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Pl,ant Science' 
(Agronomy) 

J, 
, ~ EI.GHT,,:,PARENT DIALLEL CROSS ANALYSIS FOR aIL .AND PROTE IN 
" ' • 'PER CENT AND TlIEIR,'RELAnON\TO OTHER~llARACTERS 

IN OATS (~SATIVA L,.)' ~'. 

, "o;The genette control involved in the inheritanee of nine important 

~. '1 qu~li~ an'd agronomie cha;-acters and the' rela,onshiPs aInong, th~se' 
characters were' ,tnvestiga~ed in' the Fl anY]'2 genel"ations from an 

'eight-parent dtallel ~ross . in oats. Three different diallel analy~is 
Eechniques were used: These were (a) th~Griffing's analysis.' (b) the 

Jinks-Hayman ' analysis "and (c) tne graphieal'. tfualys 18 • 

," VJ" 
-, -

The results 'indlcated partial fa1lure ~f one of the or more 
o 

for. the genetie an4lysis, 

1 

B' 

ineluding that of no 
, 

epistasis and gene correlations, for some characters. c Although bath 
, . 

additive and dominance.· effêct-s contribute ta the genetic variation in 
" ,t ~ 

a11 characters, additi~.e" genetic vàri an ee is more important in the 
, 

genetic control of most characters.' The de'gree i1 direction of dom-

i~ance i var1ed accdf,ding "ta, t~e character 'and' generf~::. Gen~ correla­

tion. the~.dis-tpbution of positive and negative as well as dominant and 

reeessive &l.l~l~, 8lld the ~umber of effective genes or groups of gene,s J 

eontrolling eaç4 charaeter, were ·investigated. Heritab~lity .. ~ 

~d genette advance from selection varied accord1ng t9 

calculation and .the generation, but they had almost the 
• 0 

all çharacters. :phenotypic, genette and environmental correlat 

amang aIl charact~rs' ind{cated no difficulty ih seleeting i 

desirable direction for most chara"ers. In this' study., 

dia~lel cross teclm1ques 'in oat 1mProvement has been discussed llnd 

breeding S~~egieS suggested. 
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UNE ANALYSE DIALLELE DE LA TENEUR ~\q HUILE ET ~tl CONTENU. 
PROTEIQUE ET LES RELATIONS EXISTANT ENTRE CI:\S DEUX , 

CARACTERES ET PLUSIEURS ÂUTRES t CHEZ L'AVOINE 
-- (AVENA SATIVA L.)\ ') 

- r l 
r 
f .. r 

Le contrôle génétiqu~ impliqué dans, l'hérédité de beuf'lmPortants~ 
caractères qualitatifs et agronomiqu~s d~ l'avoine, ainsi, que les 

rapports existant entre ces caractères furent êtudiés,.'chez les gênêra-

-

, -

" 

, tion'S FI et F2 issues d'un croisement di allèle réunissant huit parents .'0 .0 

L'analyse diallèle fut effectuée à' l,',aide de trois ""méthodes différen\:.es, 

soit l'analyse de Griffing, l'analyse de - Jinks-Hayman et' l'analyse 
1 

graphique. 

'Les résultats obtenus. ont révélé que, pour certains caractères, 

une ;'.~bU plusieurs) des hypothèseé posées pour l'analyse génétique, soit 

l'absence d'épistasie 

en~i~rement verifiee. 

et de correlations entre les gènes, n'était pas 

Bien que les effets additifs et les èffets de 

dominance aient contribué à la variation ge~étique chez tous les 
, 

caractères, la variance génétique additive a joué un rôle prépondérant 

dans le contrôle de la plupart· des. caractères. L'intensité et la 

qirection de la dominance ont varié selon le caract~re et la géné on. 

L~s corrélations entre les gènes, la diàtribution des allèles positifs 
-~-~-- p 

ét négatifs t-_ aussi bien que des allèles dominants .et récessifs, ainsi 
.. ~ b ~ 

que le nombre de gènes ou groupes de gènes responsables du c~ntrôle de 

elffLque caractère furent étudiés. Les estimations' d"hÙitabilité 'et 

l'amélioration génétique apportée pa~ 1a,sé1ect~on ont varié selon la 

génération et la méthode de calcul employée; toutefois, ~ous· les 

caractères occupaient à peu près ie "même rang, quelle qüe soit la 

méthode de calcul utilisée. Les'corrélation~ phénotypiques, gén~tiques 
r-/-> ~ , ~ 

et env1r~~ementa1es relevées entre tous l~s caractères indiquèrent 

que, 'pour la plupart d'entre eux, la sélection-de la direction désirée 

ne posait aucun problème., Dans,cette étude, ltemploi des techniques 

d'an~yse ~iallèle pour l~amélioration d~ l'~o~ne est di~cuté et des 

stratégies concernant 1 ~ amélioration de cette plante sont présentées,. , 
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'CHAPTER l 

fi 

~ 

INTRODUCTION 

RecogOition of a world nutrition and fobd criais during,the 
::;:= 

past few y~ars has stimulated plant breeders ta improve th~ quality 

and increaae the quàntity of their crope. Oate (A.vena species) ... 
constitutes one of th~ five major cereal cropa in the world. In 

ad~tion to.,~having ,more ~dequate lev~ils of oil than other cereal 

crope, the upper limit of protein content in ~ species extends 

, beyond that of the other cereals. On the other, hand, the energy 

value of oats is lawer than that of other cereals, for livestoék feed •• 

Therefore, improving the r~tritional quality of this crop would 

increase its energy value and malte' it more valuable for food and 

f,,=eding purposes. 

'J 

Quatt'ty evaluation in oats as well as in ,other cerea1s has 

many determinants to be considered, but for the purpoae of this .study 
'- , / 

attention will be focused on the protein, ail and hull content, -sinee 

they aré nutrltion~,l:y the most imp~rtant component's of qual1ty in 

1 
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oats.~ K1ïnck (1967) and Don~fer (1976) suggested tl\at cereal 
" 

J , t 1 

breeders should consider developing cultivars'of oats that provide . . ' -...... 

higher enérgy, s~nce energy is the most ,limiting factor in the 

feeding of ruminl.lllt animals With cereal grains. Klinck (1967) 
, ' , il. ' 

èonclude~ that it should be p08si~le in oats' ta select f~r,~ign 
'. , 

values of bath protein an4 oiL . , 
, , 

Dudley and Moli (1969) divided plan,t breeding into thtee 
,~, . 

stages: (a) assembly or creation of a pdol of variable germplasm, 

(b) selection of superior in~1viduals from the pool, and' 

( ) 1 d \ . , c utilization of selected ihdivi uàls ta create a 8uperior . cultivar. 

Breeding for superior qu~it~tive characters in oats has long enjoyed 

effective gènetic guidance, but br~eding of superior quantita~ive 
characters has been d~ied' such gtJ.idance ta a' large extent. , The 

l ' J • 

difficulty with quantitative ~aracters 1s that théy tend to'~e 
, / ... , .... 

, .J ...... ~ 

continuous in their variation. This means indistinguishable 

phenotypic classes and difficult or impossible applicability of 

c1assical Mendelian analysis (Johnson, 19fBf. ' 

Knowledge of the 'relatile magnitude of the variouS genetic and 

environmental parameters for cha+acters,of economie 1mport~ce is 

essential before more efficient breeding and selec~ion procedures can 
~ r 

be employed," SiQ,ce economically important characters are largely, :t'f 
not entire-ly, quantitative in inheriJance, they' are described in 

, 11:) 

terms of first and second ordèr statistics, i.e., means, variances, 
---il-

. 
~d covariances. The use of first and second arder statist1cs 

- a:::; 

1 
Il 
1 

1. 



'-.. 

'P' 
t;:. .... 

;. . 
. , 

l' , .' 
j \ 

( 

, 
; 

;: 

:t , 
l 

;t.~ s:-
\., :z Q 

\ 
;;.., 
'<- \ .~ . ' 
c 

• ,~ 

,Q 
,.P..l -

:= 

'\ 
\ 

.. 
.. ' " 1\~" f: " 

3 
., . . " . 

. , 

permits the' ~sti~tion of,population' gértetic p~i~eters such as 
1 - l , , f 

me an!l. , '1 g~~è.~iC va~iances, hé rii ab:f.liU'e s', ~ene~.ic, envi~onnien~al, . .~ .. ~ ~ ~ 

phen~t~~c, dor:relation coeÙicientà ~:, ~d' eXpe:~ted genet1~ advances 
. . , 

frQJI1 selèction. Knowing' the magnitude and the importance of such 
- ) " / • 1 

1 

esttMates,would,be 'of'gre~~ yal~ to a plant breeder as guidance 
~ ~. 1;;".. • J' <l < .. ~ - -. 

,.. 
and 

rules ~o- sY1~tema~ize selectioh of, pare'nts, to 'reg~ate the manipula-
- '. 

,~1on of progen1e, o'r ~o permit 'prediction and isolation of superio1r , 

l~.~r ~ample. the herit~iIity'ooncept iS,useful in determining 

to what ~tent p1fferences am~ng phenotyPes-are due t9~genotypic 
causes, ~. knowbdge of the "orr.Iati~n be.tweé. camplex char .. ters 

o~ l6W'her\tab1lity , such as yield, and l~~s complex ~haracters which 

may havé mu~h higher heritabilities, would benefit plant bre~ders. 

'It ma y be. etier to select for:' a' iComplex character'~: practi~ing 
\ -

selection oq}a highly heritable character correlated with it. 
1 ;D' 

There ~re numerous reports :n the literature deal!ng ~it~ 
studies of thJ, relative magnitudes of tne va~io~etic and ' 

\ ~ 
, ) \ J r. ~ 1 $ 

environmental ~aramet~rs in oats. The diat~el cross techniques. 

developéd b~ Griffing'(1956a, 1956b) and Jinks.~nd Hayman (1953) seem 

to provide sufficient information àbout the genet~c identity and 
il ' 

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

\ 
methods of diallel analysis were used. 

\. ,1 

The present investigation was designed to' estfmate bo~h 

general (GCA).and specifie (SCA) cambining abi1ity variaq~es and 

-' effects for nine qu'aiity and agronomie charac.ters in oats by means of 
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diallel analysie techniques. In additioni it was desimed to 
JI' \ (0 \ 

estimate the variance eomponents, heritab1lity, expected genetie , 
-, « 

advances, the number of genes or groups oI linked genes involved in 
) 

" 
1 the inherit$Dce of thes~ ,charaeters, and the phenotyp~c. genetie and 

, >1\--
enviranmental correlations amang all charaeters under investigation. 

Other objectiv~s were to predict, ~ the basis of genetical 

informa~ion, which crosses in our mate rial would give the best 

chances of fipding high manifestations of each character whiéh \ 

suBsequently could he fi:xed in pure Unes. A~ the same time, an 

- intensivel'evaluation of diallel analysis technlques as' a tool for 

plant improvement was carried out. 
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t CHAPTER II 

REVIEW OF LITERATURE 

~, 

{ 

;. 

The review of literature will include'four main topies related 

to qualitative and quantitative characters in self-pollinated crops, 
1 \ 

especially the small grains. These topics are: (1) The importance 

,of oats as a feed and food crop and the possibil1tie~ for improving 
1 

their qualitYi (2) variance components, heritability and genetie 

advances fram selection; (3) relationships between characters; and 

(4) diallel anal~sis techniques and their application in plant 

bre~ding. 

1. . Oats as a feed and food cr op and 
die poss1bili.ties for improvins 
the1r guality 

Quality in eereals is u8ually judged by their suitability for 

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

directIy or as animal feed., Thus" cereal quality 18 largely a 

r~lative concept and i8 con~~re~ in relation to a particular class 

l' 
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àf food product. For animal feed, differences ,in the o'f the 

by~products are usually cansidered ta be relatively,unim~or ant with 

some cereal crops, whereas they become important 

On the average, man derives about 70 per 
t 1 

his required 
1 1 1 

calories and 50 per cent of his protein fro~ cereals and cereal-based, 

products (Frey, 1976). A~ditionally,'~e quantit es of cereal 

grains are used in the feeding of livestock, espec a11y in the 
.. 

developed countries. 

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

'\1 • 

of,oat (~species) grain lagged behind its realized value in 

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

(1968) that collections of t~e wild oat species _. sterilis L. 

contained high groat proteinostimulated many new inve igations. 

Recent studies have been ma.~li concerned with:. 

(a) oat protein 'q~~'ity and ~~"'aCid composition= 

(b) lipid ~ontent and fatty acid composition 

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

~reeding for higher leveis of these components. 

With the recognition of a world food and protein criais in . ' ! 
recent years, plant breeders are attempting to fmprove the quantity 

and quality of cereal grains. Burrows \(1974) stated that th~ oat 
• ' 1 

1 

c~op could, and probably will pray a very significant role in solving 
i 

the fooa crisis problem. Oat. will probably shift from.bot a f ... d 

1. 
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grain. to a new, and, 'updated food species. Burrow' s statement is "based 
\ 

,\ " ' 

on the fact~that by breeding special oat cultivars for human use 
\ ", " 

rather th~ f9t ~imal use, both ~pes of ~rops (reed and food) can 

be grown ess,entially. side by side, and the acreage in any are a 
... ('1.:"0 

devoted to f~ed or food oats will be determined by domestic and'world 

requirements. 

Also, the genetic variation or the size of the gene poal in 

oats is as great a& in any other of our major cereals and may be even 

greater titan in 'most. Gats have not rea1l~ been selec'ted for quality 

even though several nutritionists rate their quality as excellent. . ' 
< 0 

.! 

Unexploited genes have been located in many of the diploid, tetraploid 
\ 

and ~exaploid wild andlcultivated species. There are many contrasting' 

forms or types avai1able in this species. 

The nutritional quality of oat protèin,< with respect to its 
" 

content of essential amino acids, is ae good as, if not better than 
, ' 

that of any other cereal crop (Burrows, 1974). The pro~ei~ of oat 

grain has three unique features (Ohm and Patterson, 1973a, 1973b~ 

Burrows" ,1974; Frey, 1976): 

(a) A high biological value relative to that of the other cereal 

grains. This ie illustrated by feeding trials and by amino 
. 

acid compoftition., 

(b) The biological value of oats protein does not deteriorate as 
- ~.,j ~ 

protein percentage in the grain +Dcreases. This could make it 

fèasible to breed oat plants with higher protein l~vels without 1 
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" ad~erse1y affecting the nutritional,gua'l1ty of the grain. 

~urrow8 (1974) mentioned that in oats, cultivars can be bred 
\ 

l that are rich in-~rotein\con~ent because protein quality Is 

essentia11y maintained. 

Cc) The protein percentage of oat grain probably can be elevated to 

very high levels by genetie me~ns: In general, the protein 

cant~nt in whalf grains of cultivated oats ranges from 9.0 to 

-'16.0% (Frey and Wats01;l' 1950) and the maximum protein in ~he 
"", 

. groats of qommercial cultivars Is about 20% (Bri'gg1e,~ 1971). , 

, . \ 

Data from many researcners suggest thatit shoulq be possible 

t'a elevate the groat protein pereentage ,above the 14.0 ta 17. % • 

normally found in commercial cultivars. Two new cultivars of oats, 

Dal.and Goodland, were release~rom'the Wisconsin Experiment Stati~n 
\ 

in 1972 and 1973, respectively. These cultivars produce grain with . 

19~20% groat pratein (Shands et al., 1974). Frey (1~76), at Iowa 
) , 

State University, aIs a reported the development of a new cultivar ,of 

oa,ts with adequate levels of grain yield and protein. He reported· .. 
\ 

the discovery of genes from!. steri1is that increased the yield of 

experimental lines of cultivated oats by 20-30%. These g~nes, were 

designated a's the "yield genes". The author found that the yieid 
"',' 

Increases of these lines were accomplished without ~epressidg groat-

protein percentage. On the-other hand, the Wisconsin researchers 

<Shands et al., 1~?4) 'discovered genes. for high protein tha,t havè'no 
. 

"-

effect on yleld. Their genes were designated as the "protein genes ll
• 

-

, , 

\ 
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Frey has research underway ta determine whether the independency of 
. ~ \, ~ 

tpe ",Y:1e1d ge~es" will be maintained when comb'inèd with "prote:in 

genea'!"from the Wisconsin cultivars. 
" , 

~ If' the high proteixi'" charactero:ls genetic,ally contralled and 
"' , ~ 

heritable, the genetic incorporation of this high-protein character 
, . 

, into. high-yielding cultivars with desirable agronomie traits would - \ , . 
, 

great1y increase the protein yie1d of, oats. Many warkers have 
• .. • f ; 

'suggestedrthat, in the short run, breeders cao best achiev.e the goal 

of producing commercially acceptable oat cultivars with a signifi- ' 

,cantly e1evated groat-proteïn content by utilizing crosses wi'thin the 
" 

" !. sattva speeies. 

On the other hand, Briggle et al. (1975) reported that several. 

breeders have Bucceeded in selecting hig~ protein- sègregates from 
J.;- \b- (\ 

!. sterllis x!. sativa,crosses, but as~yet none of these selections 

,h"as ,met the' requirements for re1ease'as an oat cultivar. Generally, 

these high protein cultivars are lower 'in yield than standard 

, • Culi:iv .. ~S and t=~uee Blender ~rne~s vi th 1ess/ ondosp.rm. Both 

conditionsdare usually 8Ssaciated With high}prote1n concen.~tion. r , ' 

'!'he authors asked whether the high groat protein of '!. steril,is ' 

parents was .... the ftmction of a low grain yield and an adverse keme1 

type, or ~as it due to the expression of specifie genes eontrB11ing 
1 "' 

the amount'of protein deposited in the groats. They concluded· th~t 

if this situation prevailed, it may be very diffieult for a breeder 

to combi;ne high pr~tein, ~igh yield and, la,rge, plump groab in one 

-

1 
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genotype. ptey hope that through more intensified hreeding efforts' 
'" 

!., steri1is genotypes. can be identified whic~,have specif~c g~~es 

for high protein concentration not associated with lower grain yield. r ' 
Sraon et al. -=-(1975) agreed ,with Briggle e~ âL (1975) that 

,", the inverse relationship 0(' protein and yield could present a problem 
, - ~j;> 

of .how to combine ~igh protein and high yield in one cultival:'. They 
• 4' 

;;ejected the idea of, :ncreasing pr~tein 7tent by sacrificing yie1d. 

Bunp" •. (1974) ,pointed ~t, .~;".., of e prob1e ... in h,eeding for high 

protein cultivars in oats.' ~ese pro lems are: 

(a) 

(1)) 

The lower yield potential of high protein strains 
l ~~... \' ,," 

the apathy of food researc:hers and food processors to develop 

new recipes and néW ·uses for oat in, 'the human diet 

(c) . the many publish~d reports "of animal nutri tionists minimizing 

the importance of protein in feed grain and stressing high .-f- . 
energy content and high yields of en-:rgy per acre. 

"...r' 'Bun:ows r~commended, th~t effort~ mus~ be made to break the negative 

- ~OCiatiOn betwéen teld _ an~ protein c~~tent, and ~o tmderstahd w~ 
the negative association ensts. He reported that it may not be 

l , 

" possible ~o combine high protein and high grain yield directly 
\ ,(\ ~ .. 

l ' 

_ because t.~e. de~elop~ta! f~ctors within th~ pl~t that u1ti~tely 

lead: to a higher pro~ co~tent in, the seed' 1IIay also adversely , 

affect the'total accumulation, utilization and distrib~tion of'cârbo~ 

fixed in photosynthesis, during the early life of the plant. Burrows 
'V 

suggested the following s'trategies to increase grain and ,energy 
",.p', ' 

yields per acre: 

" 

'-

. ' 
" '\ 

\ 



;'\,. 

1 If. 

) 

1 

t 
j~ 

l, 

'-

(a) Cçnventional breeding 
V 

programs . 

.... 

\ 
4 

.1 
'1 

f 

11 

"? (b) improving he intrinsic en~rgy content "of the kernel by crossing 
, 

and high fat. cultivars and selecting fôr high lev~ls 

of bath 
'- , \ 

(c) lengthening time to-Glfferentiate farge paniçles with:more 

kerneis per ~u~~ _ 
, '1" 

(d) ut~lizing se~d dormancy to·Taise yield potential. 

~ , 
An early study by Biack a~d K~pthorne_ (1954) show~d that the .. ' 

seem~ngly univers;l negative association betweèn grain yie1d a~d 
, ' 

;.p. r~ 

protein percentage is I1phe,notypically" real but not necessarily 
'~ 

~ genetië in origine 
f 

Recently, Frey (1973) tested oat cultivars and'lines i~ field 

experiments wherè,soil n~trogen was eit~er very deficient or 
l , 

, adequate. for growtl) of "oati plants. The author,obtained a negative ' 
, \ .. . 

and signif!c?nt'genet~c correlation coefficient (-0.26) between grain 

yieldA,.and L groa t protein under low sQil nitrogen cond1ti<:>ns J whi1e 

under ad~quate-soil nitrogep, his- genetie ~orrelation wa~ not 
<,tj - ~ '# f 

r ' 

significant (0.04). He -concluded that ,the négatîve correlation 
" , 

'( " 
observed between the~è two t::raits i8 an artifact resulting fr'om 

limit~d avaUability of soif n,itrogen:-- In another study~ Frey (1976) 
• 0 

. reported that negative'éorrelations be~ween, grain yièlds and protein 

p'erçentag,es of 'cereal \ species may be àitifacts' of past èxpedmenta-
i .-' ~ • " 

tion. Data fro~ wheat and.oa~s suggest that genes ?re present in . . 
" . 

the~e apécies t~a~ Çf~:c~~se indépendent-quantum increairS in either 

gra;n p'ro~eln"cdnte~t or grain yield. • 
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,Because oats are useà mostly for îf~estock~eed. and have a 

great genetie diversity in oi1, content~ breeders might wish to make 
, 

the'develop~ent of cultivars with desirable levels of 011 a major 
..! ~ t 

objec~ive in breeding programs. Oats h~~e higher oi1 content than, 

• other c~reals. Brown et al. (1966), and Brown and Craddock (1972) 

repo~ted a range of 3-11% oi1 in the' groats .• 
1 

12 

Klinck (~967) reported that since energy Is the most limlting 

f~ètor in the feeding of the ruminant animaIs with grains. cere al 

breeders should consi~ deve1oping'cultivars that provide higper 

energy 1evels. TheQa~or conc1uded that ~t should be possible to 

~e1ect for high values of both pvotein and oi1 content in oats. 

Brown and Craddock (1972) demonstrated from their unpublished data 

that oi1 ç,ontent in oats is highly peritab1e. They concluded that 

oat breeders shou1d have libtle difficulty in developing ,suitab1e 
" 

cultivars with high or low oil content.-

!' 

The same conclusion was'drawn by Baker ana McKenzi~ (1972). 

They concluded that lt should be practical to select for 011 content 

in oats. To achieve th1s goal, the authors ~uggested-that high-oil 

parents should be used,when breeding for ail con~ent. They warned 

that one must be wary, however, in choosing parents to"start a 
, 1 

"select1?n program. The choice'of closely related cultivars would 
o 

result 1n.8 cross that 1a essential1y devoid of genetie vari~bility 

an~potential for improvement. 
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In general. three points are critical in deciding whether or 

not to develop a hig~ 'oil content oat for feed or food purposes: 

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

(b) 

(c) 

identify parental genotypes i~ some of the wide crosses 

suggests that several /genetic factors control oil c90tent in 

oats. However. Baker and McKenzie (1972)- stated that it'may 
j 

" ' 

be possible to develop an oat'c~ltivar with at 1east 10% oil. 
"~.:,w.. .. ""( .. 

The problem of storage of high-oi1 oats. A lipase enzyme 

extracted with oat oil causes rapid ranci dit y and deterioration 

of 011 qua1ity. For this reason oats w1th 7% oii have'been 

prefërred by human food processors (Forsberg et, al., ,1974). , 
o 

Brown et al. (1970) ehowed that the content of free fatty acide, 
f> 

wh'ich cause-·ranc1dity, is reduced as the keme1 matures but 

still constitutes a measurable portion of the lipid fraction. 

They recommended-that s;udies on the effect of different harvest 

and storage conditions on the content of free fatty_acids in 

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

oats can be ful1y eva1uated. 

The unfavqrable association between oil and prot,ein. This 

association might make it some~hat difficult to combine high 
, / -~ 

~ 1eve1s of 011 and proteine However, Brown et al. (1966) found 

_some strains which,possessed relative1y high leve1s of oi1 and 

protein while others were lqw rn both. 
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The success in incorporating the op~que-2-gene, producing 

high lysine content, into high~yielding lines of maize has indicated 

that yield and qualfty in cereals may not necessaril~ irreconcil­

~le '(Frey, 1911;). 

14 

Due to the h1gh fiber content of the hull, the energy value of -- ~ 

oat grains is inferior to that of wheat, barley and corn, for wh1ch 

. ~ -
reason oats i~ the gra:f.n least 1.iked by the formulators of

o 
l1vestock 

feeds. However, there is a notable lack of information on the 

relative feed1ng values of different grains as measured through 

appropriate animals, and, on the correlation of such data with 

chemical composition (Lawes, 1971). 

From a feed quàlity standpoint, there is justification for 

èontemplating the deve10pment of naked (hulless) oats. However, 

plant breeders have not succeeded in'· obtaining highly productive 

cultivars of naked oats. In addition, there are storage and other 

proble~ associated"with this character. Klinck (19-77) conc1uded 

that,the c01lDllOn covered oat i8 the preferred type so long as the 

caryopsis percent)1ge is high .. _ lie stated) that selection for high 
1 0 

caryopsis contint or low hul:.1. can achieve results. Wesenberg and 

Shands (1973) suggested that it may be difficu!t·to isolate 
" 

segregates with ~ore ,than 80% caryopsis. 

Donefer (1976) reported that on the basls of his assumptions 

and experience he would recommend to plant breeders that minimizing 
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~7cellulose (fiber) 
. 

be one of the most effective 

ways of increasing the a BilabIe energy III . " content of oat grains. Also, 

he suggested that cellulose analysis is a simple chemical procedure 

for energy evaluation of grains. 

Lawes (1971) summarized the difficulties encountered in 

producing good commercial naked-grâin cultivars as follaws: 

(a) Intrinsic low 8~ain-yielding ability asaociateJ with m~ltiflorous 
~ 

spikeleta and high proportion af small grains. "J -. 

(b) Incomplete eJPression of the naked ~aracter. AlI culti~ars 

Cc) 

(d) 

Ce) 

1 produce a proport{on of covered grains and mosaicism occurs 

within individus! pani'~les. 

Li ab lli ty to grain shedding. Morphologically' the grain\ is held 

lesa securely in naked than in covered cultivars, though cultivar 

differen~es existe > 
\ 

Premature germination of unharvested grains. 

Poor germination of seed samp1es. 
1 

The embryos are poorly 

protected and liable to suffer damage during threshing. 
t , 

Cf) Deterioration.during storage, due to high oil content and 

sus cep tib Hit y ta damage by micro-organisms. 

, 
With such wide g~et1c v~riation in oats for protein, ail and 

hull per cent, oat brêeders would be able ta ~ombin~ high l~vels of 

the three charac~rs with desirable agron~c traits 'if these 
, . 

characters are genetica1ly contro~led and heritab1e, and if~sufficient 

information about thefr.genetic control,is availab1e. 
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• 2. Variance components. heritabi1ity and 
genetic advances fram selection 

16 

Various authors have emphasized the utility of the estimates' 

of variance components, and in particula~, the ~enetic ~anee 

component. as a basis for predieting the response of quantitative 

characters ta select:Lbn in plant breeding programs. Selection in -a 
- J 

giveq population is based on thé phenotr,pe of individuals whi1e only 
~ , 
,iYi 

a portion of the phenotYPic value is transmitted to tge followin~ 
$ ,oit" 

generation • Thus, it is of primary importance ta know the re1ativp ~ ZI'_.,... { , . 

ma~itudes of the different components of the phenotypic value • 
• ... ~:~ f 

The phenotypic exp!ession o~ a character· cau be considered as 

t
h sum'of a~genetic effect and a deviation att~ibutab1e to environ-; 

~ and in~.eraction between the genotype and the environment involved. 

Wright (1~21~ 1935) considered the genotypic ~ariance ta consiat of 

thr~ comp~~s: 
JVE 2 ' / (a) addi, ve genetic variance. cr A 

(b) variance due to dominance d~viations ,fr011l the additive schéme, 

"-
02-

D 

(c) variance dW! ta epistatic deviations from the add1.tive scheme, 

Estimates of variances crue to the different sources of 

variation contributing ta diffetences between individ,uals as desc,ribed .. 
'above are imp~rtant for plant breeders to develop their breedi~g 

programs., Comstoek and Moii (1963) reported three advantages of 

knowing the true magnitudes of genetie variation: 

el .............. _.,..."' ... ~~~~_.- ... ~'" 
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(a) Over-estimation of genetic variation would in some cases lead ta 

, f ',investment of tlme and effort not justified by the real 

, ' . " 

t ~ . 
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potenti81 for_improvement of genetic stocks emploYed. 

Optimum procedures may vary significantly, depending on the ~ ~ J'h 

~gni tude of genetie variances. 

(c) There 18 a danger that sound breeding programs may be abandoned 
, 1 

prematurely or unw1selr because of results that are disappointing 

relative to unwarranted expectations based on erroneous estimates 

oi genetic variance . 
.rL... "t.fr.-"'\~ 

.:.,[-

Ip general,' the different procedures suggested by plant 
.. 1 

breeders for part~tion~ng the ph~otyPic variance o~ quantitative 

characters in a pppulation carry the' following ,biological assumptions: 

,(1) normal diploid behavior at meiosis; (2) no matern81 effects; 

(3) absence of multiple al1eles; (4) linkage equ11ibrium; 

(5) random selection; (6) no epistasis. ' However, tmder certain 
......... " .. l , 

c1rcumstances, models are available in which· one or more' of these 

restri'ctions ~y be eli~ated (SPJ:'ague, 1966). These procedures 

have been discussed by Anderson and Kempthome (1954), Cockerh~' 
• J ' 

> 

(1963), Crumpacker and Allard (1962), Dudley and Moll (1969), 

Gardner (~963), Griffing (1956a, 1956b), Rayman (1958, 1960), . \ 

1 

Kempthorne and Cumow (1961), Hather and Jinks (1971), Matzinger 
{ Q \ ~ 

~ 

(1963), and Sprague (1966). Anderson, and Kempthorne (1954) 
1 

presented a DOdel1based on the facto rial model to esttmate genette 

effects. 
\ 

Hayman's (1958, 1960) ,analysis is, 81so used to separate 
1"-

. \ 
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epistatic and dominance variation in generati~n_ meane. The author 

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

~ffectsl could be obtained if epistaéis is prèsent in a great 

1 , magnitude. 

Progress under selection i~breeding programs depends on the 
~q: . 

magnitude of heritability ~or the trait being selected for. 

Estimates of genette Ivariance and its additive and dom:1.nance variance 

components as weIl as phenotypic variance are used by plant breeders 
, 

to estimate heritability. Several reasons have been put forward for, 

requiring an estimate of heritability. For example, Lush (1948) . 
listed the following points: (a) "~hen heritability in the narr~ 

- \ 
sense is high, reliance should be placed mainly on~mass selection, and 

'--
4." .... '" 

~eritability becomes lower, more emphasis should be placéd on 

pedigrees, sib tests and'p~eny tests; (b) if ~he epistatic variance 
\ 

is relatively high', more reliance should be placed on selection \ 
" 
\ 

_between families, and 'UDf breeding; (c) if over-dominance i8 \ 
~ \ 

predominant" the breeding plan should tu~ tow~rd inbreeding, w{th \, 

the obj~ct of producin~ h~dS for the commercial mar~et; -, (d) if 'the\\ 

variance due to interactions between heredity'and eDvironment is 
Ji 

relati~ly large, 
\, 

1 separate cultivar 

the breeding plan tends ,more toward proâucing al> 
, \ 

for each ~cologica1 region;, ~d (e) heritabil!ty 

- may be used to estimate expected improvement due to selection. . , 

.' 
For purp'oses of ,clarity, certain tet'1llS are

o 
defined here as • 

introduced by differen-t authors. Knight (1948) defined heritabiUty 

.... 

• 

,. 
'1 

.' , 
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• as the portion of the obaerved variance for which difilerences in 

heredity are responsib1e, whi1e Dudley and M011 (1969) defined 
. 

heritability in the broad sense as the ratio of tqta1 genetic 

variance to phenotypic variance, and heritabi1ity in the narrow sense 
- "" 

as the ratio of the additive genetic variance to the phenotypic' 
-ç. 

variance'. Phenotypic'variance. ia the total variance among phenotypes 

when grown over the range of environments of interest to the breeder. 

The total g,enetic variance is the part of the phenotypic variance 
l n 

which can be attributed to genetic differences among the genotypes. 
r 

The genotyp~-environm~nt interaction variance is that part of the 
1 

phenotypic variance attributable' ,to the fa1lure of differences between 
u 

genotypes tô be the same in different environments. 

'1 
Discussion of heritability concept and its imp1iiations in 

plant breeding haye been teported by severa1 workers (Burton, 1952; 

\ Dudley and Mo11, 1969; F81coner, 1967; Hanson, 1963; Robinson, 1963; 

Warn~r, 1952) • 

. Robinson' (1963) stated that heritability estimates must be 
-\ 

treated with s~e caution becatise they depend 80 much on the choice 

of plot size, planting density, and number of rep1ications. He as~ed 

that if an estimate of heritability ia as restricted in its app1ic~-, 

tion and since a ratio is!not as ,informative"as a know1edge of its' " 
, , \ -

two components, is there an1 point in estimating h~ritabi1ity. , l"~ 
'> 

Il t,~ • 
However, he stated that a meaningfu1 estimate of heritabi1ity is of , ' . 

't 

use in estimating expected progress fr~m ~dopting the p}:'bgrmn,. and. it 

, " .. 

.... 
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is also a very useful concept in determining the relative importance 

of genetic effects whlch may be passed on to offsprlng, ev.en in cases 
tf" ,0 , 

wbere lt would be difflcult to extrapolate to other populations. 

The ,variance components method proposed-by Comsto~k and 

R binson (1948, 1952) has been used extensively in estimating 

he itabilities. This method could be applied to either genetically 
. 

di ferent cultivars or families fram a given gener~tio~. "The major 
-, \ 

. problem encountered in "using the variance 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-environmen,t' interactions which, if present, would inflate 

the estimate. 

As soon as heritability is estimated for a quantitative trait 

in a population, the question is raised as to what level progress . 
" 

would be expected under selection in that populati9n~ The estimate 

of such progress is called the ~etic advance. Falconer '(1967) 

defined the' expec~ed genetic adv~~e from selection 'CG.) as the ' 
, ,~ s' 

" product of selection intensity, the estimate of ~nenotypic standard . , 

deviation and the heritability estimate. Expected genetic advance 

has been estimated by mos~.authors who have investigated heritability 

of quantitative ch~racters. 

l 

In an early study, ~ove and McRostie (1919) studied the 

inheritance of the hull percentage in crosses of ~. sativa ~ with 

,; 
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!. ~ and four cultivars of A. sativa. They noticed a great 

mnount of v~riation in the perce~tage of covered and hu11ess keme1s 

in the '2 intermediate plants. The authors discussed the possib~lity 

-that multiple factors might he-· involved where one pri~ry factor 

de termines the covered or hulless condition, whil~ other factors 

influence the covered condition of those plants only that are 

heterozygous for the primary factors.' 

4' Lebedeff (1930) 8,tudied th~ inheritance of covered/hullessness 

in several crosses of oats. He found that the totals for al1 cros 
1 

shawing a dihybrid segregation and several of the individual 'cros 

confo~ clos~ly to the expected results fram the author's asàumpti n. 
~ ( 

Certain cases of ~eficiency of fûlly covered plants led to the 

assumption that the basal gene was not fulÎy epistatic to the - ____ -" 

subsidiary genes where these were in!the double recessive cqndition. 

The inheritance of the hull character was investigated by 

Chou (1932) in a cross of !.. sativa vith !.~. The author 

reported that the '1 appeared hulless but was actually $enetically 
",.. \ ' 

intermediate. In th~ '2 be found that the càvered group a1ways 

comprised about one-fou~h of the total and a ratio of 3:1 could 

àlways be obtained by combining the hulless and 'intermediate types. 

Chou expla:1ned his data on the basis of one pair of primary factors 

and, secondary multiple factors, 'number unknown, which favo,r the 
"'-

production of ,more hulless grains when dominant; and favor production 

of more covered grains when recessive. 

, 
.' 

- ""'" 
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Sappenfield (1952), in hisi 15 possible crosses between six 
\ 

cultivars of oats, found that ear1iness was inhe~ited as an 

incomp1ete1y dominant character to 1ateness and wu due tb a series 
\ 

of multiple factors which gave ~ cumulative effect •• Estimates of the 

number of genes' involyed ranged from. a minimum of 2 ~airs in the 
\ ! ',' 

- very early x ve~ "el:jr~y crosses, to a minimpm of 4 pairs in the very 
<fI/S4 . 

early x'very 1~". crosses. Sappenfield noticed that as the difference 

in time of heading b~tween any two parents incre~ed •. the number of 

gene differences between the parents bec~ greater. _He suggested 

~ that transgressive segregation for earÙness may frequently be . 
, obtain~d in crosses between cultivars of similar maturity. 

\ 

Heritability ia a predictor of the success that a-plant 

breeder can expect to attain rrom selection. - Frey et al. (1954, 

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

concluded that grain-protein percentage waa inherited pOlygenicatly 

and that ,it usually showed dominance, but the directi~ Ef dominance 
1 • > 

tf was dependent upon the particular strains 1D8.ted.. They l!eported a 
, 

mean of broad sense heritabi1ity for F2 p1ânts of 1S% in one study 
\ 

and 88% in a second. 

, ' 

Wallace et al. (1954) studied genotypic vQriaoce, and covariance 

oÏ six quantitative characters in an oat cross. The çharacters were 

yie1d, seed weight, ,plant' height, culm number; number of seeds pèr 

plant, and number of seeds per pantele. They suggested that breeders 
\, 

perhaps need to pay more attention to selection for number of seeds 
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per paniele. • However, they were unable to devise ~ selection index 

based on the combined use of the eharacters studied which was 

eonsidered to bel more effective than ~eleetion based on yield alone. 

The authors raised the questio.p as to how mueb of tie superiority 

evident in an oat cao be transmitted to its p~ogeny in a ero~~ /sl.,ce 

the particular gene combinations, which provide favorable epistatic, 
~ . . 

effects in the.superior~are~t, might not be reconstitut~d in any of 

.the progeny. The importance of epistatic effects is not weIl known ' 
t 

and the situation,is complex b1cause of the polyploid nature' of oats. 

The expected genétic ad.;a'fii!é'" from s'elèetio~ was 12.9% (of thé mean) 

for yi~d, i~.8% for seed number per plant, and 13.4% for see'd number 

per paniele. The genetic coefficients of variab1lity among progenies 

ranged tram about 5% for seed weight to about 18% for seeàs per 
."-. 

_.panicle. 

Frey' and Homer (1957) cèmpared the' 'two regression ~thods of 

'ca1~ulating heritability, the conventional and standard unita, for 

heading date in oat crosses. Heritability in standard units tended 

ta eliminate~hose environmental effects of different years that 

iQcrease or decrease the range of the proge\ieS relati~e to that of 

their parents. They reported average heritabi1~ty of 44% for F3 on 

F2 and 93% for Fij. '(m F3 Dy the conventional method, in GC)ntr,ast to 62' 1 

and 63%., r~spectively, fram the standard \mit me~hod. The mean gains 
o 

fram selection for heading date of oats. were 1.5 daye and 2.8 days for' . 
the correspond1ng actual val~ ~;fram the conventional method •.. aowever,· 
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bath values of predicted and actual, gains were the same when 
, 

heritability w~~ ealculated by the/standard units me~hod. 

Jones (1957), in a st~y of individual plants fram the F2 to 
Fs of 20 oat crosse~, found that,heritability"was high for ~heading 

(" rj .-' 

date and plant height, int~rmediate for kernel weight and low for 

yield. The average degrees of dominance were 0.47, d.91, 1.43; and 

2.44 for heading date, plant height, kernel weight, and yield, 

24 

'respectively. He concluded -that signifieant gains ,j,n genetie advance 

could be obtained by selecting for these fçur characters' even in the 

F2 generation. The autho~ stated that by delaying selection until 

" the Fs, the largest increase in efficieney waa' indicated for yield. .. - , 

,and the smallest fol!' heading date, a rel~ti'onship 

herit~ility'rankings. • 

whicp would be 

indicated ~y the 

Frey (1959a) studied the relation between environmental and 

genetic variances for ,heading date and plant height in oat crosses. 
, \ 

His results indicated that the environmental and geneti~ variances 
-

were related for heading ~pte but were independent for. plant height. 

For heading date he obtained heritability percentages of 82,fram 

the regression of F3 on F2, 56 for F4 on F3' 63 for'Fs on F4' and 

78 for Fs on Fs. For plant height the per,centages were 87 for F4 on 
o 

F3' 90 for F~ on F~, and 89 for F6 on FS' 

Jones and Frey (1960) reported that delaying the selection , 

unti1 the later generations would increase the expected genet1e ~a1ns 
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over ~~at in e~rli generations. They found that delhying the ." 
selection \mtil th,e Fs would inere~e the perèentages of the expeeted 

genetie gains in oats by approximately 150 for heading date, 150 -for 
, . ;: 

160 .for k.e~ei'~eight ar:d ,200 for.~~~1d in cotnparlson with " ' height, 
,0 

selection 'in' the F2 gener~tion. 

. ) 

Petr ,and Fr.ey (1966) obtained bro'ad sense heritability' 
'y 

percentages,in oat crosses o~ 33,53,61 and 87 for number of 

p'anicles 'per plant, grain yield, plant height,and heading date, 
" e r 

respecti'\1ely. They rep'0rted that he,ritability percentages and hi--gh 
r 

. levels' of· ~nance for. yie~d and p~icl,g~, pér plmlt o~~ed in the 
"\~'" "'.... ',' ' 

FI indicated, that s~lection for yield' and number, qf pani~les per 

plant ShOUld'b~,~~1:;~d ~til later generat~~ns. ~hile'selection for ~ 
plant height ~d~~eadtng dat~' 'i~oild bec fe~ible in early ge~er:tions. __ , 

1 - \ / 
r 1 .- ~ ... " 1 

l, ~""f"\ ',.. '. ",' \ .. 

Johnson- .$,d -,FF Y (1967) examned the reactions of seyeral 
r ~ ~~~{ 

\... ~,~ 
agronomie charaeterj;of 

--
oats 'to èlifferet:\t. degrees Qf enviromnental 

L \.. .. . 
stress. GenotyP4.c variances amang oat cul~i"1ars ·were 'incre~ed" when , 

1 J. U 

environmental stress was reduced. Rowever; nèritabilities did not 

a1ways ~ncrease with reduced ënvironmental stress. They concluded 

... . 
that the environment which gave the hi~hest heritab,ility for a set of 

cu1t~vars was the be~t for practising selection among them. 8ssuming 
\ ......... ., 1 

tha~JgenotYPe-envir~n'y'ïntera~tion did not negate ;he gains when '" ' ,-- ' , \ ", \ ." . 
the sele~~d genotypes were grown in other environments. 
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The exle'cted genetie ad~anees from three 81~u1ated se1ectiyn 
, , 
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schemes were studied in oats -and barley. The expected genetic gains 
1 

were 13.4, 8.1 and 3.0% for grain yield, 'plant height and heading 

date, respectively, in oats and"lO.3, 8.2, and 6.0% in bar~ey (F,rey, 

1968) • 
, ' 
l', 

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

... 
,1~, medium, and high oi1 content, found that the heritabi~ity of oil 

percentage varled from 68 to 93%. Sucb heritab1lity values suggest 

that selection for low or high oil perce~tage in oat seeds could be 

accomplished with ease. 

CaJliphell and Fr~y (1972), using 10 crosses of A. sativa x 

A. ster1lis, cqncluded that much genetie var~ability,for protein 
- j 

concentration existed among progenies 

of the trait: waS relatively 's1D.p1e, and 

these crosses. Inheri~ance 

tabi1ities were high 

enough to expect 'progress taward breeding for high protein con~entra-

tion in oats, but the' authors repqrted th appeared ta be a 
\ . 

smàn number of loci involved in' D1"lrlt:I~1I"l-~.nn'r:e[lt: 1nh\~1tance a~tu8l1y 

.&..1.1;11101:0 in blocks on a small may be due to a large number of loci 

number of chromosomes t which would' give 

inher! tanee. 

Ohm and Patterson (1973a) obtained 
\ 

'per cent groat protein ~n a study of six 

dialle1 expèrtment in oats" In another 8 

impression of simple 

dominance for 

Ohm and Patterson 

~I 

1 1 
\' 

t 1 

,
~ 

'!' 
r~ , ;ft ,,----,..... ~ 



,'/: 
\. 
~ 
.: 

',) 

:il 
~~ 

1 " 

1 

, 
( . 

. 
f 

t 
f ' 
~ ---
l' , 

/ 

( 

27 

(1973b) crossed each of tlfe same six ! .. sterilis collections with 
( 1 

five A. sativa cultivars. General comb1ning abllity was hig~ly 

significant for groat-protein concentration and high' per cent protein 

was recessive in aIl crosses.' Gtoat protein concenttatïon was high1y 

heritable. 

For hull percen,tage Wesenberg and Shands (1973) reported 

heritability values of 0.36-0.93 in oats, but suggested that it may , 
be diffi~u1t to iso1a~e segregate~ with more than 80% caryopsis. 

Likewise, heritabifity values of 0.34-0.72 for hull percentage were 

reported by Granger and Stuthman (1973). 

Brown et al. (1974) analyzed Fl ana F2 populations from 
1 
, / 

crosses involving eight oat (Avena estiva L.) parents differing - / 

widely in oil content. They obtsined brosd sense heritability values 

above 70%. A large part of the phenotypic variation was assoc1ated 

1/ , 

with general combining abiUty, al~hough s:Lgnificant specifie 

c;ombining abilitY' oecurred in severa! crosses. Polygenic control 

for this)tharact~r was indicated. The authors suggested that 

'considerable genetie gain would be expeeted fram phenotypic selection 

farO oil content in oat seeds. Frey et ,8;1. (1975) studied the 
/ 

inheritance of the s&me eharacter in interspect{ic crosses between 
/ 

A. sativa L. x A. aterilis L. Their results shawed that oil per cent 

was inherited polygenical1y, with high oil content being partially 
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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 ,oats (Avena species) in a 

four-parent diallel cross. They found that add1tive gene action for 
1 

groat protein percentage constitutes the major part. Partial 
"-

dominance for low protein percentage was observed. Narrow sense 
~ 

heritability was 41%. The numbir of effective facto,ra ,c~n,trol1ing 

protein content varied from 1 to 25 depending upon the genetic 

di vers i t;y of the parents and direction of the cross. 

In general, data fram several reseârchers indicated that 
;;. , 

selection for groat-protein percentage shoulci be quite success~ul', 

even when ap~lied -on the basis of data ,from single plants. lÎut as 1 
\ 

Frey (1~75) cautions, to obtain this level of success, available soil 

'nitrogen in the test field cannot be limiti~g and oat plants must be . 

kept as ~isease-free 'as possible. 

~ Recently, Frey (1976) and lwig and Ohm (1976) reported that 

the inheritance of grain-prote in percentage in crosses amang strains 

of cultivated oats seems to be polygenic wi·th partial dominance for-

low protein Content in the Fl, but largely additive gene actiQn in 

the F'i and later generatious. Frey (1976) reported ,that heritab~lity 

of groat protein percentage was qu1te high by all methods of ealcul~ 

tian. He ,concluded that selection for groat protein co~.tent based . . 
on data from ind'ividual plants and nonrep1icated mic.roplots, shou1d 

be successful. Iw1.g and Ohm (1976) concluded that intermating 
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a~apted, high yielding, homozygous lines with intermediat~ levels of 

protein for one qr mGre cycles may be useful in concentrating ~lleles 

for high protein in commercial cultivars. 

From an eight-parent half diaUel of oats, Sampson and 

Tarumoto (1976) found that additive gene~ic variance constituted most 
. . - ' .. 

of the phenotypic vari~ce of hea~ing date, plant height, grain yield 

'and four components of yie1d. The authors concluded that the 

generally high'addit1ve variance revealed by the'Griffing analysis 

indicates that the usual practice of choosing ~arents phenotypically 
1 

and mating, the best\with the best will continue to give substantial 

progress. However, the appreciable amount of epistatic variance 

suggested by the Hayman-Jinks anàlysis was unexpected' and indicates 

that more complex breeding schemes, such as qhoosing'parents by~ 
o 1 [ 

progeny testing, will be necessary to achieve'maximum genetie advanee 

in oats. 

3 •. Relat10nships amonS quality and 
agronomie characters in oats 

Knowledge of the magn~tude. and type of relationships between 
,/ 

plant charaeters has théoretical and praetical implications in plant , . 

breeding. Knowledge' of~ the c,orrelation between complex c.haracters of 

low heritability, such as yield, and less complex characters which 
. : 

May have much higher heritabilities,'would benefit the breeder to 

the extent that tt may be easier to éeleet for tne complex,: character 
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indirectly by practlslng selection on the highly heritable character. 
.l') 

In fact, in some cases lt might be possible to achieve more rapid 

progress under selection for a ~orre~ated response than from selection 

for the desired trait itself (Falconer, 1967). 

The genetic relationship amang quantitative characters is of 

considerable interest ta 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 

when selection is practised on another character; Cb) to study the 
, 1 

genetie çauses of cbrrelation through the pleiotropic action of 
. , 

genes; and (c) to examine the relationship between a metric character 1 

"'" 
and fitn~ss of that charaeter in a natural population. 

The phenotypic correlation 1s a linear c0m6ination of genetic 
" 

and environmental correlations. Rowever, the proportion to which , . 
genetie and environmental correlations make up the phenotypic cor-

relations is Variable\ depending 

of both charaeters. 

on" the magnitude of the heritabilities 

Il 

The correlations between some ,~uantitat1ve traits in oats have 

been estimated. In general, corre1.ations caleulated betw~~n Yi~ld and 

such characters as tille ring ability, ntmlber o.f panieles per plant, 

paniele length, nUDher of spikelets per panicle, number of seeds,per 

paniele and lOOO-grain weight have often proved variable between 
,~ , ' 

crops and seasons. Nevertheless, positive èorrelations have usually 
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been found between grain yield ana plant height, heading date, 

panicle length and number of apikeletS! per paniele,. 

The early work of Kieaselbach et al. (1940) in oats. barley 

31 

1 ., J' 

and wheat. indicated positive correlations bet~een yield and·tes~ 

weight. Rowever, no asso~iail~n occurred between y~eld and pLa6t 
l' /' 

height. Many early reviews showed that, almost universa11y, grain: 

yield and protein content in the grain are'negatively eorrelated. 
~ 

Such data prompted Wileox (1949) to postu1ate that there 1a a 

"universa1 nitrogen constant~' of 283. By this Wilcox means that the 

maximum amount of nUrogen any speeies can absorb in a single growth 
" 

cyclè, if all conditions are optimum, ia 283 kg/ha.' 'Presumab1y, this 
.. 

ceiliag would lead to ne~ative correlations between yield and nitrogen 

content even under suboptimal conditions. 

~ Rces (1953) found that time of paniele initiation was as good 

~ measûre of earliness as time of heading (but more difficult to 

determine): "His studies showed sig~ific~t correlations oI 0.917 and 

0.928' in 1~50 and 1951, respectively, between the number of inter-

" nodes and days to, head, late maturing cultivars having more inter-
Il ~ 

nodes than ear1y ones.' Alsa, he found' that the pedunc1e was 
t 

significantly shorter in the late maturing cultivars, and ,the,e were 

negative correlations of -0.843 and -0.849 between peduncle length 

and days to heading and number of internodes at maturity, respective~y. 

Late maturing cultivars whic~ haVe more 1nternodes than early 

cultivars a1so have ,shorter pedunc1es. 
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~ 
Black and Kempthorne (1954) later showed the derivation- of the 

o 

universal nitrogen constant to be in error, and ev1dence 1a 

accumulating that seems to suggest that' the seemingly univers al 

~ negatLve association betweën grain yields and protein percentage is 

. phenotypically real, but not necessarily genetie in origin. 
fi' 

In bulked famiiies of F3 and F4 generations of an oat c 

Wallace et al. (1954) obtained highly significan~ and positive 

~orrel~tions-between yield ~d each of plant height, number of 

per plant, and number of seeds per panicle. The phenotypïc cor­

relation coefficiant,s were 0.45, 0.91 and 0.71 for F3 and 0.19, 0.96 

and 0.82 for F4' while the genot~ic coefficients were ~.33, 0.77 and 

0.65 for F3 and 0.90, 0.95 and 0.90 for F4, respectively. The 

correlations between yield and seed we1ght were not sig~ificant tn . , 

either generatton. Plant heignt was positiv~y corre1ated wit~ both 

number of seeds per p~ant and number of,seeds per pantele. 

i 
Frey and Wiggans (1957) found th~ ti1lering capaeity of oats ~ 

to be re1at1ve1y constant tram seasQ~,~o season. 
, 

, ' 
Ti11ering capa city 

appeare_d not to b~e r~lated to h~ad:wg date "of spring-sown cultivars. 

Winter cultivars were found te have a higher m.eatl number of tillers 
.. • l ' 

but spring cultivars could be fOUnd which equa~led winter cultivars 

sho~ng the ~ighest tiller n~~ers. In anothet study, Frey (1959b) 

obtained a correlation eoeff~cient value of -0.48 between heads per 

plant and seeds per head, andl -0.19 for seeq, pe; plant and wetght 

,-per seed tn oats., \ 
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In-the cross of Lemh1 x Thatcher wheat, Mckeàl (1961) fOUnd 

, 1 
that heads per plant and kemels per head were \nOre highly correlated 

. 
with plant yield (0.60 and 0.66) than was kernel weight (O.~O). while 

t~e correJ.aÙon between grainê p~r plant and plant height was low 

(0.4~. . 

Brown et al. (1966) studied the variation in oi1 content and 

'its relation ta other characters in, spring and wioter oats (Avena 
~;:; 

(,sativa L 1)' They observed significant negative correlations of 

-0.312 and -0.477 between ail content ~d protein per cent in spring' 

and win ter oats, respectively. A sign1fic.ant negat1ve correlation 

between yield and protein contènt was observ~d 1n the spring oats. 
. ~ ) 

1; ,i:'here also ~ppeare~ to be a s1ight negative association between 

'kernel weight and 'oil content, especially in the winter o~ts. The 

\ 

authors also observed that some strains possessed relativ.ely higli 

levels of. ail and protein whil~ others had low levels. Data fram 
. 

,Canadian Wes~em Cooperative oat tests indicafed that oat fat content 
~ .,.. 

was under good gep.etic control, and that little re1~tionship existed 

between fat and"protein content (IClinck, 1967). Klinek conèluded that 

it should' ,be possible ta s-\Îe'ct for high le~e.l.s of both. 
. " 

Petr and Frey\ (1966) studted the genetie r~lB;tionships among 

plant height, paniele length, heading date, nUlllber of spikelets per 

paniele, number of panicles pero plant and grain yie1d in 15 '.Uallel , 
crosses among 6 oat cultivaxs. 'They found that the genetic cot·~ 

relations between grdn yield and either plant height, panic1e length, 
" ' 
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number of ~an;;cle8 per plant _and~umber of spikel.ets per paniele were 
,1 ' 

positive, and mo~t of them were relatively high. 

" '1 
u 

/ Jenkins (1969a, 1969b) made crosses involving a,wide genetie 

base ~o study heterosis, eombining ab'ility and grain quality, as well 

as the relat~onships between some quan~d.tative characters in oats. 

He found a positive correlatïon between seed yield and protein yield • 

. However, the hlgh-yielding genotypes ip'{ariably had a low protein 

content. 

In a 5-parent diallel cross of sprtng wheat cultivars, Hau and 

Walton (1970) estimated the correlation coefficie~t9 between yield 

and its components, as well as the associations between yield and 
"-

s~me morphological cbaracters. They obtained ',high positive cpr-

and number of spikes per plant, and a 

, -. 

relation of 0 .. 87 between yiel~d 

correlation of O.~8 between yield and number of kernels per spike. 

Also, t~e correla~~on between yield and lOOO-kemel w~ight was 

liignifiC8Ilt, while the correlation between number of kemela ,per 

spike and 1000-kerne! wei~ht was negative (-0.37). Likewise, 

RaslIlusBon and Cannell (1970) obtained similaT results With barley. 

Theh rèsults indicated that selection for number) of heads resulted 
, 

in changes in yie1çl that were simllar to those observed wheu' selection 
.. 

was for yield itself. Selection for 'kerne1 weight was highly 

effective in a1.teTing·yie1d id. one of~two populations.. They conc1uded 
, 

that selection for yield through itS\components wu very efféctive in 
- v ~ .,. 

" 
certain si~uations, but it could not be recommended as, a routine 

procedure. ' 
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Sampson (197+> in Fl'S, F2.'s and bulked F3 progenies of oats, 
" 

found that seed weight s~owed the 1east correlation with other traits. 

J 
The author discussed his results from the practical viewpoint of 

combining strong straw with high grain yie1d. He conc1uded that the 

usefulness of selecting for seed welght land panic le yield to improve 

plot yield is under1ined. 

From 56 random F4 lines of oats including high. medium, and 

low oil cultivars, Baker and McKenzie (1972) found that oil content .. ' 

was not significantly correlated with kernel weight, kerne1 density, 

or per cent hul1. These.results suggest that oi1 content can be 

changed without correlatea response in these kernel characteristics. 

At the same time, none of these kernel characteristics can be used as 

an aid in selection for high oil, content. On the other hand; Brown 

~and Cràddock (1972) observep.a,positive correlation coefficient of 
, ~ t, __ 

O.ll,between oil content and groat weight in more than 4,000 entries 

fram the world oat (Avena species) collection. They concluded_that 

while this was stat~stica11y si~ificant, based on ,more than 4,000 

d.f., it was'considered too small to have practical importance in oat 

- breedin.g. 

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

and'type of genetie control for per cent protein and protein yleld in -... 

crosses betwee~ !. sativa L. and!. sterilis L. genotypes. Their 

results indicated that the, relationship between protein percentage 

and protein Yi~ld was generally no.t Si$f1f1Cant,' ~~t iended to\ be 
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·negative. In .another study, Ôhm and Patterson ('1973a) found th~t 

per cent groat protein tended to be negatively corre1ated wtth seed 

yield, although the correlation was low- and nonsignificant. The 

results indicated that high 1evels of seed yield and protein per cent . 
can be obtained in breeding oats with little difficulty. 

Correlations among several chemical and, -agronomic' character9 

were~stuaied.for·lO ~ sativa L. cultivars anft f~r 46 F4-F6 
1 

backcrosfJ ''N~' lines derived from complex interspecific crosses 

iQ,volving a 6x amphip10id (Forsberg et a!'., 1974). Groat protein 

perc~ntage was significantly and negatively cQrrelated with yield. 

A strong negative association ,ex:Lsted between groat protein percentage , 

and kernel weight (-0.71). 

Kaufmann (1974) studied- the cJrr~~tions amang -~ernel 
charaeteristics land maturlty in fi~:'oat crpsses. Kemel weight 

. 
shoWed a consistent1y high positive correlation with per cent plbmp 

kerne1s. 1 Matur1ty and per ce~t~Jlull tended to have the lowest 
~.~ ,~"'~~ 

interseason correlations. No characteristics· showed significant 

heterogeneity of interseasan correlations. 

From thé F3 generation of three crosses between A. sativa L. x 
'l 

!. 'sterll1s L •• , cultivars, and samples fram the parents, Frey et al. 

(1975) found no correlation between oi1 percentage and any of groat 

weight, heading date or plant helght. In spdng "heat, Pepe and 
.. 

Helner (1975) studied the relationships between plant height, protein 
, -
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percent age and yield. Plant height did not influence grain yield or . 
protein percentage. 

. . 
They found a negative relationship between yield , 

'--. . 
apd protein percentage-but the aut~ors stated that the tendency for 

high yielding lines to have lower grain pr6tein percentage app~rs to 
. . 

result from a 1imited or di1uted source for protein production. 

However, this protein-source limitation appears among aIl height 
\ 

" classes because' the source size remains relatively constant while 

-
( .. ~.~.~ 

,...~-:-~ < r",):/ 

! .... ~ - "",:,.~;. 
the sink size is greatly increased.· As a resul't, th,e plant no longer'-

can adequatelY supp1y the energy.,or nitrogenous s~bstances needed to 

pro duce high-p~otein lines. To reme~y this situation, the authors 
, \ 

suggested that the geneticist, plant breedèr and physiologisl;must 

-identify the source limitations and develop a more efficient plant. 

Frey (1976) reported tha~, seeming1y, many of the reported 
-~ 

negative correlations betweén grain yields and protein percentages 

,\ 

in cereal speçies may be artifacts of past expe~imentation. Data l' 
. 

from wheat and cats suggest that genes are present in these spe~ies 

that' c'~lD' cause independE!nt quantUIll increases in either grain-protein 

content or grain yield. 

4. Diallel analysis techn:i.ques 
and plant breeding 

In any plant breedin~ program, the aj,pt of selection is to 

identify superior g~notype9 which wil1- transmit their d"es:Lrable - " ".- ................ \ 
, . , 

characteristics to~ut~e generations. In respect to quantitative 
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'~ 
characters t the difficu1ty is that they tend to be continuous in 

their variation. This means indistingui'Shable phenotypic classes and 

difficult or impossible appl1cabÙity of c1assical Mendelian anUysis. r· ,. , 
Thus, although the dia1let cross mating system Md been discussed 

earlier, it is not surprlsing that the advent of the Fisher:-Yates-

, , " 
Mather-Jinks-Hayman-Griffing d1a1le~ cross technique about the midd1e 

, 
of the,20th century was used by plant breeders as a long-overdue 

me thodo1ogy for' rationâlizing the genetic study of ,continuous 

variation. ' ,!>- great number of dia11e1 crosses have been made s:l;.~ce 

that time and the new te~hnique has b~en used' extensively in. cere al 

breeding programs during the pas!; few years. 

Most plant breeders haVe at 1east a passing ~cquaintance .nth , 
the general concept ot' dial1el ana1ysis.' The word "diallel" is 

derived fram the Greek and mems twice' thè compJ.ementary ,referrlng. 

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

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

, .~ 

working in Copenhagen, Denmark to estimate (a) the genetic components 

of the yield variability in crosses an9. (b) the actual Yteldi?g 
/. 

ability of the crosses. The application of d1all~l-cross technique 
;,Jo' , 

for ~va1uation of quantitative variability in se1f-po~linated crope 

waè deve10ped by Bayman (1954), Jinks (1954) and Griffing (19568, b)_" 

Mod:l.fication,s of the dial1e1-cross technique w'e;e d1scussed by 

Kempthome ând Curnow (1961), Cu~ow (1963)', and Fyfe and Gilbert 
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" 
A diallel, cross, iSrthe set of aIl possible matings between 

U' '" 
" .... ,,~ 

several genotypes' 'which could, be defined as ind1viduals,. clones, 
( 1 ~ • "" 

~, , 
homozygous Unes, :etc. T' 'I.f there are P genotypes there at'~ p2 mating 

cqmbinations in the cas~ of a complete diallel. .Griffing (1956b) 
-

, Q' l' , ..:l l 

stat~d that the proper ~n:terpretation of the ge~etical parameters 

l '" : , fram the diallel ~al~sis depends on ~he pàrticular diallel method, 
,~~, 

the a'ssUIIIPtions regard1ng the experimental mate rial , and the 

c~itions imposed on the éombiiling ability eff,ects ~ In this respect~ 
. 

four dif;e~ni e~rimeni:~ tpethods of dialle1 cross were suggestèd . ~ . 
by the author. These methods v~ri with 1ncl~ion or" absence bf 

pai-enta1 inbreds and/or fècip"rocal FI" s and with samplingo,assumptions 
~ ....; 

t 

(models) • 

FoÜowing the classification C?f Griffin'g (1956b), th~ four 

possible diallel crosaing methods are: (1) parents, one set of Fl'S, 
1 ~r\ 

and i:eciprocal FI 's are inc1uded (a11 p2 combinations); (2) plirents 
, 0 

atld one aet of FI r s arè included but reciprocal FI r s are not- .' 
ri .' 

(1/2 P (P+1) combinàtions)... (3) one set~f FI r s and reciprocal Fl ' s 

are included but ~ot the parents (P(P-~~ cèmbination&); and (4) one 
" 

, , 

set of Fl r s but 'neither parents nor reciprocal FI' a are included 

(1/2 PeP-1». For each me'thod, there are two alternative modela 

depet1ding on whether the genotypéa' are aSsUm.ed to be (a) a ;.~~n or 
_ t- " ~.,. .... : f:'~, ~ 

fixed set and cannot b~ regarded as a raJ1dom sample fr01ll any popula-

tion (Mo 1 1) J and (b) a random samp1e from a population about whic:h 
1 • 

inference arè, to be made (Model II). 0, Thes~ four d1fferent dia11el 
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!. 

crossing methods with two different mOde1 ,for each, result in eight 

different 8itu~tions, each requiring diff rent analy8~S. Gr~ffing 

(1956b) pointed ?ut th~t to o~tain an unb ased est~te, dial1e1 
, , , 

crossing methbds 3 or 4 must bé used (i.e , the parents must not be 

included in the c?IIlbin~g "abi1ity ana:lys1 However, it ia advisab1e 

to inc1ude 'the parents in the experiment materia1 grown in the 

"1 . \ " experiment so that comparisons of hybrida with their parents cau be 
1 • 

made in other types 'of~analy'sis. Compute pfograms have been 

deve10ped for the analysis of these diffe ent methods (ScQaffer and 

Us anis , 1969). 

Il 
Severa! other methods of dial1e1 ross analysis have been 

deve1oped, (Jinks and H8Yman, 1953; Ha ,'1954; Jinks, 1954; 

Allard, 1956; Kempthorne and Curnow, 196J, Fyfe and Gilbert, 1963). 

In the early 19S0's,~Jinks/ând Hayman, fram the Biometrical Geneties . , 

Unlt of the University 'Birmingham, publj"shed a series of papers 

on the analysis and i erpretation of data fram dial1e1 
? 

"Hayman extenqed the tatiStida1 analysié by: subdividing 

, 
crosses. 

the inter-

àction term into three subeomponents. At the same time, he ,and Jinks 

were developing theory for interpr,tin; diallel statistics in terms 

of gene, freqùencies andgene effects."\ The Jinks-H~yman (1953) diallel 
if, Ir 

analysis of parent81 and Pl gen,rations'from a set' of diallel crosses 
1 

appeared tb provide a rapid evaluation of the genetie relationships 

amang a n1llll1:!er of parents. This method thus seemed to offer promise 

in identifyiq parents" whos are 1Il0st like1y, to respond ta 
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selection (Crumpacker and A11ard, 1962). This ~a1ysis inc1udes 

parents and one or bath sets of FI crosses. Thus, with respect to 

Griffing's classification of diallel crossing techniques, it is 

applicable to bath expérimental methofs '1 and 11~ 

The dialle1 analysis procedures have ~een used to ob tain 

inform4tion concerning the inheritanee of quantitative traits, and 

for the prediction of segregation in 'the F2 and 1at~r generations. 

In general, the genettc interpretation of data ffom a diallel 

experiment 1s val id only if certain assumptions about the parental 

41 

materia+ are true (SakaI ana Baker, 1977). These assumptions are: 

(1) h~ozygous pare~ts; (2) diploid segregati~n; (3) no recipr,oeal 

differenees; (4) gene frequencies equal to 0.5 at'all segregating 

loci; (5) genes independently distributed between the parents 
:\,C;' .. 

(no-linkage) ; (6) ~o epistasis (no non-allelic interaction); and 

(7) no multiple alleles. 

, . Failure of any of these assomptions i~validates the ana1ysts 

to some degree, so tt is important to test the validity of thesé 

assomptions before proceeding with the genetie analys~s. The 

validity of certain of these assumptions cau be ascertained from 
1 ~~ ~ ~ 

inferen'ces based on k~owledge of the' crop speci.es ,and the part1éular 

parent~ entering the diallel cross. Judgement concerning other of 

the assomptions must be based on statistical tri"fa. Assumptions l, 

2, and 3 are the usual~ones and, could be assured from,the historY of 

self-pollination of the patents, and fram"nomerous reports,in the 
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literature. For examp1e. oats (Avena eativa L.) and wheat (Triticum 

aestivum L. em. TheIl.) nct only regularly forro 21 bivalents. at 

meiosis but the inhe~itance in, these species,is a1so uniformly 
~ 

disomic. In aIl probability, these three assumptions apply. The 
1 

last four assttmptions are not so easily accepted and ~hey are 

difficult ta evaluate iridependently. ~ey are tested by the analysis 

as the null hypothesis. Hayman (1954, 1957) deve10p~d two methods for 
" 

testing" some of the assÙDlptioP.S mentioned above. He stated that he 

/ 

cao always- detect epistasis, and multiple al1elism in the absence 
\ 

of e~istasis, and when bath of these factors are absent gene ~or-
"\ , 

relation may be exposed. 

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

under investiga~ion; (2) t)r gen~tic hypothesis postulated; and 

(3) the method of estimation (Le Clerg, 1966). Some researchers/are 0 \ 

interested in the properties of the partic~lar set of parental 11nes 

(Jinks, 1954; Hayman, 1954), whereas others are concerned with the 

population of which 1;:he parents are considered a sample (Kempthorne, 
~" 

1956) • 
r_ l '" J <' 

The analyses, of Hayman and Jink~ were based on Model l 

(fixed model) and those of Kempthorne on Model ~I '(random modèl) of 

sampling theory. 

No discussion of the value of predictions based on the 
,; 

analysis of the diallel cross technique can bè complete without 

reference to the practtcal,aspects of the work, and with particular 
l 

reference to the considerable amount of labor, Ume. and -expense 
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involved in the conduct of a series of experiments. 
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On the onê hand, 
.p 

it, may b~ argued that ~f a comple~ series of trials is rtecessary for 

the identificat!on of promising ~r~tal combin~tions, no expense 

should be spared in their conduct. At the other extreme, it may be 

c1aimed thàt trials of this sort aré-an unnecessary extravagance, and 

" • tha~ the plant' breeder should be able to select his crosses by detailed 

consideratiqn of th~ parental material avai1able to htm without 
~ 

recouree to experi~tal hybridizations (Lupton, 1965). In practicl' ' 

a compromise has to 'he lfeached between these extrema news. 1 
1 

--- / 
Difficulties in satisfying the conditions and assumptions df 

.. , ~ /1 DI 
the diallel analysis h~ led some authors to question ~he vali1tYOf 

, 1 

the entire analysis. HaytDan and Ma'ther (1955) feel that gene / 

- ' , ',i' ' Il 
" frequencies otheiJ;'than .",.5 can c~,fc)und 'the statistical esti~,tes._ 

Kempthorne (1956) critlcized the technique on the ~rounds that the' 

diallel cross must be interpreted in termS .of some pop1,1lation which 
o ,_ 

~as given rise '\~~ the homozygous parents by 1nbreeding. If sueh-a 

population does not exist, then the wh01e analys1s 1s likely to lead '. , 

noW.here. From q~te another viewpo1nt', he ,Al18stioned the value of <? 

~\ 
estimating additive var1an~~ance var:1ance and,..so on, whatever 

, ~ . 
,they ma~ mless the estimated quant1ties are measures of 

," - l ' .. 
, , 

the ~aracter1st:Lcs of a defin1te pop1Ùation. Slnce the parents of 
: • " -~ l , 

, • 1 . (J" 

p~1mat:Y interest ,to breeders of self-pollinated crepa will usually 
• 1 <, , 

not have been de~ved by breeq.ing from some definite population , 

Kempthorne 'evidently considera that the Jlnks-Hayman ~ype of diallel , 

\ 
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". cross analysie has little practical value as an aid in the improve-

ment of self-pol11nated crops. The author, also, ie of the opinion 

that unless genes are independent1y distributed betw~en the parents 

(assumption 5), a genetic analyais· of the dia11e1 bross will not 

provide anY/valid information. 

Gilbert (1958) examined the.assump~ions required for a ~aiid 

genetic Interpretation of a diallel ~eriment. Re reported that a 
~ 
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set of diallel crosses ia obvious1y of interest to the plant.breeder, 

,but the information obtained 108y not be worth the trouble of making 

the cross. Gilbert categorically criticized the basic genetical 

assumptions-Qf-t~tecbniq~_and ~tated that the polygeni~ analysis 

?f a diallel cross s~ffers from several.theoretical defects.'- In any 

case i ts. results do not appear to be directly relevant ta-- practical 
, . 

breeding work. The p'erfo:rman,ce of the ~arental cultivars themselves 
1 

gives valuable pred~qtion of~ the relative behavior of the crosses, 

but the dia11el 'cros~ does give further information. Whether or not 

it might be us,ed foX; assessing long-ter;m potentialities of row 
l , 

mate rial a~ the begfnning Jf a long breeding program 1s unknown. He 

concluded that cei~~~..isumpti~8 would seldam be justified in -~ '. 
1 ; 

self-pollinating crops, that the value of th!s technique 18 

exaggerated, and that informat1on gained from ft. is little more th(lll 

that obtaine~ from the parents themselves. 
• --?" 

1 1 

When eonsidering aelf-pollinated crops, 1DOat of the plant 

material of intereat _ to breedeZ'rI has beeh hishly sellj!c'te'a for traita 
~ ;..!" 1 
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of ec.onomic importance. Eberhart and Gardner (1966)' are of the 
, 

opinion that the diallel parents:selected from suc.h material. cannat 
, . 

be considered as a random sample. They concluded that estimation 

of genetie variance co~ponents in self-pollinated crops daes not 
1 

provide any useful ~nformation. 

"-
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In a recent study, Soko1 and Baker (1977) reported that since 
. 1 

the parents used in~dia:.11eLeJtPér~Emts _~re rarely a random sample of . 

inbred lines from a random mating population with gene frequencies of 
'" 

0.5, one qan rarely assume t~t genes are independently distributed 
, . 

in the paren~s with frequencies of 0.5. Furthermore, dfte cannot 

assume that epistasis 18 absent unless on~ has empirical evidence ta. 
, . 

support that $Ssumption. The authors cone1uded that'slnc~ assumptions 

4, 5, and 6 ~e critic81 to the genetie interpretation of dial1ei' 

experiments, such experiments areff I1tt1e value in studying the 

genetics of quant!tativeo.traits in"s~1f-pollinating species. 
1 

On the other hand~ several' authors (Hayman, 1954, 195/; Jln~. 

1954; Whitehouse et al., 1958f Johnson, 1963; Johnson-and Aksel, 

1964; and many athers) reported that the dialle1 cross technique is 

-inva1uab1e in identifying crosses with the best se~e~tiob potential, 

particularly in early generations, in ~dd1t1o~.to many other 
i 

advantages. For example, Johnson (1963) reported 'that many of the 

'l'ci!nt~ .. d by (Ubert 'are wül taken, fO" ~he, te:~que bas many , 
, r ' 

shortcomin~s. • 1 t appears, however, ~hat Gilbert faUs to appreeiate 

fuliy that a stati8ti~-genetic analysis muet be based upon 
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statistieal assumptions'and produce statistical results. This. 
]1, 

consideration, coupled with the fact that a polygeniccsystem 1s' 

involved, ~es it· rather unfair, or even.naïve, to expec~ that the 
, 

diallel analysis will give results anything l1ke those obtainsble 

fram classical Mendelian' analysis. Also, Gilbert fails' to j us tif Y , 

genet1cally at least, bis insistence,on valid statistiëal inference. 

The 4uthor enumerated tbe àdv~tages of the diallel cross technique 

in his s tudy as follows: 

(1) Compared to otner methods available, tbe dia11el-cross teChnique 

prQvides a more systematic approach ta large-scale studies of 

continuous variation and a better-disciplined analysis of the 

resulting data. 

(~) The over-all analysis pr~des' reliable gèrietic info~tion on 
- , 

" dominance and recessiveness (averaged over all arrays) 'and on 

complementary non-allelic interaction (averaged over all crosses 

within an.ârr,ay). 

(3) 
< ' 

Tbe analysis demonstrates, tbe primary tmportan~ ~f the yield 

coœpqnent, number of kerne1a per head; this character lends 

itselt to practical selection techniques as a morphological 
, '1 \ 

reflection of yield capacity. 
- , 

(4) Thé general ~~'sis permit,. genetically-sound el1m1nation of a 
l , 

bigh proportion of arrays and crosses of low seleetion potential. 

(5) S~aling tests provide a more critical evaluation of the selection 
1 

potential of individual crosses. Such tests detect crosses that 
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are superlative in both highness of yield and significanee of ' 

non-a1le11c interaction. Such crosses should.have, as a 

theore'tic:al t>robability, the highest yielding Hnes auiong their 

segregates. 

From a 15-parent dialle1 cross in barley, Johnson and Aksel 

(1959) fowd that th~ir results provide add1:tipnal p,oints tQward 

refuting Gilbert's statement that for the plant breeder the informa-
" ' 

tion gained fr'6m,' the analysis of a dialle.( cross is! little more than" 

that obtained from the parents' themselves. The âuthors reportecf thf(: 
, "'-.. .. . , ~ 

the diaJ"lel ~al'ysis provided additional information on· the genetie 
, ',1 

identity of several characters, on dominance-recess1ve relationshipa, 

on genette interaction, and on probable linkage"'assoc1ation:. This 

information, greatly outw~ighing that obtail'lable frdm paren~a1 

. observathms,~ will- provide in~a1uable' ~d8I1ce in the plant breed1ng 

. f ' 

aspects of ,an ~vestigàtion)~' 

Bree~e (1963) reported tbat th~ Jinks-Rayman diallel analysts 

was deve10ped as a quick me8I1S ,of recognizing different types of gene 
, ." 

action in sets of inbred Unes. The 1II8th~d has been used by Jinks to 

suney. a wrde, var1ety of crop planta., Thus the technique h~:' eon­

tributed greatIy to our Wider understanding ,of the genette buis for 

heteros1s. He stated that the method is not 8uggested as a panaeea 

fOt al1 plant breeding compla1nts, but it can provUe a cOnsiderable 
.. ç ~'- • 

amoUl\t of àdjunet genetie information wbich c:ould be of srellt v~ue 

-
in formulating çoherent plant breed1ng programs ~ Tb'ia ia especially 
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so when the information can be related to the past selective h1story 

of the inbred lues. 

Hayman (1963), in the evaluati,on of smal1 dial1el crosses, 

reported that when the number of parents (n) is less than 10, none of 
.. - \ 

the components of variation, ~ither statist1cal or genetical, in the 
Il " J , 

diallel ~ross, can be significant estimates of population parameters. 

" However, in this' case, the indi vi dual parents and crosses are of the 

main interest; and no,populatian to which inferences might be made is 

envisaged. .He concluded that tbe information available from the .. 
small «tallel cross 1a that- there are certa!n differences between the 

,f 

paren ts, between thè crosses, or be tween the general or 8p~cific 
. 

combining abilities of the parents. - ~ 

In a very~recent paper, Baker (1977)'quest1oned whether or ,ot 
, "" 1 

a stat1stical analysis of 4ata fram a fixed set of parents and their 
, , 1 

~ . single cross progeny cau, in the absence of genetie inf~rmation of 

sny, sort, 8tlswer questions or provide information that wi~l result 
1 

in greatë~ plant breeding efficiency. His anawer to this question was 

positi:ve, but with qualifications. Baker reported that 'the diallel 
• 

- analysis can bè ~ected to give' S01De information about the rela~ive 

importance of general and- spec1f,ic combining &bility, ta gi-n a 
me.aaure of the re1atiouahip between hybrid performance aJ;ld genera! 

combining ability and of the relationshiprb~tween hybrid perfo~ce 

and the perfomance of inbred parents.- Also, the comparis,on of 
, -... < 

- , " inbreds and hybrida affords ~ estimate of overall heteros1s. The 
~' , 
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author stated that only if these que$t1ons are critical to a plant 

breeQ!og program and only if the answers are not available from some 

otHer source can the use of diallel analysis be recommended in plant 

breeding. Malle! crosses may be used as a systematic way of 

crossing parental lines but should be evaluated 4gainst other mati.ne; 

designs. 
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CHAP'XEll III 

. MATERIALS AND METHODS 

1. Genet&è materialEIa experimental 
Q 

procedure and data collection 

'\ The materia1 included in this study was eight genotypes of 

loats (Avena sativa L.), wide1y dtverae in their parentages !Dld, 
, ' 

agraoom1ccharacters. 'The 28 possi~le crosses tPcP-l)/2) from a 
, 

diallel cross (exc1uding recip~oc~1s) amang these'- ei~t _genotypes 

were made in the trlnter of 1974 and the summer ofJ975 in the 

Depar~t of . Plant Scienc~t Macdonald College. These genotypes were 

Q.O.64.31, Q:-O.58.22 t Ajax, Clint1and 64, O. T .184, P. 1;269182, 
, 

C.I.3387 and Binoat. Seeds fram each of the, 28' FI 'a were sown in a 
. ii r' >. • . 

greenhouse in the winter of 1975 to produce 'Fz seeds. 

Due ta the limited nUDtber of Fl seeds and to inaure the , , 

avai1ability of uniform seed11ngs for early· generation te.ting, 

individual seeds of each parental genotype, and of eaeh Fl and '2 

progeny were sowu in jiffy pots in the .greenhouse on 26 Apd,l, 1976. 
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AlI plants w~re_transplanted to the field st M~cdonald College on 

10 May, 1976, where'they remained until maturity. All'mat~~ial was 
, \ 

planted as spaced plants in a randomi~ed complete block design with 

four replications. 
, , 

Each plot coclprised a 2-m row eontaining 10 plants , . 
13.0 cm apart. Three spring wheat (Tfitieum aestivum L. em.,Thell.) 

Il 

pl;ants, also start~d in jiffy pots and transplanted, wer~ used at 

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

'Certain data wêre recorded on the Fl's, 'F2's~and their parents 
. ' 

in the field, while ~thers were measured in the laboratory. In the 
\ 

field, heading date wàs recorded,for each plot as the number of days , 

from seeding (in the greenhouse) to the time at which 50% of the 

panièles in a plot were complete1y emerged from the fiag leaf sheath. , , 

Plant'height wa~ recorded in eentimeters on a sing~e-plant basis from 

the ground lever to the tips of the main panieles at harvest. The 

number of panieles ~e~ plant was counted for each plant ,in a plot at 

harv~st • 

The plots were harvest~d as they ripe~ed and moved tr a drying 
1/ _. ) ~ 

room whére they --were kept for about a month to dry. Plants were 

r 
threshed and cleaned 'individually; grain yield and the ,numbe~ of 

'grains pe~paniele were measured on a single-plant baais. IQOO-grain 

weight:was determine~ for'each plot, by counting two lOO-grain . \, 
, 

samples, averaging the two weights, ,and calculating the weight p~r 

1000 grains. On a plot basïs, two samples of 'about two g each were' 
~ 

dehulled and the ratio of the hull to the o original weight was 
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calculated For each sampie. The average of the two samples was 
• 0 

considered as the hull per cent for the plot. To de termine grain 

'. protein' and oi1 peT cent t • about 20 g of grain fTom each plot was 
.: , \ 

ground uaing a Wiley mill with a 40 mesh sieve. Percentages of 
'0 ),"" "0 

~rotein an~ oi1 were measured using a Technicon, Infra-red Analyzer, 
, 

based on the average of two ground samples per plot. 

2. Statistical and genetic analysis 

The plot mean for each character was usèd for statistical 

", analysis. Tlle analysis of variance was performed for eaèh char acter 

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

Cl '_ parents, FIor F2 populations was as follows: , " 

~ij 

where 

Yij .. the mean observation of the jth genotype in the' ith 

replicate 

u 
, 

the effect due to the over-all mean -
",', .-

ltJ. effect due to the: ith repl{cate, i 
; 

"'" the :::r lf, 2, ... , r 
Q 

Gj 
". the effect of the jth genotYP~D l~ 2, •••• g ~ 

Eij 
"-

J ... the effect d1Je to random error associated with .the jth 

genotype in the i th replièate. 

/ 
Genotypes were cons;J.de;-ed fixed; differences between the 

genotypes were- te8t~d using the error mean squares. " 
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When the analysis of variance showed significant differences 

between ganotypea over replicatiOlls, general combining ability (GCA) 
, ~ 1 

and specific combining ability (SC!) variances and effects for the 
• 1 

eight parental genotype. and cheir erosaèS vere' estimated àeeording 

ta GrifftUg's (19S6b) combiniug ability analysis method IV. model l 

(fi:zed model)>> using the computer pro8ram "Diail" (Sch~ffer and 

~BaniS» 1969) for each of th~,F~ and '2 ·ge~r~tions,· separately. 

Parametera repreBanting gen~~ic components of variation were 

~Btimated using the diallel cross 8Oalys1s of Jinks and Hayuum (l95}) 

pr~ded by Lee and ICaltsikes (1<972). The Lee and Kaltsikes computer 

• 
program was used ta analyze the F1 and F2- generations with their 

respective parents eparately for variance and covariance; it extracts 

components of genet C varian~ vith th~ir standard errora and provides 
, 

ratios of component and stadstics for graphical analysis. The 
, ( , 

ce of the componelits ghen. in this analys;l.s 

inUcate.s #ch eat, mates ";e~ greater than' ','ti ;. t.s their 'S"tandard-

errors., whera e(O.O ) • 2.01 an'd tCO.Ol) - 2.68 for 52 degrees of 
~ ~ .~. l' 

·freedoa in our 8-p nt dialle1 cross. For 7 J 6 ai- 5-parent diaUel 

of freedOJll are 44, 36 and 28, resp'ec,tively. The 
" 

'~rror cOIIPOIlent' (E) provi.d by Lee and lCaluikes 'i (1972) program ia 

of a conventional analyaia of variance with 
~ 1 %\) t:l 1 

o '- • 

1 (g .. l) Cr-l) degtee,a f f~edOID. where g is the -n~er o~ proaen1es 
, . 

(pi'â or '2'a)plua parent. l and r i8 the number of replieates. 

ITb8/n~.r 
, 

f pro.genièa ..,d parents (g). for Pl or P2 _alysis ' 
• 36.-', ; 

,- . 
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The analys:f.s and interpretation of' data frOlli the '2 generation 
'-, -

.. '-
foUàw the same general fom. as that of the FI data e~cept that the 

contribution of h is Ihalve; by each gener!t1OQ...~{',~bree~g. Thus, 
~ , 

the coeffic:l.ents of Hl and 82 for the F2 generation are 1/4 of thoBe 
, ',. 

ôf Fl Btafistics and the coeffic:l.eDt of F for the F2 generation 18 

1/2 of those of the '1 ~tatiBtic8.1 

The varlanc:;e components were calculated from both the Griffing 

and the J1nks-Rayman diallel analyses. In the firat' one (Griffing). 
r 

variance 'components were calculated ac.cording to the' SDethod deacribed 
L-o-

by Kempthorne and Curnow (196l), while"in' the second,&_thod (J'iw-

, / ' 

8ayman) 1 variance components were estimated accord1ng to the fol'lllUla 

proposed by èrumpacker and Allard (1962). Maum1ng the IIIOde1 i8 ) .. ,- 1 
àdéquate, the components of variance were calculated fÇ)r the two 

" , f" 

methodf 'of analyais from t~e expectation° shawn in Table 1. 

Narrow sense (N .,S.) and broad sense (B. S .) hen tab1lities vere 

estimated from the two methoc1s ~f atlalYSi8, as fo.l~0!'8; 

" l ' 

i - l'rom the Griff:1.u1 apalysls '(1956b) as 
descr1bed by Ke1Bpthome and Curnow 

. ' (1961) 
" 

- a - N.S;' heritabil1ty .' â
A
2lâp

2 • 2 â2 Ir (2â1 + â2 ) + â1
2] _ 'Ica.ca sca 

b - B. S. herit:ab1lity • â2
G

!Ôp
2 • (2 â2 + â2 ) 1 [(2 â2 + q2 ) + q2] , Ica, Ica , Ica sc:;a 1-

" 
a 

1. . 
For further islfomat::l.OIl -!i di.cus.ion -eoncaming the -analYJI:l.8 

of 1'2. and 1'3 d1~1 data~ see the' pepera of JOhnlOlJ, aa.d Akae1 (Can. ;]. 
Genet .. Cyto1. 1: 208-265, 1959; cano J. Genet. Cytol. 6: 176.-200, 
~ffi. . 

-
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TABLE 1. ' Expectations of the vàrlance c~onents from the Grl.ffing and the J1.nks-Hayman dialle1 analyses . 
. >t. __ , . 

Variance cauponent Griffing ana1ysis~ Jinks-Bayman analysisb 

General coab1ninS ability . , 

variance â2 
SCII 

,Specifie co1llb:l.n:lna abili ty 
var.tanC8 â2 

, . aea 

Md1tlve variance âl-
Non-~dditlve variance â~A 

" Genetie vaiianee' ôâ 
BI1v1~cnuaenta:J. Var1~c~ âi, 

.. GCA.MS - Error MS' 
(No'.' of parent Unes - 2) 

SCA.MS - Error MS. 

2 â2 
~gca \ 1/4 il 

â2 
o BC8 1/4 (Hl - F) 

, 
r7-' "'2 .... 2 

1/4 (D + fi.l - Pl aA + aNA 

Error MS Error MS . 
'l, 

Phenotypic van,ance â: ~~ + â2 ... A' -.. " 

G E 1/4 (D + ~l -, F) +'1 

~ &zxpectat~ons o~ variance comPonents for Metbod 4 Mode1 1 of the Griffing ana1ysis accor~ng ta Kempthorne and ~ow. 1961.. 

, b 1 ~----- 1 , \' 
. Expectati01ls of variance. coçonents from the 31nks-Bayman analysis as described by Crumpaclter and Allard. 1962 ~ 1 
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;'2 - From the Jinks-;-Hayman analxsis (19.53) 
as deseribed by Crwnpacker' and 

5 

!ü1ard (1962) 

...J 
a - N .S. heritability '" -ô2 /cr2 -

, A P 

b '"7 B. S. heritability • ô~/cr~ ... 
\ 
\ 

... 
1/4.-D 

1I4(D + Hl - F) + Ê 

1/4(D + Hl - F) 

The st~tist~cs fi, ii~, H2' ,F and Ê ~re provided in the Lee and 

Kaltsikes (1972) computer Jiallel pro~ram» and: the variance 

components of tbe general (â2 ) and specifie (&2 ) e~mb1ning 
gea sea. , 

ability as we1.1 as the error eomponent are provided ~n'Sehaffer ( ""OE2) 
" . 

and Usan1s (1969) program. 

The number of genes or bloeks Qf genes (K) involved in the 

inheri tance of each eharacter wéis calculated fr~ t~~Jinks"'Hayman 
"li ! \ ' 

(i953) analysis only in both geneiations. This wasi designaèed as 
, r 

1 

:Expect~d gen~1c advanee from selection .(G
g

) an~ the relative 

. expected genetie advance trom selection (RG ) were calculated using 
s 

the formulas: 

where 

RG s 
. Gg 

- - x 
x 

100 

'\ 

Gis" the expected -genetie advance from selection; it 
s 

measures the difference 'between 'the mean S,enotypic"value 

1 • 

-
\. .. - ,~ ~ 

1 
! 1 

\ ' 

1 

" l, 
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K 

, 
of the q selected Unes, 'that 18 a , and the mean s 

< 

genotyp1.c value "of the n original lines. a, thus G -s 

1s the selection, differential; 1ts value depends on thé 

pe:t:centqe of thé popu~at1OD selected (e.g. t for 5% 

K - 2.06 (~ard, -1960»,. 

1s the phenotyp:1c -standari denation of the character of 
0-' • - •. f 

the original Unes. 

H 18 the broad sense her:1tabllity coefficient. 

S1nee charaetera differ widely in their mean values and the 

scal~, of, meas~ement, the genetic coeff1c:1ent of variation (GCV) , 

was also measured for each charaeter in e~ch generation as follrMl: 

where 

') 

ccv • x 100 
li: 

CCV 1s the genetic coefficient, of variat:1on, an~ q~ anfi i are 

the genet1.e variance comp~~~t and t~e IDean of the 

'character in ques~ion, re"spectively! 

Phenot:1P:1~, '~etic and envirorupental correlati~ coeffie:1~t8 
, " ~ 

amang a,ll cllaracterl were calculated 8.parately in th. '1 and '2 
~l!rations. ,Pheuotyp,ic correlations -(rp) 

\ 

:1n the FIor F2 gen~rat1on 

1 \ 

were c:alculated as fo11ows: 
1 -

• \ HP2<f. i) 
,,! MS2 €X) .KS2 (Y) 

i 
1 

,) -

-

. -' 

'1 
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where 

MP2 (X, Y) ls the genatype 108an produet for cha\aete~s' X an~ 
1 

Y, and MS2,(X) and MS2(Y) are thé genotype iDean sqùaresAor ebaractera 

X and 1, respectively. Çovariance eatlmatea were abtained by tlile 
, ' 

- ". "-&I.a1ysis of covariance whtch ia similar ta the analysis of variance. 

The meaD product of geJ10typèà for characters 'x and Y. -abtained from 

the analys18 of covan&l.ce was CODsid&*d to be an estimate of the ' 

Phen~~ic cova~ance of the two c~a~ctera. MS2 obt~ned from the 

.' analysis of varj. ... ce table. for uf. of the ";'araeters X and i y . w .. 

taken as an estimate of, the phenotypia variance. EnviroruDent,al (r!) 

and genetic (rG) corr~lat:C.on coeff1cien~a for .~aracters X and Y,' 

based on the genotype _ans, were calcu1at~d in a simi1ar ~~r , 

using the formulas" given by Anand and Torrie (1963). l'hese ~or1Dulas 

are: 

MPl(X, y)" 

{ MSl(X) .MS1(Y) 

and 
CÔV'b (X, y) 

1 (1~x '. ~~y " 

)wbera 

... 

• IMP2(X. y) - MPl(X, Y) lIR 

- [MS2 (X) - MS1 (X) ] IR 
; 

- [)$2.d;, - MSl(Y) lIR 

The anal.ysis of vad.anc~~,and; covariance in the FIor Fi. 

geueration waa ,af the form shawn in Table 2. 
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TABLE 2. malyais of variance and covariance table for genotype means 
of the FIor F2 generation 

Source 

Tot~ -

Rep11 cates 

Genotypes 

Experimental error 

df 

RG-l 

R-l 

G-l 

(R-l) (G-l) 

MS 

MS3 

MS2 

MS! 

'* EMS is the expected me'an squares. 

MP(X,Y)' 

MP3 

MP2 

MPl 

\ -
a2 + Ga2 e ' ' 

a2 + Ra2 
e-

a2 
e 

Q • 

\ , 
\1 

'! 

1 
J 
i 
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CHAPTER IV 

a 

RESULTS AND~DISCUSSION 

1. Genetie analysis 

As a preliminary to the genetie analysis of the FI and F2 data, 

_' analyses of variance were made to de1termine significant differences 
( l' / . 

between thi d:1fferent genotypes 'for a11 characters'. The analysis of 

variance fias of the fom shawn in Table 2" In each case " F values 

were significan't beyand the one ,per ceIllt probability'level, ind:1eating 
, . 

that the genetie analysis coÙld be carried forward. The genetic . 

analysis in this stUdy will include three different. diallel analyais 

,procedures, nâlàely, (a) Combin1l1g abil1ty analyais (Griffing's 

analysi.s), (b) Jinks-Bayman analyais, and (c) Graphical analysis: In 

, order to determine, the va1:J.dity of the ~ne~ieal parametara and 

iuterpretations. ~e assumpti~s of the genetic'-analysis will be 

,tested bef~re a11 analyses ar~ carrl.ed forward./ . 

'. ~y 'genotypes ',is .• ant the 8' parent~ and tbeit' 2'8 FI o~ F2 . 
crosses. The an~lyais of variance vas wo perfoJ;med ~'s 
and 28 1'2 'a aeparately 'to determin't s!pif1.C!8Dt differèp.ces bet1ieen 
crosses. 
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1.1 Validity of assumptions of the 
dia11el analysis ./' 

Severa! aBsumptions are made when dia11e1 analyses are used to 

evaluate the genetie and envirpnmental variance components 8Ssoc1a~ed 
{ '- , 

with quantitatively inherited charactera and in the pred1êtion of 

segregatioh in the '2 and ad~anced generations (Crumpacker and Allard, 

1962; Hayman, 1954; Sokal and Baker, 1977). These asaumptions a1'e: 
1 

(1) homozygous parents; (2) dip10id segrégation; (3) no reciprocal 

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

loci; '(5) geues indépendently dis"tribut~ between the parents (no 

linkage); (6) no ep~Btasis (no nonalleli~ gene interaction; and 

(7) no 1IlUltiple a11eles. 

Failure of one or more of these'8Saumptions inva1idates the 

genetic analysis to same ,extent. Therefore, 1t 1a important ta 'test 

whether the data involvecl in the pt:es~t' study met the required 

assumptiona for an additive-dominance model with additive en~ron­

mental effects and 1ndependence of the genes in action! and distribu­

tion (Mather and Jinks, 1971). In thia study, assuuq;t!ons 1 and 2 

wn valid silice oat, 1a a se1f-pollinated ci:',OP, and fram nUlnerous 

reports in the 1it~raturet not only that oats' regulat:11 form 21 
~ 

bivalents at, me!osis but~o 1nhe ri tan ce 1n tb1s apec1es 18 

uniformly d:1somic. "Assumption 3 1s just1f1ed from the many reports in 
1 

the literature wb! J:t 1ndicate the absence of reciprocal effech in 

oats (Campbell and Frey, 1972; Chae and, Foraberg, 1915; Petr and Frey, 

........ ------....-----------~.~' " 
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1966). Assumptions 4, 5, 6 and 7 are difficult to evaluate , ' 

separately. They were tested with the other assumptions as a whole 

by two differe~t tests. These were the analysis of va~iance for 

w - V ~and the regression (b Wr/Vr ) of tne'parent-offspring ~ r r 
~ \ 

covariances (Wr ) on the array varianses (Vr ). The"nonsignificant 

differences of the" Wr - Vr over arrays (génotypes) and the value of 

b = l or close ta unit y indicate the ~dequacy o~ the model. 

" F values of the analysis of Wr - Vr and the regression 
'-\ -;1 

63 

(b Wr/Vr ) of the parent-offspring covari~ces on the array variances 

for the-nine chal;act~rs involved in the_ eresent s~udy ip ~oth Ft and 

F2 generations are shown in Table 3 • 

In the first tèst of t~~ssumPtions (Table 3)" the values of 

Wr - Vr o~er arrays are expected ta be consistent and the F valua 

over arrays of th~ analysis of var~ance of Wr - Vr is expected ta be 

non-Significan~ for ~n additive1dominance mod~l ,with ~nftepe~dent g~ne 
- ~istribution. In ~he FI generation, the F value was not significant 

\ , 
fqr all'characte{s except he~ng d~te, number of panicles per plant 

and 1000-grain w~ight. Thes~ significant F values indicated failure 

of· one or more of the basic assumptions under1ying the a~a1ysis. In 

the F2 generaiio~J these assumptidns were fulfil1ed for aIl characters 

exce~ oi1 per cent, plant height, 1000~grain weight and heading date. 
l' 

, 41 

In the second test", ,:th~ ~inear reg'res~ion _(b Wr/Vr) showed that 

. jthe reg~ess~on coefficient~(b) did not differ significant1y from unit y 
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TABLE 3. Array 

of W
r 

F values of the analysis of variance of W' - V and the regression coefficients , r r 
on V to test the adequacy of the model ï~ th~'Fl and F2 generationsa 

• r ,." t ______________________ -= ____ == __________ =-__ -=~ ________ ~--à=----~---=~------~--~------

. Character 

protein % 

011:% 
1 

Hull % 

Plant-height 

Head1ng~date 

Grain yield/plant 

No. of panieles/plant 

No. of grains/paniele 

1000-grain weight 

F value for the array (W -V ) ANOVA 
r r 

FI 

1.96 

2.30 

0.70 

1.01 

FIt 

1.71 
(3) 

4.34** 2.63 
(5) 

1.77 

3.43* 

2.21 

10.00** 

2.10 
(6) 

4.05* 
(1,2,6) 

F2 F2t 

1.06 

5.98*,\ 3.38* 
(2) 

1.48 

11.19** 0.53 

2.17* 

0.75 

1.86 

1.23 

2.36 

(5,6) 

4.96** 
(3,7) 

2.22 
(1,7) 

0.21 
(1,2,6) 

Regression coefficient b W IV 
r r 

FI 
0.65* 

1.11 

0.73 

0.97 

0.99 

0.77 

0.51 

0.78 

0.01** 

Fit 

0.89 
(3) 

1.Q4 
- (5) 

0.78. 
(6) 

0.58 
(1,2,6) / 

F2 

0.72 

0.92 

0.66 

0.87 

0.83* 

0.70 

0.56* , 

1.17 

F2,t 

0.85, 
(2) 

1.13 
(5.6) 

0.84 
(3,7) 

1.15 
(1,7) 

45* '0,.61 ~---~,6) 
*, ** Significant at the 0.05 and 0.01 probability levels, respective1y. 
a '.F ) \ 
~y sign~ficant value indicates failure of one or more of the assumptiofis under1ying 

, 1 the analysis for .a particu1ar character. .... 

t . Values in the FI and, Fz generations after e1iminating the epistatic par~nt(s). 
Epistatic parents are in parenthesis. 
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for any charaeter, -exeept for prote!O per cent an-d lOOO-g~ain wJight 
~ 

in the Fl generation and for hea~ date, number of panieles per 

p1ant, and IOOO-grain weigh~ in the F2.generation.. The.se ch~racters, 

, particularly heading date, number of panieles per plant and \lOOO-grain 

~eight, appeared to' suffer from fsilure of one or more of the basic 

assumptions required for the genetieal analysis as shown,fran the two 

tests (Table 3). Ha~ (l~57, 1963) reçommended that when sueh 
. 

fsilure oceurs it is desirable to eli1ll:4late separately the parent(à) 

eorrespgnding to the maxtmum and ~nimum Wr - Vr (the epistatie 
~\ 

parent(s», to restora the ree~ilinea:ri:ty of the Wr/Vr graphe Jinks 

-
. and Hayman (1953) have also used deviation _ from a "linear regression 

, 
of arrsy covarbnces on array variances (Wr , _Vr ) as an indicator of 

\ 

the presence of epistasis and recommended tPat 'the array or arrays 
c ' 

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

reanalyzed. 

In the preseut study, both suggestions were used to determine 

and eliminate the epietatic, itarent'(s): For protein per cent, the t ~ 

removal of "Ajax" in the Fl generation '(minimum Wr - Vr , Appendi:x 
• l ,~ 

1 

Table 1), imProved both the Wr - ~r and b Wr/Vr tests and fulfilled 

the require'd assumptions for this character. With oil content, in, the 
, • b 

'2 generation, the_ ~emoyal afr'Q.0.58:~2'''(m1nimum~ - Vrt Appendix 
, 

Table 4), 'slightly 1mproved the Wr - V'r F ~alue, but the re,gression 

eoeff1cient (b) was decreased from 0.92 ta 0.85. The exclusion of 

"Ajax" and "C.1.3387" in the case of heading date <:'2 generation), 

1 _ 

, .. 

su i!iiiiiii 

, , , 
1 

./ J 

1 

~! 

,-
1 

l 

.1 
1 

1 
l , 



" 
. 
, 

'~~ 

" \ 
1 i, 

1 f 
~ 

1 
1 w 
f < 

i t" 
1 ~ 
1 i: 
j 

1 
1 

! 
1 

1 

t 
~ 
t 

\ 
1 0 

r 

1 

1 

( ) 

.. 

\ . 

increased the (Wr - Vr ) F val.ue and slightly improved the regression 

coefficient. The failure of the genetie assumptions in such case~ 

may not be due only to the presence of epistasis but coulq be due to 

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

distribution of positive and negative a1~eles at the loci under 

66 

consider~tion. This conclusion is.in agreement with those reported. • 

by Nassar (1965) and Feyt (1976). They pointed out that theseQtests, 

espeeially the regress,ion of Wr on Vn will be able to detect epis~tasis 

only in the ab~ence of aily correlation of gene frequencies in the 

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

the e~fects ,of epistasis and corre1at~d genes. 
, 

With the other ' 
"-

characters showing failure of the assumptions required for the genetie 

analysis ~ remoy~ the epistatic parent (s), has succeeded.in removing 
"J 

such failure without, many complications (Table. 3) .~ 
" - ',' (; 

• 
On the basis' of the âbove analysis', it appears that one or more 

of the assumpÙons req~ired for tht! diallel analysis in the present 

study, including that of lino ,epiatas!!>, ,,-wer~ not strictly vali:d for 
.. , • 1 ... 

some eharacters souch, as h~ding date; number of panicles per plant and 

IODO-grain weight. But the fact that the. regreBsio~ côefficients were 

not signifieantly different '(rom unit y, particularly after éliminating 

the epistatic pàr~Jlt(s), indicates that thE\ additive-dOlJ!iI!ance~ 

genétieal model was satisfactory to explain the variation present in 

this study. _ However, with chara,cters failing one o~ ~or~ of the above­

mentioned assumptibns, interpretation of'their.genetic parameters and' 
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w 
rati9s should be regarded with.more caution ~nd the genetieal results 

from the eorrected .cases (after remoyin& the epistatie pare~t(s» 
.... , ,J 

would be more ~al~able in the genet~dal i~terpretatjon than those 

involving the epistatic effécts. 
r 

! 

\. 

1.2 Combining aoi1ity analysis (G~iffing's 
diallel analys~s) 

Parent~ges and the aetual ~ean values over .four repl1eations of 
\ 

the eight parents ine1uded in this study, pertaining to nine char ac-

ters, are.glven in Table 4. The eight genotypes d1tfèred significantly 
, . 

for a~l, characters. Parent "c. 1. 3387" -ranked first. for C?il per cent, 

hull,per cent, nûmber of panicles per plant and lOOO-grain welght, and 

> 
was, among' the highest parents for aIl other. character~, except plant 

height. The high gr~in y±eId ,potential of this pareni ls due mainIy, 
, 

to its superiority in the· two !ield eomp~nents: numbe:r of panie1es! 

pJant and lOOO-grain w~ight. The highest ievels of prote in content 

occurred with "Hinoat." This parent was also one of the early 

maturing cultivars •. "O. T .184"0 18 tlie shortest parent and woul~ 
~' . 

appe"\,, ta' be a valuable source in breeding f'Or short-strawéd 'tultivars 
, 

1 if ~he genetic control of such a eharacter in 'this parent were fu11y', 
~ " 

d , 

understoad'. Also, this parent was among the highest parents 'in ~raln 
.. ' 

b yielq. Other interesting genotypes in this 'study 
, 

are. uQ'; 0 • 5,B. 22" and 
~i ~ ~ 

1 .. 

"Q. 0.64.31.1\ Q. 0.58.22 ranked the h18ftest parent 
, 

for lts grain yield 
\ 

lind was one of the ear1y mat~ring cultivars, whUe "Q.O.64. 31" ranked 
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rAiL! 4. P~ta1 oat. genotype~: par~tage·;and the aetual mean performaD..ce for 9 characters over: repli cations at 

. " Maedonald Co1.J.ege in the 1976 season*-
• i 

" 

!!. ' " Pl' H din ,G~ain No. of -- N f 1000 
" . P'rotein Oi1 Hull ~t ea g yj.e1d/ pan- 0.0 -

"Gtmo~e P~ntage (%) (%) (%). height date plant ides/ gra~nsl grain 
; (cm) ~days) . ( ) 1 t' panicle weiQht 

_ . ' ,. g pan", (g) 
• .. ,.. - . 
l,. 'Q'.-O.64.31 iIarman -x W.B.16385 .. r 13.32d,· 6.40bc 23.49a 100.93d 59i75b 10.53a. 5.l0c 76.33a 27.63b .. ...: .. ~- -

. '2.' Q.O.SS.22 -'- D&r:val ~ Yamaska ~3.42d 6.60b 23.59a 102.43de 55.00a 11. 45a 8~30ab 50.49b 27. 70b - . -
~ietory x Hajira l5.02c 5.97cd 26.42b .108.43fo S8.7Sb . 8.63a 6.SSbc Si.32b. 2~.43b 3.'~, 

~ tt )00 1 i • <> .. 

o \ .'~ 4.~· éRut1arid 64 
~- c 7 

Clin tland·' 5 Je Limhj'S 3· 
x Clinton '~~ '6 x 

l6.00b 4.72e '.25.83b 83.-S8c 54.75a 4;29b 4.95c 40.l4c 24.2Qc 

'i, 

7 
? 

i-5; O.T.~84 
" .... 

G.rey • Alg.erian 2 'x 
Clintland 

~armon6 X (Rosens 
'. -~ mutant x Rodney) 

10( .. ,,-

\ 

? 

l-l.s2e' 6.l9bc 26.6lb ~a 62.25c 8.3Oa 6.05bc 54.94b 26.lSb 

6. P.I.269182 ,'Originally from Turkey 12.92d 9.56a 26;75b lll.l3f 72.50e 10.54a 8.5lab ~0.29b 27.28b 
,. .: '. ,.. , 

. 7. C •. +.3~87 ~ee :Je Victor;ta 13.10d ~a 23;10a 1~&.85ef 68.75d 1l.43a 10.85a 36.94c ~a 
~ 

~ 

8. llinoat ~ Victory .x~.strigosa 17.89& 5.56d 29.l1c- 77.8Sb ~a 
/ 

4.l2b 6.03bc 25.58d 27.68b 

~ Giand mean 14.15 6.!38 250 .54 94.13 60.84 8-!66 7.05 -48.25 27.18 

* ' ' . 1 
. Meane within col~s fQllowed-by the same letter are not sigriificantly different at the 0.05 

probabil1ty level according to ~can'~ ~ew multiple-range test. 
r. 
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'-:first for number of grains/pl~t. "Ajàx.!' '~Clintland 64" and 

involved 

.. 
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Although information of the kind given in Table 4 is of some 
• 1 

'help to plant breeçers when c~oosing pare~ts, it tells nothing about 

gene~al (GCA) or specifie (SCA) eombining ability uor the ~xtent-to 
" 

which characters highly expressed in different parents can bé brought 

together in th~ offspring. If ~ for example, attempts are made to' 

1 Q ",', raise grain yield by c~~ining the large grain of C.I.3387 and the 
( 

'. fi 1 numerous grains per paniele of"Q.O.64.31, it is very likely that a· 

biological limit would be reached so that some other character, perhaps 

number of paniqles'per plant, would be reducèd. Because of ~he8e 

limitations t tbere ia littl~ prospect of discerning wh1ch pairs of 

.cultivars will combine advantageously witbout actually making,tb~ 
a 

~rosse~. However, if iùformation could be obt~ned about the genet!c 

systems controlling tbese cbaracters it' would be easier for'tbè plant 

breeder to predict the potential·performance of certain cu~tivars or, 

~rosses in later generations from tqeir performance in t~e' FI and F2 

cl ~ 

generati~ns. 
1 

nut:o 

, 
, 

the use of one set of parents with both the FI and. F2 
, 

generations, and to insure independent' 'eatimates of general and 
" 

.,. . , 
specifie eombining abilities, Griffing's analys1s (1956b) method_IV, 

. . , 

0::. ~,~ , , Î f 

moctel l, was used in th~ present study. ~so, th:ls :rnetbod of 8Jlalys~s 
, 1 

1I1as pre~erably recollllllèllded by Griffing' (1?56b') ,~~, obtain unbiàaed ' 
.' " l ' 1 

, , , IIJ \ .. 
J ' 

" \ . '. 
. , 

-

1 
) i 
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\ 

estimates of general and specific e~1n1Dg abil1ty. General (GCA) 

and specific (SCA) combining ability lDean squares (Table S) indicated . ' -
, 1 -

b1ghly signific:ant differences amang the eight parents of oats for 

a1l.~araeters, exeept the specifie combtning abi11ty .(SCA) for oii 

per cent and number of panicles pér p,lant in the Pl generation and 

'grain ~:f.e~d per p1an.t in the F2 ganeration. The GCA mé~ squarè~ were 

consid~b,1y 1arg~r t~ those du~ to ~CA mean squares for al1 

char~~ter,s in bath generatians. indicating the predominant 'rale of 

additive gene aeti~ (n' the expre88ion of theee Characters. . , 

One i"Îi 'never sure how to asses a the/ relative importance, of 
/ ' ,. , 

8pea~ic eombin1ns-- abil1ty. The standard methad 1s ta compare the 
' ... h ..... { , -

average of 'the squares of SC! effects with the average of the 8quaru G 

t 

of GCA effects. Thia is the procedure recommended by Griffing (19S6b) 

and atbers. Unfortunate1y, T1J1JIDY researcliers have used comparisàns of 

_an squares às a means of 888ess:Lng~ the 1.Diportance of different, types 

of combin:l.ng ·abi11~Y. It is nat ~i~~icult to shOl! thit th~S pract1ce 

always resu1t, in" aD unde;r-estimat101l af the importance of· &CA. In 

th1s regefd; Baker (197~). rec~d that one should always use 
... '" l .. 

coatponenta af. th.. mean aqua"s, '~ot ·th. _an, sq~~ theDllelves, when. 
, " -, " . 
compa~in8 SCA' and GOA.' ID. ano4er ~.,r.Sokol ~d iakel:' (1977) , .. 

. , '\ ' 
.., - - 1 ..... .. 

, ,sugp,ted the use of the' ràtio àf:.~CA to GOA SUIIS of, aq~rea d an 
~ • Il ~ ",.", ~ ......... 

, - ~ - " 

. ,indication.of their relative 1mport8Dce~ It,ahould be r~erèd thàt 
_ - f '.......' ~ -, " '.. - - • - ~ 

.s:f.g;nificant ,variationduè i:~"SCA,irÎai :ac~aa. à' a:L~a:r,.to 1,solate ' 
, ", . ',' t: ," '. . 

.. certa1n PUents and pert'ot:1lt a .mOre t40rQu~' cOmpan.sODôf th,eir 
• .. -' - ~ _ \ \; t ~. '"Ir 1 ." J ,~ 

pe~~plMnce cd that ~f ·the1r hyirid '~ro~ •• ' .. · ' ' 
~ 1 " , '" r...t, '" '. , ,- i "." .... " .'\ ",'. ',- . ~'r',. 
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1. 

1 

li 

~ . - . 
Mean squares (Ms) for comb:1D.ing ability ana1ysis. 'eneral: (â 2 '-\! ~ and speclf1.c (â2 ) combining 

, , ,~ sca . sca 
'" ':~ w,iUty"VadaD,c8 ',cCllpon'ents, the ra~io of SCA to GCA SUDl of squares and the coefficient of' determination 
','f', i • , J. 

\,{ . ~, Ot2) for 'g cJiaracte~s in an 8-pa~ent dia11el cross in oats .(Pl and F2 generations) 

..... ~ 

:.~, .? .~.~ (a) .. Ms' 
â2.· 

Jl~" t,·)t'r .... --: .... -,..'?' l'ca 
'" ,,,,,: ~~ -il'~ ~.;>V 1 

, ,,-.~i'.,~~);. ;,:~., 

-' ;i_~S> r." :')I~â2 
-'t·, • '.'::;' sca 

'" :." • 'è:. t":.: ' 
~!fb-t - -Erroy.'c·"- ' ai -' 0.22- -.. "0.1.8 O. O~ 
~l~'rti~ , : . 
foc'" ". , 

~r 

~ 
~-

""§ÇA CSS).·· ' .. 
.. GCA'J.(SS) 

,'" . ~~ .. 
~ ~--: 

R2 -. t '. ,. 

> 

0.15 . 0.24 0.05 

0.87 0.81, 0.'5 

/ 

0.04 0.33 0.38 4.61 7.57 0.48 1.13 

0.25 ,0.23 0.47 0.03 0.10 0.17 0.42 

0.80 0.81 0.68 0.97 0.91 0.86 0.70 

(Table continued) 
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TABL~ 5. ,(continued) ,. 

céA<a) MS 

â2 
gca 

1 

SCA Cb) MS 

â2 

Error 

SCA (SS), 
GCA (SS) 

R2 t 

sca 

df 

~ 

20 

81 

. 

--1 

1 

~n yie1dl 
plant 

FI F2 
. , 

9.46** /7.91** 
... 

1.43 1.14 

1.89** 1.64 

1.02 ' 1,0:59 

0.87 ,1.,05 .. 
1 

0.57 0.59 

• j 

0.64 0.63 ' . 

f'. -- . 
;. 

No. of panie1esl 
plant 

Flo F2. 

1.33** 6.18**' 

0.17 0.97 

0.,45 0.77** 

0.1,2 0.42 

0.34 0.35 

0.97 0.36 

0.51 0.74 

No. of grains! 
" panie1e 

17 

Fl F2 

398.52** 148.29** 

64.61 22.57 

,-26.56** 41. 80** 

15.73 28.96 

10.83 12.84 

t 

./è 0.19 0.81 

0.84 0.55 

*, ** Signif:i:cant at the 0.05 ~d 0.01 p rob ab ili t y 1evels, respective1y •. 
l , -. -

GOA iS
e 

the mean performance of a Une- 'in hybrid combinations. 1 

'" 

1000-graip. weight , 

FI F2, 

16.49~* ::\2** 
2.66 .. , 1. 9 

3.01** 1.84** 

2.49 1.25 

-' 
0.51 0.59 

0.52 0.59 

0.66 0.63 

(a) 

(b) 
, ability. of 

SCA is, the performance of aparticular cross in comparison with the average combining 
the parental Unes. 

't R2.-.,. GCA (SS) __ 
- Total genetie (SS) 

;. 

( 

is the ratio of the general combining shility sum of squares to ' 
the total sum of squares for genetie variation among the progeny 
in a dialle1 croSs. l, 

1 

.-...... ..... 

...., 
N 

1 
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'i-
suggeste~ that the GCA of the parents may 

'''j • 1 1. '0 ~ 

~~provide ~ good predtction of how hybri~s Will perfarm beca~8e the GCA 
/ , 

effects may be Iess .su~ject to environmentai infl,uence and thus 

provi4e ,'IL ,ik tt~r indic':i:Qr of a hyb <id' ~ long-tel:m perf arm...... tb •• 

the per~ance of that hybrid, itself. An estimate'of how weIl GCA 
~ 

estimates ~111 predict,hybrid performance Is given by taking the GCA 

" sum of~ squares as a per- cent of the total sum of squares for geneti:c 
1 

variation' (additive, and nop-additive variation) 'amang the progeny in 
1 1 

a d~al1el cross (Baker, 1977). 1 This ratio ls equiva1ent to a 

',coefficient of determination 1 (R2) , c<?rresponding to the correlation', of ., 

hybr:Ùt performance with the lave~àge of p,aren~al qCA' s. If this ratio 
1 

apptoaches uoity, a pla?t breeder cao be ;fairly'confi~ent that tbe 

GCAts af the 

performance. 

parents will give 
-'/ 

1 

.1 
1 

a fair1r gaod prediction of hybrid 

, 1 

In the present ih~Jstigation, the GeA and SCA variance 
," ,., , " . 

components, the ratio of SCA to GCA sum pf squares and the ratio 
, 

of thè GCA sum of.squares ta the total genet1e sum of ~quarès 

(R2) were calculated ta de termine the relative importance of both 
" 

l, , 
1 \ 

GCA and SC! (Table 5)', In general, tbe Ge! variance components , " 

, \ 

(âica> were higher than those of SC! variance components (ô~é~ 
.... \., '.,."'" 

for protein per cent" ail 'per ~ent, buJl per cent., plant h~lght, 

, ~~ heading date 1)1 1?-o~b g~i.~ra,tio~8~!= in~i.cating th~ ~rè~om1nan_t ' 

role of additive gene' âcti~n in th/ièpetic _ co~tro1' of t:hesè _ '( 
• .. iI~~v.....l* • ", ~ ~'\, ll',,<\:"':_'~'<:{ ~'~_ ". ' ,~ ""v' ~.. '. ~ \ 

,chara~ t,ers. Efr grUn y~eld, :~nd' t,t";~;~~.,,e.~ c9lllpon~nts.. gf.~~ul' 
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and specifie cambinins ability variance cODIpouent estimates were 7ï 

close to eacn at/ber in lI08t wes in~'catinS the re~ative iq, ort,an ce , t' 
1 J, 

~ both in the. senetic control of tbeae charactera. In tbe F2 

. sener~tion, âlca wu $re_ter than âica for number-~of s.r.ainsper 

pani~~e, indica~ns f-bat 'oatl breedlng abould be directecl t~ard the 
J 

deve~opment o~ bybrid, cultivars (if ~e purpose i8 to increue' the 
~ -'" '-

nUDlber of srain!l per panicle); in order to. capit4lize. On tbe qbserva-. 
. l ' 

tion that certaiD. hybrida perform wch differently tban coul~ be 

expected Jroa tbeir paren~ P\rfo~ce. 

o In genera!, the low val~s of the ratio of, SCA' to GCA aUll of 
" 

squares) and the MSIi v~~s '(c~ose to 1) of tbe ~oeffic1ent· of :. 
" l, ' 

determtDatiou for combintng ability'indicate tbe ~mportance of GCA 
"r, "l:I" " 

eJ'ecta t Thése two ratios 8upp~tE the above conclusion ,tbat e GCA, 

or th& additive gene action was very important in the genetie c trol 
" . 

) " 

of the f:l.rst .fi~ charaée~J !hile 8pe~,fic comb1n1ng abi,l1ty or, ou 

ad~tive gene action wu important fS\ additive gene action in, tb 
-,~ - r ,.. ... • "' , 

'r-control of arsin yiela and 1 's cOlDpéments. It sho\1ld be emphasiJ.a 
, _ ...... - 1 1\ ' • ~ l '\ 

, , \ 
,"ra .that ~ e~llc. the parente ',of thiJi diallel 'cross wera not t:andOJ!lÙ.y 
, , . '\) \. 

,. \ ~ " \ 

aelecte,!, the' &bove' conclUsiÔD.. cau be <kan about ~ly ~e eigb~ \ 
, 1 ~ "1 , ' 

~ ~ ~~~. :t .,: 
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, / 
Bas'~d on a statement 13y Sampson and Tarumoto (1976) that t~ 

. t / 
,. "'-' - / 

genetie,system of A. sativa'L. is not as simple as one might-$onelude 

from Griffing' s (l956b) analys1s, the use of another type' of diaUé! 
_ '\.. ) /" / 

lPlalya18, auch as that .described by Jinks and Bay.n (1953), in / 

addition to G~iffing'sl analys~sJ would s~rve ~at breeders 'in ploviding 
1 

1. 

;~ ~dditiot1~'geuet1c 1nfor1na:tion which could b~ used"in oat imp'rovement 
, \ 

, programs. , 
/ ,~ 

Sinc~ the me~o,d of analysis was deserib~d in detail, by Jinka 

and Haywm (19~3?, ,sU1llllUlrY with ~ br~ef interpretation of the " 
, , \ ~;,. Je 

\estimat~8 of genetie and 8nviroo.mental par~ters ao.1 ratios, i8 given 

in Tablé 6. The use of secoo.d-degree statistics allred estimates of 

genetie and env1r1.ntal v~riance èomponeo.ts ta-oe -made' for eàc:h 

~àracter in the present:study (Table 7). In this table, all· 
.' . 

est1.àtors relate fo genera! eharaeter respoases over all crosses. 
" \ 

.l'he :~tat1s~1Ic81 s1gnifi~ance"of ,the components s1.veo. in 'Table l' \ 
1 

indicate wtdch' eat1matea we~' gr,ater tban (f) tilIe's their stanc:t8rd 
; , 

, l , 

errors • _ The t val,. dependa on the tiumber of p~reo.t/l invo1ved in thè 

di~~,'~:" .IIl ~he p~t ~tudy •. due to tb~ .. i ... of "' 

ép:L.t.,~«;:\;;~~~t." ,t~;,~~el analyses were per~o.d on thè base,' 
? 1· ~~ "~~ r~ \' ',- ~,~ ~ .. ' l ' ' t..". ~, ~ , --

, of ',8~_r' !f,~ '~d' s. P'~~~~ di~~~~~'! ,Th~, t v~üaa::;~ifth., d~gree8 of 

~ :~';;":(("è~~~,asIOC:l:atéâ '~~~~.e~ch d1~~,~ .. ,anai"~8\~ra as foUowa:, 

. ~l 'J/':"~", . , .. , .', •.. ",: ' .. , ) .. ,:'~<~ . .' .·i:,: :,? : ' 
'4 , ~.4 _;' :~~ e~" ~ ~ r ,~, ~oilf" ~,1. 
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TABLE 6. Jinka-Hf'ymanlS (1953~ diallel analysi8 
and their int~rpretation 

parameters and ratios 

Parame ter 
or ratio 

... 
D 

/ L 

"' \ ~, . 

... 
'F 

... 
E 

{4 Dih)lJ~ + 
<41>ih)l/2 

\ .. y 

In terpretation 

1 

jThe component attrib~able to additive gene effects 

)The component attributable to dominance effects (iri 
,the absence of dominanc.e ih ... 0) 

l " _1'" IThe estimated valu~ ot H2 should be·the s~e as Hl 

I
Whe~ p = v ~, 0.5 >and the interpretation is the same 
as Hl 

1 

~!h1s statistic,indicates'the square differe~ce of 
i mean p~rformance between hybrida and parents (if it 

l
is large and signif1c~t 1t ind1cates the existence 

l' of difference~ between hybrids and parent~) 

1 The sigu and magnitude of F 1s an ind:f..cator 'of the 
o ,relative frequencies of dominant and recess1ve 

: alleles in the parents. A p~si~ive" va~ue of F 
, 1 indicates an excess. of dominant 'alleles and a 

II ' 
'1 negative value indicates an excess of z:ecessive 
aUeles • 

The convention al experimental error from-the 
"-an~lysis of variance 

- - - - - - - - - - -, - - - - -'. 
An estimate of' the mean dègree of ~ominance o~r aIl 
loci, in the diallel cross. 

, 1 

1 1 This ratio h~ a maximum of 0.25 when p "", V ... 0.5. 

... 
F 
AI 

F 

'It ' 

, An uneqÙ3l üi~t.ribution of positive and negative 
alleles causéS thi~·ràtio tobe less than 0.25 

. ' 

The ratio of the tot~l 'number of Dominant to 
recessive al1eles in the parents. • 

,,' .' \ ' . , 

ThÙ ~atici ptovides Sn estimate of the number of 
genes or groups-of genes contr~lling the character 
in the diallel 'cross: 
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C' 
... 1 -~LE 7. ' Hean eat~tea aftd standard errora of genetie and environmental statisties 

~d tbe1y ratios for 9 characters fram an 8-parent dial1e1 cross in o~ts 

~~8t1~ Protein % 
, ~r ''i·.ti~ . 

011% 
," 

__ ' ..:..,. . .'~' ' :,_. " rl~ ,Fit 53) 1'2 1'1 1'2 F2t (2) "" 
~ ... ~~"'~I' ' 

" :' D .f.,é 3.61** 4.15~* 3.:73** 3.46** 3.49** 
:tO.ll ,±0.12 

4.07** 
±0.15 .±0.29 :tQ:'30 ±0.25 

" 

1.49* 0.88 4.21**' 0.10 4.46**' 3.95** 
±0.66 , - ±0.12 ±O:S6 ±0.24' , ±0.28 '±0.35 

~~ A • le 

'Hl 

112 '1917*. 0.60 0 3.88** n.I2 3.73**. 3.30** 
:tO.57 :t0.64 ±O.49 :tO.21 :t0.24 ±0\.31 

-0.08 -0.20 2.4'4** 0.04,' 3.54** ,3~29** 
:t0.3B ±0.43 ,o:t9'.,33 :t0.,~4 :t0.16 ±O.,~l 

, , 

: ,b.2 

.... 
".'P , -1.32" -1.42 0.46' 0.44 2.74** 2.13** 

< ±0~68 ,±0.72- ±C).513. ±0.25 ±0.28 ±O~35 

Bull % 

FI F2 

3.47** 3.36** 
:tO.37 :tO.37 

2.99** 9.70** 
:t0.85 *0.86 

2.05** ~ 6.38** 
:tO.74 ' dO.7L 

1.,18* 1. 72** 
:tO.50 ±0.50 

0.60 3.29~* 
±0.B8 . ±O.BB 

~ ',"i ," , 0.78** '0.82** 0.67** 0.18** 0.14**': 0.14** 1.31** 1.41** 
" tO.09 tO.il tO.08 ±0.04 ±0.,'04 :tO.05, ±0.12" ±0.12 , , . - ~"~,- - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - ~ - -

- 0 (Ûl1»)1/2 0 •. 64 10.46 1.07 0.17 L13 0.99' 0.93 1.:70 
A~ ~ -

Jl.2;/4 B,l 0.20 0.1;7 0.23 ,0.25 0.21 0.21 . 

."ID/KR of , 0.56 0.46 ;1.12 2.23 "2.06 

~2fH2 ; ~0.07 -0.33 0.63 '~.39 0:95 

9 

~ ~ ~----

l' 

~- ." -, 

1..72 

1.00 

i 0.17 

1.20 

0.57 

0.16 

1.~1 

0.27 

(table c~ntinued) 
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-,,' " Tm •. 7~",-, (contllltued) 
Il"~ ~ .... , r ;""': '/::' ~"\... ',-.f ~ 

.. l,Le:: ... '~ -

. . :St(dfll8t1~,_- .. Plan t height 
, .. o}',J:rat1(r~ ':"~ "", ' ' ( 

:' 

, ! , :. 'Fl 1'2 F2 t (S.6) 

iL 

/' '~l 
;;-, -1I'IIt-

H2' 

,:'" h2 

-F 

"304;08**, 294.30** 
'i8~81 ""',,±12(~S9 

147 .59** 
ii1.13 -

, , :'1$0.13**, 
, '±2Q;.~25 

6S8.71~ , " 262.83**' , 
±28.95 ±28~ 

~~ ~ ~ ~-

18;08** 
,-±li~62' 

r " 

. ,',' 31':15-* 
±11.82 

429.96** 
±25.19 ' 

103.50**' 
, ±16.89 

-195.99** '-139.09** 
~ ±2p:'81 ±29.16 

217.26** 
±25.24 

27.46, 
±16.99 

17,3.45** 
- ±27.19 

,---

(~ 

,. 

'i, Heading da~ 

FI FI t (5)~ 
J 

F2 F2 t (3,1) 
'- , 

43.91** 51.31** 41.92** 45.91** 
±1.64 ±1.99 ±2.05 ±3.12 

25 .... 39** 28.10~* ' 130.01** 116.41** 
±3.76 ±~78 ±4.71 ±7.92 

16.23** 21.30** 110.35** , '85.39** 
±l.21' ±4.21 ±4.1Q. . ±7.0S 

, '''--.. 

28.69** 45.77** 165.46** 113.96** 
±2.19 ' ±2.~3, ±2.75 ±4.76 

23.35** '32.39** 29.72** 49.86** 
±3.86 ±4.16 ±4.84 ±7.62 

',', rl~03**. 26!,80** 23.00*~ 1.~** 1.72* 3.94** 3.51** 
±2.94 ±4.20, ±4.21 *0.55 t~.70 10.68 t1.18 

t't ' .... \ 

'E 

... ~ - "1: "-

"'-;, 

Grain yie1d/p1ant 

, FI 

8.92** 
tl.24 

3.99 
±2.84 

2.42 
±2.47 

2.07 
±1.66 

3.97 
±2.92 

3.69** 
±0.41 

F2 

8.29** 
±1.41 

13.99** 
:1:3.23 

, 
10.70** 
±2.B1 _ 

4.50* 
±1.8.9 

8.47* 
±3.32 

4.32** 
tO.47 

- - ~,~ - -,~, -- ~ ~-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - ---
.. ,' (B'tin)'1/2, '., "O~70' ,'1.50_ ,'1.33 ' 0.76 0.74 1.76 1 1.59 0.67· 1.30" 

1 A 411!1t. 1" ~ 1 ( ... 

BZ/4 BI 0.13 0.16', 0.21 0.16 0.19 0.21 0.18 0.15 0.19 

lCjj/Ka t /' ;'0.31, 0.73 2.57 2.01 2.49 1.50 2.03 2.00 ' 2.30 
A

2 
A' , 

, h 182 0:48 ' 0.24 0.13 1,71 2.15 1.50 1.3~ , 0~65 0.42 
,- ' 
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,TABLE·7. , (continued) 
"'..:- ..... ~ 

Stat1B~1cs . 

----=----

.. . 

!{O:.of panie1es!p1ant . 

1 • 
1 fi 

No.of grains/paniele 

, \ 

-~ 

1000~gtain weight 

or ratio l'If' (6) 1 • FI F2 F2t (1,t 7) Fi F2 FI FI t(1.2 ,6) ? F2 F2t (1,2,6) 

,on 4~22** 
[ 

4. 59*1f A.52** 2.52**. '204.84** 198.90** '4.83** 10.09** 5.39** 9.82** 
't'. ±O~'48 ±0.56 tO.55 ±0.77 ±13.60 .. ±24.01 ±1.68 ±2.93 ±1.39 ±3.03 

- . ,., 
, 1.43' l!l -0.04 6.95** 2.91 95.20** 608.79** 12.79** 0.60 23.19** 21.10* 
±1.10 ±1.35 ±1.21 ±1.95 ±31.26 ±55.l9 . ±3.87 " ±7.9l ±3'.20 ±8.19 

.... 
H2 'O.Ji4 ' -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 ±2~.20 ±48.01 ±3:36 ±7.17 ±2.78 ±7.43 . . . -

'ii2 ,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 - 3.45*" -, 

b 

F 4.41** 1.39 4.02* 0 -10.34' '235.99** -0.08 2.03 1 5.04 10.15 
±1'.13 ±1.34 ±1.31 ' ±1,.81 ±32.1t4 ±5'6,.12 ±3.97 ±7.31 ±3.29 ±7.58 ,.. 

1 ,: .. ' '1.60** 1.28** 1:.67**' .1.68** 40.19** 46.12** 3.16** 2.7~* 2.60** 2.99* 
~O.16 - ±O.20 ±0.18 ±0.29 ±4.53 ±8.00 ±0.56 ±1.20 ±0.46 ±1.24 

~ - r' - :::"' • ~ • 

~A-~A 1/2 - - - -~-~ - - - - - - - - - ~;- - - - -1- - - - - - - - - ~ - - ~ --- ~ - - - - - - - - - - - - ---
~ (B1/D) • 0.56 .0.09 ' 1.24 l.07 0.68 1.75. 1.63 0.24 2'.01, 1.47 

.... ' f 

. 82/4 il 0.09 -0.38 0.12 ~-0.13 , 0.17 
_1 

0.20 0.19 

. ~/~ ~ 13.26 --3.64 1t89' " 6.80 -0.93 2.03 
. '""'2 ... , 

h IB2 0 .. 59" 1.99 0.17 1.51 0.74 0.24' 

0.99 

1~04 
.~. --------_ .. _- - -- --_ .. -

*. ~* Significant at tbe ~.05 and 0.01 probability levels; respectively. 
'" 1 

0.03 

2.40 

1.26 

. \ 
t Bstimates in the FI or F~ generatdon after eltminating.the epistatie parent(s), 

are in parentheaes. ' ", 
~ . ~ '" 

0.16· 

1.58 

0.01 

0.10 

2.09 

-0.60 

epi8tatie.pare~t(s) 

~ '......... 1/2 ... 
'T KD/Ka - [(4.D Hl~ +.F] 1 

........ 1/2 ... -
(4 D Hl) - F] 1a the ratio of total number of dominant to reeessive 

. al1elea in the paren ta. 
\ v-

"C 

~ 
\0 

.,fi 

\. 

.j 

" 

" ~, 

'~i 

~ 
,~ 

J 
~ 
f, 

l 
1 
~ 
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j 
l 
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i 
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" " 



~, 

f· 

j: 

! 
l 

'1 
[ 

,t 

n 

/ 

"-1 

10 • " 

(~) 

'. 

" . 80 
.l' 

NoA _ of parents 
dl t value 

inc1uded o .OS 0.01 

" 8 52 
)\ 

2.01 2.68-

7 - 44 . 2.02 2.70 
0 

6 36 2.03 2.73' 
n 

~ ~ 28 ,,2,.05 2.76 

9 

. È'sàmates of 'th~ additive g~etic variance (D)':3 were' high1y 

signi~1~t and hight;r 1n,] ~gnitud~ tban those due to the d,o~nanc~ i , 

variance (Hl' and Hû i~ t~e FI g~e~ation for al1 èha!acters (Tab~e 7), 1 

exc.ept lOOa-grain weight "here the ·additiv:e varianée c.omponent was 
, 

significant but 1ess th~ the dominance varià'l1ce. lt is cle~r that. 

this deviatiOll wu mainly due 'to the presetl~e of no11-al1el1c 'inte; 
, , 

action and 1 or, gene c;orre1ati~ which 1nf1ated tbe demi,nance vapance 

components. The removai of the epistatic parents (parents .1, 2 and '6) 
1 '. ~ 

removed the effects due to non-al1elic inte~action and the values of' D - ,;. 
o , ' 

bec~ h!gher th~ those of'HI or H2." Exclusiol of·the e~istatiç' 
- " , ' ' 

parents did not succeed in correcting the fa11ure of the assumptiOD.s , , . . " 

,::::::asthein:;;: ::: ':: ;:i~~~al:.e ::: ::r th~. 
cii_s~Eied further l~t~r OÎ\~ . In g~eral, tb~'1ttga .and s1gnif1cant 

.. 1 ~. 1 .... 

~ 1; 
values of '·D . illd1cate the importanc~ of additive gene action in the 

,genette ~eon trQl of-these ;;:;'racte~. ~ ... ' ~. ~"""t w~ti. \ 
• , '"" , • • \ .'. j' . , • 

. ' res~ts frOlll the Gi'if~inSrs analys~s. -

, ~ A \ ;t-

In the P2 -gener*tiou, althc?up ~e eat!l.mateà of D w~i~ .~8hiy 
. "' 
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These results ~greed with th~se of othe~ workers (Chae and Forsberg, 
{ 

81 

1975; lwig and'Ohm, 1976; Sampson and Tarumoto, 1976). Generally, Hl 
..... .. 

and B2 were significantly different in the 'FI generation, except for < 
<1 • • <; J 

, 

protein per cent (exc1uding epiatatie parent no.3), oil per cent, grain 

yle1d, per;. piant, number of pmrl.CléS ,per- pil.~t, '-and' 1000-grain. l(eight 

(exc1ud1ng parents l, 2 and 6). ~n the t:'2 generation, dômin~ce . . 
effécts w~re significant for al1 charactera axcept number of panieles . , 

per plant <,excluding parents 1 and 7). '"The faét. that the ,~l 'and H2 
, , 

were not equa! anli ~.,l. 0 impliEts presence of gene eo~relation ul' this , 
l '.-

st~dy for most characters, axeept pratein,' oi1 and hu1l per cent ~here r 

At 1 ~ ~ «r::. • 1 

Hl 'wu close 'to H2 in most cases, iIidicating that u • v • 0.5. 
1 1 , 

Heterosis wu indicated 'by the Bi$U',.d value of h2• For protein and 

oil per cent.:" h2 was 'law, in magnib~de: iildica"tng p.~ ~~terosis' in the 
, 

FI whil~ it wu positi';e sriJ-' sipificant 111_ the F2' ge~eration. 
, . . 
, 

·Significant heterosis was indicated for hul1 per cent in both genera-. 
\ .. j i ': 

tiODS. Heterosis wu, in the direction of tall and l~te-maturing plants, 
. ('... \ . ~ 

, - J - 4 

for plçLheigh~~d head:tng da,te (posit1:ve and significant h2). In, --
,.,the F2' generation~'hybrid means were lpwer than parentai means for 
"' " ' 'J ' , 

'" ~~ '. ~ 

number of panicles per plant and lOOO-grain weight, (llS indicated fr~ 
.. 1 -, 

• f/IIIo • .. • ; 

. -their neg~tive value. of h2). AIl exc.as of ~ominant allèles wa. ,hown 
,. • 1 ~ 

froœ.the poaitive v~ues of F for ~1 Charactera in both lebe~tion. 

.. 

axc~Pt ,f~r- 1>rote~ per cen~ Pl~~ hei~ht, nUmber o~' gr~~ p~ p.ani~e 4 '1 . 

and, iOOO-gr~ We,igh&.i»: th~, ri ,ièlier~tion, wte~e 1IIQre ~ec~8a!~". 
\ '. \ ' ,," . . . 
14Î1e~es: were. involted in th~ =ntrol of tJ:tes~ ~~bUacter.·.:. ' 1'h. eiïvir~,.- . 

l ".' , , .... : . " . -:' , Il' -,.' .' , ~ - , 
~~al com:p~ta (E) }ter, .8ip1f,iQan~ ."or alf 'char~cter8 iD' bath "; 

l' , .. ~ l' " 

..ene~ationa .. • ' . il. .,' 

.c!>' .... , ' 

l , , , 

1 

. . 
,,' -" 

L , '." '. '\ . 
, .. 

',' 

l , . 

, 
f:11 • f 

'. 
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The estimated genetie and environmenta1 components were com~ 
~ 

bined into ratios to e~timate additiona1 genetic charafteristics' of 

the popuJatiQn ln thls investlgatiQn (Table 1). The~valHe of' 

A .... 1/2 
(Hl/D), ls an estimate of the mean degre~ of domi,nance over a11 

loci. With no dominance th~s value is expeeted to equal 0; with 

average pa~tlal dominanqe the value ~s expeeted to fal1 withinAhe 

range of 0 tb <1; with complete dom:f..nance this value should equa1 l, 

arid~wfth over-doml~ance it shouid be >1. In the present, study, the 
li-

degre~ of dominance was inconsi~ent from one generation to the other. 
~ , 

In th~ Fl,generation, aIl characters except IOOD-grain weight thowed 
~,' ,,"" .. ~ r partial dominance (Hl/D)1/2 

> \ 

•• 0 

<1, whilet,fn' the F2 ove~ominance was 

,. ... 1/2 V' 
(Hl/n) >1. Hayman (1957) reported that observed for aIl ch~racters 

,., .... 1/2 • 
the ~easure of degree of domlnanc~ (Hl/D) may be ,either'lncreased 

or decreased; the particular combination of dlsper~ion and uni-
, ;q 

directiona! dominance as we!l as the exi~tence of epistatic e!\~ts 

I! .... 1/2 .r . 
'inflates'(Hl/D) seriously and may easily turn partial dominance 

\. 
into apparent over-dominance. In this study th~as true, and the 

remova1 of ep1static parents (1, 2 and 6) for lODO-grain weight,ip 

1 
~he FI generation changed the degree o! dominance from over-dominance 

to partia~ dominance. 
\ . 

The s~e situation o~curr,ed with oi~ per cent" 

in the F2 generation. This illustrates the extent to wfrtch non-

,al1elie genie interaction'can inflate this estimate of degree of , , 

dominance and ~phasizes the importance of a preliminary test with 

Hayman (1957) reported ~hat '(Hl/D)1/2 can a1so be 

-

\ 
\ 1 

\ 

·1 
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J 

computed from epistatic d1allels, bùt.it 1s not certa1n.what it 

measures and it must be called the~apparent degree of dôm1nance. 

The 'ratio H2/4 Hl provides an estimate of the average 

frequency of negative (u) versus positive (v) alleles (at loci 
" 

exhibiting ~ominance) 
~ 1\ ''. 

in thè parents with a maximum value of 0.25 
NO '. when the positive and neg~tive a~leles are equally distributed in the 

parents. Estimates or uv in the present study showed that for p~otein , 

per cent, oil per cent, hull"per cent and number of grains per panicle 
\ 

the parents generally had an'~qual distribution of alleles at 'those 
1 

loci that exbibit dominance, "while for the other characters the 

parents probably had an unequ~ distribution of aIleles. These 

results agree with the previously d1scussed situation of the 
...... ... 

relativel~ close Hl and H2 v~ues and the low F estimates for tne 

characters protein per cent, oil per'cent, hull per cent and number 

of grains per panicle, which ind1cates an equal distribution of 

1 

alleles, in the parents. A1so~ these results'of gene correlation 

could exp~a1n part of the failure of the additiVRLdominance model 
,1 

showed by the analysis of Wr - V~ and the regression of Wr on Vr f6r 

some characters in this stùdy (~ab~e 3). 
, ., 

~. , 

Another parame ter that g ves a fairly'good indication of tfie 

equ~ity of distribution amang he parental cultivars of.doœinant 

versus recessive ge,nes i.s the ri tio [(4ÔHI)~/2 + F]/[(4nHl)1/2 - Fl. 
The value of th1s ratio was gr~ater than 1 for aIl characters in both 

generations, except protein peJ c~nt, plant h~ig~and number of 
1 

1 
l, 
1· 
1 

-

1 
i 

1 

, , 1 

f 
l , 

1 
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grains per panicle in the Fl gener'ation, where their values verel' less 

than 1. These results indica~ more dominant than recessive genes 
r J. 

among the parents for all characters except protein per cent. plant 

height and number of 'grains p~r panicle in thf Fl generation where 

mbre recessive th(n d~inant alleles were obsèrved in the parenrs. 
... 

The negative values of the r component (Table 7) for these three 

tharacters in the Fl generation and !the positive values of the F 
component for the other characters support this conclusion. Since 

... ' , 

the F components for protein content and number of grains per 

paniele in the FI generation were statistica~ly non'Bignificant~ onè 

can perhaps concl,ude also that the dominant and recessive a!leles for 
o 

these characters are equal in the parents. 

,. ... 

The ratio h2/H2 estima tes the number of genes (K) or groups of 

l1nked genes showing some degree of dO!Jdnance. This estimate will 'be " 

under-estimated if the dominance effects of the genes affecting the 

character are net equal in si~e and direction, or if the distribution 

of th~ genes is correlated. :En the present invest1gation~' two genes .. 
, , 

!or groups of linked genes ~ontrol1ed heading date, number of p~icles 

per plant and lOOO-.rain weight, and at least one gene or group of 

linked genes appeared td control the other charàcters, since the 

1 
-assumptions associated with the formula of gene number are severa! 1 

ONright, 1968). Many of these assumptions do not hold in mast cases, 
Ir .-

which results in a downward bias in the ~ene number estimate. One 

feels that what appea~ed to be a small number of genes involved'in the 

, 1 

~ 

, -

. \ 



" ' 

" , 

p' 

/ 

85 
, . , . 

• 
inheritance of thes~ characters, particularly grain yield, actua1ly 

, , 
may be due ta a large number of genes linked in blacks on a small 
~. . 

number of chromosomes, which would give the impression of simple , 

inheritanee. Sim1lar résults were obta+ned by severa! warkers in oats 

(Campbell and Frey, 1972; Sampson and Tarumoto, 1976). 

In general, resu1ts from this analysis, indieated that the 

genetie variation for al1 eharacters was mainly additive with a minor 

and unstab1e raIe of dominance effects. The genera11y high additive~' 

variance revea1ed l: both the Griffing and Jinks-Hayman anal~ses 

indieates, that the usual practice of choosing parents phenotypica11y 

and mating the .,best with the best will conÜnue ta give substantial 

progresse However, with characters such as he~ding date, n~bers of 

panicles per plant and IOOO-grain weight, which appear-to'be affected 
~, 

,by epistasis or gene correlation or both, a more comp1ex breeding 
. 

scheme, such as choosing parents by progeny testing, will be necessary' 

to achieve maximum ge~etic advance in oats. 

Final1y," we shou1d emphasize here].again that throughout this 
A A ~, .... 

study we were investigating a given set of genotypes. The D, Hlt' H2, 

1 

etc., from this e~er1ment characterize only those genotypes invo1ved 

in the present study. We do not try, for inte~ ta try, to in~er 

'properties of any population fram which these genotypes might have 

~een selected. Furth~rmore, the ~tandard errors of the genetieal 

components in the present -study arise. frlo~ s~ling the environment 
1 

.1 
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and also from sampling tpe 'Segregation in the F2. families. These 

errora do not measure possible variatio~ due to sampling the 

'genotypes from 80y hypothetie~l genetieal population pool. 

1.4 Graphieal ~alysi8 

'86 

The adequacy of a simple additive-dominànce model with additive 
• 1 

. environmental effects was tested'" by two different tests: the 

heterogeneity of Wr -'Vr ~d the, regression of Wr on Vr (b Wr/Vr ). 

The gr~phieal analysie, irl general, provides information on thr~e main 

points ~ther and ,Jinks, ~911). 

/. . 
l.--It supplies a test ôf adequacy of the genetieal model. In 

the absence of non-aIle lie interaction and with 1ndependent distribu-

tion of the genes among the par~tal inbreds, Wr is related to Vr by a 

st~aight regression line of unit slope (b Wr/Vr - 1). As the 

regression of Wr on Vr agrees with a slope of one, the gene system can 

be deduced i to be additive without the complication of gene interaction. 

2.--Given that the model is adequate. a measure of\the average 

degree of dominance is provided by the departure from the origin ,of 
• 1 

the point where the regression line cuts, the Wr axis. With: complete 
, , 

dominance. the regression line of slope b • 1 would pass through the 

origin. In the case of over-'dominance, the regx-ession line woÜ1d, cut 
, 

the 'r ~s below the origin and with partial' (incomplet~) domin~ce 
é , '" 

the line would cut the Wr axis àbove the origine If .dominance i8 

,/ 
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absent, the points would cluster about the position where the slope 

of' the parabola is +l.a 

·3.--The relative arder of points along the regression line 
'1 

indicates the distribution of dqminant and recessive genes amang the 
1 

parents. The points nearest th~ origin'stem from the arrays derived 

87 

• : {l 

from parents with the most dominant"genes and the points farthestr fro~ 

the origin stem from arrays de~ived from parents with the fewest 

'dominant genes. 

Another two points should be mentioned concerning information 

that can be obtained from the Vt , Wr values. Fir.stly, the direction. 
1 

of do~,e; the re~tive value)~ of Wr + Vr over arrays indicate the 

relative mber of dominant ta r~eessive alleles in the çommon parents 
J 

of fh~ arrays. By comparing th~'Wr +,Vr value for each array with 
/ ' 

/ 

the mean of the common parent"~' i.e., c01l1paring Wri + Vri 'with Pit we 
t'// 

can see whether the distribution of dominant ta recessive allele~-is 
, 1 • i \ ... 

correlated with the phenofypes of the common parent. This correlatioJ;1 

" i will be neg~tive if the ~arents with ai''high scare,'-i.e., thase 
;- , 
\ ' 

containing the most incre~ing gene,s, have the lowest values of 
\ 

W~i .+ 'Vri. i.e •• contain ~ost dominant- genea, and positi*e if the )\ 

reverse ls true. Bence, we can deduee whether or not the increasing 

or decreasing alleles are dominant alleles. Se,candly, the Vr , Wr 

a ~ ) . 
,For a detailed éXplanation af graphiea! analysis see Bayman 

(1954), Jinks (l954) <and/or Jinks (1955). 
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graph could be used to deteet the residual heterozygosity in the 

parents. The regression Vr,Wrgraph is a scatter about a line·of unit 

slope, points above the I1ne correspondirtg to heterozygous parents and 

those below the line to Inbred parents (Ha~an, 1954). 

f 

The graphical analysis for per c~nt protein ~n ~he Fl genera­

tion (Figure 2A) shows that the regressi;n line is significantly belm-1 

'I 
the unit slope (b = 0.65), 'indieating epistasis and/or-genetie 

correlation effects. -Thus, the additive variance should be considered 

somewhat 1ess than the values presen t'ed in Table t, sinee the deviation . 
of the regression from unlty cou1d be due, at least partlY"to 

epistasis. The same-applles to variance components and heritabi1ity 

estimates presented later on. Exc~uding parent 3 (Ajax)~ which 

eontributes to non-al1e1ic interaction (the lowest Wr - Vr value, 

Append~x ~ab1e 1~ removed such effect and the r~gressi~n 1ine 
. 

(Figure 2B), became non-signifieant1y differ~nt from 1 (b = 0.89). The 

regression lines in Figure 2A and B intercept the Wr axis above the 

origin, indicating partial dominance. Patent 5 appears, to carry' ,the 

most dominant genes, while parent 6 carries the ~ost reces~ive genes 

on the average in this group of genotypes. In the F2 generation, the 
• h r 

slope of the regression line did not differ significantly from unit y, , ~- ~ 

indicating adequacy of the,model (Figure 3A). Although b Wr/Vr did 

not differ Sig~ficantly from 1, the position of parent 2 in Figure 3 

as well as its~1.ue of Wr - Vr (Appendix T~blé 2), indicated that' 

such a parent~would èontrib~te sorne ~pistatie effects to the genetie 

- / 
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ana1ysis. Removal of this parent 1ncreased the regress1on.co~fficient 
, -

--
fram 0.72 to 0.89 (Figure 3B). Partia~ dominance is also indicated 

~' 
'~.from the position of the regression line~ the Yr axis. The degree 

of dominance from the' graphical analysis fo.r the FZ gener,ation does 
'\' " -

not agree with that reported earlier from the J~nks-Hayman analysts 

(Table 7). However, such a confliet coulâ be due to thé effect of 

non-allelic interaction and/or gene correlatio~. P~rents 3 and 7 

possess the most'recessive a11eles, whi1e 

domin4nt than recessive a~leles i~ the F2 

the o~her parents carry more 
-~ 

generation. Parents 1 ,~d ., 
L \ /1 

seem to have dominant and re~essive genes more or 1es8 in eqUa1~ 

proportions in the two generations. The direction of dominance for 
\ 

aIl characters will be 
. ~ 

; \ 
di8cussed later in the section dealing with " 1 

predictions concerning future generations. \ 
\ 

" The regress10n Une 1n ~he Vr , Wr graph .for 011 per cent in tH~ 
-----------. ~ \ 

FI generation (Fi~re 4) 18 approximat~~~ slope (h ~ 1.11),' 

------------------.. 1ndicating no epistasis. The position of the regress10n lin~above 

" 

1 __________ 

1 -----,--
the'origin, indicating partial dominance. , - Ariay 4, with its small ---

Wr • Vr value, has the greatest excess of dominant aIle les , while 
'. ~ 

array8 ~ and 7 seem-e~ -carry most of the recessive alleles. In the 
, , 

F2 generatiop, although the regression 1ine in the Vr' Yr graph 1s 
, ' -

close ~o un~ty (b • 0.92) and does not differ s1gnificaqtly fram_ the 
, . 

unit S'lape, the analysis of Wr - Vr (Table .'3) indicated failure ~f 

some of the asSumptiOn8 required for the genetic arialYBiB. The 

epistati~ parent o~rParents in the pr,sent case are got eaey to define 
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aince aIl parents liè along the re~ress:f,.on' line (Figure SA) and their 

W;: ... Vr . values (Appendix Table 4) are close to each other. We
a 
tried 

al1 pos'si~le combinat1ons of analys~ to define the epi~tatic parents. , 

The r'esults indicated that exclu<ting parént 7 improved b Wr/Vr from 

0.9>2 to 0.98 (not 8hown~ but did not corrèct the failure indicated by, 

the Wr - Vr test. Also, eliminating this parent resulted in lower 

a'\4iti ve genetie variance and \~ncreased the ~ominance variance. Such . . 
a situation i8 hard to accept because the Wr/Vr test "cannot detect " . , .-. , '" 
epistasis in the ~resence of gene correlation (Hayman, 1954; Soko! and 

, 
Baker, 19?7) ànd elimination of ,the episl=adc parentes) should result 

i in increasing the additive genetie var~anee, a situation which does . 

. ' 

not exist in this case. Although the el:imination of parent 2 ieduced 

the Wr , ,Vr regress1-on coefficient' trom 0,.92 to 0"'.85 (Figure SB), and 
. 

this value was not s1gnificantIy different from b • IL it impro~d the 

~ Wr-Vr test (Table 3) slightly ~O.05) anq incre~ed the additive 

genetie variance. one strongly believes that such failure of the 

assumptions of the genetical ~dei ia due not only to epi~tasis, but 

aIso ta othér factors such as gene correlation or unequal gene dis-
! ' 

tribu ion,in the parents. Partial dominance' was indicated from çhe 
, . 

graphi!cal analysis b.y the position of the regression line above the 

origine These reBults confirmed those indieated earlier from 
'r 

'" '" 1/2 (HI!D) in Table 7, espec1ally 
1 

after eliminating parent 2. Parents 

4 and 7 maintained their positions in the two graphs (Figure SA, B) 

with par~nt 4 carrying oost of the dominant "àlleles and parent 7 

carrying the mast recessive ones. This trend was almost the same i~ 
> \'f 

the Flgene:r:ation • 
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~gure_6A and B shows a gr~ph{cal ana1ys~s'of the F.l and F2 

data f~r hull per cent, based on an 8 x 8 dialIe1 (28 crosses + 's 

parents). The regresslon lines in the FI data (b - 0.73) and F2 data 
1 

" ~ " 

(0.6&) did not differ significantly from 1, in'di,cating no ep1stasis. 

Bath regre!iJ,sion 'lines (Figure 6A and B)' showed parfiial dominance, and 
, • 1 

\ ... "1/2 
conf1rmed the result of (Bl/D) in Table 7 for the FI generation 

but not for the F2' From the 10w b Wr/Vr value in the F2 and fro~ the 

distribution of the parents alang the~regression line (Flgure
o

6B), one 
\ r 

may predict that parent 7 contributes some epistatic effects. -This lB 
, 

, c1ear also from the value ,of \Tr - Vr fo:r 'that parent shown in Appendix 
, 

Table 5. Becauae the two tests of oassumptions ,(Table 3) for this 

charactef 'did nat show failuxé of the genetie assumptions, one migh t 
~ 

accept th~ present results, albeit with some caution. Parent 5 

appeared ta carry most of the dominant alleles in both generat1ons; 
, ' j' , 

. while parent 8 carried most of the ~ecessive genes in both generations. 
l " " l,· 

The others, except parent 4, ~a~~ 
( j 'i ~_,;;~ 

, "h 
d~nant and recesslve alleles' r 

~, 

mdre or 1e$s equa1 numbers of 

The pl~~ height Vrl Wr regression line in the Fl generation 1s 
, 

approximately of unit slope \(Figure 7) and provides a ~ood linear 
• --! 

e:xample from w~ich ta discuss the arder of dominance. " M'Uy 5, vith 

its smalI-Wr , Vr value,- has the greatest excess of dominant alleles, 

while arrays 3, 1 and 4 cari'y the most recessive ones. The 0ther 

arrays (2,6, 7 ànd,8) lie close t9 each other and are quite far from 
, 

the origin, indicating more recessive than domin~t a1leles in these 

l, 

1 
<j 
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parents. Partial dominance was also indicated and these agree with 

those obtained from the Jinks-Hayman (1953) analysis (Table 7). 

" ~ 
Arrays 5 and 6 had the lowest ,and highest Wr -\Vr values (Appendix 

Table 7) and deviated significantly from the reiression linè' in:th~, 
',.,= 

F2 generation (Figure SA and' B)~ but the regression line d1d not 

differ significantly fram mit slope (b - 0.87), while the Wr - Vr , 

test indicated failure of some of the underlying ass!JIIIPtions (Table 3) •• 

Exclus~on of these two arrays from the analysis ~mproved the b Wr/Vr 

value (Figurè 8B) and eorrected the fai~ure whic~ appeared in the 
, 

Wr - Vr test. This suggests that two such parents' contribute 1;0 

non-allelie interaction, probably of the complementary type. Such 

interaction tends ta move the regression Une to the r1ght (as in 

increasing dominance) and to drop its tllope below the expeéted value 

of un1ty. . Partial dominance was indicated in both,_ graphs' but these 

Il 
results diaagree with those report'ed earlier in Table 7.' Parent 7 

oceupied the far end of the regression 1ine in bath graphe (Figure 8A 

and B), indic,ating more recesai ve alle1es,' while tlie epistatic parents 

5 and 6 carried the most dominant genes in Figure 8A, and parents 2 

'and 1 had the mast dominant genes after eliminating the epistat,ic 

parents (Figure 8B). 
~. 

Reading date showed significant deviation' of the assumptions 

underlying the genetie analysie in the Fl and F2 generations, as 

indieated from their signifieant Wr - Vr arrays F values (Table 3). 

Although the regress10n 1ine for the FI generation (Figure 9A) wall!. 
. " 

• 
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almost of unit slope (b· 0.99)t the anaiysis of Wr - Vr test did not 

agree with that from the re~fl!Bsion Hne. Human (1963) reported that 

if Wr - Vr is not cons;f.stent, a situation occurring in the present 

study for heading date t at least one of the à8sumptions of the model 

must be relaxed. He defined the epistatic arr_ay as that which causes 

inconsistèncy injthe qualAtity WI' - Vr . Parent 5 had a relatively high" 

Wr - Vr value (Appendix Table 8), suggesting non~allelic interaction. 

Exclusion of this array (Figure 9B) hom the analysis improved bath 

the regression Une (b .. 1.04) and the Wr - VI' test, and the simple ,. . 
model became. adequate. , The regression lines in Figure 9A and B' .eut 

,the Wr axis above the origin, indicating paz:tial dominance and 

- supported results obtained from the Jinks-Hayman analysis (Table 7). 

Parents 2 and 8 appear to ~ave the most dominant alle1es, while 

,parents 6 and 7 have the most recessive aIle les on the average in the 

present group of genotypes. Other parents have more. dominant than 

lieee~sive genes and lie near the origin. In the F2 generation, both 

tests of assumpt10ns required for the genetie analysis indieated laek 

Qof one or more of these assumptions (Table 3). Eliminating parents 3 

aIJ,d 7, which had' the highest and lowest Wr - V~ values respectively 

(APpendi~ Tabl~), improve~ only the regression 

not the Wr -: Vr ~ In such a case, one might 
, 

Une Cb - 0.84), but 

conclude that such a 

charaeter in 1 the F2 generation 1s influenced not on1y by the effect 

" " 

of epistasis, but also by other factors such as gene correlation. 
, A A 

, Th,1s, was indicated from the l~ values of H2 /4 Hl in Table 7, _ 

suggesting the presance of gene correlation. The 'regression ldnes 
.' i , 
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l 
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1 

(Figure 19 A and B) indieated 1?artial dominance for this character ;Ln 

the F2 generation. Parent 2 had the most dominant aUeles, while ' 

parent 5 oad the most reeessive ones. 

, 1 Figure 11 shows a graphieal analysis of the Fl (A) and F2 (B) 

-
for grain yield per plant from an 8-parent dial~el cross. Regression 

, . 
coefficients differed signific·antly from zero, but not from unit y , ' 

\ 

indieating validity of the genetic assumptions' in both -generations. 
" "1 

Partial dominance was indicated in the 'FwO generatioilll from the 

position of the reg~ession lines on the Wr axis. Array 5 had the 

lowest V r, Wr values in both generations, indicating more gominan t 

alleles, while array 1 had the most recessive alleles in. the Fl and" 

r~ked the second highest parent carrying recessive genes in the Fl, 
, D - ~ 

precede;d by array 7. Oth~r parents 1ay between the two extreme points -

on the regression lines, having dominant and recessive genes more or 

less in equal proportions. 

The slope of the tegression 1ine for the yield comporrent, 

number of panicles per plant in the FI generation, is signifioantly 

belm,r unit slope (b = 0.51), suggesting that significant interactions 

of some arrays (epistasis) and/dr'major environmental eomponen~s of 

-
variation are present. Also, the parents vary considerably about the 

regression liIJ.e (Figure l2A), particularly par'ent 6. Exclusion of 

this parent; which a1so had the lowest Wr - Vr value, (Appendix TaJle Il), 

from the a~alysis improved b Wr/Vr (Figure l2B), and a simp~el 
• 

became ad~quate.~ The regression lines passed above the origin, ., 

.. 
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1 ~ 
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lndicating partial dominance and these results were in agreement with 
1\ 

',those reported e51rlier (Table 7). Parents 5 and 1 7 maintained their 

pos1ti:ons in bath 'graphs, with pàrent 5 carrying the 'most dominant 

alleles and parent 7 carrying the most recessive ones. Other paren~ 

particularly after correct1ng for thè ep~stat1c effect (Figure 12B), 
, 

had more dominlmt than recessive genes. In th'e F2 generation , 

(Figure l3Al, the regression coefficient differ~d signif,icantly from 

unit slope Cb • 0.56), as shawn in Fig~re 13A. Although aIl parents 

were close to the regression Hne, parents 1 and 7 sh<;JWed the. highest 
c 

and lowest Wr - Vr values (Appendix Table 12), suggesting non-allelic 
1 

interaction. Omitting ~hese t'Wo parents improvep the graphieal 
p 

relationship (b • 1.15", Figure 13B)., and removed the failure 'of the 
. 

assump tions required for, thé genetie analysis. ' Over-domina11ce is, 

SQOWO in Figure 13B, from the negative inte~cept of the regression 

line with the Wr aXis. These results are &0 in full agreement with 
o 7 

those reported earlier from the-Jinks-Rayman analysts (Table 7). The 

order of points along the regresS.ion, line d'ffers in Figure 13A and B; 

although parent 3 maint~ned its 'position, p~ents 4 and 6 changed 
• <IJ ~~ 

places in the two graphs 1 JhiS, difference of order may be a refleetion 

of the epistatic effeets of parents 1 and 7, ar it may be that too 

~ch importance/cannat be attached ta the finer details of arder of 

points aIong the line. 

The second yield component, numbe.r of grains per paniele, 
, , 

appeared to satisfy aIl the genetical assumptiona in both generations 

,,- """ 

Il 
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1 
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without the complications of the non-allelie interaction. ,The Vn Wr 
l' , 

graphs show regre sion Unes with a slop, not significantly different 

from l (F~g&e-14A, regress10n 11ne intercep~s the Wr axis 

above the orig1n in generation, auggesting partial. cfomiri;nce, 
, -

while it intercepta th Wr axis below the orig1n, indicat1ng o~er-
.I~ ,,- '" dominance in the Fl generati.pn. 

'1 
Results from the. graphiea! analys!s 

wer~ 1n full agreement w1th that foUn~ earlier from the J1nks-Hayman 

analysis (Table 7), f,or both generations.. The arder of parents~ along . ' 
the régression 1ines differs' froln the Fl to the F2 generatlon'. Suc.h - , 

differences :'n order mB.y be due, in part', ta genèti'c{ segregation 

and/or, gene linkage in th~ F2 géneration. AJ,.though ~arents 5 and 1 
of 

had a!most the same o,rder in both generations, with parent 

most of the ,dominant al1eles and parent ,1 carrying mos:\'f 

5 carrying 

the 

rece~sive alleles, parents 8 and 6 changed tlleir order along the 
., 

regression 1ine according to the generation inyolved. 

The 0 ~lppe. of the regression ,Une' (1'i-gure 15A) for' the third 

• 
yield camponent, IOOQ-grain weight in the F} generation, is . . . 

" 
1 sign1fkantly beiow unit Blope (h .',0.01), indicating epistasis " 
,~ ,f • 

and/or gene correlation. EXcluding the parents _'~ontrlbu~ing to 

non:-a11elic \ interaction (parents 1, ,2 and '6) improved the' b Wr/Vr 
• 0 

value (Figure lSB),. Partial dominanèe is indicated frollÎ the position 
. 

oL the r~gress1on Une above the origin, and it 18 c1e4r that pat'ent 7 

wi"th its low Vr , Wr carrles 1II0~t domin~t a11e1e8, while pa~ent 3 
, " 

(after corre'cdng for ep.istatic· effect~) had the mosti recessive 
- ,1 
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alleles, The same failure'of the assumptions required for the 

genetical ~del was observe,d ;ln the Fi generation (Figure l6A). The 
l ' 

regression Une differed' significantly from unit dOlle Cb = 
fi • , 

0.45), 

~nd eliminating the epistatic parents .<1, 2 and 6) resulted in a 
. , 

regression,line ~o~ significantly different from 1 (Figure l6B). The 

regression line euts the W axis near'the origin, i~dicating partial 
1 r 

or near complete qominance. The ordet of parents along the regression 

line differed significantly from that in the Fl generation and was 

almost in comPlete contrast. Because lOOO-grain weight was the 
• 

character in the present study most affected by non-allelie inter-

action and/or gene correlation, as indicatea in Tables. 3 and 7, and ,. . 

beeause of the high environmental in~luence on this character, one 

, :"might conclu de that too much importance cannat be attached to the 

finet details of order of dominance along the regression line. Also f 

the interpretation of the genetie eomponents and/ot ratios for this 

~haracter should be treated with care, at least with the genotypes 
1 

involv~d in the present study. Sueh a conclusion ia in full agreement 

with tqat reported by Sampson and Tarumoto (1976) in oats. 1 

2. Variance components, h~ritability 
and gen~tic advances 

1 

Quantitative characters aJe eontrolled by'both genetic and . ' 
envir~nmental effects., The genetie effects are due to breeding value . 
(add~tive)t do~ce, and epistatic effects. The breedîng value of 

an individual for a glvea trait'~ the sua of. the averag~ effects of 

.) , 

1 , 1 

! 
1 

~ 
1 

, 
\ 
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the genes it carries, the summation being 'made over th~ pair of 
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a11eles -at each locus and over aIl loci (Falconer,. 1967) •. Dominance 

deviatioo, or the intra-allelie interaction, is the interaction 

between
o
allg1es at the same locus while epistatie deviation, or the 

inter-alleli~ interaction, ia the interaction between al1~les at 
• 

1 

different loci • 
... , 

Selection in a given population is b.ssed on the phenotype of 

~ndivtduals, while oo1y a portion of the phenotypie value is, trans-
:' , -

mitte4 ":t~. the following genera1:jion. A phenotype reBults Trom a 
\, ,.. ~ .. 

pattern o~ deve10pment directed by a ge~otype and conditioned by , 

environment. Thus, it is of primary importance for the plant breeder 
, . ) 

to know, the relative magnitudes of the different) components of the 

phenotypie value. Additive and non-~dditive variance estimates, 

together with genetie, environmental, and phenotypic variancé , 
1 

estimates, calculated in the '1 and '2 ,generatio~s for nine characters 

in the present study, are ~hown, in Tables 8 and 9, respeétiye1y. 

These estimates we~e calculated by two different methods as described 
l ' 

ear1ier: .from the Griffing'a (1956b) analysis as described by 

Kempt;horne and Curnow (1961), and fram tlle Jinks-Hayman (1953) 

analrsis as, deacribed by CrumpacIœr and Allard (1962). Theae two 
1 

, - .. 
methods of ealeu1ation are dpsignated as method A and method B, 

reapectively, in Tab'les 8 and 9. Estimates of the additi.zve genetie 
. 

variance calculated by the Griffing 1 s analysis CMetbod A) were higher 
'-

than the corre~ponding non-addi t1 ve genetie variance for aU 

II 

, 
,. 
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TABLE 8. Estimates of tpe-variance components for 9 characters in oats based on two d1fferent methods of 
ealeulation in the FI generation 

Cha~acter Base§ a 2 0 2 t 2 . 2. t . 0 2 a2 t - 0 2 0 2 t 0 2 0 2 t A A aNA aNA G G E E P . P 

Rrote1n per cent XA) 2.90 0.25 3.15 0.22 3.37 
OU 0.90 1.04" 0.70 '0.57 1.60 1.61 0.78. 0.82 2.38 2.43 

Oi1 per cent (A) 1.40 0.03 1.43 0.05 1.4.8 
(a) 0.87 -0.09-0 0.87 0.18 ' 1.06 

HU11 per cen t (A) 2.38 0.29 2.67 0.33 3.00 
-l, (B) 0.87 0.60 1.47 1.31 2.78 

P1~t height (A) 337;12 /' 7.47 345.19 4.61 349.80 
(B) 76.02 -- 86.53 ~ 162.55 17.03 179.58 

" 
Reading "date (A) 14.38 2.09 16.47 0.48 - ' 16.95 

(i) 10.98 12.8-3 0.51 -1.07-0 11.49 12.83 L94 1.72 13.43 14.55 

,~ 

~ ~ ~-y ....... ::' ' r~'" f!~~ 

, 
~ 

"\ 

Grain yie1d/p1ant (A)' 2.86 1.02 3.88 0.87 4.75 
. f.,. (B) 2.'23 0.01 2.24 3.69 5.93 '~ 

No.of panteles/plant (A) 0.38 0.12 0.50 0.34 0.84 
(8) 1.15 1.06 -O. 74 ... 0 -O.4~ 1.15 1 .. 06 1.60' 1.28 2.15 2.34 

No.of grains/panic1e (A) 129.22 \ 15.73 144.95 10.83 155.78 L, 

(B) 51.21 26.39 , 1 '. 77 .60 40.19 117.79 

1000-grain weight- (A) 5.32 2.49, i.81 0.51 8,,32 
(B) 1:21 2.52 3.22 -0.36=0 4.43 2.52 3.16 2.72 7.59 5.24 

§ À an~.B are the variance components estimates caicu1ated from Griff1ng's and Jinks-RaYmSn dialle~ 
analyses. resp~ctive1y. 

~) 
! , 

t Estimates after omitt1ng the ep1static parentes). .... 
- Not ealeulated. .... 

~ 
~ 

\, 
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;" 
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TABLE 9 ~ Estimatel\' of the variance components for 9 characters in oats based on two different methods of 

i'" 

" j; 

1 • 
t 
-\ 

t i , 

'/ ' 
, (; 

- \ 

Character 

Prote~n per cent 

O~l per cent 

Hull per cent 

Plant height 

'r"j Beading date 
- \ 

~ra1n y.!e1d/l>1allt 

\.:~l No.of pan~c1es/p'lant 
. ( 

t 
No.of gr~s/panicle 

1000-grain w~!ghf 

Base§. 

'(A) 
(B) 

(A) 
(B) 

(A) 
(B) 

(A) 
. (B) 

(A) 
(B) 

(A) 
(B) 

(A) 
(B) 

(A) 
(B) 

calculat~on ~n the F2 generatioa ~ 

a2 ,- 2 t 2 
aiAt 2 a2 t d 2 a 2 t a 2 

A / 
a A aNA . , a

G G E E p 

1.96 "" 0.32 2.28 0,.18 2.46 
0.93 " 0.95 - 1. 88 0.67. 2.55 

0.98 0.21 1.19 0.04 :1.:23 
0.87 1.02 0.43 . 0.45 J 1;30 1.47 0.14 0.14 1.44 

1.22 0.29 
.. 

~ 1.51 0.38 1.89 
0.84- ~ 1.60 2.44 1.41 3.85 . 

243.44./: - . 19.13 262.57 7.57 270.14 
73.58 36.90 199.45 22.34 273.03 . 59.24 26.80 Z~"2-99.8J 

I~~ 
15:08 5.71 

\ 

20.79 ! 
1.13 . :.. ;·_~t·' "1.92 - ' 

10.48 1l.4à 25.07 16.§4 35.55 28.,12 3.94 .51' 39.49 

2.28 0.59 2.87 1.0~ 3.92 
2.07 \ 1.38 3.45 . 4.3 ~ 7.77 

1.94 0.42 - 2.36 0.,35 2.71 
1.13 0.63 0.88 -0.28-0 2.01 0.63 1.67 1.68 3.68 

45.14 28.96 .~ 74.10 12.84 86.94 
49.73 93.20 142.93 46.12 189.05 

.; 
2.78 1.25 4.03 0.59 4.62 

a 2 t p 

1.61 

82.24 

31.63 

1.31 

~ 

. '.' , ;:- .... ~, .. 

,.-

( 

1 

(A) 
(D) 1.35 _ .,2.46 4.54 2.74 , 5.89 5.2Q 2.6Q 2.99 8.49 8.19 4 

1 
c f 

1 
1 

J 

§ A and B are the variance componen't estimates calculated from Griffing' s and Jinks-Hayman dial1e1 
analyses, respect! ve1y. 'il ' 

t Estimates after omitting th~ ep+static parentes). 

- Not ca1culateJ;-
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.. ' 

character~-1n both generations. The same trend was observed with the 

Jinks-~an ,analysis (method B) for a11 characters '1 except for plan~ 
i 

height and\lOOQ-grain we~ght in the Fl generation, and' for hull per 
-, " , "~~'-li-

~ ,\.- " .. 
cent, plant height, heading date, number of grains per paniele, and 1 
lOOO-grain weight in the F2 generation. 

It should be emphasized that the eomponents in Tables 8 and '9 

were calculafed assumipg no epistatie effects. In tbe presence of 

.... 2 ' 
epistasis, the expectation for Ogea would be (Metzinger and Kempthorne, 

, 1956);\ 

• â
2 

_ 

, gea 1/2 ,âi + 1/4 âk + 1/8 âk 
p 

and suCh 'a situation would result in different variance' component 

eséimates from those mentioned in Table 1. 
l ' ~ , ... 

assumption was tested rough:ly bhrough, th!,! graphieal ana sis, bearing 
, 1 .'. • 

in mind its lim1tat~ons. Nsssar (1965) showed through e uter 
~, , 

aimula,iqn that eorrelated gene distribution.results in. the regression 

of Wr ~ Vr bei~g ~os~ consistently less than ,tmity :nd t~e inter-
" 

cept on the Wr axis predominantly below the origin, thus simulating 

the presence of epistasis and overdom!nance, respectively. The 

se:riousness of such a si,tuatiqn inc~easeB with a decreasing nmnber of 

parents. Elimination of the parentes) eont~b~ting to non-àllelie \ 
interaction resulted in higher additive genetic v~~s th~ non- . ~ 
additive in bath generations (Tables 8 and 9). Moreover, el1m:f.nation, 

of the epistatic parents r~su1tèd in negative est~tes of the non- ~,' 
f· 1 

additive variance components for heading date, number of panieles per 

1./ 
o 

.. . ;. 
> 
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plant and lOOO~rain weight in the FI generation, ànd for number of 
l' 

panicles per plant in the· F2 generation. 
-cf' 

1hese negative estimates of 
• 

the non-additive ,genetie variance were reasonably eonsidered to be 

zero. ru 

1 

Genetic variance estimates in the FI ana F2 generation were 

higher than the environmental estimates for aIl characters based on 

the two methods of calculation, except for,gr~p yield in the F2 
- . 

gener~t on. TQis indicates that the genetic variance component 
, , 

o., 
comprises the major proportion of the phenotypie variance component 

..... 
for al.l characters involved in the present"investigation, and suggests 

that a genetie improvement for these, characters in early generations 

should be effeètive. However, for characters s~owin~ epistatic 

effects, 
~ 

sucb a conclusion should be taken with more caution. 

( 
Phenotypic variance estimates, as weIl as gene'tic and environ-

mental variance estim"tes, ~ed aceording. t;o the method of 

e8t~tion and the gen?ration ~lved: In the FI ~enerat1on. 
phenotypie~ariance eomponents calculated by the Griffing's analysis 

(method A) were relatively higher than those ealculated by the Jinks­

Barman 'analysie (method B) for al1 characters, ex~ept for grain yield 
" .-- 1 • • 

j1er p1ant and number of panieles per.plant. In the F2 g-:neration, 
<~ 

the se~ond method resulted in higher phenotypie variance estimates 

~than the first one with aIl characters. Although such differences 

existed oetween the two methQds of variance component estimates' in . 
the FI and FZ generations, trey'had, in general, the same order for 

" , 
1 

," ,, .. -, 

, . 

, , 

p, ' • 
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"-~"""'\~,ll chara::~TS in both generations, with ~ant height having the 

h~est (stimates and ail per eent and numbér of panieles per plant 

.havi~j loweet eeUmat.e' 

! • 

Progress under selection breeding programs depends on: 
" 

(a) the màgnitude of the genetie variation in the population;' and~~ 

(b) the extent-to which this V~riation is responsible fo~ the 

phenotypic variation. lt would be interesting for the plant breeder 

to compare the characters with lrespect to (a) and (h), -as weIl as to 

(c) th~resu1t1ng expected genetic-advance from selection, and 
~ Ji 

(d) the sensitivity to environmental changes. These are uSua1ly 

. estima;ed by: aa; H - aa/cr~, Gs • K.crpH, ~d crâE' respectively. 

~'refers to heritability in the broad senae,l and descrihes the , 

l , 

proportion of phenotypi.c variance caused by genetie differences. 

a~ represents the sum of ~~ an? ai. Ga ia referred to as expeeted 

genetie advance fram selection, with K assuming different values, 

'depending on the pereentage of the popu:lation seleeted (e.g., for 5% 
<;JI 

K - 2.06). Since characters diffeT' in their mean values àl;td sc,ales 

of measu.ment, (a) and~{c) will be expressed as: 
\ 

r;;r-
~ xlOO 

X 

G 
and --!.. x 100 

X 

, 1 \ , 
This appliea oqly to selection ~g ssxua11y propagated 

, clones-or! homozysous gen0tn?es. In the case of segregating popula--: 
tions, the advance fTom sel~ction as well as the cboice of the 
breeding schemes- depends on the re~ative magnitude of'the eomponen~s 
of a~ ~~ one, ~,o~er B;Jid te:> '?,~'. . " / 

f ,~ \ 

- ;- ...... _- '''''''''-~''''_.''\'''-----''' 
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prior to co~arisons and referred to here, for convenienee, as 

"genetic coefficient of variation" (GCV) ,(Burton, 1952; Johnson et al., 

1955) and "relative genetie advanee from selection" (RG ). 
B 

Estimates of heritability percentages, G , RG ; and GCV for s s 

nine characters in oats in the F} and F2 generatiotfii are presented • 

in Tables 10 and Il, respeetively. In'general, heritability estimates 

, 1 

calculated from the Grif~~ng's analysis are higher than those fr9m the 

Jinks-Hayman analysis ... Broad sense heritability estimates .are 

higher than the' corresponding narrow sense esttmates for aIl 

dharacters in both generations, except for oil per cent, grain 

aiso 
1 

Lld. 
and number of panieles per pl~t in the FI g~~eration where broad and 

narroW sense heritabi'litY est~ma~es were equa}., as èa1cu1at~d fr~~. 
. . 

method,B. This is due to t~ 'high additive genetie variance or the 

very low non-additive geneti~jvariance involved in the inh~ritanee of 

these characters as shown in ~ble 8. ;A1though the two methods of 

ealculation differed iÎl their heritabl1ity es~im4tes', a regular 

«pattern was observed for all characters •. Id ~nera1, oil per cent, 
1" 

plant height, heading' date, and number of grains .per pani'cle shcnted 

the highest heritability eatimates, while IOOO-grain w~i~ht and grain 

, yield had the lowest values l.n both generations. 

ii" T 

,Heri tabili ty 1a' useful for cODiparing t:rai ts as to their· 

uséfulnesè as tdds to selection. Sit;nations often arise when a plant 

breeder 'selecting for- 'a character su~ as grairi, rield has to pick a , 

limited ~er of plants fram h~s ,population, for fu~t.her px:oge~y tests'. 
.of:;'; - _~- ' .. ~ , . 
~~,' ~~ 

ht J 1 
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TAB~E 10 •. Eàtimate~f ~arraw (N.S~) and broa~ sense (B.S.) heritabilities, expeeted genetie advance from 
selection (G~), relative expec;ted genet1..c advance from selection (RGs~l,,~and- genetic coefficient of variation 

(GCV) fo~ 9 characters in oats bssed-on two different methods of calculation in the FI generation 
~_ 1 ~ ...... 

---_._~---~-- - -----o-'~ '----.--

He ri tability 
è Ga RGa GCV 

Charac~er ~Base§ N.S. B.S. \ ~_'~_ 

,- ---- f ' -----: 't t-\ t t 
, " 

1''\ 
Protein per cent (A} 86 93 3:52 25.85 

(B) 38 43 67 66 2 •. 13 2.12 '15.14 15.24 
• ----- 0 -' 1 

0i1 per cent .' (A) 95 97 2.~3 35;13 
(B) .82 82 1.7425.30 

12.54 
8.99 

17.38 , 
13.56 

9.12 

...-., 

,. 

"'-' 
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TABLE Il. Eatimatea of narrow (N.S.) and broa4,~ense (B.S.) heritab~lities. expected genetic advance from 
selection ~Gs). relativ~ expected genetic advan~e f~om sel~ction (RGs ) and genetic coefficient of variation 

(GCV) for 9 characters in oats based on two:,~ifferent methods of calculation in the F2 generation 

Character 

Protein per eent 

Oi1 per cent 

Hull per cent 

Plant b:eight o 

'" 
Heading ctate " 

Grain y.ie1d/p1ant 

No.of pan~cles/p1ant 
c, 

No.of grains/panie1e 

1000~grain we~ght 

\ § A an d B are the 
respectiv~ly. _ 

t'Estimates after 
- Not calculated. 

§ 
Base 

CA) 
CB) 

(A) 
(B) 

(A) 
CB) ~" 

1 (A) 
(B) 

CA) 
. (B). 

CA) 
CB). 

CA) -, 
(B) 

(A) 
(B) 

(A) 
CB) 

Heritability 

N.S. 

-\'q" 

80 
36 

80 
60 

q5 
22 

_ , 90 
.25 

69 
27 

58 
27 

71 
31 

52 
26 
, 
60 
16 

t 

63 

45 

36 

48 

3~'+ 

:~ Ga 
B.S_~ , 

93 
74 
97 

.90 

80. 
63-

91 
91 

95 
90 

) 73 
44, 

87 
55, 

, 85 

76 

87 
69 

t,i 
~-'t, 

,'. 
l' - -

3.00 
2.43 
2.22 

91 0 • '2.22 

2.27 
~.55 

,- - 32.84 
72 ,'..0, 32.46 

89 

48 

63 

. <.' -9-~16 
,-11~~5; .~ 

'~.:'9~8 l 

'. -~.53 

, \: ~. 95 
-2.17 

:16."33-
iLS3 -

_ J 

3:_85 -, 
4.,14 

t 

2'.78 

13.45 

10:31 

1 •. 13 

3.71 
_<If' 

RGa 

21.23 
17 .03 

32.~î 
33,Qi 

8.87 
9.95 . 

t 

43.5'6 

~. 

34.89 ~- .. 

34.92' ,l~.~~. 
15.05 
19.75 

34.38 
3-0.62-

41.84 
30.67 

33.S3 
46.38 

14.17 
15.03 

18.21 0 

17.36 " 

13.77 

GC;V 

" 

10.67 
9.61 

15.8.J 
17 .Û~ 
'4.81 
6.09 

17 .21 ~ _ 
17.77 

7;49 
10.10 

19.5p .... 
22.48 

21. 79 
20.03. 

17.84 
251:,75 

7.38 -
8.81 

estimates ca1cula-ted froin Griffing ".8 -,~d -J-:l.l1~s-Haymari dia11e1 analyses. 

omitting the ~pistati~JP~rent(s). 

" 
,J> ,..0 

(\ 

t 

19.00 

--t 

7.94 

-
~ 

9.36 

12.19 

8.46 

\&,ia. .... , -' .-..:' ""'. _.",- ~ .. 
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For ~xample, if grain 1i~ld happens to be corre1ated with &nother 

character the breeder c~ pi,ck his plants with resp~ct to this 
, <:jo 0 • 

'" 
cha~acter ràthe~ than pure1y at random, thUs,in~reasing the 

p'rob@ility of picking supet'ior genotypes. ',The charicter'with hi~ 
·f.. , 

: Ueritabi~ityl wOdd hé. more usetul in thi~J respect". Results from, the 

present'study agr~e with those of many other reports in oats (Brown 
• " ~! 

et"il •• '1974; Chae and F01;sberg~ 1975;'Johi'Ulon ând Frey. 1961; Olml . , . . '. ' 

and Patterson, 19/5; Petr ~d Frey, 19~,6; SamPS~ :and" 'Tarumoto,. '+976,') • 
-.. '- ,", ' 

l , ,~"' ' : , ,,' fi, # .. '~, 
.', ~"~ ge'nèti~ .adv8nce ~;-ODl' s~lec~ion de.p,ends on the heritability ~ 

r. ~ ,.-. '."~.I'~"":'i ,: ''''','! .. ~. l 

.~stoi1Dà.te, 'die' .~tûde of p~enotypic vàrian:c~_ 'in the popuia~.' and 
, • 0 .' _ 

the proportion selecte4. Consequent1y,.high heritabi1ity estimates,' 
, ' 0 î • J " • \ ' 

'do not imp1y p~onounced.progréss fram selection. if the phenotypic 
o 

~ariance \8 small. In order:to ~ete,imine the validity ~f selection, 
, " -~' , .. , 

\ 

,expected genetic advauce shodd b~tobt~ned. '~~eet~d genetie 

- advanee' (G ) 'and its per' ~ent of t~e mean (RG ); based on selecting 
S ' , • S ,1 ' 

, ., -L. ' 

'tbe bes~~ per cent ~or\.nine characters in the Fl, and F2 ge;nerations 
~ . 
in \lats are shown in T~les 10 and 11. , 

'Regarclless of the method of estiJDation, G and HG we-xe, iil 
, 9 8· 

" . 
general, high~r for all charàc,ters in both gen:erations w1,len calculated' 

by. Griffing' s analysis than by the Jinks-Hayman analysis. Plant 
. " 

1 .. 
An H value near 100 indicates that the phenotype 1s a good 

index· of genotypicr merit an4 that genètic ga,;l.ns can be, made easily by 
'selection t but an H value near zero indicatés, ,that the phenotype ,is a 
poor index of genotypic merit and that genetlc g~ns fram-se1ection 

°wiU be difficult (JohnsOn and Frêy, 1967).\ J ", 

", 
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height ~ ~er of grains per paniele showed the highèst ,Gs" 'values, 

\"..- . 
while 011 per eent and number of pan1eles per plant had relatively 

~ 

the ~est "valués in both generations. This does not d1.rectly imply 
• 1 

that: selection f~r .p~ant' height and n~er of grains per panicle: 
" J IJ 

'" would be more efficien,t chan for other characters in early genera-

tions, due to the fact that sucb charaéte/s differ widely in cheir 

mean values "and sca~ef of meas~re.men(~. lt 1s clear from .Tables 10 

and Il that chara~ters such as ail per cent, grain yield and number 

of panicl~s per plant, which have a relati'l7ely low Gs ' have high R~s 
" l' 

" 
values in both generations. This is due, as men tioned above, ta thé 

. ~ ~ . 
lower Mean values for these characten-l and higher heritàbllity and/or 

" 
• 1) 

~henotypic variancé. 

~e genetic coefficient of variation (Tables 10 ana Il) 
, 

differed accord2ng to the method of ca1culat~on and, in general, 

) . ' 
ail per cent, Iplant he1ght, grain yield, nUlllber of' panicles per plant 

" 

and n1,1Illber of grains per pan1cle had a relatively high ffCV. Prote'in' 
, 

per cent, hull per cent, heading date, 'and lOOO-grain weight showed 

a relatively low GCV. On the basis of the relativel~ high H, RGs 

and GCV J one might donclude that pronotnlced prog~ess should be . 
expected 'from àelection for oil per cent, plant !teight, numbèr of 
, -

paniele, per plant and number of g~ains per panielé in early genera-

dÔ1;lS. Moderate progress from selection in early generations should 
, • l' 

. l' ' 
o be expected with protein per cent, hulLper cent, heading date and 

,-. ',. grd.n yield. ""Lesa, ,Pue-tic . advané~ should be expected from 
~ ~ 

. i 

• 
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selection "in early generations. for IODO-grain weigh~. However, such 
1-

a conclusion will not ho Id for a character that ls highly affected by 

the presence of non-allelic interaction,' and more. ~omplex breeding 

procedures such as a progeny test are needed for more efficient gain 

'" 
from selection. 

In concl~sion. one can say that on the basis of the high 

additive variance revealed by both the Griffing and the ~.;inks .. Hayman \ 

analysis ~ as well as the high heritabilit~" and genetic. coefficients o,f 

;:/: . 
variÎ!tion~_ pronounç~d &.enetic improve~n~l . .in oats could be obtained

l 
- " 1 

with little or no difficulty by uslng ~he most .simple b!,eeding 

pl:'ograms, such as choosing pa;r~nts phenotypically and mating the best 

< with the best. However, with the eharacters affected seriously by 

epistasis, su ch as heading date, I).umber of panieles per plant and 

IOOD-grain weight. a more eomplex breeding program,' su ch as choosing , . 
pare~ts by progeny testing', will be neeessary to achieve', ma,ximi.nn 

genetie advance in oats. 

l t must be emphasized that this analysis gives information 

only ab;ut those gênes' wbich control "the nÜle characters involved in' 

the present investigation, and which are- segregating in this group of . 
crosses. It provides no informâtion about the genes in entirely 

diffe1:ent parents which cou Id be hrought in ta affect these 

characters, nor about any of the other characters which .may be of 
1 

impo~tance in a breeding program. 
1 . 
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3. Phenotypic. genetic and environmental 
correlations 

',- 4 
Associations between plant characters are of considerable 

value in breeding progrfDDS. When two characters are linearly 

covariated~ the !JD.derlying genetie system causing such association 

..... 
May be due to linkage or pleiotropy (Mode and Robinson, 1959). The 

125 

phenotypie correlation ~s a linear combina,tion of genetic and 

environmental correlations. However, the proportion to ~hich l1enetic 
( '1' 

and environmental '" eorrèlat;1ons p!Ske up the phenotypic ~orrelations is 

of considerable interest to the breeder. and ia variable dependiûg on 

the magnitude of the heritabilities of bath traits. 

o 

Estimates of the phenotypic, genetic, and environmental 

correlation coe-ffic1ents for nine characters in t~e FI and F2 

generations 'are shawn in Tables 12 and 13, respectively. In the FI' 

or F2 generations, the' degrees of freedom requireq" for testing the 

non-existence of phenotypic md en~ronmental correlations were 

determined by subtracting one from each of the genotypes and the 
, II· 

expèrimental error degrees ~f freedom, respectively. Although 

accurat~ tests of s;Lgnificance of the genetic correlations have not 

yet been déVe1oped, à ro~gh test' 'was used ~ de,seribed by !?yak and 

Baker (1975). In this, lD1l'thod, standard deviations of ~netic 

correl,ati~s ,wete <:-aleulated by method,s d~scrlbed by Mode ~d 

Robinson (1959)'" and a" geneUc ~~rrel~~1on wu considered to be 
, . , 

significant if its absolute value exceeded twice its standard 

dev1atibn. .. 
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--!l'ABLE--l-2-;--Plœn01:~(rp-r;-gêi1et:fc(rG), and environmental (rE) correlation coefficients amang 9 characters 
i~ the FI 1generation of an 8-parent diallel cross in oats 

Pl H di 
Grain No.of No.of 1000-

. an t ea ng 1 1 1 Character , OiU BulU h i ht d t yield pllnic1es grains grain 
e g ~ e plant pli1Ilt panic1e weight 

Protein rp (a) - -0.34 0.29 0.27 -0.57** -0.73** -0.15 -0.75** 0.15 
X rG (b) ..:.o~35 ;:0.32 0.28 -=0.59 -0.87' -0'.17 -0.78 0.18 

q (c) -D.32**. -0.03 -0.16 -0.24* -0.25* -0.10 -0.24* -0.20 
, 1 ( 

O~l rp ,-{).59~~. !} 0.46* 0.65**' 0.51~* 0.72** -0.02 0.46* ' 
X rG' -0.63" - 0.46 0.66 0.59 0.86 -0.02 0.49 

, ,rE ,-o:ï'Q 0.28** 0.35** -0.01 0.01 0.03 0.13 
,-~._ .. - _._~ ...• _~---- - ._. - -~--_ .. _. <--- - -- -~ ----_._------

Hull' rp -0.54** -0.15 .-0.53** -0.41* -0.21 
% 1"G -0.56 -0.1& -~ -0.46 -0.21 

Plant 
height 

Heading 
date ' 

t:E -0.32**' -0.04 -0.36** -0.25* -0.22* , 
rp , , ' , -0.01 0.21 0'.39* -0.19 
1"G -0.01 0.21 ~ -0.19 
Z'E 0.49** 0.32** 0.11 0.25*' 
rp 0.53** 0.40* 0.37* 
rG ' .J, Q.:2.! 0.51 0.39 
rg- .\ -0.08 -0.2,5* ___ ~Q.03 

Grain rp 0 .55** ~ 0.71** 
yieldl rG Q.49 0.74 
plantrE 0:7'5** 0"33** 
N<).of' , rp -0.14 
pan1c1esl-, ," rG -0.18 
plant: ' XE 1, 0.02 
No.of rp 
grains:. rG 
pan.!c:le_'rE _. 

-0.46* 
-0.48 
-0.24* 

0.56** 
b.58 
o.rr 
~.oo 
-0.06 
0.03 
0.14 
0.12 
0.27* 
0.32 
0.36 
0.19 

-0.27 
-0.30 
0.16 

*, *~~-Signifïc:Elnt' -at· the .05. and 0.01 pt:,0bability -l'eveU, respectively. - , 
(a) Significant values are 0.37 and 0.48 for the 0 .. 05 and 0.01 probability levels, respectively, 

for 26 dPI . l ' \ 

(b) The underlined genetie eor~elàt1on eoeffiçients differ significant1y from zero. 
(c) Significant values are 0.22 and 0.28 for the 0.05 and 0.01 probability leve1s, respeetive1y, 

for al dF. r-

, 
..... 'c 

,,-., 
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TABLE 13. Phenotypic (rp), gened.c (rG), and envi'roil.Jnental (q:) correlation coefficients amang 9 èharacters 
in the F2 generation of an 8-parent diallel cross in oats 

;,\--,--- -;lant - Headin Grain No.of No.of 1000-
Character Oil % Hull % hei ht dateS yieldl panieles! grains! grain 

g or plant plant paniele weight, 
Protein 
% 

Oi1 
% 

Hull 
% 

Plant 
height 

Heading 
date -

rp (a) -0.31 0.35 0.18 -~ -0.52** -0.55** -0.04 -0.65** 0.11 
rG (b) -0.32 .Q.dQ. 0.20 -~ - -0.63 -0.06 1-0.68 O.U 
q: (c) -0.19 -O.OS -0.26* -0.30**- ~.2l -0~09 -0.43** 0.02 
rp -0.52** 0.48** Q.72**, 0.72** 0.84** -0.05 0.33 
rG -0.51 0.48 0.74 0.84 0.93 -0.06 0:36 

-1:E -0:'06' 0.25* 0~24* o:oa Q.Oï 0.01 0.08 
. rp -0'. 38* - -0.14 - -O. 64**~ --0.51** - ------.::0.111- -----=o. 45 * 

rG ----< ':'0.42 -0.15~ ," -Q..JQ. -0 .. 69 - - ;..0.20 - - ---(f.148-
---rE ~ ~ -0.08- -0.10 O~~o- - 0.04 0~18 -0.32** 

rp O.oS - 0.li5~ 0~-47* - -- -O.10~- -O~4-9** 

rG 
X'E 
rp 
rG 
l'E 

. ' 

- 0.04 0.49 0.51 ,-0.13 0.53 
0.19 - 0":3'2** 0.11 p 0.32** Q.ï5 

0.59**- 0 .43* 0-.32-0.04 
O. 70 0 .51 O. 34 0 .05 

-0.02 -0.18 0.06 -0.04 
Grain rp t 
yieldl rG = 

0.62** 
0.62 . 

0.47* 
0.41 
0:53'** 

0.45* 
0.57 

1 _'Q."04 plant rE 
-No.of 
paniclesl 
plant 
No.of 
graiIis/ 
paniele 

rp 
rG 
rE 
rp 
rG 
l'E 

'" 0.65** 

*. ** Signifieant at the 0.05 and O.Ol'probability l~vels, rêspectively. ' 

-0.35 
-0.42 
0.12 

0.58** 
0.72 

-0.12 
-0.24 
-0.2S-' 
-0.15 

_ (a) Significant values are 0.37 and 0.48 for the·0.05 and 0.01 probability levels, 
for 2~ dF. \ 

respectively 

for 81 
~ 

(b) 
(c) 
dF. 

The underlinéd genetic correlation coefficients differ significant1y from zero. 
Significant valües arè 0~22 and 0.28 for the 0.05 and 0.01 probability. levels, respe~tively 
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"-In general, correlations in the FI generation agreed with those 
\ ' 

found in the 'F2 ,and, genetic corre14tion coefficients were higber tban 

the corresponding phenotypic c?eftic1ents in most cases" but the two 

types of correlation were si~~ar in sigu in al1 cases, ,1ndicating 

that sign~ficant phenotypic correlations were due to'genetic causes in 
1 

most associations. The envfronmental correlations 1n. the pré~ent 

study were; in most cases, lower tn magnitude than either phenotypic 

or genetic correlations, but were sim11ar in ~ign\in 'most,cases, 
, CI 1 

indicating that th~ associated characters were inf1uenced by environ~ 
" 
mental condit~ons in the same direction. Many reports from di~rent 

crops' provide evidence of the 'comparatively higher value of genotypiè 1 . , . 
"-

than phenotypic correlations (Wallace et' al., 1954, in oat~'; Dyck and , 

Baker, 1975,'in wheat; Johnson and Akse1, 1964, in>~ariey; Weber and' 

Moortqy, 1952, in soybeans). 

Proteïn--p~rcet;ltage was negativeli and signi~icantly correlated 
F'_ 

with heading,,date, grain yie1d per plant, andr<~;mb'èjt')Of grains per \ 
~ ... r '! 

~ ~~ 

",' 'paàic1e, while th'e correlation 'Coet'ficients betW-een protéin percentage 
" , 

, :~d:"the 'other chàt~~tèrs were low in magnitude and non-significant in 
, ~ 1" ~ ......,~ ~ .. ~~ '" 

" ':"-:,::,-':':&,oth generations (Tables 12 and).3). In the F2 generation, a .. ', ...... , 

t 

significant but low gen~tic correlation coefficient (0.40) was found 

between protein percentage and hull per cent. Such a relationship is 
) 

unreasonable and data fram the FI generation are more indicative. 
1 

, The, negative 1 correlation between prote1n percentage and heading date 

i8 of importance to oat breeder,s and indicates that 1t should be 

. , 
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possible to breed for an early maturing cultivar with a high I~Vèl of 
) 

gr~n protein, but since both charaeters are highly influen,ced by 

environmental conditions, and in the opposite direction, o~e.might. 

conclude that to obtain such improv~nt in protein per cent and 

heading date optimum enV1ronmental eonditions are réquired'. Frey 
.' , 

(1976) found that mast correlations reported for groat-prptein 

p~l'centage '~th heading date, in, oats; have ,beèn. small and 'non­

significant,-and in wheat, Stuber et al. (1962) repott~d that 
, Il , . , 

1 

,phenotyPic ,correlations between heac:lins date ,and grain protein content 

, were 1tigh~y, 'si~ficant but were also too ·low for prediction purposes. 

The verY: high, -~~g~tive and significant ~orrelations' between protein 
" ~ , , 
" .. -- -, 

·percentage' 11nd coth gra,in yield and its component, number of gt~ns 

per paniele, in both generations, indic~te' that selection for higher 

l~ve18 of these charaeters might not be that easy to att~n. ~evera1 

reports in oats agreed with these results (Briggle et al., 1975; 
o 1 

Brown et al., 1966; Burrows, 1974; Forsberg et al., 1974; Sraon et al., 
, ' 

1975), while Ohm, and Patterson (1973b) reportèd that high levels of 

. \ 
seed yield and protein per cent can ~e obt81ned wi~h little difficulty 

in breeding oats. 

1 

• 
The non-sipificant corre~tions 'between 'protein per cent ànd 

, oi1 per cent, ~~1 ... per cent, pl'8llt height, number of. panieles per ' 

pl~t, or lOpO-grain we1ght, are alao very important in oat breeding 

programs, and indicate that the genetic and/or environmental factors 
~ 

determining thé relationships between protein per cent and any of , 

( 

" 
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these chsx-acters are independent ,;r01l1 one J!mo't"'hei;,', These .:reàd't8 also 
, - ~ ~ 

,~ "' ~, 
_ 1 _ 1 '. 

'suggest that it" should -be -posèible to ,obt$"good quality' oat 
, -'" ,.. - 'ft' ' ,0 t. ,~" ",' _ " ' ! - , 

cultivars (high ,,~n bo,t~ prote:1.n '~d 'oi1 percentages, and low in hûil 
". '/, ~ 

'- , ' 
per cent) with short- stems and plump g.rains; both are desirable 

characters in !DOst oat breeding programs. Environmental correlation 

coefficients between protein per cent:and oi1 per cent, hesding date, 

grain yie1d, and number of grains per panicle in the FI generation 

were significant but low in magnitude. In the F2 generati~n,"protein 

pe:r cent showed significant environmental correlations /with plant 
1 . / 

height, heading date and number of grains per panicle. r \ The negati ve 

and Significant environmental associations between protein per cent 
c 

and any of 'the \ characters mentioned above in the FIor Fz generatfbns 

11:1dicate that the two characters were influenced by the same environ-
, ' 1 

ment;al cOnditions
o

' but in the opposite direction. 

Pheno~ic and,genet1c correlation coefficients between oi1 per 

cent and all other characters, except protein per cent, and number of 

grains per panie1e in the FI generation and protein per 'cent, number " 

of grains per panie1e, and 1000-gr81n weight in the F2 generation were 

significant. ail P4!1: cent wu negativèly correlated with hull per 

;eent in both generations, indieating that ~lection _ fO,r low hul"1 per 

l' 
cent would increase oil eon,tent, while it wu positively corre!ated 

~"----

with plant height, headitlg date, grain yield, number of panieles p~r 

plant pnd 1000-gr&1n ~eight in the 'l' generatiJm, and with plant 
J 

,-~--~ighi:, heading date, grain y:l:eld, and tlumber of' panicles per plant in 
ç I.J \ (1 

" ,', 
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the F2' The h1ghly', significant and positive genetic and phenotyp1ç 
;, 

Il " 
correlat~n coefficients between oil pe~ cent and each of grain yield 

and its c~mponent, nUlll1)er of panicles per plant, in both generations, 
~ 1 ,q 

must be considered in oat improvement'programs and suggesta that 

selection for high yield combined wi~h higher energy could be achieved 

w1thout difficùlty in 'o~ts. These resultslare in agrèement with those 
r \ 

reported by Baker ~d MCKe~zie (1972), Brgwn and, Craddock (1972), 

Frèy"et al.. (1975), and Klinck, (1967). The positive and significant 
1 . : 

correlations between oil per cent and each of plant height and ~eading 
lb 

\ 

datè\ in both generations may result in some difficulties for oat 

" -breeders in selecting for short and early maturing cultivars with high 
" 1 • 

le~els of oil. These associations may be due to pleiotropy or 

linkage. Lush (1948) and Lermer'(1950) have suggested th~t if the 

genotypic correlation ià due to ple1otropic genes, selection for two 

traits in the aaIDe direction w).ll cause a negative change; simu1taneoUs 

selection for two traits in opposite directions will cause a posittve' 

change in the genotypic correlations. If such a relati~sh~P betWeen 

011 per cent and eaeh of plant heigh~ and h~ading date is ,due'to 

'p1eiotropy, it 1~ 1Jl1like'ly a new combination of tratts can be attained. 
, fi ' 

On the other hand, if the genotypie correlations are due to linkage, 
, ' 

it may be possible to break the linkage by Jlree~ing techniques suc.h as 

mut~genesis or !ntererossing-segregating populations. Environmen~al 
, 

, cOfre~at1on coefficients between oi1 per, cent and eaeh of plant heiglrt 

an~ heading date were lower .thap either phenotypic or genetie 

correlations. The positiw','and a:lgtiif:1cant \Talues of 'these, "-
f '.. -.' J"'? 
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environmental correlation co~fficients indicate that these characters 

were affected by the envi~onmental conditions~~n_ the same way. 
1 

Negative and significant phenotypic and genetic'correlation 
J ), 

coefficients were found ~etween hull per cent and all other charactérs 

except protein per cent, heading date, and number of-grains per ~ 

panicle, in the FI generation and heading date and number of grains 

per panicle in the P2 generation. -The signific~t negative cor-

relations between hull per cent and plant height in both generations 

indicate that short plants would produce grains with high hull content. 

Sucl~ an asspc.;lation is \Uldesirable in oat breeding pro~rams, but ~due 
, i" , ,-

to the fact that tbese neg~tive associations were low in magnitude, 

,one would ~xpect tbat plant breeders could select for desirapie levels 

of both characters without difficulty. The fàtt that O.T.184, which 
./ 

" ~ 'Il ~ 

is the shortest cultivar, has a~re~atively low hull per cent (Tab1e 4) 

may support such a conclusion. On th~ othèr h~d, the significant 

negative correlations betw~en hull per cent and each of grain yield 

and iu camponents, number 'c)t~ panicles p:r plant and lQOO-grair weight, 
1 

indicates that breeding for high yielding cultivars could 'result in 
, \-

grains 1-th low hull per cent and high feeding value. Signi,ficant. 
, ..J , .. 

negative el!virQlllllental correlations occurr~d between hull per cent and 

each of plant height, grain yield and iu three componenta in the FI 

generatipn, and between hull per cènt and lODQ-grain ~ght in the' F2 

generation, indicat1ng that these characters were infI ced by 
- 1 ~~ 

environmental factors in the op~o8ite direction. 
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In the present study., positive phe~otyp,ic and genetie eor-
~ 

,1 , 

relations occurred between plant he1ght and eaeh of number of pan1cles 

per plant and lOOO-grain weight" in the FI generation. and between 
1 

plant height and each of grain yield, n~er of panicles per plant 

and lOOO-grain we~ght in the F2 generation. Signif1cant positive 
\ . 
environmental correlation coefficients occurred between plant heigh~ 

and eaeh of heading date, gr~n yield, .rd number of grains per , 

panicl!!. in the FI genaration, while in <~~ F2 generati~n, bath grain 

yield and number of graina per panicle were environmentally correlated 

, '-with plant height. Although positive and signifieant phenotypie 

genetie relationships occurred between plant height and eaeh 

yield and 'its two eomponents, number of panieles par plant 
/ 

grain wéJ!.ght, their low values suggest that it would b,e·-P'ossible for 

oat breedera ta' select for ahort plants with high ~ding ~bility • 
• 1 

This e~nc1usion w~ ~n contrast ta that reported bY~Y authors (Petr 

...... and Frey, 1966; Wal~ace et al., 1954), but is suppor~ hy the resw..ts 

of Kiesselbach et al. (1940). 

, , 
Heading date was poaitively correlated with grain yield, number 

ofpanicles per Plant, and number of grains pe,r panicle in the Fl 

generation, and wü:h grain yield and number of panieles Eer plan~ in 
• \ 1 

the F2 generation. The genetic correlations were higher than the 

earresponding ph~notypic correlations, indicating that it would be 

difficult for the plant breeder ta combine thé e:xt~emes o~ the 

characters, earlines8 . and higb yielding abilit~ in a single cultivar. .. 
, 
\ 
1 
1 
\ 
{ 

l 

1 
1 

s 
1 
\ 
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...... 

These results agreed with those reported by Johnson and Akse1 (1964), 

but were . in contrast to those reported by Lyrene and Shands ('1975). . 

The phenotypic and genetic correlations be~een fea~~ng date and 1000-

- -
graJ,n weight were non-significant and very low in magnitude. ;t'he 

" ~ 

lack of association between the two characters could he attributed ta 

t 
the fact that the formation of the grain took place after the initia-' 

\ 

tian of the panic1e which was taken as an expression. of heading date, 

while grain plumpne~s seemed to be dependent on conditions affecting 

translocation. of syn~esized materials into the grain. A negative 

environmental correlation occurred between heading date and number of 

panicles per plant in the FI generation, indicating that both characters ' 

were aff~cted oy the kame environmental conditions in the ~pposite 
way. In the F2 generation, the environment correlations between 

heading .date and any of grain yield and its three components were non­
\ 

s,igpificant. 

Highly significant ancl positive associations were obtained 
~----- .,--' 

between grain yield and each of number of panicles per plant and 
..--

pJr pan:i.cfe number of gràins in the FI generation, while the three 

yield components showed highly significant and positive correlations 

with grain yield in the F2 generation. 
1 

The present ~sociation 

suggests tnat selection for the two yield COmpon~t8; numbe\- of 

panieles per plant and number of grains I,)er pantele, whic:h are 

genetica1ly contro11ed by ad,ditive gene'effects and are highly 

heritable (Tables 10 and Il), would ~esult improve~nt • 

o , 

• 

1 

'. 

~ 
~ 

! .. 
1 



, i 

, , 

l' : 
1 \ 

• 

,1 
1 

1 

1 

, . 

" ! 
~, 

" 
l' 
J: , 

\-

\ -

f 
1 
j 1 , 
f 

~ t 
! 
1 
1 

\ ~ 
1 

( 

- - ~--- - ~--:-~~--

135 

Sever~authors have, a~reed wi th 'these;;..resu1ts, for example in oats 
" 

(Petr and Frey, 1966; Sampson and J:4.l"UII1Oto, 1976) ~ in wheat (Fonseca 

~ 

and Patterson, 1968), and ~n barley (Rasmus son and CanneU, 1970; \ 
1 

, 1 

Hsu and Wa1ton, 1970). Petr ~d Frey' (1966) found that head number ., 

per p;Lant 1n- oats was the most important component determining y1e1d 

per,plant. Likewise, Rasmusson and Cannéll (1970) reported that 

selection for number of heads in barley reflected changes in grain 

yie1d that were similar to those 'Qbserved when selection was for 
., 0 

yie1d itself. Envi ronmen taf ,correlation coefficients we~~ positive 
~ , 

and high1y significant between grain yield and :t,ts three eomponerits :ln ~ 

the FI gene'ration, whi1t; it was not significant between grain y:leld 

and 1000:-grain weight in the F2 generatfon. This' indicates that 
, 

grain yie1d and its componeJ;l.ts, particu1arly number of pani.;cl!!s per 

plant and number, of grains per panicle, were influenced br thé same 

environmèntal factors in the same way. 

, 
Genetie and phenotypic co~relations amang the three yield 

,-~ , 

couqJpnents. number of panicles,per plant, number of grains per 

• 
~ 

1 \ - .J ,->-
Panicle and 1000-grain weight, varied in magoi tude and sign from one .,_-{~, : f' 
genera~ion to ~other. Associ~t1ons amohg the three yield cOmPonents 

, 
were non-significant in the FI generation, indicating that' it shoul-q ~ . 

) 

1;>e possible to e~evate gr~n yield through selection for its two 
~ 

Fomponents. numbeT of panieles per plant and number of grains per \ 
. ~' p8J1iele, which wer.e high1Y'corre1ate~ with g\ain, yie1d, w~hout 

JA-'"~ __ t"1ng g~!Ûn weight •. In the F2 generadon, number of panieles' per 

l , 

. " 

i • , 
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1 

1 
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plant showednegative and significant genetie correlation with number 
.j , <"", • 

o~_gra1ns per panic1~, while positi'lé .alla significmt ph~notypie and 

gene~ic correiations were found between number of p8;Ilic1es per p'lant 

and lOOo-grain weight. No association was fo~4 between nuiÎlber of 

grains per paniele and lOOO-grain weight in either generation. Since 1 ___ - • 

the negative and 8i~ificant gene\iC J correlati,o? ~oef,fi~ient be:ween 

number of panieles 'pet plant and number of grains per paniele was low 

in magnitû~e (less than 0.50) it should not be difficult to select for' 
, -

high levels,of the threé,yield components in one plant. To obtain 

. ----
," s'uch high leve~s of yield cOmponents, selection must be practised 

Under ~dequate environmental o conditions. 

.. '- ' 
. " 

,T 

It should be emphasized that the', correlations o'bserved apply' . " 

, only ta th. specifie genotypes an8lyzed. The interrelationships~ - ' 

might be quite different in other Daterial in wbich different gene 
. . 

ass~~,ations ma! rst, '~: in w~ichl the m.ean values of the' characters 

~u study are at levels diffej'ent fro,pt,those obs~rved in the present 

study. 

4. Pre~ction of promising genotypes and 
crosses for future generations 

l 

," 

Breeding self"'pollinated crops, such as bats, efficiently 
" 

1/ ~_~\' 

depends Uret on accurate identificati~n of the hybrid combinat1ons . ' 

that have the poten da! of pro,ducing max:hmlm' impravesnent, and secondly 

l ' 

,on identifyj.n8, in the early generations, superlor lines amang the 
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{. 

-- progeny of the most pro~sing hybrida (Crumpacker,and A1lard,,1962). 

Thus, the important taak for ,the breeder is to choos~ parents ~hich 
~ 

will combine to give superior progeny. Severa! guidelines for 

parental chotee have be~n used W±th s~me succe~ ln dev~loping 
• ~ N'~·' ,J 1. 

cultivars sùperior for highly beritable characters. However, if the 
\ .. ) ., ~ 

char~cter:o belimprove~ is n~t highly he~table, su ch as yield and', 

" . . protein per cent in the 'present study, the method of choosing superior 
1 - $J 

parents 1s, at best~ only moderately successful. The lack of precise 

methods for selecting parents 

ever result in the release of 

ls one of the reasons why few crosses 
flJ 

a rtew cultivar. ~I~rediction of 

superior crosses could be based on some parental information~ develop-, 

ment of prom1sing oat cultivars could ,b~ much more~ffic1ent than Is 

no~ ~~ssible. 

,. 
Jo One of the :,main purposes of -the prese~t s~udy in the FI and 

~1 generations ls to,~redict which crosses will give the best. 'chanèe 
2 . ? 
le. ___ 

of finding, for each character, hfgh ~ifestation~ which co~ld 

subsequ~ntly be fixed in p~re lines. ,On the basis of the 'genetic 

~fo~tion pr~v~ded by-the vario~s analyses disc~s8ed eariier in tbis 

investlgation~ ~redictlons of potential crosses for producing superior 

progentes can be made. Anayl me~ (Table 14>, together with GCA 

eÎfect.s (Table' 15) and ~,ther ~nforma.tio,n, have been used for ihis 
, l ',t - , 

purpose. In Table 14, the eigh~'parent8 have, been assigned t~e 

J-
,.,f 

1 Array la defill,8d as ODe _ geno.type (parent) and all the crosses 

from it. 
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TABLE 14. /Array means (parents are inc1uded), parental order of meBIV'l. aild parental order / 
for nine characters in the 'Fl and F2 generations of a diâ11e1 ,cross tn oats* 

• 0, Grain 'No. of No. of Ctiaracter ~ . , 
Protein Oi1 Hull, Plant Heading 0 yie1d panieles grains 

% ' ,d % % height date per per per 
, ' plant plant panie1e Parent 

,'. 1.' Q--;0.64.31 13.25 6.63 24.83 95.25 58.41 9, • .02 5.95 55.76 
\ \,;>'/" 13.85 6.23 25.23 96.65 51.81 8.10·5.91 53.77 

2. Q:O.58.22 13.85 6.72 25.31 95.80 55.31 8.~ ~~6.'5 45.35 
13.64 6.26 24.93 ~ 95.86 54.34 8.'2.6-"':::; 6.4 44.16 

3. Ajax 14.45. ~ ,6.54 26.27 n 98'.10 57.94. 7.19,--1 '6.0 43.07 
14.42 6.08 26~51 96.08 56.84 7.rY 6.24 44.0.7 

4. C1~tland 64 15.11 5.79 25.94 87.60 54.69 5.~ 5.94 39.39 
15.35 5.42 26.33 89.86 55.22 6.35 5.92 42.-42, 

\ 

dominance 

1000-
grain 

weight 

29.50 
28.44 

29.77 
28.01 

28.25 
1 27.23 

27.33 
26;20 

.......... 

~.~ ~ ~ 

, 5. 0". T .184 12.17 
13.06 

6.56 
6.05 

26.49 
26.10 

64.70 
68.83 "-

61.25 
61.63 

8.48 
7.79 

6.23 
,6.02 

54.68 
51.96 

26.31' 
26:32 

.... ~Cf \ 

6. P.I.259182 

7. C.I.}387 
, 

" 

8. Hinoat 

Grand mean 

13.99 
14.41 

13.5.0' 
'\ ],4.15 
'j 15.93 

16.19° 

.14.02, 
14.42 

'S.Ol 
'1.67 

\ 

8.39 ' 
,7.45 

6.42 
6~09 

6.88 
6.34 

24.99 
25.24 

23.75 
1:4.47 

26.82 
26.52 

25.55 
25.68 

100.96 
103.12 

99.47 
96.53 

61. 78 
61.06 

60.16 
-60."16 

86.60.... 55.88 
89.47 55.47 

90~62 57.80 
91. 76 57.13 

8.04' 
9.50 

8.96 
, 9.26 

5.83 
6.67 

7.59 
7.86 

7.01 
8.09 

7.69 
8.43' 

, -6-.31 
6.73, 

6.41 
6.75 

43.87 
44.92 

41.03 
41.64 

32.24 
37.39 

43.88 
44:58 

29.33 
, 28.59 

" '30~47 
28.79 

29.69 
28.82 

0 29 .. 07 
27.89 

j?" • , 

Parental order 84362715 76215384 11624358 ~8412376 42831756 17526348 762853~4 15263748 78216345 
of mesns 84367125 67218354 72165438 58423716 24831765 67125384 762â3541 ,15623478 -87612354 , ' , 

Parental order 54183726 43285176 75213648' '57628143 284'31576 56872431 65214387 85462731 75364128 
Qf dominance 24185673 24538167. 45762318,56184237 28'413567' 25638417 35124687 54263178 25368417 

*F1 estiqatè~ are in the first row ~d F2 estimates are in the second row for each character. 
respective1y. 0 
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EBt1mat~B of GCA effeets of' 8 parents of oats for 9 characters meBJured fram the FI and F2 generations 
(ranks in parentheses) and their L.S.D. among themt 

• O1ar~e~er Protein Oil Hull Plant H~àding ',Gratn- -- No~of - No.of '_ 1000-
~ . % % _ ~ - % hei h date' yie1dl panie1esl grains 1 grai:n 
_~t g t plant piant panie1e weig 

-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 (4) 
-0.58 (6) ... 0.15 (4) -0.24 (4f' 5.'02 (7) 0.41 (5) 0.67 (3) -0.84 (8) 6;95 (2). 0.78 (4Y 
-0.12\ (5) -0.17 (3) O~O~ (4) 4.~ -2.85 (2) 0.35 (4) 0.06 (4) 0.87 (3) 1.16 (2) 
-0.87 (7) -0.14 (3) -0.66 (3) 3.6~f (S} -~.36 (2) -0.06 (4) -0.01 (4) -1.55 (4) 0.20 (5) 

0.41 (3) -0.30 (5) 0.82 (6) 6)9 (6) 'O~02. (4) -0.11 (6) ~0.27 (6) -2.32 (5) . -0.65 (6) 
-0.10 (4) -0.28 ~6) 0.98 (8) 2.98 (4) -~6 (4) -1.07 (7) -~.65 (5) -1.80 (5) -9.64 (6) 

4. Cl1ntland 64 1.1.2 (2) -1.11>" (8) 0.46 (5) 0-2.85 (3) -3.64 (1) -1.64 (7) -0.47 (7) -5.35 (7) -1.51 (7) 

6. P.1.269182 

(0.05) 

0~97 (2) -0.95 (8) 0.84 (7) -1.17 (2) -3.41 (1) --~.42 (8) ~0.80 (6) -2.15 (6~ -1.65 (7) 

_-2.05 (8) -0.31 (6) 
-1.33 (8) -0.36 (7) 

0.19 (4) 1.05 (2) 
0.28 (3) 1.23 (1) 

'~-0.54 (6) 
-0.15 (5) 

1.90 (1) 
1. 78 (1) 

0.54 
'0.49 

1.48 (1) 
0.86 (2) 

-0.40 (7) 
-0.21 (5) 

, 0.26 
0.23 

1.18 (8) 
0.50 ~5) 

" '-0.95 (2) 
-0.77 (2) . 

'- . 

-29.75 (1) 
-Z5.58 (1) 

10.37 (8) 
Ü~92 (8) 

-1~99 (lY 9 • .10 (7) 
-1.19 (1) 3.86\ (6) 

1.10 (7) -3.24 (2) 
0.53 (6) -0~73 (3) 

0.65 
0.71 

2.45 
._ . 3.15 

,. '~1"" 

3.85 (8) 
3.43 (8) 

2.85 (7) 
3.30 (7) 

1.07 (3) -0.26 (5) '12.56 (1) -3.19 (8) 
-0.17 (5) '-0.86 (7) 8.12 (1) -1.81 (8) 

0.10 (5) 0.37' (2) ~1'.08' (4)' 0.~5 (5) 
1..75 W-1.50 (2) -0.50 (3) (1.03 (2) 

. .: . 
1.31 (6)' 1.19 (2) ) 0.88 -Cl) -2.64 (6) 1.66 (1) 
2.09 (6) 1.27 (2) 1.56 '(1) -2.65 (7) 0.80 (3) 

-2.10 (3) -1. 78 (8} 0.18 (3) -12 .46 (8) 1.01 (3) 
-1.86, (3) -0.96 (6) 0.10 (.3) -6'.42 (8) 1.28 (1) 

().79 
1.22 

1.07 
1.17 

0.66 
Q.68 

3_76 
4.10 

0.82-
0-.88 

~ ~ ; ....! 
t Fi estimates are in the firet row and F2 èstimates are in the second rov for eaCh character, respective1y. 
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1 ta.: 8 and arranged in descending arder, starting with the 

parentbavin~ the mast desirable level for each character and carrying 
, 
1 

the mast 
1 

1 
pa~ental 

1 

dominant alleles. This is called parental arder of me ans and 

order of do~ancé, respectively. In Table 15, GCA effects 

in t~e FI and F2 generationsrepresent deviations from the grand mean 

of'the 28\prOgeni(S in each generation, sa that brlo~aveiage result~ 

may be noticed at~ glance by their minus sign. The GCA effects of 

each parent also provide her& a measure of the breeding usefulness of 

Ithat parent for individual characters. SCA effects for the nine 

characters under inves~igation in both the FI and F2 generations are 

a1so presenêed in Tables 16 to 24. 

For prot~in ~er cent, the order ,of parental means 1S.:.,!.1most the 

\ same ~n both.,g~~ia1::iO~~,l wtth parent~ 8,' 4 and 3 having _ the highest 
• c .,'. . .. ._ "-

levels of:p~~te1n' i~d 'p~r~~ts 5 and 1 'having the lowest\evels (Table 
, ." " "" 1 • 

>. ',14)"" .. ' 'èlearly;;-~he Ifninpa~~~, array (a~ray 8), which is the parent 
" ' ... , ' l ,- " • : .... ( ." l' * l", ~ :.:: f .- , 

shoWin.s t~e':h':f;g~~t :U~v:~1J:i of protein in both generations a!nd ranked 
,.. - ~ -", -:. . \'''', - . . " 

as the, firat gene,ra! combiner ~Tabl~ 15) in the FI ~and F2 generations, 
. , l ' 

has the most prOlllise. Moreovér, because the gen~--1c system control-
,- ~------'\ 

ling 'this ,charac~er ~ ma~ve;!th uiinor, 'but significant, 
, ~ 

dominance ef~s'5 and 7), there is. no reaSOd to suspect that 

this array will not hold lts supremacy in later generations. 'Although 
_ 1 1 

th~ high_ protein levels of "!Hnoat" and- its superioritj' as a g.eneral 

combiner, Hs specifie 'combining ability effects with lIIO'~t of the, 

other parents were relatively low (Table 16). The dominant 

, , 
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TABLE 16. Estimates of specifie combining abi1ity (SCA) effects for protein per cent in the FI 
and P2 generations from an 8-parent dial1e1 cross in o~tst 

Parents 

1. ~.0.,~4-"31 

2. Q.0.58.22 

3. Ajax J 
4. Cl1ntland 64 

5. 0.T~184 
-

6. P.I.269182 

7. C.I.3387 

Q.0.58.22 
1 (2) 

Ajax 
(3) 

0.~6 -0.637 
-o. 766 o. 120 , ,\ 

\ -0.017 
~''- -0.249 

Ci 

Clin tland 64 
(4) 

0.371 
0·.327 -

0:471 
-0.253 

-0.372 
1.284 ,-

O.T.184 
(5) 

0.864 
0.320 

-0.305 
0.550 

0.031 
-0.613 

-0.130 
0.344 

P.I.269182 
(6) 

-0.090 
0.302 

-0.980 
1.122 

1.686 
o:TI9 

-0.065 
-0.784 _ 

-0-:592' 
-0.041 t 

t FI data are in the first row, F2 in the second row, respective1y. 

C.I.3387 
(7) 

-0.945 
-0.124 

0.614 
0.885 

'-0.849 
-0.418 

0.349 
-0.311 

0.563 
-0.368 -
.;-0.272 
'-0.456 

Hinoat 
(8) 

0.131 
1 -0.179 

-0.089 
-0.289 

Q-,,~_8 
0.147 ' 

-0.623 
-0.606 

- -0.430 
-0.193 

0.314 , 
-0.271 

0.539 
0.792 

0.61 
S.E. of the diffe~ence between effects of two crosses ,having one parent' 1ine in common is' 

for FI'S and 0.55 for F2's. . , ( 

0.55 
S.E. of the difference between effec~s of two crosses having no_parént 11nes i~ common 1e 

for-PIts-and 0.49 f~r F2'S._ 
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, "2 
and recessive genes were ~ore pr 1ess equa1 in this parent. The 

, 
"Clint1and 64" array has the ne'Xt highest mean and is the second best 

general combiner in both generations, followed by the array "Ajax." 

The cross "Ajax" x "Clintland 64," the parents of which have the 

highest GCA effects af~Hinoa~," showed the highest SCA effects in 

t~e F2 Rener~tion. A1so, their SCA effects witq other arrays were 

. " 
. among the highest. Other promising crosses are those of "Aj ax" x 

"P.I..269182," which showed the highes,t SCA efÙcts in the 'F1 

generation, '~.0.64.31" 
'--

x "0.T.184,", "Q.O'.:5B.22" x "C.I.3387," and 
, ''',. ~I"''':'' .. ( 

"C.1.,33&7" ,x "Hfnoat." Tgus, HinQ.~t, which showed -:t,he maximum GeA 
.,.:-

, . 
affects and the hfghest 1eve1s of protein in both $eneiation$, cou1d 

, ~..-- \ i ~ _ ; _ " -... , ..... , :" ., ~ _ -.,. 
be used, in building~ up breed.:l:ng .. stock w~ll ;esPQn;g:i;ve:;,t~. ~e.lection, 

,,' '.,. , "",~ .. t.~_. _ '-\o.~ ..... ~ ... ~ •• t'l.';"'~_ 

while crosses su ch aS Ajax x Clintland 64;'A-j~.'~i;tr,'~f~:~69i8Z, 
r'" ; ". .: .'0 ~ .: t·' .. - -. -~ • 

/ _ ~ ... -('l - , 

Q.0.64.31 x 0.T.184, ·Q.0.58.22 :le C.I.3387 and'C,'L~58?,~'lIinoat, 
, 4"' • 

"-
could provide great potentia1 in a hybridization program where a hig~, 

1eve1 of prote;n is the main obJective. 
i' .. 

The or der of dominance of the arrays detetm~ned by, Wr + Vr is 
/ , 

43285176 in the FI and' 24538167 in the F2 generation for oi1 per cent, 

whi1e the order of parènta1 means for this character i5,16215384 and 

67218354 in the FI ,and F2 generations, respective1y (Table 14). 
. . 

Parents P.I~269182 and C.I.3387 had ,the highest 1eve1s of oi1 in the 
l ' " 

Fl~ F2 generations and carry the most recessive a~le:~~ f~r this 

character.' At the same time the se two parents'were the highest 
, . 

geneta1 èombiners -(Table 15)', and they showed re1ative1y high SCA 

-; 
l' 
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TABLE 17. Esti1(Ult.es o~··;.speCif:C;:,;·Comb1ni~g' abllity (SCA) effects for oll per cent in' the FI énd 
F2,.":genarat;{-<ltl,s .frQm an 8-parent dialle1 cross in oats t 

:; r ';1> (~.' • {3 

Parenbs 

'7 _ J~~-

1. Q.O.64.31 ' 

, <' 
" 'c 2. Q.O.SP-:!22 

___ -.l~_ .. • _. _ 

~ -----r;t_ • 

Q.O.~8~22 "-Âjax Clint land 64 O.T.184 P.I.269182 C.I.3387 Hinoat 
> .-, '(2)' (3) (4) _(5) (6) (1) (S) 

,-0.064 
-':0.525 
/-.' 

-0.024 
-0.030 

-0.113 

0.221 -0.426 
~ ,,:,0.015 ' -0.~35 

0.211 -0.283 

0.251 0.171 ':'0.i83 
-0.160 , 0.367, -0 .. 452 

0.434 -0.246 0 .. 061 
l' 

1 . , ,f:, ; ~/ j-'!::~' ! 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. Cl1nt1and 64 0.229 -0.394 -0.534 0.012 
-0.103 0.352 ~-~~ \0.120 

0.042 O. 0.259 
~ -0.702 0.080 

,-

S.~ ,o.. T.184 
j. 

."'.!. 

:,6. P.I.269182 0.079 -0.254 
0.683 ! -0.185 

7. C.I.3387 • ....-d 0.156 
0.382 

t FI data are in the first row. Fi in the second row. respective~y • 

S.E. of the difference betweén effects of two crosses having one parent 1ine in common 
Is 0.29 for FI'S and,,o.26 for '2's, 

S.E. of tbe difference between effects of rwo crosses having no parent I1nes in common 
1a 0.26 for Fl'S and 0.23 for F21s. 
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effects with ~ther parents (T~b1e 17). The SCA effects were com­

paratively high fo~ the crosses of P.I.269182 with Q.O.58.22 and 
- ~ \ 

O.T.184. Other interesting cross'es are those of P.I.269182 x 

C.r.3387 x Hinoat • These crosses appeared 'to be the best 'onLs in 

tenns of their'future potentialities, and as the gene system .. 

144 

governing this character is simple and mainly additive in its effect 
, 1 

(Tables 5, 7, 10 and Il), one would expect these érosses to show 

their supe~iority in early generations without many complicatlons. 

Parent 7 (C.r'.3387) has thé lowest array for huF per cent in 

bath FI and F2 generations apd possesses the most dominant ai,leles 

for'this character (Table 14). The superiority,of this par~~t i8 
, 

indicated also from its high GCA'effects in both generations {Table 

15). The next promising arrays are those of Q.O.64.31, Q.O.S8.22 and 
.., 

Therefore, the'crosses among these four parents could 
'''" 

resu1t in segregant. with lPw hull per cent. A1th9ugh arrays Clintland 
. " .,/ , , 

64, O.T.184 and Hinoat rank~~ the lowest as general combiners for this 

character (Table 15) and their mean'performance was reiatively low 

/ (Taèle 14), the crosses Clint 1 and 64 x O.T.184 and C.I.3387 x Binoat 

showed the highest SC~ effe~ts in:: the -Fr aqd F2. genera,tions, 

respectiveiy (Table 18), thus providing great potentia1 in selecting 
, " l _ 

.oat cu1tivàrs with low hull per cent which may 1ead ,to a significant 
, -, ~:; 

increase in the energy value of cats. These results are in agreement 

'with, those iéported by Aksel- ana Joht;son '(1961) in, ?ar~,ey and, Chaudhary- : 

"-.and Jana (1976) in pearl millet. The~ reported that parental per 

, fotmance only ~s not enough to be.used in the prediction of superior 
\ 

\ 1 

1 
t 

1 

\ 
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. TABLE 18. 

. Parents 

.. ~ 
.r J' 

>-. ( 
• .! 

,/ 

~st~mates of s~ecific c~~~ty (SCA) effects for hu1~ per 
P2 generations tram an 8-parent dia11e1 c.oss in oatst 

Q.O.58.22 
(2) 

Ajax, 
(3) 

Clintland 64 -, O.T.18~ P.I.269182 
(4) (5) (6)-

,:1:. Q.O.64.31 0.396 
0.348 

-0.087 -0.839 0.421 0.068 
-0.850 0 •. 772 -0.368 0.012 . 
-0.440 0.458 -0.255 

~ 

cent ~n the FI and 

C.I.3387 
(7) 

-0.007 
-0.595 -
0.709 

Hinoat 
(8) 

0.048 
0.682 

,-0.262 / 
-0.350- -0.120 -0.080, 0.518 

,,·.··:2. Q.O.58.22 
'.-:~ ~ , 

--0~605 
-0.477 0.160 

'3. AjaX -0.145 -0.265 -0.199- 0.366 0.771 
-0 __ .868 - 0.062 -0.218 0.01:5 1.342 

-. -4. Clintland 64 
~ ~,' 

-1.127 0.169 0.104 2.099 

~ 

-0.107 -0.227 
1.139 .. 

-0.537 
5 •. 0.T.184 

6. P.I.269182 () 
~, 

0/ 
7. C.I.3387-

t FI data are in t~ first row. P2 in the second row, respe~tiv~ly. 
# 

0.927 :'0~147 

" 0""144 -0.770 
1.287 -0.217 

-0.349 . -0.574 
0,,8.5'7 0.193 

-0.96% 
-!.:013 

\ 
S.E. of the difference between effects of two crosses having one parent 1~ne in common 

is 0.74 fo/Fl'S and-O.80 for F2IS. 

,S.E. of the; di fferen ce between effects of two crosses having no parent-lines in common 
is 0.66 for FltS and 0.72 for F2'S. 
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, crosses in' future generations. 
1 

, Kinoat and Ajax ,z Clintland 64. 

146 

Other promising are O.T.184 x 

Because the genetic system ntrol-
~'''lo-

ling this charactèr appears to be relative1y simple, sélect.~ .. o.n of "',,-- " 
1 I! - l " 

promising plants ,or, progen1es fram these.crosses shou1d b-:. expected. "" 

For plant height, array -o-.-r::ls4{TaE)le"'''11> 1s the most -.... 

important one and its superiority wu retained in b~h gener~t1ons. 
G 

lt appears to carry the DIOst domiQf}lt allelés for dwarf plants, 

(Table 15). nie crosses between this parent and the other par~nts 

" 

showed the highest SCA effects. Therefore, the s,u~eriot1ty of this 
J , 
...: 

parent reveals the possibility of using it in building up breeding 
/ 

matèrials responsive to, selection for dwarf plants. The next array 

:ln the present breeding material is of H1noat, and seems to carry 
; , . 

dominant and recessive 811ele8 in more or l~ss equal proportions. 

Therefore, the cross-of.O.T.184 and Hinoat should be the most 

important one in selecting segregants f~ breedi~g short-strawed 

oats. However, in tlle present study, this wu not true and the cross 

between these two parents h~d the most undesirable SCA effect (Table 
, -' 1 ., 

'19). Such effects as- these cou1d be due, in part,'tQ the existence -... , 
of non-a11el1c in tet'acUOn. The crosses O. T .184 x Clintland64 and 

O.T.184 x Ajax had ~he ~ig~e8t SCA'effects~in/the FI and F2,genera­

t1ons"respectively, ind1cating great po~eQtial in selecting Bm?ng 

thèse crosses for dwarf 04tS. 

1 

1 

" 
• 

Resulta of the FI 
! ' 

and F21 generations 
./~ 

for h~ding date were very 
1 

similar' (Tables 14 and 15). Arrays Clintland 64 and Q.O.58.22 are the 

1 

, ~ . 

î 
1 
;\ 

- ;. 

1 

1. 
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TABLE 19. Eatimates of specifie combining ability (SCA) effects for plant height in the FI and 
F2 generations fr~m an 8-parent dial1el cross in oats t 

Parents Q.O.S8.22 Ajax Clin t1and 64 
(2) , 1 (3) - (4) 

0.T.184 'P.1,.269182 C.I.3387 Hinoat 
(-5) (6) (7) (8) 

1. Q.0.64.31 " 1.096 3.223 0.153 
1 

1 

-3.107 -3.052 4.118 . -3.030 

" 
-2.732 4.442 ,-5.157 _ 2.982 -5.300 2.26 :} 3.502 

2. Q.0.58.22 -0.240 1.389 -1.110 -2.615 -1.045 2.526 

3. Ajax 
-0.0?7 Q 5-.005 

-0.864 

-3.481 -3.968 4.395 0.883 
\ 

-3.034 2.411 0.481 -1.977 
-0.542 -9.073 0.635 4.098 0.537 

4. Cl1ntland 64 -1.224 6.361 -0.919 -5.491 
1..638 -0.213 0.850-- -1.582' 

5. 0.T.184 . 

6. P. 1.269182 

7. C.I.3387 

-0.Q39 2.711 . '1 5.803 
8.545 -7.442 ! 6',837 

\ -5.294 2.228 

"-
3.157 -2.855 

, \ 
-0.052 

:..------ tJt -7.322 
\ 

t-Fl data are in the firet row, ~2 in the ae~ond r~, ~espeçtively •• 

the difference between effects of two-croeses havi~g one parent 
and 3.55 for F2's. \ -

<f' , \ 

S.E. of 
la 2.77 for Flre 

line in common 

S.E. of 
\ the difference between effects of two crosses having no parent 11nes in common 

and 3.18 f9r F2 's. 
• ' }o, 

is 2.48 for Fl'S 

" ) '-

" 
,>F.._r .'" _, ~~ .... ~ --~ .. , .... 

'1 

(; 

" 

.... 

.". 
~ 

1,' 

.r, 

---1 
.(-

, , -

';:- . 
" 

" ..:l­
,;, 

1 

j 



( . 

• 

, ' 

1 

, 

Î' 
1 

i 

\ 

... 

~8, 

earliest arrays, carry th~mo8t dominant allel~8 for this character, 

and occupied the firat and second posit~ons as genefal ,combinera in 
~'" 

both ~enerations. These two parents .resulted in good FI and F2 

families with other parents but not with ea~other (Table 20). The 

" cross with the high~st SCA effects in both generations was that of 

C.I.3387 x ~inoat. However, sinee C.I:3387 was ~ne of the,epistatic 
) . 

4~~1 

parents, part1cularly in the F2 generation 1 as shawn by the~ J.~ 
,0 

graphical analysis (Figure 10) and also'was among the la~&st matu~1ng 
, .. 

parents, the superiority of its cross wi~h HinOat should be treated .. 
with cauti~. The other crosses with potential are Clintland 64 x 

Q.O.64'1,Bi, Q.à.58.22 x'p.r.269182· and Q.O.58.22 x C.I.3387. Other" 

crosses would be of' 1ess importance if t~e PUrpOI;l'e is to select for 

ear 1y maturing plants .. 

--------------...... _. ---- .~..: .:': 
Grain yie1d, for the"purpose of the present study, has ,bèen··-____________ 

.1<,. ...... 

analyzed for its three main components: number o~ panicles per plant, 
-----. 

number of grains per panièle and lOOO-grain weight. 'It was shawn 
, " 

earlier (Table'3) that.gene inter~ti~n'played an important roie in 

the genetic Ic~trol of the two yield components, lumb~r of~panicles 
per plant and l~OO-grain weight in both the FI and F2 generations. 

ExclJJBion of the parents contr:ij)uting to sucb gene interaction 
p 

validated the assumptions underlying the genetic analysis. 

; 
For grain y:leld, at tiret s'i-ght the FI and F2 graphs (Figure' 

l~ B) migh~ suggest from their law slope ~aluès the existence of 

, gene interaction. Hawever. these slopes did not 'différ sign1ficantly 
~ 
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EstlmateS<O~ Jpecific c~1nin~,abi1ity (SC~) effects fo~eading date in the FI and 

, F2 generatiôns fro~ an à~:renr dia11e1 cross in/bat,t 
TABLE 20. 

, ~~ ~ 

p eut- Q.O.58.2~ Ajax Cllntland 64 0.T.184 P.I.269p(82 C.I.3387 
ar s, (2) 1 (3) , (4) (5) j (6) (7) 

~~-----------~~~-'-------------~- - ----~-_._- ----------
VI 

<1. \Q.O.64.31 ,(l.48B, 0.113 -,1.470 Ô.030 
::"2.262 0.054 -2.696 0.720 

2. Q.O.58.22' 
, l ' 
.': ' 0.280 1.446 -1.054 

1.137 2.137 ~,-1.196 

3. Ajax 0.321 0.321 
-0.321 . 2.845 

4. Cl1ntland 64 -1.012 
-1.155 

5.,0.T.184 '\ 

6. P. 1.269182 

7. C. I.3387 

. -0.220 
-0.405 

-2.054 
-2.321 

-0.929 
-2.780 

1.238 
-1. 780 

0.238 
-0.613 

t FI data are in the firet r.0"!, F2 in the second':~bW, respective1Y. 

f, 

, 

01.8ll 
-0.446 

-1.262 
-'3.113 

-0.387 
-0.821 

\ 

.J2.220 
1.179 

2.030 
0.095 

3.280 
7.220 

(l 

1 -
Hlnoat 

(8) 

0.238 
0'.512 

2.155 
1.095 

0.280 
-0.113 

1.696 
2.637 

-0.554 
-0.696 

-L554 
0.679 -

-2.262 
-4~113 -

S.E. of the dlfferénce between effects of twQ cross"es having one pa:t:ent 11ne ln COlmlon 
ls 0.89 for FI'S and 1.37 for F2~S. 

S.E. of the diffe~ence betWeen effects of two crosses having no parent 1ines ln common 
18 0.80 for FI'S and 1~23 fQr F2'S. 

,~ • '1 ,,-
"t~ "' 

.:-; 

l 

.1' "Mt:}' _ ........... .,.;,I .. U-~*-'I.., ~ ....... , ..... ...".,.4\. ........ ".~.o:I;"'~ ~~ ~,..,,,.."""'.if ...... ~,,j,..,,.~-4.,. ;:-+;;:.l..-~ .. _ ... ~"' .. ~~.~;:,.,;, ... 't'- .... -, ,"-
:!- '~r 

~ .~ --~ .... It ,;: 
t!' , 

JI], 

-- ~_I ---
-"," 

~,-

" 

/ 

'J 

.... 
~ 



( 150 

from b • 1. Thus, >for this character, as, with hlfll per cent, it doea 

", not seem jilstified. 1;0 postulate gene interaction, al.thougq such a 

possibility could existe No regular'array patterns were found for 

this character but, in general, arrays Q.O.64~'3l and C~I.3387 shawed • , 

the highest"means for grain yield in the FI 'and F2 generations 
." 0 • 

(Table 14) and appeared to carry more recessivevthan dominant ~l&les. 

At the same,time, array Q.O.64.31 ranked as' th4! first general combiner, " 
> 0 ' 

v' in the F} generation and was among ,the highest g~nerâ1 combiners in 
~ J > 

the F2' while array' P', 1. 269182 was t~e highest general combiner in 

the F2 but not in the F} generation. Array C.I.3387 occupfed the 

second position as a genera1
j

combiner in 'both generations (1'ab:e ,lS) 

and its cross with array Ajax shawed the highest SCA eff&cts in the 

FI genet~tion (Table 21), ind1cating great potential by using this 
.. 1" \ • 

parent in an oat breeding program. Ot~er potential.crosses are 

Q.O.5.8.22 x Ciintland .64, 'Q.o.64.31 Xl C'.I.3387 andj Clintland 64 ~ 

P .I.269182. 

For .the &-0 yield c01\lponents; number of pan1cles per plant and 
, 

lO~O-grain weight, the r~gression li.nes ~r (Table 3) of "e FI 
, - , . 1 _ 

md 1!'z generations were far fram a dope b • l, and it cm be aaid 

with confidence that gene interaction played a si8nif~cant part in 

. '" 
tei:.e~nin8 the control of these charaeters~ The nà~~~e of "this 

interaction may be one of two types. lt may be localized and specifie 
- \ 

1,; • 

to particular arrays or tt may be of a more generalized type 

(~itehousé et al.,. 1958) .. The local1zed type' of in~~raction can be 

'''1 , • '1' • 
, " ", 

-



_-----:-~ ____ :_r_ ............... --J....:...-.....--" -. 
'..-.!© "'j~",q,t., ,i;4.,.bé,},- .• " -•. '. ---.;., , , 1 "" MI'I - ). çb" lb?, 
.':t,J;A--=":;'~!'i~"""':~~';t~" :~ ..... v;.-' 'è't\."l1i,_{t'-.li"- ~1...." ... ,~ • .... • IbahN« .nlll'll~ II! I,~~r J!:!t1'#t t'A """~.#li.n '''%t~ ..... ~ __ ~""'" _ ~.Jl!-t : aL'''~"~ -~ .~~ '" ·Y '':'1.." J'Pllllit:'!."-rIllli!!!~~~:!!lI'II!~","~r ~ ... _< ~~ __ "~_ 
.... - " II,., 

~ 
li. 
t 
t~~ 
t 
l , , 
1. 

~: 
lit 

~l 

i 
l, 
~ 

'f 

'1 

( 
! 

... 

) 

.' 
" 

JO) , , , " .' .. ,. -' 

~ " 

-~ 

/ 

'-

TABLE 21. Estimat.@s 
FI 

O~~P.eifi. comb~ ,~~ ~ (BCA) effe.ta,for grain yield per'Plant 
and F2 generations fram an~arent diallel cross in oatst 

. 
Pàrents 

1. Q.O.64.,31 

2. Q.0.58.22 

,- 3.. Ajax 

4. C1intland 64 

a _ 

SOo O.T.184 
-, 

6. P .1.2.69182 
-- ' 

7. C .1:'. 3387 

Q.O.S8.22 
(2) 

dl. 

0.646 ' 
-0.3.50 

/ ..... 

. Ajax Cl1ntland 64 
(3) (4) 

0.268 -0.456 
1.546 ' -1.803 

--0.383 0.051 
-0.715 2.283 

-0.898 
~, -1.4S3 

"J, 

f' 
'( .-. { 

O.T.184 P.I.269182 C.I.3387 
(5) . (6) (7) 

-0.976 1.249 l 1.585 
-1.103 0.293 1.142 ' 

,; 0.733 0.348 -2.136 
0.721 -1.673 '-0.514 

-G.OI7 -1.258 2.342 
\ 0.454 -0.068 -'0':ï98 
-0.1.5'4 l:.939 O.O~ 
0.370 " , 1.013 -0.373 

... .l.~39 0.168' 
-0'.026 c: -0.622 

;..1.'705 
1_-- 1.476 

~\"~..' ".,.,1;. 
>," 

~ 

in the' 

Hinoat 
(8) 

-2.317 
0.674 , 
0.742 
1.248 

~ 

-0.054 
0.434 

-0.575 
-0.038 

1.685 
0.207 

0.865 
-1.015 

-0.346 
-1.510 

t '1 d~ta are in the ,tirst ro.!. >,-!t\~- the- second row.< respecÙve1Y:- " 

S.I. of the difference between êffects of two crosses having one parent l~ne ~n common 
is 1.20 for Fl 's and 1.32 for F2 's. 0 ! ;-. 

J • 

S.E. of the difference between effects of two crossés"having no parent·l~nes in common 
i8 1.0& for FIlS and 1.1~ for '2'S. • 

'p • 

" , 

< .. 
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c:àmpared wi-t:h the model wh~re allele "A" no'rmally con~ributes "a" 

units' to the character, al,}ele. "B" contributes ''h'' ~its, allele "C'~ 

contributes "c" UD.i~ and so on. If genotypes "AB" èontribute some-
~ , 

thing other than "a + bIt units then, there 1& interac~ion between 

a11ele8 "Au and "B. n The more generalb:ed type ,of gene interaction 

involves many genes aIl "interacting vith' one another so that the 
, ' 

effect of putting orle cksirable alle1e i.'nto a givèn genotype depend; 
1· ri' 

on' the n~er o~ other desi.rable allelés i~ tbe "gen~type. For 
, 1 ~ .......... 

exampie', put allele~ "A" with a few other' desirable alleles and the 
\ ., 

inc:remen t due to lt Ali will be smal1; p~t nA!' n·th a large number ,?f 

other des1rable al1e1e8 and the incr~t due ta "A" ~11 be large. 

Thus, the net ~ffect of a.llele ."A" vi~l be some fom. of product: 
, 

depending on its mm contribution and the contributions of all the' 

other factors vith which it interacts. 

If the interacticins are of the first typè • (lôcalized), then it 

should 'be possible to attr1.bute them ta particular genotyPes (arraye); 

, and tQ do ï:bis arrays must ~e fOlUld which, on omission fram the data, 
1 c; F • çI ~ .. ' 

leave a diallel for "il certain character which is free fram interaction 1 

? ' l ""-. /" ~ ........ ". 

1'.e., where b • 1. If such smâJ.ler diallels 'cao. be fO\lP.d amang the - . . 
-

data, then the gene interaction cm be attribute4 to the oId:tted 
, . 

parent or paTents: If the interaction 1s of ~ more genera,lized type, 
, -

then i.t drould _~ h811dled ry»the scs1;ins "methOds . deacribed by Mather 

(1949) • In the (Present at~cly, 1t appears that th~ gené interaction , '. 

was of 1 the loeal1zed type for number of p8111cles p~r plant as well as 

, 

'1 ! 1 

1 

\' 
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for heading date, while it was of the generalize'd type for lOOa-grain 

weight. For a breeding program, the value of knowing the nature of c 

the gene interaction is that' if the interactiOn is of the generalized 

type th,ere is nothitlg special abo~t any partit:ular part ~t;. the geno.,. 
1 

type, and the breeding policy shoU1d be directed towards accumula1:ing 

1 
as many,desirable genes as possibile. This means that, in effect, the 

-
gene system should be treated as 'ifoit were additive. Howevér, if 

gene interaction ls of the speci'ic 10cal~zed type, then it-must 'be 

,decided whether or not the inter ction ls affecting th~ character in 
, ' \ 

the desired direction, and the breeding policy should be to fix or get, 

rid of_, the interaeting to their desirability 

(Whitehouse et al., 1958). 

In' the present seen that array 

r of panteles per plant (Tabl!! 14) and 

this parent was possibly aIs the main p~tributer to the interaction 

(Table' 3) • :,rhus, if t~ls terae1:!on ·is a localize.d on~, it would 

geem _~ favour 'of a igh number of panieles pet plant and ,the 

oat breeder ahould try to fix such des.ir,Jlhle gene interact:f,on •.. 

It ia clear, also, that i~ auay wu the f1r~t 'general ~ -combiner ln 

both generationa (Table 5) and its crosses with eaèh of arrays 

• '\l 

d the highest SCA effects ln ,the FI an F2 
. . 

P .I.269l82 and Hinoat sh 

generations, respectLve ('table 22). Although array P. I .269182 

al,~o contrlbuted to 'the Sene 1n.teraction occur'ring for this chara ter, 

o it'had the second highe t mean for the character and oc,?upied 'J:he, 
l , 
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TABLE 22. Esi~mates of spec1f~c comb~n~n8 ab~11ty (SCA) effects for number 9f pan1eles 
in the Pl and P2 generations frQm an 8-parent dia11el eross in oatst 

'. \ 

, --'-'-. ---- ---- ~ 

p. t Q.O.58.22 Ajax Clint1and 64 O.T.184 P.l.269182 C.I.ll87 
aren s (2) (3) (4) (5)_ (6) (1) 

--- - --

1. Q.O.64.3~_ 0.147 -0.146 -0.173 -0.245 0.438 0.347 . -0.049 0.721 -0.223 0.386 -0.580 -~.OS7 .. , 
2. Q.O.58.22 -0.390 -0.043 0.729 0.204 - ~.385 

·-0.5~1 0.936 0.~9 -1.121 0.176 
~ -

3. Ajsx 0.301 -0.061 -0.747 1.182 
'" - ('t'\~ ~ .. - ;- -0.120 0.141 -0.202 -0.447 r 

4. Clint1and 64 
. 

-0.034 0.833 0.102 
0.220 0.916 -1.565 

5. O.T.184 -0.871 -0.098 .. 0.288 -1.164 • e 
6. P. 1 .2,69182 -1.083 

1.395 

7. C.J.3387 
' ... -' 

.. , r, " 

t'Yl data are in the first-row, Pz in'the sécond row~ respeetively. 

per plant 

...........---. 
H1noat 

(8) 

-0.368 
-0.199 

-0.262 
-0.290 

-0.133 
.'0.429 

( 

-0.985, 
-0.1$4 

0.586 
-0.741 

1.226 
-0.696 

-0.064 
1.661 

_S.E. of the différence betwe~ effectsrof two crosses ha~ng one parent l~ne ~n eommon 
1s 0.75 for Pl'S ~d 0.71 for F~'s. 

!. 

~':l --' .!. • 

S.E. df' the di.fference between effects of two crosses ,hs~ng no parent '1~nes ~n cODmlon 
~S 0.67 for FI'S and 0.68 for F2r~. 
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~.ècond position as a generaJ. combiner. Aleo, its crosses with other 

1 l, /,. q, 

parents showed pelatiye1y high SCA effects, thus indi~ating it could 

\ 

be an important- 'parent in oat improvement. On the other hand, 

Q.O.64.31, wh~ch contributed to gene interaction, had aImost the 

~owest'number of pani~~es ~er plant (Table 14) and occupied the lower 

position as a generaI combiner <Xable 15). lt may be fnferred that 

the interaction of Q.O.64.31 is the one that 1eads to a low number of 

pan1c1es per plant and ia, therefore, undesirable for purposes olost > 
. . 

improvement related to this character. It would thus seem best in -
1 

terme o'f breeding for high number of panicles per plant, to concentrate .. 
on crosses invol'Ving C. 1. 3387 ~d P. 1. 269182 as parents and to try to 

find inbred selections which cont'ai~ those genes which may interact J 

- to give high manifestation-for this character.' 

"', 
Arrays Q.O.64.31 ànd O.T.184 are the mast' important- ones for 

~ 

their high number ,of grains per panicle (~able 14), with the 'fifst 
1 ~" 

carrying most df the recessive a11e1es and the second carrying most of 
- 1 

the 90minant a leles for 'this charactè~ in both generations. These . 
, , 

~o arrays sh ~d the highest G~ effects in both generationa, ' 
l , ,,1 

ind~cating th~ the, crosses involving these two parents~hOuldlbe 
1. ' 

promis111'g in tu,re .senerations, although the cross between these two .. 
parents in th

l 
present ,study did not show auch superiority in either " 

1 • \ 

generation (T: le 23).;: The crosses of Q.O.64.31 x Ajax,' Q.O.64.31 x 

_.C.I.3387, andIGlint1an-~-'64 x C.t.3387 are th~ most importànt ones. 

The cross PoIl 269182 x Hinoa~ showed th. highest SÇA effects in the 

\ 
l 
l 

\ 
~ . 

1 .. 



~ 

Il 

i 
1 

f 
j 

----- .. ---~ --~- -- ~-- --r--_ ... ,.~_~ ~ ..... ---- ..,...~ .. ~--. .... ~ ..... 
--'----~_.".~~ ... ~'-'~ ..... 

< ~. , 

:.. "~~"'..w::.~ "n~~- ~.:" ,.-~ .... 

r-", i.·' 
1 -' 

'" . TABLE 23. Estimates of specifie eombining.abi1ity (SCA) effects for number of grains per panic1e 
in the Pl and P2 generations from an 8-parent dia11e1 cross in oatst / 

" .. 

paren>ts Q.0.58.22, Ajax 
• j (2) ; 1. (3)' 

Clintland 64 
(4) 

0.T.184 
(5) 

P.I.269182 
(6) 

Q - , ----- --- ~ -- --

'8<... • " 

~~ Q.0.64.31 , 2.058:·"'" .' 5.1Q3 -1 .. 350 0.780 1.903 

2. Q.O.58.22 

3. Ajax =,1 

4. Clint1and 64 

5. O.T.l84 

6. P.I.269l82 

7. C.I.3387 

-5.829 5.606 -7.239 .-7.655 6.350 

; , 

..,; 

0.325 2.652 -2.108 0.565 
3-.980 5.315 -2.822 -2.037 

~ 

il 

-7.403 1.757 
-10.630 -1.187 

-0.327 
4.208 

-5.340 
3.128 

3.177 
-1.137 

-3.0'33 
-2.814 

C.I.3387 
(7) 

4.735 
3.966 

-7.663 
-5.230 
5.512 
0.695 
2'.938 

~ ~ 8.580 
~ 

-1.052 
5.313 

-3.2'28 
, -0.562 

1 

... 

Hinoat 
(8) 

-13.230 
4.800 

4.172 
6.623 

0.047 
-1.592 
0.313 
0.903 

3.983 
4.956 

5.957 
-2.929 

-1.242 

1 

t~ 
-U.762 /' 

. 1 
t 

,_. 
t'Fl data are in the tirst row, P2 in the second row, respectlvely • 

" 
S.E. of the difference between effects of two crosses having one pare;t line ln common 

~~s 4.25 for PliS and 4.6l for F21s.· . 

S.E. of the diffefence between effects of .two éros ses having no parent llnes in common 
ls 3.80 for FIlS and 4.14 for F2's. 

----
'1 / 
'1' ---___. _1""".7 t.5"1'If)"iH"'e'orJ"1~~..dio .. ::..J"''''''''';t~~~....,.,.,.~~~~~~,,,~. ~~ -- ... ~ ... ~~ >... .... ..-IIO~~,.."._ .... -- ....... * - ~ 
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FI generation bue not in the F2' ~'COUld ~so be important. Ajax x 

C.I.33S1 showed reasonably higb scÀ effe'cts in bot~ generat~~à and 

could be carried forward if the purpose is to select oat plants with a 

higb numbf!r of grains per panicle. 

, /. 
l , '1 

The th~rd yield component, lOOO-grain weight, was highly 
~ 

-
affected' by gene interaction ih the present study. This w~ .ind1cated' 

r~om the very low b'values (Table 3) in both gene1ations. ,The ~ 
• 1 

elimination, of parents contr1buti~g to this gene iateraction removed, 
,-

to some degree, su~ ep1static ~ffects.o unfortunately: in'removins 

the interacting arrays (arrays Q.O.64.3l, Q.o.58.22 and P.I.269l82) , 

the n~er ~.ffam1l1es fell fr~, 3~ to 15 1n eac;.h of the FI and F2 

g~erations. Bence, the analy~1s 1s not as compreh;ns1ve as in the 

,c~lete data. Nevertheless, certain consistencies are obvious' over 
. 

the two generations. Examination of the tables o~ array means and 
1 • 

GCA effects (Tables 14 and 15) indicates that parents C.I.3381 ~d 
, , 

Hinoat had the highest array means for grain'weight with C.I.33S1 
" 

u _..!J 

having no conaistency in dominant and reeessive ~le1es ~paren~al 
, 

order of dominance) and Binoat carrying more recessive tban do1lL1nant 

al1eles.' C1ear1y, the epi.tati~ parents (parents l, 2 and 6) had a 

fair1y high graIÏÏweight anct'tbe ctosses 1nvo~ving these parents may 

resulf 1'0 S~8J',!gllllts with ~igh grairi weight. The' crosses of the 
, 

epistatic parent Q.O.64.31 with èach of P.I.269182 and C.I.3387, end, 

'the epistatic par~t Q.O.58.22 wi~tboth O.T.184-and- Binb~~-:- are of a-=-' 

high ,potential in oat breeding progrlimS. Another interesting cross is 

~\ 

-~ 

, '{ 

1 
j 1 

-! 

1 , 
1 1 
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'TABLE 24. 

.' 

'~ 

, 
E8timate8-of·8pec~fic comhining ability (SCA) effects for lOOO-grain weight in 'the F1 

and 1'2 generations rrom an 8-parent' dia11el cross in oatst: 
p-. • 

1 
S.E.' of the ditfe~ence between effect~ of two crosses having no parent lines in common 

te Q.83 tor :v:i',!..,.4 0.88 for 'P2'a. ~ - -

~-
~ 

.. 1> 
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." 
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•• ..,.; 1777_ li Il'_fl,,,,,''.,,,~.ùl,,é~l.,, ,.-;1i",_/~,~,*M''''''-··~ / - . -----_. _A:::_ ,,". ..... ... .J",... .. -..::. __________ _ 

,- ~ -- - ,'~ --- - -- < • - --

lt 
·",1 
,­
'; 
~~ 

" J I~ 
-~. 
-~I 

l 
\ '~ 

1 

t 
• { 

1-

~ 

", 

:.-; ~ '",," 

i 
:' 

~ - '. 
~ 

~ 

î :,>1 

.~ 

<~ 
'" , 
r; 

~ ! 
.. "? 

~~! 
"? 

... 



• 

.. 

} 
, 

, ': 

o 

l ' , \ 
, , 

\ • J 

, " 

159 

, " . .' _, :~ ~'t",: .'Y~:'f<~, .. :-
., .... -

''. ,'r' ~ :- '~ 

", that of Clint1and 64 with P.I.269182 {TabJ.e'24}.,' Sihê~;',thé(geô..~;o-, 
- ! ,\,;~",",~ ·' .... ?r.~~:,.;.i~.:~ 

interaction ..,as ~f the gene-ralized (or ,muit1plic~tiVe) "typé':a:~ '~<I',::-
1 • ,'1- ' ", ," : , ,-

indicated earlier for this character, and W8.S in thé dt!!$irable . ' 
" 

direction, this interaction should he' fixed in ~he breeding materials. 

It appears th'ilt ',C. l. 3387 aDd' Hinoai: 'as weIl as the three epistatic . ~, ~.. ~ 

paren~s whicb show~d th, highest arrays. co~tain the most deBirable' " "'- ,~ ... 
, , ...... 

genes fOl; th1s 'charatrter, and it 1s upon thesè parents and, the1r' '" 
.. 

crosses that attent1~uld be·focused when cons1der1ng future oàt 

breeding programs. ' 

1 

In general~ this geneÙèal analysis demoostrated the import:mce 

of soJ of these geootypes or the1r crosses as genetic ~terialS for 
r,,.. , 

different breed1ng purposes. 
1 • \ 

For 'e~le, Cllnt1and 64 as a source of 

earliness. <ho T .184 as a source of .short-s trawed: oats, ,P. 1.269182 and 
" , 

C.I.3387 as a source of high,oi1 content, and H1noat as genetie . - -

. mâterial for, 1mproving the protein lev~l in oats. However, the f 
! • [ 

relat1~ between the mealt performance of tbese se1ected parents and. 
• • l '1 ' 

their crosses was oot; accurate for certain characters in most cas,es.' 
l ' 

These resu1ts were in agreement w1th those reported by Aksel and 
1 

Johns~ _ (1961), Jinks (1954),' and Johnson and Aksel (1959) l ,whi1~hey 
; " 1 • 

1 

, were in contrast ta those reported by Aggarwal (1976) and GU~ert 
" , 1 

(1958) .' Gilbert reported that the performance 'of the pare+t8 , 

" th8Jl!Se1ves gives a va1uâblé prediction of the relative beJaviQ':lr of 

the ctosS~8. 
i :. • 

, 1 
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It should be emphaSized here that these predictions were made 

after,extracting from the analys1s as much information as is -/ 
il 1}o l , ,.~, .' .,' .. ' ~.'. .,," ./' 

theore~j;~ahy Pëuis~b1e., :lt may ~e,:~hat this __ e~tractlon has gone too 
1 \~ .. ~:';'~ I~ ", (~, _ .... """No. ~ .. ~.;:-, ,,~ " ' • 

.' -,\- 'fa}:, and~:-that the analysts is nôtsùfficiently acèu~ati! to permit -such 
~ r. .. ~ { _ . ,. -

, , 
J \ 

\ 

\ 

a rigor~~:\nterpretation. If thiS ,,1~ à?,', th~se p~edictiorur ,are too 
\ . ... /n. (} .1. j, ~. • 

optimist1è; -and shoulq ~ave been ~de 1-0 ,more' g~ner8:lized terins. 

Therefore, we may have to'accept the statement made ~y Murphy (1974) 

that'the selection of pare~s in ~elf-pollinated,species such 'as o~ts 

ia ~arg~ly a matter of guesswork. ' 
11 
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SUMMARY ,AND CONCLU:SIONS .. .:; .. 

Three different diallel analysis te 
1 

present investigation to study 

\ 
\ 

.' ' 

'li" • 

we re used in the' 

involved in the 

~nheritanee of nine ~mportant quality and agronomie raeters in oats .... 
(AVéna sativa L.) in the FI and F2 generations. These characters were - , '"' 
protein per cent; oil per cent, hull per cént, plant height, ~eading 

date, grain yield per plant, number of panieles per plant, number 0' ' 
graina per p4nicle and lOOO-grain weight. The genetie infOrmation 

" 
obtained fram the various diallel ~alysis techniques involved in the 

presen~ study was used first in the p,\ediction ~~ ~e ,1IlOst promising 

gen~types ani/or crosses which would give the beat chances ~.findin8 

hign manifestations of each character in later generations and, 
~ ... .. A ... 

secandly, in the evaluàtion of the dia1lel techniques 81ld the 
(,) -

poss1bility of using them as a tool for ,plant improvement. Phenotypic, 

genetie and env1ron~ta1 correlations amang all cbaraeters were àlso 

inve8t1gated~ The genetie material~ were planted in a randomized 
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complete block design with four replicat~o~s. The statistical and 

," . 
genette analyses for the measured charac,ters sbowed the following 

results. 

. 
1. Statistic of the Fl and F2 generations" as , 

well as their parents, sbowed a highly significanç variation for each 
1 

'charaeter. ermit selecti!~n amang these genotypes and' 

their crosses fa; the desirable characters) such as high level~ of 

protein and ail, low hul1 per cettt, shortness, earliness and high 

'yielding ability. These chàTacters are of great importance in 

developing new oat cult~vars. In addition, the significant variation 

amang the'genotypes and their crosses fO~,al10Characters in the present 

, stu~~,: ~eVèals,that the genetie an\YSiS by "means' of di~llel techniques 

co.uièf~liè . carried fbrward. 

"'''-' 
""'" 

." 

2. ,~~~ts of the as9~tions required for the genetle analysls 
" 

indicated: 'that one or more of th~8e '8Ssumptions', including that of .no 
'. -

'epistasis an'ci gene correlation, were not strietly· vaUd, part1cularïy 

with 'cha~acters such :as-';Head;1ng date, numb"r of panieles per plant' and 
, '~ .... " ... ·~:' .. ':.~,r.~ ~ ':,'tI.\l.~ .... (, J '" ,' •• ,'" ~'u· 

lOOO-grain weight in both geneiat1daS:'~~~~~'fb.~s:,p'aEttaJ.., ta!~ure. '~f, ,some 
" ".J - ~"""·-"'e~~,.t -.~~.~:~ ~:":~:4:,;""~ ~ '''/J:'''~ ~J:--;-"'-'~' 

'of the asst.tm:ption's underlying ,the genetic '~à~lsis' :$ée~d;:;~l?-keïf to 
.. • ' .. ".>,,'" 

disturb the gerlettc analysis for 80me ch'traeter$."., Rè'$crl/'al of the 
l ' • .1.... 1., •• ; 

\; ... .. ~\, ...... 

parent (s) eontributina to ~he epistatiç effects ,s~ceeèc!eà! ,t:~"",~'ome. 
, .' 

extent, 1nre~on~g such failure. 

;' 
'~', 'l, ' 
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l. 
1 

~lthough both GCA and SCA effects were significant for the characters 

underinvestigation, th~- of ~CA was greate~ than that Of'\;~ 
all characters. Howe~er, the impottance of GCA rela~ive to SCA'was 

, 
nearly equal for grain yie1d and ,its thiee components, and much higher-

for othèr charaéters (Table 5). The Jinks-Hayman.analysis, as well as 

the graphical analysis, ;evealed, also, the predomi~nt role of 

additive genetie variance in~the c:ntrol' of ~ost of the Character~ 
under investigation. At the same time, the dolllinant genetie ef.fects 

'--
were' alsè ,significant but of low magnitude in relation to that pf the 

~dditive genetie, variance (Table 7).' These results suggest the use of 

breeding methods:utilizing non-additive as weIl as additive genet1e 

variance. Such procedures would be effective'in manipülating the 

characters under study. Accord'ingly, tp,e following) br~eding methoqs 

are suggested for oat improvement: 
.' 

(a) Composite or synthe tic cultivars ~ou1d be produced from\,parental 

'. ' 

.. 
lines showing high GCA effects (parents Hinoat and Clintland 64 

for protein per çent, C. I. 3387 a~d p .. 1. 2691,82 I~or ail per cen~, 

hull per c~t, and number of panieles per plant, 0.T.184, 

Clintland 64' and Hinoat for plant height, Cl~ntland 64,.Q.O.58.22 

and Hinôat--for early mat~i-1?-g types" Q.O.64.31 and C.I.3387 for 
, ! 1 

grain yield, O.T.l~'il.an~i Q.O.64.31 for number of grains per 
, '.T 1 ~ 

panicle and C. l •. ~:8,7 a~dl Hinoat for lOCO-grain weight). 

1 .... 
" 1 

l 

'" ~J._._ -- -,-.,.'" .. " ....... ,....,.... . ......--.. -_ .... _. . , 
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Assuming a male "sterility mechanism can be discovered in thls 
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spec1es and the technica~ problems of cross pollination solved. 

hybrid oats could be produced from 1nbred l1nes dertved from 

\ parents showing high SCA ef.fect~ (Tables 16-24). 

(c) Altematively. hybrid oats could be developed us:!.ng 'reciprocal' 

recurrent selection (Çomstock et al., 1949) to make efficient use 

of inbred 11nes ahowing both relatively' high GC!, and SCA effects. 
Q , 

'" -----
4. The degree and direction of dominance varied ~th 

characters and generations. In the FI generation, parMal dominance 
. -

1 occurr~d for ~1 ,characters, whlle overdominance and/or ê~lete 

~ominance oczur e~ i~ th~ F~ generation. ~ Eositive and ~egat~v~ allele$ 

were almost qually distrlbuted among ,the genotypes involved in the 

present study for protein and oil per cent, but we're 1mequally 
, 

d1str:lbuted for most. of the <,Other characters, part1cularly hull 'per 
" 

cen~, gratn Iyield. number of panteles per p1ant',"~d ,10aO-grain weight. 

. 'This· unequal dist~ib~ti~ of positive and ~g'ative alleIè~ with the 

1 non-allel1c inter,action 1ed to a partial failure of assumptions 

required for the genetie analysis. More dominant thsn recessive .. 
al1eIes were present ln the genotypes for al11 characters' except 
QI'" • 

protein per cent and'p1ant he1ght. The n~er of effective genes or 

groups of linked 8en~s con~r~~i1ng these dharacters varied fram qne to' 
c • ~\ \J 
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1 • 

5. 'Heritabllity estimates calC!ulate(Vt;:b,Jll the genera! and 
• • .. ,,'}r, , 

speciUc comb1ning ab1lit~ me~ho~er.e, in g~~~~, hig~e~' t~an' that 
..-" ... !)-

ca1cu!ated fram -the Jinks-Hayman malys1s, but the two ~thods .sbowed 

·the same, order for all Characters in bo~h generations. Broad sense 
\ l ' 

\ 

J, beritab:iUty e8t11U.~es vere rela~i';ely hi~ and higher in' magnitude 

than the corre~pOndi~g nàrrow sense estimates fo~ al! characters 
• )1 _ 

. ·'Q:cept for oil per cent, grain yield ànd number, of panicles per plant 
, : 1 

in th~ Fl' generation, calculated fr~ th~ Jinks,..Rayman ~alysis Only •. 
• c 

He ri tabi lit Y utimates vere relatively higb for oil per cent- and 
.' ",', .. ," 

.' heading date, intermediate for protein per ,cent, hull per c.ént, plant 
l " 

~ 1 J" _ 

height, numbe~ of panieles per pl8Qt 8Q.d number of g'tains p~r panic!e, 
n 

Genetiç advances fram 

.' selection, as well as the relative genetic advances flTODl sel~ctioa were 
'l • 

, • QI., .. 

1!elativny . bigber wben calculated by tbe,:Griffing' s analysis the that 
q " " • -, 

.' .~' • J 

, • calcul.ted by the' Jinks-Baymàn analyais~ 'Belative genetic advance -
:. ~. " -~ - l ' " -

~ .. • 1 1 1 

'~r~Dl' seJ.êet~on was hiah ·for oil per' cent, plant 'height, srain yieId, 
, , 

• ~ '1" • 

number of''Pan:1clès p'r p,laDt and number pf grains per pan~cle . in, both 
.. ~ , \. , J ~ 1 

generation8, 1ncl1C4tink that select:f.on for theae _char~cter .. :Ln the 
, <1 ~ , ' ~ 

":early ~erations .woul,d 5~ ~~fective •. :rrote:f.D. per cent: heacl:f.ng c1a~e 
. .". , 

.- an-e{ lOOO""grai!i, w.igbt ahQWed ln intermediate IG., wh:Uë l,e •• , progre.s 
fi.. J ) " ÇJ 1", ' • l ' 

. \ fr., selection o~curied wtth h~ per ~t ~~ the two generàt:f..qq.a • 
• , l ' ~ i# - q. ,'" ... 
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than the çorrespondin~ ~n.otypic coefficients, ~ ~st cases, but they 

were ~im:llar in. sign, 1n~icat~g th~t the significJt p~notypic 
.:'~ 

associations were mainly due to genetic causes., Likewise, the t 

• environmental correlation coeff~cientst particularly th~ significant 
~ 10 

coefficients, were s~lar with both phenotypic 'and genetic 

coefficients ,in sign in lDOSt cases, ind~cat1ng ~hat the two correlated 

charac~ers were influeneed by the environmental conditions in the same , ' 

,diJ:ection~ The present results also indi~ated that selection in the 
• '? '~ J 

desirable direction for/lDOst cha~acters wouldbe pos~ible without . \.", ... 

- aegative effects on other characters. 

:-..... 

'7., In the evaluatiou of the d1allel cross techniquès th~ . 

plant bree,der 1IU8t keep in mind. the basic elements of plant breeding. 
" , 

Moat plant breed1ng programs consist of two basic ftmct1ons: 
< " 

(i) chooa1ng pot81\..tial par811;t8 fr~ ali ,thos~ genotypes that are 
. "-

presen~ly available; (ii) s lecting, in th~ population developed by 
] 

mating the choaen parents, DeS with characters approaching certain 

plant b~eed1ng goals. 
t 

In 0 d~r for a diallel analysts ta be useful in 

'plant breec1ing, it; moat sup 1y informafion that helpa plant breedera 
• 1 > 

, ] l 'b. Î __ 

~n t4e cho!Lce, of "paren~-8 ,for a' particu1s\: bree~ng pr08ram or 
, l' 

1nformatidn that'will ~lèad th~m to a more.effectivè selection progr~. 
- , 0 

'l'he prejlent ~tUdy shawed 'that 1the d1alle~ crolls analy~is pro"",ded an 

genetic and' p~rformance evaluat1on. It hu provided, 
" ",'" 1 . 

• t ~" -" ,- \ \'\ • 

~b:1n8.,' :_;gel:y', ~éf.ul :inf"o~tion. about the relative 
~ • , \ 4 

rel-ationship 
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betw!!en hY1?rid perfo general ,combining ~bility, and the 

relationship between.h and the performance of inbred 

parents. of parents and their hybrida also afforde aD 

estimate of overall he In addition, the dialle1. cross 

anal~iS pro~ded info tion on the gep.etic identity of the ., -1 

charac'?,rs under inves igat1on, on dominance-recessive relationships, 

on genetiç intf!!ract:1:ô.b and on probable linkage associatic;ms. This 1 -, , 

,information 18 ver; li. ortant in most cere81 breeding progr_, 
.. ,/ - -. 1 " 1 

greatly outweighing ~ t obta1.J:1.able fram parental observation, and 
1 .. ~" 

enables the p-lan-t bre er to el1minate law yie1ding arrays, on a 

~~easonab1Y sound:basi 

'of the parents per.!! 

., Our results indieated that t~e performanee 

l '. ' 
s not necessari1y a good ~ndicator -Of,,-t1!-air ' 

'. . 
. 'combining ability in . . . ter generatians for most characters. 'l1leae . . 
results eontradiet, t~ stat~t raised by Gi1be~ '(1958) that, for 

, - . 

the P1it breede~, the 1nf?rmation gained f~om analySia of dia11e1 

crosses 18 Uttle more than that obtained fram the pannts themse1ves. 

. , 

Despi te the v l , __ hIe information provided by the diallel . , . ~ 

malyais in the prese inveatigat!on and ·it, use as an euy and 
, .v 1'" 

, , ~ , l .. • ~-

systematic w&y of cro ing p~ental J4,nes,,: .the' .ysUIIlPtiona required 

. ' i" 
for the genetie analy.is, the size of the diallel croàs, 'the nature 
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to decide on' the types and generatians' of _terial which would give 
> 

maximum :1nfo~tian for a given number of plots"rather than 

Qdeciding on an ea,sy crossing system and working out thé-altalys18 
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after the experiment i.s comp1eted." 
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CHAPTER VI 

CONTRIBUTIONS TC KNOWLEDGE 

firs~ comprehensive study conceming the eva1ua~ion 
, \ 

of dia1le1 alysis techniques 'as a ~~ol f~~ oat improvement. 

1. e uae of dial1el analysis in plant improVeœént has been 
, 1 

repor,ted by: 1 several invest;f.gators. To the best of the \author' s 
\ 

l ' . know1edge, o.ever, there have been no reports in the literature on 

attempts to st~dy, and/or 'compare the results from d1ffeient dia11e1 

analysie teChniques appl1ed to certain characters in certain p~pu1a-
l, ~ ," 

dons and ~~rati~s. ',In thi,. ~s,8e~:t~tion~ an' 'attèmp't w~ .,a.de to 
.. . ' ',,- ' .. 

,tudy and,c.cOlDPare reau1ts Dy three diff&t'~t,·d1a11el an~ly8i~)· ,,', , 
.. -.' ~ .-

• 1- ( _ 

teçhniques ; il:!. two genera:t1~. ~', application of the ,re8ul~8 wu 
- t, , ... '. .... ,,41"~ hl ~- .'... .. { , , 

dis.CU8sed in' !:e~t1on to plant bre4(&à metheds. Such an attempt ia 
" ~ ~ , .~, ' ' ~ .:" • r .. , ~ 

1 ~ 1 1 ~ 

bel1eved to be unique and 1a' conlliclered té ce a contribution to ' 
", ': ", ", ':", "- " '. 

'ori~~ knowleclge. { , "< ;',. J ' ',~ 
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use of 2. 

l' The two methods ta test the 8ssUmptions requi~ed 
J, -

" \1'tor the sene.tic analysis ts ,by itielf a c'??t<ribution ta originaL .. 
1 

knowledge. It is itÙportant -ta know that if onl1, one test of' the 

.. ~umptt~~rlY1ng the ~en.t1c analY818 18 ... 4. faalty coo­

clusions could result. 

" 
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3. Ta assess the importanèe of general and specifie combintng .. 
ability in ~he genetic cOntrol o·~ .. some ~ra~tersl, several res~arch 

J' ' . 
workers have compared the mean sq~res of these two types of 

~i11ty wtth each other. Unfortunately, this procedure alwa 
. J)' 'II 

.1- . 

in an: underestimation of the import'ance of speCifie combining abillty 
~ 1 - t . 

, . 1 • 

(Baker, 1977). In thé présen~ inv"urtigatiOl?-, the relative iDiportance 

of genera! ta 'specific combining ability was established for'each 
, ! ' ',. '. ' . 

character ~r two different proce~\Ïre8. To thli! knowledge of the author, 

'th!s iB-the first report of th1a/having been done in oats. 
1 

1 

4. The estimation of variance components, heri~ability, 
1 .. ,~ • , 

. "gened.~ ad~'~ .~~oïn, selection an4 relative:- gene~1c ad,"!ce from 

, selection fo~all ch~ract~rs in. the Pl and P2 generations is con-..,,< 
l' • 

sidered ,to .. be very '!mpoJ:t;ant in oat improvement. The importance of . 

these estimai.. 18 &;1so d~ to the fact tmat different 1DE!thods of 

~st1mat1on w~re ~ollowed and the resulta we~ campared. 
• il 4 

,~ 

,5. / .lnformati~, about the plumotyp:fc, genette and environ­, , . . 
mental,correlat!~8 amOn8 the.quality ànd agronqœic characters 
,.~.' ":"", .... ' ,,' , -.-' ·tt 

tnvolved in ~~e pre,ent invèsti8at10a a~e of 8reat tmpor~aDce to 
\ 

'. 

. Î j . 
, , 

... "l~a.- ~:! ~..,.!u_ j, ~",,~..n.- .• .t..J .... ~.:.'!t".M.. .. "'_ .. ".~~:!7.~~~,. 
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cereal breeders and ~t 18 believed that this i8 the fir~t attemp~,to­

obtain such infotm8tion and to diseuss tbeir utilization in oat 

improvement • 

In gene~al, the author b~ieves tnat the information reSulting 

from tnis investigation will provide useful guidelines for praetieal 

~at b~eeding programs and ~ll-enable the oat breeder to ev,.l~te hia' 

genetie material on'a sound genetie basi~., 
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CBAPTER VII t 

. " 

,SUGGESTIONS FOR FURTBER RESBARCH 

-, 

., ' 

:In pl~ng, for rês~arch work, 'researchers are faced vif two-' 
.c 

. main considerations ~ ,The first i8l8e~cing up clear and well clefined , 

objec~ves,. ~d th~ ~é~~~ .is t~ q~stion of wh~n. they I~an. cons1der 

that, the1r'research work ia completed. The second cons~derat1on ia 

us~lly ~ffl'cUlt to ascertain. Xn'~y cases':a contill~-of the 
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Although Hayman's reeommend~ti?ns weie considered in thejpresent 

investig~tio~, the author believes tnat to obtain good estimates of 
, , 

different genetie an'd environmentai parameters in oats, ,kuCh 
, . - -- ( -

investigation should be conducted for severai years and-~enerations 
\ 

(at least two year~ with Fl, F2 and FS generations). Different 
1 

environments are also required for valid genet1c a~d environmental 

par'~n\ete:r:s. The differe)lt environments could be different focations 
, . - \ 

(Macdonald College, Guelph and La Poeati~re), or different ':ff!ve;t.s of .' . - \ 
environmental variables such -as fertiiÙer applications, planting 1 

dates.:et~ •• at ~he sarne location. In faet, an extension of the , 

present study was ~arried forward hy the ~ùthor f~r one moré·yea~ and 

up to the Fg generation at the Macdonald Re~eareh Station in 1977, 

but the data ~ere not analyz~d for this., dissert,ation. 

2. In order for the statistical or genetteal varian~e com-
1 

ponents obtained fro~ a dia11el cross to be significa~t estimates 
. \ 

tliat co~ld lead to greater oat _ breeding efficiency, the ,size o,f the 

d1allel cro~s should be adequate a~ the parents ~houlq be randomly 
J 

seleeteq. However, it shoVld be remember~d that any inerease i~,the '/..-, . , 

s}.zé of the 4ia~~el' s~reases the numher of_ treatments (progenies) 

to~a' level whièli cannat -eon~niently be handled over a range of ' 
\. ../ t ,J' 

locationS. The aut~or believe, tha~ a dia1lel cross of t~n parents , 
J would be adequate to provide the .n~cessary info11Dation., 
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3. Although diallel crosses may be u8~d as a systematic 
" ) . -procedure of croésing parental kines. the genetie information and 

.-\ J ~ • 

pred1ctions resultins, from such a procedure' should be evaluated' 
~ -- ,- ... 

against that fram other matins designs i d br.eeding systems. ,-\ 

Determination of efficiency should' be fo 

these estimates and the, practical aspeet 

J' 
r~ference to"the considerable labour. 

the' . conducting of ea~ system.. Since 

resource allocation, a compromise has 

S'Uch ays teuis .• , 

. .. 

\ . 

.. 

the accuracy of 

of th~ work~ wit~ particu1ar 
-' , 1 

and expense involved j.n 

fact~rs are important in 

e reached when comparins 
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1 .APPENDIX 'TABLE 1. Array covariance (Wr > , Variance (Vr ) , and their 
~ 

differences for" protei~ per ~ent in ~he Fl ganeration from an 8-parent 
• . dia11e~ cross ~~ oats 

'. 
Parent 

AH parents inc1ud4d . \ -Parent 3 e1iminated 

,- Wr Vr Wr-V~ Wr Vr Wr-Vr 

1. Q.O.64.31 2.060 .1.424 0.636 2.466 1.635 0.831 
.. 

2. Q.O.58.22 2.601 1.820 0.781 2.961 2.087 0,.874 
Ij> 

t 
3. Ajax 2.123 2.443 -0.320 .: 

4. C1intland 64 1. 757 1.082 0.6(,5 .2.038 1.261 0.777 

5. O. T .184 1.413 
0 

0.510 0.903 1.608 0.584 1.024 

P. l :269182 
, 

6. 3.403 3.206 0.198 3.576 2.715 0.861 

i 
2.441 ( 

. 
7. C.1.3387 2:054 0.387 2.926 2.356 ~.570 

8. Hinoat "2.188 1.645 . 0.543 2.458 1.860 0.598 
Q 

\ . 
Y,-Intercept 1.10 0.00 0.98 0.00 

q 
1 - -l-

b - 0.65 ± 0.13 0 b .. 0.89 ± 0.09 , 
, .. 
1 , 
I-
I \ _\ 

\ ::.. 

~ -," 

1, 

r f Q' 

1 ; , ' 

! 
" 

.' 
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APPENDIX TABLE 2. Array covariance, .(Wr ) , Variance (Vr ) and their - , , 
differences for protein pe from an 8-parent 

r -, 
All arent·2 e1i~inated 

Parent 
Wr Vr Wr-Vr 

1. Q.O.64.31 1. 725 1.234 0.491 1. 797 0.923 0.874 
/ 

2. Q.O.58.22 0.876 1.350 -0.474 

3. Ajax 3.032 2.977 9. 055 3.247 2.535 0.712 

4. . Clintlà-nd .64 1.622 0.841 0.781 1.751 0.759 0.992 

\ • 
\ 5. O.T.184 1. 787 .J...103 0.684 2.047 1.211~ 0.776 

, 
6. P .1.2.69182 1.913 1.190 0.722 2:302 1.332 0.970 

y 

7. C.1.3387 2.415 1. 113 0.702' 2.836 1.995 - 0.841 
'-

"- /8. Hinoat 1.}61 1.153 0.608 1.904 .1.0~3 0.811 
1 

J' ... 
~ 

Y-Intercept 0.84 0.00 1.00' 0.00 
G. 

r' ' 1 } 

! . 
.' 

.... 
... 0.72 

... 
b ± 0.24 b ... 0.89 ± 0.05 

~ ~ • 

~ 

tf> . 1 ~ 

, , , 
1 ( , . 

" 

( 

" 

l, 
(, 

)r 

--
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APPENDIX TABLE 3. Array covariance (Wr ) , Variance (Vr ) and their 
1 

differences for oil per ,cent in the Fl- generation frôm an 8-parent 

dialle1 cross in oats 

All paren ta inc1uded 
Parent 

" Wr Vr Wr-Vr 
,S 

1. Q.O. 64.31 1.760 0.896 0.864 

2. Q.0 • .58.22 1.608, 0.757 0.85.(' 

3.' . Ajax 
, \. 1.569 0.716 , 0.853 

" 
4. Clintland 64 1.096 0.375 0.721 

5. O.T.184 1 1. 652 0.852 0.800 

6. P.1. 269182. '1.989 "Œ151 0.838 
l ' 

7., C.I.3387 1. 787 1.-000 
~ 

.0.787 

8." Hinoat 1.641 0.809 0.832 

Y-Intercept o.:o~ ;\ , 
ç 

0.73 

, . 

b "" 1.11 ± 0.07 
1 

1 

.--1 

- , 

\ 
\ 

) 

\ 

\ 

~~. 

4 

..... 

\., 

" 
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APPENDIX TABLE '4. , Array covar,iance (Wr ) , 

, " 

Variance (Vr ) , and l th~ir 
differences for oi1 per cent in the F.z genera tion from an ~~.,rent , 

dia11e1" cross in oats ;Jo 

®========-=~ ____ ~-= ____ -= ____ =-__ ~.i_16-__ -= ____ ~ ________ -== 

Parent 
• AU 'pare!1ts included '. Parent 2 e1iminated 1 

Wr Vr Wr-Vro 
, r .. 

1. Q.0.64.31 1.458 .. 0.666 0.792, 1. 719 0.755 0 :964 " 
2. Q.O.58.2'2 0.525 0.163 -0.362 -( 

3. Ajax , 
1.272 0.486 0.786 1.479 0.565 0.914 

4. Clintland 64 0.949 0.514 0.435 1.130 0.564 0.566 

,5. O.T.184 1.186 0.757 0:429 1.36~ 0.858 0.506 
, 

6. P. I.269182 1.846 1.263 '0.583 2.087 1.183 0.904 --
7. C.I.3387 2.619 2.234 0.385 3.022 2.533 0'.489 

8. Hinoat 1.449 0.609 0.840 1.6~5 0.709 0.986 

y-Intercept 0.64" 0'.00 0.92 0.00 

.... .... 
b = 0.92 ± 0.12 b .. 0.85 ± 0.13 

r 
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APPENDIX TABLE 5. 

. differences for 
'" 

" 

V 
./ 

Parent 
'V 

. , 

l 
1. Q.0.64.31 

2. Q.O.58.22 

3. o ~jax 

·4. Clint land 64 

J. 5. O.T.V34 

. 6. P.I.Z69182 

.7. C. L 3387 

.. 8. Rincat 

. ' Y-Interce~ 

i' 

\ . 

, . 
.' 

il) 

J • 
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Array covariance (Wr ) , variance (Vr ) an9. their 
\ 

and '"" from an hul1 pel' cent- in the Ft F2 generat;'ans 
" . l ". 

8-parent diallel cross t'fi oats 
~ 

fi F2 " 

WI' VI' 1WI'-Vr .Wi: VI' WI'-Vr 

" ., , 
1.865 a.bo ' 1. 6~9 l..640 -0.011 1.~3 " , ... , 

1.274 1.378 -0.104 • 1.392 A 1.232 0.160 

. 1. 738- 1..290 0.448 1.560 1.034 0.526 

2.735 2.434 0.301 0.253 0.409 -0.156 

0.769 " 0.660 0.109 0.444 0.623 -0.179 

1.9')52 2.243 -0.2911 1.194 0.612 0.522 

0.251 0.855 -0.604 0.623 1.918 -1. 295 

1 2.700 3.838 ' :-1.138 2:852 3.535 -0.68~ 

0.32 0.00 . Q.35 0.00 

.... A 

b"0.73±0.17 b ... 0.66 * O~21' 

l' • 

, -, . 

. , 

. , 
l\~ 

' \ 

A-

'. 

, ,,,1 
-!.- " 
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APPENDIX TABLE 6. A:rray covariance (W'!), variance (Vr ) and t:hei~ 

differences for plant height in the FI ge!lera"'tlon from \an 8-parent ' 

dialle~ cross in oat~ 
, • q 

Parent 

1. Q. 0:64. 31 

2. Q.o.58,22 

3. Ajax 

4. Cllxitl~d 64 

s.- O. t.184 

6. P.I.269182 

7. C. I.3387 

RinG, 
Y-Intercept 

AlI parents inc~uded 

*' 
~r V " r . Wr.-Vr 

,/ 

245.pOO 217.973 27.027 

207.402 172 .116 35.286 

252.857 224.098 \ 28.759 

250.196" 214.~ \ 35.352 

56. 3~4 26.388 \30:~ 
189.571 159.125 30:446 

191.643 139:464 ) 52.179 

. 212.787. 150.315 62.472 
/' ~ 

(. 

42.50 0.00 

.... 
b - 0.97 ± .08 

, , 

1 ' 

• 

1 !.L " __ . -' ....... ':'_"',,~ ......... ,"' ... ;t- ... ___ .. .-..J>4l. •• ~ ,_ ... - "" __ ..... ~v ,_ ." _" -.... ~ ....... .>j ~ ~h~___ ... 
----~~~~~~====~====~=--~~------~------------------~--

) = 

• If' 

~., 

L 

, it 



l , .. 
, . 

" 1 

1. 



. , 

. , , 

, 

{ . 

" 

f. ,-
,1 

" 

.. 

j1 
1, / 
i ' \ , 

, 1 

,1 

1 

, , 

~ 

193 

APPENDIX TABLE 8. Array cov~riance (Wr>t .,yariJce and th'eir 

differences for heading date ' in the FI generatioh 

dia11el cross in oats 

AlI parents included ated ", 
Parents '" 

Wr Vr ' Wr-Vr \Wr Vr , Wr-Vr 

1.. Q.O~64. 31 15.307 9.097 6.210 161.845 7.890 8.955 

2. Q.O.58.22 ' 3.529 1.924 1.605 3\.464 1.~13 2.351 
, 

'1"1 ..... "-.:. • . ..... 
3-;.: ",'Aj'ax 11.275 6.317 4.958 12.065 4.226 7.839 

$' \ 

4~ 'Cl1nt1and 64 -7.400 3.835 .3;j6) -8.013 3.455 \ 4.558 
'f~*' , y.~.r· ,~ . "j'~ ~'i;rl ' 5. O.T.184 18.384 9.179 9.20 ;' J. 

" 40 12~; 6. P.I.269182 35.193 30.311 4.882 33.684 .6.579 

7. C.I.3387 34.358 32.695 1.663 ' 38 787 33.676 5.111 
\ \ 

..... 

1. 728 \ .8. Hinoat 4.407 2.679 ~.304 1.265 3.039 

r ~ 

Y-Intercept 4.34 0.00 5,.020 0.00 t 
.1 J, 

1 

- 1 

b '. 0.99 -± 0.09 b - 1.04 ± 0.07 1 

1 t ... , 

1 

\.. 

( 

! 
\ \ 

\ 



-

" '. 
1 

~ 194 
( 

( 
'\pPENDIX TABLE 9. Array ,covari,Bllce, (Wr ) , variance (VI') and their 

- ,< 
, 

dii ferep.ces for heading"date in the 1!'2 generation from an 8-parent 

, di.allel cross in oats 

, All parents inc1uded • Parents 3 fi 7 eliminated 
Parents 

Wr Vr Wr-Vr Wr Yr Wr-Vr 
( 

1. Q .0.64.31 U.2BB 10.460 1.828 14.760 14.085 0.675 ~ 
2. Q.O.58.22 , 1.311 2.249 -0.938 3.856 2.544 1.312 

3. Ajax 13.740 9.767 .3\ 973 , 
" 

4. Cl1ntland 64 8.950 11.579 -2.629 8.492 14.342 -5.850 

1 

5. 0.T.184 27'.'451 28.554 -1.103 37.737 39.300 :-1.56:3 
0 , 

6. P.1.269182 29.056 33.299 -4.243 26.502 27.510 -1.008 

, 7. 'C.I.3387 37.\037 41.677 -4.640 
~ 

8. Hinoat 8.405 \4.919 '3.486 14.000 5.375 8.625 
\ 

Y-Intercept 2.43 0.00 '3.06 0.00 

1 Jr 

, \ 
,..~ 

~ I, 
b - 0.83 ± 0.06 b - 0.84 ± 0.15 

f 

., 
o 
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, 
APPENDIX TABLE 10. Array covariance (W ), varianèe (V) and thèlr 

differences for grain yield per plant in the FI and F2 geoerations from 

Parents 

1. Q.0.64.31 

2. 'Q.O .58.22 

3. Ajax '\ 

4. Clint1and 64 

5. O. T .184 

~. P. 1.269182 

7. C.I.3387 

8. Hinoat 

Y-Intercept 

. 
an 8~parent dial1e1 cross in oats 

·6.214' 4.870 1.344 3.9731 _4.469_ -0.496 

3~267 3.496 J -0.229 0.843 2.418 -1.575 

4.225 4.255 -0.030 3 .2 73 2 •. 915 0 • 35.8 

.. 3.990 2:652 1.33& 3.668 ~795 -0.127 

1.927 1.227 O. 70~ 1.983: 0.907 

-O. 864 ~52 2.523 

1.076 

1.979 2.843 -0.071 

2.972 4.65.4 -1. 68,2 ~.960 4.753 0.207 

3.131 2.796 0.335 3.650 1.95..1 1.699 
j 

0.88 0.00 1.02.· 0.00 

b = 0.77 ± 0.34 b ~ 0.70 ± 0.28 

\ -

·9 

i 
! .. 



'APPENDIX TABLE 11. 

differenees for no. 

\ 

Parents 

1. Q.0.64.31 

2.f Q.0.58.22 

3. Ajax 

4. C).intland 64 , 

5. O. T .184 

"6. P.I.269182 

1 • 

7. .r. 3387 

a. Hino t 

"-
'Y-Intercept 

6> 

l' 

l ' 
1 

r 1 

U , , 
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" 
Array eovarianeè ,(Wr ) , variance (Vr ) {lOd . their 

of panieles per plant in the FI' generation frop! an 

a-parent dia11el cross 

AU parents ineluded 

~r Vr Wr-Vr 

1.447 0.555 0.892 

0.945 0.621 0.324 

1.519 1.260 0.259 

1.446 0.666 0.7aO 

0.752 0.429 0.323 

0.218 1.013 :'0.795 . 
1.810 1.866 -0.056 , 

1.623 1.631 -o.ooa 

0.70 0.00 

b • 0.51 ± 0.35 

! 

i~ oats 

Parent 6 eliminated 

Wr Vr Wr-Vr 

1.448 0.508 0.940 

0.984 0.700 0.284 

1.554 0.820 0.734 

1,.290 0.467 0.823 

1.072 0.450 0.622 

-" 
4 

2.375 1.971. 0.404 

1.213 0.555 0.658 

Ô.81 0.00 

b - O. 78 ± O. 16 

, ' 

....... 
1 
1 

1 

1 .-
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APPENDIX TABLE, 12. Array covariance (loir>, variance (Vr ) and their 

differences for 00. of panict~s per plant in'the F2 generatioo from an 
/' ~ 

8-parent dial1_el ~,ross i~ oats 

AlI parents included Parents i & 7 eliminat.ed 
Parents 

Wr '!;2\ Vr yr-vr 

1. ' Q.O.64.31 1.602 0.717 ' 0.885 
. , 

2. Q.O.58.22 1.615 1.069 0.546 0.648 0.789 -:0.141 
,. 

3. J Ajax ,1.084 0.703 0.381 0.636 0.767 -0.131 

4. C~i'n~and 64 1.411 1.405 0.006 1.626 1. 715 -0.089 

5. O.T.184 1.145 0.746 0.399 1\.201 . 0.963 0.238 

2.044 1. 896 i 0.148 6. P. 1.269182 -0.107 0.293 . -0.400 , 

7. C.I.3387 3.089 4.230 -1.141 

8. Hinoat 2.803 2.325 Q .478 0.881 0.672 0.208 

Y-In,te;-cept 0.93 0.00 ' " -0.18 0.00 
" 

, li 
.\ 

b .. '0.56' ± 0.10 b '" 1.15 ± 0.24 

\ 

, . 
,~ 

t-

. '-
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13. 
'\' l , 

(Wr ) , 
~ 

APPENDIX TABLE , A,rra covariance and" their 

differences' for no. p-er paniele ,in 2. generations 
j 

from an 8-p rent dia11el cro " 
, 

2 
Parents 

'Wr-Vr r ' 'Wr-Vr "<", 

1- Q.O.64.31 1 \5.055 4'.796 

2. Q.O.58.22 8.687 2 ~4 -2.019 

1 1 
; 

3. Ajax 127.3 0 11.800 106. 33 ~ 412 '/\ / 
4. Clintland 64 69.6 5 2.884 -39.481 

, 
! 

5. O.T.184\ ! -13.961' , , 
'\ -6. P.I.269182 90.930 .199. 

\ 
" , 

7. C.I. 33\87 123.921 

i 8. Hinoat \ 37.593' 
',> 

,,.,. -/ 
1> 

Y-Intercept 36,91 0.0 -4.89 

f \ 
~ 

.... i " 

b .27 
i 

1 

'l~ 
. 

1 

,l' i,:' 
,\ , 

~ . , . > , 

\\.. 
'~ Il 

• di ~ 
, ~ 4-

,1 i~ 1 

t 1 1 1 

~ ., " 
1 f!\ 

'" , , 
" . -[1 

(1 
. ' , 

i i 
~ 1 : 

l ' 
li :i - • , 1 
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~ ÀPP~NDIX TABLE 15. Array covariance (loir) , variance (Vr ) 'and their 

differences for 1000-grain -weight in the F2 generation from an 8:-parent 

dialle1 
\1 

cross in Oats 

.l 

." .. AlI parents inc1uded Parents 1,2 & 6 eliminated 
Parents 

loir Vr . Wr-Vr vil' Vr Wr-Vr 

.... 
1. Q. à .64. 31 2.825 4.161 -1.336 

2. Q.O.58.22 1.620 1.021 0.599 , 

! 
, -3 •. Ajax 1.224 1.317 ~' ---...2.088 -0.072 .... 

4. Clintland 6% 0.915 3.528 -2.613 ,1.160 0.4~2 0.668 

~. 5. O. T .184 0.265 1.342 -1.077 0.330 1.771 -1.441 .. 
6. P. l .269182 -0~103 1.957 -2;060 0_ 

7. C. I. 3387 .3.081 6.266 -3.-185 4.688 7.3QS -2.617 

8. , ihnoat \ 2.321 2.806 -0.485 3.801 3.901 -0.100 

r-
Y-Intercept 0.25 0.00 0.49 0.00 

, / . , 
l . ;:pezl 
, 

.... T .. 
b - O. 45 ± o. 19 b - 0.61 ± 0.18 

, , 


