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Abstract  

Theeffcctsofaphasingdarkperiodandanintervenmglightperiodoncircadian鮎weringresponseto  

aninductivedarkperiodwerestudiedwithPharbi毎cultivarKidachi，grOWnincontinuous凱10reSCent  

light．  

Asinglelight－OnS吻1albythetrariSitionfromdarktolightperiodestab艮shedacircadianrhythmof  

fiowenng，Wl血hlastedforatleast48h．ThegcnerationoftherhytllmandthephasepatternWere110t  

affectedbyexogenousgibbere11inA3（GA3），benzyladenine（BÅ）orindoleaccticacid（IAA），thoughthetwo  

brmersstimulated鮎weringduringtheinduciblephasesoftherhythm．Thesamecircadianrhythmwas  
detectcdwhenthephasingdarkperiodwaslongerthan4h，buttheresponselevelof批〉Werlngbecamc  
higherwithlengheningdurationofthedarkperiod・Thecircadianrhythmbecarneevidentiftheiight  
intensityoftheinterveninglightperiodwaslessthan5，000Iux，thoughthefloweトreSpOnSelevelbecame  

generallylowerwithloweringintensityofthelight・The鮎wenngwasinatlenCedbythephaseofthe  

rhythmduringw緑dltheplantswercexposedtotheinductivedarkperiod．  

Asigni鮎anceofthephasingdarkperiodandtheinterveninglightperiodisdiscussedinrelationtothe  

鮎stdark－1ightperiodsinthephotoperiodic膏oweringofshort－dayplantsthatrequireseveralcyclesof  

dark－1iglltperiodto鮎wer．  

Keywords：Circadian鮎weringrhythrn・Interveninglightperiod・Phwbitis・Phasingdarkperiod  

I．Intr（〉duetion  

Ithasbeenreportedthatrhythmicchangesin鮎werlrlgOfPharbiiisICultivar・Violetcouldberesetbya  

light－OnSignal・TakimotoandHamner13）reportedalight－Onrhytlmwith8－and12－hphotoperiodsafteran8h  

darkperiod．ParaskaandSpector12）andHeideetal・3）foundthecircadianrhythmthatinitiatedatthetimeof  

seedlingemergence・Kingetal・4）showedthatacircadianrhythmindark－grOWnSeed伽gswasrelatedtothe  

timingofaredlightpulsea鮎rasaturatingexposuretoredlight・Lumsdenetal・5）reportedthatarhytlmic  

responsetoared柑1tinterruptinganinductivedarkperiodwasin臥IenCedbythepreviousexposuretolight・  

OgawaB）showedthatPharbiiis，CultivarKidachigrowninagreenhousewithalternationoflightintensitybetween  

dayandnightexhibitedacircadianrhythmof鮎weringforseveraldaysevenwhentheywerepiaced払  

COntinuous短ht．   

Inthepresentexpe止mentswemanipulatedthedurationofthedarkperiodthatsynchronizesendogenous  
diurnalrhythms，theintensityoftheinterveningughtperiodandthedurationoftheinductivedarkperiodinorder  

todeter血ne theireffectsonthecircadian鮎ralrhythminPharbitis，CultivarKidachigrownincontinuous  

鮎orescentli如t．  
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H．舟蟻terials and旗‡ethods   

GeminatingseedsofPharbiぬnilChoisy，CultivarKidachi，WereplantedinclaypotstiiledwithgarderlSO㍊  

asreportedpreviousまy8）・Theyweregrownfor50r6daysat28±1Ocandinthelightofca．4，000lux丘om  

daylight軋10reSCentlamps・Theywerethenexposedtoasubcriticaldarkperiodof8hunlessstatedotherwise  

asaphasingdarkperiod・Thentheywerelightedwith軌10reSCentughtof2，500luxk）rVariousdurations（1hto  

48h）ofinterveninglightperiod，and餌allyexposedtoa16－hinductivedarkperiod．Asacontrol，Plants  

Withouts減ectingtothephasingdarknesswereexposedtothehghtof2，500luxbr12hor36hprecedingthe  

inductivedarkperiod・Eachphasingdarkperiodwasstartedatdifferentdmessothattheinductivedarkperiod  

COuldbegivenatthesametimewith24hintervals（Fig・1）．Aftertheinductivedarkperiod，theyweregrown  

inaglasshausekeptat28±20csub5ectingtothesunlightduringthedayandauorescentlightofl，500luxat  

night・Twoorthreeweekslatertheplantsweredissectedtomeasurethenoralresponse．Insomecases，an  

aqueoussolutionofGA3WaSdroppedontotheplumule（0．12Flg／plant）withagiasscapi11arytube，andasolution  

Ofbenzyladenine（BA）orindoleaceticacid（IAA）wasappliedtothecotyledorlS（1．5／噌／plant）withapaintbrush．  

Controlplants were givendistilledwater・Twoorthree potswith14to21plantswere usedforeach  

experiment・The鮎weringresponseisexpressedasthemeansofthenumbersofaowerbudsperplantj：the  

Standarderrorofthemearl．  

O 12 孤 詭 姻 60 72 飢 餓川rさ  

Fig・l・Scheduleoftreatmentsinvolvbgonce（No  

l）and twice（No2）exposure to an8－h  
phasingdarkperiod（軌わ1lowedbyvarious  
durationsof2，500luxLluorescentlight（・T  

lh to4811），and軌en bya16h・hductive  

darkperiod（済塗）．Controlpla】1tSWithout  

an exposure to the pllaSlng dark period  
WereeXpOSedto2，5001uxlighteiti】er12h  
（Cl）or36h（C2）beforegivingtheinduc－  

tivedarkperiod．  

Ⅰ‡Ⅰ．Results   

l．朝地ゼ瀦威喝血吋細如   

AsdetailedinFig．1，plantswereexposedtoan8－hphasingdarlmesseitheronce（No．1）ortwice（No．2）   
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with16－hintervals・Thentheywereexposedtovariousdurationsoftheinterveninglightperiodbeforea16－h  

inductivedarkperiod・TheresultsareshowninFig．2－a．Thehigherlevelofnowermgresponsedidocctlr12  

and36ha鮎rtheendof琉epha血gdarkperiodandぬephasesarer壷汀edtoasjnducjbieph8Se，anda鮎r  

reachingeachpeaktheydec肋edtothephaseoflowlevelofnoweringat24～25hand48h，thenon－inducible  

phase，Showingadistinctcircadianrhythmicaucttlation・Onlyonceexposuretothephasingdarkperiodwas  

adequatetotriggerthe鮎ralrhythm・Thisrhythmisthesameasthatぬundinpiantsexposedtosunlightduring  

thedayandnuorescentughtatnight，andtotheauorescentughttransferringftom30to2，500lux，aSpreViously  

reported8）．   

GA3andBApromoted鮎weringwhentheywereappliedbeforetheinductivedarkperiodasreportedby  

Ogawa7），andOgawaandKing9），but王AAinhibiteditasseeninthepreviousreport6）．Then，WeStudiedthe  

e鮎ctsoftheseexogenousgrowthsubstancesonthegenerationofthecircadianrhythm．Aqueoussolutionof  

GA3，BAorIAAwasappliedjustbeforetheexposuretoan紬phasingdarknessfollowedbyaninterveninglight  
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Fig．2ぺL F】oralre叩OnSeOfタ／2α蕗ぬ・aSa蝕ncぬnof亡ぬ  

durationoftheinteⅣenl一昭1ightperiodpreceded  

byone（◎）ortwo（0）8h－phasingdarlくperiods．  

Thecontrol（Cl，C2）andtreatmentschedules  
a托Sl10WnillFig．1．  

粁短・2・b・F】oraji■esponseoぎタカα蕗抽appl屋ed w油GA：i  

（ロ），BA（0），IAA（△）anddistilledwater（◎）as  

a丘InCtiono用－edurationortheintervenmglight  

period preceded by6h－phasing dark period．  

Thecontrol（Cl，C2）andtreatmcntschedules  
aresllOWm衰1Fig．1．  

ダig．2・C．Flora王responseofタカα沌gぬasa蝕1C・  

tiomoftl－eduratiollOftheinteⅣe血g  

liかt period preceded by the phasing  

dark periods of various duration；4h  
（n），6h（軌8h（0），andlOh（◎）．  

ResponsetolO－hphasingdarkperiod  
Wit】1nOinductivedarkperiod；（一一◎－－）．  

Thecon蜘l（Cl，C2）amdtreatment  
SChedu王esareshownhFig．1．   
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periodofvariousdurations，andthenal鋸一inductivedarkperiodwasgiven・TheresultsareshowninFig．2－b．  

Thesesubstanceshadnoeffectonthegenerationoftherhythmandthephasepattern・GA3andBApromoted  

鮎weringtoagreaterextentat12and36hduringtheinduciblephase，andtoalesserextentat24and48h  

duringthenon－induciblephase．IAAinhibited鮎werlngOfbothphases．   

Theeffectsofthedurationofphasingdarkperiodongenerationofthecireadianrhythmwereexamined．  

Theplantswereexposedtoa4－，6－，8－andlO－hphasingdarlmessbeforeglVlngVariousdurationsof2，5001ux  

短htた〉uOWedbyaninductivedarkperiod・TheresultsareshowninFig．2－C．Again，thesamepattemofnoral  

rhythmwasobservedindependentonthelengthofphasingdarkness．However，thenumberofnowersbecame  

greaterasthedarkperiodwaslengthened，eSpeCia11ygreatestat12and36hinterveninglight．   

2・現物旬庵桝油紙ゆ血ぬ酎勉励加刷物庵軒卸壷   

Aftersubjectingtheplantstoan8h－phasingdarkness，the蝮htintensityduringanintervenmglightperiod  

WaSVaried良・oml，000to7，0001uxandthenfo1lowedbytheinductivedarkperiod．Theresultsareshownin  

Fig・3・Thecircadian鮎ralrhythmwithpeaksat12and36hwasfoundonlywhentheinterveninglightintensity  

WaSl，000to3，000lux・The鮎Ⅵ屯ringremainedathigherlevelwiththeirradianceo‖ightintensitymorethan  

5，000luxanddidnotdecreaseevenat24and48h．  
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F壬g．4．FloralresponseofPharbttissu旬ectedtointerven－  
1nglightperiodsofvariousdurat主onsasa餌nction  

Ofthe dura貢on oftheinductわe dark per主od（12  

to40h）．Theintervening鹿lltperiod；6ll（A），  

12h（0），3611（◎）and4r8h（斑）precededby8－h  

Phasing dark period．ControIplants（△）were  

notexposedtothep王1aSlngdarkperiod．  

0  12  2る  36  摘  
Durationo†int色rVenin91ight pgriodノh  

Fig．3．Floralresponse ofタカα沌fぬasafunctionofthe  

durationoftheintervenlrlglightperiodofdi鮎rent  

intensi仁ies；1，0001ux（△），2，000lux（（〕），3，000  

1ux（◎），5，000lux（□），and7，0001ux（軌pre－  

Ceded by8h・Phaslng dark period．Plants not  

Su旬ected to the phaslng dark period were ex－  

posedforeither12h（Cl）or36h（C2）tothe  

lightatl，0001uxト△…），2，000luxト0一－），3，000  

Iuxト◎…），5，000luxトロ…）or7，0001ux卜伝－－）．  

3．朝敵摘Ⅷ肌血断れ触飯血油断ぬ斬細飯   

Theplantsgrownin2，500luxauorescentlightwereexposedtoan8－hphasirlgdarknesswhichwasfollowed  

byaninterveningl帥tperiodlasting6，12，24，36and48h．Theinductivedarkpehod蝕a11yglVenWereVaried  

inlengthfrom12to40h・ThecontrolplantsweresubjectedtotheinductivedarlくPeriodofvariouslength  

withoutexposingtothephasingdarknessasweuastheinterveningughtperiod・AsshowninFig．4，12－and  

36－hintervenlnglightperiodscot11dbringabouthighlevelof鮎werresponseaftereveryappkcationofinductive   
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darkperiod，Showbghigherlevelofresponsewithintervening36hlight・Incontrast，24and48hintervenmg  

lightperiodcausedonlyiowlevelof鮎werresponseregardlessofthedurationofthedarkperiod．Sixhoursof  

thehghtperiodgaveno鮎wenngata11．  

ⅠⅤ．Ⅰ）iscussion  

E飴ctofthedurationoftheLightperiodbeforetheinductivedarkperiodhadbeenstudiedbyHamnerwith  

B最0Ⅹisoybeanl）andbyHarderandG凸mmerwithKalanchoe2）・Theseplant＄require＄eVeralphotoperiodic  

CyClestob血gabouttoaower．Flowenngof払osepiantsincreasedwithaninteⅣeぬngiightof12hand  

decreasedwithaninterveninghghtof24h・PapenfussandSalisburyll）reportedthatinXanddumexposuretoa  

12－hlightperiodprecededbya7ふhdarkperiodcausedthemaximum鮎werlngmreSPOnSetOanhlductivedark  

Period．Inthepresent＄tudy，nOWeringinPharbiiiswasalsopromotedwithintervenlngughtperiodsof12and  

36h，thelatterdurationbeingusua㍊ymoreeffectivethattheformer（Fig．2－a）．Fortheothershorトdayplants  

mentioned above，their optima量12h ught－12h dark period cycles for鮎werlng may COincide with12h  

intervemighghtdu血gtheinduciblephaseinaowenngrhythmofPharbiぬ．  

ThecircadianrhythmofaoweringinPharbit＆lSprObablygeneratedwiththe履虹onsIgnalwhichcausedby  

thetransferfromthephasingdarkperiodtotheughtperiod，andwithonlyaslnglepulseofthesignaltherhythm  

CanSuStainftlr48hatleast（Fig．2－a）．  

Thephasepattemofthe脅owe血grhythmwasnotaffectedbyGA3aPP邑edtotheshootapexinagreement  

withourprevioussuggestion8）・BAandIAAdidnothavealsodirecte鮎ctsonthepatternofthe鮎wering  

rhythm，thoughthesegrowthsubstanceshavebeenindicatedtoactonnoraiprocessesinthecqtyledon6・9）．  

Thephasepatternofthe鮎weringrhythmwasnotaffectedalsobythedurationsofthephasingdarkperiod  

（Fig．2－C），andnodifferenceinthephasepattemwasfoundamong8，12and16hphasingdarkperiods（datanot  

Shown）．However，thelevelof蝕）WerreSpOnSeintheinduciblephasewashigherwithlongerperiodofphasing  

darkperiods（Fig．2rc）．And，20and24hphasingdarkperiodsdidnotcausethecircadianrhythm（datanot  

Shown）・Thus，theiighトOnSignalatthetransition簸■Omthephasingdarkperiodtotbelightperiodmayact  

qualitativelyasweuasquantitativelydependingonthedurationofphasingdarkperiod．   

Thecircadian鮎weringrhythmbecameevidentonlywhentheinterveninglightintensitywasl，000to3，000  

1ux，thoughthegenuine鮎werresponsewasrelativelyweak，Incontrast，therhythmwasnotevidentat5，000  

luxorabove（Fig・3）・Thereexistsapossib肋ythatthe鮎weringrhythmmighthavebeenmaskedbythe  

higherlevelo用owerresponsewithhigherintensityofught・Ingeneralthecircadianaoweringrhythmof  

PharbitishasbeenevidentwhenarelativelylowNintensityhghtperiodprecedestheinductivedarkperiod8）．   

Arelativelyshortinductivedarkperiodwasenoughtoinduceastrong鮎werlngWhenitwasstartedatthe  

induciblephaseoftherhythm・However，eVenaSu統cientlengthofinductivedarkperiodcouldnotinduce  

鮎weringwhen＄tartedatthenon－induciblephase（Fig．4），SuggeSthgthatqua重itativenatureofphotoperiodic  

flowerinductioncouldbein触encedbythephaseofrhythmtowhichtheplantsweresubjected．   

Theseevidencesfoundinthepresentexperimentsleadtoanideathath－plantswhichrequireseveral  

Short－daycyclesfor鮎ralinduction，the鮎stdarkperiodsasphasingdarknesswouldresettogeneratethe  

induciblephaseofrhythmduringwhichthesubsequentdarkperiodscouldinduce鮎wermg・Furtherstudy  

Shouldbedoneonthisideausingtheothershort－dayplantsmentionedabove．   
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暗明移行によるアサガオの花成反応の概日性リズムの誘発  

′ト 川 率 持  

三蕊大学生物資源学部   

アサガオ，品種キダチの幼植物を月往－て，光周他職成の粍別注リズムの紛糾こおける位相暗期の長さ，中間明期の  

光の独軋外生のジベレリンA。（GA3）， ベンジルアデニン（BA）およぴインドール酢酸（IAA）の影響を調べた。   

位相昭瀾から明き研へ1回の変化 すなわち1回の点灯侶常によって，少なくとも48時日鋸こわたって花成の槻別当ミリ  

ズムが生じた。このリズムの誘発とリズムのパターンはGAこ！，BAおよびIAAによって肇姜轡されなかった。しかし，  

このリズムの好適期の花成の程度は，GA。，BAによって増大し，IAAによって減少した。4時間以上の位相暗粕に  

よって明らかなリズムが生じた。位相暦期（16時間以下）が良いほど，リズムの好適期での花成の程度は大きくなっ  

た。5000luxより低い光弘魔の中間明期で明らかなリズムが生じた。このリズムの好適期では，いずれの戚さの繍導  

幡期によって花成が起ったが，不適期では，花成は弱いか殆ど起らなかった。   

花成誘執こ数回の暗期が必婁な他の媛冒植物を用いて，初期の暗期と明期の交替を，花成の概馴致リズムの好適期  

の誘発における位職場瀾と中間‡矧期の観点から調べる必繋がある。   




