzerofbrISLmeansthatthereisnostomata11imitationon  
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タ0   



0
 
 

0
 
 

0
 
 

4
 
 

㌻
1
0
∈
【
0
∈
）
8
S
遍
コ
∝
 
 

ち
L
O
l
岩
三
宮
責
苛
鼠
s
 
 

0
 
 

0
 
 

0
 
 

3
 
 

0
 
 
 
0
 
 

0
 
 
 
0
 
 

0
 
 
 
0
 
 

2
 
 
 
1
 
 

0 10  20  30  40  50   

Leaftemperature（Oc）  

Figure3・7．DependenceofthespeciBcityfactorofRubisco（S）onleaftemperaturc  

（TJ・ClosedcirclesrepresentScalculatedfromCO2COmPenSationpointintheabsence  

Ofnon－PhotorespiratoryCO2eVOlution（r＊）fromthedataofんCirelationmeasuredat  

difftrentleaftemperaturesinsunleavesofA・heterqphyllum（Fig．8）．Regressionwas  

SuPpliedforthesedataandleaftemperaturedependencyofSwas obtained as［S＝  

5570．2－139．8TL＋0．8TL2］．OpencirclesrepresenttheSofpuri鮎dspinachRubisco  

measuredinvitrobyJordanandOgren（1984）．  
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Figure3・8・DiumalvariationsofrelationshipsbetweenCiandA（a，b），A打Fm’（C，d），  

キ（e，f）andJム佑（g，h）fbrtheleavesofjLheterqphyllumgrownatthedefbrestedsite  

（1ef［column）andfbrestsite（rightcolumn）．Theinsetsin（a）and（b）representAatlow  

Ci．Measurementswerecarriedoutundersunnyconditions（PPFDof1300－1700仲mOI  

photonsm，2s－1）attheopenneldon28May1998、MeasurementperiodsarerePreSented  

bydifftrentsymboIsas；0700－0900h（○，△），1000－1200h（口，◇）and1300－1500  

h（●，▲），reSPeCtively．  

9j   



5
 
 
4
 
 
3
 
 0

つ
、
0
つ
 
 

○♂●  

，＝i（」ゝ：彗  
0．006  0．001  0．0014  

Ci／0  

0
 
 
 
0
 
 

0
 
 
 
0
 
 

0
 
 
 
0
 
 

4
 
 
 
3
 
 

㌻
ち
∈
－
0
∈
）
8
 
 

葛
呂
ぢ
避
暑
烹
苛
監
s
 
 
 

2000  

垂1000  
遍
コ
∝
 
 20  25  30  35  

Leaftemperature（Oc）  

Figure3－9．RelationshipsbetweentheratioJcandJ。（electrontransportratesdevoted  

tothecarboxylationandoxygenationofRuBP，reSPeCtively）andtheratioofintercellular  

CO2tOq2mOlefractions（Ci／0）（a），andbetween（左佑）／（Cin）andleaftemperature  

（b）fbrsunleaves．Thesedataareobtainedon7June1997・DataabovesaturatedPPFD  

of500umolm－2s－1areplotted・Openandclosedcirclesrepresentdataforbeforeand  

after‘peak，，reSpeCtively・Epronetal・（1995）estimatedSastheslopebetweenJ〝o  

andCiK）．Theslopein（b）representstheleaftemperaturedependencyofSasinFig・7；  

S＝5570．2－139・8TL＋0・8TL2・  

タイ   



General discussion 

LightacclimationinleafcharaCteristicshaslongbeenoneoftheimportanttopICSin  

Plantecophysiology・However，itisnotclearenough’how，thelightacclimation鈷・Om  

biochemistrytogeometryenablesplantstomaximizetheirphotosyntheticproductions  

inaglVennaturalhabitatwherelight，temperatureandsoilwaterconditionsarealways  

COmPlicatedlyinteracted・Investlgationonthelightacclimationinnaturalenvironments   

inwhichadaptiveevolutionoflightacclimationhasoccurredwouldprovideuswith   

furtherunderstandingontheecologlCalsignificanceofleafacclimationtovariouslight   

reglmeS・  

In Chapterl，Idemonstrated thatindividualbiomass accumulation ofA．   

heterqphyllumdependsonthemicrositelightavailabilityinthefbrestunderstorywhere   

lightlimits photosyntheticrate，While atthe deforested open siteitmaybehigh1y   

limitedbyleaftemperatureandsoilwateravailabilityaccompanylngOVer－irradiance・   

Inaddition，mOrPhologicalandphysiologicaldevelopmentsofleavesunderahighlight   

reglmeWereShowntobeslgnincantlyinnuencedbysoilwateravai1ability・  

InChapter2，Iexperimentallyconnrmedthattheflexibleleaforientationcan   

maximizelightcaptureinthefbrestunderstorywhileitservestoavoidexcessirradianCe  

atthedefbrestedsite．TheresultingleaforientationatbothsitescontributestominimlZlng   

thehabitat－SPeCiBcstressesfbrphotosyntheticproductivlty・  

InadditiontothemorphologicalavoidanCeOfhighlightstresses，C叩aCitiesof  

thethermaldissipationandphotorespiratoryconsumptionofexcessexcitationenergy  

havebeensuggestedtobeimportantfortheleafacclimationtonaturalhighlight  

environmentinwhichphotoinhibitorydamagesreducephotosyntheticproductivity   

（Chapter3）・  

Themostimportantdataobtainedinthepresentstudyarethosesuggestingthat  
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thevariousaspectsofacclimationtonaturalhighlightenvironmentwasslgni且canttO  

avoidphotoinhibitorydamagesandseverewaterdencitastomaintainahighleaf  

photosyntheticactivity．  

J油川C如乃加納g…励rα乃d物如椚α〝喝β胴血加わげ加ゐなゐ晦舶用γfr〃乃冊乃f  

Acclimationtohighlightwaslargelyinfluencedbysoilwateravai1ability（Chapterl）．  

Waterisalsoanimportantresourceforplantsandplaysacriticalroleinphotosynthesis，  

StruCtureSuPPOrtingandtranspirationa11eafcooling（Chaves1991）．SinceplantSunder  

SunnyCOnditionasthoseofA・heterophyllumatthedefbrestedsiteffequentlysufftr  

fromwaterde且citduetolargeevapotranSPlrationalwaterlossandlargelyfluctuated   

SOilwateravailability，theirwatereconomieshaveconsiderableefftctsonphotosynthetic   

PrOductionandgrowthinthenaturalhighlightenvironment．Therearethreewaysfbr   

plantstoregulatethewaterstatusunderhightransplrationaldemandsduetohigh1ight   

incidence，risingleaf temperature and drought：1）closing stomata to decrease   

tranSPirationalwaterloss（Cowan1982；SchulzeandHal11982），2）pullingwaterfrom   

thesoilviarapidtranspiration（KramerandBoyer1995）and3）keepingwaterabsorption   

byreducingthewaterpotentialviaosmoregulation（Morgan1984）・  

However，themost叩PrOPnateWaytOregulatewaterstatusmaylargelydepend  

onthewaterrelationtraitsofthespecies・InA・heterqpfullum，reducingwaterpotential  

duetohightranSPirationalwaterlossand／orlowsoilwateravaihbilitywouldresultin  

severewaterdencitbecausethespecieshasalowcqpacityofosmoregulation（H・  

Muraoka，unPublishedobservation）・Therefore，reducingwaterlossase稚・Cientas  

possiblethroughregulationofstomatalaperturewouldbeoneofthemostefftctive  

strategies．Infact，StOmataOfA・heterqphyllumleavestendtobeclosedunderlowsoil  

wateravailability（Ch坤terl）andunderahightranspirationaldemandduetorisingleaf  

temperature（Chapter3）．Butrehydration（Chapterl）andthelowtranSPirationaldemand  
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inearlymomingandlateaftern00n（Chapter3）couldincreasestomatalapertureand   

thusCO2uptake・TherapidrecoveryofstomatalapertureandphotosyntheticCO2   

uptakeshouldbebroughtaboutbytheefficientavoidanCeOfseverewaterde丘citsince   

OVer－hydrationwouldcauselargePhotoinhibitorydamageand／orover－Wiltingofplant   

body．ThustheresponseofstomatalapertureinthesunleavesofA．heterqphyllumto   

fluctuating water availability playsimportantrolesin avoiding water deficitand   

maximizingdailyphotosyntheticcarbongainpertranspirationalwaterloss（CfCowan   

1982）．  

Ontheotherhand，althoughstomatalclosurepreventsseverewaterlossfromthe   

plantS，COnCOmitantdecreaseofphotosyntheticenergyconsumpt10nWOuldincreasethe   

amOuntOfexcessexcitationenergy，WhichmightcausephotoinhibitorydamageS（Powles   

1984；Foyeretal．1990；ComicaJldMassacci1996）．InthesunleavesofA．heterqphyllum，   

thermaldissIPationandphotoresplratOryCOnSumPt10nOfexcitationlightenergywere   

SlgnincantlyhigherandphotoinhibitorydamageWaSSuPPreSSedtoamuchsmaller   

extentascomparedtotheshadeleaves（Chapter3）・Recentstudieshaveclari鮎dthat   

sunleaveshavealargerxanthophy11cyclepoolandhencealargercapacltyOfthermal   

dissipationthanshadeleaves（e．g．，Demmig－Adamsetal・1995；Demig－AdamS1998）・   

Inaddition，thepresentstudydemonstratedahigherphotorespiratorycapacitylnSun   

leavesthanthatinshadeleaves・CapacityoftheMehler－aSCOrbateperOXidasereaction   

intheconsumptionofexcessexcitationenergyandpromotlngelectronflowmightbe   

alsoenhanCedinsunleaves（CfLoganetal．1996）．Thepresentstudythusemphasized   

theimportanCeOfbiochemicalandphysiologicalaspectsintheacclimationtonatural   

highlightenvironmentwhichmaycausecompoundedstressescompnslngbyexcess  

irradiance，hightemperatureandwaterde丘cit・Furtherdetai1edstudiesonthequantitative  

contributionofphotosynthesisandtheabovereactionstodissIPatingenergyandavoiding   

photoinhibitionareneeded．  
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Acclimationtocontrastlnglightenvironmentswasalsorematkableintheleaforientation   

andholding ofA・heterqphyllum（Chapter2）．Intheforestunderstory，individual   

leafletsorientedinawaytomaximizelightcapture・Thiswouldservetomaximizenet   

Carbongalnattheirmicrosites・Recentstudieshaveshownthattreespeciesalsoarrange   

theirleavesandbranchesinawaytomaximizewholeplantlightcaptureandcarbon   

gain（Takenaka1994；AckerlyandBazzaz1995；Inui1996；PearcyandYang1996）．  

Atthedefbrestedsite，inclinationandfbldingoftheleafletsofA・heterqphyllum   

WereShowntoavoidphotoinhibitionduetoover－irradiancesuccessfully．Thedecrease   

inlightabsorptionalsocontributestodecreasingtranspirationalwaterloss（Stevenson   

andShaw1971；Begg1980；ForsethandTeramura1986）．  

AlthoughthereareSeVeralstudiesonthefunctionofleaforientationinlight   

CaPtureandphotosymtheticactivity（払rreviewsseeEhleringerandForseth1980；Nilsen   

1992），therehavebeen氏wstudiesinwhichbothlowandhigh1ightnaturalenvironments   

wereinvqstigatedfbrthesamespecies・Thepresentstudywouldprovideusefu1infbrmation   

requiredfbrclarifyingtheecologicalsigniacanCeOftheplasticityofwholeplamtgeometry   

underawiderangeoflightavailability・  

A如血…如坤馴α姉物価叩血如血柏崎殉ぬ擁血摘畑血血摘   

抑如血M血血“廟欄画細浦伽痛血南砂抑叩川吼帥相加  

LeafmorphologlCaland／orphysiologlCalacclimationtoaglVenlightconditionhasbeen  

mainlystudiedwiththeplantsgrowlnglnrainfbrestunderstories・Leavesinthose  

plantsexperienceawiderangeOflightenvironmentsfromthoseofdeeplyshadedsites  

tothoseofpartlyexposedsiteswithsmalトsizedcanopygaps（fbrareviewseeChazdon  

etaL1996）．Thesestudiesshowedthatleavesareabletoacclimatetorapidchangein  
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Photonfluxdenslty，Whichisconsideredtobeimportanttomakeefncientutilizationof  

lightenergyandwouldthusincreasephotosyntheticproduction（PearCy1987；Popma  

andBongers1988，1991；Chazdon1992；EllsworthandReich1992；PntschandPearcy   

1992；Newelletal．1993；Kuppersetal．1996）．However，ftwstudieshaveaddressed   

thecombinedefftctsofrisingleaftemperature（MulkeyandPearcy1992）and／ordrought   

（Osmond1983；Mulkey，WrightandSmith1993）withincreasinglightincidence．In   

theunderstoryplantsoftropICalforests，anincreaseinincidentlightwouldof［enresult   

inanincreaseinphotosyntheticcarbongaln．Thisispartlyduetotheefncientutilization   

Ofsunflecks，thedirectlightincidencefr0rnthecanopygaps（Chazdon1988；PearCy   

1988），andpartlyduetothefactthatotherstresses，i．e．，risingleaftemperatureand／or   

Waterde丘citassociatedtohighlightreglmeS，arenegligibleornotaccompanied・Moreover，   

Sincethelightavailabilityfortheunderstoryplantsisoftenverylimited（SOmetimesless   

thanl％oflightinthecanopytop），eVenaSlightincreaseinlightincidencewould   

resultinaconsiderableimprovementofphoto＄yntheticcarbongain（e・g・，Pearcy1988；   

Chazdonetal．1996）．Inaddition，becauseofagreatheightincanopylayer（30－60m）   

oftropicalfbrest，ftwsunfleckslastcontinuouslylongerthan1－2hours，eVenarOund  

noon（Chazdon1988）．Thisfhctmeansthatphotoinhibitioncouldbeefftctivelyavoided  

bythermalenergydissipation（Demmig－Adamsetal・1998）orrepairedintheother  

periodswithlowdiffuselightincidence（bauseandWinter1996；Thiele，Krauseand  

Winter1996）．Leavesinunderstorieswouldthusnotreceiveaseverereductionof  

photosynthesisduringtheperiodofhighlightorsunflecks・Limiteddurationofd  

sunlightincidenceisnotlikelytocauseseveredrought・Intropicalrainfbrestunderstories，  

therefore，aCClimationto high1ightmaybelargelyconfinedtotheincreasein  

photosyntheticcapacityandproductionsofar・   

Incontrast，atthedebrestedsiteusedinthepresentstudy，PlantSareeXPOSedto  

directsun1ightfbrlongerhoursandthee鮎ctsofhightemperatureanddroughttendto  
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beprolonged・Insuchastressfu1situation，aSIhaveshownwithA・heterqphyllum，both  

morphologicalandphysiologicalmechanismstoavoidenvironmentalstressesarequlte  

importantforphotosyntheticmatterproductionthroughtheleaflifb－SPan，andindividual  

biomassaccumulation・Biomassaccumulationofthedeforestedsiteplantsmightbenot  

Onlytheresultofreducedphotosynthesisbyhighlightstresses，butalsotheconsequences  

Ofthemorphologicalandphysiologicalmechanismstominimizetheinfluencesofmultiple  

highlightstresses．  

勒勘助脚r班β訂〃WfぁげA．ゐβ紬r叩毎肋椚   

InayearwithhighprecIPltation，mOStindividualsofA．heterqphyllumwithrelatively   

highmicrositelightavailabilityaboveR－PPFDofaboutlO％showedpositiveRGR   

（Chapterl）．AlthoughplantSatthedeforestedsitewithmuchhigherlightavailability   

tendedtoshowpositiveRGR，Variationofyearlypreclpltationwouldsignincantly   

affbctplantgrowthasshowninthedifftrencebetweenyears1995and1996・Atthe   

deforestedsite，Shortageoflightandwater（includingnutrient）resourcesduetothe   

COVeragebythedominanceofhighcompetitiveherbaceousspeciessuchasP・Chinoand   

S．altissimawouldbethereasonfbrlowornegativeRGRofA．heterqphyllumplantsin   

1994．Consideringtheaboveresults，aSuitablehabitatforA・heterqphyllumisthought   

tobeaforestedgeorrelativelywellilluminatedfbrestunderstory，Wherethereisam   

adequatelightincidencebutwaterstressdoesnotmatter・  

ダ加触rgタr¢岬gCね  

什物棚血晦げ地肌那地相面的抽融励川油鱒押舶用血血銅帥   

αγα肋鋸ガゆ  

Inordertoincreaselightcaptureunderlowlightavai1ability，itisalsoe飴ctivetohold  

theleavesathigherpositionthanadjacentindividualsbyincreasingtheamOuntOf  
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biomass to construct stem．However，Sincethere shouldbe atrade－0ffin biomass   

investmentbetweenthestemelongationandleafareaexpansioninA・heterqphyllum，   

thebalanCeOfbiomassinvestmentmaylargelyafftctthewholeplantlightcaptureand   

netcarbongaln・Toanswerthequestion“whatistheslgnalofthedeterminationofthe   

balancebetweenstemandleafareainA．heterqphyllum？”，mayhelpustofurther   

Clarifytherangeofnaturallightenvironmentinwhichthisspeciescangrowsuccessfu11y．  

礼物舶血抑姉伽血姉M画画地gねαJ柁岬〃那β川乃血rαW油川咋gβげ物如   

緋血路捌叫Ⅷ痛肋か細画ね血両町血呵叩両机皿物甲血ぬ山師馴血 ●  

Rangeofsuccessfu11ightacclimationinleaves shouldbeanimportantfactorthat   

determinesthedynamicsanddistributionofpopulationsofaglVenSPeCies．Investlgations   

Oftheplantresponsesfromleafbiochemistrytowholeplantgeometryandgrowthunder   

awiderangeOfnaturallightenvironmentwouldprovideuswithfundamentalinfbrmations   

tounderstandtherangeOflightenvironmentthespeciescanuti1izeorwithstand．Moreover，   

investigationoftheirresponsestosuddenchangeoflightreglmeSWOulddeepenour   

understandingofthedynamicsoflightacclimation．Incorporatingtheseleafand／or   

Whole－Plantlevelresponsestoheterogeneouslightenvironmentintotheplantgrowth   

modelswouldcontributetoconstructlngmOremeChanisticmodelsofplantpopulation   

dynamics．  

jJ励〃gOgわαJ∫な乃研Cα〃Cgげみわc如mわα物桓ざわわgわαJJな伽g乃β曙yreg〟ね如〝山   

鳩れ物臥矧血淵紺れ相加肋肌抑血珊棚励拍加舶   

Efncientregulationofabsorbedlightenergy，WhichhasagreatimportanCeintheliftof   

aplant，islargelyinfluencedbytemperatureandwaterconditions・Theseefftctsare   

remarkableinopenhabitatswithextremelyhotorcoldclimate・AsIdidinChapter3，  

COnCurrentmeaSurementSOfgasexchangeandchlorophy11nuorescenceandan叩Plication  
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OfphotosyntheticmodelssuchasRubiscokineticsandelectrontransportenableusto   

evaluatetheinteractionofstornatalqperture，Photochemistry，Carbon触ationandphoton   

PrOteCtivemechanismssuchasthermaldissIPationandphotoresplration・Furtherinsitu   

Studieswithseveralspeciesincludingsunplantssuchasinhabitingnaturalexposed   

habitatslikegravellyfl00dplainandshadeplantSaSSOCiatedwithvariousnaturalshaded   

COnditionswouldhelptodeepenourunderstandingoftheecologicalsignificanceof   

biochemicalandphysiologicalresponsesofplantStOnaturalfluctuationandheterogeneity   

Oflightavailability．  
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