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AbstI・aぐt  

Eだectsofdi鮎re11tradiantenergiesofthe軋10reSCeIltiiかt（pllOtOSy11t主1eticp】10tOn餌xdeIISitiesoflO  

to700／‘mOlnl伽2s山1）andpianとages（3to8day－Olda鮎rplanting）o11the魚oweringrespo】1SeO＝袖甜而ぬ  

〃ggSeedlings，StrainsVioletandKidac王lい1aVebee】1eXalⅥined．  

Floweringresponse to aninductive darlくPeriod declined remarkablywithincreasingage at a11y  

irradiances・Theflowenngrespol－SCWaSStrOngundcrtheirradiancebetween70and300fLmOlm仙2s叫1，  

Withthcmaximumresponseshiftingtothchigherirradiancewithincreaslngage．｝柑Iirradia11CeOf700  

〃mOlm仙2s血】alwaysreducedtlle鮎werl】唱reSPOnSere卵rdlessofseediingage・′1、hedai】yalterna血－Of  

irradiationwithsunlight（1000／∠mOlm岬2s州1）fromO9：00to17：OOASTand餌orescentlight（200fLmOl  

m州2s鵬りresu圧edinstrol鳩er鮎weringth親1COntinuousirradiatio】10用uorescentli如．Thedeclineof  

nower】ngduetothei汀a（lianceaslowas30〃mOlmm山2s酬10rtOZlgelngOf蝕eplal－tWaSdramatically  

reversedbybenzyladenine（BA）applicationtothecotyledons，l）utthatduetothehighirradianccof700  

〃mO】m002s－1wasnot・  

Theimplicationsofthese触dingsarediscussedinrelationtosenescenceofcotyledonswithincreasing  

inage，photosy11thatesupply，endogenousrhythmarldalsoactionofBAinthelightperiodprecediI唱thc  

inductivedarkperiod．  

t（eywor（ls：BellZyladenine－Floweri昭一ダたαγ相良－Plantage・Radiationinte11Siもy．  

ltltl・＝111Cti＝1  

TherehavebeenmanyreportsconcerningthephotoperiodiccontroloftloweringofPharbitisseedlil鳩S  

uslngeitherthetallstrain，Violetorthedwarfone，Kidachi．TheylnCludethein軋IenCeOflightqualitiesin  

Violet2O・21），the response to exogenous cytokininsinViolet8事15）orgibbere肋1S主n Kidach19・12）．However，  

growlngCOnditionsdi鮎redinthosestudiesandespecia】lytheiightconditionandtheagcofplantbeforeda  

induction，bothofwhichin餌ence鮎werlngreSPOnSe．   

Pharbitisseed抜ngsraisedindarknessmayrequirelightperiodofaboutlOOOlux払rflowering，SuggeSting  

thatphotosynthes呈smaybeoneoftheねctorsaffectingthephotoperiodicsensitivity7）・However，dark－餅OWn  

Seedljngsbecamephotoperiodica11ysensitivewhenexposedonlyoneexposureforafewminutestoredlight  

払Ilowedbybenzyladenine（BA）treatment14〉．Thisindicatesthatthelightperiodprocessinvolvesmoreた1CtOrS  

thanphotosy】1thesis，SuggeStingthattllereeXistsaroleぬrphytochrome－aCtiveliか6）．Fu摘1ermOre，the  

nowermgresponseof4day－OldPharbiiisseedlingsraisedunder200FLmO王m血2s血1photosyntheticphotonfiux  

densitiescanbepromotedbytheBAappliedtothecotyledons13）．  
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InthesttldiespresentedherePharbilisseedlingsofstrairlS，VioletandKidachi，havebeenexaminedfor  

their鮎wenngresponsetodifferentirradiancesandagesofthepJantbek）reeX主）OSl】1gtOaninductivedarkperiod．  

EffectsofBAappliedtothecoty】edonsonthe鮎werlngreSPOnSetOd宣鮎rentirradiationintensitiesandplant  

ageshavealsobeenexaminedforthestrahlViolet．  

鉦Iateltials an（1Meth（）【ls  

SeedsofPharbiiisnilChoisy，StrainsVioletandlくidachi，WeretreatedwithconcentratedH2SO4ぬr45min  

andthenwashe（linrurmlngWaterOVerni如at290c．Theseedsweresownin12cmdiameterpotswhich  

COntainedam反tureofequaipartsofperliteplusvermiculite．Inoneseriesofexperiments，theseedlingswere  

raised良）r3to8days（4to9daysafterseedimbibition）undercontirluOuSWhite餌orescentlightofdifferent  

photosyntheticphotontluxdensities（10to700FLmOlm叫2s州1，400to700nm）whichweresetusingaLICOR  

quantumsensor（uCORInstruments，NB）．Eachgroupofplantswasexposedtoa15hinducitvedarkperiod  

at270cfrom17：00ASTonvariousdays．Intheotherseries，theseedlingswereraisedat29Ocunderthe  

sunlight（800tolOOOfLmOlm山∪2s甲∪】iatmidday）fromO9：00to17：00andthenplacedunder餌orescentlight（200  

〆mOlm血2s血wl）untilO9：00nextmorllぬanddesi騨atedllereaSSullljかalternaぬ1．Justbefore払edark  

period，thehypocotyllengthincmandtheareaofcotylcdorlSWeremeaSured，thelatterbeingrepresentedincm2  

bymultipiylnglengthandwidth．ForthetreatmentswithBA，aqueOuSSOlutionsofvariousconcentrationswith  

O．05％（Ⅴ／v）Tween－20wasapplicdtothecotyledonsusingapaintbrush．ControlplarltSWeretreatedwith  

WaterCOntainingO．05％（v／v）Tween－20．Aftertheinductivedarknesstheseedlingswereraisedunderthe  

continuousfluorescentlightat250cuntilthedissection払rmeasurementoff30WerlngreSpOnSe．Theseedlings  

WereWateredtwieeaday，OnCeWithwaterandoncewiththeHoag】andnutrientsolution．Thereweretwoor  

threepotswith14to21plantsforeachtreatment．ValuesglVeninthefigtlreSaremeanS±thestandarderror  

oftモ1e mean．  

Results   

l．ト’Jり／（イ  

HypocotylelongationofVioletisshowninFig．1－a．Thelowertheirradiance，thelorlgerthehypocotylat  

cveryplantages．ThehypocotylofplantsirradiatedatlOiLmOlm仙2swIwasl・5timcslongerthanthatat70  

fLmOimm2s腑1，Wt扇Ieirradiationof7OOiLmOlm＾＜血2smlreducedhypocotyltoha】finlengthcomparedwiththatof70  

pmolmW2s－1．ThehypocotylIengthintheothcrexperimentaiserics，thesunlightalternation，WaSSimi旦arto  

tllatirradiatedcontinuousiyat300fLmO王m棚2s～l・AsseeninFig・1－b，thecotyledongraduallyexpandedwith  

higherirradianceul）tO70－200fLmOlm紬2s刷1・Cotyledonexpansionleve11edoffataboutthisirradiantintensity・  

ThefloweringresponseatdifferentirradiancesisshowninFig．1－C．Threeday－Oldpla】沈Stloweredstrongly  

reachingapeakresponseatanirradianceof70pmolm〉山肌2sⅥⅣ1andthe主rflowenngwasdecreasedwithhigher  

irradiances．The鮎wenngresponseat700pmolm両2s血Iwasveryweakandahnostthesameaspoorasthat  

atlOiLmOlmMU2s血wl・Fourday－0‡dplants鮎weredbestatabout200jLmOlm仙2s仙1・Withoiderseedlingsthe  

tlowerlngreSPOnSedecreasedandespecia11yremarkabkwasthedecre；まSeatlowerirradiancesthan20Opmol  

m刷2s腑1 ．Eightday－Oldl）lantsproducednonoweratanyirradiances・  

Plants raised under the sunlight油ernation nowered better than those raised under the continuous   
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Fiど．l．Hypocotyllength（a），COtyledonarea（b），鮎wcring（c）andnodebearingtirstflowcr  

（d）ofタカα沌才ぬ，Vio】et，加zldiated wit王1伽orescentliglltOfdifぬren〔photosyntlletic  

Photon餌Ⅹdensities（PPFD）andsunliかt；11とernation（S）as如nctionorplatlt昭e；3  

（（〕），4（◎），5（lコ），6（国）and8（△）day－Oid，  

tluorescentlightofanyirradiances．Even8day－Oldplantsirlthesunlightalternationwerecapableoftlowerlng  

（Fig．1－C）．AsseeninFig．1・d，for3day－01dplantsthe紋staowerwasformeda仁the鮎stnodeofthenlainaxis  

atlOto70／∠mOlm州2sMlandatthesecondnodeat200fLmOlm仙2s血10rmOre・Thenodenumberbeanngthe  

6rstnowerincreasedbyaboutoneriOdeperdaywithtlleincreasmgageat70to700iLmOlm血2s匝Iandinthe  

Sunlightalternation．  

The鮎wenngresponsetovariousdura［ionsofaninductivedarkperiodwasexaminedwith5day－Oldplants  

raisedunderdifferentirradiances・AsseeninFig・2，theplantsirradjatedat70to300iLmOlm〉＝－2s州1鮎weredin  
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Fig．2．Flo＼Verlng reSPOIISe Of5day－0】dダ如∽旭お  

Seedlil唱S，Vi〈）1etirradiated＼Vith nuorescent  

履ht ofdifぬrent photosymtIletic p王10tOn伽Ⅹ  

de】1SitiesatlO（△），30（息），70（0），200（⑳），  

300（0）and700（悶）〃mO】ⅠⅥり岬2s…－tovario11S  

duratio】1SOftlledar】くperiod．   

11 】2 13  15  17  

Dark p8r毒od【釧gthJh  
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responsetoall．5hdarkperiodwllilethoseat300r  
700〝mOlm肋2s仙1noweredonlywithalongerdarlく  

period ぬn13ll．Plantsirradiated atlO〃nlOl  
m山2s仙1 did not鋼owerwith any duration of dark  

period．  

2．∬g（由cゐf  

As showrlinI？ig．3，COmpared w氾1the strain  

Violet，Ⅰくidacl扇wasabouthalfinhypocoty11ength（a）  

but was sirnilarin cotyledon area（b）．At higher  

irradiances 軌e hypocotylbecallle Shorter and  

COtyledon expansion was promoted upと0200／‘nlOl  

m】2s仰1 ．TllepatternOf鮎weri咽（c）depelldedo】1  

tlleirradiationandtheplantageinasimilarmannerto  

that of Violet although the蔦owenng of3day－Old  

Kidachileveiledoffat200to700／∠n－01m榊2s州Iand  

thenumberof鋸）WerSatanyageWaSmuChless．At  

loworllighirradiances（below70〆mOlm仙2s‾10r  

above300〝mOllⅥ山2s山1）鮎weringdidnotoccuror  

did weakly．On the otller hand，in the sunlight  

alternationtheplantsolderthan4daysfloweredmuch  

morethaIlthoseilltlleCOntinuousauorescentlight．  

Tl妃aOWedng response of KidachiiれtIle Sunlight  

alternationwasbetterthanthatofViolet．  

The鮎weringresponse tovariousdurationsof  

darkness glVen tO 5day－Old plants ra；sed under  

difterentirradianceswasexamined（Fig．4）．Floweト  

1ngOftheplantsirradiatedby70to300〝mOlnl山肌2s血1  

0CCurred atll，5h dark period andincreased with  

increaseindarkperiodlengthupto15王1．However，  

therewas】ittleorno鮎）Werlngforplantsirradiated  

eitber bylO and30／∠mOlm－2s－10r700〃mOl  
m仙2s州1 

3．風狐頭痛磁即納励畑地  

The effect of applymg BA on鮎werlng under  

differentirradiances was examilled．An aqueous  

SOlutionofO．22mMBAwasappliedtothecotyledons  

Of5day－OldVioietirradiatedat30，2000r700／∠11101  

m…2s…1beねre exposure to various durations of  

inductivedarlくperiodsofll．5to17h．Theresults   
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Fig．3．Hyl）OCOtylie11g班（a），COtyledo‡－area（b），nO＼Ver－  

ing（c）ofダゐ〟γあgぬⅠくidachi，irradiated with  

触orescentliか Of di鮎rellt PllOtOSyntlletic  

pl10tOn仇lXdensitiesandsunlig】1talter】－ation（S）  

asfunctionorplantage；3（○），4（◎），5（口），6（留）  

a11d8（△）day－Old．  
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Dark p8riodl葛ngthJh  

Fig．4．Flowenng response at5day－OldダJ‡α沌よfね  

Seedlings∴附dachiirradiatedwitl川uorescent  

light ofd江krent pllOtOSynthetic photon伽x  

densitiesatlO（△），30（息），70（0），200（◎），  

300（C）and700（国）〝mOlm一日‾2s叫1tovalうous  

durationso川1edarkl）eriod．  
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Dark p¢riodし宅ng呵h  
l∝D   

Fiど．5．Floweri】1greSPOnSeOr5day・0Idタカ〟沌ぬVio】et yig．6．FloweringrespollSeOr3（0），4（◎），5（U），7（闘）  

irradi；1tedby30（△，A），200（0，◎）and700（□，  

団）〃mOlm肋2s棚1（PPF軌 ′rhecotyledonswere  

treatedlVith220／‘MBA（A，◎，掬）orwater（△，  

0，ロ）priortovariousdurationsordarkperiod．  

andS（△）day－01d邦御伽触Violetirradiatedby  

200βmOlmm血2s伽】（PPIγ恥 At3day－01d the  

COty】edonsweretreatedwitllBAatvariouscon－  
Centratiol】S．  

areshowninFig・5・TheRowerlngOfplantsirradiatedby200FLmOlmdW2s酬1waspromotedbyBAinany  

durationofdarlくneSSaSShowninourpreviousreport13）．However，thepromotionbyBAwasmuchmore  

ev主dentinplantsirradiatedby30FLmOlm山2s山1butnotinplantsby700pmolm榊2s槻】・   

InordertoexamineeffectsofexogenousBAonthedeclineofflower】ngreSpOnSewiththeagelngOfplants，  

BA solutions at various concentrations（O tollOOiLM）were applied to the cotyledons of3day－OldViolet  

irradiatedby200FLmOlm…2s…l・ThereafterorleSeriesoftheplantswasexposedtoa13hinductivedark  

Periodatdifferentdays．AsshowninFig．6，BAapplicationpreventedthedeclineoftlowenngduetoplant  

agelngeVenatalowconcentrationof4．4／JM．ThehigherBAconcentrations，thegreatertheprolⅥOtionof  

Rowenngandtheblockingofthedecreaseofaowenngwithagelng．Thus，eVen7or8day－Oldplants鮎wered  

asstronglyas3day－01dplantswhentreatedwith4400rllOOFLMBA．  

i）is（三uSSion  

王tisclear払rbothstrains，VioletandKidachiofPharbitisnilthatplantageinfluences鮎werlngreSpOnSeina  

marmerquited主stincth・omitseffectonhypocotylelongationandcotyledonexpansion（Figs．1－CVSl－aandb，and  

Figs．3－CVS3－aandb）．Thechangeinabilityto鮎）WerWithagealsoappearstodi鮎r飢）mChangesseenin  

VariotlSCe11ularcomponentsincotyledon．Forexample，DNAandRNA（Ogawa，unpublished），PrOteinand  

endogenousauxinlO），gibberel蝕sll）andcyto抽血s（Ogawa，unpublished）decreaserapidlyorgradualiywith  

cotyledonage・Atirradiancebelowphotosyntheticcompensationpointof15pmo】m棚2s00ltheabsenceofand′  

OrWeaktlowerlngreSpOnSeprObablyreRectsaphotosyntheticlimitationalthoughevenatthelowirradiance  

phytochrome－mediatedlight－energy reaCtions could be setin．Alternatively，eXPOSure tO COntinuouslow  

irradiancecouldcausedampingofendogenousrhythmsasdescribedbyBtilmingl）especialjyforolderseedlings  

（Ogawainpreparation）．Such rhythms are known to beimportantぬ㌻鮎wering response ofPharbitぬ  

seedlingsl（う）．AgoodnowerlngreSpOnSeunderalternatingirradianceswithsunlightandtluorescentlightcould  

resulth・Omdailysynchronizationofthe鮎wermgrhythmtoglVeaninductivephasecoincidingwiththe17：00  

Sta氏OfallyindtlCtivedark】1eSS（Ogawainpreparatio11）．   
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CytokininssuchasBAretardleafsenescenceofvariouspiantspeciesぬrintact2・3・4）aswellasexcised  

leaves19）．ForintactleavesofPhaseolusNaitoetal5）reportedthatBAtreatmentincreasedDNA，RNA，  

PrOteinandchlorophy11content，keeplngtheleavesyoung．PerhapssuchchangesoccurredalsoinPharbitis  

COtyledonsafterBAtreatmentandthismayexp量ainitsabilitytoretardtheage－dependentdeclineinflowenng  

（Fig，6）．ItisnotclearwhyBAenllZlnCementOf鮎weringwasgre択estatlowirradiance（30β1Ⅵ01m血2s血1）but  

itwaslitt‡eatahighirradiance（700〆mOlm州2s仙1）（Fig．5）．TheroleofBAた〉rRoweringatthelowirradiance  

issul）POSedtoenhanceassimilatesupplytotheapexasshownearlierbyOgawaandKing13，1Lu・Thisact主on  

mlghtbegreatatthelowirradiancesbutcouldbesaturatedathighirradiances．itisdi触ult，nOnetheless，tO  

distinguishtheindirectactionofBAoncotyledonsenescencethatmayinfluence軋）Werlng血●Omdirectactionson  

鮎ralprocessesoroncotyledonphotoresponse．However，tlowerlngWaSdepressedbyhighirradianceevenin  

VeryyOungSeedlingswithst主Ilexpandingcotyledons（Figs．1－aandbvsINC，andFigs．3－aandbvs3－C）andthe  

Seedlingsexposedto shorterorlongerdarkperiod（Figs，2and4）．Thissuggestsa軋1rtheractionofhigh  

irradiance than senescence．A軋Irtherinteraction betweenirradiance and noweringinvoIvesinduction of  

RowerlngOfPharbiiisirradiatedbycontinuous軋10reSCentlightathighintensityof16，OOOhlX18），PrObablyequal  

toabout300imOlm皿2s血1・Suchhighirradiancestronglyinhibitedshootelongationaswasobservedby  

Shinozaki18），butreductionof鮎wenngwasresuitedhere．Thediscrepancybetweenthesetwosetsofdata  

mayir）dicate diHerencein the mechanism of photoperiodicaliyinduced tiowe血g as here and continuous  

light－induced鮎wenngasstudiedbyShinozaki18）・Thecommoneffectofinhibitionofshootelongationmaybe  

quiteunrelatedtoshortday一触wermgand／orcontinuouslight－inducedaowenng．Ftlrtherstudiesarerequired  

h・Omtheviewpointofphotobiologyaswe】lasplantphysiology．  

AclくnOWledglllentS  

ThesestudieswerecarriedoutinthepastinCSIRO，DivisionofPlantIndustry，Canberra，Australia．The  

autllOrtbaniくSI）㌻．王ミ．W．K主ngbrhisllelp良11discussionofthismanuscriptalldtllemanyl）hytotronstaffぬrtheir  

experimentalassistance，  
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アサガオの光周性花成に及ぼす照射光の強度，  

尊命とベンジルアデニンの作用  

小 川 挙 措  

三盆大学薫物資源学部   

アサガオの光J馴竺！三花成（紛ヨ性）に及ぼす照射光の強度（光義と千束密度，10から700四110lm血2s仙l）および革冷  

（綿椛後，3から8【ヨ）の作月ヨを，系統，ムラサキとキダチの幼植物を用いて調べた。   

光の減度ぷ牒l係なく，葦令が進むにつれて花成は減少した。30／∠nlOllll■…2s…－以7‘で，3日草令のムラサキの花成  

は弱く，また，キダチの花成はいずれの輩令にでも起らなかった。両系統の花成は，70あるいは100から：う00／j11101  

m】2s血1の範囲で強く起り，その敢過強度は輩令の進行にともない高くなった。しかし，700／刑01nl仙2s－1では，二‡軍  

令に関係なく花成は著しく減少した。慮瀾（午繭9時から午後5時）は太陽光（放火胤1000／∠mOlIⅥイ抽2s‾り，夜間  

はZOO〃ⅠⅥ01m002s】－の軋周変化の照射による花成は，いずれの勅使の連続照射の場合より強かったQ   

30〃mOllユー岬2s岬】の弱い花成はペンジルアデニンを子動こ処理すると著しく促進されたが，700〃mOllⅥW2smlの∫子房  

い花成にはベンジルアデニンの促進は認められなかった。また3E憧令の子葉にべンジルアデニンを処刊！すると，1‘拝  

命の進行による花成の減少は著しく抑制された。   

上紀の実験結果は，アサガオの子葉の蝮‖性花成反応に，革令，子葉の光磨滅及び内生1ノズムの消戊が著しく影響  

していることを示唆している。ベンジルアデニンの花成促進の桟構の一一つは，革命進行の抑制によると推察される。  

また，ア・リーガオの短日性花成の樽酒は，商い強腰Ⅵ灘蘭瀾灘・により誘湊される花成18）と異なることば明らかであ  

る。商い強度の照射による軌ヨ性花成の抑制機構はさらに研究しなければならない。   




