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Cavara．（ⅠⅠ）Effectsonhyphalmass＊   

TaekoO†王KUMA＊｝き，HiroslュiIsH蒼ZAKland HitoshiKuNO†1  

Summary   

Effeetsofisoprothiolane（工PT：diisopropyll，3・dithiolane・2・ylidcnemalonate）onhyphalmassofPyricu・  
laT・iao73｝3YaeCav．wereinvestigated・PreliminarytotheexplorationoftheIPTeffects，theIPT・tOleranモ  
isolate，designatedasP‡13，WaSObtainedthroughselectionofatolerantcolonywhichl－adoriginated  
fromasinglel）rOtOplastderive（1fromtheIPT・SenSit主veisolateP2・Growtl－OfhyphalmassofP2was  
l）erfectlyinhibitedonPDAan（linVogel，sliquidmedium，reSpeCtively，at50ppmand25ppm，Whereas  
thatofPI13wassuppressedbutnotperfectlyevenat50ppm・AnyconcetrationsofIPTupto50ppm  
didnotshowpromincnteffectsonconidiumgerminationandappressoriumformationofP2but25and  
50ppmIPTreducedtheoccurrenceofpigmentedappressoriummarkedly，WhileIPTdidnotintcrfere  
with thcse events of PI13atallat any coneentrations up to50ppm．Itwas also found that young  
hypl－ae Obta主ned from the coiony margin of P2were more sensitive toIPT、than those from the  
interveningand centralregions ofthecolony，SuggeStingthattheIPTeffects on Po73，3taemightbe  
closelyassociatedwithagesofhyphalce11s：apicalce11sofhyphaebeinghiかIysensitivetoIPT・  

Introductioll   

Isoprotbiolane（IPT：diisopropy11，3－dithiolane－2－ylidenemalonate）isknownasafungicidetospecはcal・  
lycontrolthericeblastdiseasecause（lbyろけ・icuk17・iaoT3fZaeCavlO〉．ArakiandMiyagil〉reportedthat  
IPTperfeetlyinhibitedhyphalgrowthofthisfungusinaliquidmediumandperletrationofcellophane  
61manc‡riceleafsheathataconcentrationoflOppm．Hirookaど～戊／．3）studiedtheeffectofIPTon  
penetrationI）rOCeSSOf書βりZ〟gappreSSOriabymicromanipulationinascal－ningeiectronmicroscopeand  
foun（lthat penetrati（〉n Of this fungus wasinhibited bylOppmIPT throughinterference with the  
eme柑enCeOfinfectionl）egSfromappressoriaonriceleaves・Ontheotherhand｝KakikiandMisato  
reported thatIPTmarkedlyinterfered with fatty acid8）and celiwallsynthesis7）of Pof3，gaeat a  
co！1Centrationof50ppm．   

PrimarilywewonderedwhytheeffectiveconcentrationofIPTto書0竹芝αどObtainedbybiochemical  
means7・8）wasrelativelyhighert－－antl－atbyphysiologica王andcyモ0logicalmea－－Sl－3）・Thus，Wedsigneda  
seriesofcomparativee叩erimentstoelucidatetheIPTeffectson書0けヱαeatthelevelsofllyPhalmass，  
singlehyphaandprotoplastisolatedfromhyphaebycytologicalandphysiologicalmeansinmoredetail・  
ThispaperdescribestheIPTe仔ectsonl－yPha重massasthe鮎ststep・   
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Materials and methods  

Tcst chcmical，tCSt rlJnguSilnd pt・CPill・；ltion orhyphailndco）1idiunlSllSPCnSion  

IPT（99．9％technicalgradc，NihonNoyakuCo．Ltd）wasuse（linthisstudy，丹ricuhlJjaoJ37gaeCav．  

isolateP2くsensitivetoIPT）andisoiatePI13（toleranttoIPT，aSdescribcdbelow）wereuscdthroughout  
theexperiments．TherespectivetestfungiweregrownonPI）A（potato・dextrose・agar）slantsat250cfor  
7－10days．Thehyphasuspensionwasprepare（lbyadding5mlofsterili2：eddeionize（lwatertotheslant，  
fo1lowedbystirringthesurfaceofmycelialmatwithasterilizedplatinumloop．Toallowthefungusto  
formconidia，0．5mloftheabove hypha suspension was added to V－8juice agarmedium（Vq8juice，  

250mi；CaCO3，3g；deionize（lwater，750mi；agar，15g）in PetTidishes and cxpanded evenly on thc  

mediumsurface，followedbyincubationat250cfor5days．Tenmlofsterilizedwaterwereaddcdtothe  
mcdiumandthemycel主aimatwasstirredwithabrushtoreieaseconidia．Theconidiumsuspcnsionwas  
preparcdby長Itrationoftheabovesuspensionofconidiaandhyphaewith3sheetsofchecseclothto  
eliminate fragmented hyphae from the suspe11Sion．The density of conidiain the suspension was  
adjuste（iatapproximateiy4×106conidia／mlwitbsterilizedwater．   

ScIcetion ofthcIPT－tOleltilntisoliltC   

To attempt to obtain theIPT・tOlerantisolate，PrOtOPlasts were prepared from hyphae of P2by  
employing tbe method previously descrまbed6・9）．The protoplast suspension was adjusted toincまude  
approxirnateiylO6protoplasts／rnl，andO．1mlofthesuspensionwasaddedtoPDAcontianing25ppm  
IPTandO．6MKClinPetridishes，thenexpandedontbest汀facewitha sterilizedglasslod．Aftera  
6－dayincubationat250c，myCelialcolonieswhichhadori如natedfromisolatedsingleprotoplastswere  
transferredonto PDA containing noIPT．TheIPTtolerance oftherespectiveisolates was testedin  
termsofcolonydiameter，dry weightofrnyceliaandconidiumgerminationinthepresenceofvarious  
concentrationsofIPT，aSdescribedl）eiow．   

Eヽ▼aluとItion ofthcIPTscnsitivity oftcstisolatcs   

i）Coionydiameter．TheisolaモeSOfP2andP王13weregrownonPDAat250cfor8days．Mycelial  
discsof6mmdiameterwel・eObtainedfromthemarginalregionofco王onyoftherespectiveisolates，and  
l〕iacedeacllOllthecenterofPDAmediumcorltaimirigO，5，10，250r50ppmIPT．1、hecolollydianleter  

wasmeasuredevery2daysaftertlleStartOfinc11bationat250c．  
ii）Dryweightofmycelia．ThehypilaSuSI）enSionoftheres王）eCtiveisolatesl）reParedasabovewas  
addedtolOOmlVo酢i’sliqui（lInediumin200ml鮎sksandincubatedonarotaryshalくerat250cfor48hr．  
Smailcoloniesoflesstllanlmmdiameterwerecollecte（lwithamicropil）etteandresuspendedinVogel’s  
medium，Onehaifmiofthecolonysuspe11SionwasaddedtolOmlofVogel’smediL‡minL・Shapedgiass  
tubesandIPTwasaddedtotlleincubationmixtureata鋸Ialconcentrationo＝），5，10，Or25ppmatモhe  
startof主王1Cub三1tion．Afteral－5（layincubationonarecil）rOCalsllakerat250c，myCeliaintherespective  
glasstubcswereco11eetcd withgl；lSSfilters，andthendriedat650cfor24hr・Subscquently，thedry  
we唱htofmyceliawas（！etermined－  

iii）Conidium酢rmination and appressorium formatio】1．Pieces of61ter pa王）er，1×1cm2，Were  
immersedin O，5，10，250r50】〕1）mIP′rin O．01M Na－p！10SPhate buffer（pH5．6）．EacllOf them was  

ワ placedく）n a WatChglassina moistPctridish．A cellophaneshect，1×1em－，Which had been boiled  
previotlSiyin deionize（lwater，then dried，WaS placed on the respective pieces of鋸ter paper．Tlle  
coniditlmSuSPenSionwassprayedovertbecello‡）ilaneSheetsandincubatedi11mOist王）etrid主sbesat25℃  
for2411r．′Ⅰ、11e rateS Of germination，al〕preSSOrium formation∂n（1appressoriuml）igmentation were  
determinedbyligiltmicroscopyusi王将tllefollowingeこItlatio王1S．  

Conidiumgerminationrate＝  
No．ofgerminated co11idia／TotalNo．ofconidia observed xlOO（％）   
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Apl）reSSOriし1mfol・mationrateニ  

No．ofappressoria／No，Ofgerminate（iconidia XlOO（％）  
AppressoriunlplgIllelュtationrateニ  

No．ofpigmenteda】）Ⅰ）reSSOria／′i、otalNo．ofapl）reSSOriaobserved xlOO（％）   

SellSitivityofmyceliaofvariol】SageS藍0IpT  

I‡10rderto611d differencesin sensitivityofmycelia ofvarious ages toIPT，myCelialdiscsof3mm  
diameterwereobtaine（1fromthecentertothemarginofP2andPI13colony，reSPeCtively（Fig，1）．Tlle  
rcspective（1iseswereplacedonPDAcontainingO，5，100r25ppm‡PTandincubatedat250cfor6days  
andthen（董iameteroftherespectivecolonieswhich王Iaddeveまoped fromeaci】discwasmeasure（！．  

17．5t耶り  

distanc（ヨfl・0111  

COloIl〉′Ce11とel●  

王rig・1・Aschematic6gureo＝那叩臨場myCeiialdiscsofvilriousa酢Sfroma  
COlonyoftheIPT－SenSit主veanこトtoleranモisolatesofダ¢′ツg〟だgrOWi11gOn  

POta10・dextr（）Se・agarlⅥedium，  

1hs111ts   

St！leclion ofIPT－tOIct・antisoliltC   

Se＼reraicojonieswl】icbhadoriginate（ifromsil鳩1eprotoplastsgrewonPDAcontaining25ppmIPT．  
However，Only oneisolate formed abundant conidia on V－8juice agar medium as similarly as P2．  
Variousvisiblccharacterso＝tscolonysuchascolorandgrowtllrateWereauSimilartothoseofP2．  
Moreover，thisisolateshowedasimilarpathogenicitytoaricecultivar，Jukkoku，aSP2．Whilemycelia  
oftilisisoiatew即etra‡1Sfe汀ed olltOfreshPDArepeate（lly，tWentytimes，theabovecharactersofthis  
isolatewerenotchange〔1atall．Asfaraswctestedinthelaboratory，thisisolatewasdifferentfromP2  
0niyimtheIPl、・tOlerance．So王ⅥeOftlledatashowingsucildifferencesbetweentwoisolatesareshown  
beiowindetaii．Thus，thisisoiatewasdesignatcdasP‡13andusedinthepresentstudy．   

Effect ofIPTon t叩▼t：eliillgt・OWth  

Increase of colony（iiameter of P2was markeくiiy affected by5andlOppmIPT and was almost  
perfectlysupl）reSSe（‡bythecollCentrationshigherthan25ppm（Fig．2A）、Ontheoモherhand，myCelial  
growth of PI13in tcrms of eolony diameter was not prominently affected by5－25ppmIPT but  
sul）preSSedmarkedlyby50主）pm（Fig・2B）・   

Tlle〔lryweightofP2myceliaincontroIprominentlyincreasedfromthelsttothe3rddayafterthe  
onsetofinctlbationa11（1reaclle〔1amaximumatthe4th（lay（Fig．3A）．WllenP2myceliaweretreated   
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Fig・2・EfrectofvariousconcentratioれSOrIPlloIlmyCelialgrowthortIleIPT－Se】1Sitiveiso】ateP2（A）a】1dtlle  

IPl、－tOlerantisolatePI13（B）ofだ0竹芝deOnl）0モato・dextrose・agarme（lium．   

With5ppmIPT，their dry weight was suppressed toincrease forinitia12（1ays and thcnincreased  

markedlythereafter一InthepresenceoflOppmlPT，P21nyCeliaincreasedindryweightslowlyuntilthe  
5th day after the onset ofirlCubation，but their growth was completely suppessed by25ppmIPT  
（Fig・3A）・When P2mycelia weregrowninVogel’smediumcontaining noIPT，theircolonycolour  
appearedwhiteathrst，turnediightgreyat2・5dayafterthestartofincubationand負nailydarkgreyat  
3・5day・However，myCelialcoiourappearedunaffectedduringa5・dayincubation，WhenIPTwasadded  
totllemediumatanyconcentratiorlS（Fig．3A）．  
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Fig．3．Effectorvariousconce11trationsof王PTondrywe唱11tandl）i郎mentatio110ftlleIP′r－SenSitiveisolateP2  

（A）andlllelP′トtoler～1ntisolale‡）‡13（B）0仁だ即抑制汗1Vo酢l’sliqui（iI】1e（1iLlIll．   

Incontrol，myCelia】growthofPI13wassin－ii∂rtOthatofP2（Fig．3B）．IntI－ePreSenぐeOf50rlOppm  
lPrr，myCelialgrowthof王）I13、ⅣaSmarke（l蔓ysupi）reSSedforinitia12（laysbtltincreasedrapidiythereafter  

toreac王－tl－eSamelevelastl一之1tOfcontl■0王atthe5t圭一day・WhenPi13wastreatedwith25ppmIPl、，their  

growt王1WaSSuPPreSSedforinitia12daysbutrecoverdgradua11ythereafter（Fig，3B）．Incontrastwith  
P2，COlollyCOloしIrOfPI13turne（11ighモgreytodarlく酢eyeVenintllePreSenCeOfallyCOnCentrationsof  
IPT（Fig．3B）一   
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Effect ofll｝Ton c（HlidiulllgCl・I11iIliltioIlilndilppt・CSSOrium fortllation   

WhenP2conidiaweretreatedwith5¶50ppmIPT，theirgerminationwasunaffcctedbutappressorium  
formatiollWaSCO11SiderablyaffectedwithincreasedconcentrationofIPT（Fig．4A）．Thernostconspi・  
cuouseffectappearedonappressoriumplgmCntation：Plgmentedappressoriaoccurredattherateofonly  
c乱15％jn the presence of25an（i50ppm‡PT（Fig・4A）・By contrast，COnidil】m gern血ation and  
叩preSSOriumfornlationandpigmentationo＝円13werenota抒ectedbyanyconcentrationsofⅣT叩tO  
50ppm，aSShow11inFig．4B．   

SensitivityofmyceliaofvariousagestoIPT．   

As alrcadyindicatedin Fig．2，grOWth of P2mycelia was markcdly suppl・eSSed by5－25ppmIPT  

0  5  柑 25 50ppm  
iPT coIICentratio】1  

¢  5  柑 25 5¢ppm  
IPT co11Centratio11  

⊂コCOnidium gerllli11ation 忘表al）PreSSOriしi111formatioll圃appressoritlnlPign－entatio11  

Fig．4．Effectorv呈IriousconcentrationsofIPTonconidiumgerminatio】1，apl）reSSOr主l1mformationand王IppreS・  
50riulⅥpigmen‡8tion of thelPT－SeれSitjveisolate（A）and theIPT－tOlerantisol；1te（B）0仁㌘町野根On  

ce1lol）llane6ims．  

5
 
 

2
 
 

」
ヱ
き
≡
ご
∵
（
；
二
三
 
 

5
 
 

2
 
 

レ
む
芯
己
霊
P
 
h
u
O
叫
O
U
 
 

0  5   10  25ppm   
‡PT coIICentratioIl  

0  5   10  25 ppm  
IP′i、collCeIlけ飢ioll  

fγig－5・Effecto∫variotlSCOnCenlrationsofIPl、or－iⅥyC（さ1ial（1evelopmentfromn－yCelialdiscsofvariousa酢S  

ol）lainedfronltlleCく）Io町Oftllぐ‡P′トsensiliveisolaleP2（A）an（箋IPll【tOleraI－tisolatePI13（B）of書0，ツZ〟ど．   

（Fく）㌻（1iscNo．，SeeFig．1）．   
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（Fig．5A）．However，the serlSit主vity of myceiia toIPT was closcly associated with theiragcs：in the  
preseneeof5ppmmyceliadevelopedfromalldiscswhichhadbecnobtaine（‖romvariousregionsofthe  
originalmycelialcoまony（Figs．1，5A）butinthepresenceoflOppmmyceliadevelo】）e〔llessfromt雪1e（lisぐ  
ol）ta主nedぞromtilemarginairegionoforiginalcoionythanfromotlュerdiscsobtainedfromtheintervening  
andthecent柑iregぬn；mOreOVer，inthepresenceof25ppmmycelianeverdevelopedoniyfromthedisc  
obtained frorn tlle marginalregion（Fig．5A）．By contrast，PI13mycelia（靂evelope（壬similarly fro！¶a11  

discs，Obt～linedfromvariousregiomsoforiginaimycelialcoiorly，atanyCOrlCentratio】1SOfIPl、，a主thouが1  

theirgrowthten（】edtol）eSuP‡〕reSSe（lslightlywithincreasedconcentrationofIPl：、（Fig．5B）．  

Dis（：uSSion  

WheIュP2myceliaweregrownonPDAcontaining25Ⅰ）pmIPT（Fig．2A〉andinVogel’sli（1uidme（1ium  
containinglOppm（Fig．3A），theirgrowthwasmarkedlysupl）reSSedbuttheseconccntrationsallowe（lthc  
myceliatogrowslowly，reSPeCtively，（luringlO・and5・dayincubation．Suchaslowgrowthindicates  
that P2mycelia were not kilied by tbese concentraモions：atleast some of hyl）hae or hyl）halce11s  

remainillgalive，arldsL嘱geStStllel）OSSibilityt重1atP2myceliainciu（1ellyPhaeorllyphalcellsofvarie（l  
sensitivitiestoIPT．ThedataofFig．5Aindicatethatyounghyphaegrowingatthemarginairegionof  

P2coioIlyWeremOreSenSitiveto‡PTthanoiderhypllaeattheinterveningandcentralreg血↑SOfcolony．  
Similariy，‡shiz之Ikiどょαg．4）obtained theresultthatyoun酢rhyphaeofthe】）reSentfungtlSWeremOre  
semsitivetoIBPthanolderones．Tbey5）fu∫thermorestu（‡iedtheIBPeffectonsingiehジpllaeandfotln（1  
thattheystoppedeiongationapproximatelylOminaftertheonsetoftreatmentwith2ppm‡BParldtheir  
LIPicaice11＄VaCuOiatedat50min．Consider主ngthcsimilarityofIPTan（lIBPirltheireffectsonhyphaI  
mass，itisplaL王SiblethatapicalcelisofP2hyphaemightbemoresensitjvetoIPTthanothcrolderceus．   
Wlle王ュtheco】1idiumgermirlationwastestedintheI〕reSelュCeOfIPT，itsmostI）rOmillenteffectwasseen  
il－SuPpreSSion ofappressorまum p唱mentat主on、Vhich was associate（lwitb appressorium m；lturation2）・  

ThisobservationiscorlSisモentwithArakiandMiyaglSreSultsl）．Theseresultsareprobablyassociated ‘，  
withthefactモhatwhenP2coni（liawcrctreatedwithIPT，theirappressoriafailedtoproducepcnctration  

l）egSbecauseoftheirimmaturity3）・   

AsfarasmyceliaigrowthanくIcorlidiumgermiIlationareconcerned，‡P′Ⅰ、wasmuchiesseffectiveto  
PI13thantoP2．Especiallyatthestagesfromconidiumgerminationthroughappressoritlml）igmellta－  
tion，PI13al）Ⅰ）eare（lu】1affectedevenby50王叩mIPllI王1tllePreSenCeOf50！）Pman（125pp王Ⅵ，reS】）eCtive・  

1y，in PDAand Vo酢1’sli（1uid media，PI13mycelia grew to some（ラⅩte叫although theil・grOWth was  
co11Siderablyst】PPreSSed．TlluS，itcanbeconsidered thatPI13ismuchllュOretO】eranttoIPTthanP2，  

之l王thouglュitisuncertainatpresentwIletherPIま3isatypeof‡PT宣01erantstrainwhicilCauSeSaSerious  
d之ImageOnricethroughitstoleranceto王PTat6eldlevei．   
AsindicatedinFigs2and3，theeffectiveconcentrationofIPTtoP2waslessiIlVo酢1’s111e（liumthan  
P‡）A．AsimiiarteIldencywasobtainedinourp柁Ⅴぬuswork4）concerningほPeffects－ AsYamamoto  
a】1dHosoill）report姉effectsofsomefungicidesareoftenin飢1enCe（lbythetyj）eand／orcomponelltOf  
thenledium．I11aSeparateeXi）eriment，WeCOn鮎medthattheeffectiveconcentrationof王PTonP2was  
alrnost samein both Vogei’s and potato・dextroseliquid media．T！1uS，the al）0Ve difference of tile  
effectiveconce庸ationofIPTinV噌el’s㍍quidmeditlmandPDAisprobablyduetotl‡etypeOfmedium．  
Ⅰイowever，Whythisdiffereneehappensbetweenliquidandsolidmediaisuncertainatpresent．  
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摘  要   

イネいもち病菌乃′rざr“ねr∫dO竹芝αどCav，に及ぼすIPTの影響  

（托）蘭叢に及ぼす影響  

大熊妙子・石崎 寛・久能 均  

丹′血血r∫〟0け之αどC～lV．の簡掛こ及ぼサイソプロチオラン（IPT）の影轡を調べた。供就薗としてIPT感受性の分  

離株P2及び耐性のPI13を用いた。前者の菌糸から調製したプロトプラストを25p‡）mIPT含有のPDA培地に接  

種し，その上で伸反してきたコロニーを選抜して後者の株を得た。P2の簡裁の伸長はPDA上及びVoge‡液体培地  

申でそれぞれ50，25ppmIPTによってほぼ完全に阻寮された。一方いずれの培地を馴－てもPI13の機叢の伸長は  

50pl〕m存在下でも完全に阻害されることはなかった。セロファン股上のP2分生胞子の発芽は阻審されなかったが，  

付漆器形成はIPT浪度の上昇とともに阻番される傾向を示した。また付着器潜色は25ppmで強く抑制された。し  

かし，PI13の胞子発猟付着器形成は50ppmIPTでもほとんど影響をうけなかった。次にPDA培地上で生育する  

P2およびPI13の瀞叢周縁部から中央部にかけて斑径3ⅠⅥmの蘭薫小円版をコルクポーラーで打ち抜き，それぞれ齢  
の輿なる薗燕小円板を得た。これらを0－25pI）mIPT含有のPDA培地に移植して培滋したところ，P2髄液周縁部  

から得た小円板のみに25ppm存在下で簡裁の発達が認められなかった。以上の結果は，月研耶制に及ぼすIPTの  

影轡は欄儲凍構成する蘭の齢に関係しており，若い菌糸は‡PT感受性が饗しく商いことを示唆している。   




