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ABSTRACT

B

Common wheat (Irisicwm zzetivir L.) cultivars Marquis,

Chinook, Khush-hal, Ciano-67 and Inid66 were used as parents of a

five-parent ‘diallel cross. The F ackcross and selfed backcross

1} 2’
y C g v . N

generations of this diallel ®ross were used as materials in this study.

.The experimental data wefe investigated by reans of principal factor

analysis, general and specific corbining ability analysis, .diallel cross
" . ranalysis for genetic ccmronents of variatibn and Genotype—-environment

) ) . o L
interaction andlysis. The data on ten characters were recorded from °

. * o : ' o . +
materials grown at Ellerslie and Parkland. The characters ccnsidered

were: onset-of-heading, final Feading, heading;span,bpiant height, .
number of tillers per pkgnt, nﬁmberfof>5pikelets per spikd, number of
seeds per spike, weight of seeds per spike, 1000-kernel weight and

" ‘yield per plant.

In the)factor analyses, cor:élaticq*métiife inaicated

that ea;ly_mat%f§ng varieties were high yieidingﬂ inelv pei.piaht
waQ:PQSitivély‘gorrclated with its‘Schhatacter§‘Qf“com?onents;. -
‘Thére Q?S."o cdrrelétiohvbeiéeén yield ahd plant height- Vgrimax
:étated factor mat:ices for each éeneration of the_dia1lé1 cross

A}
v

constituted five principal factors which were nawmed according to the

magnitude of the factor loading on the characters. Thé‘results of -
'thé'factbr analyses confirmed the coﬁcluéions‘dra#n from éorrelation_,

analyseé. The scores of factor loadings on various characters weree

different for two lqcatiohs but the generations appearea'not to affect

them significantly.
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L T ’ " '
The general and specl\flc conb).nlng ab111ty ana\lyses

J.nd:.cated that parental lines possessmg h.l.gh (I:A's usually produced
hybnds with low SCa's and therefore general combining ability of the
parents ,does not necessa'rily constltute a crlterion for evolving
hyhrlds’ eith high séecific comb:.nxng ability. The variances lfor GCA's
: were usually greater than thase for SCA's 'rfor all the dlaracters, and-
in those cases where SCA—varJ.ances were larger, the importance of non-
' additive gene effects for the characters concerned has bee: emphasxzed.

SCA~variances 51gn1f1cant1y hlgher than GI:A variances indicated in- -

stablht.les of the cultivar for the character concerned and therefore

these d1fferences may be used as criteria for the selectlon in ped.lgree- ’

record breedx_ng- Mean squares for GCA'S were in general all 51gm.f1— -
cant- ¢Analy51s also showed that GCA S were not 51gmf1cantly affected
either by generatlons of the dlallel set or by locat:.ons. The Stability

: o, \
'vof the res e af each cultnr mth respect to its GCA was - ucitent

- over two locatlons.

v' The mean degree of dominance 'with respect to different
T

‘ characters ranged from partlal to o§er-dom1nance. The proportxons

of alleles with pos.ltxve and negatlve effects were not the same for ’
all the characters complete symetry uas observed for ‘Some and asym-
metry for others- For same characters dom.Lnant and recessxve genes’
in the parents were in equal proportlons and for others elther there

was a preponderance of dom.nants or of recessxves- Character dif-

R . _ferences were found to be controlled by at least Jne to three groups

S of genes. The analyses for t.he characters con51dered have shmm that
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VAR

The degree to which a quantltatlve or metr1ca1 trait 1s

. INTRODUCTION -

~

phenotyplcally expressed in 1nd1v1duals depends on thelr genotype and
' the env1ronmenta1 condltlons under which they are grown. It is assumed;

“and the experlmental data seems. to conflrm 1t in most of the cases, . that
= : C

the genotype con51dered with respect to a metrical character is a set
\ ‘

. of genes referred to by Mather individually as polygenes and collectiyely
as a polygenic system (Mather, 1949) These genes are often inter-r
dependent‘both‘in their action and transmrssion. In a polygenic.system
underlying a quantltatave character, the allelic and non—allellc 1nter—
‘actlons are'the most’usual forms of manlfestatlon.of gene effects and
clnherltance pattern The interaction of alleles at a glven-locus is
: known as domlnance .whlle non allellc lnteractlon, viz., 1nteractlon
) l
jbetween the genes at dlfferent loci, may take the form of complementary—
gene, dupllcate-gene.or othe;}cla551cal relationships, All these effects
'are>referred‘to generally.as'epistasis’ihbbiometrical genetics.‘
Dlgferent genotypes deflned wlth reference to a metr1ca1
‘character do not react alike to a glvené?hange 1nbenv1ronment.‘ Thls
means that genotypeland env1ronment are not lndependent in their action
1n_produc1ng the phenotype. Consequently the variation in the degree 'y
of expression of the character is assumed to consmst of genotyplc env1ron—v
;mental and genotype env1ronment 1nteractlon components which may respect—

o 1ve1y be partltloned in a biom@trlcally deflned experlmental design.

The measurement ofdgendtype—environment interaction in the diallel cross

|‘,. S : .\ o . y ) s



1s quite efflclent and 1nformat1ve, since a number of parental strains
can be assessed together;wlth their hybrld generatlons.L | |

The dlallel cross technique is one of the conventional
approaches used in,biometsical genetics ﬁo ob;aih adequate information
regarding the.inheritance of a-quantitative character.‘ The procedure,
-first introduced:by Schmidt (1919) involves-crossing a set of~parental
llnes in all rossible comblnatlons, 1nc1ud1ng thelr rec1proeals, 1n ‘order
to obtaln dan estlmatlon of the magnltude of genetlc varlablllty ascribable
to the dlfferences among the parental llhes. The_quantltative genetic
‘analysisrof a diallel cross based on a‘set of postulaeed'assumétiOns is
'presented and dlscussed in detall by Jinks and Hayman (1953), Hayman (1954a,
1954b 1958 and 1960) Jlnks (1954 and 1956) and Kempfhorne (1956) .
means of pertinent parameters obtainahle from,ﬁheénalySis of the diallel
. : \
cross, the mean degree of domlnance, the prooqrtlcn of p051t1ve to negative
alleles at loc1 exhlbltlng domlnance the’ pfoportlon of dominant to reces-
sive genes in the parents, and the correlatlon between‘the paréntal order
of aomlnanoe ahd parental measufements can be determlned Ih addltlon,
the graphlcal analy51s of the regresslonvof array covar‘ances (W )-on
'array varlances (V ) permlts the separation of true dominance érom the
spurious’ one caased byvhon-allelic interaetion’and sategorizes the parents
according toftheir”degree of dooinancee

The analy51s of genotépe-env1ronment 1nteract10n by means
of a diallel cross repllcated in time, 1n space or in both time and space,

_prov1des information on' the pattern of reaction of homozygous parents and

_thelr hybrlds to env1ronmental variation. Thevvalue of‘such an analysis -

v
S

o

I



is that the 51gn1fecant inter-environmental dlfferences characterlstlc

of dlfferent genotypes are reflected in the array variances and. co--
variances by thelr effects on the relatlve magni tude ef components of
these statistics.’ The pro;ect reported in this thesis deals with thlS
type of ana1y51s of genotype—enV1ronment interaction in a flve-parent
dlallel‘crpss in common wheat (Triticum aestivum L-)._ The purpose of

the 1nvest1gatlon was to obtain 1nformat10n regarding the extent to whlch‘

the genetic COmponents of varlatlon and the comblnlng abllltles of the

parental llnes are affected by ‘environmental changes



REVIEW OF LITERATURE

General background K ' ‘ '.' ‘_ V-

A diallel cross involves the‘mating of n genotypes, indiV'dual
clones oxr homozygous llnesﬁén all pQSSLble combihations to\glve/ﬁh(n 1y]
crosses, lncludlng rec1procals. The total number of such comblnatlons comes
to‘nz if the parents are also included as selfs. The n2 combinatidns may
be arranged in the form of a square matrlx,bthe rows-and columns of which
correspond to the offsprlng of each parent the n parents: themselves occu-
pying the main dlagonal ' Such an arrangement of arrays, known as a dlallel
table, may be complete or 1ncomplete. Complete tables consist of all n2 4
entrles whlle in 1ncomplete ones the parental or rec1procal entrles may
be absent Grlfflng (1956) has developed four p0551b1e methods of cons-
'r'tructlng a diallel table, together w1th the correspondlng forms of ‘ana-
ly51s. These are: (1) the parents, all the Fl s and thelr recxprocals

are 1ncluded (n2 comblnatlons)’ (2) the parents and one set of F.'s are

1
’1ncluded but not the rec1procals [}n(n+1) comblnatlons] (3) one set of

v Fl s and rec1procals are included but parents are not [n(n-l) comblnatlons],
and (4) one" set of Fl s 1s'lncluded but the recxprocal crosses and‘the
parents are not [*n(n—l) combinations] For each of these comblnatlons,
Grlfflng has- developed two kirds of statlstlcal analyses, arlslng from
different assumptlons‘regarding the'sampling-nature:offthe experimental
naterlal;heither it is.assumedtoibea'random sample fromvthe‘population‘

or it is assumed to be“deliberately chosenn_and therefore not a random

sample.



The blometrlcal—genetlc analysls of a alallel cross as
formulated by Hayman (1954b) is based on the followlng set of assumptlons:
1. Homozygous parents
2;' qormal diploid seéregation - b
3. No differences between reeiprocal'croSSes '

4. 5independent action of non;allelicrgenes
5. No multiple al‘lelisin'
é. Genes 1ndependently dlstrlbuted between the parents
" The genetlc ana1y51s, dlscussed by dlfferent authors (Hull 1945;
'Hayman-1954a, 1954b, .1958, 1960; Jinks 1954, 1956 and Jink5»and Haynan
1953) implies the estlmatlon of genetxc components of varlatxon from
" the follo“inb second degree statrstlcs.- |
t- : .i VOLb = nVariancevof the parente
' ‘: V-i= Covarlance between the parents and thelr

bffsprlng in one array ("th.array)

A

S
[ A
[y
]

: Hean covarlance between the Ppareants and
their offsprlng over the arrays
Vi_= Variancevof the rthf array . o .
. “ V]L] = "Mean variance of the arra§§. B
:iw (M L1 HbOJ = leference between the: nean of tbe parents

and the mean of their n2 progeny

the genetic components of variaticn is given below:

'Conponent‘of'variation due to additive gene effects

. : YHJ = Component of varlatlon dae to domlnance effects’
— » ~ of the genes

H2 = 'Component of variation due to domlnance effects
corrected for\pene dlstrlbutan

N
v:\A



: r
F = Covariation betueen additive and dominance effects
~ over all the arrays. Thus F could be used to
- determine the relative proportion of ‘dominant to
recessive alleles in the parents 1nvolved.
‘The expected values of these genetic components of variation in terns '
'of varlances and covarlances have been described by Hather (1949), ) ’
Hayman (1954b 1958), Jinks (1954 1956) and Hather and’ J1nks (1971). ﬁ?
The relatlonsh1p betueen the array variances and cozarlances,

[ 4

expressed graphlcally, shows the overall genetlc situation wlth respect
to the 1nher1tance—pattern of a partlcular character. ,Nhen the set~of
assumptions descrlhed earller are Valld ‘the w —V dlfferences are
constant over . the arrays, the regressxon of covarlance on the array
variance. is a straight llne of unlt slope and 21l the polnts of . hg;

.1ntercepts lie on thlS llne; The upper and the lower linmits where the
Wf, V 1ntercepts can lie are the p01nts where the regression line inter-
sects the llmltlng parabola. These p01nts correspond respectlvely to .
the completely rece551ve and completely domlnant parents, and thus show
‘the possrble llmlts of selectlon.ifff%--" ‘ C e R
a devratlon from the expected regression 11ne of unit slope
Alndlcates the presence of non-~allelic 1nteract10n. Any type of . non-
' allelic 1nteract10n affectlng the crosses in an array 9111 1nflate the‘l~
variance of. that array and reduce the parent—offsprlnq covariance. Such
~an 1ncrease in. varlance relatlve to covarxance will move the H},:V}
graph towards the rrght, glv1ng an apparent 1ncrease in domlnance, and

T will cause the: slope of the regressxon line to be less than unxty. Thus,

~with B, =D (complete domlnance), VlL] Voro1 =1 and the 11ne of unit



slope will pass through the origin; with HJ > D (over-dominance),

>
‘V1L1 WOLO] 1 and the line w111 ‘cross ‘the ordlnate below the orlgln

< * ’ ‘<
and w1th H1 D (part1a1 domlnance), VJLJ 0L01 1 and the regre351on
line will pass above the origin. 1f, of course, Hzl 0 there is no reg—
ression. The mean degree of domlnance is measured by (d < D) /2. The
ratio (H 3 4H ) provides an estlmate of the proportlon of. genes with

positive and negatlve effects in the parents. The»proportron of dominant

. Y i
to recc551ve genes in the parents is given by [(-uz ) /2+F] + [(4DH }1/“ ]

*y

and the number of groups of genes controlllng the character and show1ng

..domlnance ‘can be’ determlned by the form ula [-6/~r]
’ I

. The fallure of any one of the srx postulated assunotlons
1nvalldates the analysis to a'cer;aln extont., The.cffects-of the failure
of these assumptlons are dlscussed by Paynan.(l954b) The methods of
analys15 of complete dlallel tables as developed by Yates (1947), Hayman
(1954a), Durrant (1965) and Jlnks et al (1972) allow, among others,_for‘
the detectlon.and testlng:of 'rec1procal-difference$'. significance of -
the e pcrtaining to reciprocal dlfferences in Ha&man's analysis lmplie;_
the expectatlon of two values for each of the- genetlc components of
fvarlatlon, D‘ HI’VHZ and [ from the dlallel table; one from the use of
column arrays and the other from the use . of row arrays. Thls amblgulty
‘may be removed by replac1ng the off- d1agona1 cells of the dlallel table“
by the common mean for the cross and 1ts rec1procal However, wlth “

signlflcant ¢, the errors of the: parameters wlll be 1nflated. Departure

from 1ndcpendent action of non—allellc genes may be checked by examlnlng :



Y

the 1nspect10n of the V ‘W ;gg‘d
bute mostly to thlS failure.

leaving a sub-dlallel ;able_for an'iLgig xhat satlsfles the null hypothes1s.
. LY '9 :

The results of the ana1y51s would be valld, of"’ course for the.remalnlng

. arrays. o o o \\]

N,

. ) N . - %
:Manifestations of 'non-allelic interaction' . 'multiple

N

\
~
allellsm and correlated gene- dlstrlbutlon 1ntroduce\ser10us complxca~

\
.tions into the dlallel analysrs. They disturdb the dlrectlo and mean-

degree of domlnance, 1nflate the estlmated proportlon of domlnan_ to
' \\

rece551ve genes in the parents and reduce the estlmate of %pe number of\\v

v «

. genes tontrolllng a partlcular character. A test of homogenelty of - . ™

N

varlances of W - V values has been advocated as an approprlate method

for thelr detectlon.

Application of diallel CYXOss analYSis'

The llterature pertlnent to dlallel cross analy51s as applied
to plant breedlng programmes is’ falrly 1mpressrve. In non—cereallcrop
-plants, the technlque has’ been w1de1y used in the study of varlons cuan—
tltatlve characters. Thus this technlque has been apolled to brOmegrass
‘(Knowles 1950; Greesom and Kalton 1956; Nellson and Kalton 1959; Dunn and
'hrlght 1970), alfalfa (Kehr 1961; Theurer and Elling l963a b; Wllcox and
:Wllsle 1964),_flax (Carnahan 1947; Durrant and Tyson 1964; Murty et al

19267; Anand and Murty 1968 1969), cotton (Turner 1953; Maranig1963;

v

: . - ‘, " hd
.. wd . B

- . b : . .
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[ ' 9
thte and Richmonad 1963 Marani 1964; Miller and Maranl 1963; Whlte -
and Kohg} 1964), tobacco (Jlnks 1954 1956; Mat21nger et al 1962 Haranl
‘and Sachs 1966 Pov1la1t15 1966 Legg et al 1970; Pov1la1t1s 1970), strav-
berry (Morrow et al 1958; Aalders and Cralg 1968; Watkins andISpangello
1968 Spangello et al 1971) and brasszta (Johnston 1968a b Chiang 1969).
‘ In cereals, a con31derable number of studles using dlallel
. analysis have been made w1th rice (Mohammad and hanna 1965; Athwal and
| SLngh 1966a, b Wu 1968a, b; Chenq and Chang 1970), maize (Klnman and
lh Sprague 1945; Sprague and Federer 1951; Bauman 1959 Mat21nger et al
1959; Sprague 1964 "Troyer and Hallauer 1968; EBerhart and Russell
1969 Ponellet and Bauman 1970), barley (Johnson and Aksel 1959 Aksel
~and Johnson 1961 Eunis et zZ 1962; Fasoulas and Allard 1962; Aksel
“and Johnson 1963 Johnson and Aksel 1964; Norlngton 1967 1968; Persson
1969 Yap and Harvey 1971; Riggs and Hayter l97g -1973) and.sorqhun}‘
(Chlang and Smlth 1967a, b; Llang 1967; Llang et al 1968).
* In wheat the first report on the use of’ dlallel analysls
is that of Whitehouse and co-workers (1958). of the five characters
: studled by them in a 4 xli dlallel cross,.v1z., sxngle kernel welght
éralns per splkelet splkelets per spike, ears per plant and" yield per
' plant, all except Yield per plant were found to be under addltlve genlc'%

-

control ! For total yield, a generallze type of gene action was found

in. the Fl but the F2 generatlon exh1 lted a ocallzed multlpllcatlve

type of gene action. - B o | ¢LP

i
Lupton (1961) performed a dxallel analys;s of the yleld of

» wlnter wheats. Though there was no. non-allellc 1ntera!!1on




10

Ey.ﬂ;, V; graphs) in either . the drilled or space-planted experiments,
the p051t10n of the parents with respect to dominance was srgnlflcantly
. changed in the two environments.  The hlghest yielding parent Capelle,
_ exhibitedrdcminance in the space-seeded trial and was reported to be
the most recessive in the drilledvtrial ThlS chan;e in yield’ 1nher1-
tance was . attributed to env1ronm%5tal differences of the 1nter—plant
competltlon type whlch appeared to affect drlll plantlngs more than
spacefseedlngs- In.a later study (Lupton 1965); an 1ncomplete diallel
system, where reciprocals were eiclnded,‘waanSed to study the yleld of
"spring wheat‘varleties replicated Bath in space.and time, . for Fl,,f'
and F generations; In all cases, lnteractlon of over—dcmlnance with
s1te was hlghly srgnlflcant establlshlng con51stency in the performance
of the parents and the&g hybrld comblnatlons.. | |

| Crumpacker and Allard (1962) analysed headlng date in ten
spring wheat varletles in a complete d1allel test, repllcated cver
three-years; The results 1nd1cated substantlal dlfferences among‘the
parents,vgenerallylcatedorized as highly dominant, moderately dominant(
moderately recessive,andvhighly recessive.',The genetic system go&erning

v

the maturatlon time of the parents, 1 's and Fz-generatlon hybrrds =
5:%

consxsted of a very few major genes show1ng domlnance and was reported

. to be operatlng consrstently in drfferent years.

,Fonseca (1965) studled the 1nher1tance of yleld and

3

yleld-components 1n a seven—parent dlallel cross of- wheat The author

.reported_slgnificant differences among the parental lin ased. " The



»n

graphical @nalysis revealed partial dominance to slight over-dominance

for all the characters studied. Since"all the Fl's yielded1higher

than either of their respective parents, the author proposed a new ‘

term, heteraobeltiosis, to.descriﬂe the better“performance of_the\Fl

| over the better parent in the cross.

wé"

bited partial dominance.

Baqnara‘(1967) performed a diallel analysis on normal Coan
\ )
and radlatlon—lnduced mutant lines of durum wheat The results re-

vealed 51gn1f1cant differences between the llnes and the mutants

!

derlved from them wlth regard to the expression of the degree of domi-~

Fas

nance. All the characters under‘stndy except splkelets per spike exhi—
,i

T e

v Fonseca and Patterson (1968) studled hybrld v1gour in a

_'seven—parent wheat diallel to determlne the diversity of germ—plasms

in hlll—plantlng experiments. The authors reported szgnlflcant hetero—

belt1031s for yield and kernel—welght in half of . the F hybrlds. The

1 S

).
yleld and kernel—we1ght estlmates, ‘were respectlvely 100% and lOl to 115%
greater than elther parent in hllled ‘as against experlmental nursery plots.

\

‘Walton (1969) studled the ass. latlon of several morphological

characters with yield in a seven—parent sprlng wheat dlallel He reported

" that the dlstance of the splke above thL leaf-sheath at maturlty and flag—

'pleaf area were dlrectly proportlonal to yleld and that Yleld flag—leaf

area and spike length were oartlally dominant.

{

- Paroda and Josh1 (1970) performed a genetxc analysxs of a

complete 6 x 6 wheat d1a11e1 test for yleld and ltS principal components-

1000- kernel welght kernels per. Splke and tlllers per. plant Xlold and

~
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1000-kernel weight exhlblted non—allellc interaction of the duplicate-
-gene and complementary—gene type, respectlvely._ For both cnaracters. |
the varlances for addltlve gene effecti’were S}gnlflcant.
Hsu and Walton (1970) studied gene action for yleld and

Cits components (splkes per plant splkelets per splke kernels per splke

f””and 1000—kernel weight) in a 5 x 5 wheat d1a11e1 ‘For all the characters

lfstudled the genetlc variation was reported to be due to addltlve and

domlnance gene effects. Yield per plant exhibited complete, and 1ts

Bltzer et al (1971) reported gene actlon and hybrid VLgour_

A

in a 31x—parent wheat dlallel The results of two years. of study revealed

'components partlal domlnance.

that the yield of the Fl hybrlds was not 51gn1f1cantly hlgher than that L
of the parental stralns. HOWever, accordlng to the graph1ca1 analysrs of

‘regn¢§31on of W on V r? plant helght, kernel welght and splkelets per o
} B . ) ‘ N o
"splke %%Plblted partlal domlnance Whlle yleld per plant showed over-_ )

domlnance.'

\

b
Kalt31kes and Lee, (1971) estimated - genetic Pbarameters

\\

‘_for degree of domlnance, ratio of tofal number of doQinant to\rece551ve’

\ -

'parental qenes and herltablllty for yleld and 1ts components in a 6 X 6

: diallel of durum wheat The average degree of domlnance ranged from rn—.‘
-complete domlnance to over—domlnance and an excess of domlnant over

‘ recessive alleles in the parents was found for all the. characters studied.
Since the herltablllty estlmates for yleld were as hrgh as 61% " the authors

L3
4suggested a pedlgreeselectlonprdcedure in breedlng for yleld characters

in durum wheat.
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‘General 'and specific combining ability

“.

In quantitative genetics two types of combining ability,‘
. viz., general conblnlng ablllty and spec1f1c comblnlng ablllty are con-
lsrdered ‘ General comblnlng ablllty (GCA) refers to the average perfor—
‘:mance of a parental llne as reflected 1n its hybrld comblnatlons while
spec1f1c comglnlng ablllty (SCA) refers to the performance of a partl-"
el

cular cross.' Accordlng to Sprague -and Tatum (1942) 6Ca is due to genes

,.\

which are largely addltlve, and SCA ’genes showlng non—addl ¥
k34

o
Nakamufa (1956) " con51ders GCA as ‘an 1ndex of the nunber of effectlve

e effects.

genes and SCA as' an 1ndex of the nunber of common genes and the. 1nter—

-

- actlon between their ;ileles According to Fryxel et aZ (1958),

is the ablllty of a paﬂental strain to produce promlslmg or non—promlslng

~—

genotypes in 1ts hybrlds, regardless of the: other

'

‘fAht 1nvolved while .
SCA refers to thlS ablllty~1n hybrld comblnatlons wilth certaln other
Parental stralns C co o

~.

In a detalled exanlnatlon of comblnlng ablllty in the dlallel
cross, by Grlffzig 65956), elght procedures of sfajlstlcal analy51s have

been proposed. hese have been developed for four dlfferent d1a11e1

RN Y
-

CrOSSlng schemes and for two alternatlve assunptlons regardlng sanpllng

v A T
nature,

Kronstad and Foote (1964) using Grlfflng s dlallel analy51s‘
for estlmatlng GCA and sCa effects in ten wlnter wheat varletles found
that a._ large portion of the to_al genetlc varlatlon for yleld and yleld
_ components was assoc13ted with ‘significant GCA effects. SCA effects
- were 31gn1f1can' for yleld per plant and plant helght but not for yleld :

components.
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e

Fonseca (1965) studied the perforhance of F, hybrids for

I

yield and yield components in a7x7 diallel-crossvusing Griffing's

‘method 4 (one'set of Fl's is included in the diallel table but the

reciprocal crosses and the parents are not)>with fixed model. The

: g : LA
results revealed that all the mean squares for GCA and some of“the

" mean squares for SCA were .significant.

.

Brown et aZ’(1966)'found‘that most of the variation in

_yleld and ‘other characters among Fl wheat hybrlds was- assoc1ated with

hlgh GCa rather than with SCA variances.

R

S Slngh et. al (1969) in an analy51s of‘a 7x7 wheat

diallel for combining ability and- genetlc parameters for. vield and

‘its components, reported lmportance of addltlve gene effects for

-

"'general over the non-addltlve ones of specific comblnlnq ablllty for
‘yleld components The variances for GCA and SCA in the case of yleld

were of the same order of magnltude, 1mp1y1ng additive as well as

non—addltlve effects.
. 0 . . )
Bhatt (1971) reported cogblnrng abllaty estlmates for

' earllness, plant helght and four yleld c6mponents in a 5 x 5 Hheat

dlallel. The ana1y515 of GCA lndicated that the larger portlon of )
. s, .
TR
& of seVen,characters’considered,
‘%; v

was associated w1th addltlve gene effects. 'The estimates of. SCA'

the genetic variation,_for six é

>

were hlghly srgnlflcant but lﬁyer than GCA's for five characters-




were not. The averege yield'of,the Fl's was 28.1% highef»than £hat of_d
the hlghest yleldlng parent.
Paroda and Joshi (]970a)conpared the comblnlog ablllty
: va¥iances of Fl and F2 gencrations foroyield and other characters
in a 6 x 6 wheat diallel. The GCA effccts were high in the F.'s and,
F2's‘but SCA effects were high.only in Fifsf"siﬁilar results were also_
ﬂreported by Niehaus and éickett (1966) in a sorz 7 dlallel.
| In some of the papers it has been reported that the parents
‘with high GCA valucs do ‘not nﬁcessarlly produce hybrlds with high- SCA
\values (Larson, 1941 in tomatoes, Crumpacker and Urquhcrt 1062 in wheat'
Walker 1963 Chang 1967, Soom;o 1967, galuch and Soomro .1969 and
isoomro and Baluch 1969 ih‘coptoh). it.fo;lows,ftherefose;.tﬂet the
‘general combining ebiiity_should not beAtaﬁen as a crite;ion for pre¥

dicting high specificvcombining ability.

: Genotypc—environmedt,intéraction

Flnlay and W1lk1nson s (1963) regress1on analysis. technlcue
permitted for the flrst tlmc a satxsfdctor? assessment‘of the performaoce
-stabillty‘of a straln or cultlvar over the raoge of environments in which
it ;s grown. According'to'these authors, a ;egression’ofivarietalQmeanf
yield on location-meanfyield_with a'tegression coefficient of less fhan -
- unxty 1nd1cates that thebvarlety has an above —-average stablllty in its
response to env1ronmenta1 1nfluences. ‘Regres51on coefficients ecual to
and‘gredter thdn unlty 1ndlcate average and less thaﬁ—average Stablll£

respectlvely. Eberhart and Russell (1966) 1nte*preted stablllty in a
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- different manner,‘stating that the-Finlay—wilkinson hodel implies
that a stable variety is one which performs relatlvely well in'a poor
environment and relatively poor rn a favourable one. They proposed
that: the criteria for stability should be a regression coefficient
of unity and minimum deviation from the'unit slope. According to them
a variety with high mean yield and‘fulfllllng these two criteria would-;
‘perform well in ali the environments. |

Another method of genotype—env1ronment 1nteract10n'ana—
lysis, in terms of blometrlcal genetics, has. been develpped by Bucxo '
Alanls (1966) and applled to data for two inbred llnes of NLcotzana
rustzca grown over a- perlod of sixteen years at two locatlons. The -
analy51s has ‘shown. that theieffects of ‘the genotype-env1ron;ent 1nter-'
‘actlon are 11nearly related to a partlcular env1ronmental effect of
:the genotype; The model, which is essentially an extenslon of Mather's

model (Matﬁer,-l949),'was later extended by Bucio Alanis (1966a) to

apply to FL‘s with identical and consistent results for this‘generation
. 2y : . . R ¥ . .

also.

B

For tne.analysis of éenotype—environment interaction'by
means of the dlallel cross, three papers hane appeared one theoretlcal 4
‘ (Perklns, 1970) and two exper1menta1 (Allard 1956 Crumpacker and Allard,
‘1962) and are concerned w1th assessing the stablllty of genetlc components
of variation under different environments.

Crumpacker and Allard (1962) studled genotype—env1ronment
_lnteractlon for headlng date 1n ‘a 10 x - 10 wheat d1a11e1 over three years.
The analySLs_of varlance of headlng’time for parental genotypes indiéatedo

different-additiye and/or epistatic ef fects in'different years. Because



17

of the‘homOZygoeity of the patents, the eplstatlc.effects attrlbutable
hto parentsumunadeflned by the authors ae the result of 1nteract10n bet-
ween homozygous loc1, that is,; additive x. addltlve type of 1nteractlon.
.Stablllty of average degree of domlnance‘was tested by the varlance -
itatlo for the dominance x year lntetactlon. ‘This was highly significant
and showed,that the mean degree of dominance.for heading date varied
:from part1a1 to complete domlnance in consecutlve years.

Porceddu (1968) ln a yleld test of three wheat varieties
over. tgenty'consecutlve years at one locatlon showed sxgnlflcant dlf-
ferences between varletlee in dlfferent years. The results establlshed
*that the performance of an’ 1nd1v1dua1 genotype is a linear fnnctlon of

the env1ronment and that the maJor pottlo of the genotype env1ronment

glnteractlon could be accounted for by dev1atlons from the linear response

. as estlmated by the regre551on ana1y51s.

Baker (1969), analysxng the yleld of 51x wheat varieties

T

e

- grown at nine. locatlons ovet flve yearQ. subd1v1ded the«sum of squa:es

for genotype—env1ronment lnteractlon 1nto genotype .'place, genotype x
yeat and genotype x place X year lnteractxons for each varlety. Ekcept
© for genocype x year, all .interactions were hlghly 51gnlflcant leadlng

\

k
_to the ccnc1u51on that the stablllty of performance of a partlcular

cultlvar over ‘a range of envxronments lS 1nverse1y proport@onal to the*

L

sum of sguares for genotype env1ronment 1nteractxon for that partlcular
varxety. A f -,_1 _ i g<v .

’

Kaltsxkes and Larter (1970) analysed genotype—env1ronment

lnteractxon for helght maturlty and yleld in durum wheat Five varieties

v

.
1 PN .
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grown over four to five years at five loctions, differed with different
enyironments in‘all°the characters studied. In their analysis, the major
portion of the genotype—env1ronment 1nteractlon effects was reported to

Leg
Gy

B be llnearly correlated W1th the env1ronment

R .
£ { *

A con51derable amount of work has been reported on genotype—
environment 1nteractlon analysrs with respect to a varlety of quantlta-
tlve characters in dlfferent crops (Allard 1961, Parson and Allard 1960
Allard and Workman 1963 in llma-beans; Eagles 1967, kKnight 1965, 1970
and Breese l;69 ln grasses; Westerman 1970,.197ia, b,bin‘ArabidOpsis;"
Hill and Perkins 1969, Perkins and qinks 1970, 1971a, b, in tobacco;

' Kaltsikes 1970, in wlnter rye; hiang and Walter 1966, in sorghum_ and
Qualset 1968, and éaroda and Hayes.1957, in barley). ’In-eachAof these
papers, the behav1our of a partlcular genotype when grown in a partl‘
cular env1ronment, and when grown with other. genotyoes over a wide. range
'.of‘enulronments{.1svstudied'using linear regressionvanalysis.to measure
the environmental effeot.‘ The impllcation of these studies is that the .-
,llnear regre551ons of individual genotyplc values on the mean values of.
dall genotypes for each of the environments: prov1de measures of the res;
_vponse that are.useful ln predicting the<relat1ye performance.of the '
genotype in question over the range of.enuironmental'conditions. The.
conclusion of these reports focuses on one point: . that-the;performance
of an 1nd1v1dual gen?type in a partlcular env1ronment ls a llnear unctlon
of the over—-all env1ronmental mean in regre551on analysxs, where the
slope of regre551on measures the sensitivity of the genotype to the

' totallty of the env1ronmental factors.

o



MATERIAL AMD METHODS

-

-

Five cultlvars of common wheat (Trztzcum aestzuum L.)
descrlbed in Appedlx I, were used in the d1a11e1 study. These vari—
eties were selected on the bas1s of their dlver51ty of orlgln, different
fsplke and seed chazacterlstlcs and tberr yield performances. Thexparental

material was. sown in September 1969 in the green-house to check its

trueness to. type. Flfteen to twenty phenotyplcally 1dent1cal healthy

e

'heads were selected from each varxety and their seed formed the baSLS

o

of the present 1nvest1gatlons. The parent lines were sown in the green

‘house in\January'1970. Crosses were made 1n all p0551b1e cowblnatlons, '

includind reciprocals. Durlng summer 1970 the parent mater1a1 was again
seeded at Parkland farm to‘obtaln nmere Fl seed. Followlng the winter,
‘some of the'Fl seeds together with their parents were sown in crowth
chambers to make backc*osses,.reCLp ocal backcrosses, further Fl comblna—
‘tlons and to provxde Fz-seed.’ Durlng 1971's sprlnq the sare procedure
was repeated to have suff1c1ent number of seeds for every - combrnatlon.
In the fall of 1971 - the bac&crosses and thelr rec1procals were: seeded
“in the growth chambers to obta'n ‘Seed for their first selted qeneratlon;'
By sprlng 1972 the experlmental mater1a1 conSLsted of flve
rparents,JZO‘Fl's, 20 Fz's, éO backcrosses andtheselfed generatlon.of
: these backcrosses, amountlng to 205 dlfferent entrles. ‘A 15 x lS
.partlally balanced lattlce deslgn was chosen for seedlng the materlal

‘ln a repllcated trlal.' To meet tbe requlrements of the desrgn, 20 more

entries were needed and since the P2 is the maxlmum segregatlon generatlon,'

19
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~ each Fz'combination was‘represented teice in each replication to

complete the required 225 entries. The names and numericai designations

of the entries are given'in Appendix II. On 9th and llth May, 1972,

tbe ehole of the experimental material was space—seeded in three repli—

cations at two locations, v1z., Department of Genetics Ellerslie Field

Lab. and Department of Plant Science Parkland Farm, respectively. Each'

of the fifteen (15° x 15° ) blocks in a replication con51sted of 15 rOwSs:

of 30 seeds each, with a spac1ng of 30 48 cm between rows ‘and 15 24 cm

between seeds within a row._ Thebfollowing observations were recorded

at each of the locations: |

(1) Onset—of—heading: expressed as'tbe numberiof days between seeding
date and the date of appearance ot:the first head
i#'the row (entry)- ‘

(2) Final heading:. recorded in number of’days‘trom the date of

| | seeding ‘to the day when 75% of the plants in a

‘row have headed.

(3) Heading-span: . measured by the difference between (1) and (2).

~(4) . Plant height: : measured in centimeters from the surface of the

. | soil to the tip of the spike on the highest tiller

(excludinq awns) . Ten consecutive plants per row
were recorded for beight irrespective ef their‘
growth performance, leaVing the first plant because

of susceptibility to border effects except in

i

tous where ‘the' number of surv1v1ng plants

was reduced to ten or less. At maturity only those
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plants thaé had been recorded for helght were‘
harvested.“ The following observatlons fot‘
yield and yleld componentslwere recorded on
_ i .
the harvested material.
(5) ‘Number ofvproductive tf&lersvper plant.
- (6) . Number of spikelets ber spike:~ Three spikes were tahen at random
o | from each'blantiand their spikelets COunted;‘
f?)'ANumber of seeds per spike. |
{8) Weight of*Seeds per -spike (lnwg:anS): spikes randomly sampled for“
vspikelet—counts were threshed eebarately'andl
. : o © their Eeede”counted and weighed. |
(9l 1000-kernel weight (in grams): computed from obeervatione (7) and (8).

(10) Yield'periplant {in grams): ‘expressed as total seed welght of all the

v spikes including those used for (6), (7), andv(8).n

‘Statistical analysis

The means Were calculated for all the characters except
» oneet—of headlng, final headlng and headlng span.v For observatxons (6),
(;) and (8) means of three readlngs were calculated flrst and treated
.as 1nd1v1dua1 varxables for the calculation of entry means. Mlsalng,
entrles were calculated accordlng to Cochran and Cox s (1957) formula
for the randomlzed block deSLgn, except for (1) to (4) at Parkland.
o Here;'51nceithe number of mlSSlng entrles was less than three, thevpro-
Cedure for the partlally balanced lattice design was used. The complete
v set of data was subJected to analySLS of variance for a partlally balanced .

lattlce design. Thls provmded a single set of adjusted treatment means

at each location. - However, unadjusted treatment means.(original-entry
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means as treated in randomized‘block design) were used for most
of the'analyses. These were categorized into,four diallel sets, viz.,
Fl's, Fé's, backcrosses and‘selfedvbackcrosses. The following analyses

v

were performed on each of the sets for all the characters under study.

1. Correlation and factor analyses. Simple correlation coefficients

were computed for each of the characters and arranged in the form of a

"matrix‘to permit the simultaneous comparison of one character with the

other. Factor analySLS was performed accordlng to Hotelllng S (1933)

principal factor method as -explained by Harman (1960) and Lawley and

Maxwell (1963).‘ The factor analySLS approach aims at resolving the
‘covarlatlon 1nto'§ﬁﬁ§ier relations in the form of a few factors whlch
h&explaln the larger portioh of thejvariation in the’original data.

A‘ Statistically speaking; it reduces a large number,of:correlated variables

)to a Smali number'of uncorrelated Qariables called factors; each of which

éroportionally accounts for the variability'in the originai obServations.

N v o The pro:edure for the prlnc1pal factor method used ln the

present study- was based on tne'followxng linear model (Harman, 1960) :

z, = F_ + F_o+ ... . +- L. jy = 1, ' csss, N
CF T4 T 5272 T R R R I e

. wheré'zj represents a character variable in terms'ofiseveral'underlyingv
factors and each-of the 'n' observed variables is described linearly

‘.in terms of 'm' common factors and the residual error (d.u.). The

.9

'.coefficiehts of these factorS;are referred to as factor loadings. A

‘symmetrlcal correlatlon matrix proéreed from: all p0551b1e [1/2n(n - 1)]

comblnatlons is resolved into an 'nk' factor’ matrlx,‘where the numbet»

of.factors-'k' is usually'smailer than 'n', the number of variables..
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In the correlation matrlx, the leadlng dlagonal elements have valhes

of unity and since they are meanxngless (the correlation of each
variable with itself means nothing) they are replaced by 'communalities®
_(the approxrmate values in terms of amount of variance accounted:for . .
by the. c¢ormon’ factors)‘ In the present case the highest correlatlen
value in each column of the correlatlon matrix was substltuted for unity
..1n the dlagonal cells because the varlance covarlance ratio of the
'column for that character is expected to be nearer to unlty. With
"these communalities as‘the approximate values,- the correlatien matrix
was factored by iteration to glve a new resuftant set of approxlmatlons
td communalltles that are more connergent -The factor natrix was'then
rotated'(ln th;s.case-byfthe varimax method) with erery new set of
-‘cemmunalities produced; till off—the—diagonal elements:oﬁ the residuali‘

matrix were not significantly different from zero.

2. Comblnlnq ablllty analysis. General and specxflc comblnlng ability

| danalyses here performed follow1ng Grlfflng s (1956) methqd 1 (where all
‘the n2 entrles of the dlallel table are 1ncluded), model ‘1 (where . the
experlmental material is not regarded as a random samole from the popu-
~1ation). Model 1 was chosen against model 2 (where the experlmental
materlal is reqarded as a randon sample from‘the population) because
_the ‘parental lanS, produclng all the entrles ln‘the form of varlous‘m
dcomblnatlons, were dtlxberately chosen on the basis of their dlversity

F

of origin and yielding.capacities.

3. Diallel cress'analysis. Diallel analysis was performed in two stepsi-

]
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‘reazlo peltoides for the 'B' genome (Sarkar and Stebblns, 1956;

1and Llllenfeld 1949) behaves cy*ogenetlcally as a normal delOLd

24

viz., diallel analysis#for'genetic‘ednponents of variation and. ,
graphical analysis of regression of W (parent-offspring covariance
of the rth.,array) on V (variance of ‘#he rth. array) to comélement
the former v1a graphlcal representatlon.\‘In the dlallel analySLS for

genetlc components of varlatlon, each dlallel table was subjected to

tests of valldlty of the follow1ng assumptlons (Hayman, 1954b):

(1) Homozygous parents ' . . /////’/
' D . g .

(2)  Normal diploid segregatlon

(5) No dlfferences between the reciprocal crosses
(4) No.multiple alleiism o . : :_ , ~
(5)- Independent action of'non—al;elic genes

(6) Uncorrelated gene distribution.

» . s

@

“ . . . -."‘-' i v. » . v“ A
: The_condition of 'homozygous parenbgﬁ*in the present studies could be

i

.'satlsfled as the parent materlal was sown precedlng cr0551ng and found

..to be true ' to type. 'Normal dlplOLd segregatlon may be assured from

the pedlgree—record of the organism used as experlmental mater1a1
wheat though an anphl—dlplOLd derlvatlve of TrLthum mowococcum for

the 'a" genome (Melburne and Thonpson 1927 Zohary and Feldman, 1962),

Rlley et al, 1958; Sears and Okamoto, 1958) and Aegzlops 9quarrosa for B

the ‘DY genome (thara, 1944~ McFadden and Sears, 1944 1946‘

(Sears, -1948; Rlley et aZ 1961). 1t follows therefore, that, the

£
i
]

assumptlon of normal: d1p101d segregatlon could be con51dercd valld

'No reciprocal differences' were checked after Hayman's (195ﬂ3)~procedure_ :
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‘of analysis of variance for dialle&“tables where significance of the

'c' component 1nd1cates failure of this hypothESlS. The remaining

three condltlons, "no multiple allelism' 1ndependent actlon of non—
: CR
B

a11e11c genes and. uncorrelated gene dlstrlbutlon were checked through

the ana1y51s of varlance of J - V}»values for the arrays of each diallel

‘table.‘ Heterogeneity'of_ﬁ} - Vr variances will reveal non-validity of -

these assumptions__-
After the valldlty chec&s for the above—mentloned condltlons,

the d1a11e1 analy51s for genetic components of varlatlon (Hayman 19S4b

1958 and Jlnks 1954 1956) was performed on each of the dlallel tables

for all the characters under study, by replac1ng the off-diagonal cells

of the dlallel tanle Wlth the common mean of the'releyant cross and its

vfrec1procal 1rrespective'of'the'Significance of HaYman's (1954a) 'c' com~

ponent. In the F -generation diallel the estlmates of genetlc components

of var1at1on from the second degree StatlSthS were conputed after Johnson .

.and Axsel s (1959) notatlon descrlblrg the average ef:tct of Aa in dlf—

.

ferent filial generatlons. Accordlng to their formula:

effect of Az = [(1/2) 271
where fn = nth filial ~generation
thus in £y effect of Az = [(1/2)%" L )

and in F3, the effect of Aa = L!1/2)3—l h] and so on.rn

From the gtnetlc.components of variation, vgilous paramettrs such as the mean
. degree of dominance, the proportlon of positive to negative alleles at locl
. 6 ~ .

exhibiting dominance, the ratio of dominant to’recessive genes in the parents

53



.11m1t1ng parabola constructed by calculatlng its pornts (W 2 = Vr x.V

Bo 26

and the number of groups of genes controlllng the partlcular character
vere estlmated ‘The herltabllrty estlmates were - calculated after

crumpacker and Allard (1962) usrng ‘the formula [D>(D+H, -F + 4E)].

1
The graphrcal analysrs of regression of V on V was
performed after Hayman (1954b) by plottrng the regre551on 1 ue and the

oLo
ynd plottlng the V r* (W x V ) /2 nornts. The H V graphs were sup-

blemented w1th Johnson and Aksel's (1959) standardlzed dev1at10n graphs

: Qf parental measurements (V ) and parental order of domlnance (V +V )

Yhere the- devratlons of the Y 's and d + V s from thelr respectlve
qeans were standardlzed by dividing then by thelr respectlve standard‘
Qev1atlons An abscissa (Y ) and an’ ordlnate (d + V ) 1ntersect1ng
Qach other produce four quadrants of the graph classrfled as (+, +),
(f +), (-,-) and (+ ).‘ The plus and minus signs for (W + v ) denote

fecessive' and ‘'dominant’ and for Y » they refer to 'high' and 'low'

Qgrformances respectrvely.

v%, Analy51s of genotzpe—envrronment 1nteract10n. The constancy

Qf pr1nc1oal factors with respect to loadlngs in four generatlons of .
d;allel cross was ‘'studied by means of fbctortal A10VA where locatlons,
pflnc1pal factors and gencratlons were treated ES‘marn source of varia-

tlon._ The AHDVA was based on flxed—effect—model as descrlbed by

Scheffe (1959) because the set of parents in all the d1a11e1 tables

N

.,.Qquld not be regarded as: random sample and the two locations at whlch

A

the materlals were grown could not be consrdered as representlnq

Sor
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random sample of the environments. Their choice was dlctated by the

v

llmltatlons 1mposed both by time and fac111t1es avallable.

+ i o

s The dxfferences between the two locatlons w1th respecb
to general comblnlng abllltyxderealso studied by fhctorzal ANOVA.
Stablllty of each cultlvar was: determlned by- regre531nq its iGCA at )
Parkland upon that at Ellersliet‘ The regression analysis;néed was
. as given by Mather (1951).
| v i, The genotype—enVLronment 1nteractlon with. respect to D
H1 and F conSLdered as varlables was investigated by u51ng gactorlal
analy515 of varlance The concordance ‘of the components in the two-
'.locatlons was studled by regreSSLng the values of . [, H1 and F est1-
mated from Parkland data upon those of Ellerslle and partltlonlng

'the total sum of Squares into sum of squares due to regres510n and

I8
.::,,

d 'to dev1atlon from regre551on (exror). Dlallel q?aIYSlS for genetlc
'ﬁﬁ‘ v

nents of varlatlon from adjusted treatment meanangalanced lattice

’ﬁeskgn) was compared with that of unadjusted treatment reans (experl—*

. ment treated’ as a :;ndomrzed block de51gn) The dlffe*ences between”
the_parameter estlmateswould reflect the effect of the adjgstment

- factor characterlstlc of partially balanced 1atti¢e design. The reg;
ression analysis ’ ar, 1951) applled to D, HI ang obtalned from
both the adJusted and unad: usted treatment means will reveal the
dégree of concordance between the parameters characterlstlc of each

3.

treatment

“a



A . EXPERIMENTAL RESULTS

The experlmental data for the‘two locat10ns4 (1) -Ellerslie
and (2) Parkland are. glven in Aopendlces IITI to XXII 1nc1u51ve. Table 1
shows the results of the analy51s of variance of the part1ally balanccd
~lattice design and its eff1c1ency as conpared to the analy51s as a
.randomlzed block. The mean squares of the adjusted treatments cxcept
.for number of tlllers per plant and yield ver plant, both at: Parkland
all showed 51cn1f1cant drfferences among the. en*rles.v The. reiat1ve

efflclency of the balanced lattice design at Parkland over® the randomlzed

block de51gn was greater than that at Ellerslie.
A ‘ D
~ ANALYSIS OF'Fl DATA

Slmple correlatlons were corouted for all the characters

o

' 5under study and are given in Table 2 As shown in the table.

Qnset—offheading was positlvely correlated with plant.height
and number of splkelets Ier splke and negatlvely correlated w1th welght of

: K L
- seeds’ per splke)and l@OO—kernel welght at both locat1ons. At Ellerslle,

it was p051t1vely c:rrelated wlth f1na1 headlng and negatlvely wlth

yleld per plant,»whlle at Parfland 1t showed p051t1ve correlatlon w1th.

: number of tlllers per plunt and number ol seeds per splke.‘ The‘negative‘ 3
'correlatlon of onset—of—her g with yreld welght of seeds per spxke
and‘IOOO—kernel weight :nf ates that the/longer the period between seedlng
and the appearance of "the flrst head for a partlcular entry, the lower

'wlll be lts yield and lOOO—kernel_weight. Correlatlons of f1na1 headlng

\

_anfl headi?ifspan with other characters may be 1nterpreted in the same fashion.

R

28 .
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"~ at Ellerslle. Correlatlon of number of tillers per plant with number

30
Plant height was’ p051t1vely correlated with number of

spikelets per splke and negatlvely correlated w1th welght.of seeds per

.

‘splke and lOOO—kernel weight at both 1ocat10ns. It was posltrvely

correlated wlth number of tlllers per plant at Ellerslle while at Parkland
the correlatlon coeff1c1ent was not 51gn1f1cant

Number of tlllers per plant was posrtlvely correlated with

P

yleld per plant at both locatlons and with. number of splkelets per splke

*

of seeds per splke, welght of seeds per spike and 1000—kernel weight was

<

.not‘significant at either location.' The correlation coeff1c1ents of

fother components of yield, ‘viz., number of splkelets rer splke, number

of seeds per splke, welght of seeds per splke and  1000-kernel weight

' could “be explalned in the same manner .

‘of tlllers per pla

As far as,yieId:is concerned, it was hlghly and p051t1vely

-

correlated with lOOO kerhel welght welght of Seeds. per sprke and number

fat both locatlons, but negatlvely correlated w1th

f'onset—of-headlng andfflnal ‘heading at- Ellerslle.

Factor analysi94

oot
B 'w
”

5»‘

, Inl
cw

the factor analy51s, the symmetr1ca1 correlatlon matrlx

'produced for all the characters under study was résolved 1nto a varimax-

rotated factor . matrlx. 'As suggested by Cattel (1965), 1f the number of

‘.factors is kept equal to that of the varlables, 100% of the covarratron

2.
e

1n the data could be accounted for by these factors.. In the présent case

the data was computerlzed for flve factors which explalned 92% of the .
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total_variability wlthnrespect to all the characters at respective
vlocations; The- values of the_rotated factor matrix in terms,of_the
factor loadings together with the eommunalities for‘ten characters are
given in Table 3. |
| The first factor was termedllafeness because it carried the
highest loadings for onset—of-heading and final heading at both locations
and explalned 28% and 32% of the variation in the data at Ellerslie and
'Parkland. Yleld per plant was negatlvely affected by this factor
how1ng thus that hlgher the number of days taken by a partlcular
entry to head the larger will be its contribution to lateness and lower
will be its yield_and 1000—kernel Yeight. Plant height was one of the
major contributbrs'to lateness as it carried high” loadings at both
'locations. ThlS corresponds proportlonally to the poSltlve assoc1at10n
between days to head and helght of the plant Number oftillersper plant,
.inumber of" splkelets per splke and number of" seeds per splke tontrlbuted
very llttle to thls factor. | !
The second prlnCLpal factor was' termed’ yzeZdLng abtltty
as it carrled generally higher 1oad1n;;for yleld and yield components;
1sp1ke1ets per. splke, number of seeds per Splke andr (except'at‘Ellerslie)
lCOO-kernel weight at both locations.' This factor aoeounted for about
19% of,the'Varlation.- The loadlngs on yleld and 1ts components for this
»factor, as agalnst those of the flrst factor’ (Zateress), support a negatiye' :
relatlonshlp between lateness and yielding ability.' There is very llttleb
contrlbutlon of plant helght and number of tlllers per plant for. thls

factor at either location.
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The terq“;ilé¢2&yc—ccj Zeity was chosen for the third

G
e

{ v

pr1nc1pal factor, as the number of tillers per plant contrvbuted'highest
,at both locatlons. The factor explalns approxlmately 17% ‘of the total
varlatlon and is suoported by number of splkelets per spike, number of
seeds per spike (at Parnlano), weight of seeds per spike, 1000—kernel
weight and yleld oer plant Since this component is’ closely assoclated
with the ytelding-a zlzté,.thevlaterce factor sho;s negatlve effects for
onset-of—headlng and flnal heam.ng~ Thle krnd of res“onse seems to be
loglcal since hlch tlllerlng capaclty results 1n hlgher yleld per plant.
and’ 1s associated \lth earllness. i
| The fourth principal componentk named rezIin —psr‘od at
Parkland and seed weight at Ellerslie, accounted for 13 and 16%. of O
the variation respectively. Different nanesiwere choéen for different_
locatlons because of thexlncon51stency between locatlons.of factor
loadings .on various characters- At Ellerslle, the see:—:e‘ﬁuf component
was affected by number of seeds per spike, 1000-kerne1 weight and yleld

:per plant . The contrlbutlon of onset—of—headlng, final headlng, headlng-

span, plant helght and number of t.lliers per plant towards this ¢

. was negatlve. At Parkland headzra— erzod was p051t1ve11 affected
final headlng, plant height, number of t111ers per plant and number of
splkelets per splke.

The terms headzm-pemod and ttZZemr:g-wpath_./ were also
used for fifth prlnc1pa1 component at Ellerslle and’ Parkland, respectlvely{

because of their hlgh contrlbutlon towards the loadlngs of this factor.

_Only“ll% of the total_varlabllity‘was accounted for by this factorfat.both
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: 1ocatlons. 'J:he&cactor @és n'gatlvely %ected by number of spikelets

. ‘.(}
per splke »weldht of seeds..

xxﬁ{ :

. Combining-ability anely51s

=

-/
Ty

Estimates of general and spec1f1e comblnlng ability for
the Fl dlallel were’ obtalned py Grlfflng s (1956) procedure follow1ng
vmethod 1, model l General comblnlng'ablllty (GCA) valnes for -all the
characters at both locations'arebq5ven in Table 4. ﬁérquis appeered
to be the best comblner fov oneet-of headlng, flnal headlng, plant helght
number of splkelets per 'spike and number of seeos per spike at both loca-
tlons. For tlllerlnr capacity. ChlnooP exhibited the hlghest comblnlng |
ability at Ellerslle while Khush-hal excelled Chlnook at Parkland- Inla
‘showed the hlghcst general comblnlng ability for yleld per plant 1000—
kernel welght and welght of seeds per Splke at both locatlons- It is
vlnterestlng to note that Inia excelled Harquis and Chinook'(both'Canadian
‘standard varieties) in general comblnlng ablllty for. yleld in a forelgn
.'env1ronnent Thls mlght ‘be attributed- to a better adaptablllty of Inia
as eompared to the other two 1ntrpductlons, viz., Khush hal and Ciano, |
of Pakletan and Mex1can orlgln Generally it could be sald that
Canadlan env1ronments are less sultable for 1ntxoductlons 11ke Khush—hal
and Clano as far as. yleld per plant is concerned.:

The-values of specific combining ability‘(SCA),‘reclpréeal
.effects and variances for general and specific: comblnlng abllltles for
F hybrlds are glven in Tables 5 to 15.

[

Cross (CxI),had’the highest'SCA for onset—of-heading (Table 5),
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at both locationsvfollowed hé hybrid ﬂMxCH). This shows that.hybrid
(CxI) was Latest:in,heading andlimplicitly in maturity: Cross (MxI)
exhibited lowest SCAa and hence couldybe regarded as the earllest of
all the Fl ; It is lnterestlng to note that for both locatlons, the | _ﬁb
best h)brld w1th -the hlghest Sca, had parents show1ng the 1owest GCA's, N
while the poorest hybrld w1th the lowest SCA had the female parent with
the hlghest A and the male parent with the lowest GCA.. Thus it appears
unllkely that the best performing parents (those with high GCA's) neces-
:sarily produce hybrids show1ng hlgh SCA's. None of the-hybrids showed
slgnlﬁégant reciprocal effects except (IxK) at Bllersiie and (CxM)‘.:
at Parkland, and the parental varianees for GCA‘were in general higher
.than for SCA; ' | »

yith respect to final heading (Tab%eYG) and heading—span
(Table.?); although there are some difierences in relativebpositions
‘of the parents and hybrids concerned, the general conclusions;are the
same as for onseteof—heading. o ' ”

With respect to hlghest SCA for plant helght (Table 8)
at both locatlons, the best hybrld was (MxCH) and the poorest (MxI)
The parents of ‘cross (MxCH) had the hlghest GCA at both locatlons while
the poorest hybrld had Marquls as one parent w1th the hlghest GCA and
Inia as the other, with the lowest‘GCA.‘_The parental GCA-variances were
larger than their SCA-variances at'bOth locations, suggesting a éreater im-
portance of additive. gene effects for the parental llnés than of non-additivo
| cnes for the hYbrlds wlth reSp°Ct to. plant helght Tﬁe reclprocal effects
: i

were. 31gn1f1cant for (CxM) at both locatlons and for (IxM) and (IxCH) at

Ellerslie. In the case-of (IxM),»the recxprocal‘effects could be attributed ]

v
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to the female parent (Inla) whlle fzf (CxM) and (IxCH},(the male
parents Marquis and Chlnook are  responsible, because of: the‘negatlve;
sign assoc1ated with the effects.

For number of tlllers per plant (Table 9), the hybrlds
(CHxK) and (CxI) had the hlghest SCA s at Ellerslle and Parkland res—

pectlvely The parental GCA for (CHxK) at Ellerslie was highest

whereas that for (CxI) at Parkland was»the lowest. The poorest hybrld

" was (MxK) at both locatlons, having the(ﬂowest SCA’ value, altﬁbugh

one of its" parents (Khush-hal) shOWed high GCA. The variances for
GCA were;generally higher than those for SCA.
B Hybrid’(CHxC) at Ellerslie and (MxCH) at Parkland res=

‘pectively’ ranked hlghest for number of spikelets per Splke w1th respect

~ to their SCA's, whereas cross (MxI) at Ellerslie and (CxI) at Parkland

»

\ranked lowest., It\could be argued that the hybrld (MxI) had one parent

'(MaquLS) ranklng(hlghest in-GCA’ and hybrld (CHxC) had one parent (Clano)

*with a very low .GCA whlch shows that hlgh parental GCA's mlght not

result 1n hlghex*SCA's for ‘the hybrids I general the varrances for"

GCA', were hlgher than those for SCA. The reCLprocal effects were non--
51gn1f1cant for all crosses;
The 1nterpretatlon of the results for general and spec1f1c

i

comblnlng ablllty and the rec1pr0cal effects for number of seeds per

A
-splke (Table ll), welght of seeds per splke (Table 12y, lUOO kernel

welght (Table 13). and yleld per plant (Table 14) follow the sane pattern

leferences may be found w1th respect to rclatlve p051tlons ‘of the

parents and hybrids concerned but the general conclu31ons are the same.
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(Adéeneral review of thedresults of the combining abilitx
analyses q}th‘respect:to‘all the characters under study suggests'that:
- (i) The high éCA of the parents can rot be taken as a criterion for B
the evolutlon of hybrids with high sca's 51nce.the hybrlds w1th hlgh
SCAa' 'S were assoc1ated with respectlve parents of low GCA s and v e
versa@ : ’ ‘ ‘, s _. o

(11) Slnce thevvarlances for GCA were: nsually larger than those for
SCAa, and 51nce GCA is the result ot'addltlve, and sca non—addltlve gene

}effects (Sprague and Tatum, 1942 Fryxel et aZ 1958 and Grlfflng 1956),

the selectlon of the parental llnes ‘on: the ba31s of thﬂl* GCA s should’

be g1Ven prlorlty,over select;on ontthe ba31s of thelr cCA s This

conc1u51on may also be supported from the ana1y31s of varlance for
s,.“ v

'general and spec1flc conblnlng ab111ty (TabletIS) .The results of
g " . v

Table 15 reveal that the varlanCes for GCA were 51gn1f1cant except for

F NN B cvo

headlng—span at Parkland and for ylcld per plant ‘at both locatlons. The

M(s :"'- »4'1 1

: varlances for SCA were s;gnlflcant only for onset-of headlng, final~

’ /"

"headlng and plant helght (at hoth locatlons) and for headlng—span and
‘number of t111ers per plant }at Parkland) Slgnlflcance :of varlances‘“
for GCA thus suggests the 1mportance of additive gene effects and

‘ emphasxzes that substantlal differences exrst among theé parental lines”
used 1n the study. (111) The 51gn1f1cant variances for SCA 1mply that
_ non-additive gene effects for the particular characters are relatlvely

more 1mpottant and that the hybrlds with hlghest SCA S may be seIected

for further breedlng adaptablllty tests. . G

[}

3
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Diallel cross‘analysis ‘: o .

Fl entries from Appendices ITI to XXIX were sorted out
‘and complete diallel tables were constructed for each replication with
respect to all the characters at'both locations. All the entries were

subjected to Hayman's (1954a) analysis of variance. The results of this

N
Y

analysis are presented in Table 16. 1In this table component‘a tests
" the Significance of additive effects and b the doninante effects of.
genes, while b tests the mean deviations of Fl's from their mid-parent

‘values. The dominance-deviations, if predominantly in one direction,
may result in significance of bl-in an analysis of variance. The com—

,ponent‘bz indidates the extent to which the mean dominance deviations
within,a,given array of:thevdiallel table differ from those of the other

arraYS; A SLgnificant b thus implies that some of the parents contain

an excess of dominant alleles. 'I‘he'D3 component tests the’ portion of

thé dominance deViations attributable to 1ndiv1dual Fl . The difference

between the reciprocal crosses,is.asseSSed by,the significance of the

c component and maternal effects haot ascribable to ¢ are reflected by d.

2 »

In Table 16 each of the components has‘been tested for Significance

against its own blogk-interaction mean—s uake- The o was not. si nificantly
q 9

different from zero . at either location for any ‘of the characters studied.

)
. f

Substantial differences among the parents are sugécsted by the Significance
of the a component (addlthL gene effects‘for ODSLt—Of htading, final

. heading, plant height nunber of snikeletes per spike and 1000-% ernel
.weight at.both locations and‘number of tillers perrolan and nunber of .

. seeds per spike at Ellerslie. Item b was Siqniiicant for final heading

at both locations»and’for onset—of—heading and heading;s?anlat Parkland.
n B B . : A
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Dlrectlonal dominance (slenlflcance of b ) was exhibited by 1000-kernel
welght at Ellerslie. Slgnlflcance of b for final heading at Ellerslie
.and for plant height and number of tlllers per plant at %arkland 1nd1- .
cates that some parents prohably possess more domlnant alleles than others
‘for these characters. '

_The assemptions of no non?allelicvinteraction, eo multiple-
”allelism and uhcorrelated parental gehe distributlon, were cheekedvbf
analysis of the variance.of W}—V}. fhe test of homogeneity of W —V'
1s glven in Table 17 None of' the charaeters'shozed heterogenelty at
elther locatlon .and the condltlons underlylng the dlallel cross analy51s
:could therefore be accepted as-valid. For analys1$ of the genetic com-
_.ponents-of.variation, the offdlagonal values of the dlallel table were
2}replaced elth the common rean of the correspondlng cross and' its

"

frec1progal The array varlances (V ,) “anad parent—offsprlng covarlances
. . S

: f(W ) over flve arrays-prov1ded the basls for calculatlng other second

bfdegree statlstlcs whlch are presented in Table 13. The'estlmates of

' hgenetlc components of varlatlon obta1ned from second degree statlstlcs
?(Hayman 1954b) are,presented 1n Table 19 Table 18 supplled 35 StatlSthS

[(15 V s of flve arrayslgpd.three repllcatlons,,lS V s, VOLO' OLO1

;ngzi and/(p LO) ] and 10 constants were fltted to ther (5

V..values, D HZ' _2, “h and u, f was not cons1der°d, as it is the mean of'
'flve F ~ ) leaVlng 25 dtgrees of freedom for error to test the signi-

, flcance of. qenttlc components of varlatlon.- The proportlonal estlmates
; e

‘ of the genetlc parameters from Tablt 19 for all the characters -are given

tln Table 20 The results shown in. Table 19 and 20 supported by the
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graphical analysis of regression of'W} upon Vr‘ lead to the féllowing i
conclusions:
‘££>both 1oca£ions, onset-of-heading as inherited as a .
partiallj dominant trait, as shown by the mean degree of dominance
[(H 2 D)1/2= 0.48} and regre551on line (bW /V ) whlch passes above
uthe orlgln (Flgure l). The proportlon of. genes ‘with positive and nega—
tive effects in the parents [H 2 4H ] is O 23 at Ellerslle and 0.21
at Parkland, suggestlng a sllght asymmetry of alleles at the loc1
exhlbltlng-domlnance. The propo:tlon of dominant te recessive genes in

¥ 7
172 1/8 - F} is 1.92 at Ellerslie and

the parents [(4DH1) + F] 2 [(4DH1)
0.86 at Parkland, suggesting a pfeponderance of dom;nant genes in the
paients_atiEllerslieAand'equal proportiens of dominant and recessive

genes at Pankland. The coefficient of correlation between the parental
'order of dominance, i.e. (Wr +.Vp) and the narentd.measurements [(Yr);
the corfesponding'valnes‘of the main diagonal of the diallel table]‘

are 0,97 and 0.66 at Ellerslie andiParkland respceCLVely. high positivéd
gcorrelatlon at both locations suggests an assoc1atlon betwecen recc sive
genes with late heading and dominant genes'contributing towards early

’

headlng. This 51tuatlon is reflected in the standardlzcd devxatlon

graph (Flgure 2) where all the Y , (Wr + Vr) parental intercepts occupy
(+,+) and (-,-) quadrants, exceptlxhush—hal.at Parkland. Figure 1
classifies Marquls as the hlghly recessive and Inia as the highly

doninant parents at both locatlons, since they lie, respectively,v ‘ ﬁ

farthest and nearest to the point of intersect of regression line and

limiting parabola. Figure 2 supplements this.conclusion by.revealing
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that at both locat;ons the hlghly recessive parent contributes towards

- o o
late headlng (+ + -quadrant) and the hlthy domlnant one towards early
headlng (-,- quadrant) As far as other\parents are concerned, Chrnook
. «s o
and C1ano, lylng in’(+, +) and (- =) quadrants, may be cla531f1ed as o

@

"T
recessive late headers and domlnant early headers Khush—hal's order

of domlnance seems to be affected by the environmental 1nf1uence, being .
R , :

er at Ellerslle (— - quadrant) and a rece551ve

quadrant) at Parkland The number of groups

both locatlons, suggests that at least one group

" of genes contrdl onset-cof-heading’ and exhibit dogi " The herltability

ance.

estimates of 98.37% at Ellerlie .and 66.42% at Par\land show that the

3

character is highly heritable.

The- results from Table 19. and 20 Eorlﬁinal heading (Figures 3,
4) anq hedlng—apan (Figures s’ ,6) are sub;eft L t'e same klnd of 1nter~

,pretatlon as- for onset- of headqu EXCLpt for changes in the rtlatlve

>

poaltlons of the parents. w1th rtspect to their ra"klng order for domlnance,

R

and therefore thcy are ‘not - dlSCUSSLd‘SepaIathY.; 4 =
‘ip - For plant helqht the ‘mean degree ot domlnanee of 073 at

both locatlons shows that hnght lo.lnherlted as a part ally deminant
‘character. The Mp:Vf graph (Flgurt 7) with a rtgrL>SLOn llne inter-
_sccting the'limitinq’parabola above its orlgln buDPOrtS the aboue conclu—v
' sion . -Thevprooortlon of gtnes thh pObltlve and negative ecte in the
‘partnts is approxrmately thL same for. both locatlons (O 158 at Ellerslie_
<and 0.170 at Parxland),~1ndlcat1ng asymmetry in the dlstrlbutlon of

»,

~_alleles at loc1 exhlbltlng domlnance._ The ratio of dominant ‘to recessive
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e

genes in the parents is approximately equal to one at both locations,

. . .
‘suggesting that the parents contain equal numbers of dominant and

.recessive genes. The eoeffiqient of correlation between the parental

order of dominance and parental measurements is 0.17 at Ellerslie and

of the parents and their order of dominance. Figure .7 indicates that

Marquis at Ellerslie and.Khush-hal at Parkland are the most receseiQe

',' S whlle Inla at both.the locatlons lS the most dominant parent.
‘ . N ,

& é1a551f1es»the parental order of'dominance together with

thelr hcxght performance ‘It places highly recessive parcnts Marquis

i

(at nlleralle) and Khush -hal (at Parkland) lnto (+,+) and (-, +) quad—
‘rants, shpw1ng that rec0551veness of the jormer is respon51ble for

nallneﬁg whlle the - IECLSSlVQ gcnes of the latter C rry cftects dec-

‘\.m

‘reaSLng helght. The pOSltlQn of Inla ln the (— =)- quadrant of the
M L - 4

v,

preoonderance of domlnant gcnfé Lontrlbutlng toaards shortness. The

t

ranklng order of C;ano appears to be: Lnfluenced by lceatlon ffects.

1 . id . l
¢ ’

4

) At Elleralxe,.lt ise hlghly donlnant contrlbutlng towards»reduceg

.

helght whlle at Parhl&nd it hab an excess of recessive genesf agaln

responsible. for ahortness. The cnwracter seems tq bé gonﬁlstently

hlghlx herltablebovcr tho lOdelonb (77. 40“ hcrltablllty at Ellerslle

and 82.99% at Parkland) BT “ o .

The geneth componenta of varlatlon, Dy F, H, and H_ are not

, & 2
e r.‘sm.

51gn1flcant for’ number of tlllers perqplant at EllerbllL and therefore

thates of mean degree of domtnance proportlon of domlnant ‘to

0.07 at Parkland, inﬁicating.weak associat#bn between the measurements
. o .

K
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-4recessive.genes in the parents etc. should be meaningless.(as

L
v

suégested by .Hayman, 1954b). Moreover,_theuw » V graph (quure 9)

I\(J
for Ellerslie is distorted; The mean degree of domlnance at Parkland
QF.OG)'indieates over-dominance. This is supported by Fiqure 9 in
which®the regréssion line intersects the llmiting'parabola above

- 3 . .

38 :
dlstrlbutlon of alleles. The proportlon of domlnant to rece551ve

I . -
“ 3

genes in the parents is 3. 409 whlch 1ndicates an excess of‘doninant

genes in the gérents. Cons‘auently Khush—hal Ciaho and Inla

. v 1 , .
are categorlze&>as pa*tnts w1th a preponderance of domlnant qenes,

, . w . ,

o and of these InIa lS the most domlnant one as 1t lles closest to

the p01nt of 1nterse tlon of the reqF0551on llﬁe nlth the llnltlnq para—

Ed N <,
.

bola (Flgure 9). The 51gnlflcant posxtlve correlatlon ottween the parental
order of donlnance and the parental rnasurencnts (0. 80) shows that the

: '
. génes with negative efﬁects for'number-of tillers per plant are mOstly

Yy a
dominant and those \lth r051t1ve effects are uostly recessive. This is“

shoWn graphlcally 1n Flgure 1 where garental Y —( o 3 I lJterrepts

N

occupy only thL (+ +). and (— —) quadrants. Clano and Inia coataln an

oexcess of domlnant genes (— —'quadrant) with lower tlllerlng canac1ty.

o Chinocok. appears to be recessive, with a highe iwber of tillers per

()

plant at Ellerslie, but ?hows an cqual number of recessive and domlnant

N

genes ‘at Parkland. ‘Mafquis and_KhUSh—hal~ap§ear to be incon$istént with

respect to brder of‘dominance. At Ellerslie, Marquls hab an etcess of¥

"dominant -genes but’ at Parkland 1t has become hlghly receSSLVe., The

x . ¢
reverse.s;tnation exists with Khush—hal which is plaeed in the (+,+)

-
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R ' A

'-quadrant at Ellerslie and in the (-,-) quadrant at Parkland The

estlmate for the number of- groups of geénes controlllng tlller number

- ¥
»

_seems to be questlonable for Ellerslle (Table 20) where the relevant

- components of varlatlon were nonSLgnlflcant (Table 19) . .HoweVer it is

h

Aapprox1mately equal to one at Parkland, showing that at 1east one group

,of qenes exhlbltlng domlnance controls tlllerlng. The herltablllty of

'f.ffthls character, low at Ellerslie (2 86%) and relatlvely high at Parkland

.(48 85%) " seems to be affected by env1ronmental dlfferencesy\ '

With regard to number of splkelets per spike; there was

‘ ¥ .
' - 2

over- domlnance at both locatlons, since [H /D] 1/ > l and the W /V

.1‘.“ . .

regressxon llne 1nte§bects the llg}tlng parabola below its- origin -
f(Flgure 11). The genetlc components of varlatlon were not signi-

‘flcant for Parkland and the prooortlonal estimates of gtnetlc oara—

7 )

meters given in Table 20 have therefore to be 1gnored For Ellerslle,

the prqportion of ge&nes with positive and negative alleles_at Joci

1

_‘exhibiting dominance is approximately 0.2,'indicating‘a.sll§ht

I

. . o S ’ : . - S L ) Y 2 B 3
- asymmetry in distribution. L O T t & ceps -é- E

¥

genes:in the parents is'O 99, suggestlng approf' gropor—:;

" .
- /
» . ¥ - ~ . .

,—tlons of domlnant and recessive genes. Fiqure 11 classifies Marquis,

“

khush hal and Clano as haylngkan excess of'recessive-genes. The cor<
s , ~ ' i
relation cocfficient ’p ) of -0.2 at Ellerslie suggests

\‘ ) 1 YZ’ 3 }‘/ +V A

s o
“that parental measurements are not related with their order of
: dodinanée, whiletr = 3.75 at Parkland suggeSts that'genes for lower
splkelet number per spike are domlnant Order of dominance of the

parents (Figure 12) seems to be inconsistent for the two locatlons

.except Marquls ‘and Inla. Chlnook thL hlthy reCGSSlVL parent at Parkland

LA
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appeared hignly‘dominant at Ellerslie. .Khush-hal and Ciano with

‘ 19
 a preponderance of recessive genes at Ellerslie (-, +'quadrant).conj
'talned mostly domlnant genes at Parkland (th quadrant) The ratio

/H = O a6 suggests,that possibly one group of dominant genes is °
controlllng'the number of spikelets per spike. Heritability'estimates
, :

of 31.82% at Ellerslle and 9.25% at Parkland suggest that not only the

character is low herltable but 1ncon51stent over the locatlons also.

Ny .As far as the other edmponénts;bf\yield i.e..nur’ vr of seeds
" per spike (Table‘l9,.20 and'éigure'ié 14), welght of seed\ per_a e (Table
19, 20 and@Figure 15, 16) and 1ooo-xé§he1 welght (Table 19, ZJ%Tld Flgure f;
- '17, 18) are concerned, the interp{etation of. the results:from felevant

tables and‘figures wWill be similar; ‘Thelchanges in the relatlve posltlons
of the parents for their order oE’dominance may be'encountercd whicb may

“be interpreted accordingly. o

The- results of dlallel crsss an ySlS for yleld per plant are

- mnanlngless both for Ellerslie and Parkland da a. Paradox1cally dH for
Ellerslle and_D, H1 ‘and Hé for ”arkland have negatlve valucs SLgnlrlcantly

ﬁiffere“t.frem zerq..?Conaequently the,f}; W gvanh (Flgurt 19) for Park—
‘land apéears to.be severaly distorted; ‘The resrnctlvq\zzaph for Ellcrslle

~dces not seem to be. dlsturted and suggests the validit £ the hypotheseb

underlylng the diallel anaIYSLS Pc«cvor, a olgnlflcant nhgatlvc Hl invali-

dates the lnttrpretatlon of the -graph. The sama objcctlon appllcs -to stan—

\,z’/g;

rdlzed dev1at10n g;\rh (rlgure 20) also.

ANALYSIS OF F, DATA : Coe o | o

' It Wwill not be out of place to mentlon agaln that the F2
Ld '”‘-; Tt A
gencratlon hybrlds were dupllcated in cach fbpllcétlon “at both locatlona,

N
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partly tQ\meet the entry requ1rements of the partlally balanced lattlce \\
de51gn, and partlg to reduce the. genetic sampllng error 1nher%pt in the
segreqatlng generatlon._ Though the headlng data and Yyield observatlons

~

were recorged separately for the two repetltlons the analysis of the

@Sﬁ L \

N f.%g - 51mple correlatlon coefflckﬁmts for all thé%& racters are

., b« ‘,""'
v data‘ls bbsed on thelr average.

&

shownunn Table 21 The results reveal that:
Qnsetjof-headlng was p031t1vely correlated with flnal

heading, plant'héight, number of splkelets per spike, number of seeds
& - .

per spike,. and negatLVely correlated with Weidht of seeds per Splke, 1000—
kernel welght and ‘'yield per plant at both locatlons. Correlatlon with

number of tlllers per plant was only exhlblted at Parxland The negatiue

l
i

-4a35001at10n of onset-of- headlng wrth yleld and its two components, weight

R of seeds per spake and 1000 kernel welght, suggests that early natu*lng

\

varletles are hlgher ylelders and consequently thelr seed welghs rore than

'the late maturlng ones. This kind of relatlonshlp was also rotlced for Fl o

hybrrds. Correlatlon of f1na1 headirig and headrng span w1th other charac-

- ters has the same klnd of 1nttrpretat10n.

L.

Plant helght exhlblted srgnlflcant posrtlve correlatlon w1th
number of tlllers per plant, number of ‘spikelets per spike, number of seeds
'per sp1ke and lOOQ kernel weight at both locations. Correlation with yield’

per plant was not 51gn1f1cant

.

Bo} Number of tlllers per. plant exhlblted positive correlatlon

'w1th yleld per plant at both locatlons and w1th number of splkelets per
A
--spike at Parkland but was neqatlvely assocrated w1th weight of SQLdS per

.y
w LY e,

g



71

~

PUPTXIPE O3 PUCIGS PUV OTTPI9TTZ O3 $20302 WUMTOO YOV Iepun Butprex asatyd

I r

680° €T

obset 89.°81 oy ' ve

185 2T 66€'26 : L .
S08°T1°  PI8°ST  T9Z°OT  (82'0Z  b2v's 065°z6  PpouyeTdxe A3ITTIqUTIvA TVI03 3O o
800°0 026°0 621°0 2520 §+0°0- 626°0 , |
9§T°0-  50T°0 6£8°0 8Lz'0  .s8z*0- . 868°0 . Juetd xed prota
§00°0~  TT6'0 . 9¥5'0-  650°0  §29°0- 0880 o o
L9t 0~ 208'0 TL0°0 §ST'0-  Z9v'o-~ €160 . . _3ybyem TeuLex-000T
920°0-  T6E'0 . 9vE'0- - SZL'0  T8E'0= w60 - |
627°0~  09L'0 280°0 1850 ©  pEzlo~ ¥66°0 oxtds tod spaes jo 3ybroM
050'0-  6v0'0 860'0 - L96°0 9510 1860 . ,
p10'0-  122'0 6£0°0 - %06'0 967°0 €06°0 ~ oxtde 20d 8poss ‘Jo Ioqumy
100 €€2'0  9%0°'0,  065°0. - 889°0. €e8'o IO
2TO0'0=  LST'0-  Z9T°0 118'0  ,882°0 vE8'0 | ex1ds - x0d mﬂoaoxamm_uo_Monssz
, o MRa
1o S€2'0 8v8‘0 £10°0 15€°0 L16'0 ‘ - .
€ET'0 900°0- £06°0 6£0°0-  LL2°0 216'0 - 3uetd 23d 8I0TTT3 3O Zoqumy
< N !
6Y0°0 , v00'0-  H61°0 AGNE 2260 688°0 , o
8r1°0 TLE'O=  0ST'0  L9Z°0 - 9bL'O 158°0 _ . 3ubtey 3uvrg
T, . . ) :
2660 6T0°0 1L0°0 9€0°0~  050°0 £66°0 . o
5L6'0 ov1°0-  600°0°  T150%0-  ZST'0 9660 . ueds-Butpeoy
88Y°0  060°0-  252°0 100°0 VL' 0 ov6'o . o
9¥e 0 BOZ'0-  620'0- 6210 §63'0 S 186'0 : burpesy, teuty.
§L0°0-  9TT'0-  '£52'0  £20'0 968'0 988°0 - - ,
§60°0= | BLI'0=  LPO"0-  6YT'O 8S6°0 . LLG'O . .- buypwey-zo-3esuo
_m 0303 p a030®y nA»ouumw/ ¢ 03083 T I030%yg 4xuﬁaa=assoo . v : uouuuwuso
.m:,.oﬁuduo.n OM3 3® 368 TOTICTD .N.m woxz ) -
muo,uuuu_...:o. uo3 x03 XTI3BW 203003 Po3v3Iox Xvwyixep:
7 ' -

gz a8l

’



- . A
: - . . b L o .
spike and 1000-kernel weight at Parkland. Negative cor. ._ations with

¥
weight of .sedds per spike. and 1000- kernel welght establlsh ‘'an 1nverse

v

’relatlonshlp lndlcatlng that more the tlllers per plant the hlqher is’
J

»

the yleld and the lower the welght of seeds per splke and 1000~ kernel

o =

“welght The correlatlon coeff1c1ents of other components of yleld viz.
< -
number .of splkelets per spike, number of seeds per splke,'welght of.

seeds per splke and 1@60 kernel weight may be explalned in the same

manner. £ e B ‘ -

Yleld per’ plant was positively correlated with . 1ts compogents,

, ny
viz., number of tlllers per plant . number of splkelets,per Splke, welght of

Seeds per splke and 1000-kernel welght It was negatively/associated'wid%
onset—of—headlng at Ellerslle, while its correlation atvParkland was not
. p . » _

significant. Negative‘correlation of yield with cnset-of- ~heading 1nd1cates
N s
that high yielding varieties are usually eap&y maturlng b

: Factor analy51s was performed on the complete F2 diallel .

’data.‘.Eour pr1nc1pal factors, derived by factorizing correlation matrix’
into a:varimax rotated factor matrix, accounted for 81 7% of the varlablllty

‘Apresent in the data. Slnce it was thought that 82% of the varlatlon (as
explalned by these four factors) was not suff1c1en&%ﬁthe numbtr .of . factors

3

was raised to fch and the procedure was repeated through computerlzatlon.
The - flve factors were found to explain 92% of the varlatlon 4in the data.

" A’ further 51x-fact0rvmatr1x explaincd 963 of the variability, it was not -

E 4 4

~significantly diffcrent from the flve factor—matrlx whlch was therefore

con51dered and the results are ‘given in Table 22

N

Since the first factor showed the highest loadings for



‘i a o S | | i | o '\j3

~

onset-of-heading and final headlng at both locatlons and accounted for

of
) 28% varlablllty at Ellerslie and 34% at! Parkland, it’ wghugamed lateness.

qf\
It was positively affected by ‘plant helght and neqatlvely by welght of

seed per splke, 1000-kernel weight. and yleld per plant at both locatlons.

This 1mp11es that a/{onger headlng perlod causes the plants to grow taller.

but yleLﬂ less Wlth lower seed welght per splke and consequently lower

i o
1000~kerne1 welght Number of- tlllers per plant, numbexr of splkelets wf{

per spike and'number_of seeds per spike at both locatlons,contrlbuted o
. ‘ A '
very little to this factor.

- The second(principal component was termed yieldvcomponents.

, .

'Although earlﬁ%r the term dzeldzng capacttg was applled in the Fl factor

,analy51s, the above term is conSLdered more su1table because of the con-

51stently hlgher loadlngs for yield components Thus this component

~shows maximum loadlngs forcnumber_of splkelets per Splke, number of seeds
per spike and Welght of seeds per splke at both locations. Negatlve

contrlbutlons towards this factor due to headlng span at both locatlons ™

and number oftlllers perplant and lOOObkernel welght at Ellerslle reveal fﬁ_'

Ry

that varletles with longer maturlng tlmes yleld less, produce fewer tlllen'
per plant and show lower lOOO—kernel weight, | |

The thlrd prlnClpal component was named tillering- napacth
~as it provided the maxlmum contrlbutlon to number of tlllers per(plant
l at both locatlons.; The factor accounted for 16% andlld S% of- the total '
varlablllty in the data at Ellerslle and’ Parkland respectlvely. -Yield

was 51gn1f1cantly affected at Ellerlle but at Parkland the contr1bu—~

'tlon towards yleld was comparatlvely low. - Number of spikelets per spike,'
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number of seeds per spike and heﬁdlng—spah at both locations , welght e
$

of seeds per splke and lOOO—kerAel welgh* at Ellerslie conttibuted . ‘ / 

p051t1ve1y to this factor.

The .fourth prlnc1pal factor, accodntlng for 153 and 13%
varlablllty at Ellerslie and Parkland and carrylng,ﬁhe hlghest loadlngs 1;¢
for lOOO—kefnel weight at both locatlons, was called kerwel-uezgnt
The factor was contrlbuted to. by welght of seeds per sp1ke and yleld per - e
“plant at both locatlons although the effect of number of seeds per spike
”appears to be sllght Other characters such as plant helght final
heading and onset—of—headlng at both locatlons were negatlvely affected

| The fifth prlnc1pal factor, since it was termed Feadzng
perzod was strongly affected by heading-span. It explalned 12% of the
' total»ya;;atlon*atkboth locations, and.wasAadversely -affected by yleld
‘and‘itizcomponents' Flnal headlng, plant helght and number of tlllers.

plant at both locatlons scored pos;tlvely for thls factor but thelr

contribution was relatively low,w_fdd‘

'Comblnlng ablllty ana1y51s

| Estlmates of gen -al coQPlnlng ab111ty for the flve parental
‘llnes are presented in Table 23. Marquis scored hxghest for onset-of—
:headlng and Clano lowest at both locatlons The same was true for flnal
'”headlng For headlng-span, Chlnook ranked first. and Clano last. l
-plant height, Harquls excelled at both 1ocat10ns whlle Inia at £11er511e
" and Clano at Parkland vere lowest. 'For number of txllers per Pplant,

Khush—hal ranked f1rst at Bllerslle and Chlnook ra7ked flrst at Parkland.
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For number of spikelets per: splke Marqu1s was hlghest at both- locatlons
. (J v
while Khush -hal at Ellerslle and Ciano at Parkland ranked lowest. For

number of seads oer spike, sMarquls ranked highest at both locatlonsband
Ciano was the lowest " For welght of seeds per spike and lOOO—xernel weight,
Inia ranked first at both locatlons, whlle Chlnook ranked last for welght
of ‘seeds per spike; and for 1000-kernel weight, Marquis at Parkland and
Chinook'at Ellerslie ranked last. For yield' Inia at Ellerslie and Xhush-
.hal at Parkland scored hlghest GCA and’ Khush—hal at'Ellerslie and Ciano
.at Parkland ranked lowest.

Spec1f1c combining abllltles of the F2 hybrids, the'reciprocal
,effects and the varlances for general and soec1f1c combinin g ab111t1es are
'given in Tables 24 to 33. These are dlscussed under anlVIdual characters.

Cross (CxI) bad the hlghest SCA for onset-of-ﬁe%dlng (Taole 24)
at both locatlons and (HxK) at Ellerslle and (MxI) at Par&laqd were the
lerst.‘ Hybrld (CxI) with the hlgbest SCA had parents with the lowest

GCa's at both locatlons. Slmllarly the lowest ranklng hybrids . (MxX) and

(th) had one parent (Narquls) with .the hlghest GCA at both locatlons.i'

“"‘?b A

These klnds of results suoport those of thﬁ l_connlnlng ablllty analyses. “ﬁf

lThus 1t is seen that parental lines with hlgh GCA's do not necessarlly
produce hybrlds with high SCA S. The yarianées for GCA were usually
'larger than those for sca exceot for Khush—nal at sllersllt and Inia

at Parkland. Rtlatlvely hlgh SCA varlances for Inla and thsh -hal 1nply
.Pan 1ncon51stency 1n thelr SCa. perfornance of thelr hybrlds at both loca—
.tlons Rec1proca1 effects were generally non—SLgnxflcant e!ceét for
Y(CxCH) at Elletslle hhxch may be: ascrlbed to the ftmale parent of the

- hybrxd
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ii\/\ C:é;th respect to frnal headlng (Table 25) and headlng-span ;
(Table 26), although there are some dlfferences in relatlve ;OSltlonS-u.' -
of the parents and hybrids concerned, the general conclu51ons are the

same as for onset—of headlng. o ) LT : ; . v (

| Cross (chn) at Ellerslie and (MxK),at Parkland ranked S
'ni'g}'xest: for :'p‘mt'height whileia' ('MxI). at both locations was the Ilowest p
" (Table 27). Cross (MxCH) had both : parents w1th highest GCA's at' ‘//
‘both locatlons while cross (MxK) with highest SCA at Parkland had one

parent (Khush -hal) w1th a comparaéively low GCA. Slmrlarly (MxI)_witnf,

lowest 'SCA at both locations had Marquis parent rth highest GCA at bo

.locations.. féll cases the variances for GCA/ ere greater th

for scCa. Crosses (CxCH) ,- (IxM) and (IxCH) S% both locatlons anv

. W
. \‘!f
at Ellerslle showed 51gn1f1cant rec1procal effects, which may Berascrlbed

. to the female parents Lecause of the positive 519n appended to each effect.
‘ For mjmber of tlllers per plant (Table 2 Ccrosses. (KxC)

at EllersEﬁE and (CHxK) at Parkland scored- hlghest in SCn and (CHxC) .at’
_Ellerlle and (MxCH) at Parkland scored lowest It is agaln.noteworthy

'that one parent of the hybrlds with hlgh SCA (Clano) had the second }owest
7 E
s - &
SCA
%m
(Chlpook) had @he hlghest GCA at both locatlons.b'The varianceS'for:GCA s

were, in general, greatervthan those. for SCA and the reciprqcal,effects‘

. a

’,GCA at both locatlons, whlle one parent of those scoring lowest in

) were non—significant.
The general 1nterpretatlons for the remalnlng components
of y1e1d,,v1z., number of splkelets per spxke (Table 29), number of seeds
LA

per spike (Table 30), weight of seeds per splke (Table_31) and IQOO—kernelA

s

AT ?”//_' a ' ‘ : —vi‘ > R | d - o aﬁ,
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weight (Table 32) and the conclu51ons derived therefrom with respect t

SCA's do not dlffer from number of tlllers per, plant » Only the relative

)

pqsrtlons ard respective,ranking orders_of the parents and hynrids are
] cnanéed. ; .
‘- For yleld per plant (Tabie 33), crosses (KxC) at Ellerslle(
-and (CHxK) a Parkland, respectlvely scFred hlqhest in SCA while (&D&C)

‘at Ellerslle and (KxI) at Parkland ranked lowest. ‘One parent of (KxI),»
. . / . '
Inia, scorqg.hlghest for GCA at both locationS‘wQ}le one parent of (CHxC),
RN, :

v _'Chinook scored lowest at Ellerslle and other'parent Clano, scored second

kY

hlghest at’ Ellerslle. (KxC) had one parent (Khush-hal) with ‘the second

lowest GCA at. Ellerslle. The variances er GCA were greater than those

~

for SCA except for Marquis and Ciano at both'locations, arnd Chinook,

-

Knpsh—hal_and lnia atharkland. The rE}iprbcal effects were non-

51gn1f1cant except for (KxM) at Ellerslie which may be ascrlbed to

\y

S : ’
.Khushﬁhal because of the. pOSLtva%:ign\appended to the effect.

~ The follow1ng conclusions may be drawn from the analy51s

3

of general and spec1f1c comblnlng ablllty for all -the characters con-
SLdered: (1) In all cases, 51nce hybrids w1th high SCA'sﬂﬁgie assoc1ated
wth the parents w1th low GCA s, the hlgh GCA s of the parental lines may

not be taken as crlterla to predlst high SCA s of thelr hybrlds. (2) In:
’N&? . e

most cases; the’ varlandts for GC. s ere gr-ater than those EQr SCA* S.

The analySLS of variance for gencral and spec1f1c comblnlng ablllty o

» ?

(Table 34L/also supports thlS conclU51onu In all cases, the mean squares

for GCA"in Table 34 are 31gnlf1cant except for headlng-span and YLQld

A

per plant at Parkland This lmp11e§ that GCA which is largely -due -to, .
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¢

additiveugene effects, is relatively more important than SCa, whichnis
due to non-additive gene effects, as far as selection on the basis of
these characters is concerned. &V3) The signifioﬁnce of SCA variances
lmplies thet hybrlds yield much “ess than would be expected on the basis
‘of the'GCA;s of their parents.- This suggests_that tharacterﬁinstahilityv
of a hybrid is largely due. to high sSCA variances assoolated with its

- . O a
parents, E .

Diallel cross anéleis

| The results of the analy51s of varlance pexformed after
Hayman (l954a) on the F2 diallel table are given in Table 35. The
presence of addltlve gene effects is shown by 31gn1fz;ant a's for onset-
of-headlng, plant helght, number of splkcletsqper splke,'number of . seeds
- per sgdke, welght of seeds per spike and 1000-kernel weight at both
flocatlons, ‘also for yleld per plant at Ellerslle and final headlnglind
‘number of tlllers per plant at Parkland Significant‘additiVe'éene »
effects for these characters suggest Ssubstantial dlfftrences among the'
'parental‘llnes used. Slgnlflcant b 's- for onset—of—headlng, flnal headlng
and plant helght shows that dominance is present while 513n1f1cant b
1nd1oate some aé;mmetry of loci exhlbltlng dominance for these characters;”
suégestlng thet some éarents oontaln more ‘dominant allbles than others;
Significantib 's for onset-of—headlng, flnal headlng, plant height and
-yleld per plant at both locatlons, and for number of tillers per plant
at- Ellerlle, 1mply that specific comblnlng ablllty for these sharacters
1s comparatlvely more lmportant than general comblnlng ablllty when 5\
'pedlgree selectlon procedure is- followed in a breedlng programme (Mather

)

and Jlnks, 1971)
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In regard to the testing of the assumptions underlying the
analySLS, significant e¢'s for plant height at each of the two locatlons

lndlcate that there are re01procal differences for thls character.. The,

-results of a'test of other assumptlons, by the analy51s of variance of

W V differences are given 1n Table 36. Excep r .plant height at

Parkland. and number of tillers per'plant at Ellerslie,\the Wé-Vr dif-

ferences were homogeneous and therefore these other assumptions were
: : . ”~

generally not invalidated by .the data. Two exceptions (for plant height
~and number of tillers per plant) will be considered later.

 Estimates of second degrce statistics and components of

genetic Variation derived from the analysis of F2 diallel.table after

replacement of off- Lhe—dlagonal cells w1th thclr correspondlng common
means, are glven 1n Tables ‘37 -and 38.. In Table 38 component signi-~
ficances are tested with 25 D.F. (35 StatlStlcS prov1dcd by Tablc 37,

with lO constants fitted. to thtm) Proportional'values of the genetic_g

-

paramtters calculated from Table 38 are glven in Table 39, which shows

the over-all genetlc 51tuat10n' with regard to the 1nher1tance ot each
N

character. The ‘results of Tables 38 and 39 together w1th W / graphs
and standardlzed dev1atlon graphs of Y and (Q}+Vp) are discussed under
each charac ter.

(ALl components of variation fox onset- of headlng (Table 38)
r

except ﬁ and E at Parkland were sxgnlflcant. The mean degree. of don1nance

(0 JS at hlltrslle and 0. 75 at Parkland) lndltates that the’ cbaracter is

-

partlally domlnant at’ both locatlons. This is also ShOWn by the regression

-~
Sy

line in the WpLVp_graph-(Figure 21)'which=intersects the 1imiting'pa;abola

5
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above the.origin.l The proportlon of positive to negatlve al
‘parents at loc1 exhlbltlng domlnance is approx1mately 0.25,

equal proportions at both locations. = The proportion of domi
reeessive.genes in the parents‘is.2.3 and 1.03 for Ellerslie

_suggestlng a preponderance of domlnant genes in the parents.

93

leles in the
indicating
nant to

and Parkland,

“

Figure 21

shows that Marquis is thc hlghly recessive parent at both locatlons,

as it lles farthest from the point of origin of the regressi
Clano at Ellerslle'and Inia at Parkland rank as the two most
.domlnant pagents because of their nearness to the p01nt of o
regre551on line. The coeff1c1ent of correlatlon between par
of dominance and’parental measurements is 0.96 at Ellerslie
Parkland suggestlng that most of the negatlve genes (for ear
are dcmlnant. The dlstrlbutlon of parents w1th respcct to Ne)
dominance is shown in standardlzed dev1atlon graph of Figure
and Chinook at both locations fall 1nto the (+ +) quadrant i
that they contaln mostly rece551ve genes responslble for lat
' Khush—hal Ciano and InLa fall into the (- ~) quadrant and a
early head 1ng domlnant parents. The number of group,of genc
“onset—of headlng has been estlmated as 2. 03 for Ellersllc an
Parkland 1nd1cat1ng that at least two groups of genes exhlbl
control the onset-of headwng. The herltablllty estlmateq of
62. 06% show that the charactcr is hlghly heritable but w1Lh
under dlfferent env1ronments.

VM The results of the analySLS for flnal headlng (

Flgures 23, 24) and headlng—span (Tables 38, 39 quures 25,

on line.”

rigin of the

ental order

‘and 0.87 at

ly maturing)

rder of N
227 Mar§uish

ndlcatlng

eness.whlle

re therefore

s controlllng-,

d 1.52 for
tlng domlnance
107 51% and

"J

low stablllty

Tables 38 39;

26) are subject,
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to the same kind of 1nterpretat10ns as for onset- of headlng.

4

For plant helght the components of varlatlon, D, H1 H2

and E were 51gn1f1cant for Ellerslle but none’ except D were‘significant
' ) ) K . :
at‘Parkland. Heterogenelty of W V values (Table 36) 1mp11es elther

non-allelic 1nteract10n, multlple allellsm or correlated gene dlstrl—
bution.  In the case of’ correlated gene distribution, the M Vr curve

is convex upwards and the mean degree_of dominance is seriously inflated,

-~

. glVlng an’ 1mpre551on of apparent over- domlnance (Hayman, l954b) ‘in a

.
51tuat10n where, in fact, partlal donlnance exists. 1In the case of

nultlple allelism, -the efftcts are extremely com§¥;cated Mcdels: to )
explaln the consequenceslln ‘térms of M vV .graohs, are perding Itv

‘ mlght show spurlous dow1nance (Hayman 1954b) by scatterrng the W V h
p01hts and thus cauSLng their mean (/1L2’ 0L02) to lie 1nslde, and nbt

on the limiting parabola. ‘Non-allelic. interaction of the complementary
tylae dlstorts the- (J V ) graph 1nf1ates _the (’1 2. D) 1/2 and depresses
(h /Hr), but has very little'effect'on the estimator of‘gene‘frequenéz.

'A duollcate type of ;nteractlon/é\?reéjég (h /d ) - by 1ncrea31ng the pro-
:portlon of}domlnants, but does not al er = D) Hé/4ﬂ1_and the-
H},V? graph; | -
) Consxderlng the various effects of the three above;mentloned
conditions,’and examlnlng the W V gfaph for plant height at Parkland

(Flgure 27) we ~come to the conclu51on that there is actually no non- .
¥ . ;

.valldlty of any of the above-mentloned nypotheses.. This is because the

>regre551on of W upon V is not sxgnlflcantly dlfferent from one, the

' array,hﬁ},yr intercepts do not’ show any convexity upwards or downwards

Y
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and there are no cerious effects on the estimates of genetic parareters

(Table 39). Our conclusion is supported. by the fact that all the esti-

mates of genetic comppnents of variation at Parkland except D are non-
©

‘significant (Table 38). The only reason we might give for the hetero-

geneity of WP—VP aver thelarﬁays is a strong environmental effect.
At Ellerslie, plant height is inﬁerited as a partially

dominant trait since the mean degree of dominance is 0.27. (See also

Figure 27). . The proportion of positive to negative alleles at loci

)

exhibiting,dominance is 0.18 indicating asymmetry, while the progortion’

. . -

~of Jominant tourecessive genes in the parents is 1.2 (close:to:equality).

" The coefficientsof correlation between the parental order of dominance

" ‘dominant.’ ;ith respect to ‘parenta.

and parental measurements is 0.75 at Ellerslie and 0.08 at Parkland,
indicating that the 'genes contriozgdng towards shortness are mostly
-gorderiOE doninance (Figure'27 and 28)

.

.Marquls rates as Lhe hlgnly recessive parent for tallness at Lllerslle

and Khush—hal llkenlse at Parkland Ciano'ranks as the most dohlnant

,_parent for shortnessvat_Ellerslie and similarly Inia at Parkland. Exa-

ﬁmination of Figure 28 reveals that tnougH'MarQuis and‘Khush¥hal rank;as

td% hlghly reCCSvac parents, Khush-hal nevertheless contrlbutes tocards
reduced expression of the character (— ¥ quadrant) as compared to Marquls

(+,+ quadrant). Ciano. and ‘Inia rank ‘as the'mqst}dominantfparents for

~ shortness because'of their poSition,in the‘(;,-) quadrant. 'Chinbdk,\

dmental condlt;ons. ' ‘ o . 165

'contrlbutlng towards tallness, has recessive and domlnant genes in eqhal

“

proportions; -The character has hlgh herltablllty (94 43% at Ellerslxe

‘and 81. 20% at Parkland) and thus seems to be llttle aESected by environ-

I
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r
Vumber .of tlllers per plant showed heterogenelty of

V - V values (Table 36). Examlnatlon of the W}, V graph (Flgure 29)
and a review of the effects of non-allelic gene 1nteract10n, multiple
allelism and correlated gene distributionvupon the analysis, reveals:

that none of these condrtlons lnvalldate the corresponding null hypo—

I3

theses. doreover, since at nllerslle the env1ronmental ce?ponent ofg%
varlatlon is hlghly significant and all other components of genetlc
.varlatlon but D non-51gn1f1cant the envrronmental varlatlon is the
mpst_probanle reason for heterogeneity of W - V values. Since the
ratlos (Table 39) express1rg the mean degree ofkdonlnance,‘the prepor-

tlon of alleles with p031t1ve and negatlve effects at loc1 exh1b1t1ng

domlnanee, the proportlon of domlnant and rceessrﬁe .genes in the parents
and the number of groups or genes controlllng the character were based
en parameters some of whlch were . net 51gn1flcant (Table 38) their
lnterpretatlon‘as well aszthenlnterpretation of the graphs is of little

value- - : o Y

'

The general features of the dlallel anaIYSLS with respect

to the 1nterpreta tion of the results from Tables 38 and 39 for’ other

yleld‘com:onents v1z-, numoer of spikelets per splPe (Flgures 31 32),
- -
number of secds per splke (Flgures 33 34), welght of seeds per spike

- \

(Flgures 35 35) and lOOO-kernel weight (Figures 37, 38) are the same.

- The conc1u31ons drawn therefrom dlffer with respect to the relative
. W)

position of the parents for their ranking order of domlnance.“

For yleld per plant, only D.and E components‘ef variation-
2 SO TeRTaH
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meanlngless.d

" The W';NV  §gd étaﬁ'

e Loeey

interesting in their absurdlty. The 1ocat10n effcct on YLPld is ¥

suff1c1ently drastlc so that the- regresSLOn line, though cuttlnq
%
the llmltlng parabola above 1ts orlgln (apparent partaal domlnance)

shows a»negatlve slope. The latter (at Ellerslle) lmplles that for

eve increase ln varlance of the rth array, there-is'a Xo, ortional
ry B AL,

decreasevin parent—offspring covariance of that array. The regression

line, in this case, cuts "the limiting parabola in shChQ? way that

»the rcecessive and dominant Wr’.Vf array intercepts are difficult

to define. However Figure 39 suggésts that Cia no may be regarded

as the hlchly recessive and Chinook the most domlnant parent. At

105 -

Parkland, the regression of WP upon V} reveals_over—dominance. Chinook

may be classified'as the highly receSsive‘and Inia”thé'FOst doninant

- parents. Thc standardlzed devlatlon gvavh of Flgure 40 reveals that,

except for Inla, the ranking order for dominance of the parents seems

to be altered between locations. . Marquls, the .recessive parcnt w1th

: low yleldlng capacxty at Parkland (— + quadrant) becomes dow1nant

and comparatlvely hlgh yleldlng at Eilerslle (+ - quadrant).- Chinook,
low yleldlng and domlnant (— - quadrant) at Ellerslle beconns reces—

sive and hlgh yleldlng (+,+ auadrant) at Parkland. ‘A similar

&
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correlation between
. , . .

- situation exists yith Ciano. The coefficie
the parental order of doalnance and pérental éements is 0.19

at- Fllerslle and —0 40 at Parkland . A pOSLttve but weak correlatlon

_ at Ellerslle auggests hcwcver, that geres responSLble for low yieldinq
are mostly domlnant, whilé the comparatively'high negative coriela-
-tion at Parklandllndlcates that the genes contr;butlng toward in-
creased yleldlng are mostly dominant. The estirates of herltablllty

seeén to be questlonable btcause of the non- significance of relatlve

comoonents of genetic variation. . "
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AﬁALYéiS OF BACKCROSS DATA

‘The expeeted rean of a pair of reciprocal backcrosses is
the same as that of F2 generdtion of the cross Between the two parents
.provided the differential loci- are indebendent in their action (Jinks,
1956); Therefore, assuming no non-allelic 1nteract10n, the prected
StatlSthS for the ana1y515>of backcross‘famlly means in a dlallel set

&

are tne same as those for F2 family means.

L3

vIn Appendix‘II there‘arereighty eaekcresses ihciuding
reciprocals. A comélete diallel table for thdse;baCKcrosses therefore'
rcqplres an amalganatlon of four bacxcrosses to cempute  the approprlate
means for each of the off‘dlagonal cells in the d;allel matrix. Using
the same symbels as in Appendix iI, and takiné.any two parents,_the
apprepriate backcro%E combinations can be sﬁowa to_be equivalcnr to the

.mean of the corresuondlng F

5 hybrld. Thus the mean of M (MxCH) , (“xCH)M

eCH(“yCH) and (MxCH)CH means is equlvalent to the (HxCH)F mean, while

a

the rmean of’ M(CHAA), (CH:1) M, CH (CHx!1). and (CHXM)CH means is equivalent
to the mean-ofAlts reciprbcal, i.e.}i(CHxM)F hybrid.

Denotan the garunts Marquis, Chlnook Khush- hal Ciano and
Inia as 1, 2, 3, 4 and 5 the follow1ng two dlallel tables (Tables 40, 4l)
. k%

. may be constructed, the one by keeplng the parents of IOWS as recurrent
i’ B

- parenes and the other by xecwlng the parents of- columns as recurrent

parents. The numbcrs,ln,thc brackets iu Table 40 and Table'41-denote'

T

the Fl hybrids wnlle those outsxde the brackets denote the rerurrent

parents From these two tables a com*lete d1a11e1 t. - can be con~

-

diallel table.

X strueted which will corresoond statlsnlcally to the F2

i

E
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TABLE 40
Arrargesnnt of backcrosses ‘and reciprocals * oy

in which the Parents of rows are kept as recurreat parents.

- . N o
—_— » :
1 , 2 -3 _ g s s -
. : IE
R : : {c;
. - (\ ‘
) 8 11 13(12) '« (12)11 LH13) » (1) 11(14) « (14)11 < 11(15) + (15311 na
2. 22(21) + (21)22 22 22.(23) v (23122 22(23) + (24322 22(25) + (25)22
3. 33(31) + (31)33 33032) .+ (32)313 33 33€34) .+ (34)33 33(35) + (35)33
. . . - : »
4. "4i(41) » (11343 23(22) + (32)2a . 43(43) » (43)44 . 44 43(45) +- (35)44
. . . } ' /‘_
5. . 55(51) ¢51)5s 55(52) * {52)55 - ‘55(s53) +.(53)55 55(53) » (54)s5 . 55 :
. . - . . v
: . A\ : _
. ] ; . - -
. 3
v
N . c
-y
|
TASLE 41 . ) !
Afrangemont of backzrosue wnd recirmmeals
in which the FRTenI8 of Colurns are- APt as the rec sfrat pareats,
\\-_\ —_-ﬁ‘\,\\“-\
1 o 3 . s
1. 11 - 22(12) + (12)22 33(13) « (13)33 43013y + (13534 53(15) + (15)s5
2. 11421y + (21)1) 22 vJJ(?J)'» (23)33 S22y . (2339 . '55‘(;‘3) + (25)55
J. . ‘ll(_li) s (31 - 2032) « (32)22 ] "33 4034+ (39)44 55;(,’!1.'-_)‘ ‘. {35)s5
4. 21(41) + (21)11 S 23{32) . 42122 ]3(;!3) ¢ (33 44 . 55(45) + (45)55
. _ : : . B S
'S, 11(s1) * (51)11 : 22(52) « (S2y22 33(53) + (53113 23(54) « (52)44 Ss '

"



~and may therefore be ‘used for the anélysis of genetic components

N

of variation as described by Jinks‘(1956). Thus, for example, if the
éntry"[ll(l2f ;\%32)111 above the maL@‘dlaqonal in Table 40 is denoted
“as x. and the corresponding entry [22(12) + (12)22] in Table 41 as y,
then the- correspondlng element of the F2 dlallel table would be
1/2[1/41 + J/uJ] 1/4(* + J) The entries in’ the remaining cells of

" the F, diallel table are obtalned in the same way. .Sth a table wray

be called a synthevt dza lel table. .

: Slmple coef flcxents of correlationhvetweeh the . characters
on the basis of the antnatzc convlaté F, dtaZZeZ table ate glven in.
Table 42. Onset*ot-headlng was: p051t1vely thrrelatcd w;th flnal headlng
plant height, number of. tlllers per plant, number of splkeleto per spike
at botn 1ocatlons.‘ It was negatlvelj correlatcd with welght of seeds
‘peﬁﬁﬁplke at Parkland and, 1000- kernel wnlght at beth }ocazlons. The -
correi@tlcns with headlng—span'and yleld per plant at‘both locations
and w1th weight of secds per spike at Ellerslie were npt significant.
, \ _ ‘

The correlatlons of flnal hnadlng and ‘heading- = with other characters

may be 1ntcrpreted in the same’ way. . - Ty - \

N -

plant height was positively correlated with " number of tiliers ™

per plant, number of spikelets per- spike at both locations and with'num~

ber. of seeds pér'spike'at Elle:slié.‘ It was negatively correlated with
weight>of seeds per spiké and lQOQ—kernél wciéht at hhth~loéatihns. Nh’
correlations wé;e'observéq'between plant‘heightjananield per plantHAt.:
cither‘ihcatiohigr with hUmher of teégs per spikeqat Parklénd.j

'muumber ofwtillerslper_plant Qas.stitiQtly ahSoéiatéd’with

¢ s ) ‘ : ‘ SN
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number'of spikelets per.snike at both locations and with yield per plant
at Ellerslie. It wasvnc;atlvely correlated w1th weight of seeds per
spike and 1000 kerncl.welghtat Parkland. There was no correlation with.
nimber of seeds per splke at either location or with wciéhtbof‘seeds,
.per'eéike and 1000- kernel welght at Ellerslle and y1€1d per. plape at
'Parkland. The correlatlons of number of eolkelets per sgé;e, number of
seeds per splke, welght of seeds per splxe and lOOO—nernel.welght res-
pectively wlth other characters may be interpreted in the Same way.
Yield, per plant'was positively correlated with lOOOfkernel
weijht and‘weightﬁof seeds per spike aﬁ.bothqlocations, with number of
seeds per spike.and heading-span at‘Earkiand and with nnmber;of £illers
?;per plant atvEllerslie; It was negatively COrfelated with neading—span
at Ellerslie.‘ Correlaelons with onset—or-headlng, rxn11 headlrg and -
plant height at both locatlons wcre not SLganlcant
‘ "The results‘of the factor. analysis as t.e factor loadlngs
of the varlmax-rotated flve fagLor matflt are glven in Table- 43 Ap-
prox1mately‘93mdof the total varlaoi;itj ae both loca;ionS'was explained

" by these factors. - v o .fEi; S S ‘
. . “j ’ ° ! |
The first prlnc19al factér wds termed Zd*éfﬂ“s because
N
of its hlghest loadlngs for onset&pfsheadlnq and final headlng at both

‘ 2
locatlons.. Thls factor negatlvelifco&trlbuted towards welght of seeds

v 5

"per spike, lOOO—kerncl weight and yleld per plant at both locatlons

thus conflrmlng thc inverse’ fﬁl@tlonshlp between tlme oE maturity and
S 1 3

yleld as observed for Fl an /F dlallel data. Plant helght at Bllerslle

and number,of tillers pe :

i

ant gontrlbutcd proportlonately more towards
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 lateness than elther the number of splkelets per splke or number of

_sceds per spike at both locatlons. Lateness explalned '29% and)23§

3

of the total varlatlon present in the aata for‘Eller;ie and Parkiand
respeetively.'- | |

Number of spikelets per splke, number of seeds per splke
and welght of seeds per splke could be grouped lnto the second factor

J?ﬂldzng abitlity at Ellerslle, because of thelr hlgher contrlbutlon'
’ to this fac;or. hAt Parkland, this factor.was termed kezght sincelit
{ : .
carrled max1m’n loadlng for that chara cter. Both the factors explained]'
. y
v19% and 233 variability in.the data at respeetive locations. At

Elierslie, other yield components such as number of tillers per plant
‘and 1000~kernel weight negatively contributed towards yiclding ability
confirming the results of Table 42, At Parkland, onset—of?heading,

final headlng and nurber of splkelets per splke had plorortlonately
higher contributions towards kezgnt while welqnt of seeds per splke

and 1000-kernel welght turncd out to be the negatlve contrlbutors '

to thls factor. . ' : ' _ . - L o

Yzeld'atvgllerslie and seeds pep Spike at Parkland were
elassified as‘the rhird principaljfactor which explained 16% and 1931
of the.total'eeriability.for respective locatiens. At Ellerslle, only
“number-or tlllers per plunt contrlbuted appreciably towards yteld,
otnerwise the contrlbutlons of number of- splnelets per splke, nurber’ s
~ of ‘'seeds per spike, uelght of seeds fer splke ‘and 1000~kernel welght \
. were comparatlvely lou The,factor lateness also made a‘very poor

o

contrlbutlon towards 2 Jzeld . At Parkland, number of spikelets.per séike
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and weight ef‘seeds pcr,spike,weréEthe major contributors towards
seeds per spike;& Plant herght and lOOG—kerncl welght were negatlvely
affected by this factor.

The term Low 2 JLeZd was selectcd for the fourth factor

.at Ellerslle because of the negatlve loadln“‘ for .number of seeds per

splke welght of seeda per splke, 1000 -kernel uelght, YLCld per plant

and the fact that the lowest poqlthC value was found for number of"
tlllers per plant At Parkland the.alternatlve fourth prlnrlpal’facter
_'wae Chosen as n-.h Jb 1d as it carrled the hlghest loadlng for yleld
per plant and pOalthc loadlngs for lOOO kernel welght N“lght of seads
- per splkc, number of SﬁodS'er splke, nunber of splknlets per splke

; and number of tllltrs per plant Onbet of~ Heddlng dnd £i .1 heading
cobtrlbuted oosltlvely tqward low yield ; « 1cgat1Vely toaard nzgn

'r'

Jtelu.'~Plant helght revealed an 1nverser“latlonbh1p w1tn respect to

1ts contrlbutlon to'ards the, chld factor at Loth, ocations.

i

The flfth prlnCLoal factor' dla551f1ed as nealing Refuvd

; o
.

explalned 13% of the" ‘total varlatlon ot both lOtatlons.' It,carried
"max1num loadlnqs for headlng span at both logatrons. ATbe pntrlbutlon
"of {10ld and its- coroonnnte, v1z.;’number oF &plk?lbts rer splne, nurber

of seeds er spxke,»welght<of_secds,per spike‘and uDO kernel Welght

0 e

vtowards P" )j peri o’ -was c1ther very low ‘or negatlve at both locatlons,

o
(S 7

1nd1tat1ng an anLraL relatloqghlo of yleld thh headlnc “erlod :

The ntgatlve contrlbutlon of Lnltlal headlng towards this factor lndl—

2

v

‘catts that earller headlng entrles take a. longtr perlod to corplnte
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bftheir.maturity. This kind of relationship was found to be in contra-

diction with the results cbtained for F1 and F2 diallels.

Combining ability analysis

“The general combining abxllty values of ‘the- parental llnes
used in the bacxcross dlallel 'are glven in Table 44. At both lccations,

Marqu1s ranked fxrst 1n GCA for onset-of-heading and Ciano the lowest,

and therefore these parerts were regarded as being late and early

Pl

maturlng fespectlvely. Slmllar lnteroretatlons may be given-for final
headlng and needlng—Sﬂen- For plant-height‘ Marqguis and Inla at both
locations ran*ed hzghest and lo'est rcspectlvely, whi le ‘or tiller
number Chinook at EllerSlie and Warqu1s atAPar<lan§ scored hlgﬁest
: At éoth locationé, Maréuis and Ciano Do*”esseu'the highest ard the lowest
”éCA for number of spikelets per Spl(e aﬁd number af seeds per séiké
._respect vely- ql'ular 1nternrntatlors may be glve1 for other yield
'comoonents ~as far as y1e7d is conce*red at botn locatlons Iqle may

be regardcd as, the best coeolner while Chlnoe\ at Ellers lie and Ma;quié’
at Parxland were the poorest -

The valuns of specific corolnlng ability for heading data

'are glven in Tables 45, 46 and 47. The results of;?able 45 sﬁcw thetu
the cross (C#I) ;ossessed the'highest SCA énd’(H&I) the 1 #est'at3both
locations. V?hc t hybrid was assoelated with the barents with the
lowest GCA;S et both locatlons and t e worst was fro# Darents with the

‘highest GCA's. The varlances for GCA s were larger than thOSL for SCA's.

The recxprocal effects erL not 51gn1f1cant in all cases. ‘Similar'
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interpretations for Tables 46 and.47 may be made.
Hybrids (M\K) and (MxI) showed the highest and the lowest
SCA for plant helght (Table 48) at both locatlons. The best hybrid

-

at both locatlons was assoc1ated W1th the parent (Khush—hal) wlth the

.second lowest GCa, and the poorest hybrld was. aSsoclated with one

parent (Marquis) having the highest GCA and another (I1la) shov1ng the

louest GCA at both locatlons. The variances for GCA were groater than

.those for SCA and the reciprocal effects at both locations were signi—

)

ficant only for (Ixu). This effect was attributed to the female parent
because of the p051t1ve SLgn appended to it.
Atégoth loratlons h)brld (CKI) had the hlghest SCA while

(KxI) at Ellerlee and (lxI) at Parkland. ranked lowest and produced

ftlpthe lowest nurber of tlllers per plant (Table 49). The best hyorld
had amparent w1th the . lowest GCA at both locatlons, mhlle the poorest

'hranklng hybrids had high Gca parents (Xarquls and Khtsn—hal, respectively).

The rec1procal effects Were non—smgnlflcant for all hvbrids and GCA

variances were usuelly hicaer than those for sca, except for Hérquis,

Knush hal and Ciano, all at Ellerslle. lhe largtr SCa varzhnces for tne

latter parcnts 1molj an ’moortance of non—additive,gene efEeets for num-

_ber of tlllers per plant, and. reveal 1nstab111ty in the performance of

-

their hybrlds.
”The results for the’ other components of yield, sUch as

nunber of. salkelets per aplkc 7T /le bO), number of seeds p=2r sp1ke

'(Table Sl) WOLght of seeds per spike (Table 52) and lOOO—kernel lght

(Table 53) may be lnterpretcd in a si Llar way.

g
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In yleld per plant (Table 54), Cross (dxCH) had the highest
SCA and conocquently was . the highest ylcldlng at both locatlons, while
cqgss (KxI) was the lowest yielding as it had the lowest SCAL The
'highest yielding hybridvhad‘the parents (Marqﬁié af Parkland‘and Chinook
at E‘Terslie) with thé lowest GCA, ‘whilc‘the pcor:yielding Ccross ((xI)
had ‘one paroﬂt (Xhush- hal) with the 1cve;t and one (Inia) w1tb the
: 'hlghest GCA at both locations. The Gca variantes were hiéh er than those.
fof SCA only for Marquls at Pérrland and’ Chlncox, Ahush-hal and In;a at
Ellerslie. The rec1procal effects were non- Squlchant in éll cases.
The analy51g of varlancL ;or g;nerdl gnd soeblLlc conolnlng
lellty togctuer with the rbClWrOCul eff ects (Table‘$5) rc"eals 1nyor—
tant addltlve gnne efrcctk for all ‘the chafacuerg aé noth logatlona,
U 'wigpfthe exception of yicld per-plan; at‘Pagﬁlénd. Thus tﬁe-signi;i
_nce of mcan squares for GCA' “substantiates ;he le.crnnbea anong

The qunlLlcant mean sguares fo&¢~CA s for onse

@ : :
apan at hllerslle suggest a rclat;vely crcate*‘lvoovtance of SCA over:

-GCA. Thus for ear11n85° and glunt height, >legp~on for <CA should be

gilven prlorlty in b“ﬂenlng ‘prograrmes . aimed at cvol"lnq u:51red lines.

5111101 Cross analy .s

Préceding th- analysis,. the validity of the assumption
L] . e . ) . .

of no rec1procal differendes was toested by means of Hayman's (1954a)

analyals of variance. Tho results are glven in Tab1e>50 "Heading-
m _ v : .

. a
span at Ellor*lle gnd p]ant helght at Parkland showed a SLgnltlcant

F il
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| e c0mponent,.inaicatinq significant reciprocal differences. Significance‘
fcr a confirns the existence.of parental differences for all characters
at both locations, with the exceptlon of yield per plant at Parkland.
slgnlfrcance of b shows that dominance is present for ons et—of—heading,‘
'final heading'ana plant height at both locations while bzshows'that'
"dcminanceris directional for finai’headrng at Ellerslie. Other assnmp—
1c;ticns qnderlying the diallel anaiysis were tested by analysrs of Variance
‘_bf_W"h V-.differences. Thevhetercceneity of WP - V ‘over arrays for
. onset—of ~heading -and headlng—span at Lllerslle and plant height at Park- '
land (Table 57) indicates non—valldlty of at lea t one of the assumptions:
. Lo multiple allelism, uncorrelated gene distribution and ne.non~ailelic
‘gene interactien; Thls sltuatlon is dlscussed later, durlng the graohl-

ca% analysxs of these characters.

The,estimates‘of sccond degree statistics calculated from

. array variances and paf%nt4offspring'covariances are _bresented in Table 58.

The genetic co‘sonents bf variation were conouted according to Johnson

"and Aksel's (1959) procedure, where the effect" of heterozygote is. halved
‘ f‘,)‘,, .” )

//56cause the backcross entrles viere nedc equal tc th se of F2 s (Jlnks,

/ : .

.v ( K
A

1956) . Theaeatlmates of genetlc ccneonents of variation are glven in

B
SRS R I -

Table 59 dSLgnlflcance was tested in a manner srnllar to that usod for

thﬂ Procortlonal estlmates of genetlc parareters, calculated from
277
.. "L

K

r'Zable_SQ are presented in Table 60.' The intereretation of the'results

'hln Tables 59 and 60 together w'th the: graphlcal analysls of thn data

[

”mfor all’ the characters under stLdy is as. follows--

J

- Excegt E at Ellerslie'and”F‘at.Parkland; all components
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of varlatlon_ﬂere sig;1§;;§;t (Table 59) for onset-of headlng.v The

mean degree of domlnance (Table 60) and the regression of W upan /
(Flgure 41) at both locations show that onset~of—head1ng is inherited

as a partlally domlnant trait. The proportion of positiVe to negative
alleles at loci Lthbltlng domirance in the parents is approxvnately

0.25 and consequently the parents may be assumed‘to have equal propor- . -
tions of genes with positive and negative effects,r ;ettlvely. The
estiﬁates of—[(4D31)1/2 + f] %,[{4531i1/27— F] > 1 for both locationsj

. suggest that dominant genes are in-exceSS in the parcnts.‘ Horeéver,

since hZ/HZ‘is l:é{for Ellerslie and 2.§$§%£ Parkland, at least one‘
and at least twa groups of genes, respectivelf; ara showiné.domiaangé
,inlregard to the exoression’of the chatactcr. The corrolatioaaéo—
eff1c1ent between 1 and (J + V ) at “oth.locatlons.ls 0.9, iﬁdicating
that the genes for.early heading are mostly domihant. '?he parents
Parquis:and Inia at Ellerslié and Chinook &nd Ciano at-Parkland;age the
_moat hithy.tecessgve and hiéhly_dqminant ones (Figure 41). Tha standardf

A . . . ,
ized deviatidn{gra;h of Figure 42 -~ tegorized the late headirg parents

éé':eccssives (Harquis and Chinook, in the '+,+ quad ant) and'théégﬂ%
pareﬂts as uomlnantb (Khush—hal Cianc and Inla, ln the —,— aullrant)

vfpr Ebth locationsfu Fcrltablllty estimates of 102 7¥% at Ellcralle and
'75‘271 at Parkland show that tné aharacter is hlghlj hﬂrltabLe and falrly
" stable over the nr“u.ronmental fluctuatlons.

Oaly £ and E far final heading were hét SLQntflcant at

_Ellerslle (T able 59). The character is axrtlally donlnant 1n 1ts therl-

tance sidce (Hi = D) 1/2 ‘< .1 (see also Flgurg 43). Table shows_W} H'erb
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S
» N
Lketerogeneity which can be ascribed to either hon-allelic interaction,

letiple allelism oi’c;:related génc distribuﬁi@n. It could be ascer-
tained from Figure:41 (onset—of-heidlng) and Flgure 43 (flnal headlng)
that the regresolon-llne does not deviate 51gnlflcgnt1y from the cxpected
uﬁlt slope and the W VP graph deces not appear to be distorted. There-
fore the question of honfyaiidity of any of the aboVe méntioncd'conai—
tions has been ignored. The gnneral conc1u31ons of the diallel analysis
for final headlng (soe T2z bles 59, 60- Figures 43, 44) and rvudlng span
{sce Flgure JS 4@3 are Pinilar to that for ons;t of—A“adlng ﬂxcept for
‘changes in the ranking'Ordér oi_parehts:fdr their domiﬁance. ,
For plant hei;ht, all ¢;:pcqeﬁts of‘génetic variation éXéépt
D were non—significant.at both iocétions,A,The ?P - vahetercgeneity at
Parklind'(Table 57) has k-oan ignored, 9¥née tAL rouresﬁlon of J upon

~r

i; ‘is not 519n1L1cantly deLerent’fror unity (Figure d7) c.r'd the W v

v

i3]

array-intercepts do not show dlstortlon BQ«EHQO of the ro"—significancé
of Comgonernts of variation, i nLgrprgtutxons of Dto*ottional estimates

and qénetichuﬁmetersare meaningless, Howcvcr, the m2an deqree of

%)

- . R 17 . . . .
dcminance may be given as (31 FD)T < I indicating partial dominanc.
(see also Figure 47). The . correlation bétween the parental orler of

P . ” - be

-of domlnance and parental moasuremsnts lS 0.32 ot Hlle*slle and -0. 60t

at Parkland. The positive corrclation at L‘lgr11¥ lndxca*ﬂs that’ genes

v

_ : a4
for hortnnos are mostly gunlqant- the n;qatle CO'l latlon at PaLnland

~that genes for tallness are rnstly dow*nant. TnL most hlghly rLCcS>lV
© parent (+,+ Qt\dzant Fl&"rc 48) contrlbut;rg to tallnes; at Ellcrslie

is=Marquls while Khush- h11 is the most hlghly rLQQSSlVe pParent at Parkland

.
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(-,+ quadrant) contribﬁting to shortness.. The most dominant parent,
Inia, at’both ldcétions occupies the (=,-) quadrant and thus reflects
its shortness. Marquis and Chincok show a discrepancy in dominance

rankin order between lo atlons. ChanOk hlghlj donlnant at Ellerslie
I °F

1

had equal nroportlon of dominants and rcceo51ves at Parkland while

Marquis, highly recessive at Ellerslie is hirhly dominant at Parxldndv

.The herltablllty estimates of 83.938% at Elleralle and 84.77% at Parkland

. Suggests that plant height, being highly heritable is quite stable with

respect to environmental changes.

For number of tiilers Fer plént,.ali cormgzonents of

; varlatxon ewcept 2 and ; arc non- 5lan1L1canL at Parkland. COR*quuqtly,

proportional values discussed below ray have a value only in €howing
4' - E W N ~ ..
trends and not definite conclusions. The same condition -applies to -

"

3«

' e
At Ellerslie, (HZ T 2) = 1, showing

| v » ‘ S
that doninance-is nearly copr te (see also Figure 49). The value of.

f2 "tes a CLLtaln degre2 of asymsictry of pesitive

and negatLVu Qlﬂeleb at- loc1 e<n'blting dcminarice.  the proportion of.

domlngn;gto zecessive genes in the parents (0.309), indicates a pre-

e )

pondérzonce of recessive genes. Since U/, = 0,704, prebably at least

[V

one group of qenes,centrols tillering capacity. The co rrclatlon Let—
ween parental order of dowlnan ze and erLnLIl m;aburerbnts at both
- Yocations is 0.9, shgqesting that genes-with;low tillcrinq capacity:

are mpst1y3dominant. .This situation is presented graphically in;5‘

Figure 50, wvhere almost all the parents at - both locations occupy
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the (-,-) and (+,+) quadrants. Ciano and Inia, in the (7(4) quadrant,

‘nay be regarded as highly dominant for low tillering at both locatibns.

‘Khush-hal at Ellerslie and Marquls at Parkland in the (+,+) quadrant
may be said to be hlghl/ recessive for higher tillering. Chinook,
w1th highcr tillering capacity at both locations, shows more dominant

than recesolve g“nns at Ellerslie but'équal proportions of dominants

“

and recessives‘at Patkland.. Only Khush-hal has changed its order of

deminance between the'two iocations.f nghly lCFLSSlVe at }llerqlle,

it shows a preponderancw of dOanant genes at Pe*\land ' Horltablllty

values of 24.03% at Ello 110 and 83 79; au Pazkland suggest that the
h'rltablllty of tlllOLan caoac1ty is st*onqu lnfluencpd by environ-
.4-’ . ) ﬁ"} : .

mental :luctuatlons.- "f : s

& 4 E- 13 ‘e
. N

o s v.‘-"k" >

”he»qraphlcal 1nterp1gtatlonﬁ of tuu ruSUltb of Tdbles
© 59, 60 fpr othor c<~y 1ts Ot,YLC]r qre s@ownfianiguros 51 - 58,
(i.c. number,of sQikclets.bcrAspikb)ﬁ?iqufEs 51, 52; number of sceds

¥ “ E
Ve
A

O . i . ""\’ ' ) X . ,‘.. . Co
por splkc, Figures 53, S4; wclquL of seeds Fer splke, Figures 55, 56;
- . e . " L :

v S : . .
and lLUO‘ALrnLl welgﬂt Flguroa 57 'JS) ‘hosﬁ-mgy be explained in-
the sare way as for num~;r of Llllﬂlq pcr nlant.

o . . ' E
For yltld Lﬂrnplant the cemponents of variation in

¢ T

Table 59 HQ[P mostly nmn-”\gﬂ#flcant. The overall picture of -inheri- .
v . : i . Lo . °

tance of yicld scen from the MP, /P graph of Pigqure 59 is one of
partial dominance at botn locations, Thc correclations botween pargntal

- order of domlnance and rarontal m‘a,urgmcntq ave 0.921 at Fllerslie

‘and ~0.436 at’ Parkland Thosc highly significant correlations indicate
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N

‘

thqt‘the‘genes ior loy yi# d at Ellerslie are mostly dominant while
af Parkland high yielding is dominant over.low. The deminance ranking
orde; of parents seems tg be significantly different gor.the two loca-
tions. Thus, from_Figure 59, Ihia'apd Marguis are the most recessive’
and Khush-hal and Chinook are thg most-do;inant parents at Ellerslie
and Parkland, respectively. -Marquis; hiéhly‘recessive at Parxland
.contain; an eXCessvof dominant genes at Ellérsl;e, thle ¥hus-hal,
with equal propoytiqn,of dcmiﬁants and receséives at Parxkland shows

‘a prepondefance of dominants‘at Ellerslie. Ciano, with equal.propor-

tiosns of 'dominant and recessive genss at Ellerslie possessss an cxcess

' \ : S
of recessive$ genes at Parkland. Tihe heritability values of 65.673%
at Ellerslie ‘and 6.023% at Parkland rorlect this instability of yield

inheritance betwcen the two locations.
. X . . :
- - . . . . B Al
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AMALYSIS OF SELFED EACKCROSSES. ' ,aii,':*f-'n:ﬁ:fj'- i

% - In the absence of non—allellc 1nteract10n the expectedV'

]

StatlSthS for the ana1y51s of famlly réans of%the flrst sclfed back—

".‘ (fv P IR N -

»'4

Cross generation are.: the sace as those of F‘ generatlon g;osses‘ Thc Jﬂ"'

1
»

. \,
~u\ X, i

diallel table of selfed backcross fanlly means, 1. e., syntheth 33
i . 'qfir‘ s _" )

dlallel_table was - bLbjCCted to 51rple correlatlon analysis and the

-
0

results .are prescnted in. LJble Gl. "he rollow1ng co"clus1ons ray be

a4 .
! 4

y:

made from Table‘61:v , A 8

wi

OnseL-of—“eadlng 'as positively,correlatcd ‘ltn flnal
. D

-
v

head*ng, plant h ant, nurke* of sclkelets per splke, number oE seeds

-per splke at’ hoth locatlons and w1th nrﬂber of tlllors peg plant at.

Parkland conly. It was negativ ely correlatcd dtth ght of St-ds per

=

splxe at‘Parkland and,lOOD—Pernel weight at bot q‘loéatlons;“ The

negativaé correlatvon with weight of secds per sglke and lCOO knrnel
welunt lndlcates that early uaturlng "arletles g*cd ce higher yields
and hl her seed uevchts than the,latezmaturing ones. -Similar_resultS*

were also obtained for Pl, F, and backcross diallol data;.'A

'a/

-

Plant height was ©o tlvely correlated with nurber of

tillers per plant and nuskar of splkelets per splnt at both letatlons

and.ﬁith‘number of séeds rer splke at‘Ellerslie only.  It‘was negatively

s

corralated w1th \tlant of <‘u_ds per spike and 1000~Eernel weight at

both 1ocat10ns. Correlation with yield at both locations was not .

.signifiCant.

ﬂ‘ : Lunber of tlller° per plant was rosxtxvcly correlated thh'

number of splkelets per splxe and y161d per plant at roth lccatlon
: o

C

4
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"and with number of. Seeds per splke at Parkland It was negatively

correlated w1th lOOO kernel weight at Parkland The correlation of

tiller number w1th number of seeds per. splke and lOOO—kernel welght

at Ellerslle and w1th welght of seeds per 'spike at both locations was

gl . '

not 51gn1f1cant. “A posrtlve correlatlon w1th number of spikelets per
splke, number of seeds per splke and yleld per plant indicates a direct

proportlonal relationship between tlllerlng capacrty and these charac—

J
,)-,

ters, wyhile negatlve correlatlon w*th 1000- kernel welght shows that

plaﬁts w1th high- tlllerlng capacrty tend _to have a low - kernel welght._

. .‘

;The correlation coeff1c1ents for other components of yleld viz.,

: number of splkelets per splke, number of seeds per spike and 1000-kerrel -

3

,welght among themselves and ylth,headlng dates have a similar inter-

»
pretation. E ‘ 3
¥ield perjplgnt.mas positivel? correlated eith its com—'
ponentsr lOOOeiernel weiéht weight'of‘seeds oer spike, number of .
seeds per splke,‘numbgr of spltelets pe€35p1ke and number of tlllers :

per plant at both locatlons.- The 51ngle exception was number of seeds

i per plant at Ellerslle. The positive correlatibh of yield with its

components exhlblts a dlrect proport101al~relat onShip of the former

w1th the latter. Yield was negatlvely correlated wlth flnal headlng

'

’vandlheadlng~span at both locations, 1nd1cat1ng that the late headlng

entrles are low yielding and v1ce versa. .The negatlve correlatxon .

of y1e1d w1th onset-of- headlng was not. 51gn1f1cant at either locat1on.

)

The’ results of the factor analys1s are’ summar1zed in a

'.varimax—rotated,‘five factor . matrix in Table'GZ. 93% of the total

% T
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variability present in the data for all the ct ‘racters considered was

explained by these factors at both locations.
e )
& .
The first factor was termed Z"tenpo,. It carried hiqghest

L

loadings for onset—of—heading and final heading at both locatibhs.

_,Welght of seeds per spike, 1000-kernel weight and Ylle per plant were**

This confirms the results of the earlier F

negatlve contrlbutors to lateérz2ss.  Of the remaining characters, the'
highest contributor to latzicss was piant height at both logations.
X F2 and backcross diallel
factor analyses. Laterness éxplained 3%533% and 35.07%‘of the tqﬁal vari—‘viij
abiiityvat Eilerslie and Parkland respcctively.
| The second principal factor was tcrmcd yrelding-ability
sincé»it car;ied the highest loadings on nﬁmber of sceds per spike,
welgﬁt of seeds per Splke and numbef of Wi?elets per spike. As cxpected,

yield per plant appreciably comtrlbutcd to this factor. Thc contributions

of onset-of- dlng and flnal heading, though positive, were the lowest.

'Heading—span and plant height showed a negative effoct on ylelding-

abiZity.-;Tﬁe factor expiained 19% of the Variability present in the -

data at both locations. S ,
‘Tillering-capacity was chosen as tﬁg thlfd prlncl sal factor

as it c_rrled the highest loadings for.nunbcr of tL]lcr ucr plant at

both locations. Yield per plant snowed the highest coqﬁribution to

tiZZéring—cupacitg at Ellerslie but its cffect at Parkland was very low.‘ s

Othqr components of field; viz., number of seéds per Spike, weight of

scecg per spike and 1000-kernel welght contrlbutud negatively or very

i

: sllghtly to tLZZeang-capaeth at both locatlon§ A negative effect
< .

S &

&
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was observed for onset—of—heading, final heading and heading-span at
Ellerslle, but their eLfect at Parkland though.positive,‘was_very low.
Zlerzﬂ”—ca"athy explained 17.23% and 14.30% of.the_va;iabilify in
the data at Ellerslie and Parkland. |
The}fourth principal component was c%osen as keading;span
bgcause heading-span provided thc hlghc;t contr;butlon to thls faytor.
It explaincd 12.6% and 13.2% of. the varlablllty at Ellerslie and Patk-
land. Yield per plant and its compéncﬁts had either d ncgativg or a

minimal'effect on ke Ldzfj—perﬂﬂd This Kind of response was also

'observed in the F_, F2 and backcross factor andlyécs.

1 ©

-

The fifth prlnc1pal factor was namvd Z”J czod Uczghb at
Ellerslie and hizh yield at Parkland bocausevof the inconsistcncy.in

factor loadings betwecen the two locqtions; 1600-kernel wclght carrylnq

maximum necaulve loadlng at FllchIJP and ylnld per plant maxlmum pool—“

-

tive loadirg at Parkland. [ow ceod weight explainedfl2,42l% and rnigh

yield l3.115% of the variability in the data’ét.the respective locations.

The contrlbutlon of ylald and its components towards low seved wveiyht

at Ellerslle was cxrfctcdly low c/c"pt nurber of splke¢cts per spike.

 On the other hand the contribution of chld com*ongnfq towardo azgn
‘yield at Parkland was dCflﬂltClV positive. ILcw seoe-d Uﬁf&htswaS dSSO—

01ated with carllness, as refluctcd by the factor loadihgs‘fof hcnding.

data at the two locations.

Combining ability-analysis - . . !

The results of the geneéral comblnlng ablllty analygla are

preéentea inﬁTable'63. For onsnt oL—headlng harquxa<i§;}£25 hlghd/£
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. aL Parklahd wero the poorest

oo

and (CHxC) at Parklaqd snorcd lOWt)t Thn bLyL bybrld (fVI) ‘at Fllevslle

e

in GCA and Ciano was the ioyest. Marquis at Ellerslie:and Chinook at
Parkland ranked first for €inal hecading while Ciano at both locations

ranked last. For heading-span, Chinook showed .the highest‘GCA and Inia

the lowest at both locations. _Ma?qu;g was thu best, comblnor for. plant

héight.dtvboth locations, while Tnia at Ellerslie and-\huah hal at

Parkland ware the poorest. Chlnouk showed the hlghcst GCA for number NG

7
of tlllers per plant at Loth locations and Inia was the lounst Inter-
pretatlons of GCA s for- numbur of <‘pi}gelet‘s per spike, number of secds
) P - .

per spike, weight Qf seeds per spiko and"lOOO—Rcinel'weight may-be nade

7

in the Same“way'- kor yleld per pl;nt, Inla at Ellerslie and Marquis

* N P

at Parkland had the” highest GCA thL, Ch:nook at Ellérslie and Ciano”

h ] .

* The c*Lngrbs of- wpkcl"lc vo"b1r~n' abiliﬁies,ze:iprocal

b

% + v
chects and var1ancc> f01 gcnexal “rd “oclLAC ccwblﬁﬁ§)abilitieé for

- T 4

. ; N X ". 5
‘onset-of- ddlng, final hﬂadlng and neullnu—Sﬂan arc,gresented in-.

‘ . [N

Tables 64,‘65-and 66. Fhr7bh<ot¥of?hgading, Lio§§ ( I)i&t Lllerqlle"'
Y :

'and (MxC) at Parkland had—tho hlganL FCA whl] cross (H I) at/kllcrslle

: \

k| - - d

. \ . . S '
-had parnnta wlth thu lowth GC 9’" at both L&\Jp]bnb ufllo thn worst; (th)

' \ T >

and‘(CHxC) had one pafoﬂﬂ Warqula awd thnoo”" ch showcd'the highest

. ' N - A -

CA's "at both' locatiows. The vqridnce Jor Gra were 'qrc&tct'than these

° /

for SCA in all cascs and the LLLl’rOLJl effuuts were not significant.

Interpref atlons f01 Llnal hoadlng (‘Cable 65)'ﬂnd heading~span (Table 66)

may- be madg in thc same way_

AFOE bldnﬁ:hoiqht (Table 67), hybrid (CHxI)'at.both locaticns
_ - LT . . _ _

7
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L v

rénked’ﬂighest vhile (MxI) ranked lowest. Cne parent of (CHxI)

Chinook, showed thn sccord hlghest GCA and the other, Iniq, Epe

. .

1518

‘. ,»[‘A") B

lgwc € GCA at hoth locatlonS. Slnlldrly one parent of (LxIl, Hanuis,

*howea the hlghest GCA und other pargnt Inia, the lcvest GCA at both

lCFatlons. The varian¢cs for GCA were greater in all the cases than

tho. e for SC§§ and th

at both locdtiorns. <These eife

for ﬁ\:') R (I ,.) anc.. :

;

attributed to the femaLe arents of th2 respective crossas
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and (&:C) at mrkland scorcd highest for Scs whi

-

Ellérslie and (MxI) at Parkrand'scorcd_Loﬁést (“ab;; 58) .

-/ : N I
yocal effects were non-significant

‘

<ts may be

2 cross (MxX

, SEecause

,?gor,numper of tillers per plant, (Cn“v) at Zllcrslie

T - s y Lo .‘-'. : el N . - : ~3 ‘
scoring nyorlds at koth lccablons rad ore parcht, Ciano, T‘L1 the saccrnd

2. . E : :

T

¢

lowest GCA wnile thae Becrest hybrids hagd cne parent, Mirsuis
g . I3 L K "2 . S r < ’

_uo;oiqing ability analysis r

»
°

I8}

nuniber. cf sadds per spile
and lOOO—'e rael woight {Table 72) P4v be intarpreted in the

N . v .

. Respective chianges in the relative roiiticns of thw rarents

-for theoir GCA's and Sca's may be poin d ofe‘ac drdingly.

[ - “

e . Fore ylcld por plant (T;Flc 73),, (CixC) ar ullc

-

slie

(th) at °drfland ra KLJ hi qnost for sCA Yhile cross (CxI) at Ellfrslie
' . e x . o

v .
'S

A

v
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and (CHxK) at Parkland rankud lowost The Leut h/orxd aL Ellerslie

had one parent (Chinook) with the loneut GCA for .that locatlon whlle

the best hybrid (KxI) at ParPland had one parnnt (Khusn—hal) with the

LKSﬂcond lowest GCA tor lhat locatlon. On the other hand,,the Foorest

‘:ranklng hybrid (CxI) at Illezslle had one parent, Inia, witn the highest

..

GCA for that locatlon while the lOWCSt scoring hybrid ‘at Parkland haod

‘one parent (Chinook).with the secornd highest GCh for that location. .
TVqriances for GCA were larger than -those foer FCA except for Marguis

. at Ellérslic, Chinook, ¥hush-hal and .Inia at Parkland, und Cianc at

both locations. Only cross (IxK) at Parkland showed significant recip-
rocal effect whichidhay Ee ascribed to Inia.

. . i

Analysis of wvariance of general and specific cembining
ability (rable 74)_yicldbd significant nean greares for..CZ\ for all
Charactcrs ex pt for plant hCl"ht, number of tillers rer vlant and

jlkld"per p1ant at P_Lkland,' SignificdnCQ»for gCa mcan stuaras for

s \ :
“ H ]

onsct-of~ hcadxng, final boaaxnh‘ nd plant hﬂ*ult at }c’h lecations, ahd
. N i . :
. . . . [ L - 1.
for yield ver plant at Ellerslie vhow. a relativaely gre atov“importange
-7 4 S . : : =

. . '. - - . . N " . - ; . 3 - . .
oL SCA over GCA for these characters in e rolection rfcscdlires £ the ~
. . ’ ~ N 7‘ ) ‘ N = . t
© breeding programmes. .
N - ! Py
, .
Diallel CLObS analysis
The, as Ju.ptlon of no dlti: >nces hotwean racisroeal Crasses

1's tested in T)ble 5. si nificance of “the = conponent for mlant haight,
' 9 11 L J

number of sceds per spike and 1009-%e uwl, welght at both locatibn‘ﬁ and
. : 4

heading-span and weight of seeds®per spilie at farkland indicates reciprocal
; . e q A

v

BN
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differcnces for these characters. Significance of Ehe a for all
characters excgpt heading—span at. Ellerslie, nuﬁber of tillers per
plant at Parkland and yield per plant at both locations indicates
substantial differences among the parents. Signifiqance of»b for
final heéding at both lggﬁficné_and onget;of—hegding and plant height
at Ellqrslig shows that' dominance is present while'bz for number of »
5pikélets per spike at Ellerslie shows ghat dowinanée is directicnal.
Analysis of W - Vr {Table 76)b1nd1udtcs that other qssumntlons, wvin
no noh-allelic lntcractlon, no nulrlplc allellém and ﬁﬁcorrelatgd gene
distribution, are valid for ;ll charactc;s at both locatiohs.

| Aftervnaymanﬁs fl954a) procedure of replacement of
reéiprocél crosses by their common meuns,_diallel‘anal§sis fér genetic

components of.variation was carried out. Estimates of'5econd degree-

‘

‘statistics aregiven in Table 77 and ‘the gcnetlc comwongnts of varia-

tion obtalnrd from them are presented in Table 78. Significance of

\

gemponents of variation was tested as in the previous diallel analyses

of Fl’ F2 and- backcross scts. The proportional values of the estimates

-of genetic parametﬁrs from Table 78 are ghnhydn Table 79.

I
° Eor onsut -of- headlng at both '
1oCaﬁions (Table 79)‘shows*that dominance is partial (see also Figure 61).

'The414t10 CH /D )1/?

The estimatcvof [H2 + 4H ] =0.21 at Ellexrslic and 0.24 at arnland

implics some Icynmetry in numbng of [UJLCLVL and nngatJvo alleles at

loci exhlbltlng dcmlnancc at Ellcrsllg dnd gqual progortlon of pOglthL

and negative effects at Larkland. Thc proportiocn of dominant‘to reces-

sive gones :in the parents is. > 1 at both locations indicating thus
N . ¥ : . .
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’ : N T ‘ o e o q//
a preponderance of dominant genes. [n /H2] >.1 at both locations
- ’ : <. : oL &
s y ' e S :
suggests that at least two groups of genes exhibiting dominance con-

“tribute to the control of‘onsqt~of—héadin§. The coefficients of

4 ) : . : . - ;‘ h - . - .-
correlation between paxcntal order of dominance and parental measure-
. . . e R I DR

‘ments (0.916 at Ellerslie gnd’O;GBﬁ.at‘Parklandf'éndicaté that carliness’

is duminant cver 1ateness."Fiqﬁre_61 shows that Mérqﬁié'at‘Ellerslig.f‘*m‘

A . . - ]
and Chincok §t Parkland are ‘the most ‘recessive parents while rhush-hal

{
¢

at botb locations is tﬁe most‘déminant...Eiqugéf62~piacés ﬁaEQQiévapd.
Chinook in the (+,+) quadraﬁt;vindiéa£i8§ §hat.ia;éﬁésg-éf txeéé‘@éfents
is.asééq;ated with gecessive genes. . Kﬁﬁsh—hai,.éianO’and inialocgupy; AR
thé'(-.‘) qgadrantvat.both loéaticné, ~Qggesfi§g th;t:tﬁbéu.pafeﬁtg,_

are early maéuring dominants. A-'-'} L  }' | |

The interpYetations from Tables .78 and: 7%, for final heading. .
s R . . B . . - '. - ,457 .~ R A N . . R ) B .

‘ . _ ~ B e
(Figures 63, 64) and for heading-span (Figures/B5,:66) éqy:béjma§§=fa- o

the similar fashion. '~ The changes in the fe%§tivclpdsitidthﬁfthc parents L

. ) - ) L DT 2 ‘7._' [
. -with respect to their order of-dpminance at the two loc;tipnsgpqgldibe ;Vift>¢_j;l

attributed to environmental‘éffects.

[N

. . ST 7 R S P F
In case of plant height, tbe,ratio'g§-[ﬂz/5ﬂ'[ <2 1.at both o

locations indicates that the character is inherited as a partial

nant trait. Since all other compénents of variation, except D and:

N

are non-significant at both locations (Table 7@);_the interprctaticn‘of

proportional values of genetic paramcters is mecaningless. Figure 67

classifies Ciano at: Ellerslie and Khush-hal at Parkland as the nost

recessive parents-and Chinook as the most dominant at both lpcations;'
Figure 68 indicates that thq most dominant parent (Chinoék)'at both -

e ' Lo
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'ldcations, contribﬁtes to tallness, whlle the most rOPCSSlVGS (Clano

-

and <huoh -hal) contrlbute to shoztness, i.e. the order of dcmlnancn‘

cof’ the parcnts ;g'neg lvely correlatnd w1th theLr measurerents. 4 o

-

’ How*ver, -as shown ln T ‘79, the respectlvc cocff1c10nts of cor-

-

T relatlon do nqt reaﬁh the 5% level of 51gn1f1canre. “The ordcr of domi-

nance of _rents ‘scens to dlffor ut ‘the two 1ocat10ns (Liéy;e 68); The

K]

rost recesalve narent at PaﬁPland (Khush hal -,+'quadtant) possesses

N
.

an exﬁess of dOﬂlnant genes (— - cuadrant) at Ellersllo while Inia
. ,a . ‘

'thh an. excess of recessive genas at Ellarolle (— + quadrant),fappcars.

————

to have a ure“ondnrAﬁce of-donlnants at Parnland {-,—- quadrant) . Margnis,

recesSive at,EllC;slie oecomns doninant at Dar:cland " The ranking order’

< of .- Claro ‘and” ChanOh rcnaxned unchanged The coefficicnt of heritability . ~

’Howev@r;'the'mean degree of d0ﬁ¢1anhe may be ulven, since ("

- > R ) E - N
T :
v

was very nigh (912) at-both lo:atiohs. S

L ) . . . :
For numbear of tlllnrs per ylant only thc D and o éo:ponentsn

) ‘Aﬂ‘,

'Lon w;re SLUPl;lCth at x’ll.ev'bl 'hllL all cc.roﬁcnts exceot’
. 0

lv, Lhe pro“ort’onal valucb

2

- qxgﬁiflcan“ at Parkland; -Conségu
' g ‘ .

s

.

of thc‘esglmates of *araﬁeters for. Pllelslx; gata are not ‘discussed.
e : B - : . -

L
PERCEARR

for both IQCJ?lOWQ lndlcatlng that tlllGleg canac1ty is inh E >d ag

partlallv dawlnant r"he ratlo R ;i% éﬁj] = 0.169 qt;?ar&lénd sdggests

R

aaynrvury of pc»xtlv‘”qh_ gth“ allel dt loc1 ' i'bltlnj deminance.

* 3 ) ‘ VL
The gro“o*tlon of donlnant Lo ro;nssxve gcncs in the paréntS‘is‘z.SB
- A . AR ) .
.- - 2
1ndlcat1ng a pre“ow”ﬂrqnce of‘dominants. Since [n” Jig] = O SI,wlt nay

‘be assumed that at 'Last one group of geneb LYﬁlblt dowlnancﬁwend control

i
K

the thczxtance of - tlll;f number. "The corre latlon coefficient between

¢
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wparéntal'orderyof'aomlnance and narental mesu*ewents 15 —0 748 at *1

Ellerslle and 0. 624 at Parkland Tre sanlflcaq'
N 4 ] gl
. at Fllerblle 1ndlcates thah the hlgh tlllnrlng

_ o o
over low Llllerlng capaCLty hhlle pOSlthu corre

1

‘ﬁ;ﬂ» cludes that lowerwtyiler number is dowlnnnt ovor h*ﬁﬁbr.

v“

wa

cla551flc° Ciano and ‘Khush-hal - at Pllersl’* és'ﬁﬁe

e %‘-
i’»@‘

Khush hal are the most recnssvve and tﬁe root dow¢n3qt pa:ents,,"

the most domlnant pgrents, re~rgct1vely.j‘At Parxlaﬁ@

R .

respectlvely. FvgJ*e 70 ShOﬂS enanges 1n tne d0ﬂ1n=n; raa'Lngkorderzf;ym

. o e ,,l, . o . | .
- . ¥, . - oy
oﬁ‘the parents betx\en the tmo locatlons. harcu1§w he:most.reccssrvg

N

‘parent at,Pérkland (+ ¥ cuadrant) aspears tb'contéiﬁ*éhfeXcQs§ d§§.'
T gl Lo
RN ‘domlnant gcnes at Ellerslle (+,= quad*anu) ?hi le C*arq add Lnla,

ot d
o .

rccoosxve paants at Ellerslle (* + qgadrant)
L - \’- :. v

;\ " . s . ; ‘ ;“"’ B
DA ?arkland (~,- quad*dﬁt). Ranxi g ordur of “ubh*hd¢ ‘and Chincek

. ‘ . B 1 v i

est Jﬁane» of 12-35% at nﬂlgr lle unq

. A . . . ,. \&‘,

ﬁﬁaa_Lns*xblllty (L#
.may‘be due to non#si:nifig ance of genL_lu cc“aonenhb o- va*latlon.a¢k

X

§ o

_ _unchanged; The bcrltablllt

a& Parkland ahow tlat tbp ci arzcté"is'hig_

a

Ellerslle and Slun ifi cance of nv1r¢nmed&al ccr;ohcnts'of;vaﬁiétidn

: A _ . I R T S
at bot;\IBEatiqgs. < ST S _uﬁ;f‘-.'.:;_f"_k L K

v
o

‘ mhe results of diallel crﬁss';xalv51s Frc lbies 73'¥ndI79

fpr number of'Spikcletsiéer spike: (btgurgs 71

.‘\, . IS a h » ’ "" ’ A :‘ B .
' splkc (&Lgureq 73 74), wexcht ot seeds. por swlk; (F;ruves 75 78). and

- o ,
o .

1000 kexnel welgnt (quures 77 78) may Le interpreteéd in tHe same way
> "‘_, ;/ . ‘ . : . ' . .‘ ’ "'. ) . -
as. nunber of tl}iurb rer: plant. YReSQ Lt'v changes in the ranxlng order ..

Sl

-

_of parcnta for order of domlndnce and 51gglrlcanc Lr non—bl nLthQn»C

<
Al
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of gcnetlc cbmponnnto of varlatlon over the two leccagibrs may be % o
N Co ~ L . . ‘-
@ o . . - i

b ' 44
5

- - .

g <1nterpr9ted accgrdlnqu. T - - _' _ , I 1.‘>" !

2// EASEPTE ; .. TIh case of yield per plantL allutne cowp@nents of var1=tlon I

G. »;‘»i"‘l‘

excch D ana E'atrrllér slie and L at Pazkland yere non=-s ignificant. Y ,gg*

f
.- R

tThe proportlonal valucs of the genetic parameter 01v in Table §§ - T
e _Z//22 . .

th rcfore do noL carry valld conclus10n . The ratio IHZ 010> 1

:?«\
)
i

U

. [ 7

at Parkland and % 1. at Ellvtolle auggb S over dotinance and neardly Y N
. . Y s

\x 4 .
complete dominance. The %{h_Vr‘graph LJgure 79) showo ove r—dcminan&c’// i

E“'h «._.—> . ~I.~‘ o

«

at both locatlons (the regre.bxon line L“ter"onﬁs the llm¢ting pargbéla A

.

below the orlgln) The,co'rnlggz’\‘coeLfL61¢ntﬂof40;327 at Ellerslie -
- A f. ) L : . . i -, ;
. . . o ke o h] . N . . R . L’ -
and‘—0.594 at Parkland Suygests that low vielding Capacity is dominant ‘ , ,)
) . . '3 o - s " - ] N ) )
over high yiéld atggllerslie and vice versa at Rarklang. - Figure 79
} ? [ ? ' ‘ ' . . .
categorl’es Inia and Ciano as t“n most roce551vo and domirnant parents, . '

<

respcctively, Ellersllo, “thLAGE¢Cle and Chincok as the most

at

recessive andrﬁgw;nant parcnts, %Cspoctively, at Parkland. Figure 80 E .
A (v . s —
aL the hlghly ¢ssive parent gt Ellers lle is niqgh. yi ldxng\ :

Suggyests

while the hi“hly rjbes,wve pulant at Parxlard is low Ty .o
'yielding (-,I$qygdrant). Fxgurc 80 a]go roveals . chanqbs in-the o,
: ' - - : . . . : ¢

ranking of Farcnts with rospect to thclx oLdez of Hbmlnanco at both : -

’

-locations. ' Khush-hal, recoessive low;yiclding at Lllorslle,-agpe¢fsvtp

.0 ) ’ : ) . ' . Y

be dominant hiqh-vieldinu at Parklang. 'uarvqls, the most recessive
. > z

dfdsgrgnf at Parkland, appears compdrativel/ les recessive 3t "llkr"l’
. i o § Qx. . . . k . ﬁ.
Inia, Chlnook'and;C;ano-remalned unchanged. FOLLL bility ot 51% at

.
N, '

iEllersliegagd-~0.000S,=‘01 at Parkland SungbLS, rospucti@%ly,V'

hlgh and non- hothlee naLuro of .yield. .Thlsrr

‘ y . ‘ A
environmental c{féct on'thc inheritance of‘xiela.gvn o
) . ST “ , ' s B

.. o . - - o _ —~

& ‘E:'



bENO_TypE—E;ﬁVIQdN:&E&f INTERACTION
S .?his scctioniof the e#beriméﬁtal resultS'ﬁéals with

tﬁe comparlsqn of the estim q;es of factor loadlngs,.genoral comblnlné

"abilities and genetic components of Qariation obtained ffom the gga—

' ~ J
1lyses of four, dlallel sets COnSldLLGd over two locatloni

(/’ ' In,order to assqss the ability of flve pzlnCLpal factors ﬁk

_yith respect to their leadings on different -haracters, the varimax

'

rotated factor ﬁatrices of F B/iﬂgstkcross,and selfed ba&*crbss'
~ : R )

1’ 72
~ ' diallel sets werc'factorially analysed for | tvo lccatlons. The results
of. analy31a of varlance are glven in Table 80 Significancc L mean

Square> for principal factcrs (~) and Charucters (b) (upper part of

Table 80) suggests that the number Qf factors required to expla’ “he"

v : ) . .
variability in the 'data va ies with the nurber and the degree of ox-
“'J "bressibn of the characters under study. This is also indicated by

\ ~ significant F x C intc ction, which implics that the differenccs

ﬁetween’the contributicns of‘diffe ent Characte;s to factor loadlngs

vary with the nurber of prlnﬁlpal ﬁomoonents. _Slgnificant inter-

lo :}Y? effects (L) 1ndlca_e d; ferunces in bCOKuS on the churavfcrs

related to differéht.principal ccnponents ;t'diffe:ent locations.-o

Significancerbf thevseﬁond order intera floh, L'x'F X C May be con-
st e . 3o
"'sidered as interacti.: the I x F with C, L ; x.C: wvth P orof F xC
‘with L. 51nce L xCis not 310"1L1cant, in chatJng that characters'

!

’/ao not vary u*th lquulOnS, the L'xF xC 1ntgractlon may be inter-

preted in ;he llgnt of L xF ahd F x C 1ntcract10ns alone. - In thé-

flISt case, L'x F x C lndlcates th“t after pool~P thc sum of SQuarés

e L -~

180,

N
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for characters into error sum of squares, the values of factor

loadiqgs vary at. each location,and in the second case, it shows thag’

. O
thc score of factor loadings- on ea;h character varies with the nurber

of principal factors, considered.independently of locatiens. Similarly,

signifiéant_? x G x C'iﬁteréétionvm;y be in;crpreted considering the

interactions of F x G with €, F # ¢ with G,and G x C with pP. Since

F xG and G x C are non- significant, the 51g icance of F x G x C iﬁ

thé presence of a significént FxC méans that different factor leadings
@ . !

‘are carried by characters tﬁ;n averaged over gena*atlono.\
Generations do not seen to have any eZfect on thé'fdcto;
1oad1ngs nor do th@y snow 1nter1ct10n with prlncL ai»faCtors,.ioca—'
tions and characters. .When the sum of sqﬁércs fqr generaticns are
,gﬁoled into érrorv{IOWer paif 6f'Tabie 80), thé location effccté>are

-

not 51gn1F1cant but the Drlnylpal COﬂoonenfs arc, with significant' ,
~ : -
L x F interactions. "It follows, therefore, that though on thc average

there is no significan% location effect, the L x F interaction ‘is sig-

nificant: Thus the contribuations of different factor‘loddings on

differcent characters at different locations are not the same.
N The factorial analysis of. variance on weighted values

for gereral combining zbilities over:four guneraticns and two locations .
_ : S Sy N T . ' o
'is given in Table 8l. -Individual GCiA's were standgrdizcd by dividing each

value.of a,particular ﬁlaraftor by tne GCA, avmracmd over four genuxatlons

and tuo locqtlons, for: that cnaracber. Thﬂ aim of  such standardlaatxon

'preccding f&ctorial AHC/A was to’ normallze the seales for dlfferent
characters. ' For example, heading data werc taken’in number 6f:63ys,_

) R {
l_g . . . . R ) = ) ,ﬂ,":‘
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plant height‘was’mcaéuréd in centimeters, yield per plant, weight
of seeds per 5p1ke and 1000- kcrnel welght were. GYPILSSOd in grams,'

and number of_tlllers per plant numbcr of SplkElutS per SplkL and

number of seeds per -pike wered scored as counts. “Thus by dividing

the GCA of each character by its mean over two locations, the scale

differcnces were remoVed put -the inter-location differences were
i S : . & ’

‘preserved.
.. - >

. The first part of Tablé 81 shows a three-way layout’.
analysis of gencral combining abilities where locations, parents. and.
~generations have been treated as main effects. lione of the mean -

squares showed significance. This means®that parental lines did not
, e ’ L
"differ in their generalfCombining abilities over the two locations
: .o . | ~ ‘ . ‘ ‘
in any generation of the diallcl Cross. thn the characters were

introduced as a fourth maln cffect bj analjvlng Lhe normalized GCA' s

in a foar—way facLorLaf layout (sccond part of Tablc 8%% the mean‘
s

squares for p x C and,L X P x C lnteractlon were signlficant. This
suggests tnat thc conmlnlng ablllLy values for dl fercnt chardcters

vary with the number of parcnts and'locations; !
T ' : . - ’ . o
‘ . . . ‘ . .
G ‘It is interesting to note that after introducing charac-

ters as scparate effects, the mean sguares, either for generations or
>‘ - \ . ‘- ‘. » ‘. ) P . . N
any of the intevractions involving generations, were not sfgnlf;cant,
This indicates that generations do not affect GCA's for any charac-
ters in guestion. Thc.significance~of P x C and @;x P x C inter-

actlois on the other hand prov1deo +he pOSblb!Q:ty for CQFparlng

:whlch e pdrental lines for their relative adapLablllty is more
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adaptive. Fer this puréose the_GCA's for all tﬁe cgafheﬁers‘
(averaged-ovef-allegeneratiens) at Parkland were regressed forieach
of the paantal lines upon those atEllerslle. The regresoloe coef-
flClentS and the suns of sguares due to ngrLSSlOn and crror partl—
'tloned for ecach: cultlvé}gare given in Table 82. It may be ‘pointed
out that Ln"“lghted GCA's (orlglnal values) were uqed in regree510n
dna1151s 51nce the efLect of gnange in the degree of cxpr0951on of

ohe character relatlve to the othér can be studied regardlc s of the

- unit of scale used.v SlsnlLlcance of mean- quarcs due to regressron

s

(Lable 82) 1nd1cates that for every unit of change in GCA s at s
_Ellérslie there is. a corresponding proportional change for the

corresponding GCA's at Parkland.
f

treatment neans) D z ard Jl ware considercd themselves.as variéblcs

K

. - .
'vgnd Lactoﬁially analysad over gencrations and locations/in order to

studj tvelr cons'sfen CY over the two env1ronmenta.
. Ve

fore performing
the juciorial ANOYA; the valucs of genetic components“o each charac-

ter.were standardizzd af each location. ' Thus, each D vdlue was divided

" by the VOLO for ﬁhe same character, gencration and location. Simila rly,.

Frs were‘divided byf%ﬂeir cortcsponding mean Covarianeos (WOLOI in El

: dlallel,. snos i F2 d bac cross diallels and /0L03 in the.sulfed

backctoss diallel) ard Hl's-by.thcir resﬁecﬁiVe.mean_variances (V

L1

3 ia / 1 < 35 i o ("
lé.Fl e_allel, /152 in Fz and backerosa dlallwls ind V1L3 in the bolfed

backcross diallel). .rhus,'f0t cxample, ‘the F for numbnr of t111e1° per_



187

"

A
. : TOADT 3T°0 30 JURHTITUBTS, 4k
- 6ORYT* 2 59559 VT 2L soxag
. 12820°'0 TS9NT 0 SS6E110 £ uoTATIOUDY X unTaLOOT
T20E1"1 e rogee 'L € SUOT3InIOUDY .
xxxGOLVE" L L'ST 0158L°ST T SHOTI L0 g
> . - o f . - B . s
919€€" T 16£02°96 zL 30237
8SPLZ 0 anOM.o 99001 T £ : coauouucoo % uoT3nnoT.
S0VG°0 Ll 18991 °¢ ) £ w:Owudg....:;O
x»aSETLL L (AN OH H:*:m.cﬂ T T suoTgroo: 7
: . : ;
TEGTTO0 90TTE 6 ZL R _ oz
02est o _ELyeoro 108L0°0 3 UoTIZIDUID "% uoT3 w00
¥9T180°0 SS0T0°0 LI9TE0 0 € SUOTIRIDUDY
0Z80T1°T TEEVT 0 TEEVT'0 1 . SUCTINI0] q
Sor3ex g sazenbs uesy ssierbs zo Enw. *aa ,:Oﬂumﬂwm> 30 @Pdoxn03 Jusuoduo u
T . " ﬂcm ﬁ 7 303 vocoauauxq&

>Hm>auommmmn 81e sozenbs 30 s ayg "SUOTIBI0T pu® suoTjeISUSH T0A0

UOT3BTIPA JO Ss3usuoduos O13eunb 30 @ourTIRA JO STSATPUR’ 121303383

£8 A1V



188

plant at Lllerslle in the SelLQd DauKCIObS dlallel sct of Tablc 78

4
was leldCd by the correspondlng 0, from Table 77 (at Fllerslle)

Cas follows~ -o 4873 .6890\; ~0. 7072

5 ~ . .
Ly 4 . .IB

“The proccss of- stam.u diz zing | the scale is analcgous to

o

Allard S teuhnlauc, vﬁere prlor to J“ogyz “L‘AT Kl, Quch varxance and

N

“covaflanco wWas: lelded.b R td, res uétlve block for that charac-
: ¥ Loro-° =, respe

ter (Allard 1956 Cr : cker,a d nliard 1962). ‘In;the present study

‘\

add & ve [DI nWLnance [d ] ard,;ilitive)x-dominancé {71 -coazonents

are subsequantlv COHQL crLd bchaxi*ely and anal sed independently

[N . -
- R

for tnelr Suablllty ovcr gengratlo"s and IGCuti
U B
of the variancesvof the parehts of the ap:ay edn variances and of

S. The reciprocals

the array mean covaria ea were us<d as weights in standardizing the

values of D'y, Hz's and F's'resbectively. The use of these different

' multipliers in normalizing the scal. effects preserved the order of

magnitude of respectivc parameters. The faz2tonini A0V on the weiqhted

<

values of J' “H's and M's is qixen in Table‘83, e redul ts show that
. . , .’- . . : M . - . N -
addltlve,erfects of the genes (ccmzonent u) are t: same for two loca-

tions. “ov*nanca'gcne effects (Cﬂ~*onent e ) and additivc x -doninance

effects (bc*vonnng ) differ Signii cant11 at thg twe lpocations. On
‘the whole, genarations do not sesm tro aL;Lct the valu of genctic

onponents of wvariation. Slgnlflcunt nean scuarus for - 10L3tlonu w1tn

‘rnspéct,tO‘H-

3

and F ralsos the quf"twon of the hetbruqenclty of loca-

tlon Cff‘LtS on thn paramgters in ul[tQIEht generations. To'ahswer,

’

thlS, the unwelghted values of U S, Hi's and F's at ’arnlapd werg

FAR

'rcspectlvcl{ rcgre scd for egch g‘reratlon uron tbas oE lllelele, and

NS
£
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to regression and.remainder (error). Extremely high variance r. .os

relationship.

T 1920

the sum of squares of deviations were partitioned into variation due

v

. (Table 84) for the parameters Dand #,, and close agrcecments hetweLn

the coefficients of Lorrelatlon and rcgresslon, both'iﬂ sign and
Lol
magnitude, indicate stability oflthcse paramcters'oﬁer the two loca-

tions. The case of parameter & is rather confusing. The:diallels
STUD g i g

. based on kackcross and selfcd-backczpss‘gcnerations.Show a lack of

corresoon ence D;bznen F values at the two locations (variance ratio

for regression nbn—siqnificant).‘ This may be ascribed to a change of

relationship betweoen additive ahd_dominaﬁce,gene effccts (F = Numn)

caused by alte*ed environmental gondltlono._ A more drastic relational

I

,change is that batvﬁen the Fl and PZ generations,of tﬁe diallel séts;J

~ M -

V(P ='0,95, b = 0.47 and r =-0.89,.0 = -1.14, resbec&ively). It lS

rather difficult to tllnk of a loglcal explanatlon f01 this reversed

Since, en the whole, generation did not significantly

affect thed genetic COmFOhents of~variation, their eztnimates were

.obt alnud by solVLng, leasl- squa*L—WLJe, thw follgwing system of

. 11ncar equations, whers the known ters,,i.c., the array variances

Ay

and covdriances for a Jiven generation wore obtaxned 51 ';'rg adijusted ’

_ . -
treatment means from analysis of variance as a partially balanced

. . K . D
lattice design:

‘. (: : . ..'., ?—rl->. =,
{Parents) : D+ £, “or0 d]

F  diallel: (FZ/Z)D - (1/4)F + Q75)E - W, =d

1 -0L01 2
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(/0D = (I/4)F + (1/2)0, + (3/5)8 « Vv,  =.d, =

1L1 6( |
(144)D - (1/4)F + (1/4)H, - (1/4)H, + (1/10)F - Yokt = 4y
< . D 7 - |
F, diallel: .(l/ng (1/8)F + (1/5)E- WOLOZ d5
(1/<)D - (1/8)7 + (Z/Zb)q + (3/3)& - Vj[? dg
2 (1/4)D = (1/8)F + (J/JS)Hj - (Z/JG)HU ’
W * (1/192; --/OLZ = 4?
Backcross
jia - : - o 5 ‘ = .
glallel. | ~(1/2)D (1/8) + (1/5)E 0 ‘02 dg“
A1/2)n -~ CJ/ ): + (Z/JE)H + (L/S)L_— Vl]/ = dg '
o - 7 s : “a
_(1/4)3 (1/3) + (zgg’)ﬂ (]/ZG)HZ |
! o~ = .
*, (7/100) 01:2» d10
Selfe@'backcross B ' ‘ o '
dlalle}f: , (1/.:')0 - (1/12)F ¥ (1/5)E - ﬂnLO.')'.: d]] |
. l: - - ’ > 9 l[ ‘ LI - » . . N
| (1/<)D _(Z/Jo)va (1/3“)1 + (2 /5) /155 ‘ d]&
A | (1/2)0 - (1/18)7 + (1/329)8, = (1/32),
o ' | ’“‘5 E-v - = : , o g
F (7/100)E -0531,.d13 IR "
In this Sy tem of equa d =3 5 y w1'3 derotas the dii&grcnce bet-
ween the gxre 3p5 se;Yi: val 235 6f'thc Lth Jtatistic; THc'en-'
}v1f"nx::tal cghc0qcnt Gf. varlatlon (V}—w"s accounted for by uglng ‘the
multipllér'(l 2) whan Fl aﬂd F2 gcncratlo s, and (I1/4) when backcrossA

- ard schod o_c<cross Jeneration dlallnl sets were Conoldtl‘d (Pa{man

1953).

'-]

na solutloﬁs of udlb 91stom of equaLLono for tho varlous
. o v

: c;*:ohvnps oF Ja*latlon are syown in Table 85. "Error termd werc

[]
N

calcuelated in a manmer usual tQ the unwéighted least square solution, - -
/2

‘i.e.as * (Zd,e.. = DF)Y°, where o . is the appropriate term é6n the
Tk A 2 , 1t
= : . - - . :
‘rain diagonal} of the variance-covariance matrix of the cocfficients,.
_ ‘ _ - _ - o
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5 -

and L T, = 13 - 5= 8 (thlrteen Cquatlons, flve fltted paxameters)

RN

For one set of paradox1cal results (SLgnlflcant negative values of -
D,_H1 and.Hg-for yield per plant at Parkland),‘the source of error

could not be detérmined. - o

The prckof;lonal estlnatés of genctic’ paramgtq%s obtainéa
from’ Table 85 are given in Table 86. ihe data indicate that all
charasters afe,;nheritcd as-over—dcminant.sraits at both locdtions,
‘éxcéps for wéight of SQst'péi splfe at Ellerslle wnxch sboved nea rly

1/u

complete dominance; i.e. (H. =

7 = 1. Hoteoye:,[(I/QDﬂlf /_ + F]

, . - ' . . :
3 [(J/QDH )‘/” - Fl > 1 in all cases, except for plant height at both -

locations and yleld per: olant at Purxland, stggcsts stlongly a pre—

; A . \ .
pondernnce of deminant g nes in tH“'Darent Y“wen valld (H v 4” )

vis found;to_be léss ﬁl % 0.25, 1nd1;a;1ng thus a cértaln degree of
numetiCéi és;tmet:y of éllelés \;tJ.DCsltlQQ 1nd w1th nsgatlve effccts
vatllosi shoviné‘dominahcs. Lcclt““Ll'Ly valvgs in all LasCs vere low,
:thc maximum being 40,26é'1looo»k»rqn1 hcl”ht at ‘arkland)

Tko res ults of Table So when co*sarcd with &hose of - Taol

20, 39, €0 and 79.suow the ntfe\_t of thc 3d]u"tncnt fac;or chdravtCIi;—
tic'of InpoTUlﬁte blocx des gnS's.Tn thg lattor 1able5, vhere gonetlc

» . . . .. R e ‘ ‘ ‘ \\.
“parameterS-hava‘beene Llﬂatbd frowxanaﬁjses of ?l,.Fz,*backcrdss'and' &

sclfed backcross d1a11c1 scts of uﬂaujusted Lreument méaQSf(treatpds

1/2, (1, = )

as randomlzcd blocx dCblgn), ‘the Values of (H % D)

1/2»+ Fl = [(”DH }1/2,— ¢] show a wide range of varlatlonA

T

and [(4DH J
_from partlal QQﬂLnance to ovord,nlnlnce, f{§§>a‘fu11y stmétricaL.diS*»'
'trlbutlon‘of alleles with positive»and négativc.effests'tbfstrong

Sy

N : B . - LV

/o
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asymmetry, and from equal to unequal proportions of deminant to L
recess%vgﬂaLleles in the parents. vTable 86 on the dthcr hand shows
that.thﬁ;e ratios, especially those for valid parameters (* in Table‘SS),
'arg more stable over characters since over—démlnance in inheritance,
ésymmétr} of alleies at'ioci exhibiting dcﬂlnance, and 1ngrua11ty in-
the procortlons oL loﬁluant and rgCQSSlV ‘ulleles are constant EL&L ures
of’thg ccnderned;cha;abtérs.
The ;egreésion;énalysis‘of ganetic conporants of vdtiation
YD,YHI and F fqr'Eiiérslié.;ﬁd Pérklandi obtéined first fronm unddjusﬁgd

treatment means (randomized bleck design) averaged over gena2ratiens, |

/.

and then from adjusted trcatueat means oF Table 85, is aiven in Table 87.
The rulpose of thls analy515 was, to see W1etner,there - <onccrdance

between the valuns of paramete*§ evaluatuq fron the data at Lho two
AU
locations separately. The recults given in Tablc 87 show a. gcod

agreement’ in this resr 't between locations. Par1.nuers D and ¥ cva-.

leated from array variances and covgfiancgs frem unw**uotoa ‘treatment

‘means show. the sare rates of change from character to charactet.ét the{

N
<4

two - lccations (b .= 1).  For Hl.this changa is b = 1.32 at Parklarnd for

unit change at Ellerslie. With adjust.ient of ‘treatrent means the situa-

tionvié changed, SO that for enit chaﬂge at Ellezelx; tbere_is a change
of & =0.38 for D and & : 2.67ffof é at Parkldhd- Th é correséﬁnlidg
change for_Hl is‘Iess §rqnpunc:d (E = 1.32) without a ‘ j& stment as c6m-'
pared to b = .42 w1;h adj‘*tnent.

The relnLlonsblpo hetwecn the tto locatlons in regard to

changes in D, Hl and.F’ECr the various chxtucters arn-snown gra *hlcally
. - . . w

¢

e
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in Figure 81. The scatter of the intercept points around. the

‘
|

regression lines shows.that there arc considerable discrepancies

between.the twvo locations. The points. of interccpfs for p ant height

. - . . X !
aré'not showﬁ in the graphs because of very high values of the compbncnts
which far excecded the boundaries of the grap&s.v,7ﬁercforc the‘coef— .
lficicnts.of rcqression-worc rccalculated excluding planﬁ hcight;‘ It is
.rathéf'diffibult‘to determine either from the rcqressionyahélysis_bf
fable 87 or from the @raphs whe ther andAby.how much the ﬁse of adjusted.
vtreatmeﬁt reans has émpfovcd the estimates of tha pﬁrémcteré.. Henée.it-
‘is not possible to assess the éa:amotric rcl.:ionships with{n-and betﬁeen
‘the characters and within and bc£wean the locations of envirbnments;
nevertheless, looking'ac the graphs'of,the Paramcters derivad begining~
wiﬁh the adjusted tréetmgnt meaﬁs, one wo:ld be rather strongly inclined

to conclude that the adjustment of means has ‘considerably imoroved the

degree of concordance ketween the twa locations with ‘respact to parameters.,



DISCUSSION

The F_, F backcrozs and selfcd backcrass generations

1 2’

of five parent diallel cross; of common wheat (1rbu et qustivum L.)

i ) ' o
were grown in 1972 at two lOLdLLOﬂa and Lho data obtained was ana- ' :
S ‘ . ¥
lysgd ~1th resgect to corraelation hetvicen the charactcrs,‘principil

factors, goneral qnd sge flC combining abilities, genetic ccrmporents

of variztion and environmental_e:fects.- Thie experirental design used

T wWas a par thllj u&lJPL”d Lr1dlc latt Cice.  lowever, most of t”c‘/‘alyses

were carrici-out both as a comnlote anQCM'?ed block 4c%1gn ard as. a

lattice design. The resulta cbrained are discussed in sc¢aguel.

L4
Cerrelation and faotor analvises. imong the chdarasters considered
in this study, vield of grain pey nlant is uwtonaﬂlv“lly the 1"0s3

characters ic of imporyance fron a theoretical™and. a rractical voint

cf view. The results of the corralatios

3]
i
2]
-
]
<
v
I
)
o]
Y
ng
o)
62
j#:3
[}
v
[§]
L
[9)
17
7]

and selfed tackcross diallel Sets are ifow in Tahles 2.m 2k, 42, and 61.

<ise results show that early raturing entries have nroduced high yiclds

. . : . R -
the late matdring onds low viclds of yrain per plant. As exroectad,

was a FO\ltLVu gorrulutlon Le *Lant and most of its

aracters or cosponents. A stromfy sltive association was found -to

exist botwooen the subchiaractors, numbder of. tillers rer plant, weight'of
‘ _ o '
Rernel weight with vield per plant.  Tho com~
ronents, nunoer of ikelts por spile and nuaber of seods prer spike were
) o e _ ‘ :
not correlated with yidid at either location in.Fl-(Table 2) but wore

. 109
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. - f :
positively correlated in the other.gencrations of diallel cross

cither at both locatidns (Table 21):0r at one of them (Tables 42
and 61). There was no corrclation between yield and plant height.
“The degree Of‘oxpression of metrical charachfrs {phenotypes)

deponds both’on the gpno-ynlg constitution: of ‘the parents ‘and the environ-

3

o S
,“vnual conditicns qnder vhich the cxperimen al materials are‘ﬁ?own.-'

rmerafore the VC'parison of r‘sults obtainad by various resecarchers

using different sets of parents anl carrled out under different environ-

'méntalicondiiiuns leud cnly Lo non—Lalated or lco"ﬂly—related gcneral

, ‘ . I
information. TFar e “N“IP Lze and kaltSLknb (1973) woxhlng hth dulum

]
wheat in Wirnisog Have Lownd vhat *hg cHaracferg days- to—maturlty and

1
»

yis1ld per plant wore positivcly correlaced in Loth the Fl and the F2

4

g=:nerations of‘a 10 = 10 diallel.Cross,.Qn er as 1n the prg ‘ﬁt study
of”éiilthe'gencrations of ﬂiallcl é;bés the corqclation'was neqative..
Cn' the Othcr‘ha§d;,ﬁ§g (1970)»has found that.in thevFi gcncration of
a,fi.i -pa rent-diallel C‘O“% of ﬂomdon wheat therc was no coLLuln'lon
'be;wegn anﬁhc;is dat§ (£L9a1 {eading)’and yicld per plant,‘a‘résult )
.Sinilﬁr to”that found in the-presght‘cqéc'at_Rarklapd.‘ Althduqh Hsu
has conductad his study in édﬁontoh,_the tﬁo éipurimcnts were spaced
- . . ! - )
iﬁ,tiﬁe;,add excapt for Inia, thcyarﬁnﬁal lines used were*different,
fhe éignificant posi@iveL&ssociatiqn of yie1d pér plant wiph ifé'com_

ponents found in this nj was alif oa"erved Ln Lhn woer of John

and Schmidt (19%8), Enccck (1069), Leb sock ahdﬁhm@ya.(i969), Hsu and

\

Halton (1970), 3 1yes_and Lece (1971)(“Lﬂc and- ltSchs (1973) and

Chebxb et aZ (1973). ‘he ahsonccv -of corrclatlon between p]qnt h01ght
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and yield per plant in the present study was also observed by Kaltsikes
and Lee (1971) and Chebib cé al (1973). These results are in disagree-

ment with those of seme other experiments. [Lebscex and Arava (1969),

Kaltsikes and Larter (1270) and Lee and Xaltsikes (1973)].

a

&
H
0
S
£
I
o
)
N
P-"
0
N
£
o
oy
I
s

’ The relationship between individus
complicated. Therefore the data were subjected to factor analysis.
.This analysis provi%cs inforimation on contributions of indes2ndent

variables g#lative to those of devenfont ones.. Tha results of the

P

factor analysis of Fl, FZ, backecross and s21fe3 hackeoross: data octuirad,
Foaha : . v ,

for two lecations are showm: in Tables 3, 22, 43 and 62, and tha vrin-

1 yields ror g e degroe

heading entries have rnroduced lJow grai;
pS ¢ ]

of ¢xpression of heading-sran was found t

‘heading but not with onset-of-heading. It was nou correlated wit

yield in 'F, and F. but was positively associated with it in backeress
7 h 2.5 - 2 > ¥ : ;

1

and seltfed backiross data. This inconsistoncy suisuests thatb heading-

span’ is not one of the chiracters affamting yioid~:er')l&nt.<-1n fact

tlir factor analyses based on. the F » T, vackecross and selfocd backeross
reta e ; . | 2 ;
a : . . . Do ) ST : : . o
diallel scots have revéaled positive Zactor leadings for hexding-span

P

and négativgloncs for yield. It rollows therciore that posttive. cor-

relations of heading-span with yield rer plant at rarkland in the

backcross and selfed backcross.diallel sets does not nacessarily irply

'

)
.
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" J ’ ¢
a caUSe—and—effec&»rclatlcnghlo, an ﬁay in facgﬁbe attrlkuted

[

&a frerﬂntly in

.o
<

{ é%g%d thg h; hést loadlng for numbet of’A ,f"'?'

. - : iyl s B!
spikelets per gpike, number of‘sqeds;per spike and fr2ight tiof seeds

7

rer spiXke excert the lrackcros

) . WE L
wiich plant height had the highest loading. A similar sit gdtxon‘was

‘cbserved with respect to principal factors 2, 4 and 5 vhich had their

Vot

highest loadings fron different characters in differunt cenerations

of the diallel cross. -Thus it-appoors that diffarent factors ocerate

,.4.
Ui
—~
o]
6]
3
[
Al
x
'™
9]
&
<
"+

‘different ly in different populat gn they shar

ene gool.

'3
)
n
1
4
¥}
Lol

Cembirning ability analvses. - Tha results of tha a?al}? s of data

ftor generzal and specific. conbining abhilitiss with roe a"nht to the -

'rnaract;rs consxde*;! :1vc §hc.4 that thelg*fcﬁts;wi*f high GCA's 60
not neczs é.ril§'prc§u*¢ hybti&s with hiih ZCA's. Thci-:r:aflsons oE
CCA's wiﬁh SCA'é'fo; all.ﬁhe cﬂn&:@tions and CHa?acturs‘ate ;oliccied 
;h Tablu.SS.v of all thévcomparisons, gighﬁy to bejoxact{VSQE'cénsti— o

‘tute cases in which hizh SCA's are .ass oc1ﬂted with one or both parents
uuvlrg low QCA S, and slee Ders 2. These obuscrvaticns are in agreqncnt
with those regortei'by Crumpackcr and Urquhart (1262), Fonseca (1“6 1,

- Brown et al (1966), Gyawalli Cr'n7 (1908) axaslngn v‘ al (1969) in wﬁeat." -

©An alogouq rL,ults have -been oboe:ved by Larsen (1941) in tomdtoes

. \ v

N . . e . .. ! BN
L Lo < .
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by Waker (1963}, Chang-(lSG?),'Soomro (1967), Baluch and Soonro (1969)

o

and Soomro and Baluch (1969). in_cotton. On the other hand Kime (1950)

and Hawkins et dZ;(lOGS) working with cotton have found that GCA and
" SCA were positively correlated so that the present results are in con-

b

- radiction to their reports.

Signifigant variances of general and svecifie compinin
R ey N J - .

“abilites for a particular chdracter dencte, vespectively, the irsortance

T of aédltlvc and non- addltlve gene eff cts for thatvcharacter.' Iﬁ-the-

variance for specific coﬂblﬂing ablllty for a perLLular cnarauLEr is

/qlgnlfluant and that for g‘" eral ‘cox btnlng ab 11ity i5 not, sélection

. for the character will be on the basis\;f’SCA ~ On thg otHer hand, high
SCA_vériancés_asf ~iated with a partlcuiar pafvnt gvdn’lf'it_ﬁas hign

g N

CGCA refl ct an lthﬂSquOnC in the \f*formlncc of that parent with
\, gt that ¢

.

respect to the particular character (Giiffing;_l956) and'inaiéate that

the hybrids'invblved with that parent uoald nevform-"OOrLr thdn vould
bc C'"ccted on rhn baols of thlr'chc1‘1c co*qlnvn abllltLQS ‘It
8¢ E g
. - . . ~ v ’
‘follows thereform Lhaf in combining ablllty acrtonLng testsfa pedigree

P

bOlCc*Jon prorcculo would be CVpectod to screen out the strains with

. './‘ ' ‘ . . .
consmuerably larger SCA variances. : . .
R : . . {E. . . " - N
'In tno plcscnt studies varlmnc s of ge eral couulnlnq

ablllt/ were honorall/ larger than those of ‘specific combining ability
‘for all characters, and diallel- LL gon“vatLons at ooth lobuL*ons
{(Tables 5 to 14, 24 to 33, 4J to 34 and 64 to /3) ‘There’ﬁere a few

cgseslwhe:c the estima;cs oE SCA variances e thhcr than tbosc fSE>

GCA' spbut the magnlLudgg of th”lr dlfrornnhcs were ncqliqible. This'

o




’L_mwpuld indicate a high consistency of Eerformance of the pargrtal 11%&5

¢

an observaticn which may also be’ge rdlly Vcrlfl‘d 31 thelr gencrga
coxbining ability values-(Thbles 4, 23, 44 and 63), and more speci- '/

) . : - . R . , » L
" fically from the results of 'rable 82. The sigiificance of variances.’

3 . . A . 3

' for gencral and specific corhlnLng abilities hcre P/“mlﬂﬁd trow 71b§eQ
. q

- . r : A -
15, 34, 55 ana 74. In nnncral the mean squares for (CA Jcrg Sl”nl—

ficant for a11 characters excent heading4sodn~and vield per plant at
‘one or both .the 10”aflons Tuch significances of GCA rean sguares aze

nRot uncormon ‘in wheat (Brown ¢ al 1966, Tonzeca 1965, Paroda.and -

S~

Joshi 1270a, Parcii & 1279 and Bitzar ¢ 42 1971). Mean squares'

o
n
3]
9]
~

ant only_for'a few charas

It may Hn 01nt~d ont tHa a high gencoral cerbining sbility
7 ] 2= J Py

characters implies. lateuevq, 59 that

lines with the lowost LCA'b hhht therefore be givon priority.  In the'
iano and inia 21 the lp.es t - GCA's for hcading d:ta,-
and conseguently Sclcctionwtrc1 their nrogenies is ¢xpacted to result-

in early lines. r1aar hetrght 1s  another character for which the solee-
A . g P :

tion of wheat cultivars’ Mltn lo CA's may ke doesivable,
D'qll 1 cross analysis.  Tho ‘PllVblb of wvariance of c-allcl t= es:
—-—"’“‘“ﬁ

accordinq to Hayx-n (19\1a) gave & component significances. (for ald¥tive

ane Otfﬁct\) 1n all gvngratlbn of‘thefdlallcl'cfcns‘(Tqbles 16,_35,'56

N

and 75) for all the charactcrs oxcont hb;ding—span and yiel@;ycr nlant
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(Tzbles lG'aﬂ&\BS) and yield per plant (Tdblos'56 and '75). These

rosulks correspcnded to those for gencral combLnlnq ablllty in AMJVA s

o

(Tables 15, 34, 55 and 74). Thus Hayman's a ‘component’ and Griffing's

. AnC .
. GCA are analogous. Geanetic corponents of variation for cach genera-
Lien of the diallel cross havb sbown values ranging from non-significance
o, - . N - .- . ) . i . -.'7

Zo high 31.n1f1cance.-,rhc only paradoxical oncs are the negative but

~

s of Tahles 19, 38, 59 and 78, whiéh may be N

I

ascribed to. high envivonms ntal variation. 'cuch UWGADLCt od valueg are-

act. uncortion (M:ther'1949, Xrlcdt ﬁ332 Vc”cll 1970 and- Iolmcs 1572)

bee

n bicnotrical genetics. Th2 internre tatLun of gcnutlc pqrdmetnrb 1n

, . , . N
such cases bo cores CUES‘lOHPQle
o , . -

he estinatces of genotic parameters

. ' N L ' ' . s 2'/“ . ’ ,. '»‘.. 7 _),. -v ) A{‘l
vizl, (LJ =) _ o4y - {9;1) ot ] :7[(;g‘] ( - F]‘and‘
) [ /;ﬂ] Ilfferent qen oratlons of the dlallhl'

to over-dominance, frem conplete
A ) Il
syrmetry kq strong asyrielry in distrituion of genes- with positive

\ - ) BN

—~ - N

zad negative evitgcts in the parents, from equal properticis of domigpant
= : 9 o . S
- and recessive genes in the parents to a ﬁrOpondLranf > of duminants or

- . - .-

reooassives, and frcﬂ n;gn to lcw nurﬁurs of. gene g:oups'cont}olliné

a ;axticulaf character., ,Hafitabilit" stimates also - shdwud a’widé -
range OE.valULS,Afroh;;O.1129 (ji&ld per plant, Table 39).to +1.085
(énsetfof—heading, Téblé 79), indicitiﬁg iﬁythis exampie, 5 coﬁnlefc
lack ofghcgit qilitj fog yielé_an‘ dﬁ‘e%trcmﬂlj hlgh herltquILLy for
carlineés; .Pu1tc Low chltability evtlruées of yleld 1n wneat have
been r .ported by a-nunnnr'of resear‘x rS (Qlebcl lggu, Hr!oal 1960,

<

B



«
o

Kronstad and Foot 1964, Jonnson et - 1966, and raroda and Joshi -

'1970 1970a)

B

Genotype-cnvironment intaraction. Tha assessment of genctic and

environmrental components of varlatlon Hlth resncct to a cbar acter

4 ~

B " - - -

d?pends upon the gene pcol involwved pd the nun-n_rfgltary factors
A ' . . .

cons bltutlng tbe env1ronrnnt in wnlcn the experimental material- is

.

'grown. The choicaof 4sta"LLcal ap“r_u ach

avallabin awd the ObJuCt of thn sfud{.. I

and regre ssion aﬂa1y319 (Tathor, 1931) were used Lo assess the deg

"of discorda

¢

between idcntical sets of matorials grewn at two lo

- -
.
‘

tions with spact to factor leocadings for the variou 5 characters,
R g . !

5 N . - 4

qengral Coxn1n1ng aJlllul“S of the 5 an Qﬁﬂax‘ the miin gend th b

o

cerponents. of wariation. o - - 4 >

: - , \
The factor leadings on various characturs seemod to be

ca-

. r L~ . R b - . ’
-different for the two locations (Table 80). ‘Tha. effoct of ge enerations
on fLCto§=lo:ding scores for differan®\ chagpzoters was negliginly small.
~:In f£&ct none of the in*.risticns involding grneration wero sic ﬂlL’"ant

This findin éontradicts thatof'Lee.gnd \=llaxk 15 (1973) wiio fouqd

L. L : - . e . ' o .
discrepahcices. b txeen tn01r Fl and By dlqiiel fastor analyses with

9}
[
u
{y

respect to the factor teading scores on vard
buted these gencration dilferences to a considarainloe ¢
-siuze for the two gererations, and dirference in 2 lan

'space—plaﬂting er;Pl.diqllcl_and §5iid pladting for F

the nrﬁsent ca Lhounn plot size, planting tP:hlluu 2sand expervimental



sct up was the same, nevertheles
the two locations were quite diffarent

location

with regard to factor loadings.

- S, mat L7
JAelurteL

In the for

gratlong of the &

ound’

that the GCA values

when charac

single obsarvation per cell), GCA

\

results indicate that parents dig

Zions when

tainly did when cenzidered individualls
Tie

of each wvas

averaging the GCA's of a cuitivar over

o

-

[

N

0ss and regresSinq the estirmates

Ll the analys
N :

the

2 Othel. In

]

'J

intér—location_effects ¥

‘In other words), the GCA's

”_varianccs‘.ol ;encral aad spe ‘fi

N \

{3 2
locut¢oqs-

the GCA var riances wg;n hidgher

Zoth locations.

locations aqggg

é, thel

effects, differentvgénerations proved to be f

'were'mo;e or less the same.
ters were treated soparately in
's differed betwéén locations.
ﬁot diffc; in.éca's oyer.thé two loca-
aged over all cﬁaractcrs
f‘LO[ c¢ach chara tcr’

ty'with_resyect to 238itiva g

btained

corbin

environmental conditions at-
- Inspite of significant, inter- -
airly homogeneous

B - o . .
general combihing abilites of

iallel cross and thq two locations (Table 81)

However, -

theo

analysis (A4JOVA assumed

These

'+ but they cer-

The r.aponsc

gone ef1ccts was studied after .

Iour ganerations df;the diallel

ocne location upen those
" . S

. L '\.,’
rcgresrw‘nf(Tablc\82)

or each varlety.

coucurdant. The

ing aOLllLy 2lso did not differ

3

]

ation.
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The stability of genetic componaents of variation viz.,
Pl < 14
D, HJ and # was assessed over the two locations through [facidria l

~HIO7A. The results indicated (Table 83) that there was no significant
difference between locations for any corponent., Toreover, the gone-~-

-

rations, on tiie HFUJQ, did not affect these parareotors at either loca-

tion." But when the estinates of cne coruenent for Parkland were
g - ) T
regressed -upon thosc of Ellerslie it was found +hat the selfed bhack-

4

cross’ generaticn of Lho alall -1 crODQ was.af oéting the rcuuoﬁcnt FON
ThlaLUnat-tuted amgighificgnt changg‘in the relzticnship b;twcun
additivévgdd dqminuncc gone effocts in'thc ;:dgony 0f th: bzck:rqés;s.
Horeover cho_estimares'of th2 " component Sor-ghe Lwo loéatiors ware

correlated dl 2rently in’the'Fl and F2 genzraticens. (42 and - reg- .
pectively). It 'is -ather AL CL;t to think of a ls:ical explanation

for this‘change of ’PldLthdhlu betwoen cdiitive ani .

effects (N(d) x ¥(%)] in two gonorations of the sa-o diallel set.
Th2 occcurrence of Ji,nlLlC 18 neaative vainves for gonetic

compdnqnts-of variation Was AN unexpectod

1 deature’ of diallel cross

analysijs tor wirich .a Gdtlbx“L#UE” l"Lorvzuyltion‘is lacking. - Such
e . 3 . _ .
vqlucs have been reported in a nuoher of_inﬂtance; (Clathor 9.2,

i

“nghL lOJu, ngo7l 1970 and iotuwes 1972) hut a loizical”

forvthoir occurrence has not hoen given. “the freausncy of their
o . ’ _ ‘ o~

gucurrence appear to be tco hiigh to be attributed to ciance.
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-  APPENDIX I

OrlgLn, parentacge and varie Lal des crlptlon'
of fqu cullear of whrat used in LLdllLl study

Variety: Marquis-

Origin: Central Eznerlmontal Earm O“taﬁa, Canada
Parcnts:.. ™ Hard Ped Calcutta x Red ijL

Grewth habit: Spring

Flant height: 110 - 120 ems.

Epike: ¢« “Mid-long, fusiform with anilca! awas; t£raks shors, acate
Kernel s Dark ‘\d hard, ovate-truncate -

Variety: - “Chinook o

Origin: - Central Emperimental Farm, Ctt::a, Canada

Parents: o Thatcher x $-615-11

Grewth habit: -Spring : » , )
Plant hnxght~ 110 - 125 cras. -~ - : .

pjkc. Fd&"(:n, 111~;ov7, QFOLt enical dEﬁS,'”hLll ¢linmes
: ‘ with mild-wide Hoaks S
Kernel: $7 'Red, hard, short Lo mid-lon vy, oval’
. : . :
. : ‘ %

Vgriofy:A ) fhush-hal _ . o

Origin:. » AgrLcnlnural Research Instituta, pos r, TaRiztan
Parents: ) Local white x.=tandard Desi ‘ -

Growth habit: Spring L.

Plant height: 80 ~ 90 cms. 3

Spika: .v,; White, flufy, awaed, whito rebiceent glieios with

' id-wide beaks )
Zernels . Amber colored, so{t,.mid‘lo:j,.oval ‘
s

Vardaoty: - Ciano-67 : ,

Urigin: | _ S Mation:l Inﬁritvt‘ orf Agriculuncat .
Parents: ritic ©2-Chris 'S$ib' x Scnora o4

Growth habit: ° Spring “&%f

Clant height: g5 =~ 95 ems. e

Spike: S Whitd, beardod; fusiform , )

\vzvel'; : Hard rod, mediuvm size : ‘ Ul

. o B ¥ .
Varietys - '_'Inia—GG' A e o I
Origin: L National 11‘ stitute of Agrichltural Rusearsh, Mexicoel ¥
Parents s . Lerma Hojo G X Sonora 64 - ' : o L
Growth habit: Spring . '
@lant height: 100 - 110 cns :

Spike:’ ,  White, bcardcd, fusiform ;

Kernel: : - Harxd, r?d; modium—longj T

. . . f» >
! 2
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APPENDIX VII Humber of tillers per plant at Ellerslie
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