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Summary

TheeffectSofredandfar-redirradiationonthegrowthand且oweringof

OppsophilαpantezalαtaL.p!anbswereinvestigated.Inthefirstexperiment,plan七s

weregrowninphytotronsmain七ainθdaもdaア(6:00-18:00)/night(18:00-6:00)

teml}eraturesof17/12。C,24/19.C,or30/25。Cundera24-hrpho七 〇periodwith8-hr

ofnaturaldaア1ighもandl6-hrofartificiallightingwi七hinoandescentla]〔nps,far-red

舳orescentlalnps,orred且uorθsGen七lamps.Theplantheightwasgreaterand

numberofdaystofloweringwaslessintheGaseofplantsgrownunderthefar-red

且uorescentla皿pthaninthosegrownunderthered且uorescentlamp,Although

far-redlightaeceleratedfioweringtoagreaterextentathightempera七uエe(30/25℃)

bhanaむlow七emperature(17/12.C),もhequa/itアof七heGu七 且owerswasbestatlow

七emperature.In七hesecondexperiment,theeffectSof七hein七ensityoffar-red

fluorescentlightwereinvestigaもed.PlantSweエegrownatdaア/nightte皿pθratures

of17/12℃,24/19℃,or30/250Cundera24-hrphotoperiodwith8-hrofnatura,l

daアlightandl6-hrofart玉ficialligh七ingwi七111,2,er4far-redfluorescen七la皿ps.

Far-redligh七atahighintensit)アacceleratedtheinGreaseinplan七heightand

reduced七henumberofdaysto且owering,irrespectiveofbemperature.1七is

expectedtha七high-qualitアoutfiowerscanbeob七ainedbアcultiva,tingtheplan七s

underovernightirradiatienwithintensefar-redlightatalowtemperabureofl7/

12℃,although七henumberofday・stOfloweringislessathigh七emperatureof30/

2500.

In七hefirsもexperiment,weobservedthatthenumberofdaystoftoweringwa・s

lessinthecaseofplanbSgrownundertheincandesoentlampthan七hosθgrown

underthefar-redfluorescentlamp,irrespeGtiveoftemperature;thisisbecaτ1sethe

intensityoflightfromincandesGentla皿pswassbrongerthantha七 〇flighもfrom

fluorescent/amps.Inthesecondexperimen七,thenumberofdaystofioweringwas

i{!entiealinthecaseoftheplan七sgrownunder4fluorescentla皿psandbhoseunder

aninGandescen七lamp.However,Gonsidering七heenerg>・exchangeef且cienoアand

longlifeoffar-redfluorescen七lamps,itisexpectedもhattheselampsareamore

effeGもivelightsource.
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Theflowersofthelong-da)rplantσ 鯉s(rphilαPaαnicnGlataLareoneofthe

majorcu七flowersinJapan,andtheアareindemandthroughoutthe)アear;they

canbeusedinbouquets,fiowerarrangementS,andsoon.Tomeet七hisdemand,

theseplantsarecultivatedinthewarmsouthwestandcentralregionsofthe

countrywhereshipPingisfro皿falltothenextspringandincoolregionswhere

shipPingisfromsummer七 〇fall,Forcingcultureisa皿ajorcultivationmethod

inthesouthwes七region,Inthismethod,cuttingsareplantedinJuly;because

ofthehightemperatureinsummer,theplan.tsaエeinducedinthephysiological

rosettestage,andbecauseofthesubsequen七lowlightintensi七)ア,10wtemperature,

andshortda)Tsinfall,theアareinduGedin七hemorphologicalrosettestage(Doiet

α1.,1991;Sutoetα1.,1987),Therefore,heatandligh七(long-da)rtrea七ment)are

necessarytoprevenもinductionoftherosettestage.IIlcandescenもlampsare

usuallyusedasligh七sources;however,theefHciencアwithwhichtheyconvert

eleGもricenergアtolightenergyislow,andtheygenerateheat.Foエenergyand

environmentalconservation,七heuseofincandescentlampsis『beingavoided

worldwide,andanalternativelightsourceisrequi■ed.TheeffeetsoffluoresGent

la皿psonG.pαnioulatαhavebeendiscussedpreviouslア.]lightingwithcoo正 一

whitefiuorescentlaInps,whichproducelightwithahighredtofar-red(R/FR}

ra七io,didnotinducefiowering,andtheplantSremainedvege七ativeintheエosette

stage(ShilloandHalevy,1982).SimilarresultsvL・erereportedinstudiesconduct-

edbyZandeandBlacquibre(1997).Incon七rast,incandescen七1amps,which

producelightwithlowR/FRra七io,inducedfiowering,anditwasconcludedthat

thefar-redlightemittedbyincandescentlampsiseffectiveininducingflowering

(Kadman-ZahaviandGartenhause,1989;ZandeandBlacqui6re,1997).Itis

wellknownthattheR/FRratioaffectsplan七growth(Smith,1998).1七appears

thatthegrowthofG.p)anicwlαtαcanbecontrolledbアtheuseofエedorfar-red

light.Inthepresentsむudy,且uorescentlightbulbsthatproduceredorfar-red

lightandconsun1θlowerenergythanineandescentlampswereexperimentally

manufacturedandcomparedwithincandescentlamps.

MaterialsandMethods

Plα%t.Mα 孟θケぜα`

αpani(編 α古αL.`BristolFairy'wasusedintheexperim.ellts.Theplants

wereobtainedfromaco皿mercialnursery(DaiichiEngeiLtd.).Theywere

individuallアpottedinaclaypot(diaIneter,15cm)onAprill8,2001(Exp.1)and

Apri119,2002(Exp.2).TenplanbSwereincludedin.eachtrea七mentgroupin

Exp.1,andgplantswereincludedineachtreatmentgroupinExp.2.Thinning
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wasperfor皿edtOobtain3shootsperplant.Thenumberoftes七edshootsisshown

inTables1(Exp,1)and3(Exp,2).

LightSOterces

AnineandescentIamp(abbreviatedasW)(100W;ToshibaLightingand

TechnologyCorp.),afaHed且uorescentlight一bulb(abbreviatedasFR>(proto一

七アpe;ToshibaLightingandTechnolog)rCoエp,),andaredfiuorescentlightbulb

(abbreviatedasR}(prototype;ToshibaLightingandTechnologアCorp.)were

usedinthisstudy.Thespectraldis七ributionsof七heselam.psareshowninFig.1.

Weusedl4Wand21WfiuorescentlampsinExp.landExp.2,エespeGtively,

thoughthespectraldis七ribution.softheselampsweエethesame.

Treαt7nentatth:fferentTempaeratwesαndPゐ0孟0ア ε麗0♂8

ExperimentswereconductedattheGraduateSGhoolofAgriculturalSGience,

TohokuUniversity,Japan,and3natural-lightphyto七ronswereused.Thetem-

peratureofもhesephytotronswassetat17/12℃,24/19℃,and30/25℃(day:

6:00-18:00/night:18:00-6:00).TheplantSwereplaeedlnframessetinthe

phytotronsandgrownunderna七uraldaylightfrom9:00to17:00.Theframes

werecoveredwithdouble-1ayeエedsilveエpol)rethylenefilmsfroml7:00to9:000n

thefollowingdayinordeエtoshadetheplan七sfromoutsidelight.Whilethe

plantSwereshaded,七heywereirradiatedwiththeabovementionedlightsources.

A24-hrphotoperiodcemprising8-hrofnaturaldayligh七and16-hrofartificial

lightingwasmaintailledduringeachtreatment,exceptforan8-hrphotoperiod

treatmentusedasthecon七rolinExp.2.,wheretheplantSwereprovid合dnatural

daylightonlア.

E㎎ 、ヱEffects(ゾRanaFR∬luorθscent-Light

Ninedifferen七 七ypesoftreatmentconditionsweresetupbycombiningthe3

differenttemperatureconditions(17/12℃,24/19℃,and30/25℃)wi七hthe31ight

sources(W,FR,andR).

Eachlampwasse七inaframe(dep七h,105cln;width,70c皿;height,115cm)

atadistanceof90cmfrom七he且oor.TheaverageirradianceofW,FR,andR

onthefloorjustbelowthelightsouroeswas2.49±0.05,0.29±0.05,andO.24±0.Ol

W/m2,respectively.

Theexperimentwasstar七edonMay14,2001,andterminatedaf七er20weeks,

i.e.,onOciX〕ber2,2001.

1ヲ叩,2.Ef『ect(～ ズ ∬Rlightintensity

Ninedifferen七 七reat皿entconditionsweresetupbyco皿biningthe3tempera-

tureconditions(17/12。C,24/19DC,and30/25℃)with3FRlightintensitylevels

achievedusingFRlampswith1,2,0r4bulbs(representedasIFR,2FR,and4FR,
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IFIG.1・Speetraldisbributionsoflightproducedbytheincandescentlampandthe

エedandfar-red且uorescentlight,

respecもlvely,mthlsstud)り.Inadd1七10n,an8-hrphotoperlodtreatmentand

W-treatmen七condi七ionsweresetupat24/19℃;therefore,thisexperi皿en七includ-

edlltrea七mentconditions.

TheIa皿psweresetinframes(dep七h,80Gm;width,76cm;'height,113-160

c皿>atadistanceof90c皿fromthefloor、In七he17/120Ccondition,theIamps

werera三sedcorrespondingtotheincreaseinplantheight.Theaverageirradian、ce

ofW,IFR,2FR,and4FRmeasureda七9pointsonthe且oorwas2.49+0.05,029±

0.01,0.50±0.02,andl、00+0.03W/m2,エespectively.

Theexperimen七wasstartedonMay16,2002,and七erminatedafter20weeks,

i.e.,onOc{ンober9,2002.

∠dsse8smentMethα 君s

Thesameassessmentme七hodswereusedinExp.landExp.2.Thenumbeエ

ofexpandedleavesontheInaillshootwascountedeveryweek.Plantheight,

whichisもhelengもhfrom七hegroundtotheupperm、ostnode,was皿easuredevery

wee1(.SincetheleavesofO彰psophilαareopposite,thenodenumberwascalcu-

1舗edbydividing七henumberofexpandedleavesby2.Theaverageinternode

lengbhwasGalculatedbydividingtheplantheightbythenumberofnodes.The

floweringshootswereharvestedwithin4-7daysafterfioweropeningandused七 〇

investigatethequalityofcutflowers.Theparametersinvestigatedincluded

cut温owerlengむh,freshweight,andstemdiameter.Moreover,もhehighestfioret

branchordersinthein且orescenceunitSwasalsoinvestigatedasdescribedb)r

Hayashietα9.(1992).
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Results

Exp.1.Eiffect8qズRan{lFR

Thefloweringshoo七swerethe玉ongestinplantsgrowninFRlight,followed

bアWandRlight(Tablel).Thistendencアwasobservedirrespectiveofthe

temperature.Thefloweringshoo七sbeganelorlgatingearliestinplan七sgrownin

Wlight,foUowedbyFRandRligh七(Fig.2).Internodelengむhswerethelongest

inplantsgエowninWlight,followedbyFRandRlighも(Tablel>.Thenumber

ofdaアstOfioweringfro皿thestartof七heexperimentwastheshoエtestinthecase

ofWlight,followedbyFRandRlight(Table1).Thefloweringperiodwa、s

150(A)17/12℃

100{}FR
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150(B)24/19℃
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Fia.2.Effeetsofredandfar-rθd且uorescentlighton七heheightof殉 ア80pん 粥α

paαniculαtaplants.Datawerecolleetedusing且oweringshoobS.Theverbical

barsrepresents七andarderrers・



①

Ta
bl
e1
.E
ff
ec
ts
げ
re
aα

na
fa
r-
re
df
lz
eo
re
s・

θ
窺
li
gh
t・

n伽
9T
・

窃
批

ゾ
(初

S・
pa
hi
la
pa
α
ni
(m
ag
at
α
pl
an
ts
a

畢
挫
N欝

f雛
lf
器
P嘆

譜
iボ

'聯
諦
P噛

搬
黛
h誌

謄
17
/1
2W
30
30
89
.7
±
1.
9f
l3
5.
8±

22
60
ユ

±
12
4.
5±

O.
O-
一

一

FR
29
51
27
,6
±
3.
41
46
.4
±
1.
67
3.
2±

1.
64
.0
±
0.
15
3.
4±

10
ユ
71
2±

2.
ll
.4
±
02

R3
02
13
2.
0±

1.
Ol
O2
.3
±
5.
76
9,
0±

1.
03
.0
±
0.
22
3.
6±

6,
06
4.
0±

1.
60
.7
±
0.
1

24
/1
9W
3・

3・
45
.4
±

・
.8
62
.3
±

・
.8
46
.9
士

・
.4
2.
7±

・
.・

__
-F
i

FR
30
2・

99
.・

±
4.
78
9.
6旦

97
9.
2±

2.
・
2.
3士

0.
05
3.
5±

5.
89
7.
6±

3.
6・

.・
±

・
.・

爵 け
R2
99
10
7.
9±

4.
66
2.
3±

1.
48
2.
4±

2.
71
.5
±
0,
02
5.
9±

2.
39
5.
7±

0.
80
.5
±
0,
0撃

婁

30
/2
5W
30
30
46
.1
±
L7
39
.9
±
1ユ

43
.6
±
1.
OL
8±

0.
0-
一

一
魯

FR
30
25
84
.9
±
5.
44
5.
6±

2.
06
5.
0±

2.
51
.4
±
0.
03
1.
4±

5.
97
5.
2±

4.
10
.8
±
0ユ

g
卜

R2
81
31
01
.2
±
7.
63
5.
4±

2.
07
7.
2±

4.
40
.9
±
0.
02
2.
0±

1.
39
0.
0±

1.
60
.5
±
0.
O

aD
at
ar
eg
ar
di
ng
七
he
fi
ow
er
in
gs
ho
ot
Sw
er
eo
b七

ai
ne
do
nt
he
da
)ア

of
fl
ow
er
in
g

,a
nd
da
ta
re
ga
rd
in
g七

he
no
n且

ow
er
in
gs
ho
o七

sw
er
eo
bt
ai
ne
d

a七
七
he
en
do
ft
re
at
皿
en
t(
20
we
ek
sa
f七

er
th
eb
eg
in
ni
ng
of
tr
ea
tm
en
t)
,

bW
:I
nc
an
de
sc
en
tl
am
p(
10
0W
)

.F
R:
Fa
r一

エ
ed
且
uo
re
sc
en
tl
am
p(
14
W)
.R
:R
ed
且
uo
re
sc
en
tl
a皿

p(
14
W)
.

cT
hi
皿
in
gw
as
pe
rf
or
me
dt
oo
bt
ai
n3
sh
oo
七
sp
er
pl
an
七

,a
nd
10
pl
an
ts
we
re
us
ed
in
ea
ch
七
re
a七

皿
en
七
gr
ou
p.
Th
er
ef
or
e,
七
he
re
we
re
30
sh
oo
ts

in
ea
ch
tr
ea
tm
en
tg
ro
up
.H
oW
ev
θ
r,
un
de
rs
om
et
re
at
皿
en
tc
on
di
ti
on
s,
lo
r2
sh
oo
ts
di
dn
ot
gr
ow
co
mp
le
te
lア

.

dN
um
be
ro
fd
aY
st
of
io
we
ri
ng
fr
om
th
es
ta
rt
of
tr
ea
七
me
n七

,

eP
la
nt
he
ig
ht
/N
uI
nb
er
of
no
de
s

.

fM
ea
n+
SE

.



EffectsげRe記 α煽Far一 磁FltCOTescen`五 妙 ホon伽Ch'owthげ(柳 柳 ん磁paniewlataPi酬 ε7

shoエtestintheeaseofplantsgrowninWlight;longerperiodswereobservedin

七hecaseofplantsgrowninFRandRligh七(Fig.2).Thepercentageofflowering

shootswas七hehighestinthecaseofplantSgrowninW1ight,followedbyFRand

Rlight(Fig.3).TheperGentageoffloweringshooもsinもhecaseofp正antSgrown

inWlightreached100%irrespec七iveofthetemperature;however,もhepercenレ

ageoffloweringshootsneverreaGhedlOO%inthecaseofplantsgrowninRlight,

irエes]pectiveofthetempeエa・ture.

Oncomparingもheeffectsoftemperaもure,wefoundthat一bothshootan.d

interllodelengthswere七helongestinplantsgrownat17/12℃,followedby24/

190Cand30/250C,irrespectiveofthelightsource(Tablel).Theincreaseinleaf

lOO

(A)17/12℃

50

(

　

紹0

§100(B)24/、9℃

聾●器

≧50

ε

も

曲
魯0

琶Ioo

起(C)30/25℃

£

50

0

05101520

Weeksafterh・eatment

FIG,3,EffeGtsofredandfar-red且uorescentlightonthepercentageofflowering

shootsinthecaseofthe(勉 アso3)ん据α1)antewlαtapla皿 もs・
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Table2・Effectsofre面 αndfar-re4fluorescanctlightonthθguαlity{'f(n・et .fZowers

Da)r/nightLightLengthFreshweigh七StemdiameterHighest且oret

tempera七ure(oC)sourcea(G皿)(9)(㎜)branchorders

l7/12Wl29,8±2.lb32.6±0.73.5+0.15・1±0ユ

FR135.7+1.748.8±1.85.0+0.14.2+02

R96.5±5.829.9±1.94.4+0.14.5±O,5

24/19W562±0.87.8±032.6±0,15・0±0・l

FR84.3±1.920.9±0.62.9+0.1生4±0.2

R56.6+1.427.2±1.33ユ+0。14B±02

30/25W33.7±1.25.2±O.41.8±0.13.9±0ユ

FR39.8±2.07.7±0.51.9±0.G3.4±0.1

R29,7±2.012.9±1.22、5±0ユ3.5±0.3

aForthe3abbreviabions(W
,FR,andR),pleaserefertoTablel.

bMean十SE .

numberwasslowat17/120C(datanotshown),Thenu皿berofdaystoflowering

fromthestartoftheexpθrimentwastheleastin七hecaseofplantsgrownat30/

25℃,anditwashigheraも24/19℃an.dthehighestat17/12DC.Theeffectsofthe

lightsourcesonthep正antheightandfioweringweremoreapparentatlow

tempera七uエes七hanthatathighte皿pera加res(Tablel).

Withエegardもothequalityofbhecutflowers,七henumberoffloretbTanch

orderswasthehighestinplantSgrowninWlightfollowedbyFRandRlight

(Table2).Thecutflowerswere七helongestinplantsgエowninFRlightand七he

shortes七inthecaseofthosegrowninRlight.Theeffectsoflightqualityonthe

freshweightandthestemdiameterwerenotobvious.AGomparisonamongthe

plantsgrownatdifferenもtemperaturesshowedthatthenumberofflore七branch

ordersandthelengむhsofもhecutflowersdecエeasedasthetemperatureincreased.

ThefreshweightsofthecutfiowerswerethehighestinthecaseofplanbSgrown

at17/12℃,fol}owedby24/19℃and30/25℃.Thestemdiameterswerethe

greatestinplantsgrownat17/12℃,followedby・24/190Cand30/25DC.Inthe

caseofplan七sgrowninFRlight,at17/120C,thefreshweightandstemdiameteエ

wereparticularlyhigh.Malfor皿.edfloretsweエeobservedatahighrateinplants

grownat30/25。C,irエespectiveof七heligh七source(datano七shown)。Wefound

thatthequali七yofcutfloweエsisconstan七inむhecaseofplantsgエownin、FRlight,

irrespectiveof七hetemperature・

E㎎.2.Effect80fFRlightintensity

OurresulbSshowedthatinplantsgrownat24/19。Ounderthe8-hrphotoper-

iod,theshootwasveryshort(Fig.4)and且oweringdidnoもoGeur(Table3).

Theseresultsindicate七ha、tGpaαnionlαtαisaqualitativelong-dayplant.



EffectSofRedand翫 粥 屍Fluひrescan`Light侃theGrowthげ(加8叩 ん伽 μ泌 ぬ 古αPlα廟9
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FIG.4.]E}ffecbSoffar-redlightintensiむ アontheheightofGttpasophilαpUαndezelαtα

plantS.DatawerecolleGtedusingfioweringshoebS.Theverもicalbarsrepre-

sen七standarderrors、

ComparisonamongIigh七in七ensitiesshowedthatthenumberofdaアsto

floweringwasthelowestin七hecaseofplantsgrownunder4FR,followedby2FR

andlF]R,irrespecもiveof七hete皿per{Lture(Table3).Moreover,withanincrease

intheintensi七 アoffar-redligh七,thenumberoffloweringshootSincreasedinashort

period,irrespeGtiveofthetemperature(Fig.5}.Plantsgrownunder4FRhadthe

fewestleaves;theseplantsalsoexhibitedthefastestflowering,followedby・those

grownunder2FRandIFR.Thei且ternodeIengthwasthegreates七inplants

grownunder4FRandtheleastinthosegrownunderIFR,al七houghthedifference

wasnotgreat(Table3).Thedifferencesintheplantheightcorrespondedwi七h

theincreaseintheIeafnumberandintemodelength(Table3).Theflowering
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FIα.5.Effectsoffar-redlighちin七ensityonthepercen七ageof且oweringshootsin

thecaseoftheθ シア3(ψん呪αPαndetLlαtaPlants.

shoobSoftheplantSgrownunderhighFRirエadiationwereslightl)rlonger;

七e皿per帥ureaff6ctedtheplanもbeight加agreateエextentthan七heintensi七)TofFR

irradiationdid(Fig.4),ThenumberofdaアstOfloweringwas七heleastinthecase

ofplantSgrownat30/250C,irrespectiveof七heFRinもensity;itwashigherin七he

caseofplantsgrownat24/19。Gandthehighes七inthecaseofthosegrownat17/

120C(Table3).Thehe重ghtandinternodelengthwerethegreatestat17/12℃,

followedby24/19DCand30/25。C.Todetermine七hequali七yofthecutflowers,

floweringshoobSlongerthan100cmwerecuttOalengt)hof100c皿andinvestigaV

ed.Comparisonamongもhelightintensitiesrevealedthatthevaluesofallむhe

assessedparameterswereslightlygreaterandもhequali七yofthecutflowerswas

substantiallybetterinthecaseoftheplanbSgrownat30/250Cunder4FRthan
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Tαble4・Effects・ffar-redinte?z吻ontheguae吻(ゾ{編 伽e・ ・sa

Day/nightLightLengthFreshweigh七StemdiameterHighestfloret

temperature(oC)sourceb(c皿)(9)(m皿)branchorders

l7/121FR100.0±0.Gcl9.6-←1.73.1±O,14.4一 ト0ユ

2FR100.0+0.020.0+-LO32+0.14,3+02

4FR100,0十 〇.017.4+1.03.0-←0ユ4.4十 〇ユ

24/191FR88.3±1.613.8+0.62.6±0.142+0.1

2FR85.5+L61L2+0.42.6+0.14.1+0.1

4FR82.4+1.Ol2.6+α43.0+0,142+0.2

V～77L7+0.910.5+0.42.8→-0.14.5+0.1

30/251FR46,1±2.47.2±0,42.3±0ユ3.1±02

2FR46,7+1.77.5+α52.4+0.13.9十 〇.2

4FR52.2+1.110.〇+0,52、8+0.14.8+0.1

aWhenthelengthoftheou七fi・wersexceededlOOcm
,thelengthwasadjustedt・

100G皿formθa8uremen七.

bForthe4abbreviations(IFR
,2FR,4FR,andW),pleaserefer七 〇Table3.

cMean+SE .

2FRoエ1FR,althoughnoobviousdifferenceswereobservedinthecaseofplants

growninFRlightatl7/12℃or24/19DC(Table4).Thecutflowersweエethe

longestinthecaseofplantsgrownat17/12。C,followedbア24/19.Cand30/25"C.

Thefreshweightsofthecut且owersweエethehighestinthecaseofplanbSgrown

atI7/12℃,followedby24/19℃and30/25。C.TheeffectSoftempera七ureonthe

stemdiameterwerenotobvious.

・Discussion

TheresultsofExp.lshowedthatFRlightpromotedthegrowthofG.

μ 煎 編 α`α;theplantheightwasgreaterandfloweringbeganearliercomparedto

plantsgrowninRIight.AlthoughredlightorlightwithhighR/FRra七io

promotes且oweringinsomelong-daアplantssuchasNigella♂amαscenα(Zimmer,

1988)andspinach(HamamotOetα1.,2004),itisknownthatfar-redligh七 〇rlight

withlowR/FRra七iopromotesfioweringinmanア10nLg-dayplantSsuchas

∠ 伊α醜 あps客sthα.lianα(Bagnall,1993;Eskins,1992),stOck(Yoshimuraetα 乙,

2002),pe七unia(CatheyandCampbel1,1975;Laneetα1、,1965),ehrysanthemzem

ff'Letescens(CatheyandCampbell,1975),andoもhers(Friend,1968;工mhoffetα1.,

1979;Laneetα 乙,1965).G袈 侃 ぢα泌αむαfiovl・eringwasalsoshowntobeacceler乱 七一

edundθrlightwithlowR/FRratio(Kadman-ZahaviandGar七enhause,1989;

Shi110andHalevy,1982;ZandeandBlacqui色re,1997);七hisresultisconsistent

withtha七 〇bservedinourexperimen七,Itisknownthatstemelongationinplants

isacceleratedunderlighもwithlowR/FRratioandthisphenomenoniscalled
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``shadeavoidance"(Smith
,1998).Therefore,theincreasein七heheigh七 〇fG.

pαniczelαtαplantsgrownunderFRmaybeatypicalcaseofshadeavoidance.

Withregaエdtotheeffectoftempera七ure,thenumberofdaystofioweringfrom

thestaエtofむheexperim.entwastheleastilltheeaseofplantsgrownat30/259C;

itwashigherinthecaseofplantsgrownat24/190Candthehighestinthecase

of七hosegfownatl7/12℃.SimilarresulbSweエereportedbyKuseアetα1.(1981)

andSutoetα 乙(1987)、Previousstudieshaveshownthatthenu.mberofdaysもo

visiblebudappearancewastheleastinthθGaseofplantsgrownat22℃and

greatestinthecaseofthosegrownat130Cunderl4-,16-,orl8-hrphotoperiods

(Kuseyetal.,1981);fur七her,もhenumbeエofdaystofioweエingwasshown七 〇bethe

leastinthecaseofplantsgrownat30/220Candthegreates七illthecaseofthose

grownat15/70Gundeエ12-,14-,or16-hrphotopeエiods(Sutoetα1.,1987).Itwas

alsoreportedthatthepercentageofbloomingplantswasthehighestamongplan七s

growna七hightemperatureof27/22℃(ShilloandHalevy,1982).Fromむhese

results,itcanbeconcluded七hatthefloweringofG.pUαni(mlαtαisacceleratedata

hightemperatureofupto30/25℃.Theeffectoftemperatureonthes七emlengもh,

shootlength,in且orescen.ce!ength,or七hesumoftheshootandinfiorescentlengths

ofplantsgrowninthesam、ephotoperiod(12-,14-,16-,or18-h⇒isnotconstant

(Kuseyetα9.,1981;Sutoetα1,,1987).Inthisexperimellt,theplantsweregrown

undera24-hrphotoperiodandtheplantheightwasfoundtobethegreatestinthe

caseofplantsgrownatlow七e皿peratures,irrespectiveofthelightquali七y.Itis

expectedthaむtheeffectsoftemperatureontheplantheightappeareddistinctly

underthelongerphotoperiodlikethisexperiment.Aユthoughresponsestohigh

temperatureweredifferentamongcultivarsandlines,G.paanictelαtavege七ative

shootSexposedto30/25。CwereinducedtofoTmationofrosettes(Doietα1.,1991).

Inthisexperimenも,however,theheightsoftheplantsgrowna七30/25。Cwere

elongatediエrespectiveof七helightquality.Thiswasbecausea24-hrphotoperiod

preventedplan七sfrominducingエosetteforma七ion,Asindicatedabove,FRlight

hasamorefavorableeffectthanRlightonG.ア α轍 編 αむαgrow七h.However,

overnightirradiationwithl4Wfar-red且uoresGentlamp,asinむheeaseof七his

experiment,waslesseffeGtivethanthatwi七hasingle100WwhiteinGandescent

lamp;floweringwasdelayedintheeaseoftheplantsgrownin.FRlightcompared

七〇 七hosegrowninWlighも,andtheratea七whichthepercentageoffloweringshoots

inGreasedwasslowerintheformercase七haninthelatter.Theseresultsindieate

thattheFRintensi七yprobabl)アaffects七hefioweエingof(7、paαni(nLZαta.Therefore,

weconductedExp.2toinvestigate七heeffectofもheFRlightint}ensityonthe

growthofG.ア α偏c掘 α砿

InExp.2,weobserved七hatthe且oweringofGponiculatαwasaffectedbythe

intensityoflight,anditwaspromotedinintenseFRIight.Withregardtothe

effectoflighもintensit)Tonthefloweringoflong-dayPlants,itisknownthat

boltingbeginssoollerin∠4ゲ αb嘱o卯8ぢ8plantsgrownunderhigh-int}ensitアredlight
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irradiationthaninthosegrownunderlow-intensit)rirradiation(Eskins
,1992).1七

isalsoknownthat且oweringbeginssooninpetuniaplanbSgrownunderhigh-

intensit)Tiエradiationprovidedb)Tei七hermetalhalidelamps(R/FR=1 ,1)or

high-pressuresodiumlamps(R/FR_2.9)(Fukudaetal.,2002).

Inthecaseofplantsgrowna七24/19gCun .deran8-hrphotoperiod,theshoo七

wasveryshortandfloweringdidno七 〇ccur..Theseresu1七sindicatethatG.

pUαnionelαtαisaqualitativelong-dayplant.Moreover,the)Tcorrespondwiもh七he

factもhatG.pα 蛎(編 α古αcontinuedvegetativegrowthanddidnotfiowerwhen

grownunderthe8-hrphotopeエioda七anyofthe七estedte】[n、peratures(17/12。(),22/

17℃,or27/22℃)(Shilloan .dHalevy,1982).

Inthisstudy,theuseof421WFRla皿pspro皿otedthe且oweringofG .

pαniomlαtαwithoutaffectingthequalityoftheGu七flowers,andthiseffectwas

equivalenttothatofasingle100Wincandescentlamp.Thefluorescentlampsare

advantageousinthattheyconsumelesseleGtrici七 ア,theyhaveahigherlight-

exchangee伍ciencアthanwhiteincandescentlamps,andtheylast正onger.More-

over,theFRfluorescentlightbulbsusedin七hisexperimentcanbesetingreen-

housesinthesamemannerasincandescentlamps,andse七tingupis七hereforeeasy.

Forthesereasons,theFRfluorescenもlightm.a)rbesuitableforσ,pUαniczelαtα

cultivation,particularlyunderlow-temperatureandshort-dayconditions ,With

regaTdtothenumberofhghtsources,421WFRfluorescentbulbswererequired

toobtainaneffectequivalen七iX)七hatofasingle100Wwhiteincandescentlamp.

Itwaspreviously・shownthatonlyfar-redlightislesseffec七ivethanincandescen七

lampsoracombinationofredandfaエ ーredlight,andstudiesconoluded七hata

combinationofredandfar-redligh七 〇fwavelength500-750n皿iseffectivein

promotingboltingorfioweringofa.pan②onlata(Kadman-Zahaviand(}arten-

hause,1989;ShilloandHalevy,1982;ZandeandBlacqui6re,1997).Itis

thereforenecessarytodevelopfar-redfiuorescentlampsthatproducelightof

greaterin七ensityormoreeffec七ivelightingmethodssuchasthosecombiningred

andfar-redlight.
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