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Abstract

Trendsinnighttemperatures,ozoneconcenlrationsandacidIainareplesented.Wetestedthehypothesisthat
noweringinthecoolerpartofdayornightcouldmakeplantsmuchlessvulnerabletohightemperatureinduced
sterility・WescI℃ened96cultivarsorigmatingfromarangeoflatimdesandaltitudesibrthetime-ofLdaywhen
nowermgconnnenced(TDF);nosystematicrelationshipwasobserVed.Therewasa3hourdifferenceinTDF
betweenthecultivars,theearliestbeingO800h.Wealsoscreened87wildriceaccessionsfbrTDF・Theearliest

wasOSOOhandthelatestwas2230h・Fortheworstclimatechangescenario(6･Cincreasemaverage
temperature),thepredictedchangesincropduration,respirationandsterility,wouldreducetheyieldofexisting
cultivarsby89%;yieldsibraccessionswiththeearliestTDFwoulddeclineby47%.Foratempertureincrease
of2･C,thepredictedyieldofexistmgcultivarswouldfallby25%;thosewiththeearliestTDFwouldfallby
onlyll%.Themodelpredictedintheabsenceofclimatechange,differencesinweatherbetweenEINinoandLa

NinayearswoulddecI巴aseyieldsby22%;thegreatestimprovementsmgennplasmandmanagementwould
mcreasearmersyieldbyl8%.
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1.Introduction

Changesmairqualityandcomposition,acidrain
andclimatearemcombinationpmducmganewbio-
climatefbrbodproductionsystems.Modelspredict
anincreasemriceyieldwithmcreasedatmospheric
levelsofcarbondioxide(Ho㎡eaaﾉL,1995a).
However,thepotentiallybeneficialeffectsofincreases
incarbondioxidemaybeoHSetbythemcreasesinO3
atgromdlevel(MaggsandAshmore,1998).Despite
averageatmosphericpartialpIBssureofcarbondioxide
increasingbyapproximately4.6Pabetweenl968and
1998,yieldsbrthesamecultivar(IR8)gownonthe
IRRIfanninl998wereabout2.6thaf'lowerthanin

1968atnitrogeninputsofapproximatelyl50kgNha~'
(Pengαα1,1999).

ThehighestairtempemtureSrecordedare49･C,
53｡C,54･C,57･Cand58･Cbrthelandmassesof

SouthAmerica,Australia,Eurasia,NoIthAmericaand

AfiPicarespectively(TrewarthaandHom,1980;
Ahrens,1991).TheThirdAssessmentReport(TAR)
oftheIntergovernmentalPanelonClimateChange
(IPCC,2001)fbrecaststhatby2100meanplanet-wide
surfacetempelatureswillrisebyl.4･Cto5.8･C.At
hightemperature,thedenaturationofproteins,melting
pointsoflipids,damagetothylakoidmembranesor
otherprocessessuchaspollinationdismptnonnal
planthmction.Damagebecomespennanentwhenitis
notreversible(physiologicallyordevelopmentally)
thuseliminatingthechancefbrprocessestooccur
coITectly.Reproductiveeventsinonce-flowering
plants(esp.annualcrops)aretheconspicuousexample.
Thereisonlyonechanceinayearfbrpollenmbesto

gowfastenoughinlimetrees(Tilia)tosetseed
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(PiggotandHuntley,1981)oroncemthecropgrowth
cyclefbranthesistooccurinrice・Shortofthecritical

temperatul巴fbrcatastrophicdamage,lossesofyield
canoccurbecausethedailynetacquisitionof
carbohydIatecanbereducedowingtoreduced
photosynthesis,mcreasedmaintenancerespirationor
both．hcreasedtempemturescanalsoleadto
increasesintherateofcropgrowthandshortened
growingseasonswhichcauseSreducedimerceptionof
solarradiationandyield(Horieer",1995a).Ziska
andManalo(1996)suggestedthatincreasmgnight
temperaturecanreduceseedsetandpotentialyieldof
tropical面ce,althoughthemechanismwasunclearand
nighttempelaturesaslowas29･Ccouldresultin

reducedgainyield.Pengaaム(2004)suggestedthat
increasednighttemperatureswerereducingyieldsin
thefield.Recentevidencesuggeststhatnight
tempemtureisthecauseofincreasesinglObalmean
temperaturessincethemiddleofthe20ihcentury
(KuklaandKarl,1993).

Forcropplants,temperatul℃sintherange45･Cto
65･Ccancauseseveredamageanddeath(Levitt,
1972).Fmit-setwasreducedby6%｡C~'at
temperaturesabove33･Cinpeanut(VaraPrasadaaZ，
2001).Inrice,anthesisisthemosttemperture
sensitivestagefbrtemperaturedamage・Exposurefbra
matterofafewhoursduringnoweringcanreduce
noralreproduction(SatakeandYoshida,1978;
NishiyamaandStake,1981;Bakererql,1992).
Osadaerqf(1973)observedsterilityattemperatures
exceeding35･Cinthefield;ricebecomescompletely
infertileattemperaturesabove40･Caveragedaily
maximumtemperatureduringthenoweringperiod
(Horieαα1,1995a).Atthosetemperatures,female
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sterilitycanoccur(SatakeandYoshida,1978).
Mackillaa1(1982)suggestedthathigltemperature
toleanceatthegrainfillingstageshouldbe
investigatedinordertodiscoverhighheattolerance
genotypicdifferenceinpollenshedding,pollen
genninationandpollenmbeextensionunderhigh
tempelatul℃.Itisinterestingtonotethatdespitethe
factthatonlyonepollengrainsuccesshlllyintroduces
spenncellsintotheemblyosacandmicropyle,a
minimumnumber(~20)havetobedepositedonthe
stigmabefbl℃pollentubeselongate(Satakeand
Yoshida,1978).Matsuiaaf(2001)suggestedthat
ratherthanlownumbers,poorgenninationwasthe
causeofsterilityathightempelatuI⑥.Onceapollen
mbehasenteredthemicmpyle,allotherpollenmbes
ceaseelongatingandeventuallydegenerate・A
complexsignalmgprocessmusttakeplaceinboth
cases.Whatthosesignalingmechanismsareand
whethertheyaredisruptedbyhightempemtureis
unknown.

Inthispaper,someaspectsoftheclmateandhow
itischangingaredescribed.Wecalculatedtheeffects
ofyear-to-yearweathervariationonyieldusingdata
obtainedatourlocationinthePhilippmes.Themain
objectivewastoquantiSthedeleteriouseffectson㎡ce
ofthehighertempemturesthatmaybecausedby
climatechange.Wefbcusedonidentifyingplantsthat
mightavoiddamagetothereproductiveprocessesthat
leadtosterilityandsubsequentlossofyield.Oneway
ofavoidingthennallyinducedsterilitywouldbeto
completethereproductiveprocessesinthecoolerparts
oftheday.Identifyinggenesthatcontrolthetime-ofL
daywhenfloweringcommences(TDF)wouldbe
crucialmrthatavoidancemechanism.Wetestedthe

hypothesesthatcultivarsけomdifrentthennalorigins
havediMrentTDFandthatwildriceaccessionshada

greaterrangethancultivatedtypesinTDF.

2.Materialsandmethods

2.IWeatherData

Weatherdatawerecollected廿oman

agrometeorologicalstationsituatedonthelRRIfann,
LosBanos,Philippines,atlatl4｡11'N,longl21｡15'E
andanelevationof21m.Datarecordingbeganon

Janualyl,1979.ThesitemeasureslO.5mx9．5mand
issurroundedbyirrigatedricethI℃ughouttheyear・It
confbnnstotheWorldMeteorologicalOrganization
standardspecifications.Datafbrtheacidityof
rainwater,O3,SOzandNOxwerecollectedfiPomasite
adjacenttotheIRRIwetlandweatherstation.Thegas
analyzersanddataloggerweresuppliedbyEMC
EnvironmentEngineeringLimited,UK.Datafbr
continuous,diumalchangesintemperaturefbr2003
wereavailableandthosedatawereusedtocalculate

theeHbctsofTDFonthesterilityofspikelets.

2．2Management

lrrigatedricecropsweregrownatthelntemational
RiceResearchlnstitute,LosBanos,Philippines,inthe

dIyseason(January-May).Managementpractices

wereemployedtoachieveminimumpossiblestress
廿omallbioticandabioticfactorssothatyieldscould
approachthemaximumachievableyieldinthe
weatherconditionsexperienced(Sheehyaaﾉ.,1998).

Totestthehypothesisthatcultivars廿omdiff1℃nt
thennalorigmshavedifferentTDF,96cultivarswe1℃
selectedfomthelRRIgennplasmcollection.They
wereselectediomdiHerentlatimdesandaltimdes

(suITogatesfbrtemperatureattheorigmofthe
gennplasm);91wereOﾂzasα"v"and5wereOノツZa
gﾉαbe"""・Allofthecultivarsweregrownmthe
fieldin2000andthecultivarswiththeearliestTDF

andlatestTDFweregrownagainin2001・The
cultivarsweresowninplots(1mx2m)andeachwas
replicatedtwice;theyweretransplantedataspacingof
20cmx20cm・Abasalapplicationof60-60-60kg
ha.'NPK(Nasurea,PasSOlophosandKasmmate
ofpotash)andlOkghar!Znaszincsulfatewas
appliedandtheywerelatertop-dressedwith60kgN
ha~'at30and50daysaftertransplanting(DAT).The
timeofdayatwhichthefirstnoweronthemainstem

openedwasrecordedduringtheperiodofnowering.
Totestthehypothesisthatwildricetypeshada

greaterlangethancultivatedtypesinTDF,87
accessionswereselectedfromtheIRRJgennplasm
collection.Theywereselectedtorepresentawide
Iangeofcounmeswithhotclimates.ThewildtypeS
couldnotbegrowninthefieldsotheyweregownin
2002and2003inascreenhouseconfbnningtothe
appropriateprotocolsfbrsuchmaterials・Theywere

genninatedinpemdishesmrl4daysandthenfbur
seedlmgsweretlansplantedataspacingof20cmx20
cmintoplasticbuckets(45.5cmdiameterand62.5cm
inheight)containinglowlandsoil・Abasalapplication
ofl8.2gperbucketofcompletefertilizer(NPK)was
applied.Subsequently,2gofninPogenwereadded
monthlyandthesoilwaskeptsaturatedthrougloutthe
experiment.
2.3Model

Ultimately,solarmdiationistheenergysourcefbr
gowthandithastobeinterceptedbytheleavesofthe
canopy.Thereisalmearrelationshipbetween
accumulatedinterceptedphotosyntheticallyactive
solarradiationandaccumulatedbiomasswhenthe

cropisgrowinginadequateconditionsoftemperature,
waterandsoilnutrientsupply(Monteith,1977).The
slopeofthatlinearrelationshipisknownasthe
radiationuseefficiency(RUE).Inthiswork,the
simplemodelofSheehyaaﾉk(2004)basedonRUE
wasusedtopredictyield.ThevalueofRUEusedwas
2､6gDWMJ.!(above-grounddrymatter,intercepted
photosyntheticallyactiveradiation,PAR)anditisthe
valueobtained廿omvelyhigh-yieldingrice
experiments(MitchellaaﾉL,1998;Sheehyefaf,2000;
Horie,2001).TheefYectsofmcreasesintemperature

causedbyclimatechangeweresimulatedbyadding
1｡Cto6･Ctothedailyvaluesofaveragetemperature
fbrthegrowingseasonofl997whenanRUEof2．6g
DWMJ~'wasrecorded.TYlemodelwasusedto

calculateyieldandtoseparatelyestimate(a)theeffect
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oftempelatureonthelengthofthegrowingseasonand
(b)theadditionaleHectsofchangesinmamtenance
respilationcausedbytempelature.Itwasassumedthat
thecoefficientfbrmamtenancerespirationwasO.015
day~!(ThomleyandJomson,1990)andtheQ,ofbr
temperatureeffectsonthecoefficientofrespiration
wasl．22witharefbrencetemperatureof20･C

(Sheehyaa1,1980;Frantzaa1,2004).Themodel
wasdrivenbymonthlyaveragesofclimaticdata
collected廿omthelRRJweatherstation.

significantincreaseinthemaXimumtemperatureof
thewetseason(0.02･Cyear',P".05).However,
thel℃wasnoincI℃aseinthemaximumtemperaturem
thedlyseason・Thedeviationofsolarradiationmany
yearぅ廿omthemeanvalueofthe25years,was
calculated・Thedeviationoftemperature.6omthe
linearregession,or廿omthemeanvalueof25years
(intheabsenceofaregression),wascalculated・There
wasasiglificantcoITelationbetweenthedeviationsof
solarradiationandthedeviationsofmaximum

temperamI℃fbrboththewetanddryseasons(y=0.23x,
P弐・05)showingthatsolarradiationcausedmuchof

thevariationinmaximumtemperature.Duringthewet
season,asimilarrelationshipexistedfbrminimum
temperature(y=0.16x,P釦.05).However,therewas

nosiglificantrelationshipinthedlyseason,although
thetrendappeaI℃dtobenegative.Highsolarradiation
oncleardaysmayhavebeenassociatedwithincreased

back-radiationatnight,sothatsunnydaysmayhave
beenassociatedwithcoolnights.
3．2Weathervariabilityandyield

Climatechangeimpliesagadualchangeinthe
weatherwhichisexpectedtoinfluenceyield・Those
gadualchangesaremaskedbyvariationsmannual
weatherpattemse.g.EINinoandLaNinaevents.In

EINinoyears,therearemorecleardays,lessrainfall
andincreasedsolarradiationwhereastheoppositeis
experiencedinLaNifiayears.Tocalculatetheeffects
ofweathervariabilityonrice,weusedthemodelof

Sheehyaaム(2004).Inparticular,yieldsfbrirrigated
riceinthedryseasonwerepredic[dfbr3weather
datasets:(1)theaverageweatherdataatlRRI(1979-
2003),(2)theweatherdataml997(EINiiio)and(3)
1989(LaNiiia).Therearetwopossiblehlture
scenarioswithrespecttotheyieldpotentialofrice.In
thefirst,weassumethatnewhigh-yieldingcultivars
willbeavailabletoarmersenablmgthemtoreach
maximumattainableyield(RUE=2.6gDWMJ.')and
mthesecond,weassumethattheexistingelite
gennplasmwillbeusedbyfannersadoptingthebest
management(RUE=2.2gDWMJ.').

3.Resultsanddiscussion

3.1Climateandaspectsofchange
MeasurementsoftheacidityofrainwateratlRRI

WeI℃takenover5years(1995-1999).Theannual

trendinthemeanpHoftherainfallfblloweda
quadratictrend,

y=5.ﾉ288-QOO88x+0.000020dx2 (1)

wherexisdaynumber(Januaryl=1)andyispH.The

minimumvalueof4.2occuITedattheendofJulyand
themaximumvalueof5.loccun･eddurmgDecember.
MeasurementsofgaseousSOzatcropheightshowed
concenUationswerelessthanSppb,exceptafteran
applicationofsulfilr-containingfertilizer[(NH4)2S04]
whentheyroseto25ppbfbrafewdays.Onasunny
day,theconcentraationofNOxreachesamaximumat
0730handtheconcentrationofO3reachesits
maximumatl500h・Themaximumconcentrationsof

bothgaseswere55ppb.TheaveragevalueofO3fbr
April,themonthofnowering,wasl8ppbandthe
maximumwas55ppb.
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Tablel．PI℃dictedriceyields(tha~',14%mc)fbr
differentweatherconditionsatLosBaiios,
Philippines・Thebestyieldcurrentlyachievableby
armers(RUE=2.2gDWMJ~')andthemaximum
attainableyield(RUE=2.6gDWMJ~').
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Fig.l.Theincreaseintheaverageminimum
temperatureofthedIySeason(solidci1℃le)andwet
season(opencircle),atlRRILosBanos(1979-
2003).Thelmesthroughthedatarepresentlinear
regressionsbetweenminimumtempemtureandyear.
Forthewetseason,thefimctionisy=0.0363x-48.3
(F0.66,P≦0.001)andfbrthedlyseasonthe
fimctionisy=0.0502x-77.6(r=0.63,P≦0．00l).
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Betweenl979and2003minimumtemperaturesof

thewetseasonhavebeengeaterthanthoseofthedly
season;bothareincreasingatapproximatelyO.04･C

yearPI(Fig.1).Overthesameperiod,therewasa

Forbothscenarios(Tablel),fannerswouldobtain
13%moreyieldinanEINinoyearandl2%lessina

LaNinayearrelativetotheyieldinanaverageyear.
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Thebiggestpossibleimprovementsingennplasmand
managementmthecomingdecadescouldincrease
fanner'syieldsbyl8%.Yieldimprovementsmadeby
plantbreederscaneasilybemaskedbynuctuationsin
weather・GomgnomaLaNinatoanEINinoyear
wouldincreaseyieldby28%.
3.3Temperature,cropduration,respirationand
yield

Horieaaム(1995a)suggestedthattemperature
increasescouldresultinseriousdecreasesinyield
acrossAsia.Tbexaminetheeffectsonyieldofuptoa
6･Criseintemperaturecausedbyclimatechange,we
usedthemodelofSheehyaaム(2004)andthe
weatherdatafbrl997andweassumedthatharvest

indexremainedconstant.Itwasassumedthatany
potentialbene6ts廿omincreasingCO2wereoffSetby
degradationmairqualitysuchasincreased
concentationoftroposphericO3.Forthese
calculations,weassumedthatthegreatest
improvementsingennplasmandmanagementwould
bemadeinthecomingdecades(RUE=2.6gDW
MJ-').

Increasmgtemperamrescanleadtoshortergrowing
seasons.Forthe6･Cincrease,thepredictedduration
ofthecropshortened廿omlOldaysto95daysand
yieldsdeclmedby6%.Therelationshipbetweencrop
durationandthetemperamremcreaseislinear
(y=-O.89x+100.25,P≦0.001).Changesincrop
durationarelikelytobeunimportant.

Itiscommonlyassumedthatmaintenance
respirationmcreaseswithincreasingtemperature,
althoughthemaglitudeofthiseffectisunclear・To
gainsomeinsightintoitspossibleimpactoverthe6･C
riseinseasonalaveragetemperature,wecalculatedits
eHectonRUE(Mitcheller",1998).RUEdeclined

fiPom2.6to2.OgDWMJ~'(y=-O.097x+5.17,PJ.001).
Whenthiseffectwasaddedtothesholteningofcrop
duration,thepredictedyieldfell廿omll.4to8．2tha-
';28%fbra6･Cincrease.
3.4Fertility,temperatureandTDF

Potentially,themostdamagingeffectsofclimate

changeonriceyieldscouldcomethroughtheefrects
oftemperatureon企Itility.EventssuIToundmgand
includingpollenmbeextensioninthehourfbllowing
anthesismilcompletelyattemperaturesbetween35･C
and40･C・Usingcontrolledenvironments,adeclinein
thefertilityofspikeletswithincreasingtemperature
wasobservedbySatakeandYoshida(1978)．A
similarrelationshipbetweenthefrtilityofspikelets
andmaximumtemperaturewasobservedbyHoriee/
qffbrplantsgrowingintemperturegladientmnnels
(1995b).

Flowering,specificallyfeltilization,isnotan
instantaneousprocess.Theeliteindica-typerice
cultivarlR72hasalargenumberoftillersandit
nowersoverapproximately20days.Breedinglinesof
thenewplanttype(Penger",1994)havealow
numberoftillersandtheycompletenoweringina
week.

TYle96cultivarsselected廿omdiMrentlatimdes

andaltimdesnoweredoverseveralhoursonanyday
(Fig.2)．Therewasnorelationshipbetweeneither
latimdeoraltimdeandTDFofthecultivatedtypes.
nlecultivarthatnoweredtheearliestwasOり2Za
gﾉtz6ew･j"m-MbP･oF･jwhichcommenCednoweringat
0830handfinishedatl330h.Thecultivarwiththe

latestTDFwasOタツzasa抑a-Gα"αRa"jqwhich
commencednoweringatlOOOhandfinishedatl400h.

Thewildriceaccessionshadageaterrangeof
TDFthanthecultivatedtypes(Fig2).Ofthe87wild
riceaccessions,theonewiththeearliestTDFwas

Oダツzqeichj"geP･iwhichcommencednoweringatO540
handfinishedatO600h.Theaccessionthatnowered

thelatestwasOりZzαα"αwhichcommencedflowering
at2230handfinishedatmidnight;similar
observationsfbrthoseaccessionswererepoltedby
MatsuoandHoshikawa(1993).Ofthe87wildrice

accessions,21didnotnower.Oftheremaining66,48
accessionshadasimilarTDFmeachofthetwo

experimentalyears.
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Timeofdayofnowering,TDF(h)

Fig.2.Thefequencydistibutionsofthetime-ofday
whenfloweringcommences(TDF)inwildrice
accessions(filledbars)and面cecultivars(unfilled
bars).ThematerialswereobtainedけomtheIRRI
GeneBank｡

IfwedefinethesterilityofspikeletstobeWandthe
feltilitytobel,thenW=ノや.Therelationshipbetween
ffactionalsterilityandmaximumtempemmre(7h,)as
observedbyHorieaaf(1995a)canbewrittenas

ﾘー ﾉー ﾉ/"+eヰフ似鏑3i7)"-3d6ﾉ))(2)

sothatat36.6･C,the廿actionalsterilityandfertility
aI℃both0.5．Spikeletsterilitymcreasediom20%to
95%astemperamreincreasedけom35oCto40･C,

respectively.Forthepurposesofthispaper,the
maximumtemperatureisassumedtooccur4hours
aaerthestartofnowering.

TotestthebenefitsofchangingTDFweused
equation(2)toestimatetheeffectsofa2･C,4･Cand
6･Ctemperatureincreaseonsterilityinacurrentelite
cultivar,qJ垣αg/a6e"""q-Mqro･j,andOり麿a
eic""g巳ﾂ･j(Table2).Itcanbeseenthattheadverse
effectsofa2･Cor4･Cincreaseintemperaturecould
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belargelyavoidediftheTDFwasO540h.However,a

6･Cincreasewouldstillresultina27%lossinfertility
evenwiththeaccessionwiththeearliestTDF

observedinthiswork・Fora6･Cincreaseinseasonal

averagetempelature,yieldswoulddeclineby28%
owingtochangesinrespirationandcropduration,and
thenbyaiilrther85%owingtosterility,givingatotal
yieldlossof89%.

Changesinweathercancauselargevariationsin
theyieldofiITigatedriceandtheycanmaskthemore
gradual,butsubstantialeffbctsofclimatechange.We
haveshownthatacidrain,NOxandO3areatlevels
thatcouldaffectyield(MaggsandAshmore,1998;
Mansfield,1999;2002)andtheircombinedeffectson

yieldwarrantfilrtherstudy.IncreasingCO2
concentrationadverselyaffectsnoralsterility(Ziskaer
aﾉk,1996;Matsuie/cM,1997).Inthispaper,wehave
beenunabletodealwiththecombinedeffectsof

increasingCO2concentrationsandgaseouspollutants
whichhaveoppositeeffectsonphotosynthesis.
Furthennore,werecognizethatairtempemturecanbe
apoorguidetotissuetempemture(Nishiyama,1981;
Sheehyeml,1998).

Finally,ithasnotescapedournoticethatplantsare
mostsensitivetowaterstressdmngthereproductive
period.Apre-dawnTDFmighthelpplantsavoidthe
damagingeffectsofbothhightemperatureandwater
stressonyield.

Table2.Theeffectofincreasingthemaximum
temperanu℃duringflowermgonthesterilityofrice:
(a)cuITentelitecultivarwithaTDFoflOOOh,(b)
cultivatedricewithaTDFofO830hand(c)wild
ricewithaTDFofO540h.

Temperature
c

mcrease

Sterility(%)
b ca

Ｃ
Ｃ
Ｃ

Ｏ
○
０

２
４
６

16

52

85

11

39

78

１
６
刀
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4.ConcludingDiscussion

WewouldliketothankA.FerrerandJ.Dionom

fbrassistanceinthepreparationofthismanuscript.
Theratesatwhichplantsdevelopareafimctionof

tempelature,butsomecrucialpmcessessuchas
reproductionhaveacriticaltemperaturebandwidth
outsideofwhichin℃versibledamageoccurs.Given
thattheresponseoffertilitytotempetureisalmost
identicalinspeciesasdifferentasOりAzaand7W"α
co""m,itislikelythatthemechanismsthatget
damagedbyhightemperaturearesimilarfbrmany
plantspecies・Incultivatedrice,atmaximum
tempelatures>33･C,fertilityfallsataboutl4%｡C~'.
WehaveshownthatearlyTDFcouldprotectfertility
fromfilmreadverseeffectsofclimatechange.Wild
riceaccessionshadawiderrangeofTDFthanofthe
cultivatedrice・NosystematicrelationshipofTDF
withthelatitudeorwiththealtimdeoftheoriginofa
cultivarwasobserved.Themechanismsconirolling
TDFarenotwellunderstoodandNishiyamaand
Satake(1981)suggestedthatoneextrahourof
darknesscoulddelaythetimeofdaywhenthetreated
plantsnoweI℃d.Nonetheless,discoveringthegenes
thatcontrolTDFmaybeofuniversalimportance.

Ithasbeensuggested(ZiskaandManalo,1996;

Pengaa1,2004)thatincreasingnighttemperature
canreduceseedset.Wehaveshownthatseasonal

averageminimumtemperaturesaremcreasingby
0.4｡Cevelytenyears・Increasesinseasonal

temperaturecouldcauseyieldstodeclinebyatleast
5%fbrevelyloCincreasebecauseofincreased

maintenancerespimtionandreducedcropduration.
However,thereislittleornoinfbnnationconceming
therespiratolybehaviorofthericecropthroughoutits
growthcycle・Furthennore,therelationshipbetween
reSpirationandtemperaturefbrriceremainsobscul℃、

Themechanismsthroughwhichnighttemperature
coulddirectlyaffectseedsetarealsounknown.
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