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' ‘SCA w1th envxronments

-ABSTRACT

Twenty one progemes of smooth bromegrass (Bromus mermzs Leyss) from a . .

. 7x7 half dlallel cross wnth thelr parents were evaluated at. four locations - A Alberta and

.\.

1 in two yearsrfqr the genetrc vanatxon and stabllrty in expressnon of thelr \leld poterluals_l
_ along w1th leaf and trller charactenstlcs c ’ \‘- B
Years locatlons and therr mteractlons were hlghly sngmﬁcant n the cbmbmed
; analysrs of .vanance and each of these effects was therefore treated as an mdmdual ;
' envnronment m subsequent analysrs The partmon of the genotyplc vanance mto |
: éneral comblnmg ablllty (GCA)‘and specrflc com'blmng ablhty (SCA) showed that for

‘ all characters except sprlng, fall and annual yleld GCA was more 1mportant than o

-

-~ T

SCA.. mdrcatmg the lmportance of a(fdmve genetlc effect Although the genot\pe X

N

: “ ennronment (GE) mteractlon were hlghly s1gmfrcant vanatlon accounted for by

combmmg ablllty effects was. generally hlgher than the 1nteract10n effects of GCA and

-

ﬁ'
e

The Jomt regressm‘n analysrs further partmoned the GE mteractlon mto
. [

N : ‘/
heterogenelty among regressnons and. ltS resndual A stgmflcant part of the mteractlon :
- :

was ascrrbed to the heterogenexty among regressnon lmes for all characters and

;,_therefore was predletable However the resrdual components were SIgmf?cant in most

I

. cases. Hence there was also the presence of some unpredlctable and unaccountable

»

varlatlon -
. .’\ .

Regressron coefﬁc1ent and dev1atron from regresswn hne for each genotype : o

v were the two stablhty parameters to be consndered together wrth mean performance in-

the evaluauon of each genotype Frve hlgh yreldmg genotypes namely 12 13 l6 25
‘.‘_‘v‘and 36 had general adaptabrhty, whrle genotypes 23 and 26 were specrally sulted to o

».poor envrronment g T .' -

T 'Combining'ab'ility' analysfs:__revealed that GCAand sCA weregboth‘;important_ '

- T e



& . ! . X o T . . BN - -

m the expressron of mean yields (sprmg fa\ll and annual) lnherltance of lmear
' regresston ‘was controlled predommantly b) GCA whereas both GCA and SCA were,
equallv lmportant in the expressron of devratlon Genotype l was the most desrrable

- parent as it tcansmttted to its progeny high yreld potentlal and average lmear response

R

"_l'he-oth‘er good. combme_r- 'for yleld was»_the genogype. o,but‘ it transmttted below average
linear response ' _‘ v | | | | ) | | |
| SCA analysrs revealed that genotvpes 12 13 and l6 combmed both htgh yleld
"and a'verage stabtllty Genotype 34 was found superlor in favourable envtronments but '
1ts non-lmear ﬂuctuan"gs were rather hlgh | . |
Phenotvptc and genotyplclz correlatlon coefflcrents mdtcated that all the )teld

tv pes mcludmg sprmg, fall, annual leldS and yteld per area were all 51gmflcantl)

-

correlated Very few morphologrcal characters seemed 3] assocrate wnth yields.. among

"."these were ttller' d_ensrty and plant _»helght._BeSIde.these_ two. characters. other characters )
such as-leaf'a‘rea leaf stem and tiller dry weight were also correlated with yield per .
Ky welen ek

area but not with. other yneld types R SR R - ..

Both drrect and transformed scales wcre used throughout thls study Tests of |
|

- srgmftcance among means were generally 51mtlar on both scales but for heterogenett) L

- , ; Sy
/

L among regressrons the tests produced drffer’ent results SRR ' k .-J'\ .

The results lndtcated that a more comphcated approach such as recurrent

v selectrons mvolvmg multr-locatron and multr-year testmg seems necessary in breedmg o

b for hrgh yleldmg bromegrass cultlvars in AL_erta R R PR
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R I.‘INTR_ODUCTION"W o B

Valrd mterpretatrons of m'echamsms of mherttance as well as predlctrons of -
performance ln breedtng programs depend mal‘nly on accqrate assessments of genoty pe
value: ese o sessments must be made from data on phenotypes that reflect both

nOl‘anetlL ard genetic mﬂuences on pl\r;} development (Mol and Stuber 1974

o

1

. Coms vk and \loll.«l963). Unfortunatelv‘ the genettc effects are not independent of the
- nongenetrc envrronmental effects The phenot\ptc response to a change in environment

7 is not the same for all genotypes these are reﬂected bv the dllference in the relattve

o .‘~rankmgs of genotvpes m dtfferent env1ronments “This mterpla) of genetxc and
‘nongenetrc effects Le. of genotvpe—envrronment (GE) 1nteractron reduces the :

' correlatton between genotype and phenotvpe whlch in turn reduces confldence in- B .

‘ tnferences from experrmental data relevant to both plant 1mprovement and lnherltance

mechan s ' L _'
Accordlng to Allard and Bradshaw ( 1964) envrronment varlatlon can be .
"-classrﬁed into two types: predxctable and unpredlctable Predr(:table vartatton lncludes
" :all permanent characters of envtronment ~such as cltmate and sorl type, as well as cychc e
tluctuattons such as day length Also tncluded in thts category are' thrjse which can be
frxed at wrll (such as plantmg date sow@g densrty harvest mcthods .and other
' agronomte. practtces) Unpredtctable vartatlon mcludes ﬂuctuatlons in- Weather such as

' amount and dtstnbutron of ramfall and temperatures Although the dtstmctton between

' the two « tegomes 18 not always clear cut, they have dtsttnctly dlfferent impacts -in

,'breedmg programs both on operattonal procedures at the selectton stages and on”
- testmg stages. Therefore results based on one locatton and one year have'-_hmtted

- practical rmpltcatlon

‘ The significance of GE interactions to plant breeders depends on their.
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!' objectlves If cultlvars that perform well over a broad spectrum of emlronments are .

desrred small GE mteractlons and well buffered cultlvars are favoured lf culnvars that

o
.

are adapted to very spelelc or predlctable envrronments are desrred large lnteractlons

Taoa”

- may:‘)he beneflcral whereas«bufferrng may'.be of lmle consequence There are, however

g more fEa51ble than well-buffered. culnvars for the whole provmee
R The abrhty of mdlvrduals to respond to. varvmg envrronments b) changtng
'phenotyplc expressron |s of specral interest 1n herbage plants sxnce no other crops are

e‘(pected to yreld under such a d:versrty of chmatlc, edaphlc and management

_’ condmons ThlS is- ‘especlally true in perenmaL g_rasses where successrve harvests are
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1952). Over the past few years 1nterest m the form of regressnon analysns first proposed

PR

by Yates and Cochran (1938) has been revrved bv the studies of leav and Wllkmson
(1963) and the Btrmlngham School of Genetlcs (e g Bucro Alams and Hlll l966

Perklns and Jmks l968) The sxgntflcant feature i in the regressxon analysns is that

genettc expressnon can be 51m’ply and predlctably related to the envrronment when the o
- : ) :' ,

, latter is measured by its effect on the character unde.r study Q;;;-
N . . - . hel

The present 1nvesttgatlon was mmated to examine the magmtude of GE

4 Wthh had bﬁe\’t s{udted" fo ‘

u‘\!

(Tan® et al.. l976a b; Walton 1976 Murc’mson 1977) canopy (Tan et

quahtv (Tan et @,ﬂ l978) More prectsely. the objectlves are

S to evaluate the magmtudes of general combmmg ablllty specnflc comblmng ablhty |
. | and thelr mteractlons with dlfferent envrronments | _ |
2" to .use the regressron procedure to analyse and study the GE mteractton on the :
Y . ) T
."“"’IE‘Iidata obtalned The estlmates of lmear and non llnear parameters\prowde an " L
| .'_.,'account of the dynamtc response of bromegrass genotypes to changtng | \‘ '
jenvtronments and may be used wrth mean performance to assess the potentxalmes ~ S )
< e _of various genotypes and. - | h

3. "ftb relate stabthty parameters w1th combtmng abtllty effects in the selectlon of

bromegrass genotypes Wthh combme hlgh yield w1th average stabnhty in dlffermg

"

BN Alberta envtronments




- IL LITERATURE REVIEW =~ R

Early Approachcs to the Study of GE Intemctrons - the Use of Varlance Componc\sta, e 1
The exnstence of 1nteracttons between genot) pesuand enwronmental factors has |

long been recogmsed Factorral deslgn was,adapted to he analysns of GE mteractton

; _»because the total vanatlon ascrlbable to genokypes and en .tronments was partmoned

lmto three orthogonal comparlsbns (l) measurmg the drfferences bet‘ween'genc)t) 'pes, (2)

measurmg envrronmental dlfferences and (3) assessmg thelr Jomt effects (Htll l975)

R

Frsher latd the foundattons for use of factorlal desrgn and analysrs of ﬁeld

| .(1956) and Comstock and Moll (l963) Unbtased estlmates of the genetlc and%E ' R
‘ components of varlance can be readlly obtamed by equatrng the expected mean squares ”
< ,wnth those calculated from the expenment The preclse form taken b) the expected
o values of. the mean: squares w1ll depend upon the underlymg assumptlons made m. the o ;
' _:‘analysxs Unbrased esttmates of the components of varrance mayhhe attalned through o \_,> |

k "i”"properly desrgned experrments Accuracy of these estrmates wrll depend on the size of

; ‘the expenments

_ The Use of Regressxon Methods SN -\ o ' g ’
The 1dea of breakmg down an mteractlon into. several parts was mtssrng in the |
‘vanance component approach The method of partltlomng GE mteractlon ‘was ﬁrst
‘devrsed by Yates and Cochran (l938) but attracted lrttle attentlon unttl leay and
L '-'thkmson (l963) redxscovered the same method and used 1t for an analysrs of

o adaptatlon ina tnal wnth 277 vanetres of barley in' s seven envrronments A snmtlar G '
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- fcompared Wrth the- ekpenmemal err,

site and season. The. regressron has since, emerged as one of‘-:the mo\st useful statrsttcal

.

tools for analysmg GE mteractrons

l

The approach falls into two parts. a conventroqal analysxs of varrance bemg :
followed by a )omt regressron analysrs From the Jomt regressron analysrs the GE

mteractlon sum of squares can be partmoned mto two orthogonal 1tems heterogenerty

Aof regressron and dewatron from regressmn ‘The former measures that portlon of the .

= GE mteractlons whrch is due to dlfferences between the fitted regressron lmes wrth (t l)

s accumulated devrattons of the observed values around these frtted lmes wrth

ber o' envrronments) Each »:of the"' terms can be

v

vhe heierdgcnerty._f t gressxontyfu ther

compared wrth the devratlon m order to see if it accounts for a srgmftcantly large part

of the observed mteractron

Regressron methods were also con51dered by Rowe and Andrew (1964) and

v Eberhart and’ Ru<sell (1966) who added together the sums of squares for envrronments

v‘x

and GE mteractlons and repartmoned thts mto a lmear component between

2

envrronments v;wrr{df a lmear component of the GE mteract10n w1th (t-l)df and
"'devratrons from regressnon The dev1attons were {ound separately for each of the t -

v'igenotypes wrth (s-2)df each

The lmear regressmn teéhmque 1s versatrle and can be used to predrct the .

'performance erther of genotypes in envrronments other than those sampled

¢

experlmentally or of segregatmg generatlons from the non-segregatmg generatrons from

.wluch they were derlved The techm ue- has been usefully apphed to a number of
. q /e

Adrfferent crop and plant specres s1nce its redrscovery such as barley ( Hordeum vngare

- dezrees of freed‘fn (d f) (t bemg the number of genot) pes) the latter measures. the e




L.) (leay and erkmson 1963 Paroda and Hayes, t97l) wheat( Trmcum aestivum
| L) (Kaltstkes and Larter 1970, marze ( Zéa Mays L ) (Eberhart and Russell 1966; .
'" Ottavtano and San Gorla l972 ';)hrllon and Slngh 1977) orchard grass (- Daczvlzs
" glomeraza L ) BreeSe l969) perennial ryegrass ( Lo[zum perenne L) (Troughton 1970:'
: Hrll and Samuel l97l) soybean( Glycme miax. L. Merr, )(Balhakr Stucker and |
Lambert, l976) strawberry ( Fragarza chlloem‘ls) (Goodmg Jenmngs and Topham
.1975) peas ( Plsum sauvum L) (Snoad and Arthur 1974) Nzcotrana rustrca (Bucro
Alams I966 Bucio Abams and Hrll 1966; Perkins and Jlnks 1968) Arabzdopsrs »
"1ha11ana (Westerman and Lawrence l970) anci Schuophv/[um commune (anp and

' Caten 1971). ln many mst.ances the linear regressron techmque adequately descrrbes -

o the behavrour of genotypes over a range of envrronments

""‘e‘gressmn techmque has be en wrde[y adapted

g ~expertments "‘n,;'recent years‘lv'For example Breese and Hrll (1973) Hilt (t973),rand;

anht (1971 1977) have adapted the techmque to the‘ alysrs of competmon '

'experlments based upon the dlallel arrangemem flat is where the competrtors are

' .grown as monocultures m all possrble 50:50, rm' tures T
‘Lin, ans and Thompson (1977) des 1bed a model combmmg the features of
-‘Grlffmg 'S drallel cross analySIS with regressmn‘ analysrs for geno vpe- envrronment
mteractrons Th\ey clarmed the mﬂm advantage for studymg GE mteractrons in a drallel
Cross experrment is that bo the comblnmg sblhttes of genetrc effects and their lmear
o -tunctron of combmrng ablhty components by envrronment mteractron can be studled :
srmultaneously Furthermore ‘the authors (Lln et al.,. 1977) clarmed the model provrdes
not only a drrect and easy b1010grcal mterpretatron but also an easy assessment of both~ .
-. heterosrs and heterosrs by envrronment 1nteractron "

.';}

ériﬁ’&s desighsiand




~ Limitations' of Regressron Methods bn the' Usc of Envnronmental Mean
| Although the lmear regressxon approach has been very w1dely used\rt has T

:Lfrequently been the sub)ect of controversy Freeman and Perkms 1971) have crltrc,lzed

7 the u5e of margmal means of the envrronments as mdepéndent varlables in the

v, regressron analysis, clarmmg therr use violates the fundamental stansucal assumptlons ,
~of regressron analysrs If as Freeman and Perkms (1971) further suggested it rs

,necessarv that- pomts on the ab cissa ( \r-vanate ) should be known precrsely and oecur '

e

o s,qua‘res are srgnlflcan"tly greater than the error mean square ‘any blas ‘which results -

; should not prove serrous in practlce PR L :
ln v1ew of the crmcrsm of Fr:eman and Perkms { l97l)' dlfferent wavs of
provrdrng an mdependent assessment of the envrronment have been SUggested

‘1. The use of control - genotypes or extra replrcates of the full genotvpe set (Frlpp and l'
| Caten l97l Jmks and Connolly, l973) Frtpp and Caten (l97l) found that with a- |
i large number of genotypes the results for regressron on a control genotype dtffered*

llttle from those for'T regressnon on the _mean. of the test genotypcs Further Fripp

‘( l972) compared both brologrcal and physrcal measures of the envrronment and -
- found’ that the analyses again’ for a large number of - genotypes gave very srmrlar
., results for all reasonable external measures and the env1ronmental mean

2. The use -of parental genotypes as’ standards n relatlon to any generatlon derlved

’from crosses between them (Bucro Alams and Hll] l966 Breese l969 Bucro e

'Alams Perkms and Jmks 1969 Jmks and Perkms l970 Perkms l970) Perkms : ,';ﬁ',j K

: 'and Jmks (l973) regressed valtw for a large number of genotypes on therr

envrronm ntal means and on values dérrved from other closely related sets of

o

S
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A

‘ sxgmflcance but that regressrons on means derived from only a few lndependent )
‘genotypes ‘were sometlmes sQ lnsensmve as’ to glvq rise to problems of |
-.,,mterpretatron e > ‘.-' - LT ” 5'-; S R o
3.‘\ ."By regressmg the performange of the ith genotype ‘onto an mdex composed of the
remammg genotypes (Mather and Cahgarl l974) This removes the statlsttcal
,objectlon w1thout needing to mclude extra mdxvnduals in: the experlment though

estlmates SO obtamed will be dlstorted both by error vanatlon and by any

‘departure from lmearlty on the part of the 1nd1v1dual regressmns

Fmally, Tai(1971) has employed structural relatlonshxp analysns to overcome o

-

~ the hmltatlons of regressmg one set of varlables on another Wthh 1s not 1ndependent

¢ ol" :t Assummg ‘that the envnronmental and GE effects are Jomtly normally dtstrrbuted

L

it s p0551ble to denve maxtmum llkehhood estlmates of the lmear response of the ith

. lme to the envrronmental effects (a.) and the dev1atlon from the lmear response m ,

terms of the magmtude of the error vanance()\) These estrmates may be compared

_' mth thelr counterparts obtamed by regressron analysns

‘Stabilvity‘Parameters PRI '. ' S

Consnderable mterest exists in the mechamsms by which an mdtvrdual stablllzes_

~

1ts behavrour in the face of varymg envrronmental mfluences (Bradshaw 1965) The

+

. deﬁnmons of stabrhty are many and varled even w1thm the confmes of GE

mteractlons L
Plalsted and Peterson (1959) based thexr measures of stablllty upon the
ontrlbuuon of the ith genotype to the GE mteractron sum of squares leay and

erkmson (1963) defmed stable genotypes as those thh a.low regressron coefﬁcnent

- '(b.<l 0y whlle genotypes wrth -a hrgh regressmn value (b >l 0) are unstable Stable K

;‘varletles wrth high mean ylelds are regarded as those specrﬁcally adapted to



s

low-vteldmg ennronments and unstable Vanet‘les with htgh mean )telds are specrftcall\

S adapted to high- )teldmg envrronments Hanson (1970) devrsed a composrte measure of

- stability-which combines the contrrbutron of the ith genot\pe to LlLQ_E_LmﬁLacuon—sum*

of squares wuh its response to envtronmental change Eberhart and Russell (1966) also AR

e L i e

T
..used bl as' the first measure of stabllrty but went further and regarded the mean square .

A

._-‘ol devrauon S’ as a second mea‘s{“ :""':‘.' "-hey deflned a stable genotxpe asia ltne Wthh
has b=1. 0 and Sm = O l‘erkms and Jtnks (l968) obtamed srmllar parameters to that of =
Eberhart ‘and Russell (l966) and leay and thklnson (1963) from a blometrtcal

genetic model. but thetr regresston coeff1c1ents B(t e. b-1) centered around 0. 0 rather '

' -than lO

Tax (l97l) used a; as one measure of stabrllty and also deﬁned a second

~measure )\ “Tai’s parAneters o and )\ have equxvalent meamng to the b and Sm ; of

o _iEberhart and Russell (l966) respecttvely except that Tai’s a and A center around 0. O\

and i O respectlvely Tai (l97l) defmed a perfectly stable vartety was (a. )\) ~—( l; l) /

‘ and a variety with average stabtllty was (a. /\) = (O l)

S'cales and Transforrn'ations :

| Most esttmates of stabrltty parameters haue been made on-a dlrect scale but
bsquarg root (Westerman and Lawrence l970) and logarrthmtc scales (leay and

: thkmson l963) have been also used .Iowett (1972) esttmated stabllltv ‘parameters for

._‘gratn sorghum (Sorghum bl(‘OlOI‘ L) on both- dtrect and logartthmtc scales The rankmg
. of smgle crosses three-way crosses and varlettes by regressron coefftcrents differed on b, -
| the two scales Thts supports the observatlon by nght (l970) that dtfferent
»conclusrons may’ be drawn from regressron coefftcrents when measured on dxfferent

. . scales. Breese and Htll (l973) also found that ‘not only d1d a log transformatlon of

: data taken from competmon experlments fall to remove. the mteracttons whtch were

_ present but it also completely altered the mterpretatton of the results By contrast



) , . . oo BT,
.‘. '

Mather ( l97l) asserted that no deep-seated blologlcal stgmﬁcance can be attached to
the- particular scale chosen. N - : “g o | . ' |
“Recent evrdence on .oats (Avena sanva L ) bv Eag]es thz ‘and Frey (1977)

further supports the pos‘u :

ressxon cOeffncnent parameters drffered

2

’

The Use. of Multtyartate Techmqucs to Study GE Inter&cuons |

substantrally on the two*scaleﬁe?dtreetand@n\sfgined scales. Therefore they

TR

A T

: warned that great care should be’ taken when comparmg regressron coefftctent

parameters estlmated on different scales HOWever thEﬂdded that if the GE

. mteractton can be removed by usmg any of the famrly of transformatrons Y= Xa where

"

a ranged’ from 0 to I (or. any other monotomc transformatron) the mteractron w1ll

lrkely be of the type Wthh cannot be explorted by selectlon

o

There can bc no doubt that the most useful of the GE tnteractton techmques .

has been the regresston approach For successful apphcatton of the regresston method

.7

‘a very hrgh proportron of the mteractron sum- of squarcs should be explamed by lmear o

‘.\regressron The condmons makrng for success ie. hncarlty of regressmn are Very

dlffrcult to determme and one set of characters has fretguently been found to grve R

hnear regressrons whrle another set of characters measu red on the same set of

: genot\pes ‘has. not (Freeman 1973)

ln practrce there are often W1de devratlons from lmeartty There are srtuatlons

._where the lmear regressnon techmque may over-stmpltfy the true response pattern to an |
. extent Wthh could lead to erroneous conclusnons (thcombe and Whrttmgton 1971)

" The results of a: number of studtes suggest that there is often more ‘than’ one way in- |
‘_'whrch responses drffer that 1s, the lnteractron contams more than one sngmflcant

prmcrpal component Multlvarlate methods will therefore hkely be alternatwe

~ . Multivariate techniques of anlayses are essentialty: a'n"extens’ion- of the_

Ty




- _‘umvanate techmques The purposes of muluvarlate analysns may be summanzed in
.terms of the analysrs of GE mteracttons as follows (Hlll l973)

: ftrst‘ to dssess the srmultaneous effects of a number of envrronmental factors where

these can be measured and ranked in order of 1m'portance by determmmg how much of

the observed varlatton lS accounted for by each 1ndlv1dual factor or composate factor

P

derlved therefrom s .i " SR { SRR »~’.

Con

=

'secondly to maxxmtze dtfferences between cultwars (or envrronmeTts) relatwe to e

s dtfferences wrthm culttvars (or env1r0nments) ‘ ': '_ - ;- _

A '5\

Multlvarlate techmques have not been vndely used 1n plant breedmg sttll less

_'_m the analysrs of GE mteracttons Freeman( l973) ltsted several multtvartate techmques

. ‘_amongst them prmcnpal component analysrs canomcal analysns cluster analysrs and

o tactor analysns whtch could be of prospecttve value in the analysrs of GE mteracttons

"T‘n (1975) also proposed the method of path coefftcxent based on postulated ausal j

.relattonshxps - "l

Freeman and Dowker (1973) apphed prmctpal cdmponent analysns to data’ R

| 'recorded from a series of yleld trtals 1n carrots after the Jomt regressxon analysxs had

SR

- GE mteracttons because desplte 1ts 1mperfectlons lt does have the twm mertts of

%

(3

been*only partially successful n explamtng the observed GE mteracttons They

‘concluded the use of prmcrpal compone.nt analysns supphed no addttmnal mformatlon

3

_bey ond that obtamed from. the analysrs of . varlance. A snmllar conculston was drawn by

//

Perkms (1972) usmg the same. analysm Shukla (1972 crted by Freeman l973) also . l

s demonstrated no clear advantage of canbmcal analysns over regressron analysns on

" env 1ronmental varlables

PR

Multwanate techmques wrll undoubtedly ﬁg.ure prommently in the GE
mteract10n context partlcularly where lmearlty fails. Even s0 the }llnear regresswn

techmque wrll contmue to play an 1mportant part m furthermg our understandmg of

o

snmpltc1ty and blologtcal relevance (Htll l975) There are w1thout doubt btologtcal

S
~d
s . .



problems Wthh can be mpst effectlvely solved by multxvanate techmques But _as Hrll .

1( 1975) btdted there 1s the very real danger that blologlcal relevance w1ll be sacrrflced

h—‘-\/}

tor sta 1st|cal pedantry agamst whnch we must guard

. Ayl ' " .

‘ “ W o . ' . N
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*TII. MATERIALS AND METHODS

Selectrons of. Envrronments and Parents and Experlmental Dcsrgns
A seven-parent diallel cross, w1thout recxprocals of smooth bromegrass
4
(Bromus inermis Leyss) was grown at four locations over three years. The IOCatlons

were chosen to provrde drfferences in soil type annual ramfall and seasonal

. temperatures representmg theacultlvated areas wrthm the provmce of Alberta The

regions and locations were: Northwest - Beaverlodge Research Station, Canada
‘Department of Agnculture Central - Edmonton Parkland farm Central-east -
Kmsella, Umversrty Ranch and South = Lethbrldge Research Station, Canada -

Department ‘of Agnculture The sorl ch-aracterlstrcs fertility and clrmatrc factors fo'r ‘

_ each srte are descnbed m Tables 1, 2, and 3 All locatrons had been fallowed the vear

before planting. Approxrmately 88 an¢68 kg/ha of . mtrogen and 55 and 36 kg/ha of

}

' phosphorous were apphed in September 1975 and 1976 respectlvely to all locatlons

' The detalls of the origin and selections of the parental clones are’ cfescnbed in
.-Table 4 . Seeds of the 21 smgle crosseswere obtained by mutual pollma.tron (Mlshra :
and Drolsom 1972) without emasculatlon in the'greenhouse during the winter of )
1972- 73 l-lybrld Seed and trllers'of the parents were. planted m the green house i in-
rmdmdual peat-pots for a month The parental propagules and Fl progemes were then

c

: ’transplanted to. each 51te in 1975 (actual plantmg dates for each srte are glven in T .ole

- "5) in randomrzed complete block desrgn with six repllcatlons Because of the hmrted -

number of hybnd seed each plot consisted of ﬁve plants spaced 120 cm between plants

~

: w1th1n and between plots The test was bordered by rows of cul:: var ‘Magna w1th the

~ same spaemg ‘as that of the plots. Cultlvatlon was hmlted to between plots so that

plants thhm plot,s naturally grew mto each other after two years and were consrdered
. . Ao
as a sward in the t_hrrd year (197.7). The trials were ot harvested until l976, ‘the second .

" year ‘of establishment. =~ . B R

3
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Tabie‘%. Descriptlons of initial and final soil fertility leveleof
' the bromegrass plots -at four locatlons and two dates.

Deptﬁ of ___Fertility level
. : Sample ‘Nitrogen Phosphorous Potassium Soil Reaction:
- Location ! (em) . (M) o (P) (K) (pH)
1. Sepfembéf 1975 —mmmmmmmmee ‘kg/ha ——-—=mm—mms- _
(Initial): o ‘ : ' o
, Beaveribdge 0-15 ~81 L 19" . 543 ‘ °6i4
| 1530 . . 53 3 400 5.8
‘Kinsella  ~ 0-15 58 3% s11 6.1
15-30 44 8 316 6.5
Lethbridge 0-15 84 39 623 T 7.9
o 15-30 8 420 7.7
Edmonton = 0-15. 85 3% 669 5.9
| 15-300 . 94 - 25 - - 601 - 6.0
II.'Septémbef 1977 : T L
(Final) : S S R
Beaverlodge 0-15 . ° 9 - 23 474 60
| 15-30 4 3 k77 54
‘Kinsella  .0-15 - . 1L 43 394 ) el
: 15-30 2 | 8 260 . . (. 6.5
Lethbridge ~0-15 = 60 . 48 . 680 - 7.9
153094 - 1 43 78’
Edmonton. ~  0-15 9 st 1080 - 6.1

J15-30 - s 37 676 6.3
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Table 4. A desc:iption'of"the origin of the parental clones used in .
the diallel‘crossg' S . ‘ T

-

Parenf . Code :

UAS5 .

UAS

UA10

UAL2

B4O

B42

e e i et e ——

:l

© 1972 and 17% 4n 1971.

“ ' Origin
Random selection'from‘fMagna”, an intermediate northern—
southern type bromegrass. - L :

Random selection from "Carlton', “a northern-type ..

‘bromegrassg. - , RS , : v

" Random seiectionAfrdm S7388,'a synthetibISUSCéptiblé' v

to Selenoghomafbromigenc and Eyrenophqra'b;omi from
Saskatoon‘by'Smith and Knowles (Walton, 1974).

". Random sélectibn:frdm 'Lincdlnf, a gouthern-type
" bromegrass. o : S R

.Selectioﬂ.byQSmith and Knowlesi(Walton; 1974) showing

resistance to Selenophoma bromigena and Pyrenophora- N
bromi. - Yielded low in a previous diallel'experiment.

Selection by Smith ahd:Knowles_(Walton,‘1974) shoWing
resistance to Selenoghoma‘bromiggnafand Pyrenophora
bromi: Highest ylelding resistant strain from a . .
previous diallel experiment where it also’ gave a' good
6ca and high:yielding_progeny when crossed with UAS9.

Collected from anzdld‘auctipﬁ yard on a farm near

Sedgewick 1n 1970. Outyielded 'Carlton’ by 19% in .
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: -Sam'pli'ng Techniques o
. - Ten headed tlllers two from each plant were randomly sampled from each -
plot(ln June each yéar prior to the sprmg harvests for each locatlon Number ofK& n- . .
- 3Ieaves per tiller was counted and the leaf blade area per tiller was measured usmg an K
:'automatlc leaf area’ meter (Hayasht Denko Model AAM 5) The tlllers were separated
‘ '1nto leaves and stems to obtam per tlller leaf dry welght stem dry welght and whole
nller dry welght Specxfrc leaf wexght (SLW) was’ obtamed by d1v1d1ng leaf dry wexght
' by leaf area. .b
Both fertlle and sterile- ttllers m an area of l96 cm’ (ie. ldcm x l4cm) were
- taken from each plant for all locatlons except Beaverlodge where the area was reduced
( to lOO cm’ (lOcm X lOcm) The sample was welghed to determme yleld per area o K w> '
' (g/dm ) and was counted for the number ol t1llers The records were later converted to )
a per umt area basns Plant helght was recorded for each plant before the sprmg - |
: 'harvest Two hay crops were harvested before anthesrs for each of the two years the
'idates are glven in Table 5. FIVC whole plants from each plot were . harvested m l976
-whereas a plot size of 60cm X 450cm was harvested in l977 Forage yleld was |
R 'e(pressed as dry welght in grams per plot |

- The. harvestmg dates as ltsted m Table 5 were kept as. close to one another as

pOSslble However some’ delay due to unfavourable weather was. unavondable

RS



Statistic'al AnalySes ‘

Transformatzon B

T

One of the assumptlons underlymg the. anal'ySrs of varrance is that the
g
experrmental factors shall have the same variance. Error mean squares from the
y‘arrance analys’es of experrm_en‘t_s wrth*rdentrcal treatments..but_‘conducted in
, different environments 'are of-.ten heterogeneous (’Yates and Cochran, 193.8)1 When
experrmental means and error variances are correlated a transformatron to stabrhze
the error varrance is recommended before conductmg a combmed analysrs (Bartlett
o ].94'7)7, | |
P lo remove the co_rrela‘ti’on bet'ween the err_‘or:meanv squares’and B
;experimental_‘ means, avtra’nsfor"rnati‘ovn of the form as-o,utli.ned‘- was made.»
| Y = gX) o
where X is the character in _the ‘origlnal"scale. Y_is.t_h_e character on the'tr‘ans’forrned '
el . : . ” | S S
gx) = X’
where aisa constant (Hinz and Eagles, l976) The method descrrbed b_\, Hinz . and
' Eagles (l976) was followed to obtam the value of a. However in cases where the
: Hrnz and Eagles method was unsuccessful a logarrthmrc transformatron was used

b

B Table 6 lrsted the types of transformatron apphed data for leaf number and herght

T

were homogeneous and were,: therefore not transformed



'
i

Table 6. A list of the type of transformation applied to the charaéteré;

studied and the correlation;coefffcientsj(r)vbetween means and

error mean squares of eight environments for each character.

3]

" - Type of Trangformation:®@ °

: : Before After :
Root Logarithm Transformation Iransfotmation'
Yield

Spring yield 0.685 = -- 049 © 0.04
Fall yield : 0.5 o - " 0.89 0.15
- Annual yield T Q.S. _ - . 0.59 0.10
" Yield/area - £ (-1) x loge 0.92. -0.21

Leaf Charactérs
Leaf area 1 0.445 - 0.97 0.13
Leaf ‘no o S e L= -0.08 -—
‘Leaf dry wt' - 0.25 -— 0.67- -0.17
Specific leaf LA (—1)._x_>l'oge -0.07 0.20

‘Tillei'CHaractefS
 Stemdry we % 0.25 - 0.91 ~0.05 -

‘Tiller dry wt = % 0025 .  ~- 0. 89 -0.10
Tiller density 0.58 —~ : - "0.45 -0.07
- Leaf stem ratio - -=  (-1) x log .- -0.19 0.33

Height = - . - 0.14
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. Ana/rsls o/' P ariance and Diallel Analysis

ll statistics were. analysed usmg the plot means of the characters In the

combrned analysrs of varrance all sources mcludmg years locatlons and genotypes

- "were assumed fixed, therefore the main effects and lnteractlons ‘were tested agamst

thexr correspondmg error variance.

 The source of varratron caused by genotypes (mcludmg parents and F,

‘progenies) in the analy51s of varrance was further partmoned mto general

combrmng ablh_ty (GCA) and‘specrflc combrmng ablltly (SCA) As ‘highly
significant differences‘yere obtamed for years- locatrons combmatron for almost

every character (Tables 13, 14 15), each year-locauon combrnatron was consxdered an

" envrronment in subsequent analysts The genotypes X years and genotypes x

. locatrons were pooled to- become genotypes x environments, which was parutloned

lnto GCA X envrronments and SCA X envxronments effects The data ‘were. analysed

' .using - the computer program DlALL (Schaffer and Usanis, 1969).

Grlffmg S (1956) Model I, Method 2 (parents and one set of Fls) and

) Method 4 (one set of F|s) were used to evaluate GCA and SCA effects for each

».mdlvrdual envrronment

Phenotyprc and genotyplc correlatlon for all possrble combma‘frons of the -

vcharacters measured were calculated accordmg to the method outlined by Johnson,

“*
Robmson and Comstock (l955) Correlatron coeffrcrents for GCA and SCA were

: .also computed from the variance and covariance components as descrlbed by

’ Grlffmg (1956).

Two measures of envrronment were used The frrst measure was the average of all

, Regressié)n Anal vsis

Regressron techmque was used for further analysrs of the GE mteractlons
using’ the methods of Perktns and Jmks (1968), and Freeman and Perkms (l97l)

entrtes m ‘the trial at that env1ronment Each of the 28 genotypes was regressed

J,
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upon that envrronmental mean. The second measure was the average oflthe seven™ . >~_,
'parental genotypes the analysrs was performed by regressmg the mean of each of

the 21 F, progemes on the env1ronmental mean

o All factors were” agarn assumed ftxed AlI sources mcludlng heterogenelty of
- _regressron and rts resrdual were tested agalnst error except the Qomblned regresston
‘was compared agarnst the resrdual w1thm env1ronments In. the case where both

heterogenelty of regressnon and resxdual were srgntflcant the regressmn temauas—-/

" tested agamst its own resrdual

' Srabi/ir_l' parameters
Stability parameters were calculated followmg Eberhart and Russell (1966)

Stabtltty parameter estlmates such -as mean regressron coefﬁmentrandﬂtabthty“*“

varrance for each genotype across envrronments were computed to compare relatrve
‘.stabtllty of the genotypes for all yleld types leaf area, tiller dry werght tiller
densrty and hexght The stabllrty varlance was a slrght modtfrcatlon from Eberhart

- and Russell s mean square of deviation from regressmn (Sd.‘) Stablllt) Varlance

- was measured by the ratio of ‘the devratron mean square (Dev MS) to the pooled
‘error mean square (MSE/r) whereas Sd. was the dtfference between the S
and MSE/r A stable genotype is therefore deflned as a genotype Wthh has an
above average mean performance a coeffrcrent of regressmn of 1.0 and Stablllt)

P

‘ vartance of 1.0.
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IV. RESULTS AND DISCUSSION'H e

. A s "

SECTION I

 Environmental Means

.~ Genotypic means for each environment and for all environments are shown in -

v

. Appendix Tables I to 13 for. all thirteen oharacters' Means and coefficients of variation

. : ‘\
(CV) for all genotypes at each’ of the four locatrons and two years are presented in’

Tables 7. 8 and 9, There are large dlfferences between locatlons and between vears for
v1eld leaf and stem. characters In general Edmonton and Lethhndge were recogmzed
as hlgher yteldmg envrronments than erther Beaverlodge or - Kinsella b‘ased on the '
average annual yleld of the two years (Table 7). Beaverlodge lS characterlzed by its

shorter and cooler summer and Kmsella is srtuated ina dr1er part of the provmce \The

\

fleld plot at Lethbrldge though situated in- the seml-artd southern part of the provmce

- was located on 1rr1gated land The constant seepage of water from the 1rr1gatron drtch

and the mfrequent rrrlgatlon at the drlest part of the season (e g June 1977) together |
wrth its long hot summer; made Lethbrldge one of the hrghest yleldmg areas

In 1976 the hrghest mean sprmg and fall ylelds were obtam d at Lethbndge '

f and‘Edmonton where. ylelds were'approxrmately twrce that harvestec at Beaverlodge In

5
l977 the best yreld was obtalned at Edmonton where- yreld was mor than two' fold

that of Klnsella In: 1976 the’ fall yrelds were generally hrgher than the sprmg yteld at all, '

locatlons except Lethbrldge A reverse pattern was dlsplayed for 1977 due mamly to

the mtrogen bemg depleted by the vrgorous sprmg growth The 5011 analysns conducted

’ in the fall (Table 2) confxrmed that mtrogen levels were low. She low. fall }1eld of 1977

- o~

~ 4

/,.
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reflected that one fall fertilizer application per year was madequate’for fully grown
bromegrass cut more than once in a season Spllt fertlllzer applications would ‘be
'recommended | |

| The CVs for sg)rmg, fall and annual yreld at’ Beaverlodge were consistently
hlgher than the CV ) aﬂ other locat1ons in l976 (Table 7) 1nd1cat1ng that the
measurements were subject to greater variation than at other locatlons This may be
due in part to the great sorl heterogeneity w1th1n that area (Table 1). The vanatlon
' became less obvrous in the 1977 data

YN

Ylelds per unit area ‘were Slmllal‘ at Lethbrldge and Edmonton whlle

*

Beaverlodge had the htghest l'and Kmsella the lowest In-1976. The same pattern holds
- for l977 but the values were smaller The plants grown at Beaverlodge had heavrer
' leaves and stems (Table 8) and more and heav1er tlllers (Table 9) than at all other :
'locatlons n both years A reverse situation was obtalned for Kmsella except that the -
uller den51ty m l977 was h1gh All or some of these factors may have contributed to
.the v1eld per umt area The mterrelatlonshlps among yleld types and. between yleld and
ts t‘norphologrcal components w1ll be dealt thh in greater detarl later Leaf number _

and SLW ‘were consrdex’ed relatlvely stable The leaf area per trller was srmllar for both' )

i years at both Beaverlodge and Edmonton but for Lethbrldge and Kmsella the leaf

' area in 1977 was only half that of l976 Plants at Beaverlodge and Edmonton were
'vconsrstently taller in both years and were approx1mately 30% taller tha_n those of

‘Kmsella and Lethbrldge in 1977

. Transformatlon’

Large drfferences between the error mean squares are shown for most of: the

" characters measured in each envrronment (Tables lO ll and l2) The relauonshrps |

between the means and error mean squares are presented in: Table 6 Also presented in - -

T Table 6 are the correlatron coefﬁcxents between the means and error mean squares \l

i .



o

(___}Ch greater on the direct. scale than on the transformed scale (Table 10). For

29

computed from the transformed data, showing that these two statistics now are
mdependent Furt‘hermore the transformatton reduced the heterogenerty of error mean

squares consrderably for most of the characters (Tables lO 11 and 12) For yield per

-

Tal

e\ample the largest error mean square for yteld per area on the dlrect scale was 32.67

for year l976 at Beaverlodge Wthh was 18 times greater than the smallest error mean

square, '1.78 for 1977 in Edmonton However on the tr‘ansformed scale the largest

_error ‘mean square (0 1996) was only 5 tlmes larger than the smallest mean square

(0. 04). For SLW the largest error mean square was 82 tlmes the smallest on the drrect

scale but 2 5 times the smallest on the transformed scale and for leaf . stem ratlo the

largest error mean square was 28 times the smallest on the direct scale, but 5 times the

smallest on the transformed scale Thrs explamed why transformatlon was apphed to

I3

SLW and leaf stem ratio even though there were’ no apparent correlattons between

" their means and error mean squares (Table 6) In fact, the correlatlon coeff1c1ents

between the means and error mean: squares for the two characters were mcreased after

transformation. However the smaller lncrements were compensated for by the

: reductlon n the heterogenerty of error mearn squares Neither leaf number nor hetght -

were transformed since they showed either no ‘or only a S ul correlatron between the

.mean and error m-an squares Nable 6) Also therr error variances were suff1c1ently

homogeneous (Tables ll and’ 12)

1

Analyses of vanance were conducted on all characters measured on both drrect '
- and transformed scales Tests of stgmﬁcance from computatrons usmg data on the

. dtrect scale were only approxrmatlons because of the known assocratron between

evrronmental means and error vartances on: thls scale However thrs is the scale
L .

i

. commonly used to measure adaptatron parameters in agronomtc research and analyses

usmg 1t mtght be helpful for mterpretatlon purposes '
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Combmed Analysts of Varrance and Dtallel Analysrs
The combmed analyses of varlance for yleld leaf and stem characters are
shown n Tables 13, 14 and 15, respectlvelyx All the mam effects were hrghly srgmflcant '

when tested by their correspondmg errors. In general the analyses show that for both[

scales the genotypes mteracted SIgmflcantly with years and with locatlons whrch must

mclude chmatlc edaphrc and management factors, The second order mteractlons
) l

t
genotype X locatlon X year, were 51gmf1cant for most characters with the exceptlon of

stem dry werght tiller densnty and leaf stem ratlo on the drrect scale and leaf ‘area and
leaf stem ratlo on the transformed scale. For stem dry werght and tlller dry werght the h
7
non-sngmflcant locatlon by year mteractron on- the transformed scale 1nd1cated that the
locatlons ranked 51m11arly from one year to another No general pattern was obtamed

for other characters Both scales agreed well except in a few mstances which were

maml}, the hlgher order mteractrons where the two scales were elther in dlsagreement

" or. were sngmftcant at dlfferent levels of probabrllty

As the analyses showed that locatrons years and thelr lnteractrons were hlghly
srgnrflcant the data from the four locatlons two years and thetr mteractlons were '
therefore treated as erght drfferent envrronments in subsequent analyses Model l
method 2 of the analy51s of Grlffmg (l956) was used to partmon the varratron among |
genotypes into’ that due to general combtnmg abllrty (GCA) and specrflc comblmng
ablllty (SCA) The mterzlctron between genotype and envrronment was further drvrded

%
mto GCA by environment and SCA by envrronment mteractrons for all characters

(Tables l6 17 and 18)

All GCA and SCA mean squares and thelr mteractrons wrth envrronments were e

. hlghly srgmflcant for all characters on both scales The two scales closely agreed for all -

cases. Varlatron accounted for by combm1 blllty effects in general was apprecrably
A

: hlgher than the mteractlon effects of GCA and SCA wrth the envrronments Mean :
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In contrast to the three types of yneld the GCA to SCA ratlo was hrgh for

yleld per unit area ThlS may 1mply that mors rapid response would be expected

-A-through selectlon on yield per umt area than selection on yxeld per plot

The GCA effects of the parents and the SCA effects of the progemes wxll be

v‘conSIdered in detall “in conjunctton with stablhty parameters in Sectlon II

% Co

Correlation ..~ . - o L

Phenotyplc and genotyplc correlatton coefflcrents among yleld types and

‘between"'y' ; orp hologtcal characters are presented in Tables 19 and 20

c ,'\i—i-l-n.;ﬁm()n breakmg down the genotyplc correlatlons between characters tnto

' 'addmve(GCA) and non—addmve (SCA) genetlc correlatlon the addmve genettc o

‘ correlatlon wrll mclude all the addmve covanance and mteractlons mvolvmg them and
: 'that of non-addmve genetxc correlatlon wrll mclude dommance and all eptstattc '

»

- covanances The magmtudes of both addmve and non-addmve genetlc correlattons

o among yreld types were s 1lar to or ejxceeu the phenotyptc and genotyplc correlattons



21

- Table 19. Correlation coefficients of phenotypic (r ), genotypic (r.),
¢ . general combining ability (r ), and specific combining

ability (rSCA) among yield cgaracters in smooth bromegrass.’

) ‘ T ‘ - A
.Character = : Fall Yield Annual Yield = Yield/area )
Spring yield rP o 0.78 0.95 0.48 :
rg . 0.80" O 0.96. . 0.54
Toca S L9 100 . .0.62
. ’ R v' v L = K
.rSCA : Q.7§”' ‘ ‘} 0.96 | 0.72
; e1d | e e s
Fall yield . x, = . . - 0.93 0.67" "%
: . ' ' . ~ j“\Sr-
N ‘ : ) ) R ) Lo P X
| o . L 0.93 e T
' Teea ' . _ q";ZPZ l 1'6915 7
T r S - . 0.93 " 0.8
- o , . . ,,' ':i o 2
Acnualhyield Tp Tl ‘ é : f‘_’ O.SSK 8
r.. 0.66
,C g . R
! rGGA 0.92
r 0.79

5 Statastical test is provided for rP only.

**, T significant at- the 0. Ol and 0. OOl probability levels,
respectively, where n=28
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. "(Table 19). The additive geneticvcorrelations weré considerably greater'than"the:
: no.n-addﬁit_ih_ve genetic correlatio'ns_in.most cases, except between sprin‘g 'yie_ld'and' yield
: per unit area | |

Very few of the morphologlcal characters measured were assoc1ated w1th )1eld

(Table 20). Helght was posmvely while leaf stem ratio was negatively correlated w1th

sprmg fall and annual yleld Tlller densuy was 51gn1ﬁcantly correlated phenoty plcally T .

thh all yield type< except fall yleld Slgnlflcant negatlve correlation coeff1c1ents were .
noted for SLW and sprmg and annual yleld More morphologlcal characters showed
slgmflcant phenotyplc correlatlons with: yleld per area than w1th other yleld types

' These morphologlcal characters lncl.uded leaf area, ~leaf, stem»and- tlller._ dry,welght,»,»-tiller'.' e

 density and height. Genotypic cOrrelatio'n coe'fficients'were-of 'slmllar-or sllghtly higher

magmtudes than the phenotyplc correlatlon coeff1c1ents Further partmon of the
R

genotyplc response showed that the close genotyplc assocnatlons between the. helght and
‘the sprmg and annual yrelds were due mamly to the non-addmve genetlc effects and : .b
little, if any tto the addmve genetlc effects. The close assocnatlons between tlller densnty
and the types of yleld were’ malnly due to addmve genetlc variance, whlle the
‘assoc1at10n due to non—addmve genetlc varlatlon'were negatlve small and negllglble

. The largea:ddm_ve genettc correlatlon coefflcrents,mdlcated’ that in .thls.populatton C
‘vs'electl'on toward-s' yleld wou vgl be in conjunctton with mcreased tlller den51ty For

Y

hrgh yreld per area selectlon through large leaf area, greater number of  tiller- and per v

s

tiller dry welght should also bg e{fegtwe
- £ )
The number of tlllers per unit ground area (or tlller denSIty, in no/dm ) and :

tiller dry werght are consxdered as the two major components of forage yleld The _
- relatlve 1mportance of these two. components in. thelr contrlbutton to foragwld have
been reported prevnously by varjous workers In the present study and: the previous

reports (Tan et al., l977a b) tlller denslty showed a hlghly posmve correlatlon w1th R

forage yleld but the assocratlon between tlller dry welght and forage yleld was not

o



!

a4

'vslgmflc':ant The results are in close agreement wrth those in Lolzum specres (Lazenby
and Rogers 1962 Thomson et al., 1973) and- suggest that trller densrty is of greater |
1mportance in determlmng yield than ttller dry werght Conversely, different results on.
the associations between tlller densrty tiller srze and yreld have been reported in a

number of forage specres mcludmg orchardgrass (Knlght 1970) perenmal ryegrass

' _(Troughton 1965) and bromegrass (Walton 1976)

 SECTION II

4 L

' “Jomt Regressnon Analysxs 1 B o I
Tables 21, 22 and 23 show tne further partmon of. the GE mteractlons usmg
~ the Jomt regression. analysrs on hoth scales. In thrs analysrs regressrons of genotype -
-means from envrronments (1e. locations and years) were compared wath envxronmental
means derived from the whole nonulatlon Such analyses made possrble the o -
: determmatlon for each: character how much of the GE mteractron cguld be accounted "

.for by the heterogenerty of the. regressrons that is by the dlfference.s between slopes of

" _the: regressron lines, .and how much was resrdual and therefore unpredrctable The two

components were tested agarnst the error terms dertved from analysrs of varrance
Regardless of whrch character was bemg exammed a ’slgmﬁcant ‘part of the GE

» mteractron could always be demonstrated as bemg due to the deerences between.the
‘slopes of the regresswn lmes In all rnstances the unpredrctable resrdual devratrons were
also srgmﬁcant on both scales _ . : | ;, : |

When botmthe ‘ean square of heterogenerty of regressron and the meane
square of resrdual were srgruflcant when tested agamst the error term the valrdrty of
. any predrctlons would depend on the relatrve mégmtudes of the two"nlean squares o

. (p J ) .
I(Perkms and Jlnks, 1968) lf the mean square of heterogenelty of regressron was o

. n

- . . - . N t 4

A
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7 slgmﬁcant when compared with that of restdual the predtctlon of GE mteractlons
. based on. the linear regressnon would stlll have consrderable practlcal value Both yleld
" per area and fall yteld showed stgmﬁcant regressnon when compared w1th the resrdual
on both scales (Table 2l) Vanatrons due to heterogenelty among regressmns for leaf
area and’ leaf dry weight were both srgnlflcant on the direct scale but not on the
-transformed scale (Table 22). Mean squares for heterogenelty of ;egressnons were
srgmﬂcant for stem dry welght titler dry wenght ttller densrty and leaf stem ratno on
: the direct scale, but only stem dry werght and tlller densrty were srgmflcant on the
‘ 'transformed scale
| Thus the lmear model would retain constderable predtctlve value for the
. genotypes concerned for sorne of the characters such as trller density, stem dry wenght
vield per area and fall yneld as most of the mteractlons were accounted for by the o ‘.%,v- :
,‘heterogenerty of regressrons Accordmg to Perkms and Jinks (1968) even if the mean.
-squares due to heterogenelty among regressnons was not 51gn1f1cant when tested agamst
: v,resrdual mean square thxs drd not rule out the possrblhty that the regressrons of each
genotype mean on to’ the envrronmental mean for some of the genotypes taken |
. lndrvndually may be highly SIgmftcant when‘;‘ested agamst therr re51dual mean squares. ‘
. PR
--'Therefore for those partlcular genotypes rehable predtctlons can. still- be made | |
Attentron to the problems that can arlse from assessmg an envrron?nt by the , |
: mean of the genotypes grown in it has been drawn b)’ Freeman an& Perkms (l97l)
Thetr ma,m crmcnsm of the techmque was that: the genotype means contrtbute to and
‘hence‘° were not staustlcally 1ndependent of the env1ronmental means on Wthh they R
were regressed Yates and Cochran (l938) ongmally Justtfled thls procedure on the |
ground that because the Jomt regressnon sum ;f squares equalled the envrronmental
“isum of. squares the GE mteractlon sum of squares could then be partltloned - 3

’orthogonally mto two’ 1tems one measurmg dlfferences between the slopes of the fltted

o lmes the other measurmg the resudual devxatlons about these lmes Freeman( l973)

e



, respectrvely, on both. scales

‘scale For each character the combmed regressmn slope was not stgmflcantly dxfferent s

~dry werght on the direct scale but not on the transf eczgscale -3
o :

. resrdual terms The mean squares of heterogenerty among regressrons for trller densrty

- 49

agreed that thrs procedure was . perfectly vahd prov1ded mferences were d-awn only
-~

about the sample of genotypes and envrronments used in the expuuncnt that is the

'model was flxed

Assummg a. fixed model the Jomt ‘regression analysrs presented in' Tables. 2l

L 22 and 23 are considered statrstrcally valid. The present trial mcludes seven parents and

-

'21 progemes in all envrronments whlch comcrdes w1th -one ‘of the experlmental desrgns

outlmed by Freeman ‘and Perkms (1971) who approached t&se problems by provrdmg

» mdependent estlmates of the envrronment by the mean -of the parental genoty pes 'In
'-thls study the method of Freeman and Perkms(l97l) was followed and the results of

the analysrs are. presented in Tables 24, 25 and 26 for yield, leaf and tlller characters

%

Al

Most of the terms in Table 24 ,are srgmfrcant at the 0 l per. cent level when

compared wrth the error.’ 'The mean. squares for heterogenelty of regressrons were

_-srgmfrcantly greater than their . resrduals for yield per area, sprmg yreld and fall yleld on

~ the dlrect scale but were srgmfrcant only for sprmg and' fall yleld on the transformed

AR

.from umty, but the resrdual aboutrthrs regressron was not neghgrble Mean squares for

L Y

heterogenelty among regresglons were sngmflcantly greater than the efror for all leaf

i

‘characters except SLW on both Lcales (Table 25) When compared wrth their resnduals

mean squa‘res of the heter’o’generty o-f'»vregressron were §mﬁcant for leaf area and leaf . L

ln Table 26 herght was the only charaoter whlc%dld not@‘hoﬂ

"remamed srgntflcant whrle leaf stem ratio was not srgmfxcant after the: scale had been

transformed L e S g

The effect of transformatlon has become obv1ous m the Jomt regressron :
. B . .
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measure of envrronment as postulated by Perkms and Jlnks (l973)

.o | 53

" analysns Test of sngmflcance among means dlSCLISSCd in Sectnon I were. snmnlar on both..

scales For heterogenerty among regressnons the tests produced dlfferent results ThlS

suggested that tests of sxgmflcance on-the drrect scale were accurate among means, but

- .were not accurate among regressrons Cases where drastxc changes of vanance ratios

“when dlfferent scales are used ‘were. not unusual. Transformatlon may be used to reduce

both mteractlon effects and heterogenelty of varlances (Bartlett l947) However if. the
o,
GE lnteractlon could be removed by‘usmg any of the transformatlon encountered i

this study (or any other monotomc transformatron) ‘the mteractlon Wlll hkely be “of the

. kmd that cannot be explmted by selectron (Eagles et al., l977)

The use of drfferent measures of env1ronment also created some drfferences in”

the sxgmflcance of the linear responses For example most of the mteractlon for spring

yield was. accounted for- by’ heterogénelty of regressnons on both scales when the .

!

envnronmental means were measurq by the mean of the parental genotypes but was

»

~not slgmfrcant on elther scale when the overall mean of . the 28 genotypes was taken

mto the measure of env1ronment These conﬂrctmg results from the present study

'cautnons the chorce of measure of envrronment It would affect the mterpretatlon of
. results from regressron analysrs The dlfferences whlch arose from the two measures of

env1ronments would llkely be the . result of the use’ of too few parental genotypes as a’

T

Stablhty Parameters
v S al
Stab:hty parameter estlmates for each genotype across envxronments were

computed to. compare relatlve stabrllty of the genotypes A stable genotype was defmed

' ':as a genotype whxch had a regresswn coefflcrent of l 07and stablhty vanance around

1 0 Of all traits, yleld characters such as spnng, fall and annual ylelds are of major

agronomlc mterest and are the most lmportant cnterla on whlch stabxllty of fleld crops,

‘ 1s bemg consrdered Yleld per area and other morphologtcal characters such ‘as leaf
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+ area, tiller werght and densrty and he’?g . were also mcluded to show that stablllty of

genotypes may vary w1th tralts that is, the genotypes Wthh were rated as stable for
one character may be unstable for other characters . |
The prlmary stablllty parameter for plant cultlvars rccordmg to leay and
Wllkmson (l963) 1s the regressxon coeffrcrent of the means - a cultlvar upon the
envrronmental mdexes Thrs statrstrc measures whether a glven cultrvar prodUces -
relatrvely better or worse than all culttvars 1 the envrronments w1t’h low— and’ |
| hrgh—productrvrty potentrals Herem b—l 0 will be desrgnated as average stabthty (see
leay and Wllklnson l963) values above umty wrll be classed as less stable than
S average (below average stablllty) and values below as more stable than average (above
'Q » average stabnhty) Since the heterogenelty among regressrons was not a very large |
proportlon of the GE xnteractton for most characters the partmon of the pooled
- devratlon into stablllty varrances for every genotype appeared very 1mportant [t is t-:,

D

therefore necessary to consnder the two’ stablltty parameters together wrth mean j :
<

performances of each genotype mamly followmg Eberhart and Russell s (l966)

' deflnmon of stabrllty, viz., b=1. O and’ Sd, —0 o o ,' : '

The stablhty paraftneters of each genotype mcludmg parents and progenlese for |
| sprmg. fall and annual ytelds are glven in Tables 27 28 and 29 on both scales Graphlc
summarles are also glven in thures 1, 2 and 3 for sprlng, fall and annual ytelds,

‘ respectrvely, on dlrect scale only since . those of the transformed scale closely followed
snmrlar patterns The graphs show the relatlonshlps between yleld (sprmg, fall and
annual) and lmear r.esponse of genotypes and are con51dered useful tn selectmg stable

| genotypes The vertlcal lme 1is the grand mean, whereas the hortzontal lme is the

y . average slope (b"l 0) AIl stablllty varlances 51gmf1cantly greater than the error
_ varlance (P<0 05) are shown by symbol ‘-JK For clartty, a code number mstead of
. pedtgree as glven in Table 4 is marked for each genotype o

_ The sprmg yleld varted from l655 to 2335 grams per plot The regressron
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Tabde 27. Means, regression coefficients, and stability variances for
) _spring yield measured on both d1rect and transformed scales
on 28 bromegrass,genotypes

3
e . Direct Scale . = - Transformed Scale
) :  Regression  Stability Regression , Stability
- Genotypes Mean  coefficient variance &= coefficient  vVariance
Parents (8) ‘ ' ST S ' *
1 2198 1.19%- 1.30 .- 1.18 1.18
"2 2107 0.82 5.02+" .. 0.81 4. 54+
3 1970 0.98 L 2.77* S 1.n2 2.97%%
4 -1655 0.95 6.91+ - 1.0 8.06+
5 1726 - 1.09 3.77+. . 1.15 3.50%%
6 - 2316 .°1.18 B.71%% . 1,13 9 .9g%k
7. 2071 1.21 ..10.99+ 1.19 11.20+
. Progenies . - o . _ o o
12 2317 0.83  2.00 ' - 0.80 - 1.80
13 . 2269 - 0.92 Lo 10.92 1.07
14 0T -t1984 1,16 0.95 oL 1.17% 0.89
‘15 © 1969 - 1.03. - 4.62+ .1.03 S 4052+
16 2288 1.07" ~1.81 - 1.05 - 1.69 - 7
.17 2205 0.88 S 1.96 . 0.88 1.66 -
23 < 1882 - Q. 2% - 1.78 . 0.75% 1.78
26 2102 0.94 . 0.70 ©0.95 . 0.66 "
25 2141 1.01 1.02 ~1.00 . 1.02
26 - 2269  0.86 . ,0.63 _ 0.84% 0.54
27, 2246 0.91 . 1.79 . 0.87 - ".1.68
34 2335 1.12.  ~  2.08 _ - 1.10 . 7 1.68 -
35 1948 - 0.94° ©0.69 0194 0.78.
36 - 2119 0,97 0.65 ° 0.95 ./ " . D.68
37 2135 0077 4.60+ " 0.77 ©3.90t
45 . 2199 1.25. . 2.68% S 1,28 2.39%
46 ‘1864 1.0 . 1,07 . 1.06 1.06
T 471982 ~1.01 S 3u19%k o 1.0, 2. 87%*
56 11954 . 1.07 0 5.20¢ B o&& . 4.38%
57" . 2268 © 1.05 0.56 - 1.03" 0.58
67 02326 - 1.06 - 2.90%* - L 02 2.32%
. ‘Grand mean  2102.1 ° . ;
LSD (.05) 237 ’ o -
a F B denotes regression coeff1c1ents ‘that were higherior.lower than

qi 0 at the' 0.05 p@obability level

*;'*§, + denote deviations £from. regression creater than ‘the pooled error’ o
. [, in'analysis of variance at the 0. 05," 0.01,. and 0 001 probability
, levels, respectively » . . v - 'W”
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i
Direct Scale. : ' Traﬁsformed Scale ’

, L Regression, Stsbility,_ Regmession Stability
.Genotypes = Mean coefficient variance i c¢éfficient variance
Parents (g)_ C ) - S ‘

. 1546, -1.06 - 2.04 = .5 Y 1.08 3. 56%%
2 . 16430 1.11 - 3.86t /¥ - 1.09 2.39%
-3 - 1468  0.76 3.04%% . 0.78 1 2.98%x
& 1336 1.13 5-73+% 1.13 6.28+
L5 1386 0.62 - 8.05% - 0. 64 8.12+
26 +1803 ©  1.10 . 1.07 - 1.02 0.89 .
7 ‘1475 L 1.18 . 5.65+ - 1.25 3.92% .
J Progcnles' S ' L IR ,
' ;_.12 &‘- 1752 - 0.99 - 1.58 .0.92 . 1.47 -
’ LS A3-0 1718 0.99 - .- .58 0.92 " 0.40
oo e 1431 0,98, 410320 1.03 1.08
PR 1s ™ 1605  0.78 5.51+% - 0.77 . 4.601
;o016 - 1691 Q. 96’a; 0.81 0.94 - 0.88
e 170 T Y1614 1/32%. 1.52 1:27% S 1.42
23 1381 O 7;% - 0.73 - 0.79%, - 0.58 .
3 24 1581 % 1004 0.31 1.02 ©0.35 ¢ -

AT 1655  0.90. - 1.65 0.91 1.28
26 . 1686 - 0.98 1.14 - 0.97 0.79
27 -7, 1576 - 1.19 1.71 0 - 1.17 L 1.47

36 1727 . 1.17 2.87%% o 1.13° 2.17%
35 .77 1594 -+ 0.91 - 0.47 - 70.88F ~0.32°

36,1648 0.96 ©1.56 .0.95 ~1.39
37 .. 71656 .. 1.10 . 2,04 1.03 2.09 -

‘ 457 . 1440 - 0.98 0.33. 1.04 -0.64 .
467 1159 0.87% . 0.61 - 1003 1.26

‘ 47 s 1289 0 1.07. ‘1550 o 1.15 1.70
2 © 56, 7t 1484 . 0.82 . L 2.17% .0.82 2.09 .
: 57 © 1663 1.14 < 2.35% S1.11 ©1.96 . o
@7; #1610 1.16 © . 2.60% 01015 2.08 . e
%ﬁ Hé"lg;‘,rand-mean 1557.5 R S 4it
«%V, LSD (.05) 205 . &Lja ‘
R L P
Jmﬂ'j F R denotes regression coefficients that were higher or lower than

o . v
H n . ) G . . ' ‘6 ©
. v . 1 : ) -

Tk 57

!

,Table‘28.“ Means, regression coefficients, and.’ stabilitnyariances for

fall yteld measured on both direct and traqsformed scales
on 28 bromegrass genotypes

-7 1.0 at the 0: 05 probability level

ne*;-**;'+5vdenote deviations from regression greater than the pooled error

in analysis of: varidnce at the 0 05, 0.01, and O. 00L: probability .
”levels, respeckively , SR - -
L R
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Means, regression coefficients, and ‘s ability variances for
-annual yield measured on both direct dnd t:ansformed scales
-on 28 bromegrass genotypes ]
___Direct Scale ) Transformed Scale
- S Regression Stability =~ Regression = Stability .
Genotypes . Mean coefficient variance- - coefficient variance
Parents «(3) . v o
! 3744 1.16 2,09 1.15 2.25%
.2 . 3750 0.84 4544+ 0.85 - 3.87t
3 3439 - 0.82 03.93+ ¢ 0.90° 4,51+
4 2992 - 1.14 - 6:75+ 1.21 . 9.36+
5° 3112 0.92 . 8.99+ 0.96 8.37+
6 . 4119 ©1.12 L 2.73% 1.07 2.09
7 3547 - 1.27 © 9.56+ 1.25 8.82+
"Progenies . . o f -
12 4070 © 0.81 1.92 - 0.77 - 2.04
13 ©..3988 . 0.93 .- . -0.78 0. 88 " 0.72
14 . 3415 1.12 - - 1.01 1:.16. 0.99
15 3574 0.81 6.54+ 0.8 5. 74+
16 3980 1.01 1.71 . 0.9 .55
S 17 3819 1.09 . 3.73%% 1.0 2.97%%
S 23 3263 0. 70? -1.40 0.76% 1.35
24 3684 ©0.99 0.68 0.9 0.60
L2500 3796 . . 0.93 - 1.59 0.92 . 1.49
260 3936 0. 85# 0.36 . . 0.8 - 0.40
n 27 '3822..° 1.02 2.54% 0299 C2.61%
34 4063 " - 1.26 . C-2.19% . - 1.18 - 1.68
‘35 3542 . - . 0.88 " ~0.63 - 0.90 0.62 .
36 3767 1.07 0.64. :1.05 - 0.59 .
37 3791 1 0.90 ;.~:‘4 87+ . '0.88 4,207
45 13639 .15 ° - 1,937 1.16 1.91 .
46 3023 . 0.94° " ©0.55- 1.01 074
LY 3271 1.12 « 2.40% - 1.18 ~1.94
56 3438 0.92 - 4.53+ - 0.96 " _ 3. 45%%
.57 - .3932. 1.04- "1.33 S I.p2 - 1.26
C 67 3937 1.16 L3.13%% 1.09 £ 2.51%%
-Grand mean ©3659.5 o
_ LSD-(.OS);.';AAQO :

l 0 at the 0.05 probability level

~ denote deviations from . regre'
©dn analysis of variance ‘at t

.denotes regression coefficients that were/higher or 1ower than v'

5 on\gr ater than the pooled ‘error
i y .and’. 0. 001 probability
levels, respectively.,-,k,f T :
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| coefﬂctents ranged from 0. 72 to 1. 25 (Table 27 and Frg N. Four genotypes namelyv |.
l4 23 and 26 had regressron coefftcrents srgmﬁcantly dlfferent from unlty on one scale
‘or both (Table 27) Slx out of the seven parental genotypes and six progeny genotypes
had sngmftcant devratxon mean squares Jomt consnderatlon of parameters mdrcated that -
: genotvpes 1,12, 13, 16, 17, 24 25, 27, 34, 36 37, 45, 57 6 and 67 combmed high yleld
.land average lmear response Genotypes 37 45 6 and 67 however recorded srgmflcant »
| deviations. Genotype 26 had htgh yleld and above average linear response(b<l 0)
, (Table 27) and genotype l on the other hand, had below average' linear response |
(6>110). , | _ \ :
Fall yleld varled from 1159 (genotype 46) to 1803 (genotype 6) grams per plot
“‘:!and the regresslon coeff1c1ent ranged from 0. 65 (genotype S) to 1.32 (genotype 17) ‘
3 (Tables 28 and Fig. 2) Seventeen genotypes’ recorded hlgher yxeld than the mean of all
genotypes These genotypes were: 6 l2 34, l3 16, 57 37, 26 25 02, 36,17, 67 l5 35
24 and 27 All these genotypes except 17 and 35 had average lmear response (b‘l)

’ Devnatton mean squares were stgmﬁcant for five. ge.notypes namely 34 57 2, 67 and

15.: Thrs suggested general adaptablhty oF o

e hrgh‘yleldmg genotypes for fall'
: -yleld B _ ‘ _ ‘ | : ‘ . | . o
The annual yleld varled from 2992 (genotype 4) to 4119 (genotype 6) grams per PR
. plot and the regressron coeffxcrents ranged from 0.7 (genotype 23) to 1.27 (genotype 7) ‘
(Table 29 and th 3) Slxteen genotypes had hrgher yreld than the mean of all

genotypes Among these genotypes only one (1 e.. 26) had regressnon coeff1c1ent whrch ‘ g
"was sngmflcantly smaller than umty, and seven namely 6, 34 67, 17, 27, 37 and 2 had _" . ‘:. g

, stgmflcant devratron mean squares

J omt consrderatlon of the three yleld types (sprmg, fall and annual) and the -

-

| ‘stabrlrty parameters 1nd1cated that flVC genotypes had consrstently combmed hrgh yrelds
_average lmear responses and non—srgmﬁcant devxattons These genotypes Were l2 13

186, 25 and 36 Genotype 23 on the other hand had shown ‘maximum stablhty
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Correlatlon coefflclents between regressron coefflclents and mean yrelds of each C

’ enotype was 0. 08 for sprmg yreld Posmve but non—srgmﬁcant correlatlons were _

-obtamed between regressxon ce?efﬂctents and mean fall ylelds (r=0. 33) and between »

regressxon coeflctents and annual ylelds (r—O 13) Therefore it seems posmble to’ select

‘ genotvpes whlch have above average stablhty and hlgh ynelds such as genotype 26 '

",.'Thess results are in comrast to those reported by Eberhart and Russell (1966) m malze '
and by Fatunla and Frey (l976) and Eagles et al. (l977) in oats, where they obtamed

vslgmflcant correlatlons between mean ylelds and regressnons o - ‘ _ : L : w

. stable for one character may be unstable for other characters For yteld per area (Table
- 30) none of the genotypes Wthh had hlgh yleld per area were close to av rage stablhty
Table 3l shows that among those genotypes (1, 16, 25, 35, 36, 57, and Q w~h1ch had -

S large leaf'areas and were rated as havmg average stablhty, three genotypes ( 25 and ‘1 .
e 36) also had average stablllty 1n ylelds (sprlng fall and annual) For txller dry welght
w (Table 32) genotypes l 12 13, 14, 34, 35, and 36 had average stablhty, but among
them only genotypes 13, 35 and 36 combmed hlgher tlller welght than thetr overall:
mean Genotype 37 w1th average stablhty for fall yleld was the only genotype whlch
had average stablhty for hlgh tlller densnty (Table 33) Genotypes 13; l5 16, 34 35 36
56 and 67 combmed both average stablhty and above average plant helght (Table 34) - |
a : " The data mdlcate that it 1s rather dlfflcult to select a genotype whlch had |
; ~a,verage stabthty for ylelds and wrll also be of average stablllty for other morphologtcal R
w w characters such as hlgh ttller densrty heavy ttller wenght large leaf area and plant

helght Genotype 36 probably combmed average“”sfabthty and htgh means for the most -

characters whlch mcluded ylelds (spsmg, fall aﬁd annual) leaf area tlller dry wexght

Qﬂ'



e

63

Table 30. Meané, regression coeffiéientS, and stability varianceés for

yield per area measured on both direct and transformed scales °

on 28 bromegrass genotypes.

Direct Scale ' . Transformed Scale
. . Regression Stability Regression Stability
Genotypes - Mean coefficient variance. | coefficient variance
Parents _ (g/dm2>-. : , ;o T
1 37.7... 0.99" 2.79% . 0.97 5,06+
2 39.4 0 L.23% 6ot 1.08 - 5.06+
3 33.1 0.69t  17.414 - 0.83" 10.12+
4" - 23.4 0.52% 6.65% - 0.76 16.63+
5 "35.1 0.82% o 6.74%+ 0.80 8.67+
"6 40.4 1.09 2.75% - 0.95 2.16%
7 25.1 0.53% 14.59+ . 0.88 23. 86+
- - Progenies v : . ' ' . _
C12 S 4303 1.48% 12.22+ . 1.13 \ 6.50+
B A N A 1.19% © . 6.73+ -~ - - 1.00 . 13.73+°
A TN Y90 & .07 . 1.06 . 1.10% S1l.44
N ' 37.0 - 1.04 - 2,06 o 0.97 “2.16%
o 16 - 41.5 1.33%F - 7.50t o 1.07 "3.61%% o
17 30.5 0.89% - 0.40 . 1.02 '0.72
23" - 37.8 1.11 © + 5.07+ .  .Q.97 5.78¢+
26 - 355 1.07 Co2.90%% 7 g1 5.78+ A
25 36,8 1.19¥ -~ - 6.02% - 1.07 4.33+ .
26 o 4000 . 1.23 11.03+ . 1.08 5.06%;, . .
27 : 32.0 .02 " - 9.67+ - 1.07.. 9.39+
34 0 0 34,8 1.02 5.04t  —  1.12 ©9.39+-
35 .. 36.3 1.15% . 1.5 - 1.08 SRRV TARE
36 _..38.9 1.35% ©9.08t - 1,13 “4.33+ .
37 - 30.6 0.84% - 2.72% © . 0.99 . 6.50%
S4s 0 33060 0.97 3 12Kk '1.02. 4.33+
46w . 25,8 0.71%# ."s5.18 .~ .- 1.01 '10.84¢F"
47 23.7 0.58% . .07 . *0. 89 7.23%
56 . 37.5 .11 . 6,60t 1.00 . 5.78+
57 310 0.79% .~ 7.25¢ . 0.95 L 6a50+
67 . . <33.9 0.94 #4 19,53; S 0.94 CU9:39¢
 Grand mean . 34.7 - , g L
LsD (.05)  s.1o- o R
f , denotes f%greésion coefficients that‘weré'highegﬂor lower than.
1.0 at the 03..0'5'proba'bil’ity":le_vel. B S S

) kR4 dgnote~deviafions from,régressidn-gféa;éf‘fhanfthé pooled ertor o
: ~ 1in analysis of variance at the 0.05, 0.01, and 0.001 probability =
levels, respectively;;,;v » Lt e e e o
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'Table 31: Méans,AregreSSiOn,coefficients, and stability variances for
: leaf area measured on both direct and transformed‘scales on . .
., 28 bromegrass genotypes. ‘

)

Direct Scale 'Transformed Scale - -

- o - Regression "StabilityA" Regression _‘Stability
‘.Cenokypes . :Meap coefficient ‘vVariance ”1cpefficient variance
2
Parents ‘.<°W ) .
1 89, S 0.92 2.03
2. " 76. S 0.91 1.42
3, 59. -0.84 8.17+
4 9. 0.91 »0.50
5 S 114, -+ 0.99 2.69%
6 118. - 1.39% - 1.37
7 57, 0.90 3.43%%
Progenies A v _
12 .86, 0.90 1.31
13" 94, 0.76F . 0.47 /
14 73] 0.89 0.58
5. 118, 1.16 3.03%
16 107. 1.08 ‘1.45 -
17 74. 1.04 0.18
230 g4, 0.74% 0.71
24 69, - 0.93 1.31
25 . 99. 1.100 - 105
26 107. 1.10. - 9,71
27 e, -0.91 0.389"
34, , . 83, - 0.96 - 1.95
35 - 1017 o l.o1 1.26
6 . 100.2 1.11 1.63.
37 © 67.5 C 1,02 0.34
45 0 112.9 L2780 0 o.g4
46 . ' 87.7 0.96 2.08
47 6913 1.02 2.11%
56 0 T 1113 1.17 1.89.
57 92,7 Loz © 1.55 .
67 - 90.0 © -1.05 0.73
Grénd_mean ~ 88.9
9 .

- ISD (os) . .

in analysig of variange at the 0-05, 0.01, and 0.001 probability .
levels, respectively; S ' L TR :
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Table 32. Means, r-- ression coefficients, and stability variances for
tiller dr: wveight measured on both direct and transformed
scales on .38 bromegrass genotypes

Direct Scale . ' Transformed Scale
“egression Stability - Regression ~ Stability"
Genotypes Mear coefficient variance = - coefficient variance
(8)
Parerts ; : . -
L 06’ 0.91 o 1.45 i ;0.88 - 2.00
2 2.12 0.89 » 2.04 - S 1.11 O 3745%%
§ 2.15 0.55% . 5.70% 0.73 5.50%
4 ©2.09 0.78% - 0.52° 0.98 . 0.95 &
5 4.05 L 1.64  6.95+ 1.20. 4,27+ .
6 '3.69 . 1.60%  3.46%% 1.22 S 177
7 ©1.87 1 0.53% ©2.83%% -'0.83, 4,701
Progenies . , o ’ ' '
12 2:45 . °1.03 0.89 - 1.07 .17 -
13 2,70 .0.99 1.07 .0.96 1.31.
14 12,12 . 0.95 - . 0.69 1.18 1.00
15 . 4.13. - 1.51¢% 1.69 1.11 1.00 -
16 ©3.28 1.26% . 2:00 1.04 1.40
17 2.23.. 7 0.82% 0.79 - 0.96 - 1.07
23 ©1.99 0.77% - 1.45 - 10.93 U 3.12%%
24 2.00 0.64%. .- 0.27. 0.83%- 0.50
25 3.35 - 1.14F 0. 34 0.96 0.32
26 3.00 1.22% - 0.48 1.11 0.54
.27 1.97 10.-85% 0.38 106 . 0.50
34 C2.42 ©0.93 . 1.00 ©1.05 . 1.157
35 3.53 . - 1.17 1.59 - 0.96 - " 1.32
36 3.02 ¢ 1,18 - 1.34° -'1.07 o 1.12
37 1.94 0. 80%F ©0.20 1.05 0.37
45 7 3.80 1.21% 0 1017 .0.96 0.70
46 2,43 0.66%1 2.76% 0.80° - 2.90%*
47 ©2.00 7 0.74% - 1.90° 0.98 2.87%*%.
56 - 3.58 1.32% - 0.44 1.07 0.37
- 57 3.14 "0..88 . ©2.28% 0.81 1.87°
67 : 2284 7 1.06 DL 2.62% S 1.05 77 2.40%
Grand mean 2.73 . R ' L SR N
LSD (.05) . 0.32 . ’ on
f . denotes regression coefficients that were higher or 1ower than

1.0 at the 0. 05 probability level.

*, **,‘T'_denote deviations from regression greater than the pooled error.
B oo in analysis of varianceqat the 0 05, 0.01, and 0. 001 probability
o leve&@,ﬁrespectively .

T s
ey

£y
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'AA;on 28 bromegrass otypes RS . £o
» . ’ . V‘,A 4
,x’ . . . ‘ ) ) . N
- __Direat Scale P - Transformed Scale
c 'L-‘gfﬁ Regression Stability Regression - -Stability
" Genotypes Meat! coefficient = vafiance -~ coefficient variance
(no/ dm?) | o
Parents S , o C : . A
1 1.46% 1 8.08 ' S L.43F . 7.974
2 £ .51 - 11.38+ .7 1.42 . 10.69+
3 5?" 1.1y - 7-65+ o 10070 6:99+
4o & 17.8 0.44% =" 11.74+ . 0.51 140214 ¢

5 16.1 ~ '~ 0.56 S 23046+ - 0.68 - 30.40¢
6 21.9 0.85 12074+ 0.88 . '11.38+
7 21.7 0:87 9,02+ - - 0.8 9,71+

Progenies | ‘ ’ 7_ ) L _ _{ ,

12 o &1Ly saasyt 60# 3.58%x
13, .. 25.2 - . 1.20 4.99+ . - 1.15 5.08+
14 ' 25.2 . 1.15- . 5.49¢ Lz 5.31t

) 6.2 0.71% 2.40% o o.84 3.12%%

16 23.2 -0.93 | BESEE 091 3. 69%*

17 21.6 - - 1.06- - 3, 30%, S L7 T 271
23 5" 31.9. . 1.45. . 10.98+ . - -1.29° 7.975%

o 24 o 26.2 - 1.20 R L S B , 14:04+
25 - - 19.1 . 0.79% 1.40 0 - 0:86 1.73°
26 S 25.2° - 1.09 | - 2.56% ¢ i 1;05:_“'~»2.19*

1 25.1 - 1.11 12063+ . Fo03- © 10457+
22.6 - - 1.07 T 3u14%% .09 3.35%% -
% "7 18.00 . Q.81 o 4493y ©0.91 . 5.661 -

- 36 ©25.4 - - 1.20 . 7.13¢ 7 T .15 6.82+.
37 25.8 . 0.96 . 1.90° 0090 . 1.67 0 -
45 ~16.3 . 0.83 . 2.63% . 0.95 - .-3.69%%
46 18.6 - 0.92 | g.49% - 0.99 . - 2.60%

47 19.4° - 0.75 oo AL.34y 0.79" 1 12. 48t
56 119.3 - 0.80 .. -3, 12%% - g 87 b 04% .
57 . 17.6 0.69% - - 1.50 . C0.77F +2.08 -
J67 2302 0.67f° 1 1.84 0.68F ¢ 1,79 ;
" LSD (,05) 2.5 '
- F denotes regression coefficients that were higher or4iower‘thanb-
- L. 0 at the 0.05 probability level 1 Lo
*,. %%, T denote deviations from regression greater than the pooled error

Table 33.

"3‘ " | | - v
Ju&wL : L R 66
Means, regression c efficients, and stabiliqy Variantes for ‘
tiller density mé;ihred on both direct amd transformed _scales -

'in’ analysis of variance at. the 0.05, 0 Ol, and 0. 001 probability'v

“rvflevels, respectively
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i_ Table 34. .Means, regr%%bion ceefficients, and stability variances
: :'for height of 2? bromegrass genotypes :

)
v

R . ; , _ Direct Scale'
B RPN - Regression Stability'
- “Genotypes : Mean ™ coefficient « = variance

o
et oo o (em)y ‘ o
Parents : ' L ' '

111 : 0.97 - L S 24 KZ*
101 . . 1.257 - —— zsssﬁ* S
105 S 1,04 , 8 79+
97 . - 0.76. L oo bku33
114 . ~ 0.92. . f 48t TR
Y27 . 0.99 ¢ 408 T
97 - L0600 L 544

. Progenies R

4

NG B W N

2. 0 107 0.97 . . 2.56%.%
13 - 113 S 0w94 1048 o
4 101 - . 0 1.04 L 2,.59%k
15 .o - 116 . o T1.09 . . fres
L6 o, o118 .00 - - - 1.88 u
17 105 . L0000 3L09%k
23, 99 - 0.96 - 2.43%
24 ~ o101l L0490 I 0.50
25 E 113 . o L.18f . - 0.70
.26 L1130 1,07 T BT 2%k
27 0 100 10 L 2.24%
34 o108 o+ 0.92 T TN0.99
- 35 o M4 s 101 LT 133
36 116 1,06 4 1.8,
37 . o2 . o101 0 6057
45 S 1130 - T 0098 2 50%
46 o 96 S 0.88 T o 5.48%
cb7 95 T 0.88 . - 2,73%
56 . 1l 0095 0 1,10
57 - 107 0 1,01 0 . 2.45%
67 ,j‘ i R .06 - 7 1.65
nGrand mean I:‘ - 108.1 \
vLSD (- 05) b4

o *"'1v”r"denotes regression coefficients that were. higher or lower .
' S fthan l 0 at the 0. OS probability level :

LKy kRt denote deviations from regression greater than the pooled
L *-error in analysis of variance at the 0. 05, 0. Ol, and 0. 001
N probability levels, respectively.~' : . :

r—‘.



_and plant herght It seems therefore reasonable to conclude that dtfferent genotypes
f
vcould be classrfted as stable for dnfferent sets of characters even though all the :
characters ere’ measured from the same set .of - genotypes o |
Ther were also dnfferences between ‘the two scales used ln the tests of |

srgmfrcance for\ oth regressron coeffxcrents and stablhty vanances In no’ cases w111 2

genotype be consrdered stable unless the parameters of both scales agr‘ee to- certam

'extent \" ’ ‘ PN o C DR

. \\ .‘ o '_ L

| - 'Relatxonshlps Between Stablhty Parameters and Combxmng Abtlmes for Ylelds

The' dlallel deSIgn of the present expenment permrts thq partmon of regressnon S
B coefftments and devratlon ‘mean squares mto GCA and SCA. Therefore, the comblmng o

B ablhty of a genotype for both parameters and yleld can be Jomtly exammed

(‘ombmmg abtllty analyses for the means, lmear regressxon and devxatron mean squares

‘for the yreld types are glven in Table 35 Only the three yleld types namely sprmg, fall

SR were equally 1mportant for mean ylelds For regresston coeffrCLent “the varlatlon due to OB

i _b,(wz power and logartthm) closely agreed for the leye "

and annual ylelds are presented m the Jomt copsnderatlon be}Ween combmmg ahqht_\, of
' ‘mean yleld and combmmg ablllty for the stabrllty parameters le regressxon coefﬁcxent
. and devxatlon mean square w1th respect to practrcal selectron in breedmg | ’
Varratton in the expressnon of mean yleld due to GCA SCA and thexr

,'mteractlons wrth envnronments was stgmf" cant when compared w1th the pooled error

' (Table 35) The relatlve magmtudes of GCA to SCA mdtcated both GCA and SCA S

»,_GCA was sngmflcantly greater than that of SCA Thts apphed to all three yleld types c
' V'_'The GCA vanance of. devratron mean square was on the other hand not sxgmﬁcantly : |

greater than that of SCA Hence the dtfferences in Imear response of genotypes to

. ' . R

“fenvrronments were pnmartly due to GCA whlle both GCA and SCA Were equally

: _lmportant in the expressnon of devnatlons Data on both scales dlrect and transformed'

rgmficance Furthermore o
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- -
the direct scale was the scale commonly used to measure adaptation parameters in
agronomic research. Therefore only the direct scale will bc presented in subsequent
discussion:. : ~ o 4 ‘
by - " The éﬂerage GCA effects fo_r' s.pring yield r_an'ged from —‘l lgl tp’l7l (l;ig; 4). Four

: parenis‘ 1. 2.6 and 7, had CCA effects greater than 'ze.ro;‘ pare’nt'6 being the best

- . combiner for spr'ing:yield. The estimates of GCA for the regression coefficient. varied _

. fro;‘n""‘-(').lZl 10°0.059 (Fig. 4). Parent § had the highest. GCA effects for regre'ési’on'

prevalent,“For. exainple, parent 7 was among the highest - - aw

. combiners fo;;.spring'yiqld'whe,n'_ayerage GCA for all environments was c‘onsidered

oy an 4), but then‘individﬁé‘l environments,wefe ‘eXamined -(Fi_g.._S)',’ it had‘pdsitivé ‘

S
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eight and a near average stability. It was followed ly parent 6 whrch had positive
GCA effects for six envrronments and positive GCA effects for regressron coefﬁctents

“With the exceptlon of parent I which comblned the hlghest sprmg yleld and

' average stabllrty, no generallzatron can be made for the rest of the parents It- appears

rather dnffrcult to obtam a parent whrch comblnEd well at all env1ronments

For fall yield, parents l 2 and 6 tra@smttted aVerage stablhty to their progemes ‘

\

and had the highest - GCA effects for ‘mean fall yield (Flg 6) Parents 5 and: 7 had

| ‘ ‘respectlvely, the lowest and the highest GCA for regressron coefflcrents Flgure 7

provides mformatlon on the GCA effects of fall yield and regressron coeffrcrent for '

“each env1ronment Parent l and 6 combmed equally well for fall yreld and average

stablllty at all env1ronments For parent 2 there was a greater varlatlon among

-"envrronments than for the aforementtoned parents Wrth the exceptton of one ,

a en%xronment ‘Le, Lethbrtdgq“}l 976 parent 2 transmrtted above average fall yleld and

g avenage stablltty to ttS\progeny

o

~ )

.GCA effects. than the rest of the parents the former had near average stab}llty whlle _

iy 'the latter had rather hrgh GCA effect for regressron Both parents showed hlgh | "

consrsten%over all env1ronments ( Flg 9). Parent 2 transmrtted above average :
a

: Pstabllrty.as ell as hrgh annual yleld to 1ts progeny at ﬁve of the etght en\vrronments

'Western Canada, seems to have the hlghest potentlal among the seven clones As

4

J omt consrderatlon of the GCA effects of the three yleld characters mdrcated

’shown. in Flgures l 2 and 3 the parent l itself was nerther the best ylelder nor stable
- Yet as mdlcated by the GCA effects progenres of thts clone wnll lrkely have hrgh yteld
and average stabtlrty, and wrll show cons:stent performance over envrronments The

i next good yneld combmer parent 6 had posmve GCA effects for hnear lresponse ’I‘hrs

N

Consrdermg annual hay productton (Flg 8) parents l and 6 agam had hrgher B

ti‘.l
L

R ]
2,

R P
'-'_»_that parem A, a random selectron from ‘Magna whxch 1s one of the leadmg cultrvars .
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parent may have __sorne.'p,otent; I value in areas which ‘are-fertile and properly managedo
-Parent'2 demonstrat"eg{lng:est GCA effects for. stablhty of all parents however it -
dld not combme equally hlgh yield in such favourable envrronments as Edmonton in
l977 Lethbndge in both 1976 and. 1977, as in other less favourable envnronments
(Flgure 9).. Parent 3 transmltted above average stabnllty but rather low yield to lts
: progemes in many of the envnronments tested. . ‘ |

| Fxgures 10, 11 and l2 show the assocnatlon between GCA effects of mean
'yxelds (spring, fall’ and annual) and the GCA effects for mean squares of devratrons ’ \
from regresswn These flgUl‘CS again ¢ nfrrm that parents 1 and 6 combmed hrgh yreld
and small devnatron mean squares with high consrstency over the range of
'enwronments Parents 2 and 3° were the ext best in thelr abllmes to transmlt small |
- devnatron from regressron to. thelr progeme but were mconsrstent in yxeldmg :
,performances I varymg enwronments Pare ts 5 and 7 had the hlghest mean squares
of devrauon hence were hlghly unstable for transrmssnon of yleldmg performances to "

thelr progemes

The GCA effects for mean ylelds and the GCA effects for lmear response were . -

V not sxgmflcantly correlated in any of the yteld types (r--O 26 for sprmg, r--0 11 for fall_

s vand r—-O 35 for annual yleld) These suggest a lack of assocnatlon between these

o attnbutes and the possrblllty of breedlng culttvars whlch combmed hlgh yield
performance and stablhty : '

Smce both GCA ‘and SCA were equally 1mportant in determmmg ynelds the

T p\“’ L
assoc1atlons between SCA effects of mean yleld and SCA effects oP regres%ro A

vl f__':coefflcxents were. exammed m detalls in Flgures l3 to 18 mclusrve for the three yteld

‘ types on envrronmental means (Ffés l3 15 and l7) and on mdrvndual envrronments

..,(ths 14, l6 and 18) | e L
. Flgure 13 shows that 8¢n0type 34 combmed the hrghest mean SCA effect of o~

‘Trmgyxeld and regressnon coefftcnent and was followed by 45 67 16. and 13
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Genotypes l2 and 26 on the other hand had low mean SCA estlmates for regressron
s and above average SCA for sprmg yleld Genotype 57 combmed hlgh yield. and average |
stabrhty Flgure l4 sh0ws that all of these genotypes showed certain consxstencres over
envrronments Genotype 34 agam showed the. hrghest mean SCA effect for both fall
’ yleld and regressron (th 15) and had the hrghest consrstency in all elght envrronments e
(Flg l6) Genotypes [6 67 and 12 -had above aVerage SCA for fall yleld and average =
stabrltty None of the genotypes comluﬂ‘ed consrstently hrgh fall yreld and above —
average stablhty Genotype 34 agam had remarkably hxgh ‘mean SCA estrmates for .
both annual yield . and PegreSsron (Frg 17) and drsplayed the hlghest consrstency m all
': _envrronments (Frg 18) Genotypes 57 16 24 and 13 had hrgher than average SCA for
annual yteld and near Zero mean SCA for regressnon Genotype 12 combmed hrgh yteld .
, ,and above average stabllrty in rpost of the envrronments (F.r.g l8) Genotypes 23 46
‘rand 47 had combmed above average stablhty and. consxstently low yreld There were
‘_‘hrghly svrlgmflcant correlatron coeff1c1ents between mean SCA effects of regressron and
' sprmg (r-O 54 0 05 1evel) fall (r‘O 78 O OOl level) and annual (r‘O 68 0, 001 level)
yrelds Therefore genotypes whrch had hlgh SCA estrmates for yreld tended to be -
' -relatlvely unstable and those whlch had low SCA for yrelds tended to be stable
The results Obtalned from the assocratron of SCA effects between ylelds and
; vfregressron ‘were in- gencra,l agreement with those obtamed froi'ﬁ the graphs showmg the ;‘
vrelatronshrp between lncan ylelds and regressron (Flgs I, 2 and 3), although the latter !
| palrs showed no srgnlfrcant correlatrons Genotypes l2,f l3 l6 and 24 which were
rdentrfred earher as potentlally good genotypes were agam found to have desnrable -
: J ‘-‘potenttal by combrmng abrllty analysm Genotypes 25 and 36 appeared more- destrable
¥ ?f.’,?'l'j.;‘m the mean-regress:on aSSOCIatron than in- the comblfnng abllrty analysrs Genotype 34
'_{‘had 1ts potentral i faVOurable envrronments unfortunately. because lts stabrhty |

. varrances were. mgmﬁQant for both fall and annual ylelds certam lrmrts would be ‘ ) **

' -‘rmposed on the use. of thls othérw1se supenor genotype Genotype 23 was at the other

o Y - -
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. extreme, stable but had a-yield performance(’ which was far too low to be useful in
practical breéding. IR o VNI s v
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. V. GENERAL Dtscu'sstON- : RS fi? :

| ln the cotnbmed analysrs of vanance the mam effects of years locatlons and"

N~

v genotypes were htghly stgmftcant for yield; leaf and tlller characters in smooth

.

"bromegrass The analysts also showed that the genotypes mteracted srgmﬁcantly w1th
locattonsnand yea,ss Slnce genotypes and enwronmental mteracttons were htghly

. stgmflcant Ao 1mmed1ate generaltzatton could be made on the relatlve performance of

b,

these genotypes over even a restrlcted range of envu‘cmments Smce the analysrs\o\f

\

vartance gave no further useful explanatlon of the GE mteractlon the data were futher
' analysed by the joint: regresston methods as proposed by. Perkins and Jmks (1968)

The Jomt regressron analysrs by ascrtbed a srgmf:cant part of the GE

e \ ‘ mteractton to the heterogenetty of the regressron ltnes An every character The regressron

: techmque turned complex GE interactions mto a series of. lmear and thus predtctable
-
responses However the resndual component was also srgmftcant in most instances, so- a
- there was a certam amount of unpredtctable and unaccountable varyatron
The model proposed by leay and thktnson (1963) and further elaborated -
. by Eberhart and Russell (1966) promded a method of screenmg mdtvrdual genotypes
R -They suggested that regressaon coefftcnents and dewatlon mean squares be consndered
with mean performance as crtterta for stabthty However it is. dtfflcult to decrde the
‘ -relatwe welght to be attached to these three parameters whlle selecttng matertals in a‘
| ~practlcal breedmg program Some w0rkers (Eberhart and Russell 1966 1969 Busch
Hammond and Frohberg, l976) have suggested that the devnatlon mean square is a
:more 1mportant stabtllty paraaz’t‘er than ltnéar regressron / - |
| ln the present mvesttgatmft" both the h’eterogenetty among regressmns and-the_~ )

) resrduals were hlghly srgmficant for most of the characters The relattve magmtudes of S

_‘ mean squares suggested that in most cases where regressxons were_ not stgmftcantly
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greater than thetr resrduals both hnear iI’egressmn and devratlon mean square should be
\ ; .

consrdered for each genotype.

) "-means of all genotypes and of parental genotypes led some dlfferent conclusnons for .

'some of the characters measured in th,%sent studres Frlpp and Caten (l97l) found -
little drfferences between the use of a control genotype and the use of the mean of a

| large number of the test genot\ pes to estimate envrronments Perkms and Jtnks (1973) |

also obtamed srmrlar values of sign: tlcance between envrrom‘%tal means measured by

" be the cause of the problems of mterpretatlon %rkms and Jmks l973) o ,
Dxallel analysrs 1ndlcated‘that both: GCA and SCA were mvolved and of equal'.' -
_btmportance in the . mherrtance.of\yrelds mcludmg sprlng, fall and annual )xelds -
lnteractrons (GCA X E and SCA X E) also accounted for sxgmftcant vanatlon thereby
mdrcatmg t}xg 1mportance of multr-envrronmental testmg F“or regresswn estrmates
_mean squares due to GCA were about 35 (sprmg and annual ylelds) to 5. 6 (fall yleld) ‘-

_ times as great as those due to SCA wthe mean squares due to GCA and SCA for

B devratrons d1d not dlffer srgmftcantly A predommance of addttne effects in the

A:simply ipherited and cou:ld.be predlcted from the parents In contrast Patanothar and -
Atkins (1974)eoncluded th*at thJ mhentance of devratrons from regressron was |
":complex e : N . SRR

'. The presence of a substanttal proportron of varrabtltty due to the addttwe

*'zgenetlc component in the mherltance of ltnear response suggests that it should be
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to both addmve and non"addmve genetrc varlance Therefore. a more compllcated

mean vrelds near zero GCA effects for lmear response and low GCA effe‘tts for

. ‘posﬁsible-'to exploit this fraction of_'.variability in developing -'h‘igh: yielding 'stable’,

.cultlvars However the drfferences ‘among the genotypes for mean yleld were ascrrbable

i3

vy

l.»

' ‘approaeh such as recurrent selectrons mvolvmg multr—locatton and multr—year testmg

. seems necessary

None of the parents had general adaptabrhty and hrgh mean performance for

R

all three vreld types Parent l however had hrgh and consrstent meap GCA effects for

o

el Wy e

'devratrons from regressron thus transmrttmg both hrgh ytelds and average stabthty It

may be the most surted parent for hybrrdrzatron program However since- SCA was:

equally as’ lmportant as GCA in determmmg yreld not all the progenres of parent l

P

oy .

i’(genotypes 12-* 13 and 16) mvol.vmg parent l as one of therr parents had above a&erage

‘.

e

I&' .

\fr _ \
‘-were equally hlgh in yreld Thrs seemed obvrous because only half of the crosses y .

: yleld as well as average stabrhty One other good combmer parent 6 had posrtwe LR

‘ :m the analysrs of GE mteractrons In cases where devratron mean squares were as
' ',rmportant as the heterogenetty among regressrons further partttlon of the pooled

. devratron mto mdrvrdual genotypes proved useful in drscrrmmatmg genotypes for

lzv»bromegrass reported here In a”

GCA effects for lmear response whrch suggested that 1ts progeny can do well m fertile

and well-managed envrronments but not as well in unfavourable envrronments

The results presented here rllustrated tha\t regressron analyses are’ powerful too%

v

-~

' - stabrllty parameters The techmque has been used to analyse yleld in a number of other

o . evaluated whtch 15 rarely done in other crops except peas (Snoad and Arthur 1974)

o When yreld is consxdered alone two successrve harvests and the total annual yreld were

' -»fmcluded Only those genotypes whlchkshowed some degree of consrstency /£or all three ‘

~

) yreld types were selected The use of dtallel cross, desngn m the present expenment

s experrments mvolvmg dtfferent gr ulation and, species: from_the smooth' ‘_ &,

-

P stabi‘lity:'of characters' other than-' yi'eld was also -
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permlts lheﬂlbmt mvestrgatlon@ combmmg abllrty and the sta‘blltty parameters

Y]

1 o

$. g

: Wlth the dt;lerse. ollmatlc condmons m Alberta the data ﬁlowed that to obtam
o &,' : - ‘

genotypes whlch Wnll be consrstently hlgp in yleld and hrghly stablc for the whole

a4 'y

2

8

' _ prownce would be drfflcult One of the alternanves would be to sub—dlvlde thc whole

-

provmce mto zones Under such lelsron mor‘é genotypes are expected to show S})elele‘.
adaptauon as well as hlgh mean performance Because of thc few locatlons used in thts‘
study no 1mmedlate suggestlon could be made for the possxble zomng for the provmce

(SR

R [ =
Y
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