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Implication of Endogenous Cytokinins in the Growth Inhibition of
Cucumber Plants by Supraoptimal Root-zone Temperature
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Summary
Seedlings. of cucumber (Cwcwmis satiuus L., cv. Sharp I) were grown in hydroponic cul-

ture at root-zone temperatures of 25,35, and 38 'C 
for 10 days. Cytokinins in the leaves

and roots were quantified at day 5 and I0. Zeatin and its riboside were the main cytokinins
in the leaves, while the roots contained a considerable amount of isopentenyladenosine
besides the above two cytokinins. High root-zone temperatures caused a marked decrease
in cytokinin concentrations. The change was gradual at 35 'C 

but very rapid at 38'C,
and fluctuated more in the roots than in the leaves. In plants grown at 38"C, cytokinin
concentrations in the roots were very low already at day 5; at day 10 both the roots and
leaves contained only negligible concentrations of cytokinins. Zeatin riboside was more
sensitive to high root-zone temperatures than the other cytokinins in the leaves.

Cucumber plants were grown at 38"C for 10 days and treated with 0, 10-6, 10-5, and
10-4 M benzylaminopurine (BAP) to leaves in combination with 0, 10-6, and 10:u M
abscisic acid (ABA) treatments to roots. Treatment of roots with 10-6 M ABA promoted
slightly growth of BAP-untreated plants; but 10-5 M ABA was inhibitory, irresepective
of BAP treatments. On the other hand, foliar sprays of BAP at 10-a M caused a marked
increase in the growth rate of ABA-untreated plants. Lower BAP concentrations had no
significant effects. This growth-promoting effect of 10-a M BAP sprays to leaves was'not
observed when the roots were supplied with ABA at either concentrations.

The results strongly suggest that inhibition of cytokinin synthesis in the roots and the
resultant decrease in endogenous cytokinin concentrations in the leaves are the bases for
growth inhibit ion of cucumber plants at supraoptimal root-zone temperature.

Introduction

Cucumber is a thermOphilic plant whose optimal

roOt_zOne temperature lies around 25° C in the ma―

ture grOwth stage(Sasaki and ltagi, 1989):Young

cucumber plants can grow normally at 32 ° C, but

its grOwth rate is inhibited above 35°C; at 37 to

38 °C they develop very sman, chlorotic leaves

and p00r r00ts with thick, bent tips (Du and
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Tach ibana,  1994a;  Wang and Tach ibana,  199b) .
We previously studied the physiological  causes

of growth inhibi t ion in cucumber plants at  sup-
raoptimal root-zone temperatures, with respect to
water relat ions,  mineral  nutr i t ion,  root respirat ion,
photosynthesis, sugar metabolism in roots, and
abscis ic acid concentrat ions in leaves and roots
( D u  a n d  T a c h i b a n a ,  1 9 9 4 a ,  1 9 9 4 b ,  1 9 9 5 ;  W a n g
and Tachibana, 1995).  However,  changes in cyto-
kinin concentrat ions in cucumber plants in re-
sponse to elevated root-zone temperatures have not
been elucidated.

Since cytokinins are mainly synthesized in roors
(Skene, I97 5),  environmental  stresses to roots
may cause a decrease in cytokinin synthesis in the
roots, which in turn may lead to a shortage of this
hormone in the shoot. Root-zone environments
such as drought ( l ta i  and Vaadia,  196b),  water log-

549

:I.
..

-.
I.j

JJJJJJJ廿へ
に

単

れ

ノ

し

肥

化

):三
一=Ti･:

J.Japan.Soc.Hort.S°i.66(3･4):549-555.1997.

ImplicationofEndogenousCytokininsintheGrowthInhibitionof

CucumberPlantsbySupraoptimalRoot-zoneTemperature

shojiTachibana,YongChenDuュ,yuHai W ang2andFumikaKitamura

FacultyofBioresources,MieUniversity,Tsu,Mie514

Summary

Seedlings′ofcucumber(CucumissativusL.,cv.SharpI)weregrowninhydroponiccul-
tureatroot-zonetemperaturesof25,35,and380Cfor10days.Cytokininsintheleaves
androotswerequantifiedatday5and10.Zeatinanditsribosidewerethemaincytokinins
intheleaves,whiletherootscontainedacqnsiderableamountofisopentenyladenosine
besidestheabovetwocytokinins.High root-zonetemperaturescausedamarkeddecrease
incytokininconcentrations.Thechangewasgradualat350Cbutveryrapidat38℃,
andfluctuatedmoreintherootsthanintheleaves.Inplantsgrownat38oC,cytokinin
concentrationsintherootswereverylowalreadyatday5;atday10boththerootsand
leavescontainedonlynegligibleconcentrationsofcytokinins.Zeatinribosidewasmore
sensitivetohighroot-zonetemperaturesthantheothercytokininsintheleaves.
cucumberplantsweregrownat38℃ for10daysandtreatedwith0,10-6,10-5,and
lO~4M benzylaminopurine(BAP)toleavesincombinationwith0,10~6,andlO~5 M
abscisicacid(ABA)treatmentstoroots.TreatmentofrootswithlO~6MABApromoted
slightlygrowthofBAp-untreatedplants;butlO~5MABAwasinhibitory,irresepective
ofBAPtreatments.Ontheotherhand,foliarspraysofBAPatlO~4Mcausedamarked
increaseinthegrowthrateofABA-untreatedplants.LowerBAPconcentrationshadno
significanteffects.Thisgrowth-promotingeffectoflO~4MBAPspraystoleaveswas油ot
observedwhentherootsweresuppliedwithABAateitherconcentrations.
Theresultsstronglysuggestthatinhibitionofcytokininsynthesisintherootsandthe
resultantdecreaseinendogenouscytokininconcentrationsintheleavesarethebasesfor
growthinhibitionofcucumberplantsatsupraoptimalroot-zonetemperature.

Introdut:lion

Cucumberisathermophilicplantwhoseoptimal

root-Zonetemperatureliesaround250Cinthema-

turegrowthstage(Sasakiandltagi,1989).Young

cucumberplantscangrownormallyat32oC,but

itsgrowthrateisinhibitedabove35oC;at37to

38℃ theydevelopverysmall,chloroticleaves

and poorrootswith thick,benttips(Du and
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Tachibana,1994a;WangandTachibana,1995).

WepreviouslystudiedthephysiologlCalcauses

ofgrowthinhibitionincucumberplantsatsup-

raoptimalroot-zonetemperatures,withrespectto

waterrelations,mineralnutrition,rootre/spiration,

photosynthesis,sugarmetabolism in roots,and

abscisicacidconcentrationsinleavesandroots

(DuandTachibana,1994a,1994b,1995;Wang

andTachibana,1995).However,changesincyto-

kinin concentrationsin cucumberplantsin re-

sponsetoelevatedroot-zonetemperatureshavenot
beenelucidated.

Sincecytokininsaremainlysynthesizedinroots

(skene, 1975),environmentalAstressesto roots

maycauseadecreaseincytokininsynthesisinthe

roots,whichinturnmayleadtoashortageofthis
hormone in the shoot Root-zone environments

suchasdrought(ItaiandVaadia,1965),waterlog-
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ging (Burrows and Carr,  1969),  sal in i ty ( I ta i ,

197S) and low temperature (Tachibana, 1988) are

known to inhibit cytokinin production in the roots.

Information on cytokinin concentrations in plant

t issues as inf luenced by supraopt imal root-zone

temperature is l imi ted. I ta i  et  a l .  (1973) found that

bean roots exposed to a short-term heat stress

treatment had a dramatic decrease in cytokinin

concentrations in the root xylem exudate.

Kuroyanagi  and Paulsen (1988) conjectured that

wheat plants grown at  35 
oC 

root-zone tempera-

ture contained a def ic ient  level  of  cytokinin in the'

leaves, based on an increase in protease act iv i ty

and a decrease in protein content. However, they

did not determine the endogenous cytokinin con-

centrat ions in the plant t issues. Thus, the objec-

tive of our present study was to investigate the

effect  of  supraopt imal root-zone temperature on

endogenous cytokinin concentrat ions in cucumber

plants and whether those changes are causal ly re-

lated to their  growth inhibi t ion.

Materials and Methods

1. Effect of root-zowe temperatwre on cytokinin concen'

tratians in roots and leaues (Exp. 1)

Seedl ings of  cucumber (Cwcwmis sat iawsL.,  cv.

Sharp I )  were raised in a glasshouse on gravel  cul-

ture.  Twenty plants each were then transplanted

at the f i rst  t rue leaf  stage to three hydroponic

beds, containing 250 l i ters of ,  I /  2 strength Hoag-

land solut ion.  The solut ion was control led at  25
"C, c i rculated cont inuously wi th a smal l  pump, and

aerated intermit tent ly for  15 min every hour.  Af-

ter  the plants were accl imated to the water cul ture

condi t ions for  3 days, the solut ions in two beds

were raised to 35 and 38"C. Ten plants were sam-

pled from each treatment 5 and 10 days after the

onset of  the t reatments and 100-S port ions of

roots and leaf  b lades were immediately f rozen

separately in l iquid ni t rogen and stor:ed at  -  30
'C 

for cytokinin analysis.

2. Effect of BAP and ABA treatments on plant

growth at swpraoptimal root-zune temperatwre (Exp.

2)

Cucumber seedl ings cv.  Sharp I  were raised as

in Exper iment 1.  Six plants were planted in each

of f ive hydroponic beds containing 250 liters of

I/2 strength Hoagland solution held at 25"C. Af-
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ter 3 days, the temperature of the solution in four
beds was raised to 38"C, whi le that  in one bed
was left at 25"C. When the solution temperature

reached 38"C,  c is ,  t rans-  (+  )  ABA (na tura l  ABR,

a gift from Torey Ind. Inc.) was added to the nu.
tr ient  solut ion at  0,  10-6,  and 10-5 M. Simul-

taneously,  a l l  expanded leaves in the 38 "C treat.

ments were sprayed with an aqueous solution of
BAP a t  0 ,  10-6 ,  10-5 ,  and 10-4  M,  conta in ing

0.017o Tween 20. This fo l iar  spray was repeated

again after 6 days. Plants grown at 25'C received

no hormone treatments and served as the control.

Plants were harvested after 10 days of root-zone

temperature t reatments,  and their  leaves, stem
plus petioles, and roots weighed.

3. Quantitation of cytohinins

The method descr ibed by Horgan (1978) was

followed for extraction and purif ication of cytoki-

nins in roots and leaf  b lades. Br ief ly,  100-S of
f rozen t issues were immersed in Bielski  solut ion

(Bielski ,  1964) and lef t  at  -  30 "C for 24 hr in

the dark.  The solut ion was then removed by f i l t ra.

t ion and the t issues were homogenized in acidic

methanol  (methanol :  water:  formic acid :  6:  4:  1,

by volume).  Af ter  standing at  -  30 
'C 

f .or  24 hr,

the homogenates were fi l tered through fi l ter paper

under suct ion.  The f i l t rates were combined with

the previous Bielski  extracts and evaporated to

dryness  a t  40 'C in  vacuo.  The res idues  were  d is -

solved in 3OmM acet ic acid and passed. through a

PVPP column to remove phenol ics and pigments,

The eluate was adjusted to pH 8.2 and part i t ioned

four t imes against  water-saturated n-butanol .  Buta-

nol  extracts were then dr ied and redissolved in a

minimum volume of  357o ethanol .  Cytokinins in the

35Vo ethanol  e luates were further pur i f ied and

separated by gel f i l tration with a Sephadex LH-24

gels.  Cytokinins in the eluates were quant i f ied by

soybean cal lus test  using 6 cal lus pieces of  cv.

Acme and 25ml of  Mi l ler 's media wi thout repl ica-

t ion (Tachibana, 1 988).

Results

1. Effect of root-zone temperatwre on cyt;okinin cnncen'

tratians in roots and leaues (ExP.l)

The effects of high root-zone temperatures on

plant growth was essentially the same as those re-

ported previously (Du and Tachibana, L994a).
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gir曙 (Burrows and Carr,1969),salinity (Itai,

1978)andlowtemperature(Tachibana,1988)are

knowntoinhibitcytokinimproductionintheroots.

Informationoncytokininconcentrationsinplaht

tissuesa占influenced by supraoptimalroot-zone

temperatureislimited.Itaietal.(1973)foundthat

bean rootsexposedtoashort-term heatstress

treatmenthad adramaticdecreasein cytokinin

concentrations in the root xylem exudate.

KuroyanagiandPaulsen(1988)conjecturedthat

wheatplantsgrownat35oC root-zonetempera-

turecontainedadeficientlevelofcytokinininthe＼

leaves,basedonanincreaseinproteaseactivity

andadecreaseinproteincontent,However,they

didnotdeter･minetheendogenouscytokinincon-

centrationsintheplanttissues.Thus,theobjec-

tiveofourpI･eSentStudywastoinvestigatethe

effectofsupraoptimalroot-zonetemperatureon

endogenouscytokininconcentrationsincucumber

plantsandwhetherthosechangesareLcausallyre-

latedtotheirgrowthinhibition.

MaterialsandMethods

1.ENectofroot-Zonetemperatureoncytokininconcen-

trationsinrootsandleaves(Exp.1)

SeedlingsofCucumber(CucumissativusL.,cv.

SharpI)wereraisedinaglasshouseongravelcul-

ture,Twentyplantseachwerethentransplanted

atthefirsttrueleafstagetothreehydroponic

beds,containing250litersofI/2strengthHoagl

landsolution.Thesolutionwascontrolledat25

oC,circulatedcontinuouslywithasmallpump,and

aeratedintermittentlyfor.15mineveryhour.Af-

tertheplantswereacclimatedtothewaterculture

conditionsfor3days,thesolutionsintwobeds

wereraisedto35and38oC.Tenplantsweresam-

pledfromeachtreatment5and10daysafterthe

onsetofthetreatmentsdnd 100-g portionsof

rootsand leafbladeswereimmediately frozen

separatelyinliquidnitrogenandstoredat-30

0Cforcytokininanalysis.

2.ENectofBAP and ABA treatmentsonplant

growthatsupraoptimalroot-zonetemperature(Exp.

2J

Cucumberseedlingscv.SharpIwereraisedas

inExperiment1.Sixplantswereplantedineach

offivehydroponicbedscontaining250litersof

1/2strengthHoaglandsolutionheldat25℃.Af-

ter3days,thetemperatureofthesolutioninfour

bedswasraisedto38oC･whilethatinonebed

wasleftat25oC･Whenthesolutiontemperature

reached38oC,cis,trams-(+)ABA(naturalABA,
agiftfrom Toreylnd･Inc･)wasaddedtothenu.

trientsolution at0,10~6,andlO~5 M･Simul_
taneously,allexpandedleavesinthe38oCtreat.

mentsweresprayedwithanaqueoussolutionof

BAP atO･灯 6,日｢5･and lO~4M,containlng

0.01%.Tween20.Thisfoliarspraywasrepeated

againafter6days･Plantsgrownat25℃ received

nohormonetreatmentsandservedasthecontroL

Plantswereharvestedafter10daysofroot-Z9ne
temperature treatments,and their leaves,stem

pluspetioles,androotsweighed.

3.Quantitationofcytokinins

ThemethoddescribedbyHorgan(1978)was

followedforextractionandpurificationofcytoki一

minsinrootsandleafblades.Briefly,100-gof

frozentissueswereimmersedinBielskisolution

(Bielski,1964)andleftat-30oCfor24hrin

thedark.Thesolutionwasthenremovedbyfiltra･

tionandthetissueswerehomogenizedinacidic

methanol(methanol:water:formicacid-6:4:1,

byvolume).Afterstandingat-30oCfor24hr,

thehomogenateswerefilteredthroughfilterpaper

undersuction.Thefiltrateswerecombinedwith

thepreviousBielskiextractsandevaporatedto

drynessat40℃ invacuo.Theresiduesweredis-

solvedin30mM aceticacid.andpassedthroughaL†
pvpPcolumntoremovephenolicsandpigments.

TheeluatewasadjustedtopH8.2andpartitioned

fourtimesagainstwater-saturatedn-butanol.Buta-

nolextractswerethendriedandredissolvedina

minimumvolumeof35%ethanol.Cytokininsinthe

35% ethanoleluateswerefurtherpurifiedand

separatedbygelfiltrationwithaSephadexLH-20

gels.Cytokininsintheeluateswerequantifiedby

soybeancallustestusing6calluspiecesofcv･

Acmeand25mlof･Miller'smediawithoutreplica･

tion(Tachibana,1988).

Results

1.Effectofroot-zonetemperatureoncytokininconcen･
trationsinrootsandleaves(Exp.1)

TheeffectsofhighrooLzonetemperaturesOn

plantgrowthwasessentiallythesameasthosere-

ported previously (Du and Tachibana,1994a)･
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Shoot and root growths were significantly inhi-

bi ted at  38"C at  day 5;  the upper leaves became

chlorot ic at  days 6 to 7.  At  35"C, plant growth

was slightly inhibited at day 5, and remained

smal l  unt i l  day 10, as compared to those grown at

25 "C, particularly the roots. Leaf. chlorosis did

not occur at  35"C.

Cytokinin concentrations in roots of cucumber

p lan ts  g rown a t  25 ,35  and 38 'C fo r  5  and 10

days are shown in Fig.  1.  Cucumber roots con-

tained a considerable amount of  isopentenyladeno-

sine (ZiPA) besides zeatin (Z) and zeatin riboside

(ZR). Cytokinin concentrations in roots grown at

35 
'C 

were almost the same as those grown at

25"C at day 5, but ZR and Z at the higher temper-

ature decreased to less than a hal f  at  day 10,

whereas ziPA changed l i t t le.  However,  the roots

grown at  38 
'C 

had much lower concentrat ions of

al l  three cytokinins at  day 5,  and only negl ig ib le

concentrat ions existed at  day 10.
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Fig. 2 shows the cytokinin concentrations in

leaves of plants grown at different root-zone

temperatures for  5 and 10 days. Z and ZR were

the main cytokinins in the leaves of plants grown

at 25'C; ziPA was barely detectable. The effects

of high root-zone temperature on cytokinin concen-

trat ions in leaves were relat ively smal l  as com-
pared to those in roots. Plants grown at 35 

oC

showed a slight decrease in both ZR and Z concen-

trations in leaves at day 5. Concentrations of these

two cytokinins particularly ZR were further de-

creased af ter  10 days at  35"C. On the contrary,
ziP A concentrations in leaves were much higher

in plants grown at 35 
'C 

than were those grown at
25"C. Plants grown at  38 "C showed a marked de-
crease in ZR in leaves at  day 5,  but  the decrease
in Z was relat ively smal l .  At  day 10, however,  the

concentrations of both ZR and Z decreased to very

low levels;  2 iPA was not detectable.
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FiS. 1. Histograms of cytokinin concentrations in the roots of cucumber plants grown at 25"C (A), 35'C (B) and
38 "C (C) root-zone temperatures for 5 days (left) and 10 days (right). Cytokinins were extracted from
1009 of fresh roots, fractionated on Sephadex LH-20 with 35% ethanol as eluting solvent, and assayed for
cytokinin activity by soybean callus test. Abbreviations: ZR; zeatin riboside, Z; zeatin, 2iPA; isopenteny-
ladenosine, ZiP; isopentenyladenine.
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shootandrootgrowthsweresignificantlyinhi-

bitedat38oCatday5;theupperleavesbecame

chloroticatdays6to7.At35℃,plantgrowth

wasslightly inhibited atday 5,and remained

smalluntilday10,ascomparedtothosegrownat

25oC,particularlytheroots.Leafchlorosisdid

notoccurat35oC.

Cytokininconcentrationsinrootsofcucumber

plantsgrownat25･35and38oCfor5and10

daysareShowninFig.1.Cucumberrootscon-

tainedaconsiderableamountofisopentenyladeno-

sine(2iPA)besideszeatin(Z)andzeatinriboside

(ZR)･Cytokininconcentrationsinrootsgrownat
350Cwerealmostthesameasthosegrownat

25oCatday5,butZRandZatthehighertemper-

aturedecreasedtolessthanahalfatday10,

whereas2iPA changedlittle.However,theroots

grownat38℃ hadmuchlowerconcentrationsof

allthreecytokininsatday5,andonlynegligible

concentrationsexistedatday10.
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Fig.2 showsthecytokininconcentrationsin

leaves ofplants grown atdifferentroot-zone

temperaturesfor5and10days.ZandZRwere

themaincytokininsintheleavesofplantsgrown

at25oC;2iPAwasbarelydetectable.Theeffects

ofhighroot-zonetemperatureoncytokininconcen-

trationsinleaveswererelativelysmallascom-

paredtothoseinroots,Plantsgrownat350C

showedaslightdecreaseinbothZRandZconcen-

trationsinleavesatday5.Concentrationsofthese

twocytokininsparticularlyZR werefurtherde-

creasedafter10daysat35℃.Onthecontrary,

2iPA concentrationsinleavesweremuchhigher

inplantsgrownat35℃ thanwerethosegrownat

25oC.Plantsgrownat38℃ showedamarkedde-

creaseinZRinleavesatday5,butthedecrease

inZwasrelativelysmall.Atday10,however,the

concentrationsofbothZRandZdecreasedtovery

lowlevels;2iPAwasnotdetectable.

0 400 800 1200 0 400 800 1200

Elutionヽ70lume(ml)

Fig･1･Histogramsofcytokininconcentrationsintherootsofcucumberplantsgrownat25oC(A),35℃(B)and
38oC(C)root-zonetemperaturesfor5days(left)and10days(right).Cytokininswereextractedfrom
lOOgoffreshroots,fractionatedonSephadexLH-20with35%ethanolaselutingsolvent,andassayedfor
cytokininactivitybysoybeancallustest･Abbreviations:ZR;zeatinriboside,Z;zeatin,2iPA;isopenteny-
1adenosine,2iP;isopentenyladenime.
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FiS. 2. Histograms of cytokinin concentrations in the leaves of cucumber plants grown
38 "C (C) root-zone temperatures for 5 days (left) and 10 days (right). Cytokinins
fresh leaves. For the abbreviations see the legend of Fig.,1.

at  25'C (A),  35 'C (B) and
were extracted from 100 g

2. Effect of BAP &nd ABA treatments on plant

growth at swpraoptimal root-zone temperatwre (Erp.

2)

Figs.  3 and 4 show the ef fect  of  BAP and ABA
treatments on the dry weight of  the whole plants,

and leaves and roots of  cucumber plants grown at
38'C for 10 days, respect ively.  The corresponding
dry weights of the control plants grown at 25"C
without hormone treatments are given in the figure
legends. Plants grown at  38"C without any hor-
mone treatment accumulated less dry matter,  com-
pared to the control  p lants grown at  25'C' .  speci f i -
cal ly 560/o (whole plant) ,  43Yo ( leaves) and 34o/o
(roots).

When ABA was not suppl ied to roots,  p lant
growth at  38 

oC 
was promoted by fo l iar  sprays of

BAP. The growth-promot ing ef fect  of  BAP was
greater as i ts concentrat ions were increased; at
10-4 M, the whole plant dry weight increased to
83o/o of  the control  p lants grown at  25 "C without
any hormone treatments.  The growth-promot ing

Control
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Fig.2.Histogramsofcytokininconcentrationsintheleavesofcucumberplantsgrownat25oC(A),35℃ (B)and

38'oc(C)root-zonetemperaturesfor5days(left)and10days(right)･Cytokininswereextractedfrom100g
freshleaves.FortheabbreviationsseethelegendofFig.′1.

2.EffectofBAP andABA treatmentsonplant
grou,thatsupraoptimalroot-zonetemperature(Exp.

2)

Figs,3and4ShowtheeffectofBAPandABA

treatmentsonthedryweightofthewholeplants,

andleavesandrootsofcucumberplantsgrownat

380Cfor10days,respectively.Thecorresponding

dryweightsofthecontrolplantsgrownat250C

withouthormonetreatmentsaregiveninthefigure

legends.Plantsgrownat380C withoutanyhor-

monetreatmentaccumulatedlessdrymatter,com-

paredtothecontrolplantsgrownat25oC･.specifi-

cally 56% (wholeplant),43% (leaves)and 34%

(roots).

When ABA wasnotsupplied to roots,plant

growthat38℃ waspromotedbyfoliarspraysof

BAP,Thegrowth-promoting effectofBAP was

greaterasitsconcentrationswereincreased;at

lO~4 m,thewholeplantdryweightincreasedto

83%ofthecontrolplantsgrownat250Cwithout

any hormonetreatments.The growth-promoting
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Fig.3.Bargraphsdepictingtheeffectsoffoliarspraysof

benzylaminopurine(BAP)incombinationwithroot

treatmentwithabscisicacid(ABA)Onthedryweight
ofwholecucumberplantsgrownat38℃ rooLzone

temperaturefor10 days.Thewholeplantdry
weightofplantsgrownat25℃ withouthormone

treatments(Control)was14.56g.BAPconcentra･
tions:□;OM,田;10~6M,匪;10~5M,■;10~4M.
Barswiththesameletterarenotsignificantlydiffe･
rentat∫)-0.05.
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ilons.

Since roots are believed to be a main cite of
cytokinin synthesis in plants,  our resul ts in Exp. 1
suggest that supraoptimal root-zone temperature
inhibi ted cytokinin product ion in cucumber roots
and consequent ly reduced the amount of  cytoki-
nins t ranslocated to the shoot.  Very low cytokinin
concentrations in the roots grown at 38'C for b
days suggest that the response of cytokinin synth-
esis in the roots to high temperature is very rapid.

In Exp. 2,  BAP was sprayed on cucumber
grown at 38 "C root-zone temperature to examine
whether the decrease in cytokinin concentrat ions
in leaves causes growth inhibi t ion of  cucumber
plants. Concurrently, ABA treatment to the roots
was examined, because in our ear l ier  study en-
dogenous ABA was markedly decreased in cucum-
ber roots grown at 38 

oC 
root-zone temperature

(Du and Tach ibana,  1995) .
In roots untreated with ABA, fo l iar  sprays of

BAP at 38 
'C 

amel iorated growth inhibi t ion s igni-
f icant ly.  This growth-promot ing ef fect  of  BAp was
greater as the concentration was increased. Cheikh
and Jones (199a) also observed that the inhibi t ion
of in vitro growth of maize kernels by heat trear-
ment at  35 

oC 
was signi f icant ly reversed by 10-5

M BAP. We found that fo l iar  sprays of  10-5 and
10- '1 M BAP to cucumber plants grown at  ZE C
root-zone temperature did nqt promote plant
growth.  Therefore,  BAP spray to leaves promoted

effect of BAP was achieved mainly by the increase
in leaf  areas but not in leaf  number.  Upper leaves
of plants grown at  38"C without hormone treat-
ments became chlorotic but this conditiorn was re-
versed by BAP appl icat ion.

When plants were not sprayed with BAp, ABA
treatment to roots at  10-6 M caused sl ight ,  insigni-
f icant increases in root and leaf  dry weight accu-
mula t ions .  However ,  ABA a t  10-5  M was inh ib i -
tory to .growth, particularly to leaf growth. F urth-
ermore, the growth-promoting effect of BAp was
completely negrected by s imultaneous appl icat ion
with 10-6 M ABA to roots.  At  10-5 M ABA, root
growth was inhibi ted more as the concentrat ion of
BAP was increased. In th is case, water content of
leaves was 77 and 79% at 10-a and 10-5 M BAp,
respect ively,  in contrast  to 82o/o at  10-6 and 0 M
BAP. Leaf. chlorosis in plants grown at 88 "C
without any hormone treatment was part ia l ly
al leviated by ABA treatments.

Discussion

I ta i  et  a l .  (1 973) found a rapid decrease in cyto.
k in in concentrat ions in the xylem exudates of  bean
roots exposed to 47.5 'C for only Z min.  Cheikh
and Jones (1994) reported that exposure of  in
vi t ro-grown maize kernels to 35'C for 4 or 8 days
resul ted in great suppression of  dry weight accu-
mulat ion and increased kernel  abort ion,  accompa-
nied by a marked decrease in cytokinin concentra-

∫.Japan.Soc.Hort.S°i.66(3･4):549-555.1997.
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effectofBAPwasachievedmainlybytheincrease

inleafareasbutnotinleafnumber.Upperleaves

ofplantsgrownat380CwithouthormonetreaL

mentsbecamechloroticbutthisconditio7nWasre-

versedbyBAPapplication.

WhenplantswerenotsprayedwithBAP,ABA

treatmenttorootsatlO ~6Mcausedslight,insigni-
ficantincreasesinrootandleafdryweightaccu-

mulations.However,ABA atlO~5 M wasinhibi一

toryto.growth,particularlytoleafgrowth,Furth-

ermore,thegrowth-promotingeffectofBAPwas

completelynegrectedbysimultaneousapplication

withlO~6MABAtoroots.AtlO~5M ABA,root

growthwasinhibitedmoreastheconcentrationof

BAPwasincreased.Ⅰnthiscase,watercontentof

leaveswas77and79%atlO~4andlO~5MBAP,

respectively,incontrastto82%atlO~6and0M

BAP.Leafchlorosisinplantsgrownat380C

withoutany hormone treatmentwas partially

alleviatedbyABAtreatments.

Diseussion

ltaietal.(1973)foundarapiddecreaseincyto-

kininconcentrationsinthexylemexudatesofbean

rootsexposedto47.5℃ foronly2min.Cheikh

andJones(1994)reported thatexposureofin

vitr0-grownmaizekernelsto35oCfor4or8days

resultedingreatsuppressionofdryweightaccu-

mulationandincr･easedkernelabortion,accompa-

niedbyamarkeddecreaseincytokininconcentra-

tions.

Sincerootsarebelievedtobeamainciteof

cytokininsynthesisinplants,ourresultsinExp.1

suggestthatsupraoptimalrooトzonetemperature

inhibitedcytokininproductionincucumberroots

andconsequentlyreducedtheamountofcytokト

ninstranslocatedtotheshoot.Verylowcytokinin

concentrationsintherootsgrownat38oCfor5

dayssuggestthattheresponseofcytokininsynth-

esisintherootstohightemperatureisveryrapid.

In Exp.2,BAP wassprayed on cucumber

grownat38oCroot-zonetemperaturetoexamine

whetherthedecreaseincytokininconcentrations

inleavescausesgrowthinhibitionofcucumber

plants.Concurrently,ABAtreatmenttotheroots

wasexamined,becauseinourearlierstudyen-

dogenousABAwasmarkedlydecreasedincucum-

berrootsgrownat38oCroot-zonetemperature

(DuandTachibana,1995).

InrootsuntreatedwithABA,foliarspraysof

BAPat380Camelioratedgrowthinhibitionsigni-

ficantly.Thisgrowth-propotlngeffectofBAPwas

greaterastheconcentrationwasincreased.Cheikh

andJones(1994)alsoobservedthattheinhibition

ofinvitrogr･Owthofmaizekernelsbyheattreat-

mentat35℃ wassignificantlyreversedby10-5

M･BAP.Wefoundthatfoliarspraysof10-5and

lO~4 M BAPtocucumberplantsgrownat25oC

root-zone temperature did n9t Promote Plant

growth.Therefore,BAPspraytoleavespromoted
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plant growth probably by blocking a drastic de-

crease in cytokinin act iv i t ies which may have

occurred in cucumber plants grown at 38'C root-

zone temperature. Thus, we conclude that the de-

crease in cytokinin concentrat ions in the leaves is

implicated in growth inhibit ion of cucumber plants

at supraoptimal root-zone temperatures.

Cytokinins are known to stimulate cell division,

cel l  enlargement,  chloroplast  format ion,  synthesis

of  chlorophyl ls and proteins (Skene, 1975),  and in-

hibit d,e noul synthesis of protease (Martin and

Thimann, 1972).  Thus, i t  seems that these

cytokinin-related processes were impaired in the

leaves of cucumber plants grown at supraoptimal

root-zone temperatures. Kuroyanagi and Paulsen

(1988) observed a marked increase in protease

activity and a decrease in protein content in leaves

of wheat grown at  35"C root-zone temperature.  We

also found a significant increase in protease activ-

i ty in leaves of  cucumber plants grown at  38"C for

10 days over those grown at 25"C (Tachibana and

Du, unpubl ished).  L ikewise, leaf  chlorosis and

small leaf areas in plants grown at 38 
'C 

may well

be at t r ibutable to the def ic iency of  cytokinins.

B lokh in  (1986)  observed tha t  inc lus ion  o f  4 .4  x

10-8 M BAP to the nutr ient  solut ion caused an in-

crease in th ickening as wel l  as dry matter accu-

mulation in corn and cucumber roots grown at

normal root-zone temperature. We found that root

growth of  cucumber at  38'C was also promoted,

although insignificantly, by treating the leaves

with 10-4 M BAP. However,  th is promot ion is

attributable to the increase in shoot growth and a

resul tant  increase in the supply of  photosynthates

to the roots,  s ince, in our prel iminary exper iments,

addi t ion oI  l0-7 and 10-6 M BAP to nutr ient  solu-

tion resulted in further growth inhibit ion of roots

grown at  38"C.

Previously,  we found that t reat ing cucumber

roots kept at  38 "C with 3x10-7 M ABA signi f i -

cant ly increased plant growth,  whereas i t  was in-

ef fect ive at  25"C (Du and Tachibana, 1995).  In

this study, a s ingle t reatment of  10-"  M ABA to

roots did not significantly alleviate growth inhibi-

t ion by high root-zone temperature.  Furthermore,

the simultaneous treatment of ABA to roots and

BAP to leaves resul ted in disappearance of  growth

promotion by BAP. So it seems that by treating

roots wi th 10-5 M ABA and supply ing BAP to

leaves impeded root growth. These interactive

effects of BAP and ABA are diff icult to explain

without information on ABA and cytokinin activi.

t ies in the plants. It is known that ABA in leaves

of cucumber plants wi th roots exposed to 38 "C

increases to excessively high concentrations after
10 days (Du and Tachibana, 1995).  Therefore,  11
seems possible that BAP treatment to leaves could

have increased endogenous ABA to an excessive

level in the 38"C-grown plants, probably througfi

decreasing the water content in the leaves.
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plantgrowthprobablybyblockingadrasticde-

creasein cytokinin activitieswhich may have

occurredincucumberplantsgrownat38℃ rooL

zonetemperature.Thus,weconcludethatthede-

creaseincytokininconcentrationsintheleavesis

implicatedingrowthinhibitionofcucumberplants

atsupr･aoptlmalroot-zonetemperaturesI

Cytokininsareknowntostimulatecelldivision,

cellenlargement,chloroplastformation,synthesis

ofchlorophyllsandproteins(Skene,1975),andin-

hibitdenovosynthesisofprotease(Martinand

Thimann, 1972).Thus, it seems′that these

cytokinin-relatedprocesseswereimpairedinthe

leavesofcucumberplantsgrownatsupraoptimal

root-zonetemperatures.KuroyanaglandPaulsen

(1988)Observedamarkedincreaseinprotease

activityandadecreaseinproteincontentinle/aves

ofwheatgrownat35oCroot-zonetemperature.We

alsofoundaslgnificantincreaseinproteaseactiv-

ityinleavesofcucumberplantsgrownat380Cfor

10daysoverthosegrownat25oC(Tachibanaand

Du,unpublished).Likewise,一eafchlorosis and

smallleafareasinplantsgrownat380cmaywell

beattributabletothedeficiencyofcytokinins.

Blokhin(1986)observedthatinclusionof4.4×
10-8MBAPtothenutrientsolutioncausedanin-

creaseinthickeningaswellasdrymatteraccu一●
mdlationincornandcucumberrootsLgrownat

normalroot-zonetemperature.Wefoundthatroot

growthofcucumberat38℃ wasalsopromoted,

although inslgnificantly,by treating the leaves

with 10-4 M BAP.However,thispromotion is

attributabletotheincreaseinshootgrowthanda

resultantincreaseinthesupplyofphotosynthates

totheroots,since,inourpreliminaryexperiments,
additionof10-7and10-6MBAPtonutrientsolu-

tionresultedinfurthergrowthinhibitionofroots

grownat38oC.

Previously,wefound thattreatingcucumber

rootskeptat38oCwith3Ⅹ10~7M ABA signifi-

cantlyincreasedplantgrowth,whereasitwasin-

effectiveat25oC (DuandTachibana,1995).Ⅰn

thisstudy,asingletreatmentof10-6M ABAto

roots･didnotsignificantlyalleviategrowthinhibi-

tionbyhighroot-zonetemperature.Furthermore,

thesimultaneoustreatmentofABA torootsand

BAPtoleavesresultedindisappearanceofgrowth

promotionbyBAP.Soitseemsthatbytreating

rootswithlO~5 M ABA andsupplyingBAPto

leaves impeded rootgrowth.These interactive

effectsofBAPandABA aredifficulttoexplain

withoutinformationonABAandcytokininactivi_

tiesintheplants･ItisknownthatABAinleaves

ofcucumberplantswithrootsexposedt0380C

increasestoexcessivelyhighconcentrationsafter

10days(DuandTachibana,1995)･Therefore,it

seemspossiblethatBAPtreatmenttoleavescould

haveincreasedendogenousABA toanexcessive

levelinthe38oC-grownplants,probablythrough
decreasingthewatercontentintheleaves.

LiteratureCited

Bielski,良.L.1964.Theproblemofhaltingenzymeac.

tionwhenextractingplanttissue.Anal.Biochem.
9:431-442.

Blokhin,V.G.1986.Concentrationdependence-ofthe

effectof6-benzylaminopurineonrootgrowthin

plantsofdifferentspecies.SovietPlantphysiol.
33:828-833.

Burrows,W.∫.andD.∫.Carr.1969,Effectsofflood_

1mgtherootsystemofsunflowerplantsonthe

cytokinincontentinthexylemsap.Physiol.Plant.
22:1105-1121.

Cheikh,N.andR.J.Jones.1994.Distributionofmaize
.kernelgrowthanddevelopmentbyheatstress.

Roleofcytokinin/abscisicacidbalance.PlantPhy-
siol.106:45-51.

Du,Y.C.andS.Tachibana.1994a.Effectofsupraop-
timalroottemperatureonthegrowth,rootre･

spirationandsugarcontentofcucumberplants.
ScientiaHol-t.58:289-301.

Du,Y.C.andS.Tachibana.1994b.Photosynthesis,
Photosynthatetranslocationanditsmetabolismin

rootsofcucumberplantsatsupraoptlmalroot

temperature.∫.Japan.Soc.Hort.S°i.63:401-408.
Du,Y.C.andS.Tachibana.1995.Effectofsupraop-
timalroottemperatureonABAlevelsincucumber

plantsanditscontrolbyABAappliedtoroots･
ActaHort394:227-234.

Horgan,R.1978.Analyticalproceduresforcytokinins.

p.97-114.1m:∫.R.Hillman(ed.).Isolationofplant
growthsubstance.CambridgeUniv.Press,Cam･
bridge.

Itai,C.A.1978.ResponseofEucalyptusoccidentalisto
waterstressinducedbyNaCl.Physiol.Plant.43:
377-379.

Itai,C.A.andY.Vaadia.1965.Kinetin-likeactivityln

rootexudateofwaterstressedsunflowerplants･

Physiol.Plant.18:94卜944,
Iati,C.A.,A.Ben-ZioniandL.Ordin.1973.Correla･

tivechangesinendogenoushormonelevelsand

shootgrowthinducedbyshortheattreatmentto
theroots.Physiol.Plant.29:355-360.

Kuroyanagi,T.andG.M.Paulsen.1988.Mediationof

high-temperatureinjurybyrootsandshootduring



Martin, C. and K. V. Thimann. 7972. The role of pro-

tein synthesis in the senescenie of leaves. L The
format ion of  protease. Plant Physiol .  29:64-7I .

Sasaki, K and T. Itagi. 1989. Effect of root cooling
treatment of nutrient solution on growth and yield

of tomato, cucumber and melon. Environ. Control
in  B io l .  27 :89-95.

Skene, K. G, M. 1975. Cytokinin product ion by'roots
as a factor in the control of plant growth. p.

365-396. In:  J.  G. Torrey and D. T.  Clarkson

(eds.). The development and function of roots.
Acad. Press, London.

Tachibana, S. 1988. Cytokinin concentrations in roots
and root xylem exudate of cucumber and figleaf
gourd as affected by root temperature. J. Japan.
Soc. Hort .  Sci .  56:  4L7-425.

Wang, Y. H. and S. Tachibana. 1995. Growth and
mineral nutrition of cucumber seedlings as
aff.ected by elevated air and root-zone tempera-
ture.  J.  Japan. Soc. Hort .  Sci .  845-852. ( In

Japanese with English sumrnary).

･恥
.>.

id,m
℃

ter
･川

u1d

..,q'
fbD

e
n

L

ac
em

h
-

.10

川川い

od-

the

lnt.

↓ize
,'SS.

hy-

叩

r｡
舶

･恥
･In

o｡
t

∫.Japan.Soc.Hort.S°i.66(3･4):549-555.1997.

reproductivegrowthofwheat.PlantCellEnviron.
11:517-523.

Martin,C.anda.V･Thimann･19721Theroleofpro-
teinsynthesisinthesenescenceofleaves.Ⅰ.The

formationofprotease.PlantPhysi01.29:64-71.

sasaki,K andT.Itagi.1989.Effectofrootcooling
treatmentofnutrientsolutionongrowthandyield
oftomato,cucumberandmelonEnviron.Control
inBiol.27:89-95.

skene,K.G.M.1975.Cytokininproductionby･roots
asafactorinthecontrolofplantgrowth.p.

365-396.In:∫.G.TorreyandD.T.Clarkson

555

(eds.).Thedevelopmentandfunctionofroots.
Acad.Press,London.

Tachibana,S.1988.CytokiniIICOllCelltratioIISinroots

androotxylemexudateofcuiumberandfigleaf

gourdasaffectedbyroottemperature.J.Japan.
Soc.Hort.Sci.56:417-425.

Wang,Y.H.andS.Tachibana.1995.Growthand

mineral nutrition of cucumber seedlings as

affectedbyelevatedairandrooトzonetempera-

ture.∫.Japan.Soc.Hort.S°i.845-852.(In
JapanesewithEnglishsummary).

根城の高温によるキュウリの生長抑制における内生サイトカイニンの関与

橘 昌司 ･杜 永臣1･王 玉海2･北村文華

三重大学生物資源学部 514 津市上浜町1515

檎

根城の高温による生育抑制に植物体のサイトカイニ

ン濃度が関係しているかどうかを明らかにするため,

キュウリ シ̀ャープⅠ'の幼植物を液温25,35,38oC

の培養液で10日間水耕栽培し,5日目と10日目に根

と葉のサイトカイニン濃度を測定した.根のサイトカ

イニン濃度は,35℃ 区では5日目には25℃ 区のそれ

と大差がなかったが,10日目には顕著に低下した.

38℃区の根では5日日にすでに著しく低い濃度にな

っており,10日目にはサイトカイニン活性はほとん

ど検出されなかった.一方,葉のサイトカイニン濃度

に対する根城の高温の影響は根ほどには大きくなかっ

たが,38℃ 区では5日目にゼアテンリボシドが減少

し,10日目にはゼアテンリボシドがさらに減少する

とともに,ゼアテン濃度も非常に低くなった.

次に, シ̀ャープⅠ'を液温25℃ と38℃ で 10日間

水耕栽培し,温度処理の開始時に38oC区の植物だけ

要

に,0,10~6,10~5,10~4Mベンジルアミノプリン

(BAP)の葉面散布と0,10~6,10~5Mアブシジン酸

(ABA)の培養液添加を組み合わせて処理した.BAP

処理は6日後にもう一度行った.ABA無処理の場合

には,38℃ 区のキュウリの生長はBAPの葉面散布に

よって促進され,10ー4Mでは葉の乾物重が25℃区の

それに近くなったが,ABAを処理した場合にはBAP

の生長促進作用がみられなくなった.

以上の結果から,根城の高温によるキュウリの生長

抑制には,根でのサイトカイニン合成の抑制とそれに

よる葉のサイ【トカイニン濃度の低下が直接関与してい

ると推察される.
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