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Abstl・act  

FloweringresponsetoaninductivedarkpcriodinPharbiiisseed）ingscultivarIくidachigrownunder  

且uorescentiightatlnghtandsu111ightinthedayinaglasshousedependsonthetimeofaninductivedark  

periodgiven．   

Therhy軌micaltemationinthenorairesponseisentrahedtoabouta24hperiodandisresetdaiiyby  

仇etransitionfromthe餌orescent）ighttosunlightatdawn．Thecharacteristicsofthecircadia11rhythm  

arereIatedtothedurationoflightafterthetransitionbetween】ightoflowandhighintensity．Thus，under  

naturaトIightconditionsBtirming’sscotophilicorinduciblephasewouldoccurinthecvenlngand  

Plantscouldbeinducedto80Werinresponse亡Odus‡く，  

Keywords：Circadianrhy痛m・Evening・Flowenng・Light－OnSlgnalatdawn・Pharbiiis  

Ⅰ．‡ntrodlICtion  

The鮎raIresponseofPharbiぬnilhasbeenstudiedextensively．Thisplantcanbeinducedto鮎werwith  

aslngledarkperiod・Thesensitivitytophotoperiodicinductionvarieswithlightandtemperaturejustbefbrethe  

darkperiodasweuaswithageoftheplant9・12〉・TheaoralresponseofPharbitisplantsgrownoutdoors，being  

SuPPlementedwith蝕orescentlightatnight，dependsonwhetherornottheinductivedarkperiodisgiveninthe  

evenmg・However，piantsgeneraliysub3ectedtodailyalternationbetweenstlnlightanddarknessoftenbehave  

rhythmicallywithaperiodofabout24h・IfsucharhythmpersistsevenwhenambientlightinglSCOnStant，itis  

Calledanendogenouscircadianrhythm・Suchrhythmicphenomenahavebeenreportedonleaf，Petaland  

stomatalmovementsandmanyotherresponses3）・   

WestudiedcircadiandiurnalrhythmicltyOfnower勘gmreSPOnSetOaninductivedarkperiodinPharbitis  

plants，dwarfcultivarKidachiwhichweregrowninaglasshousewith supplementallightovernight．The  

鮎werlngreSPOnSeOfthisKidachigrownunderalternationwithsunhghtandfluorescentlightwasgreaterthan  

thatundercontinuous伽orescentught12）．ThisKidachiplantformsalimitednumberofflowerbudsandno  

terminal鮎werbudatanomlaltemperature12）．Thesefeaturesmakesuitableforexaminationoftluctuationsin  

aoweringbytheexposuretoinductivedarkperiodsatdiHerenttimesatanormaltemperature．  

11．n11iltuli；llslln（In・lctho（ls  

TheexperimentswerecarriedoutusingthemethodsreportedpreviotlSlyll）・Seeく1sofPharb  

AcceptedJune略1993  
Thisstudywaspart】yprescntedattheAutumnMeetingoftheJapaneseSocietyk）rHorticulturalScienceheldatGih），1989．   
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CultivarKidachi，WeretreatedwithconcentratedH2SO4for40min，thenwashedthoroughlyinrunningwaterfor  

20h．ThentheywereaLlowedtosproutfor20honmoistsandinapetridishat250c．Theseedsjust  

geminatedwereplantedinaclaypot餌edwithgardensoil．Theseedlingsweregrownfor50r6dayshla  

glasshouseunderwhichlightconditionswere30，000－100，0001uxofsunlightdudngthedaysupplementedwith  

day－1ight餌orescenthghtofl，5OOluxatnightandthetemperaturewaskeptat28±20c．At18：00（Japan  

StandardTime），allplantsweretransferredtothegrowthroomwith損uminanceofl，5001uxfromnuorescent  

lamps（28Oc）andplacedforvariousdurationsran如gfromOto66huntua16－hinductivedarkperiodwasgiven．  

AftertheAoweトinductivetreatmentsplantswerereturnedtotheglasshouse，andraisedforthreeweeksuntil  

dissectionfordeterminationofthe魚owerlngreSpOnSe．Insomecases，theplantsweregrownundercontinuous  

iilumination of thelight from the nuorescentlarnps glVlng anintensity of2，5001ux．Lightintensity was  

measuredwithaphotocellilluminometer（SPト5，Toshiba）．Eachexperimenta‖otwasconsistedof20r3pots  

with14to21pユants．Valuesofnumberofnowerbudsperplantinthe負guresaremeans±thestandarderrorof  

themean．  

l‖．Restllts   

l，ダ肋脚擁再椚明細蛸沈痛適励海相加拍柳適用細物射か蛸壷那ぬ服  

Flowe血ginresponsetoaninductivedarkperiodgivenatdifferentthTleS（3hintervals）precededbyOto66  

hof餌orescenthghtisshowninFig．1．Thepeakso用oweringresponsewerefoundatOto3h，24and45h，  

andthesearereferredtoasinduciblephases．Floweringreachedthebottomat12h，33－39hand57－66h，the  

non壷ducible phases．This kind of餌ctuationsis typicalpattem of an endogenous circadian rhythm．  

F塵owerlngarldshootelongationoftheeultivarofPharbiiisusedinthepresentexperimentwereknowntobe  

SthnulateddramaticallybythetreatmentwithgibbereliinA3（GA3）beforethedarkpedodll）．Theeffectsof  

exogenousGA30ntheoccurrenceofrhythmicaoweringwereexamined．AnaqueoussolutionofGA3WaS  

Nighl．Dむy  
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Fig．l，Floweri咽Ofダゐα沌～め訂OWnhtlleglasshouseinresponseto16－hinductivedark  
PeriodgivenatdiHerenttimes（Oto66h）precededbyAuorescentlight．Percentage  
ofpjan仁S鮎we血g（◎）andnumberof鮎werbudsperp】月mと（0）・Njghtandday∂re  

indicatedbyclosedsquare（感）andopensquare（〔コ），reSPeCtively，andulumirla－  

tionwiththe伽oresce】1tlightisindicatedbynettedsquare（迂‡ヨ）．   
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Fig．2－ Flowering（○◎）and shootlenがh（ロ斑）ofタんβ戒ぬ許OWnin血eglasshouseill  

responseto16－hinductivedarkperiodgivenatdifferenttimesprecededbyfluores・  
Centlight（Oto66h）．Immediatelyafterthetransfertothefluorescentlightsome  
plantsweregivenGA3（◎ぬ）a】1dthecontrolplantswerenot（OE〕）．Nightandday  

areindicated by closed square（膨）and open square（〔コ），reSPeCtively，and  

i11uminationwiththeRuorescentlightisindicatedbynettedsquare（控響き．   

drippedontotheshootapex（0．12jZg／apex）withglasscapi11arytubeimmediatelya鮎rthetransferoftheplants  

h・omtheglasshousetothecontinuousauorescentlight．Controlplantsweregivendistilledwater．Asshown  

inFig．2，therhythmicpatterno用owerlngWaSnOta鮎ctedbyGÅ3，butnoweringwasstimulatedintheinducible  

phases．GA3also stimulatedshootelongation equallyinboth theinducible andthe non－inducibie phases．  

Circadianrhythminaoweringwasalsofoundinothercultivarsofthesamespecies（datanotshown）．  

2．1匂γわ祝5血相ぬ乃ぶ〆如才乃ゐcぬg血液♪βγわd  

Plantsgrownintheglasshouseweretransferredat18：00totheroomthatprovidedanilluminanceofl，500  

luxfromthe触orescentlamps．Theywereexposedtoaninductivedarkperiodofvariousdurationsof12to48  

h，Starting＆omdifferenttimesofaday，18：00（Oh）tothesametirneofthefouowingday（24thh）．Asshownin  

Fig．3，inductivedarkperiodsof18to48hstartingat18：000nthe丘rsteveningcausedhighestnowering  

0  6 12 18  2ム  

ぎig．3．Flowenngo‖鳩脚はね訂0Ⅵlintheglass王10uSein  

responsetoinductivedarkperiodofvadousdura－  
tions（12to48h）感ven at di鮎rent times pre－  

Cededby触orescent鹿ht；Oh（◎），6h（0），12ll  

（軌18h（口）and24h（△）．Nigt止andd8yare  

indicatedbyclosedsquare（援汲）andopensquare  

（□），reSpeCtively，and 損u血nation witllthe  

触orescentlightisindicated by netted square  

（琵≡≡箋）．   
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response・Twelveto24hinductivedarkperiodsstartingfromthenextevenlngStillil血cedto鮎werathigher  

reseponselevel，butlengtheningdarkperiodsresultedinlessnowering・Plantsexposedtodarkperiods  

startingftomthe12thand18thhnoweredmuchlessevenafterexposuretolongerdurationsofdarkness・  
althoughaslightincreaseofnowerlngOCCurreda鮎ralongerdarkperiodstartingfromthe6thh・   

3．伽ゆぬ澗如躍相加机榊酢狛嫉卸商個川姑触明葎励伽闇動糀甜離紗   
Onegroupofplantsgrownfor6daysintheglasshousewastransferredat18‥00toacontinuous蝕orescent  

lightof2，500klX・Anothergroupofplantswasgrownfromplantingtothesameageunder2，500luxnuorescent  

lights．Bothwereexposedtotheinductivedarkperiodatdifferenttimes・AsshowninFig・4，theplants  

growninthegiasshouse且owered，Showingaclearrhythmicpattern，butthosegrownincontinuous軌10reSCent  

lightdidnot・Thisshowsthatthecircadianrhytl皿Of鮎weringofplantsgrownintheglasshouseforafewdays  

wascausedbythealternationbetween触orescentlightatnightandsuniightduringtheday・  
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Fig．‘l．Flowering o一夕如γあざぬ騨OWnin the glasshouse  

（G，◎）or under鮎orescentlights（C，0）in  
responsetotheinductivedarkperiodbeginningat  
di鮎renttimesincontinuous餌orescent】ight（Oto  

48h）．1】1uminationwittlthe触orescentlightand  

with sunlight areindicated by netted square  
（閤）andopensquare（［コ），reSpeCtively．  

0  6 12 鳩 2ム 3D 36 ム2 ム8  
Time（h）  

4．紬仇油加如血脚沌㈲離れ蝮狛如猟ゆ砲弾   

Plantsgrownincontinuous鮎orescentlightofc乱4，000luxweredividedintotwogroups・Theonewas  

exposedonceto12hlightof30lux（Fig・5，Nol），andtheothergroupwasexposedtwiceto12hlightof30lux，  

interveni昭12hkghtof2，5001ux（Fig・5，No2）・Bothwerethenexposedto地htof2，500luxbrv…ldous  

durationsbeforeglVlnga16－hinductivedarkperiod・ControIplantswereexposedto2，500luxlightfor12and  

36handwithoutexposingtolowintensityof30luxtheyweregiventheinductivedarl（Period・Theresultsare  

showninFig．6．Therewasacircadianrhytlmof鮎weringwithpeaksat12andat36h，thelatterwasusuauy  

greaterthantheformer・Thisrhythmwasthesamepattemfoundinplantsgrownintheglasshouse（Figs・1，2  

and6）．Thus，rhythmic鮎weringwascausedbyasingleexposuretoIowintensitylight・   
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FiF．ti．F】0＼＼，eringofPharbitisas a function ofthe dura・  

tionoftbe軋10reSCentlight（1to48h）afteronce  

（○）ortwice（◎）exposure to301uxlight．The  

COntrOl（Cl，C2）and treatment scheme are  
OutlinedinFig．5．  

Fig．5．Expeぬmentalscheduleofexposureonce（No  
l）or twice（No2）to12hlight of30iux  
（［ヨ）fo））owedbytluoresccntlightof2．500  

1uxforvadousdurationsかomlto48h，and  
thena16－hinductivedarkperiod（■）was  

由ven．ControlplanとSWithoutexposbgto  
30lux 始ht received 2，500luxliか Lor  
ekher12h（Cl）or36h（C2）precedingthe  
inductive dark period．Laterallinesindi－  

Cate2，5001uxlightperiod．  

ⅠⅤ．Discussion   

Toexplainhowdiumalrhythmscontrolmanyphenomenaincludingphotoperiodicaowering，B血ning（1936，  

1960）1・2）proposedthattherearetwoalternatingphases，Whicharecalledphotophuic（lightloving）andscotophiXc  

（darkloving）・Theformercorrespondstothedayphaseandthelattertothenightphaseinacircadianrhythm．  

Histheorywasbased，inpart，Ontheobservationthatexposuretodarkperiodduringthescotop旭cphase  

promoted鮎we血gbut血ibiteditdu血gthephotoph此phaseinshorトdaypiants3，4調7）・Inthepresentstudy  

withPharbitisplantsgrowninaglasshouse・鮎weringresponsetoaninductivedarkperiod触ctuatedgreatly  

withthetimeofexposuretotheinductivedarkperiodt Theperiodofthisoscillationwasabout24h，Circadian，  

andinaccordancewith鋸nning，shypothesis・higherievelsofresponsewasbroughtaboutgreatestduringthe  

SCOtOphihcphase（intheevening）andloweronewasduringthephotophihcphase，（inthemoming）（Fig．1）．  

ThiscircadianpatternofrhythmwasnotaffectedbyGA3appuedtotheshootapex・GA3prOmOted鮎wenng  

OVerthenarrowinduciblescotophj最cphase・butshooteiongationwaspromotedequauyinbothphases（Fig，2）．  

BecauseGA3isonlyactiveinthe鮎werinductiontakingplaceattheshootapexofPharbiiisll），th占sedatataken  

implythatprocessesoccurringattheshootapexarenotresponsibleforgenerationofthe鮎ralrhythm．  

However，aObjectionableconclusionwassuggestedbyKinglO），Whostudiedthee鮎ctsofGA30nnOWeringin   
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anothershort－dayplant，Chen坤Odiumrubrum．Inthatinstancedailytemperaturechangeshadestablisheda  

Circadianosciliationincelidivisionattheshootapex・AIso，therhythmicresponsesfoundinChen呼Odiuma氏er  

GA3WaSappuedatdifferenttimesmightweuoccurinPharbitisifasimilartreatmentwasimposed．   

Ifthedarkperiodoccurredduringaninduciblephase（00r24h，Fig．3），arelativelyshortdarkperiodwas  

enoughtoinduce鮎wering（12to24hdarkperiod，Fig．3），buteventhedarkperioddidnotinducetloweringifit  

begandudnganon－induciblephase（12h，Fig．3）．Thesedatashowthatthereisarhythmicchangeinthe  

physiologlCalstatenecessaryforcommencementofearly鮎ralprocessesincotyledons，andthatthisstateexists  

SOOnaたerthebe如血gofthedarkperiod．   

ParaskaandSpector14）andHeideetal・8）reportedthataoweringofPharbitisauctuatedrhythmicauyand  

dependedontheIen紳Oflightpedodaftertheseedlhgemergedfromthesoil．Variousrhythmicphysiological  

Phenomenaofearlyseedlhgscouldbesynchronizedwithughtexposuretimeofseedlingatemergencefromthe  

St）ij．Asshowninthepresentexperiments，therhythmalsoISgeneratedbyexposuretoaiterrlationbetween  

nightandday（Fig．4），andbetweenlowandhighintensitiesofught（Fig，6）．  

Theevidencepresentedhereshow＄thatnoweringofPharbiiisplantsinresponsetoaninductivedark  

Periodiscontroliedbyaclock融bacircadjanosc伽tion，Wbjchisrese£by班ea鮎ma如nsinljgjltinとens如as  

describedbyBdnnmg2－3）・PapenfussandSausbury13）showedthattheclockinXanihiumcouldberephased，  

SuSpended，reStartedordelayeddependingontheexperimentalconditions・Sausbury15）alsosuggestedthatin  

肋助ぬ沼】ightoniya鮎ctstheoperaとionoftheclock，and池atsynぬesまsof鮎weri関ゎormoneoccursonlywben  

theclockisinaninduciblephase．Thediurnal鮎werlngrhytlvnofPharbit＆musthavebeenentrainedtoa  

Circadianperiodwithadi飴rentphasewhentheplantsgrownintheopenairareexposedtosunlightatdawn．  

鋸nnlng’sscotophucorinducibjephaseofthecircadianrhythmwouJdoccurintheevenlrlgand鮎wenng  

PrOCeSSeSinthecotyledonsofPharbiiisplantscouldstartatdusk．  
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アサガオの光周性花成のリズム的な変化  

小 川 率 持  
三愛大学座瀾磯瀾学部   

アサガオ，品種キダチを昼問は太陽光で（授乳 3万一10万Iux），夜間ほ蛍光灯の照射下約1，5001ux）のガラス  

姦で育てた幼植物を約1，5001uxの運航照射下にi簸いて，各種の時間乳 花成誘導略期を与えた。   

花成の強さは，噌期の開始時刻によって変化し，概日蝕リズムの変動を示した。この花成リズムは，ガラス姦内で  

受けた朝明け時の敏光灯から太陽光の照射光の変化（点灯侶号），あるいほ蛍光灯遠慮灘脚下で生育中に受けた低い  

照度（30lux）から商い照度（2，5001ux）の変化によって生じた。   

この爽験結果から，戸外で生督しているアサガオの楽ほ，朝明けの太陽光の点灯備考によって花成反応の概則塗リ  

ズムを生じ，夕九凱ming説の概日性リズムの好暗期に入り，簿掛こなって幡期花成反応が開始すると思わjlる。   




