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Abstract  

Thegerminationresponseof血β”αカf祝αSeeds（caryopsis）toexposuretoarangeoftemperatLlreS  

（5Octo30℃）oralternatinglowtemperatures（50cor150c）and300cwasexaminedinrelationtotheir  

di鮎renta鮎r・rlpenedperiods．  

Fresh seeds，One Week after harvest，did not germinate at temperatures abovelOOc．seeds  

after・rlpenedformorethan4monthsgerminatedoptimaJlyat150corthereabouts．However，eVenthe  

Seedsa托er・npenedねr281110nthsormorenevergenl血atedat300c，   

Exposureto50cfollowedby300cresultedingerminationat300cinregardlessoftheafter－ripened  
Period．Exposureto150c，refbrredtoaschillirlg，foliowedby300c，Orthereverseto7－8month・Seeds  

resultedin qualitative and quantitativeinhibitぬn at300c，WllereaS eXpOSing3ト32month・Seeds to  

altematingtemperaturesresultedinpromotionofgerminationat300c．  
Diurnalthemoperiodicexposureoftheseedsa氏er一再pened払r8months，Clli11ingand300c，reSultedin  

germinationwithinanarrowtimerangeofchi】1ingfrom16hto24h，irrespectiveofthenu111berofcycles．  

Howcver，diurnalexposuretotheseedsafter・ripenedfor32monthsresultedingerminationatawidcrtime  

rangeofchiilingh．om2hto24hdependinguponthenumberofcycles．  

Therolesoflowtemperaturesandhightemperatures，andoftheirinteractiononthegerminationofA．  

カf〟αSeeds融thparticularregardtotheafteトdpenedperiodarediscussed．  

Keywords：Åfter－ripenedperiodrAvenajbtua・Dormancy・Seedgennination－Temperature．  

Introduction  

Thegrowthofmanyplantspecies ceasesorisdelayedunderunfavorableclimaticconditionssuchas  

temperature，photoperiodormoisture，afterwhichtheirgrowthresumesundermoresuitableconditions7・12）  

Ithas beenpostulatedthatthe dormancyofmanyplantsinducedbysevereconditionsimpliesadelicate  

adaptationofthespeciestotheirsurroundingconditionsll〉・Thisistruefortheseedgerminationofcereals：  

Wheatandoatsareoftendormantwhen＆eshlyharvestedsothattheycangerminateonlyatlowtemperature3）  

andrequlreforseveralmonthsafterharvesttogermhateathighertemperatures，butevenafterthatdormancy  
hasagainbeeninducedattemperaturesabovetheoptimum2・S・6）．seeddormancyofwi1doats，Avenaカiuahave  

beenstudiedbybotanistssinceearlythiscenturyl）．   

Tl－egerminationresponseof血勅勘触MSeedstovariousconstanトtemperatures，aSWeIlastoaltema血g  

lowandhightemperatures，inrelationtotheirafter－npenedperiods，isreportedhere．  
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Materialsamd Methods  

Theorigina皇seedsofA2）enajdtuawereobtainedasagiftfromEmeritusProfessorI．Nishiyama，Laboratory  

OfGenetics，KyotoUniversity．Theoatplantsweregrownin鮎Idseveryyear．Matureseeds（caryopsis）  

withhullswereharvestedusua11ybetweenthemiddletotheendofJune．Theywerekeptinapaperbagwith  

Silicagelasthedesiccantandstoredinawoodenboxatroomtemperature．Seedsstoredforvariousperiods  

aftertheharvestweredehulledand25to30seedswiththeembryoupwardswereplacedonalayerof昆ter  

PaPer（ToyoNo3）moistenedwith5miofdisti重1edwaterinaflatpetridishof9cmindiameter．Thedishes  

wereexposed tovarious temperatures（5to30¢c）fordifferentperiods（4to20days）indarkness，and  

germinationwasexamineddailyunderwhite凱10reSCentughtofaboutlOOOlux．Afewdaysaftersowing，  

COleoptilesorcoieorhizaprotruded良■Omtheembryosandthismanifestationwasreferredtoasseedgermination．  

Germinationisrepresentedasapercentageofthetotalnumberofseedsused．  

Results   

l．拘ぬ倣㍑脚油紙一触ゆ那加椚  

Freshseedsofoneweekafterharvestweresownandexposedtovarioustemperaturesof5to30Ocた）r20  

days・AsrepresentedinFig・1－a，Onlyafewseedsgerminatedat5andlOOcafter12daysbutgeminationdid  

notoccurat150corhigher．Germinationofseedsafter－ripenedfor4，16and28monthswasexaminedwhen  
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Fig．1埴．Germinationof血脚勘助ぬSeedsa托eトdpened  

払roneweekwlleneXpOSedtovarioustempeト  
atures，5（◎），10（（）），150candhigher（△）．  
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Fig・l・b・GerminationofAuenaカtuaseedsafteトripenedfor4（4M），16（16M）and28months（28M）when  

exposedtovariousternperatures，5（A），10（△），15（◎），20（0），25（扮）a11d300c（C3）．   
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Fig．トc．GeminationofAがg押〝カ如αSeedsafter一面enedbr4（△），16（ロ）alld28montl】S（0）whenexposedto  

300cforvariousdaysprecededby50cexposureforl（1D），2（2D），3（3D）and5days（5D）．   

exposed to various temperatures forlto6days．As representedin Fig．1－b，about half number of4  

month－SeedsgerminatedatlOand150cbutnoneofthemdidsoat5，25and300c・Al116and28month－Seeds  

germinatedatlOto20Ccandabouthalfnumberof16month－Seedsandalmostanseedsof28monthgerrninated  

at250c．However，Onlyafewornoneoftheseseedsgerminatedateither50r300c．   

Effectsofexposureto50cfollowedby30Ocwereexaminedintheseedsafter＋rlpenedfor4，16and28  

months．Theseedsweresownandexposed丘rstto50cforlto5daysandthento300c．Asrepresentedin  

Fig．1．c，4month－Seedsbegantogerminateevenat30Ocafteronlyonedaywhenprecededbytheexposureto  

5¢cfor3days．Furthermore，16and28month－Seedsalsogerminatedat30gCafteronlylor2dayspreceded  

bytheexposureto50cた〉rlday．   

2．A独和αねc扇JJ£喝α乃d3♂¢c   

AsseenhlFig．1－b，Seedsafter－ripenedformorethan4monthsgerminatedwellat150corthereaboutand  

tlleOptimumtemperatureforgerminationseemstobecomehigherwithincreaseofafter－ripenedmonth，Next，  

theeffectofexposureto15Oc，referredtoaschiung，WaSeXaminedintheseedsafter－rlPenedformorethan  

SeVeralmonths．Germinationoftheseedsafter－ripenedfor8，20and32monthswereexaminedwhenexposed  

tochilling（150c）forthetirstvarioushoursfollowedby300cfortheremaininghoursofa144hours（Fig．2－a）．  

AsrepresentedinFig．2－b，8month－Seedsgerminatedmorewithlongerchillingbuttheremainderwhichfailedto  
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Fig．2・a．Schedule of treatmentinvolving exposure to  
chilling（150c）forvarioushours（⊂コ）餌10Wed  

by300c（激）．Rig軋syl11boIsinFig・2－b・   
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Fig．2・b．Germir）ationofAvenaカtuaseedsafter－ripenedfor8（8M），2O（20M）and32months（32M）when  
exposedto15OcforO（△），12（A），24（ロ），36（軌48（O），60（◎），72（○）and144h（◎）followedby  

300c．  
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Fig．釦a・Schedule of t托atmentinvolving exposure to  

300c for various hours（聯）followed by  
chilling（［コ）．Ri由t，SymboIsinFig・3－b・  
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Fig．3－b．Germinationof加β乃αカg〟αSeedsa氏α－dpened如7（7M），19（19M）and31months（31M）wllen  
exposedto300cわrO（◎），12（A），24（□），36（軌48（0），60（軌72（○）and14紬（△）b1lowedby  

C旭1ing．   
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germinateneverdidsoafterexposureto300cfollowingthechilhg．Thusthegerminationdidnotexceedthat  

oftheseedsexposedtocontintlOuSChillingwithoutexposlngtO300c．whereas，20month－Seedsgerminated  

duringchil長nganda氏er72hchillingfonowedby300ctheseedsgerminatedmorethantheseedsexposed  

continuouslytothechiuing．Thirtytwomonth－Seedswereabletogeminateevenat30℃afteronly12hof  

Chiuingandthegerminationat3OOcafter36and48hofchillingexceededthatoftheseedsexposedtocontinuous  

Chilling．   

Thereverseexperiments，eXPOSuretO300cpnortochi11ing，WereCarriedoutaccordingtotheschedule  

ShowninFig．3－a．AsrepresentedinFig．3－b，7month－Seedsexposedto300cforonly12hgerminatedduring  

chillingtoalesserdegreethantheseedsexposedtocontinuouschillingandexposureto30Ocfor72hresultedin  

nogermination．Onthecontrary，12and24hexposureto300cof19month－Seedsand12，24and36h  

exposureof31month－Seedsresultedinhighergerminationpercentagesthantheseedsexposedtocontinuous  

O   ムく   8  12  16  20  2ろh  

yig．4・a．Scheduleoftreatmemtinvolvingthemoperiodof  
ehi）Iingforvanoushours（⊂コ）and300c for  

thercIllaininghoursofa24hperiod（■）．  
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Fig．4・b．GerminationofA彰β乃aカiuaseedsafter－ripenedfor8（8M），20（20M）and32months（32M）when  

exposedtothermoperiodofchiuingforvarioushoursand300cfortheremainlnghoursofa24h  
Period．＼Vhichrepeatedfor2（し∴））．3（●），4（D）．6（Il），1O（△）andl▲1days（▲）．   
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chi血g，but48and60hexposureto300cresultedinlessgerminationthanintheseedsofcontinuouschining・   

Theeffectsofdiurnalthermoperiodsofchilungand300cfortheremaininghoursofa24hperiodover2to  

14dayswereexaminedintheseedsafter－rlPenedfor∂，20and32monthsaccordingtothescheduleshownin  

Fig．4－a．AsrepresentedinFig．4－b，8month－Seedsbegantogerminateafter3daysat16to24hchillingwith  

anoptimumat20hduringwhichgerminationwasenhancedwithanumberofthemlOperiodcycles▲ However，  

geminationneveroccurredatlessthan12hchillingevenafter14cycles・Twentymonth－Seedsbeganto  

germinateafter2daysatlOto20hchillingwithanoptimumat18h．Thirtytwomonth－Seedsbeganto  

germinateat8と016hc旭払gwithanoptimumat12hand抽etimerangeofchiijingcapabieofgemlinating  

widenedfrom8－16to2－24hwiththeincrea§einnumberofcyclesforupto6days．Thus，theoptimtlmChiiling  

timeonthelessntlmberofcyclesofthethermoperioddecreasedffom20to18and12hwithlengtheningtheir  

afとerイipeningPeriod血●Om8と020and32mo】1ths．  

Diseussioll  

Inthedormantseedsandbudsofmanyspecies，itiscommonthattherangeintemperaturecapableof  

gemlinatingandsproutingwaswidenedwithaniriCreaSeintheafter－ripenedperiodlO）・Germinationbehaviour  

OfthepresentAvenabiuaseedswasalsothecase．Inh－eShseedssoonafterharvest，Onlyafewseedscould  

germinateat5andlOOcafterlOdaysandnonewasabletogerminateatanyhighertemperatures（Fig．1－a）．  

However，aStheafter－ripenedperiodwaslengthened，theseedsgerminatedoptimallyat15Oc（chilling）or  

thereabouts．Evenseedsafter－ripenedfor28monthsnevergerminatedat300c（Fig．1－b）．TheたIilureof  

theseseedsa鮎r－rlPenedfbrmanymonthstogerminateat300cmustberefらrredtoassecoflddormaflCyWhich  

isalsocommoninseedgemina転mandbudsproutingofmanyplantspecieslO）．  

At50c，mOStSeedsregardlessofafter－rlPenedperioddidnotgerminate，Whereasat300c，nOneOfthem  

gem？ir）ated（Figs．1－aandb）．However，gem血ationcou】doccurevenat30Ccafteronlyafewdayswhen  

precededby the exposure to5Oc（Fig．1qc）．Tl滋s evidence suggests thatexposure to5Oc allows early  

germinationprocessestoirlitiate，thenthatto300ccouldpromotesubsequentprocesses．  

Exposureoftheseedsafter－ripenedfor70r8monthsto300ca軋erorbeforeexposureto150cinhibited  

germinationqualitativelyasweliasquantitatively（Figs．2－b，8Mand3－b，7M），SuggeStingthata300cexposure  

hasalwaysaninhibitiveeffectonanygerminationprocessesinseedsafter－rlPenedfbronlyseveralmonths．  

However，theinhibitoryeffectof30OcdecreasedwithincreaseofafteトnPenlngperiodandexposureof31and32  

month－Seedsto300cforsomehoursrestlltedinpromotionofgerminationprocesses（Figs．2舟32Mand3－b，31  

M）・Thelongertheafteトripenedperiod，thenthehigherthetemperaturefavorablenotonlyforstlbsequent  

germinationprocessesbutalsoforitshitialprocesses．Sensitivityofbiosensorstohightemperaturepresentin  

theseedcoa仁Orembryoofdriedseedsmustaltergradua盲iyinthea鮎ど－ripeningperiod．Therehavebeenmany  

reportsconcernedwiththeimprovementofseedgerminationwM－alternationbetweenlowandhightemperature  

ratherthanatanyconstanttemperatureinmanyplantspecies3・9・12）・Sofar，1ittleisknownonthephysioIoglCa重  

basisofthisphenomenon．Theseplantseedsseemtorespondsimilarlytoalternatingtemperaturesinour  
血腫棚Seedsafter－dpenedformanymonths．   

Exposureof8month－Seedstochillhgand300cindiurna王thermoperiodwasantagonistic（Fig．4－b，8M）．  

Theinteractionofthesetwotemperaturesinthegerminationprocessesoftheseedsafter十ripenedforonly8  

monthsissupposedtobecomeinequilibriumat12hofeachexposure．Thewidertimerangeofchil！ingfor   
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germinationin20and32month－Seeds（Fig・4－b，20Mand32M）suggeststhatthesetwotemperaturesoperate  

synergisticallytoinducegerminationprocesses・Constantcrit主calhoursofchi11inglnthethermoperiodata  

certainplantageandwideningofthetimerangeofchi11ingwiththeincreaseinplantageasshownhereforA・  

jdtuaseeds，havebeenalsoobservedin鮎ralinductionbychillingattheshootapexofPharbitisplants8〉・These  

phenomenaarelikeLysimilarinthemanifoldthermo－mOrphogenesisofplantspeciesinducedbychilling・  
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野生エンバクの種子発芽に及ぼす温度と後熟期間の作用  

小 川 率 持  
≡盈大学塵物資源学部   

50cから300cの各棟の－M蒐温度，及び50c後の300c，150c彼の300c或いは3げC彼の15鐸cの温度変化に対す  

る野生エンパタ仏脚吼陶如）の種子（えい莱）の発芽反応を，収穫後の期間（複軌期間）が輿なる種子を用いて調べ  

た。   

収穫後1週間の種子ほ，100cより高い温度で発芽しなかった。4か月以上経過した種子は150c，或いはその近く  

の温度で敢も強く発芽した。しかし24か月以上の梯子でも3ぴCでは発芽しなかった，即ち2次休眠に入った。   

いずれの後熟期間の種子でも，50cの後300cに置くと短期間で発芽した。この紘兼ほ，発芽の初期過程は低温に  

よって誘導され，その後の過程は高温によって促進されることを示唆している。  

150c彼の300c，或いはその逆の温度変化に対して，7－8か月の種子の孝を穿ほ，300cによって質的並びに数的に  

抑制された。しかし，放熱用闊が繚過するにつれて，300cの抑制は減少し，3ト32か月の種子の発芽ほ，300cに  

よってむしろ促進された。また，150cと300cの日周的温榔馴こ対して，8か月の種子は，150cが16時間から24時問  

の狭い時間範囲でのみ発芽し，それ以下の時間では，この温周期の回数を増加しても発芽しなかった。これに対し  

て，32か月種子の発芽の時間範憐は髄瀾蘭の‡計数の増加にともない広くなり，6図の温周期で，2暗闘から24時問の  

範‡葦‡で発芽した。この英験結果は．短い練熟期間の種子の発芽過程では，15さcと30℃は相互に措坑的に作用する  

が，養い級数期間の種子の発弾過窄では，この両者の温度は相助的に作用することを示唆している。   




