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Environmentalandgenotype－enVironment  
interactioneffectsonphenotyplCVariation  

forquantitativecharacters  

Hidcho MIURAL  

（Rpぐヒil・edl′Ⅰ叫・15，1991）  

Abstraet  

A7netllOdrDre、・aluatlngbjologlC且1erreetsoranenviromment且Sar∫ecLedbygenotype  

environmeTLtinter温Ct↓On WaSinl・eStlgated．Theefrcctofthe j－th envirt）nmenlon  

phenotyplCVar主ationwasesLimatedin tcrmsoffiveparameters・CJistheadditjve  

enl，iTOnmtmtalerE8CLassumedtoactequallytoa1lofgenotypes．β）isthelinearerfccL  
onphenotyp一＝王irl■ereneesamonggenotypes．63i占themultiplicativeeffectincluding  

randomeffectsonsbmeparLiculargcnotypes．h子istheerfecton酢nCticvariationor  

he上山bility．戸jistheeffecton repeaLabilitylnOtherenviroT・mentf，．ThegenotypcL  
enviroIl－Ilentinしeractionwastakeninto札止くJunti【1tllreep乱rameterS．βハ∂ヲan（1盲，   

Dataon p18nthelghti爪tWelveinbredlinesof■凡c・0血柁αr昆ぶ亡JcαgrOWnunderll  
environmentalcondiLioれSWere且n山ヱed．Theseriveparametersweremorerlucluatod  

am（｝rlgye且rSthanamongplantingdensitiヒSOrSOWingdatcswithinyears・Theerreci  

ofLhejthenvironlneJILongcnetievariationwasassociatedwithLheeffectonpheno  
typiedifference呂EimOngiElbrcpdlincsblitnOtWiththaLOnrepeatability・Thelnethod  
pr？Se－1ted herewasexpected Lo beusJ＝fulfor evaluatlng SeVeralaEiP飢tS Or teSt  
environmentsandf（jride－1Lirざ血ge血iroJ－mentSrOreⅣectiveseI鋸tion．   

Keyl用rds：酢nOもype－enVironmentint即■aClion，heritめil恒－，〃ico藍よα花αr比タ‘たc江，  

se】．ectioTl  

那nDtypeS，therefore，thelnt即aC加nh且畠been a  

major concem toplantbreeders．Theexistence  

i）r genOlype－enVironmcntinteraction alsoimplies  

thataglVen¢nVir〔〉nmentdpesnotma上8tileSame  

contribution to the phenotyplC eXpreS如n wheil  

a（：tingondirrerent卯nOtyp、OS9｝．1notherwoァds，  

且given en11ronment has more efrect on some  

gel10typeSthanit上1aSOnOthers．   

Estimatesorheritabilit）・and geneticgain are  

1ntr（Xluclion   

llhe eェ1stencc or g¢nOも）・pe－enVironmenti¶ter  

a（：tion，Whi（Th hasIoJlg been recognized，meanS  

thaしtho巳ffect（〉r a particu】ar酢n叫・pe－）n the  

expressi（〕n Or phenotypeis dependent on the  

gro、、rlng8上lVげOnl－1ent and that there aTe gen拙＝  

varl融ionsin adaptabilit）・tO VariotlS C111ti、・ate（ユ  

c（〕nd山ons．1nplaIltSelectionor、Videlyadapta一雨  
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Obihiro．1iokkaidoO80．Jap且n  

25   



21fi H lllし’：l＼  

gener乱11y¢mployedasacriterionfpr山detltiry－  

1帽enyironmcntsin which seleeLion would be  

¢rfective．Butlhesee沌mate5aren融ⅣnSi占tently  

as細℃i融ed wiLhpTOd11eLivlひ1evelsovererlViron－  

ment鼠】2＝釘．Thisincon＄isteneyseemstoくb曽  

partlyduet｛）adericioneyorinrorm射i（〉nOnthe  

envi甘8nmerlし且1erre（血 on pl】帥OtyPICl≡a雨tion  

wl】en酢n〔－tyPe－enVirorlmetinteractionafr頑5′   

T加 Ob58Ctiv色8r Lhis p注peris to descrrbe a  

meぬロdfりreValu抽ngsome江5pだCt昌¢rtheerre℃蝮  

dr射1enl・imnme皿もOnlhe phenotyplC eXpreS㌫on  

戒qllantiはかecllar温Cter＄．Apむpulationor  

湖頑串即将門埠頼笹ilわredlin¢Sisused Loillu9 

け8らeth魚analy8is  

三uatel・ialsand Methods  

T如Pセ；駆IN寄an8JINlもST溺〔通¢17），融gl短雨蛭  

間明嘩郷＝津守A璃Sa軸ま伽蝕叫芥Ⅷ．w姻瓢p頑強d．  

堅沌育鹿ぼ無慮机11ユe Or a p庄rticul融豆厩離鳳融  

l’．．トlり汗】PiLトl押m申・PP Fll111l・ni†1thtlk th  
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G（ゝnOtypeenVirl〕Tl∫－－e爪ti爪teraetion erFeぐじ0n phenoty‡）e   ∠17  

山thegenotypeenYironmentinter8CLloncouldbe  

partitionedi山othellnearandnon－1in組rPartS  

ADDITJVE EFFECT   

ノIs shownin T8．ble 3，the additive environ－  

mentaleffectin m口呂tf〉8rLs v且riedam（〉ngyearS  

乱n（1also tended toincreasein thelけW density．  

The earl〉r Lransplanhngin1980（codes4，5）  

was the most favorable，huL thc unfavorable  

c（mditi（〕n白COnCenけatedonthe1979se且SOn  

nataanalYZe（lllピーeW舶Obtainedrrom th¢fiel（】  

triaユS Of∧こ r【上5れCαinbrやdline∬Carried out aも  

軌叩即ImentalアarmofFactlltyoFAgric111Lure，H  

okkaid一っUI】iver引ty r（汀thr¢e SeaSOnS，TlVelve  

i山川河1ines仏・eregrOWnLlnderllenvirく－1＝nental  

eoT）ditionsglVeninT往bleIwithtwol・ePlicates．  

Records or plant height weYe taken rmmしen  

comp巳†jti、・eplantHpeり）lotatthehar、やStingtime・  

11】eS山11ating・hヲ，βノ andすぎ．且tranS∫orm巨d  

用1ueiTltOlhelogaI・ithmwasusedf‘〕TLhel〉urPOSC  

ofind11eingare温SOnabledcgreeofhomogeneltil  

dLheexperjmental即T（｝rHinan良けsisorvarlance．  

Results  

Anal〉・SisoFvar血】Cegivじ－－inTable2sh（－We－i  

thnL environmcntaland genotypeenVironmcnt  

intera（：tiぐ）n erre亡Ls．as Wellas genDLypl（：e汀ecl，  

werehigTl】ysjgniricant．Tablo2furtherrevealed  

that the contribution ofinLlivi（1ualerl〉ironmcnts  

T台bk2・An81ysisofv8rj白nCe佃rplantheight  
OfノV．r〟∫r／c∂  

Tabe3．Fivep8rameterSeStimatingeffectsofthe  
rthenvi（onmentonpheT10tyP■CV8riation  
forpl8ntheightofN・ruSEic8  

恥ent  
霊言ごだ eJhチ β7 ∂誉 rノ  

187暮－ n837  

0＿41 D．897  

11㍗－ 0．811   
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11 65．8191’（5）3－  

10  47．73月…（5）   

2  217．576▲♯（3）   

8   5．273鼻＊（5）  

1川  1．195■ホ（12）  

1U  3．朝1事￥（け）   

2   9．666＊（8）   

月  1．935…（9）  

1冊  n．966斗†（12）  

20  2．515★東（1＝  

8U O．57針－（12）  

132  0．249  

1．Genot∫peS，G．  

2．山1VkorlnlentS，E．  

3．nやtWeenさ7eはrS  

l．1＼JiLhiilさrearS  

5．Hぅ〈且interaぐLit）r】S  

6・llpteTOg抑飢t〉rl〉1   
βノS2－  

7．飯山reellさ7earS  

8▲ Witllin）咤削rじ  

9．Deviations  

lO．Botweenyears  

ll肌thillさrearS  

I2．Err・じrS  

111 

LST〕5％  

Note）e．；the addltive envir〔lnTれenLalerre叫  
a菖Sumedtoacヒeq11all）rtn仁兄ll酢nOLさrP色S．  

hヲ；thee鮎¢tOngenetjい・ariaしil）nOrheri－  
tability．  

β∫；thelinearerreetonphenotさrpiedirf■er－  
eneesamonggenoしypes，SeeTable2．  

∂ぎ：Lhenon－11nearorrandomerrect on  
someorpartjclllargen（）typP8el′alu且ted  
byadeviationmeansqual●e from tlle  
l、egreSSion  

ナ㌻こじhperrectonrepeatal】i山y．evaluated  
byameancbl、Telationcoefrlclenし  

lRcr〔・tOTablel  
薫，禦y：SignirjcantaじthR5邦amjl％1飢－ビ1邑，  

resp捏tively．   

ll巨ニvallユat正＝n圧rmsr）rthelog杜riLhrn．  
2）Ther絹reSSioncue【■1’1c血しβrOrth叩hぐ1－吋Pぐ  

1nthej thcnl′1rOn111entOnLhegenot）・PPmean   
valuethroughalト灯用iTOnmFmtE；・  

3JThejLpmagainstwh症hthehはLα■si那1il■icallCt・   
帆・a昌】け1a（1ev．・ilSgll－e【11IlthepaI’Cnlhe5is・   

▲，♯★：SigniricanLat5％andl％1evels，reSpeC   
しi†・Cly．  



＝．MIURノゝ  

EFFECT ON GENETIC VARIAT10N   

TlleeStimateDrhQriLabilitvhぎwasusedasa  

p迅rameLerqr止eenl・ironm′enは1er托飢Ongenetie  

粗ri且ti（〕n．h亨varledi■r（）m79．9％to93．8タ武 郎1d  

difrerErnCe＄amOngyearSWerelarge．Thelligh  

esもimatesindicatedthatplanヒムeightwas叫OStly  

determinedbygenoもypユCef∫ects  

L「NEAR and MULTIPlJCATlVE EFFECTS   

Thelinear and multiplicative e鮎¢tS Or e且Ch  

eT117i印れmentwere¢StimaledinL紺nlSむfβ∫乱nd  

郎，rbspE・etively．β］YaltleSSh（｝WedthatdiffeTer）C9g  

nrpl那－thgiかtamロnggenOtypeSeXten加dwben  

plar】t琴 Were grCIWn11rlde∫the en山rqpmenb3  

in＆1udediIl］979邑nd198ユb′utl・educed under the  

envirqnJnerltSin19軋 Tlle multipli℃atlv¢erfeet  

Ⅵ・且Slowurlderther（〕urtre且tment8in1981．  

EFFECT ON REPEATABILITY   

Tbe mean（二（】rrel且tion（！qerrieientsln tbe four  

帥VironmeJltS£汀1981weTe high aI〕d more than  

Fブ＝0．如，8ug■ge告tlng thaもthe relati柑rank or  

卵れOtypeSObseチ1redin theseeTlViron血ent5tended  

tわbe mainねinedin¢tber ¢nViI，OnIn8n底 Tlle  

lowe弓tⅧl11e（）fテ｛in the酎IVirorlTⅥent COde 4  

revealed that上he early sowin嘗und町tbelligh  

pl温ntiIlg den8it〉・Or ぬe19即5eaSOm reSultin  

di、fr群ent reS担6eSOr鮮血OtypeS from thセOther  

environm£れtS．  

RELAT10NS／HIP E‡ETWEEN THE EFFECTS   

Rankc併relaLionI11雨ric¢畠山allpos由blセp且ir吊  

ofthepaね血ビteナ岳arepl・eSentedin Table4．Tke  

且dditiv¢やrfect¢ノWaS出棺丘tiv如乳SSOeiatedwl山  

勘∴and hヲ．Thisindicated tbat tlle ph8nOtypic  

T8ble4・Rankcorr寧18tionm白trjc8Sin811  
PP∬jbl℃ Paけ5 0fth8P8r即W駅即S  
eva】uati咽1heenvironm8ntal8ffects  
On PheれOtyPjc expr8SSionin、pl8nt  
heightof〟．′〟古書／c∂  

di汀erences 且mr）れg酢ndype5．in亡reaSed under  

unfavoTable environments ror pl且nt heiどht．IL  

WaS eOnrirmed rrom thモn曙a如e cdrrelati8幻  

between6苧and子1thattherandけmei■fect正明tO  

geれOtyPe－enVironmerltir】t由raetionユe為ded apo－⊃r  

repea旭b1日vorr巳18tiveperformanee甜官e加重ypes．  

Djsc11S島ion   

ln plaれtbreeding，heritability¢Stim可灘；卑照  

付equ倉ntl〉・empl呼dasacriteriはnf8ridentirying  

environmeユItSin≠rhkh駅1ecti（？nW（】Uldもe8freぐ・  

li、・e．Thispar邑m僻も8ri召i†】delingaもillgWhatdegre塵  

りi■dirfeTenぢeS amOng pheれ8typeS柁召ult rpom  

gemctic causes4〕．The heriLabilitv estjTロatedfrom  

S印）arat巳ar】alyses（〕rVariaT】¢e′はb′1e畠まniIldivi血al  

eれVironme】－Lsm8yl）einfl11eneedt）yLbqgenotyp寧一  

environmenしitlteraCti（〕nerreCt Lhrpughthebloeよ  

interactionwltllgenOtypeSaS仙eerr（汀e粁配t．  

Inthepre就ntdat且Onplantllei錘t－）r〃二√混ざと言仁α  

inbrtjdlines．reIationships between heritability  

aIldrepeatabil沈yweren（〕tClo畠e（T8ble4）．Tbis  

r郎ult長堀ge占tedthattheinteraとt血高圧顔叫・pe忌  

Ⅵ・ith micro－enVironmentalvariatiQn Within＆n  

enviror‖11ent WaS dirrerenもrfom Lh且もWiLb而ac紬【  

011＼′i王、OrII耶nt．】n addition，lhs qonfirmed tllぞ  

CqnLribu山上10re嵐Cbenvirt）nin如1Lt（1′geheもicv畠fia－  

tmJland比良llo官eJlOしype－e【1VirDnm印tinteγ且Cti脚  

恥・ereindep印11ent（甘8aChother．Thu雪∴良SALl．EⅣ  

e∫ロ～．2■pointedのut．the、もeritabil掬esL如薫tedfmm  
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