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Summ久一y  

D（）uble cross culti閥r“Wase－h｛）m8re”isl〝id81y adaptedin Hokkaido．TD  

obtain theinformation of phenotyplC St且hility．the resp亡〉nS包Of“Wase－homare’’  

to dirferetlt enVir（】nmenとS SuCIlaβ8COmbina七‡On qf twolo（：ation5且刀d seyeral  

S8ed主ng dateswas eompared with that ofit宅parentalsetsoftwoslngle crosses  

andfourinbredlines．1naddition，phenotypIC由bilityoftheparentalsetswa日  

al如inve畠tig8tedbymea8urlrLgthem昭nitude Qfv且riation且mOngplantsgrown  

undertlle Same enVユーOnment．   

“Wa5e・如m凡re’’andSingle cros6eS Wer㊥mOre Stable thanlnbredline8in  

differentenvironmentg f（汀且11charactersexamined．f3utnodifferenceinr8SpOnSe  

t（〕different environm8ntS WaS fol】nd betwecn“Wase・horn且rel’arld slngle QrOSSeB  

in any ehara¢轍．．There were sl糾ificant dirぎゃrenee宕in re印Of18e amOngirlbred  

lines．buttherankininbredlines changed withcharacters．Whilethe magnitude  

o！1nterplant variatiollS Varied wit†一郎nOtype弓in most ch乱raCterS，inbredlines  

did nて）t h幻Vel且rgeでinterplant variatioTIS On aIl且V8rage When c〔汀npaTed with  

Singlecr8B白帆It悌鮎＝止ownthatthere3pOn細tOdi洋erentenvIT（）nfnentSandthe  

ma卯itnde（｝finLerpユ∂雨v8dationw肋iJ】aJl帥Vironmentarenottobenece畠S8rily  

maintainedundBrCQmmOngeneticalcontrol．  

lo 卵nOtype・enVironmenti上1也faction． Th野   

郎nOtype・enVirく）nmentlnt肝aCti－⊃n TeSultsfrpm   

the variatlonin the gen白ticaユ abiユity whjch   

COntrOIs phenotypic Btability to different8n－   

Vironm8nもs． For 血e adaptabi比y ロー crop   

p18ntS，phenotyple Stabillty or each genotype   

decislvelyplaysanirIlpUrt8山role．  

1）Duble cross maize cultivar‖W旦Se－homare’’   

is wideiy adaptedin ガokkaido8），andJl且S   

47－   

1れtr（）du鵬ion  

One｛）fthemostlmportantobjectivesinplamt  

breedingiヨtheselcetionofgenotypesthat are  

COnSistent】y hiがIyieldillg ひVer th8 range Or  

eJlVironment占．Wムen genDtype8are COmp且red  

in awiderang80fenvironment目，relativerank  

ln genotypes for an agronomlc characもer  

frequently cl18月geヨ With environments DWing  
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℃Omtrib血ed tQ theincre8日e of acr組ge如  

Siユ8geprOductioninreeent沖r8．でher由代．  

it m阜y bやmeanln如1to obtain g組etic山  

informati弧On日tability or thi占CuIti粗rin  

rel血iQd bits parent且18etS Ofsingle cr8日S8S  
且ndinbre（】1ines．   

Fofth◎uniformltyOfagronom16Cも＆丁且Cね閃  

in maizeL仙em且gniもude ofinterplant v8ri一  

且tionsu巧d町the8ameePVironmemti8also、One 

Or th色血即rtant8ha∫aCter18tic5h breeding  

pT喝ram8．be¢auSeit can 旭ve 8ignifiはnt  

erf8et8βntheme¢ban血tionoft用乱gepr8Q七ie8点  

and qnality of produc吼and即enロn grain  

yi81dS）・AccordingtoGoTOH6），theinterpl且nt  

Vad融i8nOfmaizeinbredlineseanbe能parated  

into軌ree componen略i．e．．1卜experlmenね1  

8rrOr，g）environment良1rl11etuationit8e払and  

3）se姓reguIa恒1g a翫1itさr Of phnt8th8m細1一朗  

to micTO・enVironm孤旭1nuct11atiom and to  

developm8mt且1error．Then，be pointed olユt  

th盈t Self－reglユhtillg ability shc）uld d合pend on  

e如血inbTedline．蝕ÅNX and AD心一点13）co町・  

pa代dinkrp18nt Vah融10nS も鏡野モeninbred  

lir時S aIld their由ngユやα¢SS8S Of m8iz鉛，aれ亘  

e¢mdl】dedthatt11iskin｛壬ofphやnotypl¢■st江bility  

iち 仇e featl汀e ロf h七terOZygOSity 且nd a士 the  

SaIne′tim8itv且で主eseveninhomozyg叫es．   

Following the at）0Ve r8pOrtS，抽er8 aⅣtWO  

WayS for m8aSuri叩phepotypie8t8bility of  

g畠no七ype巳．Oneis the re8pOn8e tO di鮎㌻如It  

envir8nment8and tlle8theris th8ma冨mtu加  

ofipterplanも Var18tioninnon－Segreg乳tねg  

popu18ti（〉n8．   

Tlle pr頭ent 弓tudy w色6 eOndu℃tedl）to  

COmp8fe th8pben（）typlCβ上島bility to differeIlt  

¢nYironm8ntSOV8rdoublecrosseultivar“Ⅵ7昆Se＿  

hom8re■■，8ndits♪色代ntals8tS（〕f twc・革1n酎e  

eros畠eS andfロurinbredlines．且nd2）toe】arify  

軌e rel如主onship of抽O kiIlds of pbenotypie  

St8bility，mSpOI湖 tO diff訂ent enViroTImenも8  
且nd 七山8 m喝nlhde oriTlterplanも V8rl＆ti〔叫  

0VerSinglecr〔た百S8Sandinbrediines．  

Mat打i8lsandM¢tbods  

Mabdalsexamh8dhere80n由坤d ofdouも1轡  
αQさSCultivar“W往紬－homare■■，且ndiぬ砂肝即ぬ1  

鱒t早Oftwo8inglecros8e8，CM37XCMV3（dent）  
andN19×1’q15（rlint）．androurinbredline畠．  

αけ罰＼じMV3，N19andTo15・Th8e叩er血m短  

Were e8汀i8d o11tin19鋸at two18eation8h  
Hokk且ido，the experimelltalfarm80ぎ0も払iro  

U血ver血y・Obihiro，卿dHokkai血Univgrsity，  

軸pporo． Ma惚ri且1占 W訂8即QWmin s即en  

dif無沖合nt 8nVlrOnments con壷ting of†0叩  

8傑ding date6at C）bihiro and three BeCding  

da垣乱七S且ppOrO（T8blel）u由ngr且ndこIml難d  

blく〉Ck deslgn with two replic飢1日n凱 FQur  

銀ed8per hillwerephnt由with島叩aClngOf  

75cInX28em．A一帖remergence．馳edlingsw餅e  

馳inrled to 8n8 pl乱nt Peで hill．Pbp山如ion  

d組由ty was6t郎7pla雨扉11〕a．アQ雨iliz診r WaS  

applied且t t九日rate of12：18り0短／10a ofN：  

P205：K20a5a b85且1dr8日Slrlg．Other汀Op  

manage爪8nt pr且Ctice日Were aS uβualin each  

loc庄tlQn．   

Me8日uremerlt且 Qf culmlen離h，組r he蝮ht，  
組r WQight．the n11mberofl電ernels p8r陀r，組r  

length and組rdi払meterWeretakemfrQmfifty  
pl抑t8 0ざ“Wa8かhomare■’and rrpm fifteen  

pIant已Ofothersin eaeiiplt）t．Thephen81ypI¢  

T札blel．Env汀Onmentalc¢汀ditionsby  
c｛）mbinationsofloc且tionsaJld  
Seedingdate8in19朗  

Lo粗tion8  

Obihiro8）  sapporoU  

M且yll（Obl）  

～Ⅰ耶r18（Ob2） M且y18岱al）  

h′Iay28（Ob3）  M叫、28（S82）  

Jun8 7（Ob4）  J11ne 7（S83）  

J
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■
【
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valucofeach characterwasevaluatedbymean  

value among plants within a pl雨，and then  

transf（）rmedinto thelog且rithrnic scale for  

stati8ticalanalysIS tOinduce 且 reaSOnable  

〔iep，reeOfhomogeT］eityofexperimentalerrors・  

1nterplant variationsorearheight．earweiかt  

aTld ear diameter were estim丹ted（rorn square  

roots of the standard devlation within a plot．  

For the other three char且CterS，it was estiL  

mated fmmlogarithms of the stand且rd de－  

vi且tion．The日e E；Cales ofinterplant variations  

were sui旭ble to appraise the rlOrm且1ityin  

distribution oftheexperimentalerrorBaTldthe  

independerice with the experimantnl errors in 

phenotyplCValues】0）   

Regression techniques．orlglnally proposed  

by YATES and CocHRAN15），Were applied to  

analさrZe tl－e卵nOtype－enVironmentinteractions  

inphen〔申I）うcvalues．Thedata yり鳥Orthpレth  

genotypein the h－th replicate of the j－th  

environrIlent ma）7beexpressed as  

yり々＝〃＋α．＋eノ十飢れ＋∂り＋eり烏  

〟＝gra¶（1mean；  

α，＝effectoftheトth genotype；   

り＝erfectoi■theノー仙environment：   

β一＝1inearregressioncoefficient from the  

regressionof yり・（－ntheenvironmental  

index，X），forthei－thgenotype；  

∂り【1eviaLl（〕rlrrO皿the上－th regressionline  

inthej－tlleTIVironment．  

eり鳥＝eXperimentalerrorcontrit）uti〔mOrthe  

i－th genotypein the hLth replicate of  

theノーth environmenし．   

For the comparison of relative reEiPOTISP tO  

differeTtt enVironmentsin heterozygous and  

heterogeneoushybridstohomozygousparental  

inbredliTleE3 anLlforindependcncc of any  

informaLiLm from“Wase－homare’’and single  

（汀く）SSeS，the environmentalindex，エノ，WaS  

estlITlated frolllthe average of fo11rl）arental  

inbredlinesiIlthej－th environment．  

Reslllts  

l．PhenotypICVal11eS  

Therewereβ1gnificantgenotypICandenviroTL－   

mentaleffectsinallofsixcharacterE；（Table2）．   

The genotyplC effects were partitionedinto   

threepartsofvarlation8．1）differencebetween   

hybrlds（“Wase－homare，，andits parental   

singlecrosses）andinbredlineB，2）difference   

amonghybridsand3）differenceamonginbred   

lines．  

The relative difference between hybrids 且nd   

inbr8dlines wasdetectedin allcases；this waB   

causedbytheefrectorheterosis・・Butthe甲WaS   

no difference bctween“Wa8e－homare’’andits   

p且rentalslngle crosses for ear height．ear   

Weight and the number of kerTLels per ear・   

Culmlength of“Wase－homare’’w且S higher   

th且rL those of singユe crosses at Sapporo．bt］t   

not at Obihiro（Tab】e3）．Earlength且nd e且r   

di且meter Of “Wase－homare” were inter－   

mediateinthe single crosses．CM37×CMV3   

showedlarger ear diamcter and shorter ear   

length than N19×T015．Difference among   

inbredlineslvas also found except for culm   

length．  

Most of the environmentaleffects on pheno－   

typIC Values were explained by the difference8  

betweeTl】ocationsin allcases． While culm   

lengthincrea5ed at Obihiro，the other Eive   

charactersincreased atSapporo．Culmlength   

and ear heightincreasedwithlaterbutnotthe   

latestseedingdate at bothlocations．   

2．Genotype－en▼ironmentinteraetioIIS  

TherewereslgnificaTltgenOtype－enVironment   

interactionsinallcharacters（Table2）．A sum   

Of5quare Of genotype－enVironmentinter且Ctjon   

wa8PartitioTledinto two parts；1）difference   

aTn（）ng regreSSionlines，and2）deviationfrom   

theT昭reSSion．  

fllor allcharacters．mean squares d11e tO   

rF・fIreSSionlines were significant．b11t mean   

squares of deviation from the regression were   

49 －   
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WaSmea引ユred asan（｝旺erpar昂meterOfphen〔ト  

typi¢St8bility．The且nalysis of varlance for  

interplant vadati⊂ln8W庄8Carrledout（T＆ble4）．   

There were signlfkant genptyplC effeds on  

tbeinterplant 柑ria亡ion岳Of（】壬ユ1ml釘1gtIl，e8r  

weight，the叫mber ofkernel琴per ear and ear  

length．Si咽1e汀OSSeSユーadl且r郎rinterplant  

varia如nsthan抽ei†1bredlin8Sモロre8rWeigbt  

且nd earlength，b11tin（〕ther cllaraCterS the  

interplant varl且tions of singlecr鵬鎚S and  

inbredline6 had no diffbrence（Table 5）．  

Differe11Ce Of theinterplant vadatloI18amこ一喝  

inbredline8WaS Observed oJlth（妻8bove fく）ur  

ch8r8CterS．but rela厄ve rankininbredlines  

ch象ng¢dwiththeehar温Ct8rS．   

W主tb rB5peCt tOinterplant∇且ri且tio工IS8r召ar  

height 且れd ea∫ diametef．there wereinteト  

acもiDn＄Ofgen（〕typ声SWithenvironments，These  

genoもype－enVironmentinteractions（うfinter－  

planも V且riatiロnS al古口implied the dirfefeれCe  

in resporlSe Of eacb genotype to difrerent  

eれVir（）nmentS．  

DisⅢS弓i（）n   

In thi3 8tl】dy，Lh8 Plle鋸仲1〕lC Stability of  

maize geロOtylle6Wa8analyze〔1by tw（〕Way8．  

SigniflC8nt O山y fof Cnlm18n官th．FroTn抽e8e  

re8nl七日，the slgnific且nCe Of genotype－en∇iron－  

mentirIteraCtion mean st‡u8r8CCluld be at－  

tribllted to′di一転rence amollgregreSSionline£．  

Tbu負theT8畠pOnSeOfe且ChgenotypetQdifferer】t  

8nVirわnm即鹿WaS eYaluated by血管代greSSiofl  

coefficient，   

Dif払rencein respon8e between bybdds8nd  

p8rentalinbr8dlln時W8Sliiglllysignific8nt血  

且11ca雇e岳．It wa8 dlユe tO rel且翫ely higheT  

看ねbility of hyもrlds th且n that of the、inbred  

lin髄（T嘘183）．It wa8thl摘found th且t h8t町－  

0之ygOu5 Slngle c柑SSeS 且nd heterogen忠Ou8  

“W8Sかhomarや■l且re mOre 8t且ble‡or tlle  

enYlr叩m8n旭1cbange日 比8n bomo野師Ⅶ8  

inbTedline8．B′ut th七r¢WaS nO differ珊Cein  

tbe re8pOn8e b武W8en“W且Se－homare■■ 乱nd  

包1ngl患（汀OS8e自in乱11c8豆乳 Omthebthqrhand．  

differeneein re阜pOnSe8mOnginbredlineB、W息S  

Signi批詠nt 払r allch且r乱CterS． On th鞄ear  

cba丁度8t即・当，CNIヨ7and N19were sねも1e，but  

CMV3ⅥFa8unStat）1e．  

3．Interpl洩nt▼孔ri温如れS   

Tn addition t一コa regreS由on coefficient ofthe  

帥eT10typl¢V畠1ue，thema苫nitud台Orinはrplant  

var主8もbn8iniTlbTedlillをS且nd single GrOS＄eS  

Y且tIle5．Meaninterplant vari且tioTIS Ofinbredlines and single  
cro8蛮es over environmen七島in tb8hurch且raCt壱rSWhich  
bad8ignificant genロtγpic扉f如日  

C rlr  

gth  慧g－1七   
h  

1nbredlines   

CM37  2．434わ仁摩）   4，448bc  3．7畠0¢  0．504α由  

2．596c  3．4／はα  4．217ぁ  り．397α  

2．585c  3，960め  3．朗9瓜  0．623あご  

2．470如  4，532e  4▲027わ  0．691bc   

2．470如 5．184d  4．叩7わ  仇620毎  

2．894α′む  5．584【ゴ  3．570α  0．792c  

CMV 3  

N19  

To 15 

Slngle、CrO8日餌  

CM37六じMV三   

N19xTo15  

Note：Thescales ofinterpla≠t Vさd如10nSW色rethesanle且SlrlTable4・  
a：Means within eacわcロ11ユmn f〔）110Wed bythe samcletter do n（】t differ slg－   
nificant】ァ風t the5摩ユevelQrpでOb包もiliモア・  

－54－   



55  PhenotyplCStabilitylnmaize  

to different 針1Virorlmentヨ一and thelevelof  

het8rOZygOSity一・9・11〉   

As menticned above．some points of di＄a－  

greement are stillremaininglnregardtothe  

relation6hip of heretDZygOSity to phenotypIC  

stability． Therefore，furtherinvestigations  

u6ing other doublecros8eSandtheirp且rental  

setsJireneCeSSary．lnaddition，aCOnSiderable  

difference amonginbredlines wasfoundwith  

respect to respon巳e tO difrerent envlronments  

wheneBtimatedbyBvalues．Thisimpliesthat  

someinbredline8have a superior stabilityto  

theenvironmeJltalchanges．Soitisorinterest  

to carry out selection experirnentsin homo－  

zygotes to verlry genetic behavlororresponse  

to difrerent¢nVironm8ntS．   

Themeanint冶rpl且ntVariationsoverenvironL  

ments were varied with genotypes in culm 

length，ear Weight．the number of kerhels per  

ear and earlength（T8bles 4 and 5）．For  

these four characters．relationships between  

βJOr phenotyplC Values andもhe meaninteト  

plantvariationarepre8entediTIFig．1．Simple  

correlatioIIS OVer Single cros6e日 andinbre【i  

line6 WeTe POSitivein the n11mber of kernels  

Perear andnegativein the otherthreechar且C－  

ters．buttheywerenon－Slgnificant．   

The response of each genotype to different  

environments is attributable to phenatypic 

p－asticity3）．ontheotherhand．theinterplant  

variatioTlis known to be due todevelopmental  

inBtability whichi日aSSumedtobeattributable  

toaccidentsinthedevelopmentalprocesses2・12）  

thoughitmightinvoIveeffectsofundiscernible  

environmentaliTlnuenCeS． Thelow corre18－  

tion昌between8iand the magnitude ofinter－  

plant variation shownin Fig．1sugge日t that  

phenotyplC plasticitv aTld developmental  

instabilityarenottobeT－eCeSSarilymaint且ined  

umder eommon geneticalcontrol．  

0†1e WaS therespon8e Of phenotypic valuesto  

different environments arLd the other was the  

magnitude ofinterplarlt Variation within  

plot，eXClu（1ingheritablevariationsc＆uSed by  

Segregation，   

There were genotype－eTLVironmentinter・  

actionsin phenotyplCValues ofallch且reCterS，  

indicating geneticalcontroloftherespon8etO  

different environments．A8Bhownin T且bles2  

and3．“Wase－homare’’andsinglecros8eSWere  

more8tabletotheenvironmentalchangesthan  

inbredlines．1tthtISappe且redthatwithreBpeCt  

to the stabilityin different environments，  

’．Wase－homore’’and8inFlecrossesares11perior  

toinbredlines．But the response of“Wase－  

hom8－re”to different environments was not  

different frt〕m that of parentalsingle crosses  

iTlanyChar8Cter．   

A¢COrdlngtoALLARDandBRApSHAW】〉．there  

are two ways to且Chieve the phenotyplC 8ta－  

bility for a（1apting to different enYironment8・  

ThesewaysaredefinedaEiindivid11albuffering  

andpop111ationbuffering．Individualb11ffering  

isthe ELbilityofpユantswiththe組megen（〕tyPe  

wherethein（1ividualmembersare weiladapted  

to a widerange ofenvironmeT・tS；pOp111ation  

b11fferingis the ability of the pop一ユ1ation  

con8isting of a number of genotype8 eaCh  

adapted to a somewh且t different range or  

environmentB．ThljS8 homozygo11S Or heter・  

ozygolユS genOtyPe SuCh as aninbredlineora  

slngle cross posses6individ11alb11ffering且nd  

a heterogene011S pOPulation such且S a three－  

way，a double cross and an outbreeding  

cultivarp0日SeSSpOp111ationbuffering．SpRAGUE  

andFEDERER】4）reportedtll且tCultlvarXlocatlon  

and eultivarXyearinteractions were 浣mal］F）r  

in dolユble cr⊂，SSeS thanin single crogses．  

JoNES7）stated that the higher stability of  

double crosses to different pnvirrlnmerlts can 

be attrib11ted to the buffELring且bility of heter－  

ogeneity．IIowever－it was al∃O rePOrted that  

theTearenOrelationshipsbetweentheresponse  

一ら5 －   
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トウモロコシの復交雑品種   

「ヮセホマレ」とその覿  

の単交雑および自殖系  

統の表現型安定性  

三浦秀穂・河∩和吉・源馬琢磨  

（帯広畜産大苧草地学科）  

要  約  

サイレージ用品種「ワセホマレ」は，北海道で高い  

適応性をもっている。木研究は，lヮセホマレ」と親  

の申交雑ならびに白殖系統を対象とし，表現型の安定  

性に関する基礎的資料を得る目的で，地域と播種日を  

異にしたときの反応性を検討した。また，同一環境内  

での個体間の麦現型安定性の尺度として，単交雑と自  

殖系統における個体問変異ロ〕大きさを検討した。   

調査した6形質いずれでも．適伝子型と環境との相  

互作用が認められた。「ワセホマレ」と単交雑は．癒  

して自殖系統よりも環境問での真顔型の安定性が高か  
ったが．1ワセホマレと単交雑の問には安定性に差  

異がなかった。環境間での表現型安雇性は自殖系統♂）  

間でも差異があったが，それらの相対的別旧任は形質  

によって異なっていた。   

個体間変異の大きさは．多くの形質で系統間に有意  

差があり，それらは主として白殖系統間の差異に起因  

していた。異型接合体の単交雑は，同型接合体の臼殖  

系統より，同一環境内で庖個体問の形質発現が必ずし  

も安定しているとはいえなかった。   

環境間での表現型安定性と，個体問変異の大きさで  

みた同一環境内での表現型安定性ほ，異なった遺伝的  

支配を受けることが示唆された。  

音大研報l－15－1（1986）：47～57．   
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