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R \ " Ph.D. T sAMIR EL-SEBAE AHMED

- AN E];GHT-PARENT DIALLEL CROSS ANALYSIS FOR OIL AND PROTEIN
y SR PER CENT AND THEIR RELATION:TO OTHERgCHARACTERS .
v L o o : m OATS (AVENA SATIVA L.)-

N : /I.'he genetic control involved in the inheritance of nine import:ant
‘ ’ f’ quality and agronomic charactei‘s and the rela ; onships among - these
characters were - investigated in" the F1 and/ F2 generations from an

- 'eight-parent diallel cross .in oats. Three different diallel analysis

i Eecimiques were used. These were (a) th%criffing 8 analysis, (b) the
.. co Jinka—Bayman analysis, ard (c) the graphical gnalysis.

Af o o Q—,/J *  The results "indicated partial failure .of one or more of the
ot ‘ 2 .. dssumptions required for . the gemetic analysis, includi;g that of no

- eplstasis and gene correlations, for some characters.® Although both
- ' additive and dominance"‘effécte contribute to the genetic variation in
‘ all characters, additive “genetic variance 1s more important in the
e : genetic control of most characters.’ The degree directipn of dom—

&Y inance varied accd‘!‘ding 0, the character and genergtiyn. Gene correla-

L tion the dist\ribution of positive and negative as well a8 dominant and
' receassive allel\e and the number of effective genes or groups of genes B
y rcontrolling ead; character were investigated Heritability estimat

it ¥ and genetic advance from selection varied according to the method of]
T calculation and .the gemeration, but they had almost the same rank f
all g¢haracters. Phenotybic, genetic and envir;nmental correlat#éns.
among all charactersa indfcated no difficulty in selecting iy the
desirable direction for most charae@ers. In this study, the“use of .

diallel cross techniques in oat improvement has been discussed and

breeding s&;egies gsuggested.
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1 .7 UNE ANALYSE DIALLELE DE LA TENEUR EN|HUILE ET DU CONTENT, E
; . PROTEIQUE ET LES RELATIONS EXISTANT ENTRE CES DEUX . |
N CARACTERES ET PLUSIEURS AUTRES; CHEZ L'AVOINE

’ (AVENA SATIVA L.)}

- . 1
-

Le contrdle génétique impliqué dans-l'heredite de‘heuf 1mportants
caractdres qualitatifs et aéronomiqugs dd 1'avoine, ainsi que les
rapports existant entre ces caractires furent &tudiés.chez les généra-

B ‘tions F; et F, issues d'un croisement diallle réunissant huit parents.”
L'analyse diall3le fut effectuée 3 1'aide de trois’méthodes différentes,
soit l'analyse de Griffing, l'analyse de Jinks-Hayman et 1'analyse
graphique. | .

4

Les résultats obtenus. ont révélé que, pour certains caractdres,
une | (ou plusieurs) des hypoth@ses pos@es pour 1l'analyse génétique, soit
1'absence d'épistasie et de corrélations entre les génes, n'étalt pas
enéiérement vérifiée. Blen que les effets\ additifs et les éffets de -
dominance ~alent contribué 3 la variation gémétidhe chez  tous ies
caractdres, la variaﬁce génétique additive 5 joué u£ r6le prépondérant
dans le contrSle de la plupart - des caractlres. L'intensité et la
direction de la dominance ont varié selon le caractére et la generatfg;f///
Les corrélations entre les génes, la distribution des allales positifs
et negatifs,u aussi bien que des allélé?hﬁbﬁinant;.et récessifs, ainsi

‘ que le nombre de génes ou groupes de génes responsables du contrdle de
eliaque caract®re furent &tudids. Les estimations - d'héritabilité et .
1'amélioration généiique apportaée pé; la s@lection ont varié selon la
génération et la méthode de calcul employée; toutefbis, tous. les
caractéres occupaient 2 peu prés ie"méme ‘rang, quelle que soit la \
méthode de calcul utilisée. yes‘corrélationé phénotypiques, génétiques
et envirqppéﬁZntales relevées enire tous les caractéres indiquérenzk"
— que, ‘pour la plupart d'entre eﬁx, la sélection‘de la direction désirée
ne posait aucun probléme. Dans.cette &tude, 1'emploi des techniques

d'analyse dialldle pour l'amélioration deAl'éﬁoLne est discuté et des

’ g stratégies concernant 1'amélioration de cette plante sont présentées. 6 '
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INTRODUCTION .

Recognition of a world nutr;fion and food crisis during. the
past few years ha;: stimulated plant breeders to\improve the quality
and incx:ease the qua{ltity of their crops. Oats (Avena species)
constitutes one Bf the five major cereal crops in the world. 1In
addition to having Jmore a:dequate levéls of c;il than other cereal
crops, the upper limit of protein ;:ontent in Avena species extends

"beyond that of the other cereals. On the other.hand,rthe\energy
value of oats 1s lower than that of other cereals. for livestock feed. *
Therefore, :l:mproving the thritional quality of this crop would

increase its energy value and make it more valuable for food and

feeding purposes. -

Quali®y evaluation in oats as well as in ‘oth"ejr cereals has

many determinants to be considered, but for the purpose of this .stud%
R . ;

attention will be focused on the protein, oll and hull content, .since
they are nutritionia]:]:y the most important components of quality in

~, L

+ N
e it e
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. 3
oats.~ Klinck (1967) and Donefer (1976)vsuggested that ce;eal

ﬂreedefs should consider develéping cultivars of oats that provide

v [

highef energy, since energy is the mosfllimitinérfactor in the

i,

\

feeding of ruminant animals with cereal grains. Klinck (1967)

@ S S
3 3

. S . )
concluded that it should be possible in oats to select for high

+

values of both protein and oil. ' .

e

Dudley and Moll (1969) divided plant bfeeding into three

2

N Tt - 3 .
stages: (a) assembly or creation of a pdol of variable germplasm,

3

(b) selection of superior individuals from the pool, and’

g ‘ : . L
(c) utilization of selected ihdividuals to create a superior cultivar.

- B

Breeding for superior qua{itétive characters in oats has long enjoyed
effective gepetic guildance, bup brLeding of superior quantitative
characters has been denied such guidance to a'large extent. 6 The {

' d N . N
difficulty with quantitative cﬁaracters 1s that they tend to be

_continuous in their variation. This means indistinguishable i

phenotyplic classes and difficult or impossible applicabllity of

classical Mendelian analysis (Johnson, 1963). "

R N

Knowledge of tﬂe }elatiﬁé magnitude of the various genetic and

environmental parameters for characters.of economic importance is

essential before more efficient breeding and selection procedures can
] - [

be employed.’ Since economically important characters are largely, if
not entirely, quantitative in inheritance, they.are described in
terms of first and second order statisticq&‘i.e., meéhs, variances,

p

and covariances. The use of first and second order statistics

bl 3
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permits the EBtimatibn of population genetic parameters such as : .

o §

meane, genetic variancea heritabilities, genetic enuironmental and

phenotypic correlation coefficients, and expeeted genetic advances

i v

from seledtion. Knowing the magnitude and the importance of such

»

| 4

estimates, would be of*great,value to a plant,breeder as guidance

Y

rules qo~systematize selection of parents, to regulate the manipula-

~ )

dion of progeniea ok to permit prediction and isolation of superior

1

. or example, the heritability concept is.useful in determining '! \j

to what tent differences among phenotypes' are due to genotypic

N

causeS, an knowledge of the correlation between _complex characters

~

of ldw her tability, such as yileld, and less complex characters which

may have much higher heritabilities, would benefit plant breeders.
N ;‘ . p’ .
It may bexe\sier to select for a complex character by practising

selection oﬁ*a highly heritable character correlated with it.

»
! ~ .

o

There are numerous reports in the literature dealdng with

studies of the relative magnitudes of the varioégrgggetic and :
\ - *,

. ) i , . 5 . s

environmental parameters in oats. The dia@del cross techniques ‘

developed by Griffing (1956a, 1956b) and Jinks.and Hayman (1953) seem

to provide sufficient information about the genetic identity and
i : i

relationships among a number of parents. In this study, these two

\
methods of diallel analysis were used.

-~

4

. s ! . i ‘
The present investigation was designed to estimate both
general (GCA)rand specific (SCA) combining ability variances and
' .
effects for nime quality and agronomic characters in oats by means of °
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diallel analysis Qeqlxhiques. In additioni;it was designed to
a Y ‘ v

egtimate the variance components, heritability, expected genetic

advances, the number of genes or groups of linked geéxes involved in
/

 the inﬁérit;nce of these characters, and the phenotypic, genetic and i
environmental \correlations among all chara_cters under investi.g:;@ion.
Other objectives were to predict, on the basis of gemetical
information, which crosses in our material would give the best
chances of fianding high qmifestati;ns of each character which -
subsequently could be fixed in pure lines. Al:( the same time, an

- intensiverevaluation of diallel analysis technlques as a tool for

plant improvement was carried out. 0
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REVIEW OF LITERATURE ' .

b

~

The review of literature will include:four main t0pic§ related

to qualitative and quantitative characters in self-pollinated crops,

i

especially the su}all grains. These topics are: (1) The importance

a

.0of oats as a feed and food crop and the possibilitieg for improving

-

their quality; (2) variance components, heritabiliﬁy and 'genetic
advances from selection; (3) relationships between characters; and
(4) diallel analysis techniques and their application in plamt

br e_éding . 3

-

1. "Oats as:a feed and food crop and
the possibilities for improving ,
their quality

Quality in cereals 1is usuaily judged by their suitability for

a particular end use. Most cereals are used primarily for human food

directly or as animal feed.. Thus, cereal quality is largely a

; »

relative concept and is consictred in re\lation to a particular class

k4
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calories and 50 per cent qf his protein from cereals/and cereal-based,

N

products (Frey, 1976). Additionally, ﬁage tiuantit es of cereal

g:;:ains areb used in the feeding of fiveétock, especially in the

N

developed co‘:mtries .

Prior to the mid-1960's, quantification of tHe nutritive value

~-

[

of. oat (Avena species)\) grain lagged behind its ”realized value in

human foods and animal feeds. The discovery by Murphy and co-workers

(1968) that collections of the wild oat species A

contained high groat protein-stimulated many new investigations.

Recent studies have been mad{xly“ concerned with:

)

(a) oat protein quality and si%wacid composition

(b) 1lipid content and fatty acid composition

~

(c) examining the genetics of groat yleld and protein content and

~
breeding for higher levels of these components.

] ]
T;vith the recognition of a world food .and protein crisiis in
recent years, plan; breeders are attempting to improve the quantity
and quality of cereal gra:!.ns. Burrows (1974) stated that thlia oat
crop could, and probablly; will play a very significant role ;’in solving

the food crisis problen;. Oats will i:robably ghift from-bei}:g a feed

t
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gfain.go a new[andfupdated food species.
- I )
on the fact-that by breeding special oat cultivars for human use
\ . .
B N N = .
rather than fg% animal use, both l@pes of crops (feed and food) can

Burrow's statement is based

be érown egsentially side by side, and the acreage in any area

n

devoted to feed or food oats will be determined by domestic hnamworldn

. . §
requirements, , ) }\
- ~

Also, the genetic variation dr‘the size of the gene pool in
oats is as great as in any other of our major cer;als and may be even
greater»than in'ﬁBst: QOats have not regll& been selected for quality
even though several nutritionists rate their quality as exgelleng.

Unexploited genés have been located in many of the diploid, tetraploid

and hexaploid wild and cultivated species. There are many contrasting’
[ :

L4

forms or types available in this species.

.
7

<

The nutritional quality of oat protein, with respect to its

. ¥

content of essential amino acids, is as good as, if not better than
th;t of any other cereal crop (Burrows, 1974). The pro;eiﬁ]of oat
grain has three uni&ue features (Ohm and Patterson, 1973a, 1973b;

Burrows, 1974; Frey, 1976):

(a) A high biological value relative to tha;qof the other cereal

grains. This 18 illustrated by feeding trials and by amino

-

acid comhoqitiona

The bilological value of oats protein does not deterlorate as

- \

~ 8
protein percentage in the grain #ncreases. This could make it

feasible to breed oat plants with higher protein levels without '

)
1y A

b Mo ey
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adversely ;ffecting the nutritional quality of the grainm.
'gerows (%974) mentioned that in oats, cultivars can be bred
Jthgt are rich ianrotein“con;eﬁt because protein quality is
essentiaily maintained.
kc) The p&otein percéntage of oat grain\probably can be elevated to
. very high levels by genetic megns.' In general, the protein
content in wholF grains of cultivated oats ranges from 9.0 to'
“16.0% (Frey and Watsog, 1950) and the maximum protein in ;hel

1

_groats of gommerciéi cultivars is about 20% (Briég1e¥ l971). -

Data from many researchers suggest that it should be possible
to elevate the groat protein percentage above the 14.0 :0‘1712
normally found in commercial cultivars. Two new cultivars of oats,

Dal .and Goodland, were released from the Wisconsin Experiment Station

in 1972 and 1973, respectively. These cultivars produce grain wiéh‘
) ¢

{P*ZOZ groat protein (Shands et al., 1974). Frey (1976), at Iowa

State University, also reported the development of a new cultivar of
oats with adequate levels of grain yield and ﬁrotein. ge reported -
the discovery of gemes from A. séerilis that increased the yield of
experimental lines of cultivated oats by 20-30Z. These gqpes.were(
designated as the "yield genes". The author found that the yield

- .
increases of these lines were accompiished without Qgpressiﬁg groat-

protein percentage. On the.other hand, the Wisconsin regearchers

(Sshands et al., 1924)‘discovered genes for high protein that havé‘no\\

effect on yield. Their genes were designated as the "protein genes".

— : -
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Frey has research mderway to detemine whether the independency of

the "yield genes" will be maintained when combined with "protein

M

genes throm the Wisconsin cultivars.

4y,

o
- 1
-

. ‘ﬂ If the high proi;eiﬁl‘éherac\teruis genetieally controlled and
heritable, the genetic incorporation of this high—protein character
into, high-yielding cultivars with desirable agronomic traits would
greatly increase the protein yleld of oats. Many workers have

’é’uggested; that, in the éhor(t run, breeders can best achieve the goal

4 1

of producing compmercially acceptable oat cultivars with a signifi—

,cantly elevated groat-protein content by utilizing crosses within the

A. sativa species.

. -

. On the otlief hand, Bfiggle et al, (1975) reported that several.

breeders have succeeded in selecting high protein' ségregates from

> 0 .

A sterilis x A. sativa crosses, but as yet none of these selections

,has met the requirements for release as an oat cultivar. Generally, )

qthese high protein cultivars are lower in yield than standard
-, cultivars and produce slender kernels with lees/ endosperm. Bot}i
l copditions‘are msn;ally [ associated with high} prot'ein“conceug;ation.
The authors asked whether t‘he ixigh groat protein of ‘A. sterilis -
parents was the function of a low grain yield and an adverse kernel
. type, or was it due ’to the expression of specific genes controllieg
the amount of prot\ein,deposited in tk;e, groats. They coticlude\d« that
- if ”th:ie ‘situation prevailed, it m:ay be vefy difficult for a breeder
; to combine high pro\t:;ein, h,igh yield and, large, plump éroafs in one

§ ©
L Y ]
i
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genotype. They hope that through more intensified breeding efforts -
- N . . - Sa

A. sterilis genotypes can be identified whichhhav’e specific genes

for high protein c’o/ngentration nc;t asgociated with lower grain yield.

I » R »

+ Sraon et al.=(1975) agreed with Briggle et al. (1975) that
.~.the inverse relationship _be protein and yield could present a problem
of ,how to combine high protein and high yield in one cultivar. They

rejected the ildea of - increasing prptein ?ntent by sacrificing yield.

Burrows (1974) pointed oﬁt some of the provblems in breeding for high

K

&
protein cultivars in ocats.’ These problems are:

(a) The lower yield potential of high protein strains

© L

' ) (b) the apathy of f’ood xi‘esearcyers and food processors to develop )

new recipes and new.uses for oat in.  the human diet

N . - ’ (p) .the many published rei:orts"of animal nqtritionists minimizing
the importance of protein in feed grain and stressing high

* / energy content and high yields of energy per ach:. “

. - ‘Burrows recommended, thgt efforté mustf be made to break the negative

@gociation betwéen :gield and protein content, and to understand Wh?\%

) the negative association exists, He réported that it may not be

’

possible to combine high protein and high grain yield directly
. e

1

L . ‘ becauge the develop tal factox{s within the plant that ultimately

- (4

lead to a higher pro coB;tent in the seed may also adversely

affect tf;ectbtal accumulation, utilization and distribt"gtion of carbon

. fixed in photosynthesils.during the early life of the plaﬁt. Burrows
. N2

suggested the following strategles to increase grain and .energy N
rr"t’—. * 4

@
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) significant (0. 04) .He concluded t:hat the negative correlation

; limited availability of soil nitrogen. In another study, Frey (1976)

(a) Cc:,mventional breeding programs .-

&
o
[

[}
H

(b) improving jthe intrinsic energey content ‘of the kernel by crossing

% high protein\ and high fat. cultivars and selecting £&6r high levels i
of both - . - L ' §
- ‘ ‘\ 0 - - .
(c) lengthening the time td differentiate large panicles with more . 5
« - - % i
- P Al N -

kernels per culm
it

(d) utilizing seed dormancy to-raise yleld potential, g R
B An early study by Black and Kempthorme (1954) showed that the .-

[

seemingly universanl negative association betweén grain Srield and 8

-

* p 2 a > . 1
proteln percentage is "phenotyplcally” real but” not necessarily « <

- .

genetic in origin. . o

. s . .

Recently, Frey (1973) tested oat cultivars and‘lines in field
9 .

™ ]

experiments where soil nitrogen was either very deficient or
h ~ " t .

. - ’ N ’ / .
adequate, for growth of ‘,oat.’ plants: The author.obtained a negative -

',
il »

and sigriificant'genetic correlation coefficient (-0.26) between grain

-

yield and" groat protein under low soil nitrogen conditions while |

i

under adequate soil nitrogen his genetic correlation wag not

@

« -

observed between these two t-raits is an artifact resulting frOm

t

. reported that negative correlations between grain yields and protein

o -

percentages of cereal species may be artifacts of past experimenta-

tion. Data frqm wheat and,oa‘ts suggest that genes are present in ’

these specles that can cause independent _quantum increases in either
;. - 4

Rled

grain protein céntent or grain yield. o ’
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,Because oats are used mostly for I&Nestock/feed, and have a

v

great genetic diversity in oil'content; breeders might wish to make

the~devélopment of cultivars with desirable levels of oil a major
. ¢ . ‘:{ .
objective in breeding programs. Oats haVe higher oil content tham

.

-oother cereals. Brown et al. (1966), and Brown and Craddock (1972)

reported a range of 3-117 oil in the‘groats,‘

, Klinck (1967) reported that since energy is the most limiting
fagtor in the feeding of the ruminant animals with grains, cereal
breeders should consider developing cultivars that provide higher
energy levels. The“az:{or concluded that 4t should be possible to
seléct for high values of bot£ pvoteig and oil content in oats.
Brown and Craddock (1972) demonstrated from their unpublished data

/ that oil content in oats is highly heritable. They concluded that

oat breeders should have little difficulty 1in developing ,suitable

s
7

cultivars with high or low oil content..
. ' &

The same conclusion was-drawn by Baker and McKéﬁE{é (1972).

. They concluded that it should be practical to select for oil content
in oats. Tg achieve this éoal, the authors §uggested“that high—oil
parents should be used when breeding for oll conkent. They warned
that ége must be wary, however, In choosing parents to ‘start a

"selectign program. The ch;ice‘of closely related cultiva;é would
result in.a cross that is essentially devoid of genetic varigbilf%;

.

® and. potential for improvement.

“

PR




e e e

i

,
N
.

RSt .

vy

IR R
’

: (b)

‘
s P R e
© FIRREE 1 o W syt -

- (o)

g <A AR SIS

v ey

13

In general, three points are critical in deciding whether or

not to develop a higﬁ‘oil content oat for feed or food purposes:

13

(a) The level of oil content that could’ be expected. ‘Failure to

identify barental génotypes in some of the wide crosses
suggests that several /genetic factors ccmtr91 oll content in
oats. However’, Baker and Mc%enzie (1§72)—stated that it“may
be possible to d;velop an o;£<dﬁltivar with at least lOZ(oil.
Thé‘ﬁﬁaﬁlem of storage of high~o0il ocats. A lipase enzyme
extracted with oat oil causes rapld rancidity and deterioration-
of oil quality. lFor this reason oats with 7% oil have been
preférred by human food processors (Forsberg et al., 1974). .
Brown et al. (1970) ahowéd that the contené of free fatty aciéa,

# <
which cause-rancidity, i1s reduced as the kernel matures but

~ 8till constitutes a measurable portion of the lipid fraction.

They recommended that studies on the effect of different harvest

K

and storage conditions on the content of free fatty acids in

high-oil cultivars are reéuired before the potential of high-oil

oats can be fully evaluated. .
The unfavorable association between oil and protein.

association might make it somewhat difficult to combine lhigh

—

 levels of 0il and protein. However, Brown et al. (1966) found

some strains which possessed relatively high levels of oil and

protein while others were low In both.

©
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The success in incorporating the opaque-2-gene, producing
high dysine content, into highTyielding lines of maize has indicated
that yleld and quality in cereals may not necessarily:be irreconcil-

able (Frey, 1978).

/

Due to the high fiber content of/ghe hull, the energy value of
ogt grains 1s inferior to that of wheat, barley and corn; for which
reason oats is the grain 1e£§t iiked‘by the féimulators of livestock
feeds. However, there is a notable lack of information on the
relat?ve feeding values of different grains as measured through

appropriate animals, and on the correlation of such data with

chemical composition (Lawes, 1971).

From a feed quality standpoint, there is justification for

contemplating the"develé;ment of naked (hulless) oats. Howeyer;
plant breeders have not succeeded in obtaining highly productive
Fultivars of naked oats. In additiom, tﬁere are storage and other °
problemq\associated“with this character. Klinck (1977) concluded
that the common covered oat is the preferred type so long as the
caryopsis per;entagé is high. . He stated/that selecq;on for high
caryopsis cont?nt or low hu%l.can achiévé rLsulfs. Wesenberg and
Shands (1973) suggested that it may be difficult to isolate 3
segregates ;1th qpre\th;ﬁ 80%Z caryopsis.

Donefer (1976) reported that on the basis of his assumptiéns

and experience he would recommend to plant breeders that minimizing
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") cellulose (fiber) content gppears to be one of the most effective

-

ways\of iqpreasing the ayailable energy content of oat grains. Also,
/ - a °

he suggested that cellulose analysis is a simple chemical procedure

for energy evaluation of grains. : . ﬁ |

- '

" Lawes (1971) summarized the difficulties encountered in

VA

=

producing good conmmercial naked-grdin cultivars as follows:

(a) Intrinsic low grain-yielding ability associatez with multiflorous
Y

»

spikelets and high proportion of small grains. - !

~——

\\ (b) Incomplete expression of the naked character, All cultivars

" produce a proportfbn of covered grains and Losaicism occurs

B,

within individual panicles. .
" (e¢) Liability to érain shedding. Morphdlogically the grain\is held
- less securely in naked than in covered cultivars, though cultivar

a

* differentes exist. | }

2

(d) Premature germinatién of unharvested grains. . 1
o ’ |
(e) Poor germination of seed samples. The embryos are poorly

protected and liable to suffer damage during threshing.
{

(f) Deterloration. during storage, due to high oil content and

susceptibility to damage by micro-organisms.

With such wide genetic variation in oats for protefn, oil and
H
hull per cent, oat breeders woulé be able to combine high lbvels of
the three bharactprs with desirable agronomic traits if these

characters are genétically controlled and heritable, and 1f sufficient

information about their genmetic control is available. /

’
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* 2. Variance componen%sl heritability and
genetic advances from gelection

-
-

Various authors have emphagized the utility of the estimates
of variance components, and in particﬁlar, the genetic 5§k§ance

component, as a basis for predicting the response of quantitative

<

characters to selectivn in plant breeding programs. Selection in a

. § .
given population is based on the phenotype of individuals while only
@ 3

i ) .

a portion of the phenotypic value is transmitted to tye following
; %) .
o N

generation. Thus, it is of primary importance to know the relative -

magnitudes of the different components of the phenotypic value.

-ty
°

i
”'t’c*{, -

The phenotypic expression of a character can be considered as

the sum of a\genetic effect and a deviation attributable to environ—/

t and interaction between the genotype and the environment involved.

b3

Wright (1921, 1935) considered the genotyplc variance to consist of

three cbm:Z?@ﬁés: )
‘ </
(a) additdve genetic variance, UZA

1
~

(b) ' variance due to dominance deviations from the additive scheme,

N

2 -
“p

(c) variance dud to epistatic deviations from the additive scheme,

2 .

ols ~

Estimates of variances.dﬁe to the different sources of
variation contributing to differences between individuals as desc;iﬁed
‘above gretimportant for plant breeders to develop theif breeding
ﬁrog;ams.\ Comstock ané Moll (1963) reported three advantageéLOf

knowing the true magnitudes of éenetic variation:

&
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(a) Over-estimation of genetic variation would in some cases lead to

investment of time and effort not justified by the real

potential for improvement of genetic stocks employed.
“(b) Optimum procedures may vary éigpificantly, depending on the,

» My

?ﬁgnitude of genetic variances. . gt

(c¢) 'There is a danger that sound breeding programs may be abandoned
’ P I
prematurely or unwisely because of results that are disappointing
relative to unwarranted expectations based on erroneous estimates

of genetic varilance,

e
“ " [

n\?
e
L

.
L

In genéral, the %ifferent procedures sﬁggeated by plant
breeders for part@kion{ng the phegotéﬁic variance od quantitative
charactefs in a population carry the'follawing,ﬁiological assumptions:
(1) normal diploid behavior at meiosis; (2) no maternal effects;

(3) abs;nce of Qnitiple alleles; (&) 1inkagé equilibrium;
65) raqfoﬁ selection; (6)0no eplstasis. * However, under certain
circumstancés, models are available in which.one or more of these

' restrictions mﬁy be eliminated tSp;ague, 1966). These procedures
have been Qiscuageé'by Anderaon.and Kempthorne (1954), Cockerham’
(1963), Crumpacker and Allard (1962), Dudley and Moll (1969),

Gardner (1963), Griffing (1956a, 1956b), Hayman (1958, 1960),
Kempﬁhorne(ani Curnow (1961), Mather and Jinka (1?71), Matzinger
(1963), andﬂgprague (1966) . Anderson‘and-K?mpthPrne (1954)

presented a model<iased on the factorial model to estimate genetic

effects. Hayman's (1958, 1960)xana¥ygis is also used to separate

K
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epistatic and dominance variation in generation means. The author

pointed out that no accurate estimate of the additive, or breeding,

effects could be obtained if epistasis 1s présent in a great

» magnitude.

!

1

Progress under selection iqﬁbreeding programs depends on the
magnitude of heritability for the trait being selected for.
Estimates of genetic |variance and its additive and dominance variance
c0mponents as well as phenotypic variance are used by plant breeders
to estimate heritability. Several reasons have been put forward for.

7

requiring an Fatimate of heritability. For example, tush (1948)
ﬁlisted the folloy}ng points: (a) When heritability in the narrow
sense is high, reliance should be placed mainly on mass selection,'and
=::§he;itatility bec;mes lower, more emphasis should be placé& on
pedigrees, sib tests and‘nggeny tests; (b) if the epistatic vari;nce
is relatively high, more reliance sh&uld be placed ot selection \E
between families, and‘lin breeding; (ci if ove;—do;inance is

predominant, .the bree&ing plan should tum towérd inbreeding, with

N ~
s

the object of producing hyhrids for the commercial market; (d) if‘the\\

varlance due to interactions between heredity and environment is e

!

relativély large, the breeding plan tends more toward producing a*
N
: o
. separate cultivar for each ecological region;‘gpd (e) heritability

may be used to estimate expected improvement due to selection.

For purposes of clarity, certain terms are’ defined here as -

introduced by different authors. Knight (1948) defined heritability

.



~ Warner, 1952). . '

as the portion of the observeh variance for which differences in
heredity are responsible, while Dudley and Moll (1969) defined s
heritability in the broad sgnse as the ratio of total éenetiél
variance to pﬁenotypic‘vafiance, and heritabi}ity in the narrowxsenge

as the ratio of the additive genetic variance to the phenotypic’
- ’ + \

4

variance. Phenotypic-variance. is the total vafiance among phenotypes

when grown over the range of environments of interest to the breeder.
1 L} .

The total genetic variance is thé part of the phemotypic variance

(8 o
which can be attributed to genetic differences among the genotypes.
The genotype-environment interaction vartance is that part of the

/
phenotypic variance attributable -to the failure of differences between

genotypes to be the same in different environments.

Discussion of heritability concept and its impli&ations in

1 El

plant breeding haye been teported by several workers (Burtom, 1952;

Dudley and Moll, 1969; Falconer, 1967; Hamson, 1963; Robinson, 1963;

©

'Robinson'(1963) stated that heritability estimates must be

_ treated with some caution because they depend so much on the choice

of plot size, planting density, and number of replications. He asked

that if an estimate of he;itability is as restricted in its applica-.

tion and since a ratio is/not as informative as a knowledge of its '

k i

a

two components, is there any point in estimating heritability. N
Héwever, he gtated that a meaningful estimate of heritability is of

-

use in estimating expected progress from adopting the program,. and it

1
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ig also a verfﬁuseful concept in determining the relative importance
of genetas egfectg which méy be passed on to offspring, even in cases

where it would be difficult to extrapolate to other populations.

-

The variance components method proposed-by Comstock and

Robinson (1948, 1952) has been used extensively in estimating
heritabilities. This method could be applied to either genetically

different cultivars or familieé from a given genérgtiog. ‘The major

-y N

. problem encountered in‘using the wvariance components method to

estimate heritability is that the estimate of additive variance so
obtained is quite likely to contain fractions of epistatic variances

and genotype-environment interactions which, 1f present, would inflate

the estimate.

e

'As soon as heritabiliéy is estiﬁated for a quantitative trait
in a population, the question is ;aised as to what level progress °
would be expected under selection in that pbpulatipn; The estimate
of such progress is called tﬁé\ggtetic advance, %alconerh(l967)
defined the‘expected genetic a@vénpe from selection‘;éé) as the
product of selection intensity, the estimate of gﬁegotypic standard
deviation and the heriggbiliéj é;timate. Expected genetic advance

has been estimated by most. authors who have investigated heritability

of quantitative characters.

-

In an early\study, Love and McRostie (1919) studied the

inheritance of the hull percentage in crosses of A. sativa nuda with
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intermediate. In the F, he found that the covered group always

°

A. fatua and four cultivars of A. sativa, They noticed a great

amount of variation in the perceﬁtaée of covered and hulless kernels

in the F, intermediate plants. The authors discussed the possibility

i

“that multiple factors might be involved where one primary factor
determines the covéred or hulless condition, while other factors
influence the covered condition of those plants only that are

heterozygous for the primary factors.-

3

+* Lebedeff (1930) studied the inheritance of covered/hullesaness

in several crosses of oats. He found that the totals for all crosges
o ) ‘ K
showing a dihybrid segregation and several of the individual ‘cros

conform closely to the expected results from the author's assumpti n.
Certain cases of deficiency of fi\lly covered plants led to the
assumption that the basal gene was not fully epistatic to the

sui:sidiafy genés where these were in [the double recessive conditiom.

i The inheritance of the hull character was investigated by

Chou (1932) in a cross of A. sativa with A. nuda. The author

reported that the F; appeared hulless but was actually gemetically

1 = -

comprised about one-fourth of the total and a ratio of 3:1 could
always be obtained by combining the hulless and intermediate types.
Chou explained his data on the basis of one pair of primary fat':tqrs
and se-condary mult;iple factors, number unknown, which favor the
production of more hulless grains when do;:tinant, and\favor production

4

of more covered graing when recessive.
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Sappenfield (1952), in hig' 15 possible crosses between six
‘cultivars of oats , found that earliness was inherited as an
incompletely dominant character to lateness and was due tb a series

of multiple factors which gave a cumulative effect.. Estimates of the

number of genes involved ranged from a minimum of 2 fairs in the

AL

- very early x very .edrly crosses, to a minimm of 4 pairs in the very
early x-very late crosses. Sappenfileld noticed that as the difference

in time of heading bgtween any two parents incregsed, the number of
gene differences between the parents became greater. .He suggested

& that transgressive segregation for earliness may frequently be

i

v obtained in crosses between cultivars of similar maturity.

\
\ a
’

, \
Heritability is a predictor of the success that a.plant

breeder can expect to attain from selection. ~ Frey et al. (1954, ;

1955), from crosses among cultivated oat strains and cultivars,

H

concluded that grain-protein percentage was inherited polygenically

and that it usually showed dominance, but the direction of dominance
was dependent upon the particular strains '{nated.‘ They reported a
mean of broad sense heritability for Fop pla'nté' of 157 in one study

and 88% in a sqecond. .

«

#

‘

Wallace et al. (1954) studied genotypic vlarianc.e‘ and covariance

of six quantitative characters in an oat cross. The characters were
yield, seed weight, plant height, culm number, number of seeds per
plant, and number of seeds per panicle. They suggested that breeders

perhaps need to pay more attention to selection for number of seeds

o
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per panicle. However, they were unable to devise a seleé%ion index

based on the éombined uge of the characters studied which was

conslidered to be: more effective than selection based ;n yleld alone. }
The authors raised thé qqes?iqg as to how much of tﬁe superiority -
evident in an oat can be transmitted to its pfpgeny in a cross éi?ce 4

the pafticular gene combinations, which provide favorable epi;tatich

effects in the_superior\Parent, might not be reconstituted in any of

the progeny. The importance of eplstatic effects is not well known ~ ) |

. , ,
and the situation is complex b%cause of the polyploid nature of oats.

a

The expected genetic advafite from seléection was 12.9% (of the mean)

for vield, 12.82 for seed number per plant, and 13.4% for seed number

per panicle. The genetic coefficients of variability among progenies

ranged from about 5% for seed weight to about 187 for seeds per

.panicle.

o

‘calculating heritability, the conventional and standard units, for

N * P

’ “

8
a .

Frey' and Horner (1957) compared tgerfwo regression methods of

heading date in oat crosses, Heritability in standard units tended

o

to eliminaté_ghose enviranental effects of different years that [
increas; or decrease the range of the proge.ies relatiye to that of

their parents. ?hey reported hverage heritability of 44X for F3 om

¥, and 932 for F, ‘on F3 by the conventional method, in contrast to 62'/ .

and 632, respectively, from the standard unit method. The mean gains | ;
from selection for heading date of oats were 1.5 days and 2.8 days for:

the corresponding actual valug;from the conventional method. . However,:- ’ \

< -
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both values of predicted ‘and actual gains were the same when

heritability was calculated by the standard units method.

el

/

Jones (1957), in a study of individual plants from the Fp to

-,
Pot

i Fg of 20 oat crosseg, found that.heritability was high for Jheading

date and plant height, intermediate for kernel weight and low for o ’

yield. The average degrees of dominance were 0.47, 0.91, 1.43, and
- \
2,44 for heading date, plant height, kernel weight, and yield,

‘respectively. He concluded-that significant gains in genetic advance

~

could be obtained by selecting for these four char‘acters' even in i:he
F, generation. The author stated that b}; delvaying~ selection until
the Fg, the la;gest increase in efficier;sy _wa(s[ indicated f;)r yield
and the smallest for fi‘eading date, a reléti‘onship which would be

indicated by the heritability rankings. -
2. \

P . v e f

Frey (195%a) studied the relation between environmental and

genetic variances for heading date and plént height in ocat crosses.

- \ o w
His results indicated that the envirommental and genetic variances
were related for heading date but were independent for plant height.
For heading date he obtained heritability percéntagea of 82 from

the regression of F3 on Fy, 56 for Fy on F3, 63 for F5 on Fy, and

3

78 for Fg on Fg. For plant height the percentages were 87 for Fy on

(o) ~.

F3, 90 for Fg on Fy, and 89 for Fg om Fs. y ' .

-

Jones and Frey (1960) reported that delaying the selection .
i) .

until the later generations would increase the expected genetic gains

bl
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selection ':tn the Fz generetion. .

.

. the s%ele\:ed genotypes were grown in other environments.

They found that delaying the’ .

over that in éarly“ generat':ions. '
g &

selection \mtil the Fjs would increase the percentages of the expected

genetic gains in oats by approximately 150 for heading date ]:50 for

“height, 160 for kemel”iseighc and 200 for-yield in comparison with :

° 4 A}

. o7 ? . ‘ ¥
) [1
Petr .and Frey (1966) obtained broad sense heritability’ e o

percentages :in oat crosses of 33, 53, 61 and 87 for number of
panicles per plant, grain yield; plant height and heading date, .

reepectively. The)" reported tl':ac heritability percenta'ges and hi~gh

< levels of " d@inance for yield and panic],gs pér plant observed in tkrle

F; indicated that selection for yleld and number of panic],ea per ) 5
plant should be delayed until later generations while selection for ‘
plant height and"’head ng date shobxld be feasible in early generations .;, ,
J ? . - ’f * -
i} - 2 ~ v \. N ~
Johnsom ahd F;r Yy (1967) examined the reactions of several T
A "’fi\
agronomic characters“' of oats “to different. degrees &\f enviranmental

-

stress. Genotypic variances among oat cultiviars ‘were increased/ when . ¢

/ “ - N .
environmental stress was reduced. However, heritabilities did not . ’ %

always increase with reduced énvironmental stress. They concluded

that the ;nviroriment which gave the highest heritability for a set of
cultfj.vars wae the best for practising selectlon among them, assuming

Al @ -

tha,t \genotype-envirom{\enp interactian did not negate the gains when

©
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The ufeycted génetic advances from three sin{ulated selectipn

'~

schemes were studied in ocats “and bai-ley. The expected genetic gains
were 13.4, 8.1 and 3.0Z for grain yield, plant height and heading

date, respectively, in oats and 10.3, 8.2, and 6.0Z in bar],eyr (Frey,

v

1968) . -

Baker and McKenzie (1972), using crosses between cultivars with

. low, medium, and high oil content, found ‘that the heritability of oil
4} . @

percentage varied from 68 to 93%. Such heritability values suggest

that selection for low or high oil percentage in oat seeds could be

accomplished with ease.

- . P

Cagipbell and Frey (1972), using 10 crosses of A. sativa x
A. sterilis, cqt;cluded that much genetic @ari,ability,for protein
a. 2Ler 28 g '
concentration existed among progenies fro these crosses. Inheritance
of the trait was relatively gimple, and heritabilities were high
e?mugh to expect ‘progress toward breeding| for high protein concentra-

-

tion in oats, but the authors reported that what appeared to be a

small number of loci involved in protein-fontent inhé\ritzance actually

may be due to a large number of loci linked in blocks on a small °

number of chromosomes, which would give the impression of simple

i S
)

Ohm and Patterson (1:993:1) obtained lpartial dominance for
%

v

‘per cent groat protein "in a study of six Al sterilis parernts in a

diallel experiment in oats. In another stiidy Ohm and Patterson

“’n
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j
(1973b) crossed each of the same six A. sterilis collect;l.ons with

. . ! \
five A. sativa cultivars. General combining ability was highly

, 13
significant for groat-protein concentration and high per cent protein

was recessive in all crosses.' Groat protéin concentration was highly

N har

heritable.

!
( 4

For hull pe;'cet}tage Wesenberg and Shands (1973) reported
heritability values of 0.36-0.93 in oatf;, but suggested that it may
be difficult to isolate segregaltesw with more than BOtharyopeis.
Like?.wise, heritability values of 0.34-0.72 for hull percentage were

reported by Granger and Stuthmsn (1973).

Brown et al. (1974) analyzed /Fl and F, populations from
crosses involving eight oat (Avena éé_g:iy_g L./) parents diffei:ing ‘
widely in oil content. vThey obtained broad sense her;Ltability values
above 702. A large part:of the phenotypic variation was associated ‘
with general combining ability, although significant specific
combining at;ility occurred in several crosses. Polygenic control
for this tharactgr was indicated. 'I’hg authors suggested that
‘consideziable genetic galn would be expected from phenotypic selection
for oil con?ent'in oat seeds. Frey et al. (1975) étudied the -

!
inheritance of the game character in interspecific crosses between

/
’

A. sativa L. x A. sterilis L. Their results showed that oil per cent
was inherited polygenically, with high oll content being partially

dominant. ¢

- ~

/
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Using the components' of variance method, Sraon et al. (1975) -
investigated the gene action, heritability, and number of effective

factors controlling protein content' in .0ats (Avena species) in a

four-parent diallel cross. They found that additive gene action for
/ ! /7

groat protein percentage con\stitutés the major part. Partial

i

dominance for low protein percentage was observed. Narrow sense
N ~
heritability was 41Z7. The numbTr of effective factors controlling

protein content varied from 1 to 25 depending upon the genetic

diversity of the parents and direction of the cross.

i
*

In general, data from several researchers indicated that
selec'tion for groat-protein percentage should be quite successful),
even when applied -on the basis of data from single plants. But as /

3 ,
Frey (19_75) cautions, to obtain this level of success, available soil

‘nitrogen in the test field cannot be limitiqg and oat plants must be .

kept as disease-free as possible.

“" Recently, Frey (1976) and Iwig and Ohm (1976) reported t;hxat‘
the inheritahce of grain-protein percentage in crosses among strains
of cultivated oats seems to be polyge/nic with partial dominance for’
low p'rotein content in the Fy, but largely additive gene action in
ythe F; and later generations. Frey (1976) reported that heritability
of groat protein percentage was quite high by all methods of calcula-
tioﬁ. He concluded that selection for groat pxjotein content based
on data from individual plants and nonreplicated microplots should

be successful. Iwig and Ohm (1976) concluded that intermating

LY
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ac‘léiatied: high yilelding, homozygous lines with intermediate levels of
H

% ﬁrotein for one or wdre cycles may be useful in concentrating alleles

h . for high protein in commercial cultivars. \

b From an eight-parent half diallel of oats, Sén;pson and 1
" ; Tarumoto (1976) found that additive genetic variat;ce consltitutedt most -
of the phenotypic variance of heading date, plant height, grain yield
/ ‘and four components of yleld. The authors concluded that the

b ‘ generally higl;‘ additive \’rariance revealed by the Griffing analysis

; , in:'licates that ‘the usual(pract.ice of choosing p‘a.tents phenotypically : +

and amating, the bestiwith the best will continue to give substantial

progress. However, the appreciable amount of epistatic variance

suggested by the Hayman-Jinks analysis was unexpected and indicates

.

| . that more complex breeding schemes, such as ghoosing parents by-
o ki
° !

a progeny testing, will be neécessary to achieve maximum genetic advance

~

IR

in oats. - Lo L )

3.. Relationships among quality and
agronomic characters in oats

G LA

s

T VB i e

Knowledge of the magnitude and type of relationships between | H

’

-

plant characters has theoretical and practical implications in plapt
breeding. Knowledge of the correlation between complex characters of /
l_ow heritability, such as yield, and‘less complex ch‘aractera which

may have much higher heritabilities, -would benefit—t;he breeder to

‘ ( ) the extent that it may be easier to select for the complex’ character

13
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and fitngsg of that character in a natural population.

- 30
5

indirectly by practising selection on the highly heritable character.

' L LS

In fact in some cases it might be possible to achieve more rapid
progress under selection for a correlated responae than from selection

for the desired trait itself (Falconmer, 1967). (

\

The genetic relationship among quantitative characters is of

considerable interest to plant breeders. Falconer (1967) stated

three reasons for determining such relationships. These reasons :

>

were: (a) to determine the changes brought about in a given character

3

vhen selection is practised on another character; (b) to study the i
T

genetic causes of cbrrelation through the pleiotropic action of ~
Iy vy

genes; and (c) to examine thg relationship between a metric character

, |

The phenotypic correlation is a linear combination of genmetic -

and environmental correlations. , However, the proportion to which

genetic and environmental correlations make upjthe phenotypic cor- o

relations is variableidepending on- the magnitude of the heritabilities

~

of both cha;acﬁgrs. \ ~

The correlations between some %gantitative traits in oats have

\

In general, correlations calculated between yield and

-

been estimated.
such characters as tillering ability, number of panicles per plant,
panicle length, number of spikelets per panicle, number of seeds, per
panicle and 1000-grain weight have o@ten proved variable between

o
crops and seasons.

~ S~

Neverthelesa, positive correlations have usually

b=
A
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been found between grain yield and plant height, heading date,

panicle lengfh and number of spikelets per panicle. ~

Cad

The early work of Kiesselbach et al. (1940) in oats, barley | }

t

and wheat,’indicated positive correlations between yield and "test

. .
weight. However, no association occurred between yleld and ﬁ}aﬁt J
[ N .
height. Many early reviews showed that, almost universally, grain - ,

yleld and protein content in the grain are'hegatively correlated. i

Such data prgmpted Wilcox (1949) to postulate tﬁat there i8 a

"uiversal nitrogén constant' of 283. By this Wilcox means that th;

maximﬁm amount of nitrogen any spegies can absorb in a single growth .
cyclé, if all conditionms are optimum, is 283 kg/ha. Presumably, this

ceiling would lead to neéatiﬁe correlations between yield and nitrogen

an

content even under suboptimal conditions.

Ross (1953) found that time of panicle initiation was as good
a measure of earliness as time of heading (but more difficult to LN :

determine). 'His studies showed significant correlations of 0.917 and

R

0,928 in 1950 and 1951, respectively, between the number of inter-

nodes and days to‘head, late maturing cultivars having more infer— N
n?des than early ones.- Also; he fou5d~that the peduncle was \ ﬁ
significantly shorter in the late maturing cultivars, and there were

negative correlations of -0.843 and -0.849 between peduncle length

and days to heading and number of internodes at maturity, respectively.

s

Late maturing cultivars which have more internodes than early
!

.

cultivars also have[shbrter peduncles.
i | | \

o {
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" phenotypically realﬁ, but not necessarily genetic in origin.

-~ per seed }n oats.‘ . ~ \
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e
Black and Ken:ptho,rne (1954) later showed the derivation of the -
universal nitrogen constant to b;a in error, and evidence is - -
accumulating that seems to suggest that the seemingly universal

. +

negative association between grain yields and proteln percentage is

+

3

In bulked fami]fies, of F3 and F, generations of an oat\ctoss,

Wallace et al. (1954) obtained highly significant and i:ositive

correlations between yield and 'each of plant height? number of \seeds ’
per plant, and numbe;- of seeds ;)er paﬁicle. = The phénotyp‘ic cor- *
relation coefficients were 0.45, ‘0.91iand 0.71 for F3 and 0.7{), 0.96 '
and 0.82 for\ Fq; wﬁile the genotypic coefficients were 9.33, 0.77 and

0.65 for F3 and 0.90, 0.95 and 0.90 for Fy, respectively. The -

correlations between y;éld and seed weight were ngt sigpificanlt in

either generation. Plant helght was positively corre}ated with both

number of seeds per plant and number of seeds per panicle.
« N ~

Frey and Wiggans (1(957) found the tillering capﬁcity of oats
to be relatively constant from season,‘ﬁ‘o gseason. Tiilering caf:acityl,
appeared not to bié rélated to heading date l’of spring-sown cultivars. —
Winfet cultivars v‘ve{:e found to have a h:{.glller mean number of tillers

but spring cultivars could be fo‘undu which equalled wint;er cultivars
sixowing the highest tiller numbers. In another study, Fréy (1959b) b ‘,

obtained a correlation coefficient value of -0.48 between heads per

plant and seeds per head, and -0.19 for seeds per plant and weight

-
1
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In the cross of Lemhi x Thatcher wheat, McNeal (1960) found
that heads per plant and kernelé per head were more highly correlated

with plant yield (0.60 and 0.66) than was kernel weight (0.40). while;

.

the correlation between grains per plant and plant height was low ]
. -

: (o.?;cg." S }

- 4

_ Brown et al. (1966) studied t‘he variation in oil content and

its relation to other characters in spring and winter oats (Avena

(sativa L,). They observed sighificant negative correiations of = ™
|

H
b 5 e e ®

-0.312 and -0.477 between oil content and protein per cent in spring

ana winter oats, respectively. A significant negative correlation

between yield and protein contént was observed in the spring oats. -
N 9 . ) N .
¢ There also appeared to be a slight negative association between

"kernel weight and 0il content, especially in the winter oats. The

. authors also observed that some strains possessed rélat:ivply high

* levels of oil and protein while others had low levels. Data from o

 Canadian Wesi:"ern Cooperative oat tests indicated that oat fat content
&

i~ "

was under good genetic control, and that little relationship existed 7

L N

between fat and 'protein content (Klinck, 1967) . Klinck concluded that

R Y

BN

it should-be possible to sﬁenct for high levels of both. .o -

*

- . Petr and Frey, (1966) studied the genetic relationships among
\ *la

-

e

plant height, panicle length, heading date, number of spikelets perh

e s L

panicle, number of panicles per plant and grain yield in 15 ‘diallel
. ) ¥ .
crosses among 6 oat cultivars. * They found that the genetic cor- .

: ( ) ] relations between grain yield and either plant he:l.ghg, panicle length,

o ~ P— oo -
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number of panicles per plant ,and\%;;umber of spikelets per panicle were

positivfe , and most of them were relatively high.
(<) -

/)/Jenkins (196%9a, 1969b) made crosses involving a wide gemetic
bage to study heterosis, combining ability and grain quality, as well
as the relationships ‘between some quantitative characters in oats.

He found a positive correlation between seed yleld and protein yield.

_However, the high-ylelding genotypes ip\zariably had a low protein

B
o~

content.
¥

In a §-parent diallel cross of spring wheat culytivars, Hsu and
Waiton (1970) estimated the correlation coefficlents between yield -
and its components, as well as the assoclations between y:l.eid and
some morphological characters. They obtained high positive cor-
relation of 0.87 between yield and number of spikes per‘plant, and a
correlation of O. 58 between yield and number of kernels per spike.
Also, t\he correlation between yield and 1000~-kernel weight was
aignificant, while the correlation between number of kernels per
spike and /1000-kerne.]_. weight was negative (-0.37). Likewise,
Rasmusgon and Cannell (1970) obtaitxed similar results 'w;i.th barley.
Thelr reésults indicated that selection for number of heads resulted

in changes in yleld that were similar to those observed when selection

was for yield itself, Selection for kernel weigh;': was highly

) effective in altering- yield in one of two populations. They concluded

that selection for yield through itsycomponents was very effective in

certaln situations, but it could not be recommended as a routine

procedure.

e o et e o oy i e
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Sampson (1971) in F;'s, Fo's and bulked F3 progenies of oats,
[l ~

found that seed weight showed the least correlation with other traits.

-
"

S
The author discussed his results from the practical viewpoint of
combining strong straw with high grain yiéld. 'He cbncluded that the
usefulness of selecting for seed weight}and panicle yield to improve

v

plot yield is underlined.

From 56 random F, lines of oats including high, medium, and
low oil éultivars, Baker and McKenzie (i972) found that oil content
was no£ significantly gorrelated with kernel weiéht, kernel density,
or per cent hull. These results suggest that oil content can be
changed without coréelatedAiesponse in these kernmel characteristics.

At the same time, none of these kermel characteristics can be usgd as
an aid in selection for high oil content. On the other hand; Brown

\._.and Créddock‘(l972) observed, a positive correlation coefficient of
0.11 between oil content énd"groat weight in.more than 4,000 entries
from thé world oat (Avena species).collection. They concluded that
whiie this was stat;séically significant, based on more than 4,000
d.f:, it was 'considered too small to have practical importancé in oat

- breeding. L A

Ohm and Patterson (1973b) studied the amount of hybrid vigor

and type of gemetic control for per cent protein and protein yield in

crosses between A. sativa L. and A. sterilis L. genotypes. Their
results indicated that the relationship between protein percentage
and protein yleld was generally not sigPificant, but tended to'be

voA ~
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shawed a consistently high positive correlarticn with per cent plump

36 ¢

negative, In another study, Ohm and Patterson (1973a) found that

I

per cent groat protein tended to be négatively correlated with seed §

yield, although the correlation was low and nonsignificant. The
results indicated that high levels of seed yield and protein per cent |

can be obtained in breeding oats with little difficultj;r.

Correlations among several chemical and "agronomic characters

were:stu’diea_ for 10 Avena sativa L. cultivars and for 46 Fy-Fg
N 1 '

backcrods "N" lines derived from complex interspecific crosses K

involving a 6x amphiploid (Forsberg et al., 1574). Groat protein
perc‘entage was significantly and negatively correlated with yield.

A strong negative association.existed between groat protein percentage .

and kernel weight (-0.71). N

‘

Kaufmann (1974) studied the clrre'iations among kernel

characteristics gnd maturity in fi¥é oat crpsses. Kernmel weight

a

\ e

kernels. Maturity and per cent hull tended to have the lowest

interseason correlations. No éh;racteristics-showed significarft

S

heterogeneity of interseason correlatioms. \)/—

“Gan BV AT Rwe e D e G~ e
v

From the Fj generaéion o;f three crosses between A. sativa L. x
A. \ste;ilis L., cultivara, and samples from fjthe parents, Frey et; al,
(1975) found no correlation between oil perce;ltage and any of grt.:at: p ! 3
weigi'lt, heading date or plant height. In ;pring wheat, Pepe and ; ‘

Beinerl(1975) studied the relationships between plant ht-zight:,m protein

b
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percentage and yield. Plant height did not influence grain yield or

+
H

protein percentage. They found a negative relationship between yield'
i g e .

and protein percentage-but the authors stated that the tendency for

high yielding lines to have lower graih proteid percentage appéﬁ?s to

result from a 1imited or diluted source for pfoteiﬁ production,

= L.
) .

However, this protein-source limitation appears among all height -

c¢lasses because the source size remains relatively constant while .

£
.‘l"”

the sink size is greatly increased.  As a result, the plant no longer-

i

can adequatef& supply the energy or nitrogenous substances needed to

N

. : produce high~prétein 1ipes. To remeé& this situation, the authors
‘ ' suggested that the geneticist, plant breeder and physiologis%fmust

,1dentify the source limitations and develop a more efficient plamt. - -

— 1

EE

Fre& (1976) reported that, seemingly, many of the reported

negative correlations between grain yields and protein percentages

O A s om mp oy St e

in cereal species may be artifacts of past experimentation. Data ™
" from wheat and oats suggest that genes are p}esent in these species
that' can-cause inde%endént quantum increases in either grain-protein

content or grain yield.

4. Diallel analysié techniques
" and plant breeding ~ ;

In any plant breeding program, the aim of selection 1s to

identify superior genotypes which will transmit their desirable

P characteristics tO‘futﬁre generations. In respect to quantitative
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. working in Copenhagen, Denmark to estimate (a) the genetic components

of the yield variability in crosses ansi (b) the actual };ieldipg
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[

characters, the difficulty is that they tend to be continuous in

*

their variation. This means indistinguishable phenotypic classes and_

difficult or impossible applicability of classical Mendelian andlysis, .

Thus, although the diallel cross mating system had been discussed
earlier, it is not SI;rprising tha;t the advent of the FisherfnYates?-
Mather-Jinks-Hayman-Griffing dialleJ: cross tec'hnique about the middlz
of the'20th century was used by plant bre'eders as a long-overdue

me thodology for rationalizing the genetic study of _continuous

variation. " A great number of diallel crosses have been made since

.

that time and the new technique has been used’ extensively in cereal
-~ {

breeding programs during the past few years.

.-

" Most plant breeders have at least a passing acquaintance with
the general concept of ‘diallel analysis. The word "diallel" is
derived from the Greek and means twice thé complementary, referring

to the presence of the two reciprocals (Broadhurst, 1967). The

diallel cross mating system was first discussed by Schmidt (1919),

abilit} of the crosaes.‘ The application of diallel—cross technique
for evaluation of quantitative variability in self—pollinated crops
was developed by Hayman (1954) s Jinks (1954) and Griffing (1956a, b).,
Modifications of the diallel-cross technique viere discussed by
Kempthorne and Curmow (1961) Curnow (1963), and Fyfe and Gilbert

(1963). - ' S
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~
A diallel cross. 15v the set of all posaible matings between

&

several genotypes which could be defined as individuals clonea,

homozygous lines, ‘etc. ~-1f there are P genotypes there ar‘e\” P2 ma mating

.

combinations in the case of a complete diallel. Griffing (1956b)
- .,

3. étated that the proper interpretation of the gemetical parameters -~

from the diallel analysis dépends on the particular diallel method;
the assumptions regarding the experimental material, and the '
conditions imposed on the combining ability effects. In this l‘especti

®

four diff,er.;enf experimental ‘ipethode of diallel cross were suggested . .
: }
o by the author. These methods vary' with inclusion or. absence {:f 5

parental inbreds and/or reciprocal F1 8 and with sampling- aesmptions

2

(models)

—_

- Following the classification of Griffing (1956b), the four
2 possible diallel crossing methods are: (1) parents, one set of F;'s,
and Teciprocal F1's are included (all P2 combinations); (2) pdrents

and one set of F;' 8 are included but reciprocal F;'s are not

(1/2 P(P+1) combinations),, (3) ome set™of Fy's and reciprocal Fy's

are included but not the parent:s (P(P-l) combinatione), and (4) one

T e

T set of Fi's but neither parents mor reciprocal F1's are included
o (1/2 P(P-l)) . For each method, there are two alternative models .
, depegding on whether the genotypes are assimed to be (a) a‘e‘l\een or

/ ) © fixed set and cannot be regarded as a random sample from any popula-

tion (Mo 11I), and (b) a random sample from a population about which

e
B

‘ ( ‘ inferenced are:to be made (Model II). These four different diallel

iy

oy - 4 . @ -
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P

4

r
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. crossing methods with two different niode]z for each, result in eight ;
different situations, each requiring different analysis. Griffing ~ »

’ (1956b) pointed out that to obtain an unbiased estimate, diallel

crossing methods 3 or 4 must be used (i.e.), the parents must not be

! ”

included in the combining ‘ability analysig). However, it is advisable

to include the parents in the experimental material grown in the

exper;nient so that coinparisons of h\ybrids wiEh their parents can be

/

made in other types of .analysis. Computer programs have been

developed for the analysis of these different methods (Schaffer and

Ok e RO A AR e Bk A Ko

Usanis, 1969). :
’ ‘ d
Several other methods of diallel ¢ross analysis have been

| developed. (Jinks and Hayman, 1953; Haymad, ‘1954; Jinks, 1954;

' i

Allard, 1956; Kempthorne and Curnow, 1961% Fyfe and Gilbert, 1963).

In the early 1950;8,,Jinks/§nd Hayman, from the B:Iy.ometrical Genetics ‘

! | : . Unit;. of the University Birmingham, publ:L.sheQ a series of papers ]
on the anélyais and i erprgtation of data from diallel cros‘s:.s. . %
Ha;yman extended the tatistilal analysis by subdividing thg inter- y

. action term into three subcompone‘nts. At the same time, he and Jinks - ¢

Sy

were developing theory for interpreting diallel statistics in terms .

o

* of geme frequencies and gene effects.u \The Jinks~-Hayman (1953) diallel

! 4

S
W e, Wi

' analysis of parentdl and Fy geﬁgrations* from a set of diallel crosses

appeared to provide a rapid evaluation of the gemetic relationships ?

among a number of parents. This method thus seemed to offer promise

s

L C) N " in identifying parents whos ybrids are most likely to respond to

~
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selection (Crumpacker and Allard, 1962). This analysis includes

parents and one or both sets of F; crosses. Thus, with respect to

o

Griffing's classification of diallel crossing techniques, it is

—

applicable to both expérimental methofs 'I and II.

e
[

The diallel analysis procedures have b;etz used to obtain
information concerning the inheritance of quantitative traits, and
for the prediction of segregation in the F; ard later generations.
In general, the genetic interpretation of data from a diallel
experiment" is valid omly if cettain assumptions about the parental
mate;:ia.]. are true '(Sokol and Baker, 1977). These assumptions are:
(1) homozygous parents; (2) c\iiploid segi‘egatic;n; (3) no rec;pr:ocal
differences; (};) gene f;'equencies equal to 0.5 at all segregatingh
loci%“ ,(5) genes independently distributed‘between the parents
(r:o-.;l.‘i:nkage); (6) Ir:o epistasis (no non-allelic interactiomn); and
(7) no multiple alleles. ) :

Failure of any of these assumptions invalidates the .a.nalysis
to $me degree, 80 it is important to test the vglidity of these
assmﬁgtions before proceeding with the genetic analys:!.s. The

validity of certain of these assumptions can be ascertained from

, [ Ct . .
inferences based on knowledge of the crop species and the particular

parents entering the diallel cross. Judgement concerning other of

.

the assumptions must be based on statistical teSts. Aasumptions 1,

n . <

2, and 3 are the usual-ones and: could be assured from: the history of

4

self-pollination of the parents, and from ‘numercus reports in the

" ey 3
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literature. For example, oats (Avena sativa L.) and wheat (Triticum

aestivum t. em, Thell.) not only reéularly form 21 bilyalents. at

meiosis but the inhetitance in these species is also uniformly
“ ' ' .

disomic. In all probability, these three assumptions apply. The

\
last four assumptions are not so easily accepted and they are

difficult to evaluate independently. They are tested ﬂ& the analysis

i

as the null hypothesis. Hayman (1954, 1957) developed two methods for
testing some of the assumptions mentioned above. He stated that he

can alway3~detect'épista§is, and multiple allelism in the absence

- 1
of epistasis, and when both of these factors are absent gene cor-

t /

rela;ioﬁ may be exposed.

The type of diallel analysis used depends on: (1) the material

e

under investigatién; (2) the genetic hypothesis postulated; and

(3) the method of estimation (Le Clerg, 1966). Some researchers. are n\

interest?d in the properfies of the particular set of parental lines
(Jinks, 1954; Hayman, 1954), whereas others are concerned with the
population of which the parents’are considgred a gample (Kempthorne,
1956). The ;ﬁal&seq of Hayman and Jinks were based on Model I ‘

(fixed model) and those of Kempthorne on Model II ‘(random model) of

sampling theory. ) \ Ny

No discussion gf the value of predictions based on the

analysis of the diallel cross technique can be complete without
reference to the practical-aspects of the work, and with particular

reference to the considerable amount of labor, time. and-expense
! . \ .

-
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involved in the conduct of a serles of experiments. gn the one hand,

¢

it may be argued that i/f a c@le series of trials ia: ﬁe;:essary for

the identification of promising Zrental copbinetions, no expense

w should be spared in their conduct. At the other extreme, it may be N
claimed that trials of this sort are an unnecessary extravagance, and

v

> , that the plant breeder should be able to select his crosses by detailed ¢

consideration of the parental material available to him without

recourse to experimenta;l. hybridizations (Luptom, 1965) In practicj,

kst e s

a compromise has to wli.e reached between these extreme views, / ¢

: !: ‘ P ) L h - // b
Lo - : Difficulties in satisfying the condit:ions and assumptions df

/b

the diallel analysis have led some authors to question the validjlty of :

!

the entire analysis. Hayman and Mather (1955) feel that gene /

frequencies otfheisz than d 5 can confOund 'the statistical estimates.

<

2 Kempthorne (1956) criticized the technique on the grounds that the'
v diallel cross must be interpreted in terms .of some population which
% S has given rise \tio the homozygous parents by ﬁxbreeding. If such-a

-

population does not exist, then the vhole analysis is likely to lead

L]

nowhere. From qﬁite another viewpoinf, he guestioned the value of
’ |

T G AR e e b ey s e G

estimating additive variance , dominance variance and so on, whatever }
-they maLLe/deﬂ{d, unless the estimated ﬁuantities are measures of

' . | . -
the characteristics of a definite population. Since the parents of

. . ‘ \ .
primary interest to breeders of self-pollinated crops will usually ’

S

not have been der:ive'd by breeding from some definite ‘popul.ation,

J—
PN

!
C ) ' Kempthorne ‘evidently considera that the Jinks-Hayman type of diallel

| Y ' :

i
\ ] ’ "
. !
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crogs analysis has little practical value as an aid in the impro%e-

ment of self-pollinated crops. The author, also, is of the opinion
that unless genes are independently distributed between the parents
(assumption 5), a genetic analysis- of the diallel i:ross will not

provide aﬁy/ valid information.

[

Gilbert (1958) examined the -assumptions required for a valid
genetic interpretation of a diallel experiment. He reported that a

set of diallel crosses is obviously of interest to the planltbreeder,

. but the infoméﬁibn obtained may not be worth the trouble of making

the cross. Gilberi: categorically criticized the basic génetical
assumptions -of -the technique and stated that the polygenic analysis

of a diallel cross suffers from several theoretical defects.: In an&

case its results do not appear to be directly relevant to- practical

t

breeding work. The performance of the Jarental cultivars themselves
gives valuable ?redi,dtion of the relative behavior of the crosses,
but the diallel 'croaé does give further information. Whether or not
it might be uged fog'! asaessiné long-term potential:!:ties of row
material at the beg:}t).nning f a long breeding i:rogram is unknawn He
conclu&ed that cef#&,ésfmptiqns would seldom be justified in" -
sellf-pollinating c/rops, that the vdlue of this technique :l.‘s
exaggerated, and that information gafined from it is little more than

that obtained from the parents themselves, L.
bt ‘ s R o

When considering self-pollinated crops, most of the plant

material of interest to breeders has heeh highly selgcféa ;‘.or traita
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of economlc importance, Eberhart and Gardner (l966f are of the

'
1

opinion that the diallel parentqiséiected from such material camnot
be considered as a random sample. They concludéd that estimation

of genetic variance components in self-pollinated crops does not
j

~

provide any’useful information.

- f

In a recent study, Sokol and Baker (1977)\nepqrted‘tﬂa£ gince
the parents used ingdigllel_expégipgntsAg;g_gg;elyia random sample of °
inbred lines from a random wmating population with gene frequencies of |
0.5, one can rarely assume that genes are in@ependenﬁ%; disgributed
in the parents with frequencies of 0.5. Furthermore, ofe cannot
assume that epistasis is absent unless one has empirical evidenLe to.
support that assumption. The authors concluded that- since aséumpﬁions
4, 5, andn6 gfe criticdl to the genetic interpretgtion of diallel

experiments, such‘experiments are of little value in studying the '

genetics of quantitative, traits in self-pollinating species.
{ . !

On the other hand, several authors éHayman, 1954,11957; Jinks,
1954; Whitehouse et al., 19583 Johnson, 1963; J;hnson_and Aksel,
1964; and meny others) reported that the diallel cross technique is
:invaluable in identifying crosses with the best ae%ectioh potential,
particularly in early géﬁer;tioﬂs, i& gdgicioq‘tu many other
advantages. For example, jﬁhnson (1963) reported tgat many pf th;
\pdinps\(gised by Gilbert are well taken, for’tye.technique Eas many

shortcomings. ‘It appears, howéverL\ghat Gilbert fails to appreciate

fully that a atatistical-génetic analysis must be based upon

1 3

e
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’

statistival assumptions'and produce statistical results. This.
consideration, coupled with‘tﬁe fact that ; polygenic system is' .
involved, makes it rather unfair, or even,;aive, to expect that the
diallel analysis will give results anythinéllike those obtainable
from classical Mendelian analysis. Also, Gilbert fails to justify,
genetically at least, his 1n;isténce,on valid statistical inference.

The 4uthor enumerated the degntages of the diallel cross technique

"
t

in his study as follows:

(1) Compared to other methods available, the diallel-cross technique
praovides a more systematic aéproach to large-scale stud;es of
continuous v;riation and a better—disciplined analysis of the
resulting data. _ -

(2) The over-all analysis ﬁraq;des'reliable genetic information on

o déminance and recessiveness (aﬁeraged over all arraysf and on
complementary non-allelic interaction (averaged over all crosses
within an _array). o - ﬁ

(3) The analysis demonstrates the primary importancé of the yileld

cowponent, ngmber of kernels per head; this character lends

itself to practical selection techniques as a morphological
! {

reflection of yield capacity.

n(4) The general anai&ﬁis permits genetically-sound elimination of a

high proportion of arrays and crosses of low Eeléﬁtion potential.

(5) Scaling tests provide a more critical eQaiuaiion of the selection

-

i

! potential of individual crosses. Sucﬁ tests detect crosses that

A SRR TR EMEERN ST T
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]

are superlative in both highness of yield and signif:i:cance of '

non-allelic interaction. Such crosses should have, as a

theoretical probability, the highest yielding lines among the:l.r

~ [N

segregates . s

From a 15-parent diallel cross in barley, Johnson and Aksel
(1959) found that their results provide additional points toward
refuting Gilbert's statement that for the plant breeder the informa-

tion gained from. the analysis of a diallelj cross is little more than.

that obtained from ;:he parents- themselyes. The authors reported\ th?:-
the diallel analysis provided additional informatisn on-the genetic
identity of several characters, on delhinance-recessive relationships,
on genetlc interaction, and on probable linkage*association;. This
information, greatly outwgighing that obtainable from parental
"observatdons, will provide invaluab].e guidance in the plant breeding

~

aspects of an igvestigationy

Breese (1963) reported that the Jinks-Haymsn diallel analysis
was developed as a quick means of recognizing different types of gene
action in sets of inbred lines. The method has been used by Jinks to ‘
survey.a w‘lde ,variety of crop plants. Thus the technique ha# con-
tributed greatly to our wider udergtanding of the genetic basis for
heterosis. He stated that the method is not suggested as a panacea
for all plant breeding compleints but it can provide a considerable
amount of ad.:]unct genetic information which could be of great value .

) in fomulet::l:ng coherent plant breeding programs. This ia especlally

#
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so when the information can be related to the past selective history

of the inbred lines.

-
~

Hayman (1963), in the evaluation of small diallel crosses,
reported that when the number of parents (n) is less than 10, none of
. R -1

the components of variation, either statigtical or genetical, in ihe

diallel lross, can be significant estimates of population parameters.

.However, in this case, the individual parents and crosses are of the

main interxest; and no population to which inferences might be made is

envisaged: He concluded that the informatjion available from the
N

ot
¢

small diallel cross is that- there are certain differences between the

-

parents;'between the crosses, or between the genefal or specific

combining abilities of the‘paregts.

~

. Ina very recent paper, Baker (1977) questioned whether or ﬁOt

D

a statistical analysis of.data from a fixed set of parents and their

' single cross progeny can, in the absence of genetic information of

'any\sart, answer questions or provide information that wiLl result

in greatér plant breeding efficiency. His answer to this quesfion was
positive, but with qualifications. Baker reported that the diallél

analysis can be éxpected to give'some information about tle relative

importance of general and. specific combining ability, to give a

measure of the reiationship between hybrid performance and general

combining ability and of the relationship"bptween hybrid performance

and the performance of inbred parent;.- Also, the comparison of
: ’ g

. L™
inbreds and hybrids affords an estimate of overall heterosis. The

s

«
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author stated that only if these questions are c;.ritical to a plhnt\
breeding program and only if the answers are not available from some '
otlier source can the use of diallel analysis be recommended in plant y
N breeding. Diallel crosses may be used as a systematic way of
crossing parental limes but should be evaluated against other mating
- designs. .
~ ' < .
}
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CHAPTER III

"MATERIALS AND METHODS

|

Genetlit¢ materials, experimental
procedure and data collection

1.

\ The material included in this study was eiéht: genotypes of
joats (Avena sativa L.), widely diverse in their parentages gnd. )
'agronamic ‘characters. " The 28 possible crosses &P(P-l) /2) from a
diallel cross (excluding reciprocgla)\ among these’ eigb.t _genotypes
were made in the w'int;r of 1974 and the summer of 1975 in the r -
Department of "Plant Science, Macdonald College, These genotypes were
Q.0.64.31, Q;0.58.22, Ajax, Clintland 64, 0.T.184, P.1.269182,
C.I.3387 and Hinoat. Seeds from each of the,2§' F1's were sown in a

greenhouse in the winter of 1975 to produce F, seeds.

3

Due to the limited n\lmber of ¥y oseeds and to insure the
availability of uniform seedlings for early- g_enez:a:tion testing,
indivi\dual seeds of each parental g:enoty-pe}and of each ¥} and F3
progeny were sown in jifgy pots in the greenhouse on 26 April, 1976. - -

I
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All plants were_transplanted to the field at Macdenald College on

10 May, 1976, where they remained until maturity, All material was
> ' \ ) )

planted as spaced plants in a randomized complete block design with

t . .
.

four replications. Each plot coﬁprised‘a 2-m row contalning 10 plants

13.0 cm apart. Three spring wheat (TFfiticum aestivum L. em..Thell.)

2

plants, also started in jiffy pots and transplanted, werg used at

each end of each plot as borders (Figure 1). Plots were 25 cp apart.

-Certain data Qére recorded on the Fl's,qu's,and their parents
in the field, while others were measured in the'laboraﬁbry. In the
field, heading date was recorded -for each plot aslthe number of dayg
from seeding (in the greenhouse) to the tiﬁe at which 50% of the
panicles in a p}ot were completel& emerged from the fl?g leaf sheath.

Plant height was recotrded in centimeters on a single-plant basis from

the ground level to the tips of the main panicles at harvest. The

number of panicles per plaﬁt was counted for each plant ir a plot at

harvest.

A

]

The plots were harvested as they ripe&ed and moved tI a drying
V, - ‘ ‘ . -

room where the§1were kept for about a month to dry. Plants were

. £
threshed and cleaned 'individually; grain yleld and the mumbex of

‘grains péé@pénicle were measured on a single-plant basis. 1000-grain

weighti&as determined for each plot, by counting two 100-grain
samples, averaging the two weights, and calculating the weight per

1000 grains. On a plot basis, two aampleé of ‘about two g each were "
) - M
dehulled and the ratlo of the hull to the.original welght was

'
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calculated for each sample. The average of the two samples was

- . .
AR s

considered as the hull per cent for the plot. To determine grain
protein- and 01l per cent, about 20 g of grain from each plot was
ground using a Wiley mill with a 40 mesh s}eve. Percentages of

protein and oil were measured using a Technicon, Infra-red Analyzer,

3 &

based on the aveéage of two ground samples per plot.

R

°
'
FPREPRL I

- @

2., Statistical an;l genetic analxsis'

s

The plot mean for each character was uséd for statistical
¢

analysis. THe analysis of varlance was performed for each character

“
F oot e s N o et st

in every gemeration. The linear model assumed for each of the

parents, F; or Fy; populations was as follows: . a

where N . \ v

b

Ry *+Gy * By

a

the mean observation of the jth genotype in the ith

. 48
[N

»

{AA‘WWWW AR —_

replicate : ’ b
U = the effect due; to the over—all mean i 3
- Ry = the effect due to the ith replicate, 1= ]i‘:f2, veey T
Gj = tjne effect of the jth genotype,~4.= 1,, 2, v, 8- ‘ . \;%
Ejy = the effect dpe to rand\om error associated with the jﬂ; %
genotype in the ith replicate, ' g

Genotypes were considered fixed; differences between the

-~

Ba P e,

genotypes were tested using the error mean squares.l

4 -
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When the analysis of variance showed significant differences

" between genotypes over replicnt:%ms, géneral combining ability (GCA) -
v :/

and speeific combining ability (SCA) variances and effects for the
eight parental genotypes and their crosses were estimated according

to Griffing's (1956b) combining ability analysis method IV, model I

(fixed model), using the computer pro}rm "D1all" (Schaffer and

Usanis, 1969) for each of the F; and Fjp ‘gel\}_era'tions," separately.
. ‘ R \ (V3

_ ~ A

Parameters representing genetic components of variation were
estimated using the diallel cross analysis of Jinks and Hayman (1953)
provided by Lee and Raltesikes (1972). The Lee and Kaltsikes comﬁuter

program was used to|analyze the Fy; and F5 generations with their

~

-

respective parents eparately for variance and covariance; it extracts
components of genetic variance with their standard errors and provides
ratios of component anﬂ statigtics for graphical analysis . The

/

statistical signifipcance of the components given in th;la analysis
indicates which estimates v;erel greater than "t%" tﬁa their standard  °

errors, where t(0.035) = 2.01 and ©(0.01) = 2,68 for 52 degrees of

-freedom in our 8~-parent diallel cross. ki‘or 7, 6 or 5-parent diallel
. i

crosses, the degmﬁ of freedom are 44, 36 and 28, respectively. The

"error component (E) |provided by Lee and Kaltsikes' (1972) program is

.the error mean square of a conventional analysis of variance with
- 'y o i

(g-1) (x~1) degrees Tf f.reedom,d where g is the~t§pml3er of ;rdaen':les

)

(Fi‘§ or F,'s) plus|parents! and r is the number of replicates.

= 3, ¢

1.
\ : -

l7he' number of progeniés and parent; (g): for F; or F; analysis -

7t

PV —
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. 13
)

‘1"he analysis andv intierbretat_ion of data ﬁrom’ the ¥, generation

follow the same general form as that of the fl data except that the

/

contribution of h is }halveg by each generatiogl gf;*\lnbréeding. Thus, -

AR e R,

L) N
/ the coefficients of H; and Hy for the F, generation are 1/4 of those
h o N
' - of Fy statistics and the coefficlent of F for the F, generation is

- ~

1/2 of those of the F; gtatistics.!

The variance components were calculated from both the Griffing

and the Jinks-Hayman diallel analyses, In the first’ one (Griffing),

-~ -

variance ‘componéng:s were calculated according to the method described

I

. ” Lo
by Rempthorne and Curnow (1961), while’ in the second method (Jinks~
' Hayman), variance components were estimated according to the formula

proposed by Crumpacker and Allard (1962). Assuming the model 1s
- ' /

e i W s [ e A 33

adequate, the components of variance were calculated for the t:wof

A ' methods of ax;alysis from the expectation® shown in Table 1.

Narrow sense (N.S.) and brbad sense (B.S.) heritabiliries were

" estimated from the two methods of analysis as follows:

1 - Prom the Griffing apalysis (1956b) as
described by Kempthorne and Curnow

.+ {1961)
. , : N : i .
% - . - .t -< Az Az - - -~ az Az
a - N.S. he:i:abil;ty a2/of =2 crgca/[(ZU cq T 02cq) +
Z) ] - 32702 ~2 a2 22 22 27, 3
b - B.S. heritability GG/UP = (2 cgcav+ o.ca)l!(z O%ca + cscg) + aE_]
ot Pr) -
: ' T - - o
- P Yor further information and discussion concerning the amalysis
( ) . of Py and F3 diallel data, sea the papers of Johnson and Aksel (Can. J.
5 Genet, Cytol. 1: 208-265, 1959; Can. J. Genet. Cytol. 6: 176-200,
‘ ° 1964). ' . . ’ "

!

~
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TABLE 1. Expectations of the variance c\g;mponent:s from the Griffing and the Jinks-ﬂahyman diallel
T . - analyses. .

¢, g -

Yarisnce component Griffing apalysisq . Jinks-Hayman analyaisb

Genera'l co‘binins ability L GCA MS ~ Error M-sr

variance G:ca 1‘ (No. of parent 1ines - 2) -

3 —

. Specific combining ability _ ‘ S ) - . -
varim:ce aica ' " SCA.MS - Error MS - « o= )
Mditive variamce G2 232 . 14D
Noo-ddditive variance Eﬁ A . 032 ca . 1/4 (Hy - ,

/ Genettc variance 62 a2 + GN; | | /4  + &, - §)~ «
Environmental variance Sé ) Error MS } ‘ » Error MS : )
Phenotypic varfance 53 o 2+ : 4 - /4 G+, - H +&

|

v

™ - ,
aE:upec:t:ai::h:ms of variance components for Method 4 Model 1 of the Griffing analysis
according to Kempthorne and Curnow, 1961.. .

‘ / } .
N \ . i —— / . )

bExpe::t.atimm of 'variance. components from the Jinks-Hayman analysis as described by

Grumpacker and Allard, 1962:‘ N

s

14 ] §
, bi
5
"
/ S
i
‘ i
§
3
7
i
;
H
1
]
|
» ;
i
.
kS
1
7/
;
,,/\ ;
i
. %
A
:
g
§
1
1
2 * i
3
~ v;%-
i
S

e




57

. on 4

/2 - From the Jinks—Hayman analysis (1953)

as described by Crumpacker 'and
Allard (1962)

o ' \/ ~ ‘ ?
a - N.S. herftability = 02/62 = T |
, ' 1/4(D + Hy - F) +

1/4( + #, - F)

o}

9

. b ~ B.S. heritability = 3%/312, =
|

|
SUGO +H -B + B - , |
N g \ Nk

\

~

The statistics 5, fll, ﬁz, ¥ and E are provided in the Lee and

iallel prog‘ram: and_the variance

. " Kaltsikes (1972) computer
| : S

2 ) and specific (ggca) cbmbining :

gea

components of the general (o

abllity as well as the error (3]23) component are provided in'Schaffer

« 5
P

and Usanis (1969) program.

i
t

(\—»} The number of genes or blocks ¢f genes (K) involved in the

’ ‘ .~ inheritance of each character was calculated from th&JinkS‘—Hayman

(1953) analysis only in both geneféttions. This was; designated as !

» |

(ﬁz/ﬁz) in their diallel analysis.

Expected gengtic advance from selection .(Gs) and i:he relative
_éxpected genetic advance from selection (RGs) were calculated using

the formulas: . -

G = K.0,.H and

x 100

: . G_ 1is’ the expected genetic advance from selection; it . /

Lt O . measures the difference between the mean genotypic value

[ . . v
R o . .
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of the g selected lines, ‘that is 3, and the mean i
1 : - genotypic value ‘of the n original lines, a, thus Ga -
a_ = 8.

4 is the selection differential; its value depends on thé

pegcenth.ge of thie population selected (e.g., for 5%

K = 2,06 (Allard, 1960)). £

.~ L

Q)

is the phenotypic'standam}; deviation of the character of

the original lines.

H is the broad sense heritability coefficient,

Since characters differ widely in their mean values and the

scalé'a of measurement, the genetic coefficient of variation‘ Gevy -

was also measured for each character in each generation as follows:

ag
Y %G

X

13

GCY = x 100

where ;
GCV 1s the genetic c:.oef.fi.c;l.omt:° of variation, and 3(2; anP X are
the genetic variance component and the mean of the

}
( ‘character in ques}::lan, respectively, -
- N .

~

) Phenotyﬁpic, genetic and environpental correlati‘sgn coefficients
} ’ } —~

among awll‘ characters were calculated sapgrately in the ?1 and F,

generations, Phenotypic correlations “(rp) in the F; or Fp generation

At

were calculated %aa_ follows:
| P2 (X, ¥) -

F ., r . ™ < '
] C ) . P /"“‘§ M52¢X) .MS2(Y) . . 4

b
¢
i

7




e R R Y TN 1t e s o

Xy .

A R

ﬁj

4
AR

|
“
N , g, e e 8,
aWw RS
T - e PP e e e — o e b BT s R SBREES % p

. ' .

59

where - ‘ ! ' | 5 .

MP2(X, Y) 1s the genotype mean product for cha\r\ac;:e_rs(x and

Y, and MS2(X) ,and i!SZ(Y) are the genoty;;e mean ;quaresﬁ:for characters i

X and Y,/respecf:ively. (;o_variaﬁce egtimates were obtained by the

_anz;lysis of ;ovariance which is similar tol the analysis of variance.

The mean product of genotypes for characters’x and Y, “obtained from

the analyeia of covariance vas consideded to be an estimate of the

phenotypic covariance of the two chalj/;cters. Ms2 obtained from the ~
.* analysis of variance tables for ea¢h of the characters X gnd,Y‘was

taken as an eatimate of the phenotypiec variance. Environm'enizal (rg) -
. and genetic (rG) corrélat:[on coefficients for- chaxacters X ahd Y,

based on the genotype mEans, were calculatﬁd in a similar manner - s

using the formulas given by Anand and Torrie (1963). Thegse formulas

f
\

are: ~ e a
I - MPL(X, Y)' ;
E SRS R N \
and Ce ! o )
- Cw.b (x, Y) ‘ A N
g\ Y . °bY ‘ _
- ' A\
7where -
Lov., (X, ¥) = [MP2(X, ¥) - MPL(X, V)I/R o
. 1
Cr = [Ms2(X) - MS1(X)1/R
A2 - s ) "" - ) ' i —
Oy [MS2(¥)} - MSL(Y)]/R - |
The analysis of variance.and covariance in the ‘Fl‘ or Fy ' [

generation was of the form shown In Table 2, ‘ . t
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TABLE 2. Analysis of variance and covariance table for genotyﬁe neans
( , of the F; or F, generation

4 - v

. Source ‘ daf MS MP(X,Y) EMS*

»

\ #%Z(z,ﬂ%ng :f«’.' -

Total - RG-1 .

Replicates R-1 MS3 MP3 oé + Ga2 ‘

o

Genotypes G-1 . Ms2 MP2

!

Experimental error (r-1) (6-1) MS1 MP1 62 ’
( \\~ , - - ,
* EMS ia the expected mean squares. | ) ’
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"analyses of variance were made to determine significant differences

-

.tested before all analyses are carried forward. . |

=T ; ——

-

.
4

o

RESULTS Ann\mscussxbu

1. Genetic analysis

:Q

As a prelimnary to the genetic analysis of the F; and F, data,

S

i

between thé different genotypesl ‘for all characters. The analysis of
varlance was of the form ghown in Table 2. In each case, F values

were significant beyond the ome.per cent probability level, indicating
that the genetic analysis could be carried forward. The genetic , a
analysis in this study will include three different. diallel analysis N
procedures, namely, (a) Combining abllity analysis (Griffing's

gnalysis), (b) Jinks—Haynan analysis, and (c) Graphical analysis. In
order to determine the validity of the genet.ical parametera and

interpretations, the ass\mptigns of the genetic\analysis will be

N

i
i

lny genotypes :!.s meant the 8 parenta and their 28 F; or 1?2
crosses. The analysis of variance was also performed 28 Fy's
and 28 Fo's separately to det:eminq significant differ ces between
crosses. . -

1
| oL
. 61
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' 1.1 Validity of assumptions of the . ¢
3 diallel analysis ’ ’ . ‘ - 5 i
. , . : . it
i
f

Several assumptions are made when diallel analyses are used to

evaluate the genetic and environmental variance components associated . :

with quantitatively inherited characters and inp the prediction of )

segregatioh in the F, and advanced generations (Crumpacker and Allard,
1962; Hayman, 1954; Sokol and Baker, 1977). These assumptions are:

(1) homozygous parents; (2) diploid segregation; (3) no reciprocal

differences; (4) gene frequencies equal to 0.5 at all segregating X

loci; (5) genes indéi:endently dis"tributgg between the parents (no

linkage) ; (6) no epistasis (mo nonallelic gene interaction; and

(7) no nmlt;iple alleles. ’

Fallure of one or more of theseassumptions invalidates the

"
g : geneti"c analysis to some extent. Therefore, it is important to test

L R whether the data involved in the pr:,esgnt. study met the required

- assumi:tions for an additive-dominance model with additive environ-
mental effects and independence of the genes in actioq‘ and dist:ribu:- N
\ tion (Mather and Jinks, 1971). In t':hia study, ass;.lmptions 1 and 2
- were valid ‘siﬁce oat is a self-pollinated c'r\op, and from numerous
| reports in the literature, not only that oats regularly form 21
bivalents at ;neiosis but also i;herit:ance in this species 1s ' -

miformiy disomic.| Mssumption 3 is justified from the many reports in

the literature whiclt indicate the absence of reciprocal effects in 2

oats (Campbell and|Frey, 1972; Chae and Forsberg, 1975; Petr and Frey,

C ¢ : ! ! 3 :
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C 1966). Assumptions Z, 5, 6 aqd 7 are difficult to evaluate
separately. They were tested with the other assumptions as a whole ) i

by two different tests. These were the analysis of variance for -

v

. o Wr - V_-and the regression (b Wyp/Vy) of thé parent-offspring _
o ’ :

covariances (Wr) on the array variances (Vy). The nonsignificant

differences of the W, - V. over arrays (genotypes) and the vaiue of

b = 1 or close to unity indicate the adequacy of the model.

£ . : ' : -

F values of the analysis of Wy - V, and the regression

(b W./Vy) of the pérent-éffspring covariances on the array variances
~

for the-nine characters involved in the present study in both Fy and

bt

Fp generations are shown in Table 3,

Q) o ‘

In the first test of the assumptions (Table 3),. the values of |

Wy - V. over arrays are expected to be consistent and the F value

~ over arrays of the analysis of variance of Wy - Vy is expected to be

PP

non-significant for Q? additive#dominance model with independent géne

_ - distribution. In the F; generation, the F value was not significant

for all characters except higfgné date, number bf\panicles per plant

and ;Ooo—gréin weight. These significant F values indicated failure

: '~ of-one or more of the basic assumptions underlying the analysis. 1In

the Fp generation, these assumptions were fulfilled for all characters

i

except oil per cent, plant Peight, 1000=grain weight and heading date.

In the second tesf,:thq linear regression (b ﬁrlvr) showed that

(TW the regression coefficient (b) did not differ significantly from unity §

. ' T - = I

2 - - - - .
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) TABLE 3. Array F values of the analysis of variance of W; - Vr and the regression cSeffiéients a
: ’ of Wr on Vr to test the adequacy of the model in the 'F; and Fp generations? ‘ . !
7 ; A - . -,
_ F value for the array (W_-V ) ANOVA - Regression coefficient b LA S
§ : ' Character - _ L
i " r ) F Fit Fo : Fof Fl it Fp Fo't 1
" Protein % = 1.96  1.71  1.06 "' 0.65%+ 0.89  0.72
I A ‘ (3) (3
! - « " —_— 1
{! Oiy 4 - 2,30 . 5.98%%  3,38% 1.11 0.92 0.85.
! ' ' (2) : 2
Hull % 0.70 1.48 " 0.73 _ 0.66 ]
. Plant-height 1.01 11,19%% 0,53 0.97 0.87 = 1.13 .
: - (5,6) — 5,6) ’
Heading-date ‘ 4.34%% 2,63 2.17% 4,96%*% 0.99 - 1.04 0.83% 0.84 :
- &) 3,7 "~ (5) 3,7
4 ' Grain yleld/plant 1.77 0.75 0.77 0.70
No. of panicles/plant 3.43% 2.10 1.86 2.22 0.51 0.78. 0.56* - 1,15 (
| C (6 1,7 (6) 1,7 |
No. of grains/panicle ~ 2.21 1.23 "’ 0.78 1.17 : A
, 1000~grain weight 10,00%%  4,05*% 2.36 0.21 . 0.01**x 0,58 0.45% ‘0n61 :
: . C e (1,2,6) (1,2,6) (1,2,6) . -—— (1,2,6) :

*, ** Significant at the 0.05 and 0.01 probability levels, respectively.

. ~ .
a Any significant value indicates failure of one or more of the assumptiaéi undérlying

| , :/ the analysis for a particular character. * .

N . i Values in the F) and F, generations after eliminating the epistatic parent(s). " 4 ) P
Epistatic parents are in parenthesis. )

. N K SRR SV N “ i s iperon s
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for any character, except for proteiﬂ per cent and lOOO-g‘r:a’d.n we)ight
i;x th;a F; generation and for head_:l.q,g date, number of panicles per
plant, and 1000-grain weight in the F, vgeneration; These characters,

, particularly heading date, number of panicles per plant and 1000-grain
weight, appeared to- suffer from failure of one or more of the basic
asaumption; required for the genetical analysis as shown,K from they two
tests (Taﬂle 3). lHaymgn (19{573 1963) recommended that when such
fa:f.lure occurs it is desirable‘ to uelimi‘.‘nate separwately t;he ’parent'(s‘)
corresponding to the maximum and minimum ﬁr =~ V¢ (the epistatic

A

parent(s)), to restore the rec_tilinea:isiy of the Wy/Vy graph. Jinks

1

. and liaymsn (1953) have also used deviation from a linear regression

o

of array covariances om array variances (W, on/ Vr) as an indicator of

. the presence of epistasis and recommended that ‘the array or arrays

leading to the deviation be removed from the analysis and the data

reanalyzed.

)

In the present study, b'oth suggestions wKe‘re used to d.etermine
and eliminate the epistati‘c_parent‘(s).’ For protein per cent, the
removal of "Aj ax" in \t:he F) generation ‘(min-imm Wy = Vp, Appendix
Table 1), improved both the Wy - Vlr‘ and b Wr/Vy te?'ts and fulfilled
lthe required assumptions for this character. With ooil‘ content, in the
F, generation, the\ z:emmial 0£"Q.0.58.22" (minimm & - Ve, Appendix
Table 4)l, -8lightly improved the Wp - Vp F Yalﬁe, but the regression
coefficient (b) was decreased frﬁ 0.92 to 0.85. The exclusion of

"Ajax" and "C.I.3387" in the case of heading date (F,; generation),

3

it -

&i

AR Bzl 5 s

= T

&

3
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increased the (Wy — Vy) F value and slightly improved the regression

coefficlent, The fallure of the genetic assumptions in such cases

.

may not be due only to the presence of epistasis but could be due to
a4 . '

one or more other factors, such as gene correlations or unequal -

distribution of positive and negative alleles at the loci under

congideration. This conclusion is.in agreement with those reported, °

by Nassar (1965) and Feyt (1976). They pointed out that these°tests,

t

especially the regression of Wy on Vy, will be able to detect epis‘tasis

U
only in the absence of any correlation of geme frequencies in the ~

parents of the diallel, and it is not possible to differentiate between

the effects of epistasis and correlated genes. With the other -

- ™~
characters showing fallure of the assumptions required for the genetic

+

analyéis; remoyal of the epistatic parent(s) has succeeded in removing

ro
such faillure without many complications (Table 3).-
N - ' {

. v "

On the basis- of the above analysisl, it appears that oné or more

of the assxmpfions required for thé€ diallel analysis in the present

w

study, including that of "no ,epistasip,"/werc‘a not strictly valid for

some characters such as hgading date, number of panicles per plant and

3

1000-grain weigi\t. But the fact that the regfessim_l coefficients were

not significantly different from unity, particularly after é‘liminating

the epistatic parent(s), indicates that the additive~dominance,
genetical model was satisfactory to explé.in the variation present in

this study, _However, with chargcters failing one or ‘morg of the above~

mentioned assumptions, intexpretation of their genetic parameters and’

P
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' W
ratios should be regarded with Jnore caution and the genetical results

o

—— i
b g

from the corrected .cases (after remoying the epistatic parent(s)) -

- - A
)

would be more \'raluable in the genetiéé‘l interpretat}on than those

<

involving the epistatic effécts.
i ) \ '

3 !

' , . o
1.2 Combining ability analysis (Griffing's ’ ’
diallel analysis) . c / ;

” .

Parentages and the actual mean values over four replications of

the eight parents included in this s”tud};, pertaining to nine charac- 1.0

ters; are .given in Table 4. The eight genotypes différed significantly

» 4

‘ co o
" for all characters. Parent "C.I.3387"-ranked first, for oil per cent,

hull per cent, number of panicles per plant and 1000-grain weight, and

was among ' the highest %arents for all other characters except plant

‘height. The high grain yield .potential of this parenf is due mainly.

to its superiority in the. tv;o yield compément:s: number of panicles/
plant and 1000—gréin weight., The highest levels of protein content
occurred with "Hinoat." This parent was also one of the early

maturing cultivars.. "0.T.184". is the shortest parent and would

pe

appeax to be a valuable source in breeding for short-strawed ‘cultivars

’ 1f t;he genetic control of such a character in‘thq)is parent were fully’
understood. Also, this parent was among the highest parents in :grain
yield. Other interesting genotypes in this 'study are."0.38.22" and

= %
' [ ~ . 1
“Q.0.64.31," Q.0.58,.22 ranked the highest parent for its grain yield

and was one of thé early maturing cultivars, while "Q.0.64.31" ranked s
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TABLE &, Parental oat geﬁo.typegs: ﬁarer_ttage) and the actual mean performance for 9 characters over replications at
b - E i )

. N . . Macdonald College in the 1976 season* - ‘ e
. ' . | : .- . Grain No.of~ o 5
. a . - . - o Plant Heading ' _  No.of 1000-
. «‘Ganogype * " Parentage _ Prg;ain %;)1 H‘a';f , height date yi’:i':/ 1?;18:: / grains/ grain
< o o o . . (cm) (days) P (2) lang PeEnicle weight
e w PR el Wil (g) .
1. Q.0.64.31  Harman x W.B.16385 - - 13.32d- 6.40bc 23.49a 100.93d 59.,75b 10.53a. 5.10c 76.33a 27.63b : )
- ;2.' Q.0.58.22 \i_-_v:al X Yamaska 13,424 6.60b 23,59a 102.43de 55.00a 11.45a 8.30ab 50.49b 27,70b
- 3&3{: 1 ' t Victory x Hajira 15.02c¢  5.97cd 26,42b 108.43f 58.75b - 8.63a 6.58be 51.32b. 26.43b

s

.~ %, Clintland 64 Clintland-5 x Limhja 3. 16.00b 4.72e ~.25,.83b 83.58c 54.75a 4:29b  4.95¢ 40.l4c 24.20c
. x Clinton 59 6 x : . ' . -

S Grey Algerian 2 'x S - ’ a . ) -
" Clintland - IR : o L

"7 8. 0.7.184 - Harmon® x (Rosens - . = N . ’

.- % s - mutaat x Rodney)  , 11.52e 6.19bc 26.01b 61.80a 62.25c 8.30a 6.05bc 54.94b 26.18b

6. P.I.269182 ‘' Originally from Turkey 12.92d 9.56a 26:75b 111.13f 72.50e 10.54a 8.5lab 50.29b 27.28b

7. €1.3387  ° lee x Victorfa . _ ' 13.10d 10,03a 23:10a 106.85ef 68.75d

: . - . /
8. Hinoat T_—— Victory x A.strlgosa 17.89a 5.56d4 29.12c¢° 77.88b 55.00a  4.12b 6.03be 25.58d 27.68b

.

25,.54 94.13 60.84 8,66 7.05 -48.25 27.18

- Grand mean ; . 14.15 6.88

* Means within coluiins followed-by the same letter are not significantly different at the 0.65
probability level according to Duncan's new multiple~range test. ’
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"frst for number of grains/plant. "Ajax," "Clintland 64" and

69

-

7

"P.1.269182" had a,deqﬁate levels for some of ;heocharacters involved

in the present~stuciy. . . -

Although information of the kind given in Table 4 is of some
v !

‘help to plant breeders when choosing pafen,ts, it télls nothing about

gene::al (GCA) or specific (SCA) combining ability nor the extent-to

[

which characters highly expressed in different parents can bé brought

»

toéetherq in the offspring.‘ 1f; for example, atte;mpts are made to

ralse grain yield by cqml;iﬁing the large grain 0£"C.1.3387"and the y
numerous grains per /panicle 0£"Q.0.64.31) it is very 1ikelly that a.
blological limit would be reached so that some oth;:r character, perhaps | -
num;)er' of panicles per plant, would be reduced. Because of these ,
limitations, there is little prospect of discerning which pairs of
cultivars will combine advantageously without actually making the

crosses. However, if 1nfo;matien could be ;bta_ined about the geﬁeti’c

systeis controlling these characters it would be easier for:the plant

breeder to predict the potentlal -performance of certain cultivars or,

N °

crosses in later generations from their performance in the F; and Fo

”
. generations, .
‘ i

= 9 s
Du?to the use of one set of parents with both the F; and F; °

s

generations, and to insure independent’ ‘estimates of general and

specific combining abil:lties, Griffing's analyais (1956b) method v, - .

mod‘el 1 was used in the present study. Also, this met:’hod of analysis

was preferably recomnended by Griffing (1956b) tq obtain unbiésed

S,

/
i
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-t

ooy,
-

e




P

‘ suggegt'ed the uae of the ratio oi\s\cA to GCA aum of squares as an

v
es.t:iz;:ates of general and specific c&ubini:;g' ability. General (GCA)
and specific (5CA) combining ability ‘mean squeres (Té)le 5) indicated
highly sigt;ificant differenceapmi:onlg the eight parents of oats for
all ),characters, except the specific combining ability (SCA) for oil
per cent and number of panicles pér plant in the Fi generation and

o

canaide

‘grain 'yield per plant in the F, generation. The GCA méan squares were

l\ﬁly larger than those due to SCA mean squares for all
charicters :Ln both generations, indicating the predominant role of

additive gené action i,n the expression of these characters.

One i3 never sure how to assess the’ relative importance. of
speclﬂic combining abi].ity The standard method is to compare the |
avera;e of ' the squares of SCA effects wi\th —the average of the squares: ‘
of GCA e;fects. This is the procedure recmmended by Griffing (1956b)
and others. Unfortunately, many researchers have used comparisons of
mean squares as a gxeans of hasuessing the importance of different» types
of combining ability. It is not ﬁf:ﬁiculﬁ to show that this pract;.ce
Dalwaya r;sultp in an undex-estimatil.on of the importamce of SCA. In «
thie regard,’ Bekar' (1977) reconieended that one should always use ‘ -

coﬁponenta of . t:he mean squares, “not che mean aquates themelvea, when,
\ .

comparing SCA and GCA. In mgt{;:et paper, Sokol and Bake: Qerny - : 'r

)

,indication of their rela:ive mportanca. It should be remembered that E
a:l.gnificant variation due to 'SCA may acqg\u a signal to isolate ,‘ o o

" certain parenta and perform a more thorough cmnparison ‘of t:heir

' R

ergpzunce end that of theit hyﬁ::ld prog@:les.

ey .
oo %,

O

U VU

-l




1
' 7
RN PP ﬁg -

a ( 3
/ . 3 ]
W ‘,5.\ Hean squares (n’s) for comb:lning abil:u:y analysis, éeneral (02’*‘) "and specific (02 o combining I~
the rafio of SCA to GCA sum of squares and tile coefficient of- detemination
R (Rz) for ¢ characters in an 8-parent diallel cross in oats (¥, and F, generations) .
- — " " — , !{
"Protein 3 oil1 X Hull ¥ _ = Plant height -~ Heading date —- N
-df ~ - - i -
; : : - t
7 B2 . A1 - Fo- Fr Fa . Py . Fp Fi Fp ¢ ;,
- }
L7 JB.94%k 6.0B%% 4.26%% 2.97k% 7.40%% 4,03%% 1017.77%% 737.B7%% 43,63 46,36 K
“r 1,45 0.98 0.70 . 0.{&9 ~1.19 . 0.61 168.86 121.722 . 7.19. 7.54 .
20 0.48%% 0,50%% 0708  0,26%% 0.62% 0.67%  12.08%% 26.71%% 2.57%k .85k - - :
. 0.25 0.32 0.03 0.21 0.29 0.29 7.47 . 19.13 2.09 5.71
.81 -°0.22-—-+0.18  0.05 0.04 0.33 0.38 . 4.61 7.57 . 0.48 1.13 !
T %‘—j—% ‘ 0.15  "0.24  0.05  0.25 .0.23  0.47 0.03 0.10 0.17 0.42 ) /
P . oy "':". " -~ < - ° | - .
- R%-¢ , °° 0.87 0.81 . 0.95 0.80 0.81 0.68 .  0.97 0.91 0.8  0.70 - -
) ~ e « ) : . - i ) (Table continued)
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* ** Significant at the 0.05 and 0.01 probability levels, respectively..
(a) " GCA is the mean performance of a line 'in hybrid combinations. .
(b) - SCA is the performance of a particular cross in comparison with the average combining

- ability of the parental lines,

. + 2 = GCA (SS)

the total sum of squares for genetic variation among the progeny
in a diallel cross.

~ / ~ o “

. +

el N . : Y

A ¢ < . [ —— T b e N A

.= Total genetic (S8 is the ratio of the general combining ability sum of squares to -

- .
. )
. 1 ’
'!.‘ABL?E 5. (continued) o v
_ . Grain yield/ No. of panicles/ No. of grains/ 1000-grain weight |
~ af . plant plant = panicle .
F Fp Fi Fp F1 Fy . K Fy =
L = . 1 '
cca’® s ST 9.46%%  ,7.91%%  1.33%% 6, 18%k\  398,52%% ° 148.29%%  16,49%% g.}gz**
agca ' 1.43 1.14 - 0.17 0.97 64.61 22,57 2.66 -~ 1.39
sca® MS . 20  1.89% 1,64 0.45 0.77*%%  .-26,56%+* 41, 80%% 3.01%%  1.84%%
ez, Loz ?,0.59 0.12 0.42 15.73 28.96 2.49 1.25
Error 8L 0.87  _1.05 0.34 0.35 °  10.83 12.84  0.51 0.59
SCA (SS). . , |
e (55) 0.57 . 0.59 0.97 0.36 .  @0.19 0.81 0.52 0.59
R2+ - 0.64 0.63 <+ 0.51 0.74 0.8 ~  0.55 0.66 0.63
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Gilbert (19j8) suggested that the GCA of the parents may O

¥y L

w5

-y
g’} provide a good prediction of how hybrids will perform because the GCA

1

. ~W«%;ﬁ%&k

/
effects may be lessxmx_bject to environmental influence and thus

-

\ . provide 1 etter indica‘i:or of a hybrid's long-term performance than

f " the performance of that hybrid itself. An estimate'of how well GCA
> Lo J : -
estimates will predict hybrid performance 1s given by taking the GCA '
N A}
sum ofa squares as a per cent of the total sum of squares for genetic

( - ~
b - variation (additive and non-additive variation) "among the progeny in
{ ! .

a diallel cross (Baker, 1977). {This ratio is equivalent to a
) coefficient: of determinationl(Rz)‘cqrresponding to the correlation. of
hybr:l:‘d performance with the laverdge of parental GCA's. 1If this ratio

N I R -
*o- apptoaches unity, a plant breeder can be fairly confident that the

~
GCA's of the parents will give a fairly‘good prediction of hybrid

o \ oo ’ , i

performance. |

a
LY it i
1 !

In the preaent inve/stigation, the GCA and SCA variance

components, the ratio of SCA to GCA sum of squarea and the ratio

of the GCA sum of . squares to the total genetic sum of squa:res

¢ ¥

(R2) were calculated to determine the relative importance of both

[N
I

GCA and SCA (Table 5). In general, the GCA Variance components ‘

‘(G%ca) were higﬁer than those of SCA variance components \(8%;,,,)
for protein per cent, oil ‘per cent ’ hull per cent ,‘ platit height,
and heading date in hoth gef\erations, :lndi.cating the predominant :

role of additive gene action :ln tzhe gepetic co\ntrol of f‘hese - ; .

Mg
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and specific combining ability variance component estimates were I

of both in the genetic control of these characters. In the F; o

close to each other in most cases :l.nd:l;cating the relative iﬁ:portpnce“ ? '
|
generation, T8ca was gre¥ter than “gca for nunber~of grains per ‘
panicle indicating that oat( breed!ng should be directed toward the :
dewlrelopment of hybrid cultivars (if thi purpose is to increase the
number of grains per pani:J.e) in ord;r to capitalize on the gbserva-

!

tion t:hat certain hybrids perfom much differently than could be

¢

- -~ . ™
-
bl

aexpected from their parental pirfomance. . -

; o , Im general the low values of the ratio of SCA to GCA sum of

squares\)and the high va,lues (close to 1) of the coefficient of .

detemination for combin:l.ng ab:l.l:l.t:y indicate l:he importance of GCA

effects, These two ratios suppot;: the above conclusion that

‘" of the first five characters » while specific combining ability or mom

add:l.tive gene acéion was as impartant as additive gene action iq th
\control of grain yield and: s compéments. It should be emphasized

- \\

here that, since t:he parents ‘of this diallel ‘cross were not randomly

g‘\ .

aelected the above’ conclusidus can be drm about only the eighﬁ \

x{L +

pnrental Iines “and their crosses used :Ln the present 1nveat:l.gation.
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- and Hayman (1953), & summary with a brief interpretation of the '

v f
- ; u

3 .

Jinks-Hayman (1953) dfallel .
analysis - . .

2

1.3

Based on a statement By Sampson and Tarmoto (1976) that thé

genetic system of A. sativa L. is not as simple as one might- conclude

/

from Griffing's (1956b) analysis, the use of another type of diau/él
analysis, such as that described by Jinks and Hayman (1953) in /
addition to Griffing s‘ analysis, would serve oal: breeders in providing

additional genet:l.c information which could be uged" :Ln oat improvement
\ 0 *
. programs, ) . ' ’

-
* A}

P
/

'

4

.Si‘.l‘acg' the method of analysis was described in deta.:l.‘l‘by Jinks
\\"\\estimate,s of genetic\and environmental parameters and ratios is given
in 'fabl@. 6. The use of second-degree statistics all ed estimates of
genetic and enyir ntal variance components tobe -made for each -
character in the predentfst:udi (Table 7); In this table, all-
estimators relate to general character respouses over all crosses,
The atatistical significance of the componenta given in Table 7
indicata which eatimates were grgat:er than (¥) tines their standard

exrrors. The t va.lue dependa on the number of parentp 1nvo].ved in the

’.
. :}‘ !
A Rl

d:l.allal crou;.x In the present study,-due to the excluaion of m'*

' epistatic

| }‘.K

parmts, tlm d:l.allel analyaes were perfo%pd on the bases

i

é, Lmd 5. parent diallel‘ﬁ. The t values qnd the degrees of .

IR |
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TABLE 6. Jinks-Hayman's (1953) diallel analysis parameters and ratios i
T and thelr interpretation :
r

Parameter

e R i ol |
"

or ratio \ Interpretation ]
R 1 !
D JThe component attributable to additive gene effects
ﬁl ;The component attributable to dominance effects (in
: {the absence of dominance H1 = ()
! Hy ’The estimated value of H, should be-the sa#e as fi;
‘ . when u = v = 0, 5-and the interpretation is the same
‘ as H1
! { R
o #R? 4™his atatistic.indicates the square difference of
mean performance between hybrids and parents (if it
is large and significant it indicates the existence
of differences between hybrids and parents)
'F The sign and magnitude of ¥ is an indicator of the -
’ . relative frequencies of dominant and recessive \
’ ralleles in the parents. A positive: valie of #
Lo Njindicates an excess. of dominant alleles and a
- ' negative value indicates an excess of recessive A
’ Y _ ( 81131&8. 5
-~ ' ,l'
E - The conventional experimental error from the :
Z analysis of variance
St Rl SRR R mm s
(ﬁ1/D)l/2 | An estimate of the mean degree of dominance over all :
x J loci in the diallel cross. . \‘ .
} 3 , l . ) S
' Ha/4 Hy ! This ratio has a maximum of 0.25 when y = vy = (.5,

An unequal distribution of positive and negative

; alleles causes thig ratlo to be less than 0.25 -

)

(4 ﬁﬁl)llg + F The ratio of the total number of dominant to
a 1/2 o recessi e 1leles in the parents. ‘ ~ -
wpin/ - F ve alleleg in the p - N
i - . ’»-: ) .
h2/ﬁ2 : Thid ratio provides an estimate of the number of
genea or groups. of genes controlling the character
. din the diallel cxoss. R
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TABLE 7. - 3 )
ggd their ratios for 9 characters from an 8-parent diallel cross in oats -

Mean estimates and standard errors of genetic and environmental statistics

i e -
2

Protein ¥ ‘ T ooil x

Sta:istica Hull 2
or r’i'fio R R @) I B, RBRt@° K Fp
Vo TD L a.elex 4, 154k 3073%%  3.46%%  3.49%k 4, 076% 3474k 3,36%%
3 -£0,29  £0.30 . 0.25 $0.11 . #0.12 10,15 $0.37 _10.37
LUy L 1.A9%  0.88  4.274% - 0,10 4.4GRA- 3.95%%  2.00%%  9.70%*
S . 10.66 , -%0.72  0.56 +0.24 10.28 - +0.35 $0.85  $0.86
‘8, - 1,17 0.60 . 3.88%  0.12 3.73%% . 3.30%%  2,05%t °§_38k%
. $0.57  0.64  10.49 +0.21 . $0.24 0,31 $0.74' 0,75 _
B2 0 20408 -0.20  2.44%%  0.04 . 3.54%%  3l29%%  1.18%  1.72%#
o £0.38  $0.43 .30.33 $0.14  $0.16 0.1 £0.50  +0.50
- F =1.32° -1.42  0.46 0.44  2.74%%  213%%  0.60  3.29%*
LT 10.68 .£0.72 +0.58 . +0.25 +0.28 +0.35 +0.88 . *0.88
Bt - 0.78%% © 0.82%%  0.67%%  0,18%%  0.14%k  0.14%%  1,31kk ] 41xk
o $0.09  $0.11  +0.08  $0.04  *0.04  $0.05 -  +0.12' 0,12
@yD/? 0.6 0.46  1.07 0.17 113 0.99: 0.93  1.70
Hot4 Hy 0.200 0.17 0.23 .0.25 0.21 0.21. ,0.17 0.16
“Kp/Rg ¥ 0.56  0.46 1.12  2.23 206 ' 1.72 ©1.20 1.81
L . =0.07  -0.33  0.63 '0.39  0.95 1.00  0.57 0.27
1 N é} - B —

(table céﬁtinued)
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k_" . TAB}E .7;~3\;(cont?l.g.ﬁed) . )
4 N!*:‘: 4. \4" kr: i o
“" ‘Statst ic_é, Plant height ' L Heading date CGrain yield/plant
B ?¥%f‘tifx R 2 P2t (5,6) F) F1t (5). Fp Fot (3,7) F) ¥, )
Tt Bl - 304,08k 294.30%% 47.594% 4351w  SLSlaw 41.92%%  45.91%%  §.92%% 8.29%*
Lo el T £8:81 -\ t12.59 +11.13 - 11.64 $1.99 +2.05 +3.12 +1.24 +1.41
- fy . .150.13%%  658,71k% .. 262.83%% 25.39%%  28,10%k - 130.01%%  116.41%% 3.99 13.99%*
A 20,25 +28.95 28,25 +3.76 14,78 14.71 £7.92 2,84 +3,23
) Hy. 78:08%*%  429.96%%  217.26%% 16.23%%  21.30%%  110.35%% . 85.39%k 2.42 10,70%%
L 417462 $25.19 - $25.24 £3.27]  #4.21 +4.10 ~  +7.08 £2.47 +2.81 _
T RZ O c B7,154% 103,50%%  27.46 28.69%% - 45.77%%  165.46%% 113 96%% 2.07 4.50%
c- - . $11.82 - %16.89 £16.99 $2.19 "$2.83 7 $2.75 14.76 11.66 +1.89
.. F ~195,99%% '-139.09%%  173.45%% 23.35%%  32.39%%  20,72%%  49.86%% 3.97 8.47%
L . $20.81 $29.76 =~ £27.19 +3.86 +4.76 +4.84 +7.62 £2.92 +3.32
Jc B . s 17.03%k.  26.80k%  23,00%% 1.95%%  1.72% 3.96%% 3 51kk 3,69k« 4,32%%
e . $2,94 14,20  t4.21 0.55 0,70 +0.68 _ +1.18 $0.41 +0.47
_ﬂﬂ4~'-—l,—,—-—«ﬁw_-—-—--——-——-~-—-——v———————0——’-——;——-“ —————— e e e e e e e e -
(nfln)l/?- . 10470 1.50_ -'1.33 0.76 0.74 1.76 s 1.59 0.67 1.30 °
‘Hy/4 By 0.13 0.16 f0.21 0.16 0.19 0.21 0.18 0.15 _0.19
Kp/kg T /- . 0.37. 0.73 2.57 2.07 2.49 « 1.50 2.03 2.00 2.30 -
“h2/H, . . 0.48 0.24 0.13 1,77 2.15 1.50 1.33 0.85 0.42
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TABLE'I . (continued) -

[ -

Statistics

ﬁﬁ.of panicles/plant

-

No.of grains/panicle

1000-grain weight )
D 4.59%%  4,22%k  4,52%% 2, 52kk  204.84k% 198,90%%  4.83kk 10.09%k 5,30%kk 9,82k
oo +0.48 0,56  £0.55  %0.77 +13.60 - $24.01 +1.68  +2.93  #1.39 3,03
THy - 1.4%  0.04 6.95%% 2,91 95.20%% 60B.79%% ~ 12.79%% 0,60  23.19%k 21,10%
© $1.10  £1.35  $1.27  £1.95 £31.26 355,19 .,  *3.87 , #7.91 13,20  18.19
Hy .0.54 - -0.06 3.33%%  -1.56 . 64.20%  495,58%% 9.48%% 0,07  14.82%%  8.44
- $0.96  $1.19. 1,11 £1.74 $27.20  +48.01 £3.36  $7.17  12.78  7.43
h2 0.32 0.11  -2.43%< -2.36 47.31%  118,52%% 9.82% 0,09 0.12 -5.08
+0.64° +0,80 £1.09 . *1.17 +£18.24 +32.20 - +2.26 +4,84 +1.87 +5.02
¥ . 4.41%% 1,39 3.45% " 4.02%.  -10.346 235.99% 0,08 2.03, 5.04  10.15
C$1.13 £1.34  $1.31  %1.87 $32.14  $56.72 +3,97  £7.31  #3.29  £7.58
"B T . 1.60%% ' 1,28%%  1.67%% - 1,68k% 40,19%%  46,12%% 3.16%%  2,72%  2,60%%  2.99%
, £6.16 - +0.20  *0.18  $0.29 £4.53  18.00 $0.56  +1.20  *0.46  +1.24
- (B, /)12 0.56  0.09  1.24° 1.07 0.68 1.75 1.63  0.24 2,07  1.47
f,/4 H, 0.09  -0.38 0.12  -0.13, ~  0.17 0.20 0.19 0.03 0.16-  0.10
kK § 13.26 ~3.64 1,89 .° 6.80 0.93 2.03 0.99  2.40  1.58  2.09
h2/f, 0.59 - 1.90 0.17 1.51 0.74 0.24 1.06  1.26 0.01 . -0.60

i

.

*; dek Significaﬁt at the 0.05 and 0.01 ﬁrobability levels, iespectivbly.

a \ ) +
ﬁ T Estimates in the Fj or F, generation after eliminating-the epistatic parent(s), epistatic parent(s)
are in parentheses. ’ Tl

1/2

— -¥ KD[KRj' 1(4.ﬁ ﬁll +.§] !/ [(4 D §1)1/2 - ?] is the ratio of total number of dominant to recessive

~.alleles in the parents.
) \
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; No._ of parents dF - t value

N included 0.05 0.01

8 52 2.01 2.68
N

o 7. . b4 2.02 2.70
J ER—— \ 6 36 2.03  2.73

. \ 5 28 - .2.05 | 2.76

. 9 R . ]
- Lo - -~ . |
. “Esﬁtimgtea of the additive gepetic variance (D)‘ were highly i
|

significant and higher in magnitude than those due to the dominance
variance (Hl and Hz) in the Fy generation for all cha%acters (Table 7),

except 1000~grain weight {fhere the additive variance component was

significant but less than the dominance variance. It is clear that,

? ° . . PN
this deviation was ‘maipl’y due to the presen’c'e of non-allelic inter-
} action and/or.gene qmrrelatiqn which inflated the dominance variance

components. The removal of the epistatic parents (parents 1, 2 and 6) f

i
'

« rcmoved° the effects due to nou-alielic intax;:action and the values of D’ v
became higher than those of'ﬁl or ﬁz. Exclusioﬁ of -the egistat.;l.c‘

parents did not 'succeed in ’correcting the failure of the assumptions

v

underlying the genetic analysis 'due to unequal gene frequency for this
6 . ; s hd

- character as indicgted from the low Ha/4 ﬁl value. This will be

-/

discqséed further later on. " In geﬁeral the\rd:gﬁ .and significant

I
values of. D indicate the importance of addit:ive gene action in the

P genetic control of these characters. This was iil _agreement with
. , : .

results ‘from the G%iffingh 8 analys;l.a.

Y

o ) In the Fz 3enera:ion, although ¢the e:tinm:ea of D wcre highly .
() . ’ siguificant:, l:hey werc. lower in nagnil;udq than those dn% to Hl and Hz.
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Thege re{sults “aagreed with those of other workers (Chae and Forsberg,

1975; Iwig and Ohm, 1976; Sampson and Tarumoto, 1976). Generally, ﬁl
' ~ y ! N

and ﬁg were significantly different in the F; generation, except for )

g

protein per cent (excluding epistatic parent no.3), oil per cent?, grain -

yield. peq plant, number of panicles per plant,&and lOOO—grain vzeight

' (excluding parents 1 2 and 6). In the F2 generation, dominance

’

effécts were significant for all characters except number of panicle‘s

v

per plant (excluding oarents 1 and 7). .The fact that the H1 and H2

\ were not equal and F\J- 0 implies presence of gene correlation in this
study for most characters, except protein, oil and hull per cent where ,
( u

H1 was close 'to Hz in most cages, indiceting that u= v = 0.5.

’ Heterosis was indicated by the sign and value of h?. For protein and

11 ‘ . oil per centf,z h2 was ‘low.in magnii:tide,oihdicat\ing no heterosis in the

P wh:f.le° it vas positiw;e and® significant in. the F, generation.

'S\ignificent heterosis was indicated for hull per cent in both genera—.

tions. Heterosis vwas, in the direction of tall and late-maturing plants.

- - 0

for plant_ heigh_t; and heading dete (positive and significant hz) In.

4

~the Fz generation ,*hybtid means were lpwer than parental means for

number of panicles per plant and 1000-gtain we)ight (as indiceted frou

- their negative valuea of h2). An excess of dominant alleles was shown

from. the positive vaIues of F for all charactere in both geherations

.
S . ,

excepc for protein per cent.,,plant height, number of grains pex panicled

and 1000-grain weigh :l:n the F, generation, where more recessive
£ 1 pere 1

o C elleles were 1nvolﬁed :ln the control of tl'mse ebaraeters» The envirog-

x C) : meht\al compmnt:s (E) #ere e:l.gnifieant for all cherdcters in both
.senefationa. . . : AR - -
: ey \‘ " \ 4 ¢ e d_ ' [ . ' -« - .: . )
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The estimated genetic and envirommental components were com-

° ~

» .
. bined into ratios to estimate additional genetic characteristics'of

the population in this investigation (Table 7). The.value of" :

~ o~ 2 y
(HllD)%/ is an estimate of the mean degree of dominance over all

loei. With no dominance this value is expected to equal 0; with

bs

average partial dominance the value is expected to fall within #he

v

range of 0 to <1; with complete dominance this value should equal 1,

and ~with over—domgpaﬁce it should be >1. In the present study, the
t I’y b

“ \

degree of dominance was inconsigtent from one generation to the other.
L] 1

. In thé Fl_éenerétion, all characters except 1000~grain weight showed
1/2 o

4

- ) 0
<1, whilesin'the Fy overZdominance was

12

partial dominance (f;/D)

observed for all characters (ﬁllﬁ) . Hayman (1957) reported that

/2

the measure of degree of dominance (ﬁllﬁ)l may be either increased

or decreased; the particular combination of &ispersion and uni-

- . , . ‘ O
directional dominance as well as the existence of epistatic ef@éﬁts

/2

’1nflate3'(ﬁ1/5)l seriously and may easily turn partial dominance
%

into apparent over-dominance. In this study this was true, and the
removal of epistatic parents (1, 2 and 6) for 1000-grain weight.in

) /
the F; generation changed the degree of dominance from over-dominance

to partial dominance. The same situation occurtéd with oi# per cent .

’ A

in the F» generation. This illustrates the extent to which non-
,allelic genic interaction ‘can inflate this estimate of degree of
dominance and emphasizes the importance of a preliminary test with

+ the Vy, W, graph. Hayman (1957) reported that‘(ﬁllﬁ)ll2 can also be

1
»

i ey v

\
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computed from epistatic diallels, but.it is not certain.what it

measures and it must be called the- apparent degree of dominance.

\

The ratio H2/4 H1 provides an estimate of the average
frequency of negative (u) versus positive (v) alleles (at loci

exhibiting dominance) in the parents with a naximum value of 0.25
C .
when the positive and negative alleles are equally distributed in the

. o«

parents. 1Estimates of uv in the present study showed that for protein
per cent, 911 pér cent,khull“per cent ag& number o% grains per panicle
ﬁhe parents generally had an’equal distribution of alleles at 'those
loci that exhibit dominance,&while for the other characters the
parents probably had an unequal‘q?sftibutiqn of alleles. These
results agree with\the previously discussed situation of the
;elabivelj close ﬁl and ﬁz éalues and‘the low % estimates for the
characters protein per cent, oil per cent, hull per cent ;nd number
of grains per panicle, which indicates an equal distribﬁtion of
alleles!in the parents. Also, these results of gene correlation
could expl?in part of the failure of the additivi®-dominance model
showed by the analysis of W, - &L and the régression of W, on Vg for

© ©
'

some characters in this study (Table 3). .

Another parameter that gives a fairly-good indication of the

',

. equality of distribution among the parental cultivars of.dominant

versus recessive genes ip the ratio [(45&1);/2 +'§]/[(4ﬁﬁl)1/2 - ﬁ].
The value of this ratio was greater than 1 for all characters in both

generations, except protein pel cent, plant height—and number of

.

~

|
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grains per panicle in the F geneihtion, where their values we}q’less

than 1. These results 1nd§fa€€ more dominant than recessive genes

among the parents for‘all characters except protein per cent, plant

[

height and number of\grains per panicle in thg F; generation where
more recessive thén dominant alleles were observed in the parents.
The negative values of the % component (Tgﬁle 7) for thes; three
characters in the F; generation and khe positive values of the F
compoqeﬁt for the other characters support this conclusion. Since
the i_somponents for protein content and number of grains per

panicle in the F; generatioﬁ were statistically non gignificant, oné

can perhaps concipde also that the dominant and recessive alleleé for

°

these characters are equal in the parents.

1

~

The ratio hy/H, estimates the number of genes (K) or groups of

Al
-

linked genes showing some degree of dominance. This estimate will be

under-estimated if the dominance effects of the genes affecting the

character are not equal in size and direction, or 1f the distribution
» v
of thé genes is correlated. In the present invesiigation; two genes

sor groups of linked genes’goﬁtrolled heading daQe: number of panicles
per plant and 1000—qraiﬂ weight, and at least one gene or group of
linked~genes appeared to control the other characters, since the
asgsumptions associated with the formula}of gene number are severalf
(Wright, 1968). Many of these assumptions do not hold in most cases,
which results in a downward bias in the gene number estimate. One

4

. feels that what appeared to be a small number of genes involved'in(the

A

7 . e -yt
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1ﬁheritance of these characters, particularly grain yield, actually )

! .
may be due to a large number of genes liked in blocks on a small
number of chromosomes, which would give the imbression of simple

inheritance. Similar results were obtained by several workers in oats

{(Campbell and Frey, 1972; Sampson and Tarumoto, 1976).

In general, results from this analyéis'indicated that the

[

genetic variation for all characters wa; mainly additive with a minor
and unstable rolé of dominance effects. The generally high additive
variance revealed i? both the Griffing and Jinks-Hayman analyses

indicates. that the usual practice of choosing parents phenot§p1cally

and mating the best with the best will continue to give substantial

progress. However, with characters such as heading date, numbers of
panicles per p%ant and 1000-grain weight, which appear to be affected
.by epistasis or gene correlation or both, a more complex breeding
scheme, such as choosing parents bf progeny testing, will be necessary

to achieve maximum genetic advance in oats.

Finally,” we should emphasize here,6again that throughout this
study we were investigating a given set of genotypes. The 5, ﬁlf'ﬁz,
etc., from this exferiment characterize only those génotypes 1§volved
in the present stuc;y. We do not try, ﬁor intenfi to try, to infer
‘properties of any population from which these genotypes might have

‘been selected. Furthermore, the standard errors of the genetical

components in the present "study arise frpq sampling the environment
| \

Y
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~genotypes from any hypothetidal genetical population pool.
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and also from sampling the segr:agation in the Fp families. These ‘

@

errors do not measure possible variation due to sampling the

.

.
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The adequacy of a simple additive-dominance model with additive

. s /
. environmental effects was tested by two different tests: the

heterogeneity of Wp - Vp and the regression of W, on V. (b Wr/V.).
The grgphical analysis, id general, provides information on three main

points (Mather and Jinks, 1971).

1.--It supplies a/ test of adequacy of the genetical model. 1In
the absence of non-allelic interaction and with independent distribu-
tion of the ge;xes among the p.aren_cal inbreds, Wy 1s related to V. by a
ati:afl.ght regression line of unit slope (b Wy/Vy = 1), As the

regression of W, on V. agrees with a slope of oné, the gene system can

be deduced’ to be additive without the complication of gene interaction.

?

2.,-~Given that the model is adequate, e.xmeasure of {the ;verage
deg:ree of d:ominance is provided by the departure f{rom the ori\gin,s;f
the pointewhere the regression line cuts. the W, aﬁs ., With, complete
dominance, the‘regression line of slope b = 1 would pass t/hrough the
origin., 1In the case of over-'dominance, the reireasibn line wo@d,cut

the‘r axis below the origin and with partial (incomplete) dominance
) &

the line would cut the Wp axis af{c:ve the origin. If dominance is ’,

o . ‘
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‘dominant genes. e :
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absent, the éoints would cluster about the position where the slope

of the parabola is +1.2

- a N
- . . .

3.-=-The relative order of points along the regression line
#

2

indicatés the distribution of dominant and recessive genes among the
o ; ’ '
parents. The points nearest thd origin stem from the arrays derived

» * - /J
from parents with the most domihant genes and the polnts farthest frof

the origin stem from arrays degived from parents with the feweat

4

Another two points should be mentioned concerning information

_ that can be obtained from the Vp, Wy values. Firstly, the direction.

i
of do ce; the relative values of Wy + Vy over arrays indicate the

\
)

relative dymber of dominant to récésaive alleles in the common parents

]
!

of the’ arrays. By comparing thg’Wr +'Vr value for each array with

the mean of the common pareqpf/i.e., comparing Wpy + Vi ‘with f}, we
can see whether the distr%ﬁ;tion of dominant to recessi&e a;lelep-is
correlated with the ﬁheﬁo?ypes\of the common pafené. This correlation
will be neégtive 1f the éérents with a’high score, i.e., those
containing’the‘most incr;ésingcgenep, have the lowest values of
Wri + Vri, i.e., contain gbst dominant genes, and positide if the .

reverse is true. Hence, we can deduce whether or not the increasing

or decreasing alleles are dominant alleles. Secondly, the Vp, W,

@

!

8 For a detailed explanation of graphical analysis see Hayman
(1954) Jinks (1954) _and/or Jinks (1955).
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- somewhat less than the values presented in Table 7, since the deviation

. ‘ T 88
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4

graph could be used to detect the residual heterozygosity in the

parents. The regression Vr,wr/éraph is a scatter about a line of unit

slope, points above the line corresponding to heterozygous parents and

those below the line to inbred parents (Hayman, 1954).

1 N N Q
" The graphical analysis for per cent protein in the F; genera-

“

" tion (Figure 2A) shows that the regressign line is significantly below

. 4,
the unit slope (b = 0.65), indicating epistasis and/or -genetic

correlation effects. -Thus, the additive variance should be considered

2

of the regression from unity could be due; at least partly, to

epistasis. The same. applies to varlance components and heritability

estimates presented later on. Excluding parent 3 (Ajax), which

contributes to non-allelic interaction (the lowest Wy = V, value,

Appendix Table 1)y removed such effect and the Tegression line .
: -

(Figure 2B) became non-significantly different from 1 (b =0.89). The

~ N

regression lines in Figure 2A and B intercept the Wy axis above the

°

/

origin, indicating partial dominance. Parent 5 éppears~to carry’ the

most dominant genes, while parent 6 carries the most recessive genes

' - '

on the average in this group of genptypes. 1In the F, generation, the
slope of the regression line did not differ significantly from unity,
indicating adequacy of the model (Figure 3A). Although b W,./V, did

not differ sii?i:icantly from 1, the position of parent 2 in Figure 3

as well as its value of W, -~ V. (Appendix Table 2), indicated that

such a parent would contribute some epistatic effects to the genetic

‘

A e oM BN

L e ke e




a n cave m— o R AR IRTYS Y

L S0 e S

%

L]

!
r
e -
5 b = 0.65 + 0.13
vr
@
Figure 2. V., W,

Avena sativa L.

(A) all parents are included.
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analysis. Removal of this parent increased the regression .coefficient

from O, 72 to 0.89 (Figure 38). Partial dominance is also indicated

’

R

from the position of the regression liné\gn the W, axis. The degree

* * of dominance from the' graphical analysis for the F, generation does
) ‘ o

not agree with that reported earlier from the Jinks-Hayman analysis

(Table 7). However, such a conflict could be due to the effect of

]
¢

non—~allelic interaction and/or gene correlatiou. PLarents 3 and 7

possess ‘the most recessive alleles, while the other parents carry more

O\

- domiant than recessive alleles in the F, generation. Parents 1 ‘and'
. Y/

seem to have dominant and recessive genes more or less in equal

proportions in the two generations. The direction of domlnance for

i \ -

all characters will be discussed later in the section dealing with .
. h \\

predictions concerning future generations. \

~

The regression line in the Vy, W, graph for oil per cent in tﬁe

T ; 4 }
¥, generation (Fi@ure 4) is appronmtelmu\slope (b= 1.11),"

~——

7 indicating no epistasis. The position of the ]regressiohihe\is\above
¥ \

|
the origin, indicating partial dominance. Array 4, with its small

Ve, Y'r value, has 'the greatest eircess of ‘daominant alleles, wh/ile

- arrays 6 and 7 seemffg’f—‘carry most Jf the recessive alleles. 1In the
F, geheration, although the regression line 'in :he Vys Wy graph is
close to undty (b = 0.92) and does not differ significantly from the’
uit slope, the amnalysis of W, - V. (Table.3) indicated failure Of
some of the assumptions required for the genetic arialysis. The

epistatic parent or/ﬁarents in the prélsent case are not easy to define

3
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‘the Wy - Vs test. Also, eliminating this parent resulted in lower

" tribution.in the parents. Partial dominance was indicated from t_:hé

E

-

since all parents lile along the regression line (Figure‘ 5A) and their

3

<

Wy = Vy.values (Appendix Table 4) are close to each other. We, tried

all possible combinations of analysij to define the epistatic parents. .
The results indicated that excluding parent 7 improved b W,./V. from

0.92 to 0.98 (not shown) but did not corréct the failure indicated by

s

-

ad@itive gene\tic varilance and\j.ncreased the <_iéminance variance. Such

a situation 1s hard to accept because the Wp/Vy test cannot detect

< o

epistasis in the presence of gene correlation (Hayman, 1954; Sokol and .
Baker, 1977) ;nd elimi;gfion of the epistatic parentge) should result
in increasing the additive éenetic variance, a situation which‘ does

not exist in this case. Although the eIiﬂnation of pérex;t 2 fedu:ed
the Wy, Vi regress‘:ion coefficient from 0.92 to 0.85 (Figure 5B), and
this value was not significantly different from b = 1, 1t improved thHe
Wr~Vy test (Table 3) slightly (0.05) and increasged the additive-
genetic va;'iance. ' Oﬁe\ strongly beliex‘res that such failure of tl{e
assumptions of the g-en’er.ical model is due not only to epistasis, but

«

also, to other factors such as gene correlation or unequal gene dis-
/

graphiical analysis by the position of the regression line above the

origin. These results confirmed those ind:lcaf:ecf earlier from

172 in Table 7, especially after elimifating parent 2. Parents

[
4 and 7 maintained their positions in the two graphs (Figure 5A, B) .

(4,/D)
with parent 4 carrying most of the dominant -alleles and parent 7 ,
carrying the most recessive ones. This trend was almost the same in

the F; generation. . . /
%" . .

-

o~
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¢ Figure 6A and B shows a graphical analysis of the F; and Fp |

data for hull per cent, based on an 8 x 8 diallel (28 crosses + 8

4

parents). The regre/ssion- lines in the F; data (b = 0.73) and F, data
N o & °
(0.66) did not differ significantly from 1, indicating no epistasis.

Both regression 1ines (Figure 6A and B) showed partial dominance and
v ) '

confirmed the result of (ﬁl /1‘3)1/2 in Table 7 for the F; generation
but not for the F,. From the low b W./V, value in the F; and from the

distribution of the parents along the regression line (Figure 6B), one
» . °

may prédict that parent 7 Eontributes some epistatic effects. "This is

" clear also from the value of We = Vg for 'that parent shown in App“endix

, .
Table 5. Because the two tests of assumptions.(Table 3) for this
charactef ‘did not show failuré of the genetie assmﬁptions, one might

4
accept the present results, albeit with some caution. Parent 5

appeared to carry most of the domina‘!nt alleles in both generations ,

-

. while parent 8 carried most of the recessive genes in both generations.

Jt A ,
A . é"‘ *t

The others, except parent 4, car‘fy mére or less equal numbers of °
t . e N

]
! o

dom.”gnant and recessive alleles,

The plary: height V., Wy regression line in the F) ~geue:ravt::ton is

approximately of unit slope (Figure 7) and prov.:l.des a good linear

.~ . . )
- example from which to discuss the order of dominance. , Array 5, with

its small- Wr, V; value, hag the greatest excess of dominant aldeles,

while arrays 3, 1 and ‘4 carry the most recessive ones. The ot,;her

_arrays (2, 6, 7 éndIB) lie close to each other and are quite far from

R

the origin, indicating more recessive than dominant alleles in these

[t amm ety B e
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parents. Partial dominance was als; indicated and these agree with
those obtained from the Jinks-Hayman (1953) analysis (Table 7).

o R .
Arrays 5 and 6 had the lowest and highest W, —\Vr values (Appendi
Table 7) and deviated significantly from the re}ression linef’injt:h‘e.
F»o generati‘on (Figure 8A and B), but the regression line did noé:
differ significantly from unit slope (b = 0.87), while thé We = Vp.
test in;icat:ed f;ilure of some <;f the underl:;ring assumptions '(Table 3.
Exclus;ton of these two arrays from the analysis improved the b W./V,
value (Figure 8B) and corrected the fallure which appeared in the
Wy = Vy test. This suggestgkthat two such parents contribute to
non-allelic interaction, prbl;ably of the complementary type. Such

. .
interaction tends to move the regression line to the right (as in
increasing dominance) and to arbp its slope below the expedéted value l
of unity. Partial flominance (was indicated in both/graphs' but these
results disagree with those reported eariier in Table 7. Parent 7
occupied the far end of the regression line in both graphs (Figure 8A
and B), indicating more recessive alleles, wﬁhile the epistatic parents
5 and 6 carried the most dominant génes in Figure 8A, and parents 2
‘and 1 had Fhe most dominant genes after eliminating the‘epista'tj.c

f

parenés (Figure 838).

3
-

IS

Heading date showed significant deviation of the asaumptions
underlying the genetic analysis in the F, and Fy generations, as
_indicated from their significant Wp — V. arrays F values (Table 3).

Although the regr;assion line for the F; generation (Figure 94) was

N LN
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¥igure 8., %Vyr, Wy graphs for plant height in the F, generation from a diallel cross in

Avena sativa L. (A) all parents are included. (B) epistatic parents 5 and 6 are excluded.
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almost of unit slope (b = 0.99), the analysis of Wy = Vy test did not
agree with that from the regfession line. Hgyman (1963) reported that
‘ 1f Wy = Vy is not consistent, a situation occurring in the present ‘ * /
study for heading date, at least one of the assumptions of the model
must be relaxed. He defined the epistatic array as that y/hich causes
inconsistency in,the quagtity Wy - Vi, Parent 5 hat.i ﬂa relatively high-
Wy = Vy value (Appendix Table 8), suggesting nonJ—allelic interaction. |
" Exclusion of this array (Figure 9B) from the analysis improved bath
the regression line (b = 1.04) and the Wy - Vy test, and the simple
model became.adec;uate. ~The regression iines in Figuré 9;\ and B cut
,thé Wy axis above the origin, indicating partial dominance anq .
supported res/ults obtained from the Jinks—Hayman analysis (Table 7). -
Parents 2 and 8 appear to have the most dominant alleles, while
.parents 6 and 7 have the most recessive alleles on the average in the
present group c;f genotypes, Other pa‘rents. have more dominant than
recessive genes and lie near the origin. In the; F; generation, both
tests of assumptions required for the genetic analysis indicated lack |
.of one or more of these assumptions \(Table 3). Eliminating pafents 3
and 7, which had the highest and low\est Wy - Vr values respectively
(Appendix Table 9), improved only the regression line (b = 0.84), but
not the Wr = Vy téd,, In such a case, one might con;:lude that such a
character in'the F, generation is influencedpot only by’hthe effect -
of eplstasis, but also by o'Ei'xeir f;actors 51‘1ch as gene correlation.

This, was indicated from the low values of H2 /4 Hl in Table 7, . -

suggesting the présence of gene correlation. The ‘regresaion lines
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(Figure 10 A and B) indicated partial dominance for this character in

~ the F, generation. Parent 2 had the most dominant alleles, while

parent 5 had the most recessive ones,

Figure 11 shows a graphical analysis of the F; (A) and Fp (B) )

for grain yileld per plz;nt from an 8-parent diallel cross. Regression
coefficients' differed signific‘ant:ly from\zero, but not from unity, -

indicating validity of the genetic assumptions 'in both Lgenerations. ’

£ o
i, 23

i' g
Partial dom{gance was in(}icated in the two generation® from the

position of the regr;ession lines on the W, axis. Array 5 imd the

lowest V., W, values in both generations, indicating more dominant
alleles, while array 1 had the most recgessive alleles in the F; and,
ranked the second Eighest parent/ carryir}g rfacessive genes in the Fj,
pfecedgd by arr'gy 7. Other parents lay between the two extreme points‘ -
or; the regression lines, having d‘ominant and recessive‘genes more or

\

less in equal proportions. -~

The alope.of the regression line for the yield comporent,

numl;er of panicles per plant in the F; generation, is significantly

below unit slope (b = 0.51), suggesting that significant interactions

’ N

of some arrays (Aepistasis) and/(;r'major environmental components of
variation aré present, Also, the pafents vary considerably about the
regression line (Figure 12A), particularly parent 6. Exclusion of

th%l.s parent; which also had the lowest W, - Vy value (Appendix Taple 11),
from the analysis improved b W;:/Vr (Figure 1233), andva simplbtél

became adequate. The regression lines passed above the origin, !

-
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from a diallel cross in Avena sativa L.
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cross in Avena sativa L. (A) all parents are included. (B) epistatic parent 6 is excluded,

'

st Yo o b < . S e e

S0T



- e e

»

o

! ' - 106

-

B indicating pa}tial dominance and these results were in agreement with

tﬁ - 4 .
‘thoge reported earlier (Table 7). Parents 5 and,7 maintained their

positions in both graphs, with pdrent 5 carrying the;most dominant
alleles and parent 7 carrying the most recessive ones. Other parentsy
particularly after correcting for the epfstatic effect (Figure 12B),
had more dominant; than recessive genes. In the fz generation . :
(Figure 13A); ’ thel regression coefficlent differed signiiicantly'from
it slope (b = 0.56), as shown in Figure 13A. Although all parents
were c}ose to the regression line, parents 1 and 7 showed the_ highest
and 1owéat Wy = Vr values (Appendix Table 12)1, suggesting non—-allelic
interar:tion. Omitting these two parents improved the graphical
relationship P(b = 1.15, Figure 13B), and removed t:f}e failure of the
assump tions required for'tk'xé genetic analysis., ' Over-dominatice is
shown in Figure 13B, from the negative intexcept of the regression
liine with the W, axis. ' These results are &80 in full agreement with
those reported earlier from the-Jinks-Hayman analysis (Table 7). The
order of points along the ;:egression line dﬁie‘rs in Figure 13A and B;

although parent 3 maintained its position, parents 4 and 6 changed
. @ b

B
i

3

places in the two graphs: This difference of order may be a reflection

of the epistatic effects of parents 1 and 7, or it may be that too

much importance’ cannot be attached to the finer details of order of

points along the line.

The second yield component, number of grains per panicle,

appeared to satisfy all the genetical assumptions in both generations

0
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Vy, Wr graphs for number of panicles per plant in the F; generation from a
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diallel cross in Avena sativa L. (A) all parents are included (B) epistatic parenpts 1 and 7

are excluded.-
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“significantly below unit slope (b= 0. 01), indicating epistasis : .

. 4 . ;
1
/ - |
B . @ R I4 {
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i

! <
without the complications of the non-allelic interaction. The V., W,

graphs show regregsion lines with a slopg not significantly different

). The regression line intercepts the Wy axis oL
above the origin in the F; gemeration, suggesting partial domizi;ﬁce,

while it intercepts thk Wy axis below the origin, indicating over-

“y ,/L I N N .
dominance in the F, generation. Results from the graphical analysis , :
. s T, ‘ v

were in full agreement with that found earlier from the Jinks-Hayman

analysis (Table 7), for both generations.. The order of parents'. along

the regression lines differs_ from the Fl\to thé Fz generation'. Such
differences in order may be due in part to genetic segregation

and/or gene linkage in the Fo generation. Although garents 5 and 1 .
had almost the same order in both generations vith parent 5 carrying \
most of the dominant alleles and parent .1 carrying mostaef the

reces:aive alleles, parents 8 and 6 changed their order along the

regression line according to the gp_v:nerat:tono involved. v

'Iheastlppe' of the regression.line (Figure 15A) for: the third

! - [
yield component, 1000-grain weight in the Fy generation, is

L} *

%

and/or gene correlation. Excluding the parents contributing to
non:-allel:l:c}i?teraction (parents 1, .2 and 6) impraved the' b Wr/Vr_
value (Figure 15B). Partial .aominanée is indicate;l £rom the position
of the 'rggression line above the origin, énd it is ciear that parent 7
with its‘ low V., Wy carries most dominant a:llelea, while pka;:ent ’3 ‘

(after correcting for epistatic’ effect;) had the most recessive °
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Figure 14.
generations from a diallel cross in Ayena gatiya L.
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Vi, Wy graphs for number of grains per panicle in the F; (A) and Fy (B)
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Avena gativa L, (A) all parents are included. (B) epistatic parents 1, 2.and 6 are excluded.
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alleles, The same failure of the assumptions required for the

geneticai model was observgd in the Fz"genetation (Figure 16A). The

4

regression line differed’significa%tly froy unit slope (b = O.hé),
§ﬂﬁ eliminating the epistatic parents (1, 2 and 6) resulted in a
régression\line not significantly different from 1 (Figure 165). The
regr;;sion l%ne cuts the Wr axis near the origi;, indicating partial
or near complete QOminaAce. The ordet of parents along the regression
line differed significantly from that ;n the Fl generation an& was
almost 1in comﬁlete contrast; Because lOOd—grain weight was the
character in the present study most affected by non-allelic inter-
actisn and/or gene correlgtion, as indicated in Tables. 3 and 7, and

1 »

because of the high environmental influence on this character, one

'kmiéht conclude that too much importance cannot be attached to the

! -

finet detalls of order of dominance along the regression line. Also,

the interpretation of the genetic components and/otr ratios for this

.

~

character should be treated with care, at least with the genotypes

(
involved in the present study. Such a conclusion is in full agreement

with that reported by Sampson and Tarumoto (1976) in oats. '

2. Variance components, heritability
and genetic advances

Quantitative characters are controlled by both genetic and
. -

environmental effects. The genetic effects are due to breeding value

.

(additive), dominance, and epistatic effecté. The breeding value of

an individual for a given trait‘{é the sum of the average effects of

L

L

snaddiiiie.,

e e
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£ .
the genes it carries, the summation being made over the pair of
I

alleles at each locus and over all loci (Falconer,, 1967). Dominance

deviation, or the intra-allelic interaction, is the interaction

Betweenualleles at the same locus while epistatic deviation, or the

inter-allelic interaction, 1s the interaction between alleles at )
¢

differént loci.

'S

e -t
e

‘Selection in a given population is based on the phenotype of
individuals, while only a portion of the phenotypic value is trans- -
mitteg’xglthe following generation. A phenotype resuits from a

> ' o |

pattern Bf"development directed by a genotype and conditioned by -

N

environment. Thus, it is of primary importance for the plant breeder

) ~

to know, the relative m;gnitudes of the different, components of the

pﬁenotypic value. Additive and non-additive variance estimates,

&

together with gemetic, environmental, and phenotypic variance
o ‘ . ,
estimates, calculated in the F; and F; generations for nine characters |

in the present study, are shown in Tables 8 and 9, respectiyely.
i * - .
These estimates were calculated by two different methods as deacribed

L4

earlier: .from the Griffing's (1956b) analysis as described by
Kempthorne and Curnow (1961), and from the Jinks-Hayman (1953)

analysis as.described by Crumpackér and Allard (1962). These two

~

methods of calculation are designated as method A andlmethod B,
respectively, in Tables 8 and 9. Estimates of the additiye genetic

variance calculated by the G;iffing's analysis (Method A) were higher

L]

than the corresporiding non-additive genetic variance for all

t

~

“ '
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TABLE 8.

ot oo Ll

Estimates of the-variance componénts

O I TR e i . n N ww e,

7

<

~

based on two different methods of

for 9 characters in oats
calculation in the F; generation

/

§ 2 2 2 2 4 - 2 2 - 42 2 2 2
Character Basge %A °% + °NA - 9N A‘I' 9 oG T og Og + 9 % t
Protein per cent  (A) 2,90 - 0.25 - 3.15 - 0.22 - 3.37 -
(B) 0.90 1.04° 0.70 ‘0.57 1.60 1.6]: 0.78. 0.82 2,38 2.43
011 per cent (a) 1.40 0.03 1.43 0.05 1.48
¢:)) 0.87 ~0.09=0 0.87 - 0.18 1.06
Hull per cent T () 2.38 0.29 2.67 0.33 3.00
*, . (B) 0.87 0.60 1.47 1.31 ! 2,78
Plant height ; (4 337.712 7 7.47 345.19 4,61 349.80
. s (B) 76.02 » 86.53 ¢ 162,55 17.03 179.58
Heading date ()  14.38 - 2.09 - 16.47 - 0.48 -~  16.95 -
) ) (B) 10.98 12.83 0.51 -1.07=0 11.49 12.83 1.94 1,72 13.43 14,55
Grain yield/plant (A)’ 2.86 1.02 3.88 0.87 4.75
(B) 2.23 - 0,01 2,24 3.69 5.93
No.of panicles/plant (A) 0.38 - . 0.12 - 0.50 - 0.3 - 0.84 -
- (®) ,  1.15 1.06  -0.74=0 -0.4750 1.15 1.06  1.60° 1,28 2.75 2.34
. Na.of grains/i)anicle (A) 129.22 \ . 15.73 144,95 ’ 10.83 155.78
N - (B) 51.21 26.39 , . ~ 77.60 40.19 117.79
1000-grain weight = (A)  5.32 - . 2.49 - 7.81 - 0.51 - 8532 -
- (B) 1.21 2.52 3.22  -0.36=0 4.43 2.52 3.16 2.72 7.59 5,24
. 5 A and B are the variance components éstimates calculated from Griffing's and Jinks-Hayman diallel
analyses, respectively. ) . a
1 Estimtes after omitting the epistatic parent(s). ?\\3 °
~ Not calculated. R )
~ - . -
~ ; - »‘J N 4
¥
- ) A b Va -
@\;;;,\WM"'““ sl BT P - - a;r-q.z‘; hoaew - - - - * o e o
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TABLE 9, Estimates of the variance components for 9 characters in oats based on two different methods of

calculation in the F; generation NN
-E ] T y Ay Ld o
g Character Baaeg Ui / Ui 1 ’ GI%A ) UI%AT N Ué 0(2.; + Cé G% + 0'% 0% +
i ) .
. ﬁ Protein per cent (A) 1.96 e 0.3# g 2.28 0.18 2.46
1 () 0.93  0.95 - 1.88 0.67. 2.55
7. 01l per cent (A) 0.98 - , 0.21 - , 1.19 - 0.04 - ° 1.23 -
AR " (B) 0.87 1.02 0.43 ~ 0.45 1,30 1.47 0.14 0.14 1.44 1.61
-y Hull per cent 4 1.22 ‘ 0.29 T -1,51 N 0.38 1.89
L - (B) 0.84- ® 1.60 2,44 ‘ 1.41 3.85
Plant height . (A) 243,44 - 19.13 - 262,57 - 7.57 -~ .. 270.14% -
S ) / -(B) 73.587 36.90 199.45 22.34 273,03 . 59.24 26.80 23.00 %299.83 82.24
1 Héading date . (A) 15.08 - 5.71 - 20.79 - - 1.13 ‘77/{‘“1‘%1.92 -
. (B) 10.48 11.48 25.07 16.64 35,55 28,12 3.94 <51 39.&? 31.63
( Grain yield/plant (A . 2.28 0.59 2.87 1.0# 3.92
) - (B) 2.07 ) \1.38 3.45° 4,32 ‘ 7.77
o No.of panicles/plant (A)  1.94 - 0.42 - 2,36 - 0.35 - 2,71 -
/ (B) 1.13  0.63 0.88 -0.28=0 2.01 0.63 1.67 1.68 3.68 1.31
' No.of grains/panicle (A) 45.14 28.96 T 74.10 12,84 86.94
‘ (B) 49.73 93.20 -~ 142.93 46 .12 189.05
'§-  1000-grain weight - (a) 2.78 - 1.25 - 4.03 - 0.59 - 4.62 -
(B) 1.35 . 2.46 4.54 2.74 5.89 5.20 2,60 2.99 8.49 8.19
§ A and B are the variance component estimates calculated from Griffing's and Jinks-Hayman diallel
analyses, respectively, * ' .- : .

t Estimates after omitting the epistatic parent(s).

- Not calculated. - B
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LI

characters_in both generations. The same trend was observed with the

» Jinks-Hayman analysis ‘(method B) for all characters, except for plan¥
v
height and . 1000-grain weight in the F) generation, and for hull per

A‘..J

cent, plant height, heading date, number of grains per panicle and/

1000-grain weight in the F2 generation.

.

\ / ,‘
It should be emphasized that the compoments in Tables 8 and 9
were calculafed assuming no epistatic effects. In the presence of

. epiétasis, the expectation for aéca would be (Matzinger and Kempthorne,

' 1956) : \ R - _ ;

~ b i e
+1/8 02, ... ”

=2
+ 1/4 o AAA

~2 - ~
o 1/2 ¢ aA

. gea - A

and sutch ‘a situation would result in different variance' component

estimates from those mentioned in Table 1. The valid#fy of this » -
assumption was tested roughly thrc,:ﬁghk the graphical aha gis, bearing'

in mind its 1imitz;t;1;>ns.‘ Nh::i;ar (1965) showed th:ough computer ’

simulation that correlated gene distribution results in: the regression

of We on V. beiéxg a:!.;lzos‘t consistently less than .unity imd the inter-

cept on th\e V{r axis predominantly below the origin, thus simulating a
the presence ‘of eplatasis and overdominanc'e,‘ reséectively. The /
geriousness of such a situation increases with a decreasing number of ( ’4 ~
parents, Elimination of the pareﬁt(a) cont,ribﬁting to non-allelic \
interaction resulted in higher additive genetic values than non-
‘additive in both generations (Tables 8 and 9). Moreoverv, #eliminationﬁ

. . !
of the epistatic parents resulted in negative estimates of the non--

‘ additive variance componeﬁte for heading date, number of panicles per

e
{
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piant and 1000-grain weight in the F, generation, and for number of

panicies per plant in the F; generation. ‘These negative estimates of
- . N v

the non-additive genetic variance were reasonably considered to be

zero. . . 8
[

’ ’ o
Genetic variance estimates in the F; and F, generation were

higher \than the environmental estimates for all characters based on

»

the two|methods of calculatlon, except for grain yield in the F;

generation. This indicates that the genetic variance component

- N

comprises the majorc’proportion of the phenotypic variance component
1 Py =
for all chgra.cterﬂ' involved in the present.investigation, and suggests

that a genetic improvement for these characters in early generations

/\n

should be effective. However, for characters showing epistatic

effects, such a conclusion should be taken with more caution.

< ‘ |
g

Phenotypic variance estimateé, as well as genetic and environ-
mental variance estimgtes, ya_ti\ed according to the method of

estimation and the generation involved. In the F; generatiom,
rd " ’

phenotypic -variance components calculate;i by the Griffing's analysis
(method A) were relatively higher than those calculated by the Jinks-

Hayman 'analysis (method B) for all characters, except for grain yield
o ‘ ! 7
per plant and number of paqicles per.-plant, In the F, generation,

the se¢ond method resulted in higher phenotypic variance estimates -

‘than the first one with all characters. Although such differences
existed between the two methods of variance componént estimates- in
the F; and F; generations, they'h;d, in general, the same order for

AR

AR S R e
v .
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” |

s all characters in both generations with plant height having the

"

highest stimates and oil per cent and number of panicles per plant

having (ihe lowest estimates!

L/ . N

o’

Progress under s'electi\on breeding programs depends on:

(a) the magnitude of the genetic variation in the population, and ~~

. (b) the extent-to which this variation is responsible foL the

phenotypic variation. It would be interesting for the plant breeder
to compare the characters with respect to (a) and (b), -as well as to

(c) the resulting expected genetic-advance from selection, and

-l A /

H refers to heritability in the broad sense,l and describes the

(d) the sensitivity to environmental changes. These are usually

estimated by: o2,

- g2 /a2 - 2
t G H oGloP, Gs K.opH, end OGg? respectively.

proportion of phenotypic variance caused by genetic differences.

0% represents the sum of o’é and cé. Gs is referred to as expected

genetic advance from selection, with K assuming different values,

depending on the percentage of the population selected (e.g., for 5%
-

K= 2.,06). )Since characters differ’'in theilr mean values and scales

of measu¥ement, (a) and_(c) will be expressed as:

/o2 - G : o
—=2 x 100 and —>= x 100 :

X X

lThis applies only to selectionxmang segxually propagated

- clones~or' homozygous genotyies. In the case of segregating popula-
el .

tions, the advance from selection as well as the choice of the
breeding schemes. depends on the relative magnitude of the components

of 02 to one anopher aﬁd to o‘% o, ’
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prior to comparisons and referred to here, for convenience, as
¢

"genetic coefficient of variation' (GCV) (Burton, 1952; Johnson et al.,

1955) and "relative genetic advance from selection" (RGB).

~

Es_ti'mates of heritz;tbility percentages, G;, RGS,‘ and GCV fc;r
nine characters in oats in the F; and Fjp ggeneration/s"\ are presented ,
1n Tables 10 and '11, respectively. In 'Ag‘eneral, heritability estimates
calculated from the Griffing's analysis are higher than those from the
Jinks—Hayman analysis. Broad sense heritability‘estimates are also
higher than the corresponding narrow sense estimates for all
characters in both generations, except for oil per cent, grain vield,

®

and number of paniclea per plant in the F; geqeration where broad and

narrow sense heritability eatiﬁmates were equal, as calculat:ed from ;!

B

method B, This ias due to the ‘high additive genetic variance or the

very low non-additive gemetig vériance involved in the inheritance of

H

these charactérs as shown in éble 8. Although the two methods of

calculation differed in their heritability estimates, a regular

ﬂpattern wag observed for all characters. .In géneral, oil per cent,

, -

plant height, heading date, and number of grainé .per panicle showed

the highest heritability estimates, while 1000-grain weight and gfain

* yleld had the lowest values in both generatioms. .

i?‘ ) ‘\‘
Heritability is. useful for comparing traits as to their

use’fixlnesq as aids to selection. Sitnations oft.en arise when a plant

-

breeder selecting for- ’a character such as grain yleld has to pick a .

limited n-umber of plants from his population for further progemy tests.

4\' o

:«1
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TABLE 10.

>

"
‘

' Eatimates of ndrrow (N.S. .) and broad sense (B.S.) heritabilities, expected genetic advance from
selection (Ga), relative expected genetic advance from selection (RGg), and genetic coefficient of variation
(GCV) for 9 characters in oats based on two different methods of[

calculation in the F; generation

s

$

. ] Heritebility' . .
® . : Cg RGy GCV
Character .Base§ N.S. B.S. \ - =9
M T T t - Jr'\ t + \
- - .
Protein per cent (a) - 86 - 93 - 3.52 - © 25.85 - 12.54 -
é (B .°° 38 43 67 66 2,13 2.12 . 15.14  15.24 8.99  9.12 )
§ 0il per cent . . (A) . 95 <97 2.43 135,33 17.38 -
* . (8) .82 82 1.74 25.30 13.56
Hull per cent - (a . 719 89 3.18- 12.43 6.39- ;
(B) " 31 v 53, 1.82 o | 7.12 T 4.74
Plant height » ., ’ (A) - .96 98 37.51 39.84 19.73
. Q (8) 42 91 25.12 27.19 13.80 ~
Heading date A - 8 =~ 97 - 8.23 ~ - 13.52 - . 6.67 - :
. () .8 88 8 88 ©6.49 6.91 10.94 12.18 15,71 6.31 .
; > s e L . ’ .
, Grain yield/plant () . 60 81T < v 3.64 41,99 22,74 . N
1 (8) - 38 .38 1,90 . 23.38 18.42 \ .
| No.of panicles/plant (&) 45 - 59 .l - 111 - 15.8 - 10.02 -
1 - (3®) 42 45 42 45 1.43  1.42 21.24 * 22.27 15.93  16.15
i No.of grains/panicle () 83 -93 23,91 49,55 24.95
: i ®) 43 166 14.76 32.04 19.12 -
1000-grain weight (a) 66 - QA - 5.58 - 20.54 - 10.28 - \
(8) 16 48 48 3.29  2.26 11.69 8.08 7.48  5.68
§ A and B-are the estimates calculated from Griffing's and Jinks—Hayman diallel analysea,- B \
\ respectively, s ©

- Not calculated.

B i A Tt X

oF

»t "
KT

+ Estimates after omitting the epistatic parent(s).

5

7 amedhe
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TABLE 11. Estimates of narrow (N S.) and broad sense (B.S.) heritabilitiea expected genetic advance from
selection (Gg), relative expected genetic advance from selection (RGg) and genetic coefficient of variation
G for 9 characters in oats based on two: different methods of calculation in the Fo, generation

[y

- ° -

. - ' ’ Heritabilify L )
o 5 m Gs RGg4 Gey
Character . Base” - |N.S, B.S.. -
t # T + +
Protein per cent A) 80 '93 . 5 : 3.00 ) 21.23 ’ 10.67<
_ (B) 36 7% % 2,43 17.03 9.61
011 per cent () 80 - 97 = - 2.22 - 32.%1 - 15.85 -
R () - 60 63 .90 91- " 2,22 278 . 33,61 43.56  17.26 19.00
Hull per cent 8 - g5 .8 2,27 8.87 4.8l
@®) 22 63~ Lt 2,55 9.95 " . 6.09
Plant height = ° L) 90 - 97 - 7 32,86 - 34.89 < = 17.21. . -
. : - (B) .25 45 S5t 2z . 32,46 13.45 - 34,92 ‘13.Q§1 17.77 7.94
Heading datev' - (3) 69 - 95 - :2"79716 - 15,05 - - 7:49 -
o L (®)- 27 3 9 89 - _11.65  10.31  19.75 18,21.  10.10  9.36
Grain yield/plant a) 58 '3 . syt 34.38 19.56
) (B) 27 44 L 2.53 30.62 22.48
No.of panicles/plant (a)"' 717 - 87 -~ - 295 41.84 - 721,79 -
) . ) (8 31 48 55. 48 2,17  1.13  30.67 17.36 -  20.03. 12.19 .-
No.of grains/panicle a) - . 52 . 85 16733 . 33.83 ' 17.84
(B) 26 76 21 53> : 46.38 . 25175
1000-grain weight (A) 60 -, 87 - 385 - 14.17 - 7.38- -
: T ®) 16 30‘7L 69 63 4.14 . 3.71 15,03 13,77 B.81 8.46

oy
g

§ A and B are the estimates calculated from Griffing s and Jinks-Hayman diallel analyses,
respectively.

1+ Estimates after omitting the epistatic parent(s) ’ :Z N L «
- Not calculated. S R
‘&é’um».h . - - N - ° ) e T
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For example, if grain yield happ.»ens to be correlated with another

Y
A R

]

characcer the breeder cap pick his plantjs with respect to this

character rather than purely at random, thus .increasing the

-~

_probability of picking superior genot;pea. ',The character-with high

0 h“er:l.t:ab:l.fl::Lt:y1 would be more useful in this' respect. Results from the

present'atud}; agree with those of many other reports in oats (Bro'wn
et al., l97h Chae and Forsberg; 1975 Johnson and Frey, 1967 Ohm ,

and Patterson, 19/5 Petr and Frey, 1966 Sampscm and Tarumcto, 1976)

¢ -t
.,,._,
“

e The genetic advance from select:l.on depends on the heritability -
estimate, the nlegnitude of phenotypic variance ‘in the. popula y and

the proportion selec}:e,d. Consequently,‘high heritabi],ity estimates N
. . . v . i R . \ , \

‘do not imply pronounced. progrees from selection. if the phenotypic

Yariance {s small. In order .to determine the validity of selectiom,

\

expected genetic advance sfmould bepobta'ined ’ Expecte&'d genetic

‘advance (G ) and its pe.r cent of the mean (RG ) based on selecting

‘L
“the best%§ per cent for nine characters in the F1 and F, generations
¢ v
in ‘oats are ahown in Tgbles 10 and 11. o,

® @
'
©

Regardless of the method of estimation, G, and RG_ were, in

-

general, higher for all characters in both generations when calculated

—

by Griffing's analysis than by the Jinks~Hayman analysis. Plant

B '

An H value near 100 indicates that the phenotype :I?s a good
index of genotypic merit and that genétic gains can be.tade essily by
‘selection, but an H value near zero indicates, that the phenotype is a °
_poor index of genotypic merit and that genetic gains from -selection
‘will be difficult (Johnson and Frey, 1967).\

P °
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“'._graiin yield. ~Less genetic ‘a&vanc'e should be expected from

. . ¢ ' J .
height and number of grains per panicle showed the highest Gg values,

{ . A s o
while oil per cent and number of panicles per plant had relatively

K
H

the Yowest ‘'values in both generations. This does not directly imply
- 1
that selection for p%ant height and number of grains per panicle‘h
&

would be more efficlent than for other characters in early genera-

- £ o

tions, due to the fact that such characters dlffer widely in their

mean values "and scai[,e? of measurement, It is clear from Tables 10 -
- 1]

and 11 that characters such as oil per cent, grain yleld and number
of paniclés per plant, which have a relatively low Gg, have high RGg .
¢ - . i . .
- values in both generations. This is due, as mentigned above, to the

. ) ~ b
lower mean values for these characters;and higher heritability and/or

>

“phenotypic variance,

+
a4

5. The genetic coefficient of variation (Tables 10 and 11) -

LN

diffP:red a;':cordfing to the method of c:alculation and, in general, .
oll per cent, fplant height, grain yield, number of panicles per planJ:
and number of grains per panicle had 4 relatively high GCv, Protein‘
per cent, hull per cent, heading date,‘'and 1000-grain weight showed
a relatively 1t;w GCV. On‘ the basis of tfxe relat:ively high H, RGg
and GCV f{ one might donclude t.:hat prono'u‘nced progress should be
e;pected"from selection for oil per cent, plant height, nu‘mbér of

— 7

ﬁaniclep per plax_n: and number of grains per panicle in early genera-

. . - .

tions. _ Moderate progress from nselection in early generations should

. be expected with p‘rotein‘qper cent, hull.per cent, heading date and
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‘ ' !
selection in early generations for 1000-grain weight. However, such
. ° ’ - T
a conclusion will not hold for a character that is highly affected by

the presence of non-allelic interaction, and more complex breeding

procedures such as a progeny test are needed for more efficient gain

from selection.

1

©

In conclusion, one can say that on the basis of the high
additive variance revealed by both the Griffing and the Jinks-Hayman
analysis, as well as the high heritabilitg' and genetic coefficients of

varizﬁltion, pronounced g\enetic improvemgnt;ﬁin oats could be obtained
— . - /

with little or no difficulty by using the most simple breeding

! 4

. -

programs, such as choosing parents phenotypically and mating the best

4

+with the best. However, with the characters affected seriously by -

<

epistasis, such as heading date, number of panicles per plant and

1000-grain weight, a more complex breeding program, such as choosing

. parents by progeny testing, will be necéssary to a._chieve" maximim

2
\

genetic advance in oats.

&

,

It must be en{phasized that this analysis gives information

»

.only about those genes"which control-the nine characters involved in’

the present investigation, and which are segregatingo in this group of

crosses. It provides no information abéut the genes in entirely

different parents which could be brought in to affect these

characters, nor about any of the other characters which may be of

t

importance in a breeding program. - . : .
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1may be due to linkage or pleiotropy (Mode and Robinson, 1959). The

Baker (1975). In this method standard deviations of genetic

125

3. Phenotypic, genetic and environmental
correlations . -

\ 4
Associations between plant characters are of considerable
value in breeding programs. when two characters are linearly
covariated, the underlying genetic system causing such association
-
phenotypic correlation 1s a linear combination of genmetic and

environmental correlatiyons. However, the proportion to which qenetic ]

Pl v db ot SR oA B b T B

and environmental “correlat}ons make up the phenotypic correlations is
of ccnsi:derable interest to the breeder, and d.s variable dependifig on
the magnitude of the heritabilities of both traits, | '
. ( N |
Estimates oﬁf the phenotypic, genetic, and environmental o
correlation coefficients for nine characters in the F; and Fj 1

generations -are shown in Tables 12 and 13, respectively. In the F;-

or F, generations, the degrees o‘f freedom required-for testing the . -

PEORIS

non~existence of phenotypic and environmental correlations were
determined by subtracting one from each oi_:: the genotypes and the
expérimental error degrees of freedom, resLectively. Although
accurate tests df significance of the genetic correlations have not

yet been developed a rough teat ‘was used as described by Dyck and

corre],ations were calculated by methods described by Mode and
Robinson (1959), and a genetic correlat;ion was considered to be

significant if its absolute value exceeded twice its atandard

\_
e gy R AR A e ot S Pt A M P SR 0P ) e

deviation. °

/




-4MBLE&2T—ﬂﬁﬁﬁmTZ§&”

¢ (¥p), genetic (rg),

3

and éﬁvironmégfaln(rg) correlation coefficients among 9 characters
in the F) 'generation of an 8-parent diallel cross in oats

. Plant Headi Grain No.of No.of 1000~
Character . 0112 HullX ‘h & eading yield/ panicles/ grains/ grain
eight date .
] . \ plant plant panicle welght
Protein rp (a) - -0,34 0.29 Q.27 -0.57%%  -0,73%%  -0.15 -0.75%* 0.15 -
X rg (b) -0.35 _  .:0.32 0.28 -0.59 -0.87 -0.17, -0.78 0.18
g (c) ~0.32%%  -0,03 ~0.16 ~0.24% -0,25% ~0.10 -0.24% -0.20
0i1 - 2 =0.59%% . 0.46% 0.65%* 0.51%x 0.72%%  -0.02 0.46% °
4 rg" -0.63*" - 0.46  0.66 0.59 0.86 -0.02 0.49 -
. TE -0.10 0.28%% = 0,.35%x -0.01 0.01 0.03 0.13
- Hull P -0.54*  _0.15 ~0.53%% 0 41% -0.21 ~ 0.46%
4 G -0.56 -0.16 -0.56 -0.46 -0.21 -0.48
IE -0.32%%-  -0.04 -0.36*%*  -0,25% = ~0,22% .  -0,24*
* Plant rp +=0.01 0.21 0.39% -0.19 0.56%%
height rg -0.01 0.21 0.46 -0.19 0.58
- TR 0.49%* 0.32%* 0.11 0.25% 0.11
Heading Tp 0.53%%  0.40% 0.37% -0.06
date Ig - 0.61 0.51 0.39 -0.06
E - v ~-0.08 -0.25% 0.03 0.03
Grain Tp ” 0.55%% ° (,71%* 0.14
- yleld/ g 0.49 0.74 0.12
- plant rp . 0. 75%% 0.53%* 0.27%
NO.Pf o rP —0-14 0.32
panicles/ - rg -0.18 0.36
plant . : TR J 0.02 0.19
No.of Y - -0.27
grains. . rg | -0.30
panicle IE , 0.16

: ]
* %%k Significant at the .05 and 0.01 probability levels, respectively. )
Significant values are 0.37 and 0.48 for the 0,05 and 0.01 probability levels, respectively,
; ] \

(a)
for 26 dF,
(b)
(e)
for 81 dF.

°©

/
The underlined genetic correlation coefficients differ significantly from zero.

Significant values

are 0.22 and 0.28 for the 0.05 and 0.01

/‘(‘\

probability levels, respectively,

971
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TABLE 13. Phenotypic

(rp), genetic (rg), and environmental (rg) correlation coefficients among 9 characters
in the F; generation of an 8-parent diallel cross in oats

| "'y ' plant  Heading - °T8LD No.of No.of 1000-
Character 0i1 2 Hull Z height date yield/ panicles/ grains/ grain
) = ‘ d plant - plant ~panicle weight
Protein rp (a) -0.31 0.35 0.18 - - ~0,52%% ~0,55%% -0.04 -0.65%% 0.11
x rg (b) -0.32 0.40 0.20 -0.53  -0.63 -0.06 -0.68 0.12
rg (¢) -0.19 -0.05 -0.26% ~0.30%%- -0.21 -0.09 —0.43%% 0.02
011 Tp - =0,52%* 0.48%* 0.72%% . 0. 72%* 0.84*x  -0.05 0.33
o] -0.57 0.48 0.74 0.84 0.93 -0.06 0.36
) -TE -0.06° 0.25% 0.24% 0.08 0.01 0.01 0.08
Hull Corp -0.38* ~0.14 -0.64%* ~0.57%% -0.14 ~0.45%
z e} N " 0,42 -0.15, ¢ -0.83 -0.69 - =0.,200 T 7-0.48
I ¢ - — = 008 — =0.100 0710 0.04 0.18 -0.32%%
Plant TP i . 0.05 0.45% 0.47%  -0,10 0.49%*
height G \ 0.04 0.49 0.51 -0.13 " 0.53
‘ . TR 0.19 T 0,32%% 0.11 0,324 0.15
Heading TP 0.59%% 0.43% 0.32 0.04
date - g 0.70 0.51 0.34 0.05
‘ TR -0.02 -0.18 0.06 -0.04
Grain Tp . 0.62%% 0.47% 0.45%
yield/ g _ 0.62 0.47 0.57
plant TR _ s « 0.65%* 0.53%% -0.04
-No.of Tp ” -0.35 0.58%%
panicles/ e - ) -0.42 0.72
plant TR 0.12 -0,12
No.of Tp - _ -0.24
grains/ . -0.25"
panicle TR : . -0.15
*, %% Sipgnificant at the 0,05 and 0.0l probability levels, réspectively.
- (a) Significant values are 0.37 and 0.48 for the 0,05 and 0.01 probability \levels, respectively
for 26 dF. ‘ - - - -
(b) The underlined genetic correlation coefficients differ significantly from zero.
(¢) Significant values aré 0.22 and 0.28 for the 0.05 and 0.01 probability levels, respectively
for 81 dF. :

S

WWWMMM(.”» ree d

. s PRV
R R W 20T R S

~

o

O e hmegmda m wNT



RO -

e TR TR

L N

Be W d S RS R e,

i B

g T

R

'
!

Iguth generations (Tabies 12 and 13). In the F, generatiom, a

a

N ‘ ' | N 128

‘ , -| ,
In general, \correlations in the F'l generation agreed yith those
fg\m;l in the \F, and genetic correlation coefficients were higher than
the co::reaponding phenotypic coefficients in most cases, but the two
types of correlation were similar in sign in all cases, ‘indicatir;g
that significant phenotypic correlations were due to~ggnetic causies in
most associations. The environmental correlations in. the préqent
study were, in most cases, lower in magnitude than either phenotypic
or genetic correlations, but wére similar in qign\in most, cases, -

) ¥
indicating that the associated characters were influenced by environ-

mental conditions in the same direction. Many reports from different

crops provide evidence of the comparatively higher value of_genotypic !

~

than phenotypic correlations (Wallace et al., 1954, in oats; Dyck and

Baker,‘ 1975, in wheat; Johnson and Aksel, 1964, in.barley; Weber and’

Moorthy, 1952, in soybeans). J ) -
\‘A M . '- -
Protein percentage was negatively and significantly correlated

P

- i

with heading date, grain yield per plamt, andﬁtfnin}be;:\)of grains per

oy

R

‘padticle, while the correlation coefficients bet{v:eei} protéin i:ei’centage

—

. ‘and the ‘other chatgétérs were low in méﬁitude and non—-significant in
AN .

N

significant but low genetic correlation coefficient (0.40) was found
betw)een protein percentage at}ci huli per cent. Such a relationship is

unreasonable and data from the F; generation are more indicative.

.']‘The, negative, correlation between protein percentage and “heading date

is of importance to oat breeders and indicates that it should be ]

5
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possible to breed fo’r an ear’ly maturing cultivar with a high level of
) . ‘ ‘ .

grain protein, but since both characters are highly influenced by

environmental conditions, and in the opposite direction, one .might.

o~

conclude that to obtain such improvement in proteix; per ’cent and
heaciing date optimum °emr"iJi'm'nnental conditions are re'quired‘. Frey
(1976) fom‘ad that most correlations reported for groat;ptpégin
;T ’ pércentage‘vith heading date, in oats, have .been, sma.i.l and non-
signif:l.can't,'ar/l/d in wheat, S::ubei: et_ al. (1962) rep‘ortéd that
,phenot‘yﬁilc ‘c;rrelationa. between heading date .andl grain protein content
. o were ’h:‘llg‘hl:yf ‘sigpificant but were also too-low for prediction purposes.
The yer}z‘l‘-u}.‘gﬁz ;é;gétive and significant éc;rrela;ionsa ‘t:;e_tween protein
”-Ih)‘ercent:ag‘:e“ and both grz;,in yield and its component, t\unnber of grains
per panicle; in both generationsg indicate’ that selection for higher
1§vels of these characters migh;: got be that easy to attain. Several
’ repor.ts‘ in oats agreed with these results (Briggle et al., 1975;
Brown et ai., 1966; Burri)wg, 1974; Forsberg et al., 1974; Sraon et al.,
1975), while Ohm and l;atterson'(l973b.) reported that high levels of
seed yield and pi:oéein per cent can be obtdined with little difficulty

in breeding oats,

The non~significant corre!,ationa ‘between ‘protein per cent and
- - .

;L »oil per cent, hull per cent, plant height, number of panicles per
plant, or 1000-grain weight, are also very important in oat breeding

programs, and indicate that the genetic and/or environmental factors

/ -
determining thé relationships between prc;tein per cent and any of .

¥
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these characters are independent from one anot‘her. These results also

-

: ‘suggest that it should - be possible to obtain good quality oat

; ,‘cultivars (high in bot:h protein and oil percentages, and low in hull
§” ' 'per cent) with short stems and plump grains; both are desir':ble
g characters in most oat breeding programs. Environmental coxjrelation
?’ coefficients between protein per cent and oil per cent, heading date,
j grain yield, and number of grains per panicle in the F; generation

were significant but low in magnitude. 1In the T geheratig_m,nprotein

per cent showed significant environmental corrvelati'onsl,with plant
heightc, heading date and{number of grains per \paniclei The negative
and significant environmental associations between protein per cent
and any of 'the:haracters mentioned above in the F; or Fy generatfons
ihd:;cate th‘at_ the two characteirs were influenced by the same enlviroe-

mental conditions, but in the opposite directiom. ~

!

Phenotypic and genetic correlation coefficients between oil .per

cent and all other characters, except protein per cent and number of

-
-

grains per panicle in' the F1 generation and protein per-cent, number
of grains per panicle, and 1000~grain weight in the F, generation were
significanﬁ. 0il per cent was negatively correlated with lhull per
—cent in both generations, indicating that @election'for low hul} per
cent would—increase oil content, wl'sile it was positively[' correlated
with plant height, heading date, gra;.;kﬂyield, number of panicles per

plant and 1000-grain weight in the ¥y geueratiJm, an]”d with plant

-—w-fhg'ight::, heading date, graid yield, and number of panicles per plant in

1
1
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the Fjp. mé highly significant and positive genetic and phenotypic

v

i . . .
correlatitn coefficients between oll per cent and each of grain yield
and its component, number of panicles per plant, in both generatioms,

-
. { Y ’
must be considered in oat improvement programs and suggests that e

selection for high yield combined with higher energy could be achieved

without difficulty in ‘oats. These results are in agreement with those

r ) \ -
reported by Baker and McKenzie (1972), Brown and Craddock (1972),

-
pa—

Frey et al{. (1975), and Klinck (1967). The positive and significant

correlations between oil per cent and each of plant height and t,{eading
13 .

\

date. in both generations may result in some difficulties for oat

breeders in selecting for short and earl\y maturing cultivars with high

~ { -
levels of oil. These associations may be due to pleiotropy or

v

linkage. Lush (1948) and Lermer '(1950) have suggested that if the
genotypic correlation is due to plelotropic genes, selection for two

tralts in the game direction will cause a negative change- simultaneo'hs

A

gelection for two traits in opposite directions will cause a positive

change in the genotypic correlations., If such a relationshlp between

\

oil per cent and each of plant height and heading date is due ‘to

‘pleiotropy, it iL unlikely a new combination of traits can be attained.

On the other hand, if the genotypic correlations are due to linkage,

it may be possible to break the linkage by preeding techniques such as

mutagenesis or intercrossing -segregating populations. Environmental

,co#relation coefficients between oll pe;.: cent and each of plant height

&

and heading date were lower thap either phenotypic or genmetic

correlx?tions.( The positive ‘and sigiificant values of these .

,</

1

Y

™

ia g o N A e 2

o B TS ST annk wdkedn B S 0

LERIE O P e




. e e oo e BEPE ATAR P A

F R

i

R WD b Bt e

kS

- e PRy

A ———— e s

)

‘ generatipn, and between hull per cent and 1000-grain

. environmental factors in the opposite direction.

132

environmental correlation coefficilents indicate that these characters

were affected by the envigpnmental conditions

k]

-

Negative and significant phenotypic and genetic’correlation

coefficienés were found between hull per cent and all other characters

except protein per cent, hedding date, and number of grains per
panicle, in the F; generation and heading date and number of grains
per panicle in the F, generation. -The significant negative cor-

relations between hull per cent and plant height in both generatiomns

indicate that short plants would produce grains with high hull content,

Sucﬁ an assoclation is undesirable in oat breeding programs, but due
| @ , -

0

to the fact that these negative associations were low in magnitude,
.one would expect that plant breeders could select for desirable levels

of both characters without difficulty. The faet that 0.T.184, which

-

is the shortest culEIvar, has ;:relatively low hull per cent (Table 4)

may support such a conclusion. On the other hand, the significant

negative correlations between hull per cent and each of grain yleld

and 1ts components, numberiéfgbanicles per plant and 1900—graiP weight,

indicates that breeding for high yielding cultivar§ could result in
\

grains %%th low hull per cent and higﬁffeeding value. Significant .
s ! e . ‘
negative environmental correlations occurred between hull per cent and

each of plant height, grain yleld and its three componentaﬂin the F)

ight in thelrz

¥

generation, indicating that these characters were infl

—

ced by

~
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In the present study, positive phenotypic and genetic cor-
pi .
relations occurred between plant height and each of number of panicles
per plant and 1000-grain weight in the F, generation, and between

h P
j plant height and each of grain yleld, number of panicles per plant

T, . and 1000-grain we;j.ghf in the F, generation. Significant positive ) :

\envircmmental correlation coefficients occurred between plant height

and each of heading date, grain yield, and number of grains per .
| ;
panicle in the F; generation, while in *t\ltx\e Fy generation, both grain

yleld and number of grains per panicle were environmentally correlated

with plant height. Although poaitive and significant l;henotypic

2 . genetic relationships occurred between plant height ax;.d each of grain
yield\and "its two components, number of panicles per plant -axid 1000-
grain weight, their low values suggest that it would he'”iﬁft;ssible for |
oatl breeders to selegt for short plants witf; high }édimg abil:lzty‘.

This conclusion wasr in contrast to that reported by y authors (Petr

and Frey, 1966; Waii].ace et al., 1954), but 13 supported by the results

>

e PRy ey,
4

of Kiess;.lbach et al. (1940). \

H P ' -

N e N

of panicles per ﬁant, and number of g;:a:!.na per panicle in the F;
generation, and with grain yield and number of panicles per plant in
the ¥p gene1:at:ion’. The genetic torrelations were higher than ;:he
corresponding ph\\éhotypic correlations, indicating that it would be ) 4

J o difficult for the plant breeder to combine the éxt:;emes of the !

1

(\ 3 characters, eariinesa .and high ylelding ability, in a single cultivar.»
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These results agreed with those reported by Johnson and Aksel (1964), .
but were in contrast to those reported by Lyrene and Shands (1975).

The phenotypi¢ and genetic correlations between _Peadﬂing date and 10})0- . ‘
grain welght were nor}jsignificant #nd very low in magnitude. The

lack of Jassociation between the two ch;aracters could be a;:tributed to

the fact that the formation of the grain took place afi:er‘ the ini\t\iav ' : e
tiony of the panicle which was take; as an expression of heading date,

while grain plumpness seemed to be dependent on conditions affecting

tfanslocation_ of synthesized materials into the grain. A negative \-/__
environmental correlation occurred between heading date and number of

panicles per plant in the Fy generation, indicating that both characters .

-

were affected by the Lame environmental conditions in the c;pposite
way. In the F; generation, the environment correlations between

heading date and any of grain yield and its three components were non- .
. N . y

s\igpificant.

Highly significant and positive associations were obtained

between grain yield and each of number of panicles per plant and

L

number of grains pér panicle in the F; generation, while the three :

et e

yield components showed highly significant and posit:h}'e correlations
with grain yield in the F; generation. The present a"asociatiot\z
suggests that selection for the two yield components; numbér of
panicles per plant and':xumber of grains per panicle, which ;re
genetically controlled by additive gene‘effects and are highly

€

heritable (Tables 10 and 11), would result iin y{eld improvement. . .

P
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Sevéral/’authors have, a&reed with ’tﬁese;;.result:s, for example in oats
(Petr and Frey, 1966; Saml;son and ;I!irun;oto, 1976)\, in wheat (Fonseca
and Patterson, 1968), and in barley (Rasmusson and Can\nelxl, 1970; q\!
Hsu and Walton, 1970). Petr and Freys.(1966A) found that head number

per p‘}ant in-oats was the most important component determining yield

?

per,giant. Likew'dise, Rasmusson and Cannéll (1970) reported that .
selection for number of heads in barley reflected changes in grain |

yield that were similar to {:hose gbserved when Qelect;ion was for

yleld itself. ﬁnvironn:ent;al. ,cor\;:elation coefficients were: positive

and highly significant between grain yield and its three com;_»onen‘ts in °

the F; generation, whilglit was not significant betwéen gra:l.n‘ yield

and 1000-grain weight in the Fj generati’c;n. This indicates that . 0
grain yield and its components, particularly number of panicles per

plant and number of grains per panicle, were influenced by the same

s ”

environménialﬂ factors in the same way. .

o

Genetic and phenotypic co;rrelétions amorlg the three yield
components, number of panicles per plant, number of grains per .
-, >

pax')ﬁ.cle and 1000-grain weight, wvaried in magnitude and sign fr?m one ._;_’:,
generat;ion to another. Associations amoﬁg the three yleld comf:onents

were non-significant in the F; generation, indicating that it shoul"q:‘* .

J - .;
be possible to elevate grain yield through selection for its two ’

AN .
components, number of panicles per plant and number of grains per \

panicle, which were highly-correlated with g\;ain,yield, wighout

ting grain weight. . In the F, generation, number of panicles per

o -
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plant showed negative and signifigent genetic correlation with number ., L

4

of grains per panicle, while positive arf& significant phenotypic and

genetic correlations were found between mnnber of panicles per plant N

and 1000-grain weight. No associat:ion was found between nuiber of .

grains per panicle and 1000-grain weight in elther generation. Since

the negative and significant geneﬁic correlation coefficient between

[y

"

i}

number of panicles pet plant and number of grains per panicle was low
in magnitude (less tham 0.50) it should not be difficult to select for

high levels, of the threé. y:leld compouents in one plant. To obtain

y

such high levels of yield components, selection must be practised .

unger edequate environmental- conditions.
. H

It should be emphasized that the’ correlations o‘l:s;rved apply ’
» only to thé specific genotypes analyzeq. The 1nterrelationshigs§
mght be quite different in other material in which different gene
assqusLations may ;&ist, ‘or in wpich: ;:he mean values of the:chax;acters

/unle;: study are at levels diffe;éent from, those observed in the present

study. ‘ . —

- . b

o
-

4, Prﬂction of promising genotypes and
crosses for future &enerations

Breeding self-pollinated crops, such as 6ats, efficiently

-
vt

depends first on accurate identification of the hybrid combinaticns

-

that have the potential of producing maximum improvement, and secondly

on :Ldent:lfy;;ng s in the early generations, ;uperibr lines among the

[N

.
D AR G 0y s
Y

&f&xw‘hqu" S ;v-ax—. LRI .

SR

SN

R

e

T

e




.
e e e -

. ‘ ’ 137

- progeny of the most proyising hybrids (Crumpacker. .and Allard,, 1962).

Thus, the important task for the breeder is to choose parents which
will combine to give superior progeny. Several guidelines for
parental choice have Beep used with some succe§§ in developing

cultivars sﬁperior for highly heritable characters. However, if the

character to be! improved,is not highly heﬁitable, such as yield and '«

protein per cent in the_present study, the method of choosing superior :

4
v

parents is, at best, only moderately successful. The lack of precise
methods for selecting parents is one of the rea;ons why few crosses
ever result in the release of a new cultdivar. fé\yrediction of
superior ctosses Qould be based on some parental }nformation; develop~

ment of promising oat cultivars could be much more efficient than is

} |

nowﬁ?ossible.

e B

) 1
i

# One of the .main puﬁp?ses“of»the present study in thé Fl and
F& géneration? is téxptediéF Ehich crésses ;ill give the best chance
of finding, for each chafacter, high manifestations which could
subsequently be fixed in pure lines. ‘0; the basis of the genetic .
iﬁformation prévided by-the various analyses discussed earlier in this
invéstigation? predictions of ;otential crosses for producing superidr
proge;ies‘ban be made. Array' means (Table 14), together with GCA
effécgg (Table‘}S) and ?ther information, have beeg uged for Ehig

. ) N
purpose. In Table 14, the eight' parents have been assigﬁed the

F=

- . -
o P o

»

A
1A.rrhy is defined as onme genotype (parent) and all the crosses

0

from it. ) , .
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# TABLE 14. ‘Array means (parents are included), parental order of means, and parental order, dominance
\ z for nine characters in the F) and Fy generations of a disllel .cross in oats*
+ . . <o Grain * No. of No. of - )
o Chiaracter o, . iein oi1 Hull - Plant  Heading ° yield panicles grains 12221“
. Parent - . % IR 4 4 height date _ per per " per wzi ht
| ) . ! ] plant plant panicle g
’ a 1. Q:0.64.31 + 13,25 6.63 © 24,83 95.25 58.47 9.02 5.95 55.76 29.50
> L, e 13.85 6.23 25.23 96.65 57.81 8.70 5.91 53.77 28.44 .-
4.1 v - ) '
a3 2. Q.0.58.22 13.85 6.72 25,31 95.80 55.31 8.€2\/ 6.75 45.35 29.77
A . __13.64  6.26 24.93 °  95.86 54.34 8.%6- N 44.16 28.01
3. Ajax . 14.45. . 6.54 26.27 7 98.10 57.94 7.19) 6.0 43.07 28,25
- L T 14,42 6.08 26.51 96.08 56.84 7.)5 6.24 44,07 , 27.23
- " 4. Clintland 64 15.11 5.79 25.94 87.60 54,69 5.95 5.94 39,39 27.33
15.35 5.42 26.33 = 89.86 55.22 _6.35 5.92 42.42 126:20 .
e 1 5. 0.T.184 12.17 6.56 26.49 64.70  61.25 8.48 6.23 54.68 26.31 "
13.06 6.05 26.10 68.83 - 61.63 - 71.79 6.02 51.96 26.32 Y -
* 6. P.1.269182 '13.99 '§.01 24.99 100.96 61.78 8.04 7.01 _ 43.87 29.33 ‘
L~ o C 14.41 7.67 25.24 103.12 61.06 9.50 8.09 44.92 - 28,59
- S - . -
B 7. C.1.3387 13.50° 8.39 - 23.75 99.47 60.16 8.96 7.69 41,03  © 30.47 N
\ K ™ 14,15 7.45 - 24.47 96.53 -60.16 - 9.26 8.43 41.64 28.79
1 » 8. Hinoat 7 15.93 6.42 26.82 86.60 -~ 55.88 5.83 6,31 32.24 29.69
16.19° 6:09 26.52 89.47 55.47 6.67 6.73. 37.39 28.82
Grand mean .14,02 6.88 25.55 90.62 - 57.80 7.59 6.41 ~ 43.88 29,07
14.42 6.34 25.68 91.76 57:13 7.86 6.75_ 44,58 27.89
Parental order 84362715 76215384 716225358 %8412376 42831756 17526348 76285314 15263748 78216345 ’
. -of means . 84367125 67218354 72165438 58423716 24831765 67125384 76283541 .15623478 87612354
Parental order 54183726 43285176 75213648 - 57628143 28431576 56872431 65214387 85462731 75364128
of dominance 24185673 24538167 . 45762318, 56184237 28413567 ' 25638417 35124687 54263178 25368417 &
*F, estipates are in the first row and F, estimates are in th; second row for each charactér,
: respectively, : ° : :
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Estimates of GCA effects of 8 parents of oét's for 9 characters measured from the

F; and Fsp generations

TABLE 15.

/

{ranks in parentheses) and their L.S.D. among them?

" - Character : , " Grain No.of No.of 1000~
- - Proiz;e:l.n 0;1 ¢ g;u ii’:n;t Hej;:tzg . 'yield/ ©panicles/ grains/- grain
gh . _plant piant panicle weight
. Q.0.64.31 ~0.91 (7) -0.26 (4) =-0.62 (3), 4.46 (4) .0.56 (5) 1.42 (1) -0.48 (8) 10.43 (2) 0.82 (&)
-0.58 (6) ~0.15 (&) -0.24 (4)  5.02 (7) 0.47 (5) 0.67 (3) -0.84 (8) 6:95 (2). 0.78 (&)~

2. Q.0.58.22 -0.12' (5) -0.17 (3) 0.01 (4) 4.95.(5) -2.85 (2) 0.35 (4) 0.06 (4) 0.87 (3) 1.16 (2)

- -0.87 (7) =0.14 (3) -~0.66 (3) 3.69 (5) -3.\36 (2) -0.06 (4) =0.01 (4) —];..?5 4) 0.20 (5’)

Ajax. 0.41 (3) -0.30 (5) ©0.82 (6) 699 (6) 0,02 (4) =0.71 (6) =-0.27 (6) -2.32 (5) . -0.65 (6)

-0.10 (4) -0.28 ¢(6) 0.98 (8) 2.98 (4) -0,66 (4) =1.07 (7) =0.65 (5) -1.80 (5) -0.64 (6)

. Clintland 64 1.12 (2) -1.10 (8) 0.46 (5) --2.85 (3) -3.64 (1) -1.64 (7) -0.47 (7) -5,35 (7) ~-1.51 (7)

. 097 (2) -0.95 (8) 0.84 (7) -1.17 (2) -3.41 (1) "-1,42 (8) -0.80 (6) -2.15 (6) =-1.65 (7)

5, 0.T.184 =2.05 (8) -0.31 (6) 1.18 (8) -29.75 (1) 3.85 (8) 1.07 (3) -0.26 (5) 12.56 (1) -3.19 (8)

L ~1.33 (8) -0.36 (7) 0.50 €5) -25.58 (1) 3.43 (8) =0.17 (5) -0.86 (7) 8.12 (1) -1.81 (8)

6. P.1.269182 0.19 (4) 1.05 (2) -0.95 (2) 10.37 (8) 2.85 (7) 0.10 (5) 0.37 (2) -1.08 (4)  0.65 (5)

i 0.28 (3) 1.23 (1) -0.77 (2) 11.92 (8) 3.30 (1) 1L.75 (1) ~1.50 (2) -0.50 (3) ,1.03 (2)

“§7. c.1.3387  © -0.54 (6) 1.48 (1) -1799 (1Y 9.10 (7) 1.31 (6)  1.19 (2) , 0.88 (1) -2.64 (6) 1.66 (1)

4 -0.15 (5) 0.86 (2) -1.19 (1) 3.86 (6) 2.09 (6) 1.27 (2) 1.56 (1) =2.65 (7) 0.80 (3)

.18, Hinoat 1.90 (1) -0.40 (7) 1.10 (7) -3.24 (2) -2.10 (3) -1.78 (8) 0.18 (3) -12.46 (8) 1.07 (3)

2 . ) 1.78 (1) -0.21 (5) 0.53 (6) -0.73 (3) -1.86.(3) -0.96 (6) 0.10 (3) -6.42 (8) 1.28 (1)
JL.5.D, (0.05) 0.54 . 0.26 0.65 2.45 0.79 1.07 0.66 3.76 0.82
E . 0.49 Q.23 0.71 . ¥3.15 1.22 1.17 0.68 4.10 0.88

z )

Tt F, estimates are in the firat

3

L

row and F, eéstimates are in ‘the

second row for each character, respectively,
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nu#bers 1 to. 8 and arranged in descending order, starting with the

parent having the most desirable level for each character and carrying

Wl

the most dominant alleles. This 18 called parental order of means and

\

parental order of dominance, respectively. In Table 15, GCA effects

in the F., and F, generations represent deviations from the grand mean

1
of-the 28 progenies in each generation, so that below-average resulta
may be noticed ata glance by their minus sign. The GCA effects of
each parent also proride here:a measure of the breeding usefulness of
that parent for individual characters. SCA effects for the nine

cbaracters under investigation in both.the Fl and F2 generations are

also presented in Tables 16 to 24.

=3

For protein éer cent, the order ,of parental means i5:almost the
same in both generatione, with parents 8, 4 and 3 having the higheat
1evels of protein and parents 5 and 1 ‘having the lowest levels (Table

t
) Clearly, the “Hinoat" array (array 8), which is the parent

' showing the highest«levela of protein in both generations #nd ranked

as the first general combiner ¢(Table 15) in the F1 "and F2 generations,

has the most promise. Mbreover, because the génetic gystem control-
. ‘ - o

ling this character was mainlz;addiriﬁezgith minor’, but significant,

dominance ef o

this array will not hold its supremacy in later generations. Although

!

thé high protein levels of "Hinoat" and- its superioriqf as a general
{

combiner, its apecific combining ability effects with most of the 2

f

other parents were relatively low (Table 16). The dominant

ables 5 and 7), there is no reason to suspect that

> e B
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TABLE 16. Estimates of specific combining ability (SCA) effects for protein per cent in the Fy
i and F, generations from an 8-parent diallel cross in oatst _ )
Parents Q.0.58.22 " Ajax Clintland 64 O0.T.184 P.1.269182 C.I.3387 Hinoat
- 1 (2) 3) (4) (€)) - (6 - (8) .
1. Q.0.64.31 0.332 -0.637 0.371 0.864 -0.090 -0.945 0.131
. ~0.766 0.120 ° 0.327° 0.320 0.302 ~0.124 ©=0.,179
2. Q.0.58.22 \ -0.017 0.471 ~0.305 -0.980 ~  0.614 -0.089 . -
. / -0.249 -0.253 0.550 . 1,122 0.885 } ~0. 289 ’ - -
3. Ajax . -0.372 0.031 1,686 '~0.849 0.158 b
. 1.284 -0.613 0.129 -0,418 0.747
4. Clintland 64 -0.130 -0,065 0.349 -0.623
’ 0.344 -0.784 . -0.311 ~0.606
5. 0.T.184 . ~07592 0.563 " =0.430
— . ~0.041 -0.368 -0.193
6. P.1.269182 z0.272 0.314
b . . 20.456 " =0,271
7. €.1.3387 - 0.53%
E - - 0,792
’, \ 1) :
t F, data are in the firat _row, F; in the second row, regpectively. - :
S.E. of the diffetence between effects of two crosses having one parent line in common is’
0.61 for F)'s and 0.55 for F,'s. , ) -
S.E., of the difference between effects of two crosses having no_ parent lines in common 1is
0.55 for Fi1's and 0.49 for Fy's,_ . ; .
;- ’ < R =
/ ! : . 5 .
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and recessive genes were more or less equal in this parent. The

PP
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"Clintland 64" array has the next highest mean and is the second best

Ak

general combiner in both generations, followed by the array "Ajax."

g L

The cross "Ajax" x "CIlintland 64," the parents of which have the

St g e s

highest GCA effects agyéf“ﬁyinoat," showed the highest SCA effects in
4 / ,

% ' the Fy generation. Also, their SCA effects with other arrays were
E oe : :among the highest. Other promising cfosses are tho;e of "Ajax" x
E ) "P.1.269182," which showed the highest SCA effects in the ‘1;1
‘j , h - génergﬁion, "Q.0.64.31" x "0.T.184 " "q, 0&58.22“ x "C.1.3387,"
% o ' "c. 1‘5537" "Hinoét " Thus, Hinoét which showed "the maximum GCA
o
: effects and the highest levels of protein in both genexations, could
'( ) be used. in building up breeding stock well responsive £o~sglection,

while crosses such as Ajax X Clintland 64, Ajax x E.I 269182

w,*

(- Q.0.64.31 x 0.T.184, Q 0.58.22 x C.I. 3387 and C L 3387 X Hinoat

B N e e e

could provide great potential in a hybridization program where a high

1

' level of protein is the main objective. . .
N 7' \

The order of dominance of the arrays detemmined by W, + V. is

/ .
43285176 in the F; and' 24538167 in the F, generation for oil per cenf,

S F e owenten K a Y

" while the order of parental means for this character is-76215384 and
‘%“ A 67218354 in the Fj-and F generations, respectively (Table 14). ‘
2 .

! Parents P.1.269182 and C.1.3387 had the highest levels of oil in the

3 " Fi-and F, generations and carry the most recessive alleles for this : :
‘ !

»

e

character. At the same time these two parents' were the highest

- © - - N\

general combiners (Table 15), and they showed relatively high SCA
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TABLE 17. Estimates of specific conbining ability (SCA) effects for oil per cent in the F; and ) l
: Fz genaratians from an 8~parent diallel cross in oats’
" paremts . |, Q.0.58.22 ° “-Ajax  Clintlshd 64 0.T.184 P.1.269182 C.I,3387 Hinoat
e @ (3) (4) (5) (6) - (8) - .
1. Q.0.64.31 " - -0.064 0,024 0.227 ~0.426 0.251 0.171 ~0.183
co .- 20,525 -0.030 . =0.015" —0.2\35 -0.160 0.367: -0.452
12, Q.0.58{22 | . ~0.113 0.211 -0.283 0.434 -0.246 0.061
. o A 0.062 0.607 -0.143 -0.998 -0.232 0.180
3. Ajax 0.249 .  -0.074 -0.158 0.122 - -0.051
. -0.148 0.362 -0.433 | 0.313 -0.125
. 4. Clintland 64 0.229 -0.394 ~0.534 0.012
o | ~-0.103 0.352 . -ﬁi« ‘0.120
5. 0nT.184 0.042 - o0, 0.259 ’
- Fx ) 0.742 -0.702 0.080
£ 6. P.1.269182 . S : 0.079 ~-0.254 .
- ’ \ . } 0.683 -0,185
: " 7. C.1.3387 : ’ 4 0.156
oL R 0.382
. ) t F; data are in the first row, F, in the second row, respectively. .
', 4
,;-/ P S.E. of the difference betweén effects of two crosses having one parent line in common
2 - 18 0.29 for Fy's and 0.26 for Fp's. :
i S.E. of the difference between effects of two croases having no parent lines in common ;
is 0.26 for Fi's and 0.23 for F;'s. : : = N
: w !
( | \
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effects with ethef parents (Table 17). The SCA effeces were com- *
paratively high for the crosses of P.I{269182 with Q.0.58.22 and
0.T.184, Other iniere;cing crosses are\those of P.I.269i82 X
C.1.3387 x Hinoat. These crosses appeared to be the bestvoan in

terms of their - future potentialities, and as the gene system

governing this character is simple aqd mainly additive in its effect

(Tables 5, 7, 10 and 11), one would expect these Erosses to show

their superiority in early generations without many complicatisns.
, phat

1
)

Parent 7 (C.f.3387) has the lowest array for hull per cent in
both Fj and Fo generations apd possesses the most dominant alieles
for "this character (Table 14). The superiority.of this parent is

> N

£ -
indicated also from its high GCA effects in both generations (Table

.

15). The next promising arrays are those of Q.0.64.31, Q.0.58.22 and

% - .
P. I.26§}82 Therefore, the‘crosses among these four parents could

J
64, 0.T.184 and Hinoat ranked the lowest as general combiners for this

character (Table 15) and their mean' performance was reiatlvely low

~ (Table 14), the crosses Clintland 64 x 0.T.184 and C.1.3387 x Hipoat

£

showed the highest SCA effects in: the "Fy ehd F, generations,

respectiveiy\(Table 18),3thus providing great potential in selecting

.oat cultivars ﬁith low hull per cent which may lead to a significant

with those reported by Aksel and“Johnson (1961) in barley and Chaudhary ;

and Jana (1976) in pearl millet. They reported that parental per

f

, formance only is not enough to be.used in the prediction of superior

¥
4
v
’
-y B N

- result in segreganta with ;ow hull per cent. Although arrays Clintland

1ncrease in the energy value of cats. These results are in agreement

- -

P
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- TABLE 18. Estimates of specific c&gh,in&n{/a'bﬂ,,ity (scA) effects for hull per cent in the F; and
- F2 generations from an 8~parent diallel cross in oats' .
" Parents Q.0.58.22 Ajax Clintland 64 ™ 0.T.185 P.I.269182 C.I.3387 Hinoat '
. (2) 3) (4) ~ (5) (6) o (8)
T, Q.0.64.31 - 0.396 -0.087 -0.839 0.421 0.068 -0.007 0.048
. - 0.348 -0.850 0.772 ~0.368 - 0.012 -0.595 0.682
2. Q.0.58.22 -0.440 ~0.262 , 0.458 -0.255 0.709 '+ 201605
e ’ ; ’ 0.518 -0.350" - -0.120 ~0.080 - =0.477 " 0,160
‘3. Ajax - -0.145 -0.265 -0.199 0.366 0.771 i
~ . o _ ~0.868 - 0.062 ~0.218 - 0.015 1.342
- /4, Clintland 64 " -1.127 ' 0.169 0.104 12,099
' ’ , -0.107 -0.227 0.927 . -0.147 ,
- 5,.0.T.184 ‘ . T 1,139 0.144 ~0.770
) K ’ . -0o537 10287 —0.217
6. P.1.269182 \ [ ” ! -0.349 . -0.574
~ ; : 0.857 0.193
7. C.1.3387_ ' ‘ © -0.969
. ) . . -2.013
- /
t Fy daf.a are in the first row, ¥, in the second row, respectively. \
]
S.E. of the difference between effects of two croases having one parent line in common
? is 0.74 for¥ Fy's and 0.80 for Fy's. . ]
’ ) -S.E, of the difference between effects of two crosses having no parent lines in common ot
/ is 0.66 for Fi's and 0.72 for Fy's. &
;W_ - N “ G el : -:w o : = p; - - * :‘; R - - a«-j_.&»L«*/-::n?ﬂ*ul«wm """"‘“‘::' : o L oot
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crosses in' future generations, Other promising ges are 0.T.184 x
'i?‘,;

1 ' '
‘Hinoat and Ajax x Clintland 64. Because the genetic system eontrol-

b g
ling this charactﬁ:r appears to be relatively simple, sélection of\\
] J ) ! g,
promising plants or, progenies from these.crosses should be expected.

t r

For plant height, array O'I' 15?@5511&44) is the most
important one and its superiority was retained in b&h generations. -

R 8
It appears to carry the most domingnt alleles for dwarf plants

(Table 15). The crosses between this parent and the other parents

showed the highest SCA effects. Therefore, the s‘{igerioﬂty of this

[%4
parent reveals the possibility of }ming it in building up breeding

materials responsive to selection for‘dw‘varf plants. The next array
1 ~

in the present bre;ding material is of Hinoat, and seems to carry

dominant and recessive alleles in more or less equal proportions.

Therefore, the cross-of 0.T.184 and Hinoat should be the most
) )
important one in selecting segregants fdr breeding short-strawed

" oats. However, in the present study, this was not true and the cross

_ between these two parents had the most undesirable SCA effect (Table

N

Y

~19). Such effects as these could be due, in part, to the existence
r
of non-allelic interaction. The crosses 0.T.184 x Clintland 64 and

0.T.184 x Ajax had the highest SCA-effects/in the F; and F, genera-

] . 7
tions, respectively, indicating great po;,eqtial in selecting among

A ?
thege crosses for dwarf oats. ™~

Results of the Fj and ?2 generationa for hegding date were very

similar (Tables 14 and 15) Arrays Clintland 64 and Q.0. 58 22 are the

|

i

s, prcemans it
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TABLE 19, Estimates of specific combining abllity (SCA) effects for plant height in the F; and
. ~ ¥y generations from an 8-parent diallel croes in oats? -

Q.0.58.22 Ajax Clintland 64 0.T.184 'P.I,269182 (.I.3387 Hinoat

e P : :
L arente @ @ - () 5) ©) 1<) (8
"f-“sf:a - — - ,
e 1. Q.0.64.31 1.096 3.223 - 0.753 13.107 -3.052 4,118 - =3.030
NS .0 N ¢ =2,732 4.442 .~5.157 .2.982 ~5.300 2.263 3.502
] 2. Q.0.58.22 . ~0.240 1.389 -1.110 -2.615 ~1.045 2.526
" ) -0.097 5,005 ~3.487 -3.968 .395 0.883
V’V\}:’ | ] O ' 3 y 9 4 ! 8 e \_4
BRI 3. Ajax ‘ -0.864 -3.034 2.411 0.481 ~1.977
- : ~0.542 -9.073 0.635 4.098 0.537 (/
o 4. Clintland 64 -1.224 6.361 -0.919 -5.497 ‘
" 1.638 | -0.213 0.856—  -1.582
B t N
; 5. 0.T.184 . . ; ! ~0.039 2,711 . _5.803
. 8.545 -7.442 6.837
; 6. P.1.269182 . o \ x ~5.294 2.228
. : - — N 3.157 -2.855
> “ 7. C.1.3387 : ~0.052" J
L _ — -7.322 .
> ‘: - ‘\
. t°Fy data are in the first row, F; in the second row, respectiyely. i
- - S.E. of the difference between effects of two crosses havag one parent line in common
~ is 2.77 for F;'s and 3.55 for F,'s. s T ,
.- : @ : \ 4
- S.E. of the difference between effects of two crosses havin% no parent lines in common
is 2.48 for Fy's and 3.18 for F,'s. /} - ) - W = '
N - >
.n ~
' ‘\ I3
bRXisw: s . S N e - e i e e .
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earliest arrays, carry the® most dominant alleles for this c?laracter,
and occupiled the first and second positions as general combiners in
N . .
both generations. These two parents resulted in good F; and Fp
families with other parents but not with each: other (Table 20). The
cross with the ’highe/st SCA effe%ts in bo?:h ﬂggnerations was that of
C.I.3387 x Hinoat. However, since €.I1.3387 was one of)the sepistatic
parents, particularly in the Fp generation, as shown by the
grgphical analysis (Figure 102 and also was among the latés"t' matutring
parents, the superiority of its cross with Hinvat should be treated
with captié’i. The other crosae‘s with potential are Cl:l:ntland 64 x
© Q.0.64%31, Q.0.58.22 x P.1.269182 and Q.0.58.22 x C.I.3387. Other.
crosses would be of less importance if the purpose is to select for ‘

k]

early maturing p(].ants‘. . N -

! T =

—

Grain yield, for the'purpose of the present study, has?bfaéﬁ:\\\

%

malyzed for its three main comp:;nents: number of panicles pet plant,
" number of grains per panicle and 1000~-grain we;.ght. 'It was shown
earlier (Table 3) that.gene int;rﬁttitlmv‘played an important role in
the genetic control of the two yield components, ltmb;er oflpanicles
per plant and 1(_)00-graiﬁ weight in both the F; and th generations.
Ex;lusion of the parents contriputing to such gene interaction

validated the assumptions underlying the g/tlanetic analysis.
- N

; L
For grain yleld, at first sight the F; and F, graphs (Figure
11X, B) might suggest from their low slope valués the existence of

gene interaf:tion. However,@ these siopes did not differ significantly

A
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TABLE 20. Estimates .of Bpecific combininé ability (SCA) effects fo heading date in the F; and
i F, generations from an B-—parenf diallel cross in atg\ . ~
¢ | \ N W <
-Paranté Q.O.58.22V Ajax Clintland 64 0.7.184 P.I.26?/lé2 C.1.3387 Hinoat
P (2) | (3) . (&) (5) L (6 (7) (8)
_ﬁ “ ‘ 7 ;
: 1. Kq 0.64.31 .0.488, 0.113 ~1.470 0,030 - -0.220 0.821°  0.238
! 2,262 0.054 -2.696 0.720 -0.405 , -0.446 0.512
2. Q.0.58,22" EN 0.280 1.446 -1.054  -2.054 -1.262  2.155
f’ - ' 1.137 2,137 ~1.196 ~2.321 -3.113 1.095
? 3. Ajax - . 0.321 0.321 ~0.929 -0.387 0.280
' ] -0.321 - 2,845 ~-2.780 -0,821 -0.113
4. Clintland 64 | -1.012 1.238 -2.220 1.696 .
F ' ‘ -1.155 -1.780 1.179 2.637
( 5. 0.T.184 _ , 0,238 . 2.030 -0.554
) . . \ -0.613 0.095 -0.696
6. P.I1.269182 3.280 -1.554
i 7.220 0.679
i 7. €.1.3387 - -2.262
i . -4,113
; - N /
g - P
: t Fy data are in the first row, Fz in the secondl:gb&, respectivel);.
. @
S.E. og the difference between effects of two crosses having one parent line in common
is 0.89 forFlsand137 for Fy's. °
S.E. of the difference between effects of two crosses having no parent lines in common o N
_: isOSOforFlsandlZquera. - & )
i - - / a
! - ’
'%2;' ¢ ) 5\ -
S k3 -3 © -
o - - hd . 3
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from b = 1. Thus, for this character, as with hill per cent, it does
. not seem justified to postulate gene 1nte'racr.ion, aithough Nsuch a
;;oaaibility could exist. No regular array éatter;:s were found for ™
‘this charactex" but, in general, arrays Q.0.64.31 and C.I,3387 sh;swed

the highest meana for grain yield in the Fli'and Fé generations

ST e g,

(Table 14') and appeared to carry more recessive-than dominant alleles.

.
o

: At the same. time, array Q.0.64.31 ranked as'the first general combiner.
0 t

“’in the F] generation and was among the highest general combiners in
_/ o the Fp, while arraysP.1.269182 was the h:l:ghest general combiner in

the Fp but not in the F; generation. Array €.I1.3387 occupied the
Ed

. second position as a general /combiner in 'bo;:h generations (Tablt; 15)
a Bt

and its cress with array Ajax showed the highest SCA effpcts in the

F, generation (Table 21), indicating great potential b} using this
- i

parent in an oat breeding program. Oth“er potential crosses are

o

Q.0.58.22 x Clintland 64, Q.0.64.31 x C.1.3387 and]Clintlend 64 x

, P.1.269182.

- -
- 4 /
o '

For the fwo yield components ;. number of panicles per plant and

2T A
7

1000-grain weight, the regression lines B\Wp/Vy (Table 3) of spe ¥

. W R

& and ¥, generations were far from a slope b = 1, and it can be aaid
- with confidence that gene interaction played a significant part in
determining theﬁcontrol of these characters. The uai;p,:'e of ‘this
interaction may be one of two types. .It may be locaklized‘ and specific

to parélicular arrays or it may be of a more generalized type

(} : (Whitehouse et al;,' 1958) . The localized type of interaction camn be

k]

s
1

1

B L
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TABLE 21. Estimates of Epecific combining abifity (SCA) effects.for grain yield per plant in the’
F; and P, generations from an ‘§-parent. diallel cross in oats?t .

o

3
3

T pirents Q.0,58.22  Ajax  Clintlsnd 64 0.T.184 P,I.269182 C.I.3387  Hinoat
e @ - ® 4 - (5) (6) @ (8)
N . b I .

1. Q.0.64.31 0.645 . 0.268 -0.456 ~0.976 1.249 . 1.585 -2.317
o -0.350 1.546 © =1.803 -1.103 0.293 1.742 0.674

: 2. Q.0.58.22 = .+ --0.383 0.051 ~ 0.733 0.348 ~2,136 0.742
i -0.715 2,283 0.721 -1.673  -0.514 1.248
3. Ajax’ - -0.898 ~0.017 -1.258 2,342 ~0.054
- =1,453 . 0.454 -0.068 -0.198 0.434
4. Clintland 64 _ =0.15% 1.939 0.0% -0.575
: . . ) 0.370 - , 1,013 -0.373 -0.038
5. 0.T.184 ' ~1.439 0.168 1.685
. - i -0.026 = —0.622 0.207

- . “Je

6. P.1.269182 ~1.705 0.865
- ) . x i — 1.4?6 —1.015
7. €.T.3387 . Sl R s -0.346
b - : o« * "1!510

tr data are in the first row, . \;n the second row, respectively,

- ' S E. of the difference between effects of two crossea having one parent lime in common

15 ,1.20 for ¥y' '8 and 1.32 for F,'s.

©

1

o

H

3

: ) " 8.E. of the difference between effects of two crossés having no parent lines :I.n common

is 1.08 for ¥;'s and 1.18 for F,'s.

e, b

! —_—
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compared with the ’model where allele "A" no'ru;ally cont;ributes g"
units to the character, allele "B" contri]:;utes "p" units, allele "C"
contributes "c" uni;.s and so on, If genotypes "AB" contribute some—
thing other than "a + b" units then, there is interaccion between
alleles "A" and "B." The more generalized,type of gene interaction
involves many genes all-interacting with one another so that che

effect of putting ore de%irsble allele into a givén genotype depends

on the number oﬁ other desirable allelés in the” genotype For

~

example, put allele: "A" with a few other desirable alleles and the

o *

increment due to "A" will be small; put "’Al' with a large number of

other desi:able alleles and the increment due to "A" will be large.

Thus, the net effect of allele A" will be some form of product

* (
depending on its own contribution and the contributions of all the'

2

other factors with which it interacts.

1f the interactions are of the first type (localized), thenm it
. ' " “ . -/ '
should ‘be possible to attribute them to particular genotypes (artays),
and tq do this arrays must be found which, on omission from the “d.ata,

o

1eave a diallel for a certain character which is free from interaction,
i ~ b

1, e., where b= J.. If auch mller diallels ‘can he found among the

data, then the gene interactiou can be attributed to the omttted
paroent or parents, If the interaction :Ls of a niore generalirzed type,
then it Bbuld e handled bypthe scaling methods _described by Mather
(1949) In the preaent study, it appears that the gene interaction

was of the localized type for number of panicles per plant as well as

N
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for hﬂeading date, while it was of the generalized type for 1000-grain
A weight. For’ a breeding program, the value of knowing the nature of .
the gene interaction i; !:hat‘ if the interaction is of the generalized
type there is nothing special about any partitular part vf the geno-
ty;;e, snd the breeding policy shm;;ld be dirécted tc;wards accumulating
as many  desirable genes as‘possibﬂ.e. This means that, in effect, the

gene system should be treated as 1f-it were additive. However, if

gene interaction 1s of the specific 1oca111zed type, then it-must be
.decided whether or not the interaction is affecting the character in

- a t \
the desired direction, and the breeding policy should be to fix or get

~ / »

the main contributer to the interaction
teraction is a localize‘d~ one, it would
seenm ,qo”s?fﬂ favour of a iéh number of' ;éicies per plant and _éhe
oat breeder should try to/fix such des!ir’ble gene :Lﬁt;raction. :
is array was 'the first :general}combiner in
P.1.269182 and Hinoat sh¢wed the highest SCA effects in the Fj an Fp |
éenerations , respectiVely (Table 22). Althougl} array P.1.269182 |

i . algo contributed to ‘the gene interaction occurring for this character,

. .4t had the ‘second highe+t mean for the character and occupied the|

-

-
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. - TABLE 22. Estimates of specific combining ability (SCA) effects for number of panicles per plant
: in the F; and F; generations from an 8-parent diallel cross in oatst

Q.0.58.22 . Ajax

: Perents _Clintland 64 0.T.184 P.I.269182 C.I.3387  Hinoat
£ < ) (3 .o (4) - (5) (6) €)) (8)

; 1. Q.0.64.31 0.147  -0.146 -0.173 -0.245 0.438 0.347 -0.368
& ‘ -0.049 0.721 -0.223 0.386 -0.580 ~0.057 -0.199
é 2., Q.0.58.22 -0.390 ° -0.043 0.729 0.204 f;0.385 ~-0.262
: ‘ - -=0.521 0.936 0.869 -1.121 0.176 .  -0.290
( 3. Ajax ¢ ( ©0.301 -0.067 ~0.747 1.182 -0.133
' i : - LS -~-0.120 0.141 . =0.202 -0.447 .+0.429

"4. Clintland 64 -0.034 0.833 0.102 -0,985

- 0.220 0.916 -1.565 -0.164 .

5. 0.T.184 - -0.871 -0.098 0.586
e - 0.288 -1.164 _  =0,741
- 6. P.1.269182 . -1.083 1,226
i . 1.395 -0.696
7. C.1.3387 ‘ -0.064
- - 1.661

t Fy data
f . R

. _B.E. of
is .75 for Fy's

S.E. of
is 0.67 for F;'s

are

the
and

the

and

in the firsf;row, ?z in “the sécond'row; respectively,

difference between effects-of two crosses having one parent line in common

0.77 for Fy's.

- i

difference between effects of two crosses having no parent ‘lines in common

0.63 for Fz'go
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\ second position as a general combiner. Also, its crosses with other

! | . .
parents showed relatively high SCA effects, thus indikating it could

i be an important—l'parent in oat improvement. On the other hand, !
Q.O.é4.31, which contributed to gene interactiom, had almost the
1 . - .
lowest number of paniclfes per plant (Table 14) and occupied the lower

position as a general combiner (Table 15). It may be inferred that

the interaction of Q.0.64.31 is the one that leads to a low number of
] ‘ .

improveme;mt rqlated to this character. It would thus seem best in - )
terms of breeding for high number of panicles per plant, to concentrate
on crosses involving C.I1.3387 and P.1.269182 as parents and to try to

," find inbred selections which contain those genes which may interact’

—

" to give high manifestation for this character. '

-

— AN R Sy

Arrays Q.0.64.31 and 0.T.184 are the mog\t'important, ones for
their high number of grains per panicle (Table 14), with the first

carrying most of the recessive alleles and the second carrying most of
| .

L 1 [
indicating th:; the crosses involving these two parents&should‘ be

l

promising in future generations, although the cross between these two

parehnta in the present {study did not show such superiority in either.

generation (T

\

. C.T1.3387, and} Glintlanﬁ 64 x C.]]t.3387 are tﬁé most important ones.
%

1269182 x Hinoat showed the highest SCA effects in the

. N 4
able 23).: The crosses of Q.0.64.31 x Ajax, Q.0.64.31 x

v

O . The cross P.I
'— i(
!

,
;e * et '
!

panicles per plant and is, therefore, undesirable for purposes of oat ~

£
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TABLE 23. Estimates of specific combining. ability (SCA) effects for number of grains per panicle
in the F; and F; generations from an 8-parent diallel cross in oatst /
i -
3 Parents . Q.0.58.22  Ajax  Clintland 64 0.T.184 P,.I.269182 C.I.3387 Hinoat o
1 Y 2 ' (3 - ()] = (5) (6) )] (8)
— EaE '
; ! ' Boae .
i 1. Q.0.64.,31 2.058- = 5.103 -1.350 0.780 1.9013 4.735 ~13.230
M-S 829 5,606 -7.239 .—7.655 6.350 3.966 4,800
2. Q.0.58.22 o 0.325 2.652 -2.108 0.565 -7.663 4.172
’ “3;980) 5.315 -2.822 -2.037 -5.230 / 6.623
3. Ajax > -7.403 1.757 ~5.340 5.512 0.047
_ s -10.630 -1.187 3.128 0.695 -1.592
z 4. ClintIand 64 -0.327 3.177 2.938 0.313 _
: 4,208 -1.137 ~ . 8,580 0.903
5. o'Tn184 -30633 —11052 3.983
-2,814 5.313 4,956
6. P.1.269182 ~3.228 5.957
, —=0.562 -2.929 :
8 =
7. C.1.3387 - -1.242
‘ " -12,762
: -
} R— ‘
: t' ¥, data are in the first row, F, in the second row, respectively. X -
ﬁ

: : S.E. of the difference between effects of two crosses having one parent line in common
X is 4.25 for F;'s and 4.63 for F,'s. »-

. < S.E, of the difference between effects of two trosses having no parent lines in common
' is 3.80 for F1 8 and 4 14 for Fz 8.
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.complete data.

order of dominance) and Hinoat carrying more recessive than dominant

* result in segregants with higix grain weight,
epistatic parent Q 0. 64 31 with each of P.I. 269182 and C.1,.3387, eand »

157

-

F, generation but not in‘ the F;, and\ could alsoc be important. Ajax x l ‘
' ° \\l . Py - R " -

C.I.3387 showed reasonably high SCX effects in both generations and

could be carried forward if the purpose 1s to select ocat plants with a

high number of grains per panicle.

The t:h;lfd yie‘ld component, 1000-grain we:!.ght,\waa highly'
R w

affected by gene interaction in the prese;zt study. This was indicated

Vi

from the very low b values (Table 3) in both geneg:ations. _The

elimination of parents contributing to this gene idteraction removed, |,

-

to some degree, such epistatic effects. Unforttmat:ely} in’removlng

the interacting arrays (arrays Q.0.64.31, Q.0.58.22 and P.I.269182) .

the number of "families fell from 36 to 15 in each of the F1 and Fp -

-

generationa. Hence, the ana1y£is ia not as comprehensive as in the

Nevertheless, certain congistencies are obvious over

the two generations, Examination of the tables of array meana and

et

GCA effects.('rables 14 and 15) indicates that parents C.I1.3387 and

Hinoat had the highest array means for ”grainu‘wgi_ghﬁt w:l.th Cc.1.3387
having no consistency in dominant and recegsive alleles (parental

¥

alleles, - Clearly, the epliﬁtatiq parenté (parents 1, 2 and 6) had a
fairly high grain weight énd’ the crosses 1nvol\vitig these parents may .
The crosses of the

the epietat:ic parent Q.0.58,22 Wit%i both 0.T. 18& and Hinoat, are of a

high ,potential in oat breeding progrmns. Another interesting cross 1s

S
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"TABLE 24, Eat:lmates of specific combining ability (SCA) effects for 1000-grain weight in

the Fy

and F, generations from an 8—parent diallel cross in oatst:
Parent ' Q.0.58.22 © Ajax  Clintland 64 0.T.186 P.I.269182 C.I.3387  Hinoat.'
| rArents @ 3 T (5) (6) 7 - (8)
1. Q.0.64.31 -1.366  -0.286 .  -0.243 -1.659 2.119 1.104 0.330
L : -0.890 -0.555 -0.323  -1.080 -0.193 2.457 0,198
—2. Q.0.58.22 - =1,701 2.582 ~-1.354 ~1.476 -0.941 4,255
% - : 0.482 0.063 ° 0.857 -0.770 "0.993 - ~0.735
‘3. Ajax , " ( . 0.090 0.674 0.312 0.667 0.244
) - . N 0;078 1-1].2 -10535 -0.402 0.870
-4. Clintland 64 ’ 0.987 0.295 -1.619 ~2.092
o ) . > 0.173 3.107 ~1.360 -1,738
5. 0.T.184 - «0.421 2.164 -0.389
, S . Vo 0.220 <1.877 .0.595
6. P.I.269182 b ‘ 0.072 ~0.901
: ’ -0.893 -0.272°
74 001.3387 "1.4106 ‘
- - S 1.082
N /’\ .
tr data are in the nfirst rdw, Fa ‘:(.n the second raw, respectively. .

"S.E. of the-difference between effecta of two crosses having one parent line in common

l:_la .93 for Fi's and 0 99 for Fo's.

s.E. of the difference between effect

" s .83 for F1's znd 0.88 for Fp's.
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" that of Clintland 64 with P.I. 269182 (Table 24) sthce t:he gen,a N v

X r)J.

iuteraction was of t'ne generalized (or multiplicative) type a8 .
: ﬁ \ ’ 4
indicated earlier for this character, and was in the dﬁsirahle .

direction, this interaction should be- fixe;i in<the breeding materials.
It appears that t[C.I.3387 and Hinéat,”_ms well as the three epistatic

parents which showed the highest arrays, contain the most desirable L.
> ~ ” -

- -»

genes for this "charaﬁtet, and it\is upon these parents and their .

w

crosses that attentieﬁ'?hguld be-focused when considering future oat

bteedd.ng programs, °

A
A
P

~N

¢ I i

j In general, this éenetic:il analysis demonstrated the importance

[

of soni of these genotypes or their crosses as genetic materials for
- for —
different bteeding purposes. For example, Clint:land 64 as a saurce of

earliness 0,T.184 as a source of short-strawed oats, P 1.269182 and .-

R b s e ke £ R T

- C.I1.3387 as a source of high oil content, and Hinoat as genetic
~ ¢ - v - |

o

material for improving the protein level in oats. However, ttie'*

o [ . .8
relation between the mean,i performance of these selected parents and.
* ‘ ' I
their crosses was not accurate for certain characters in most cases. -

These results were in agreement with those reported by Aksel and :
Johnson . (1961) Jinks (1954), and Johnson and Aksel (1959), whiles\they
. were in contrast to those reported by Aggarwal (1976) and Gillbert

~ . ‘ /
Gilbert reported that the performance of the parjts

BTN RS

(1958) .-
themselves gives a valuableé ~1;r¢=.d.:l.c:t-ion of the relative be aviqwlr of
.-

‘.

the crosses. ‘ . H -

vt . —
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It should be emphasized here that these predictions were made

. after extracting from the analysia as much information as :Ls —

4o
13
' -

theore,tj,caily possible. -1t may be- *«that this_e extraction has gone too

.o, - ‘xm, )

o fa: and that the ai:alysis is not sufficiently accuraté to permit ‘such
a rigorous interpretatien. 1f this is so, these predictions are too
/rv, e, §

optimistie “and should have been made in more generalized terms.

N\

- Therefore, we may have to ‘accept the statement made by Murphy (1974)

that the selection of pémpts‘ in s‘elf.-i)ollinated( species such as oats

@ .
— 1

is largely a matter of guesswork. M
h

[

v ey gy e e = e 3oy s + - a am—gi———
oy - P~ Y oy N M . " - * . €y N 4
ot e o et shdt gl Kt R T LN BRI R . B



- -
_—
=
A . '
F
e i —_—
‘ ~ c ——
¥ <5 ’
?{ =i N
i ! - i
; ‘
{ -
CC : x
P a
P
!
{ - v !
s’
1
. ¥
. ‘ - ‘.‘{ .
p . :
. CHAPTER V , |

AL A S A

haRRS NS Lo mxw:r.;w% PR
s
—
_—
PP

-

. B | SUMMARY AND CONCLUSIONS e

4
fu. Y
. f
\ 3
5 -
’ = » .

ques were used in the’

~

Three ’different diallel analysis te

sms involved in the

present investiga:fion to study the genetic mech

inheritance of nine important quality and agronomic “ehfracters 11'1. oats

e i

, P (Avena sativa L.) in the’Fl and Fy generagims. These characters were

H
H
H
€
b3
3
‘

protein per cent, oil per cent, hull per cent, plant height, heaaing

date, grain yleld per plant, number of panicles per plant, number of .

i

grains per panicle and 1000-grain weight. The genetic ififormation
obtained from the various diallel analysis techniques involved in the
present study was used first in the pxieldiction of the most promising

¢ !3‘

genotypes anT/or crosses which would give the best chances of finding

high manifestations of each character :l:n later genetaticnb and,

aecondly, in the evalustion of the diallel techniques and the
possibility of using them as a tool for plant improvement. Phenotypic, ]
genetic and environmental corr‘elations among all charactei;s were also @ F
/ investigated'. The geh;tic materials were planted in a randomized . /

161

g
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yielding ability. These characters are of great importance in

compiete block design with four replications. The statistical and

N
genetic analyses for the measured characters showed the following

E

results.

4

5 . . —

1. Statistical analysis of the Fy and Fy generations, as

.

well as their parents, shawed a highly significant variation for each
!

character. This would jpermit selecti’on among these genotypes and

their crosses fo; the desirable characters, such as high levels of

protein and oil, low hull per cent, shortness, earliness and high
!

5

developing new oat cultivars, "In additiomn, the significant variation

among the -genotypes and their crosses for all characters in the present

‘ study reveals\that the genetic an?ysis by means of diallel techriques

could“ Jb*e carried forward.

£
3

R 'I'ests of the assqmptions required for the genetic analysis .

i
1

indicated ‘that one or more of these aaaumptions including that of no
epistasis and gene correlation, were not strictly.valid particularly
with “characters such- aa heading date, number of pauicles per plant and
1000-grain weight in both generatio*n’sf. ;«,This partial jailure of -8ome
of the assumptions underlying the geneticvansiyeis" s'eemedf uriiikely to
disturb the genetie analysis for some chgracters.‘. Remaval of the

- ‘\\,

parent(s) contributing to the epistatic e.ffects succeeded to some
o

extent in removi'dg such failure. , oo j’ . . ":I\,

Sl K P SRR
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although both GCA and SCA\effectsgwere significant for the characters

. . - ~
were also significant but of low magnitude in relatiom to that of the

. (a) Composite or synthetic cultivars could be produced from parental

9, &gsgl;s.of%e’cﬁm ability analysis indicated that

under investigation, the role of GCA was greater than that of SCA for
R .

all characters. However, the impoftance of GCA relative to SCA-was

' ) " . v
nearly equal for grain yield and its three components, and much higher

for othér characters (Table 5). The Jinks-Hayman. analysis, as well as - o

the graphical a:nalysis, revealed, also, the predominamt role of o
additive genetic variance in~the cont¥ol of most of the charact:erL 2

under investigation. At the same time, the dominant genetic effects

x

additive genetic variance (T“able 7).‘ These results suggest the use of

breeding methods: utiliziné non-additive as well as additive genetic

variance. Such procedures would be effective in manipulating the ‘ _—

.

characters under study. Accordingly, the followinﬁ breeding methods

are suggested for oat improvement:

¢
A

-

1lines showi;xg high GCA effects (parents Hinoat and Clintland 64 %
for protein qper gl:ent, C.I1.3387 and P,1.269182 for oil per cent, %
hull per cent, and number Qo'f panicles per plant, 0.T.184, X I:
Clintland 64 and Hinoat for plant height, Clintland 64, ,Q.0.58.22 E

and Hinoat for early matuting types, Q.0. 64 31 and C.I.3387 for

-

PIESPE .

)

A s

grain yield, 0.T.184;~f,_and Q 0. 64 31 for number of grains per

S o

. 7 .
panicle and c.1.§§s.7 and| Hifioat for 1000-grain weight). ’

-

ety

EY

)
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' ‘This‘ unequal distribution of positive and negative alleles with the

.cent, grain yield numher of panicles per plant “and 1000-grain weight.

) .
(b) Assuming a male “sterility mechanism can be discovered in this T

species and the technical problems of cross pollination solved,

hybrid oats could be produced from inbred lines derived from

. parents sﬁowing high SCA effects (Tables 16-24).
(c) Alternatively, hybrid oats could be developed using reciprocal’
-recurrent selection (Comstock et al., 1949) to make efficient use

of inbred lines showing both relatively' high GCA, and SCA effects.

3 « e
4. The degree and direction of dominance varied with

characters and generations. In the F; generation, paftdal dominance

occurred for all characters, while overdominance and/or EOmplete

Positive and neéetive alleles

i

dominance oc:?ue& in the Fy generation.
q

vere almost équally distributed among .the" genotypes involv'ed'/in. the

present study for protein and oll per cent, but wera unequally

distributed for most of the pther characters, particularly hull per

non-allelic interaction led to a partial failure of assumptions

required for the genetic analysis. More dominant than recessive

alleles were present in the genotypes for all characters except

protein per cent andnplant height. The number of effective genes or

Y

groups of linked genee coﬁtrﬂlii"ng these characters varied from one to-

e

three. o

e
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5. Heritability eéstimates calculated fm: the general and

speciﬁc combining ability method/were, in gene;al, higher than ‘that

calculated from the Jinks-Hayman analysis, but the two mef.hoda showed °

the same. order for all characters in both generations. Broad sense
1

’

heritability estimates were relat;iwiely high and higher in' magnitude '

.
q o - e . .

than t:he correapbndil;g narrow sense estimat:es for all characters ) ‘
- i
except for oil per cent, grain yield and number of panicles per plant
in the Fi. generation, calculated ftam the Jinks~Hayman anelyais only.
Heritability estimates were relat:ively high for oil per cent and

heading date, mtemdiate for protein per cent, hull per cent, plant

height, number of panicles per plapt and mmber of g‘:ains per penicle,

i s on. e

and low for. aratn yield and 1000-gratn weight. Ceneti¢ advances from -

selection as well as the relative genetic advances f;om aelectiou were
k-

ulativ‘&?ly'higher when calculated by the, cnfﬂng s analyéis than that -

sty

calculeted by the’ Jinke-ﬂaymen analysis. kelet::lve genecic advance :

Pu—

from se‘l.ect::g.on wae high for 011 per cent, plant height, g::ein yi.eld

nunber of ~pand.c1es p&r plant end number of grains per penicle in both

generations, Indicatinh that aelection for theee charactere in the

o

early generations ‘would b‘e effective. Protein per eenc, heading date

, while less progress -

fren_;,eelect;ton occurred with hull per cent in the two generdtigne.

,' ‘o - e , N . ~Q,‘

* 5. In general the coﬂ:elation coeffic:!.ents among all » {

. .

charactera mder hmntigetion were e:m:l.lar in the F) and Fp genera-

mu-., m meuc emmtion ccefﬁciente were relatively hi;het

h - N s .r: ' N
l - "
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, direction, The present results also indigated that selection in the

" negative effects on other characters.

. presently available' (i1) s lecting, in the population developed by - i
’ : ;

iy Bonlfury 4 -

T

. ’

than the ;orresponding gbenotypic coefficients in mdst cases, but they

\::

‘were similar in. aign, indicating that the signific t phenotypic

asgociations were mainly due to gemetic causes . Likewise, theﬁ

" environmental correlation coefficients, particularly the significant

A I, a

coefficients, were gimilar with laoth phenotypic ‘and genetic

!

coefficients in sign in most cases, indicating phat the two correlated Tt

characters were influenced by the environmental conditions in the same
T S
N

desirable direction for most characters would be pos%ible without

'

< . N 1

o

7. In the evaluation of the diallel cross techniques the

P ottt i b i b AR s Rt S

plant breeder must keep in mind the basic elements of plant breeding.
Most plant breeding programa consist of two basic fumctions:

(1) choosing potenj:ial Parents from all“those genocypes that are . !

mating the chosen parents, lines with characters approaching certain

plant bx':eeding goals. In order for a diallel anal;?sie to be ugeful in

w -
!
in the cho‘lee of parents for a particula} breeding program or

\

information that will lead thgm to a more‘effectivé selection progr'am.

B

‘plant breeding, it must supply 1nformat°ion that helps plait breeders ? !
;

f
» B \ ]

The present study showed that 1t:he diallel cross analysis provided an SR

si
overall genetic and pqrformance evalnation. It has provided among X 3.
’ 3

many othax t:hingn, ;ry uaeful infémation about the relative ‘ E-.
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‘combining ability in

\ systematic way of crosping p;rental :u.nes the assmptﬂ.ons required

. ‘*\
i
° o
N e R PR A
§ UF MOTERCNTIN e ey AR AT e \,“ e ma wen s N w e e ARTOT arie gz e oW B s 'W?k*#.’ﬁé At
e
~
J @
~ ca '

|

’ ~ 167
o
!

betw_eeﬁ hybrid perfo ce and general .combining ability, and the
relationship betx‘ween. hybrid pe’rformaqce and the performance of inbred -
I;'arents.h The comparisgn of parents and th;ir hybrids a}so affords an
estimate of overall heterosis. In ;dditioﬁ, the diallel cross

anal sia. pro;iided information on the genetic identity of the ~ [
chari&rs under inves :igation, on dominance-recess:.tve relatimsﬁips,

on genetic inéeracttbh and on probable unkage associations. This / -

4
y

informat:ion 15 very im

B f-

greatly oum:gghing t]

portant 1n most cereal breeding programs,
hiat obtai;iable from parental observation, and
enables the ﬁlan't breeder to eliminate low yielding arrays on a

Our results indicated that the perfoﬁmce

ter generations for most characters. These

results cuntradict thel stategent raised by Gilbert -(1958) that, for
the plfant breecIer s the 1nfamation gained from analysia of diallel

crosses is little more than that obtained from the parents themselves.

] Despite the valuable i:nférmation provided by the diallel

analysis in the preaenit investigation and its use as an easy and

for the'genétic analysis the size of the diallel cross, ‘the naturé

of the genetic materials and the. required time and costs could be

P
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' to decide on' the types and generations of material which would glve

3 B

| paximum information for a given number of plots, rather than

“ " .declding on an easy crossing system and working out the-analysis

after the expe\riment is completed.” i
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This/is the first comprehensive study concerning the evaluation
) - T :

of diallel H’nalysis techniques as a tool for oat improvement.

1. ':'L‘he use of diallel analysis 1'n' plant improvemént has been

reported’by-]several invegtigators, To the best of the\‘\aut)hor's
. ,‘ . - 1

. Lo .
knowledge, however, there have been no reports inm the literature on

A

attempts to study and/or compare the results erm different diallel

analysgis égchniques‘ applied to cerr.ain characters in certain popula-

tions and gexiéi:ations. In this dissertation an: attempt vas pade to
study and compare results by t:hree different diallel anglyais
techniquea 1n two generat:l.onn The a.pplication of the reaulta was

“

diacussed 1n relation to plant breed;lng metheds. Such an attempt is
believed to be mique and is conaidered to be a contribution to "
«original knowladge. - | PN - R

34 J m

~

s

LY
it




. 2

3

o T AT - P P g
e B R i \\\‘ - FRORENRTNp o * W 4
) . .

»

‘ 170

~

() - I .
' N 2. The use of two methods to test the assumptions required
v 9“ -

Y ’ ‘L i53}:1‘ the genetic analysis is by it8elf a contribution to original.
knowledge. It 18 important “to know that if only one test of the

“ ( . assumption underlying the genetic analysis i8 uged, faulty con-

b

1’ clusions could result.

5. To assess the importance of general and specific combining
’4 ’ . »

ability in the genetic control of .some cl}srajcters‘, several research

workers have compsredjthe mean squares of these two types of combining

ability with each other, Unfortunately, this proceduze alwa

P

in an, underestimation of the import’ance of specif:l.c combining ability f
(Baker, 1977) In the present invles'tigation, the relative importance
> of genefal to "specific combining ability was established for each ‘ ‘)
character %:Pr two different procedures. To the knowledge of the author, :

l

this is-the first report of this /having been done in oats.
? / .
4. The estimst:ion of variance components heritshility s ,

+

. , , o ,

*genetic advuZ(e from selection and relative- genetic advance from §,.
. ‘ N . 13 i

- selectfon for all characters in the F) and F; generations is con- -

sidered ‘to be very important fn oat improvement. The importance of .

'these estimates 18 also due to the fact that different methods of

estimation were _ﬁollowed and the results were compared.

‘ 2 , 5 I Infomation about the phenotypic, genetic and environ- '

i ‘ mental correlatious among the quality and sgrunomic characters

o , involved in the present investigstion ere of great :meortance to
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cereal breeders and it is believed that this 1s the first attempt to-
; . 7 =~ & -
obtain guch infotmation and to discuss their utilization in oat
) improvement, - .
In general, the author bglieves that the information re’éulting
. from this investigation will provide useful guidelines for practical
B oat breeding programs and will enable the oat breeder to evaluate his
o * : 3
e gengtic material on'a sound genetic basis. . . o )
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‘ * ,SUGGESTIONS FOR FURTHER RESEARCH ' .
N o
. )

7 .

n"l‘n plan»n;L“ng'fcr resgerch work, ‘researchers are faced wil:{h two - -
main conaideraticne. \'rhe' first iaé\\iset;ting up clear and well definedl
' . objectives, and the second is the queetion of when they can consider
g that their research wcrk :La completed The secmd cons deration is
usually difficult to aacertain. In mary cases' -a contin%eticrx “of the _
research and establishing suggestians fqr future research are of
cdnsiderable importance. The following suggestions fo,r further A

reaearcb are aimed at increasing oag productivity and improving ice

P

quality. . o A v .
.- | .

V-

1. Haympn (1963) recomended that an analysia cf varimme ot\

: the parente and Fi populat:ious separately, toge@er with their

N ;aﬁalyais‘(of covarfegce, suppliee the ful:l ipfcrmation. In another T
o P < h N

of' the Fa date, 3glui;’ fim gengggtiodw(‘?i ;nd Fz) drg better_ compered . :-‘ L. ;

\ i »-n "‘» [

fwith Jach othe;,: ‘than inyestiéate& aeparere,ly byﬁ, analogoua procec{ures.
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P

Although Ha&mhn's recommendations were considered in thefpresent ’
_investigation, the author believes that to obtain good estimates of

different genetic and environmental parameters in oats, such

investigation should be conducted for several yéar§“énd~generat16ns
“ ) ' "‘

(at least two years with Fy, Fj and F3 generatlons). Different

—

I - N N )
environments are also required for valid gemetic and environmental

parhdeée%s. The different environments could be different locations

2 ) R } N ‘ \\ ) \
(Macdonald College, Guelph and La PocatiZre), or different levels of
.- . .

environmental variables such.as fertilizer applications, planting '

,

dates, ‘ete,, at the same location. In fact, an extension of the

~

present study was parried forward by the qﬁthor for one more*year and
up to the Fj generation at the Macdonald Research Station in 1977, -

but the data were not analyzgd for this dissertation.
4 '». - t )

2. In order for the stafistical or genetical variance com-
ponen%s oftained from a diallel cross to be significant estimates
that could lead to greater oat_breédiné efficiency, the size of the
‘diallel cross sﬁould be adequate aﬁa the parents should be randomly

selected. However, it shoyld be remembered that any increase in the

'
o~ .

size of the q;allel‘ég;”iuggzases the numbper of treatments (progeﬁieS)
to a level which cannot conveniently be handled over a range of -

locations., The author believes that a diallel cross of ten parents
. | : - Lo .
. ﬁpulq be adequate to provide the necessary information.. '

1 +
!

e o e




%

[ IR -

"L ’rl
3. Although dia:!.iel crosses may be used as a systematic

-

procedure of crossing parental J:iggs, the geﬁetic information and

— -

N

predictions resulting from such a procedure should be evaluated:

|

againgt that from other mating designs and breeding systems.

such gystems., .

’ - L
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.APPENDIX TABLE 1.

Array covariance (W.), Variance (vy)

differences fgrnéroteig per cent in the F; generation from

186

‘and their

an 8-parent

. g’ ~ diallel cross iﬁ oats
. N Allpparents includ%d ‘' Parent 3 eliminated
Parent : -
. ( We . Vp o Wp=Vp Wr Vr  Wr-Vr
1. Q.0.64.31 2.060 .1.424 0.636 ' 2.466 1.635 0.831
2. Q.0.58.22 . 2,601 1.820 0.781 2.961 2.087 0.874
. 2 L
3. Ajax ’ 2.123  2.443 -0.320 = - -
4. Clintland 64 1.757 1.082 0.615 .2.038 1.261 0.777
5. 0.T.184 1.413 ® 0.510 0.903 - 1.608 0.584 1.024
6. P.1.269182 3.403  3.206 0,198 ' 3.576 2.715 0.861
7. €.1.3387 2.441 2,054 § 0.387 2.926  2.356 §.570
8. Hinoat 2.188  1.645 - 0.543 2.458, 1.860 0.598
Y-Intercept 1.10  '0.00 0.98 ~ 0.00
b= 0.65 % 0.13° b=0.89 + 0.09
\ N
#

o

4
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_APPENDIX TABLE 2. Array covariance -(Wy), Variance (V) and‘ their
* ] . h ‘ ~ R
differences for protein pe T the .F, generation from an 8-parent
o diallsl e in oats
’ . All parentsﬁncluded\kwv—w%r'enbz eliminated
! . Parent \
Wr (Y;ﬂk W=V Wy Ve Wr-Vr
‘ 1. Q.0.64.31 1.725 . 1.234 0.491 1.797 0.923° 0.874
. . .
. 2. Q.0.58.22 0.876 1.350 -0.474 - - -
3. Ajax 3.032  2.977 0.055 3.247  2.535 0.712
4, .Clintland 64 1.622 0.841 0.781 1.751  0.759 0.992
N 5. 0.T.184 1.787 1,103  0.684 2.047 1.271% 0.776
, . . “ « ,
* 6. P.1.269182 1.913 1,190 0.722 2.302 1.332 0.970
‘7. C.I.3387 2,415 1.713  0.702° 2.836  1.995 - 0.841
- - 8. Hinoat 1.761 1.153 0.608 1.904 1.693 0.811
7 ) .
r . s A
Y~Intercept 0.84 0.00 1.00- .00
- . . o
- 4 4
b =0.72 + 0.2 b= 0.89  0.05
$
A ’( [ —
¢ 2
~ ]
o .
!
t kY
; *
ot M v

—.

T T
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. APPENDIX TABLE 3.

Array covariance (W),

188

AN

Variance (V,) and their

differences for oil per =c‘ent in the F;- generation frém an 8-parent

- f . \

diallel cross in ocats ’ -

-]

All parents included

‘ * Parent i — 3
' - Wr V‘L‘ . wr"vr
1. Q.0.64.31 1.760  0.896  0.864 -
) .
- 2. Q.0.58.22 1.608  0.757 0.85¢
‘ 3. Afax’ N 1569 0.716  0.853
- 4. Clintland 64 1.096 0.375  0.721 s
5. 0.T.184 .1.652  0.852° 0.800 - ' /
6. P.I.269182 '1.989 C§H51 0.838 ' i
. 7..' C.1.3387 1.787 - 1.000  0.787 " \,\ :
. 8.* Hinoat 1.641 . 0.809 _ 0.832 \
Y-Intercept 0.73 0.00~ \ ,
; ) ~ R /Z v \.‘\, s \
C - b =1.11 ¢ 0.07

(

-

o

S

"
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APPENDIX TABLE 4.

differences for oil

-

« [4

, Array covariance (Wp), Variance (V)

per cent in the F2 generation from

diallel- cross in oats ,

2

.

-~

[

189

™

an 8—/1:51'ent |

)
and «/ their .

*All parents included ‘. Parent 2 elim:l:nated 1
Parent B

. Wr Vr Wp=Vy-~ Wr Ve We=Vr

1. 6.0.64.3_1 1.458- 0.666 0.792, 1.719  0.755 0.964-
2. Q.0.58.22 0.525 | 0.1;513 -0.362 - -£ ‘— '
3. Ajax 1.272  0.486 0.786 1.479  0.565 0.914
4. Clintland '64 0.949 0.514 0.{;35 1.130 ) 0.564 ﬂ0.566
5, 0.T.184 1.186 0.757 0.429 1.364 0.8?8 0.506
6. N P.1.269182 1.846 1.263 0.583 , 2.087 1.183 0.904
7.J C.I1.3387 2,619  2.234 '0.385 3.022 2.53.2‘7 0'./489.
8. Hin‘oat b 1,449  0.609 0,840 . 1.655 0.709 0.986

Y-Intercept 0.64 0.00 0.92 0.00

b s

>

b = 0.92 £0.12

o>

= 0.85 + 0.13
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APPENDIX TABLE 5. Array covariance (Wr) , variance (Vy) and, their

fdifferences for hull per c’:en(t' in the F; and F, generatier&'g from an N
- A - . * . : 5
8~parent dia}lel cross 1% oats
: | - Fa v “ )
-, Parent — - - '
° “ Wr Vo We-Vr Wr Vr We-Vr
) ) \ * ’
Y - L
1. Q.0.64.31 '1.629  1.640 -0.011 - 1.86% 1.¢33 © 0.230
2. Q.0.58.22 1.274 1.378 -0.104 , 1.392 ~ 1.232 0.‘160
3. Ajax . - *1.738  1.290 0.448 ) 1.560 1.034 0.526
‘4. Clintland 64 2.735 2.434 0.301 e 0.253 0.409 -0.156
5. 0.T.184 . 0.769 0.%60 0.109 0.444 0.623 -0.179
6. P.I.269182 1.9952 2.243 -0.29’1 . 1.194 0.672 0.522
J. C€.1.3387 0.251 0.855 -0.604 0.623 1.918 -1.295
8. Hinoat = | [ 2,700 3.838 - -1.138 29852 3.535 -0.683 Co
Y-Intercept./ 0.32  0.00° . 09.35  0.00
b= 0.73 £ 0.17 b= 0.66 % 021 -
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- APPENDIX TABLE 6.  Array covariance (Wy), variance (V;) and ‘their

differences for plar;t height in the ¥, geper;ﬂon from 'an 8-parent '

B e L I

) dialleld cross in oats
5 « . e ! ,
- ,
, i All parerfts included
J Parent ) - ——
» W, C Ve WYy
' 1. Q.0.64.31 . 245,000 217.973 27.027
) 2. Q.0.58,22 207,402 172.116  35.286
Q . 3. Ajax ", . 252.857 224.098 | 28,759
4 - -
4. Clintland 64 250.196" 214.@/\35.352
57 0.7.184 56.394 . 26.388 |30.006
b’ - . . -
6. P.1.269182 189.571 _ 159.125  30.446
¢ 7. C.1.3387 - 191.643 139.464 | 52.179
. A‘%g Hifo .+ 212,787 150.315 / 62.4712 .
- . [ . ‘-‘
- Y-Intercept 42,50 0.00
[ l \ ) .
" b =0,97 £0.08
) c \
o " | ¢ , u ‘, ’ _
@ < » ,
r
(3 a )
. f \ b , .
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APPENDIX TABLE 7. Arzfayv ‘covar:'lance (Wf)’ variancel (V~r) and thedir

differences for plant beighé in the F, generation from an 8-parent

diallel cross 1in oats %
- All parents included Parents 5 & 6 elim;tnaéed g
, Parent 7 [ .
> W * Vg ) W=V Wr Vr er'vr
1. Q.0.64.31 154,830 101.661 53.1}59 . 40.466. 23.946 16.520 -
2. Q.0.58.22 . 178.884 150.348 28.536 22.985 9.261 13.724
3. Ajax ' 249.536 242,938 6.598 = 65.755 35.333 30.422

4, Clintland 64 178.741 %123.578 55,163 © 54.268 30.302 21.966

5. 0.T.184 .  44.154  76.222 -32.068 - . -

6. P.1.269182 ° 126.732 60.063  66.669 - - -

7. C.1.3387 259.857° 238.589 21.268  86.162 50.598 35.564

8. Hidost' ' 157.911 101.828 56.083  70.467 59.483 10.984
r . L\ A

/ Y-Intercept \\50 .07 0.00 ’ 16.93  0.00

(SR PV VI
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APPENDIX TABLE 8.

Array covariance (Wr)* \yariathe (V) and their
differences for heading date in the F; genmeration fro

193

8-parent

dialiel cross 1n oats /

—— 1

All parents included

fParent 5 elimidated “°

Parents .
We=Vy

~

Wr Ve

-
W Ve o Wp=Vg

1.. Q.0.64.31 15.307 9.097 6.210

2. Q.0.58.22 " 3.529  1.924 1.605
3.7 -Ajax 11,275  6.317  4.958
& A\
’ 4. <Clintland 64 ~7.400  3.835 .3:,5{5;;#
i

5. 0.7.184

6. P.I.269182 35.193  30.311 4.882
7. . C.1.3387 34.358 32.695 1.663
8. Hinoat 5,407 2.679 1,728 \
p
: Y-Intercept 4,36 0.00

1

18.384  9.179  9.2087%

16\.845 7.890  8.955
3&.464 1.113, 2.351

12.065 4,226 | 7.839

—-8.013 3.455+ 4.558
vl
.J’. . - -
40,263 33.684 .6.579
38,787 33.676 5.111

4.304 1.265 3.039

5.020 0.00

b'=0.99 & 0.09

- . s 8 e b Vb DA it oM e w3 T e =3

‘ 3
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APPENDIX TABLE 9.

differences for headirig*ﬁiate in the F, generation from an 8-parent

!
|
194 =

Array covariance (W,), variancée (V.) and their

diallel cross 1in cats

- All parents included ° Parents 3 & 7 eliminated

Parents
Wr Ve W=V We Ve We=Vr
) \ - —_
1. Q.0.64.31 12.288‘10.460 1.828 14.760 14.085 0.675 9
2. Q.0.58.22 . 1.311  2.249 -0.938 3.856 2,544 1,312
3. Ajax 13.740  9.767 3,973 - - -
4. Clintland 64 8.950 11.579 ~-2.629 8.492 14,342 -5.850
5. 0.T.184 27.451 28,554 -1.103  37.737 39.300 -1.563
6. P.I.269182 29.056 33.209 -4.243 < 26.502 27.510 ~1.008
7. 'C.1.3387 37,037 41.677 -4.640 - - - |
8. Hinoat 8.405 4.919 3.486  14.000 5.375  8.625 |
\ ; \
Y-TIntercept 2.43  0.00 '3.06  0.00
b = 0.83  0.06 b = 0.8 % 0.15 e\\

F“u
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APPENDIX TABLE 10. Array covariance (W ), variance (V) and their
differences for grain yie\ld per plant in the Fy and Fo generations from

an Brpal"ent diallel cross in oats

. F,
Parents "
Wy Ve WV Wy Ve WV
1. Q.0.64.31 6.214  4.870  1.344 3.973  4.469_ -0.496
2.°Q.0.58.22 3,267 3.496 , -0.229 0.843  2.418 -1.575
3. Ajax = 4,225 4,255 -0.030 3.273  2.915  0.358
4. Clintland 64 "3.990 2652 1.338 3668 3795  -0.127
5. 0.T.184 . L27 C L.227  0.70 1.983 . 0.907 1.676
6. P.T.269182 1979 2.843 -0.86:\2\4\52 2.523  -0.071
7. C.1.3387 2,972 4.654 -1.682 4.960  4.753  0.207
8. Hinoat 3,131 2,796 o.\335' 3.650 1.951  1.699
Y-Intercept 0.88 0.00 " . 1.02. 0.60

b= 0.77 + 0.34 b = 0,70 £ 0.28
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"APPENDIX TABLE 1l1. Array covariance (Wg), variance (Vy) and "their
differences for no. of panicles per plant in the F; generation from an

3 ' 8—-parent diallel cross in oats ' . -
—~ - ? All parents included Parent 6 eliminated
‘ ) Parents . -
) Wr Vr We=Vy - Wp Vr We-Vr
i 1. Q.0.64.31 1.447  0.555 0.892 1.448 0.508 0.940
2., Q.0.58,22 0.945 0.621 0.324 0.98 0,706 0.284
3. Ajax 1.519  1.260 0.259 1.554 0.820 0,734
— 4. Clintland 64 ° 1.446  0.666 0.780 1.290 0.467 0.823
; 5. 0.T.184 0.752  0.429 0.323 1.072  0.450 0.622
"6. P.I.269182 0.218 1.013 =0.795 - - -
A e ¢
. 7. °G.I.3387 1.810 1.86 =0.056 2.375 1.971. 0.404
- \ 8. Hinoat 1.623 1.631 -0.008 1.213 0.555 0.658
P ‘Y-Intercept 0.70 0.00 _ 0.81 0.00
§
;, N
i ~ ¢ ' -~
f - b= 0.51+0.35 : b=0.78 % 0.16
; - ° 5 = i
[} /\
a
—— %:\)
S |
\\\ N )




SRRV VARSI NP

v e ———

AU e ey

197

APPENDIX TABLE 12. Array covariance (W), variance (Vp) and their
differences for no. of pan:l’.clffes per plant im the Fp generation from an

8+parent d&all_el f;rbss in oats

' All parents included Parents 1 & 7 eliminated
Parents -
Wr Yyl Vr ‘fr‘vr Wy Ve We=Vr
I Iy e
1. - Q.0.64.31 1.602 0.717 :0,885 - - -
2. Q.0.58.22 1.615 1.069  0.546 0.648 0.789 =0.141
. .

3., -Ajax .1.084 0,703 0.381 0.636 10.767 ~-0.131
4, Cli‘niaand 64 1.411 1.405 0.006 1,626 1,715 -0.089
5. 0.T.184 1.145 0,746 0.399 1,201 0.963 0.238
6. P.I1.269182 2.044 1.896/\ 0.148 -0.‘107 0.293" -0.400
7. C.I,3387 3.089 4.230 ~1.141 - - -
8. Hinoat 2,803 2,325 0.478 0.881 0.672  0.208

Y-Intercept 0.93 0.00 e -0.18 0.00 .

* . ' Y ,
’- ‘T\ ’ ~ : -
' b = 0,56 * 0,10 b = 1,15 + 0,24
. v

e e N - BT Y ¥ "
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APPENDIX TABLE 13.
° - differences for no. of grains per panicle in the
from an 8-parent fgallel croéi in Vats

.Arra covariance We)

var%ance

andL\'2

XZ generations

198

their

- ,
\ 1 ; 2
Parents 1
B h o V% }MWr‘Vr n" \Wr \ ]%r " Wr—Vr
\A | , °
; 1. Q.0.64.31 15,055 1141906, 110[.104 4,796
| 2. Q.0.58.22 38.687 -2.019
! 3. Ajax ) 1.800 33412
; . 4. Clintland 64 12.884 -39.481
\ © 5. 0.T.184 ' 47 .448 -13.961°
N & " .
) \\ 6. P,1.269182 29.199. 475L )
AN . -
7. C.1.3387 ;:}.165 4,763
‘ /8. Hinoat 1 -20.280 18.586
! s . l '
. ' Y-Intercept 36.61 {) 0.00 1
f \ \ .
- Al
! ~ M 1 ‘\7
* * b o 0.78 # 0.16 .27
2!
i ,)7.}
. A .
! ¥ .
F -
‘ . L
5 — |
) ’ !
‘ . y | .
T ’ {t ) A
AL‘F ~
!
’ . \

s 3 o
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APPENDIX TABLE l4. ,

differences for{lOOO-grain weight: in the Fy generation from

- diallel cross in oats

199

Array covariance (Wy), varianceg‘,cyf}\ and their

8§-parent

L3

All parents included

Parents 1,2 & 6 eliminated

Pareﬁts . N e
Wr Vr a ' Wr"Vr Wr Vr / Wr—Vr
. 7 Q.0.64.31 - 2,763  6.957 =-4.194 - - -
2. Q.0.58.22 0.914  8.838  -7.92 - 3 , -
3. Ajax 2,327 2.963  -0.636  3.936  4.606 -0.670
~ . ~ s . ' ‘
4. Clintland 64 2.078 © 4.615 «-2.537  2.679 1.853 0.826
5. 0.T.184 1.882  2:105 -0.223  3.639  2.937 , 0.702
6. P.1.269182 1.992  4.449  -2.457 - - -, -
R
7. C.1.3387 1.419 2,126  -0.707 1,957  1.580 0.377
8. Hinoat 2,483 8,746  -6.263  2.989 3,185 0,196
Y-Intercept 1.94 0.0, 1,41 0.0° .
N b = 0,01 +0.09 - b = 0.58 £ 0,18,
-~ 4
é ‘

-
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APPENDIX TABLE 15. Array covariance (Wy), wvariance (Vy) ‘and "their
, " differences for 1000-grain weight in the F, generation from an 8-parent
diallel crgss in oats
¢ . All parents included Parents 1,2 & 6 eliminated
Parents '
Wr Vr : Wr"Vr Wr Vr - Wr-Vr
1. Q.0.64.31 2.825 4.161 -1.336 - - -
2. Q.0.58.22 1.620  1.02L  0.599 » - - -
3.. Ajax 1.224  1.317 . -0.093 016 - 2.088  -0.072
4, Clintland 6% 0,915 3.528 -2,613 .1.160 0.492 0.668
, 1 |
i 5. 0.T.184 0.265 }.342 ~1.077 0.330 1.771 -1.441
]
) 6. P.I.269182 -0.103 1.957 -2.060 o - -
7. C.1.3387 3.081  6.266  -3,185  4.688  7.305  -2.617
. 8. . fiinoat ' 2.321  2.806 -0.485 3,801  3.901 -0.100 -
. ‘ '
Y-Intercept 0.25 0.00 \ 0.49 0.00 .
. -
- : b= 0.45 ¢ 0.19 b= 0.6+ 0.18
j
5 /
Jl
uC} ,/
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