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) Macdonald CQIIQge and La Pocatidre, on natural selection in segreghuting
generations ‘of a barley croas was evaluated in F6‘ FIO and Flsn \\Onl

# ! i

from each population,

' There waa‘no\iignificant affect of alternating the segregating 'popu
lations kn natural selection with regard to -.gtcgation for awn type,i.
alnutoné\ colour, rachilla hair length, spike dcnnity,‘ hairiness of'\

. rachis edges, collar type or shape of basal rachis 1ntornode. Similarly,
there w;s no effect on the trait means for graiﬁ'yield. number of heads
per plot, numbar ,of kernals per head, 1000-kernel weight, awn length,

~head length, flag leaf width, length or area, or plant height. Equally.
|tabi11cy paramaters and frequency of superior genotypos wcte not
affected. . : S T
- \
By Fls almost all populations hadwah}ftcd towards plants with rough

+

awns, yellow aleurone, short-haired rachillas and hairy rachis edges.
Short-statured genotypes were e;iminated. - Selection for grain yield
appeared to stabilize. ) :

idér environmental diversity 1is appatently' needed in order to
evaluate effectively the usefulness of a procedure involving the alter-

-

nation of segregating populations.

jlt appeat:. from this limited study, that little would be gained in
* bnrlcy-breading programs by adopting a procedure involving the exchange
ofx,ulk populationa,b during aegiagating generations, between locations
_enyironmentally as similar as Macdonald College and La Pocatilire.
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EFFET DU LIEU SUR LA SELECTION NATURELLE DE POPULATION BULK D'ORGE
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. \

: Ce travail a consistd A &valuer 1'effet d'alterner des popula-
tions bulk entre deux lieux, La Pocatidre et Macdonald .College, sur la

\ . L&lactio naturalle dans des génfrations en disjonction d'un croise-
ment d'orge. On a choisi les glnlrat%on. F6' Flo,‘t ElS aux fins de
cette Stude. Une des populations a §té ensemencée année aprids année 2
chaque endroit pendant que d'autres ont % alternfes annuellement ou

de d7ux A huit ans aprids avoir &té cultil s 3 un endroit.

Les semences utilisées pour fin d'analyse et de pr:;Xgation
‘ -ont &té& récoltdes aléatoirement A partir de chaque population.

Aucun effet significatif causé par le fait d'alterner les
populations en disjonction, n'a pu Séta observé sur la sélection
. mtuifelle ;n ce qui a trait l la disjonction des caractdres suivants,
;3 type de barbe du lemma, la couleur de l'aleurone, la pubescence du
-~ anhillet. la densité de 1'épis, la pubescence des bords du rachis® le
- _ pe et la fofne de collet 2 la base de 1'épis. Ménme, on n'a pu
jZ¢erver aucun effet sur les caractdres responsables du raqdement en ’
grain, soit le nombre d'&pis par parcelle, le nombre de grains par &pis,
\ \in poids de 1000 grains.gla longueur de la barbe du lemma, la longueur
de 1'&&&3. la loﬁguepr. la largeur et l'aire foliaire de la feuille
.~ apicale et la.hauteué\de la plante. Les composantes responsables de
| %“iia stabilité et de la fréquence des genotypes supérieurs n'ont pas &t&/

1

affectées, ( \

— ' A la FlS presque toutes 1eﬁ populations ont produik des plantes A
avec une barbe de lemma hirsute, une aleurone jaune, des poils de

} rachillet courts et un rachis avec bords pubescents. Les génotypes
onnant des plantes courtes ont 5t§ &liminés, Il semble y avoir eu

\ 'stnbiliiﬁiion de la variation du rendement en grain.
’ \ 7

' ' Une plus gundq;\,‘gd‘.l\\{crsiti de 1l'environement apparait nécessidire
/ afin d'évaluer de fagon ef!iqsce et utile dans toute procfdure =

s . ~ \
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impliquant le fait d'alterner des populations en disjonction. Cette
$tude lim;c&e indique qu'il y a peu  gagner dans un progranme

\ d'amélioration de l'orge par l'alternance des populations bulk en \
: ;. disjonction. entre des endroits aussi similaires que Macdonald et
) ’ Lg\Poéntihrc.
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I. INTRODUCTION

The' interactions of genotypes with environments have been
observed by plant breeders for many years. However, there have b;en
only a few attempts to exploit them in practical plant breeding
programs. St~Pierre et al. (1967) carried out pedigree selection
from a segregating population of barley under the environmental
conditions of Macdonald College and La Pocatidre. They found that
strains selected at alternate locations in successive years, starting
at La Pocatidre in FZ‘ possessed the widest adaptation. Borlaug

(1968) claimed that the process, used in the Mexican wheat breeding

programs, of moving segregating populations back and forth between

two diverse locations, with two generations in one year, not only
reduced by half the time required to develop a new variety, but

also simultaneously permitted the identification o6f lines and the
development of varieties having wide adaptation. Differential
selection in varietal mixtures and hybrid bulk pébulations‘of cereal

crops at different locations has been investigated by several workers.

To the best of my knowledge, no one has studied the effect of this
"alternating segregating population" procedure on natural selection

in any hybrid bulk populations.

——— ™ \
I D |
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Suppose a desirable plant type were eliminated by natural

'

selection at one location, and anotherldesirable plant type were

b

eliminated at another location, could this proceduie preserve a

f
population? If a population were alternated between two locations

sufficiently high proTOrtion of desirable plant types in a

in which a desirable plant type was selected against at one and
selected for at the other, what would be the outcome in this
population for the desirable plant type? When a pérticular
éeneration is considered, alternated p?pulations are grown less
frequently at one location than those grown continuously at that
location. The changes in any character in the alternated populations,
then, will be slower than, or at most equal to, those in lat;er
populations. Thus, this alternating segregating population procedurg
seems to provide a means to maintain maximum genetic variability in

v

our breeding material or mass reservoirs.

There is considerable evidence showing thaé natural selection
would eliminate the non-adapted genotypes. Could this procedure
brinq tﬁg population into wider adaptation? 1If sg: should someone
wish to maximize the effect of alternmation, what is the ideal
alternatTng frequency? Should we alternate our population annually .
or every two, three or more years? Should we grow the population
more Years at one location than at the other? What kinds of

location should be used in this procedure? How many locations are

needed? What are the characters that are most likely to be affected_ﬂ

v

by this procedure?

s it o B
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This study was designed gp'§§swerxsome of these‘questions.
For practical purposes, two 1ocatgons within the province of Quehec
were chosen., These two locations, Macdonald Collége and Qa Pocatiére,
are about 250 miles apart Jnd are situated at almost the shmé
altitude. However, they differ by two degrees in latitude. Daylength
at the two locations differs by about half an hour on 21 Jume.
' - Average monthly bright sunshine is approximately 200 hours at ea;g
location. On the average of the propagation period (1959-1972)

\ monthly temperature at the early growing season is about 3°C higher ‘
at Macdoﬁald College; it 1s about 2°C higher at the late gr;wing .
season. However, monthly rainfall is about 1 cm lower at Macdonald

‘ . ) College (Table 2). They also iiiffer in soil texture; the La Pocatiére
clay has a higher water-retention capacity. Bariey.usually yields

| more at Macdonald College, although maturing is abou; one to two

weeks earlier than at La Pocatiére.

The effect of natural selection on varietal mixtures and
\ i ' composite populations has been reported elsewhere, but there are
relatively few and inadequate data clearly showing changes in

single hybrid populations in response to the pressures of natural

N ‘ selection. The population structure of a single hybrid pgbulation

%2 can be expected to differ from that of varietal mixtures and

Y

%& composite populations. Thus, the results obtained in the studies |
%é ' from the latter populations may or may not be applicable to a single

hybrid population. It is believed that studies on changes brought
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about by nachﬁl selection in a single hybrid population should pfbvide

some valuable information for a breeding program,

The objectives of the present investigation were to study
(1) the effect of a procedure called alternation of segregating
populations at two locations on unselected bafley popglations.
(2) the effect of alternating frequency on several agronémic
characters, and
(%) the effect of natural selection on several agronomic characters

in a single hybrid pbpulatioﬁ. \
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II. REVIEW OF LITERATURE

A. The effect of natural selection ’ "

1. Changes in varietal mixtures =« ’ .
Several investigators have studied the effects of natural
selection and competition in changing Ehe composition of bulk
populations made up by artificially mixing equal quantities of small
grain varieties. A mixture of durum and hard red spring wheat was |
grown by Klages (1936) for a single season. A very large increase ﬁn
the durum component of the mixture was exp1§ined%by the occurrence of

i

|
a severe stem rust epidemic. -

Laude and Swanson (1942) mixed equal numbers of seeds of the
winter wheat varieties, kanreg, Harvest Queen and Currell, and g}ew
the mixture at two locations in Kansas over a nine~year peribd.
Shifts in the varietal ratios refulted in nearly pure stands of\
/iggred, the better adapted variety, by the end of the experiment.

The changes in the varietal ratio were attributed both to competition
among plants which resulted in greater survival of the better adapted
variety and to produc;ion of more seeQP per plant by Ranred. g
I Two different barley varietal mixtures and a mixture of fivi
wheat varieties were grown by Suneson and Wiebe (1942) for periods
4

of five to nine years. They found that the survival of the varieties

in a mixture bore no ‘relationship to the yields of component

L4

5.

e o
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varieéies when grown in pyre stands; V?ughn barley and Ramona
wheat were well adapted and high yieldi\ when grown in pure stands
but proved to be very poor compet}tors i ghe mixtures. They
suggested a decided limitation to the bulK method of breeding as
plants that survive best in Fhe hybrid mix&ife may not- be the types

that wofld yield best when grown alone.

9
Suneson (1949) grew a mixture of equal quantitie# of four

barley varieties for a total period of 16 years. At the-.-end of that

-

time, tlg proportions of varieties in the mixtﬁxes were Atlas 88.0
per cent, Club Mariout 10.5 per cent, Hero 0.7 ;kr cent, and Vaughn

0.4 per cent. During this same period Vaughn a&e}aged significantly
AT

higher than any of the other varieties in yiijd whé% testeé in pure

. ! \
stands and Hero was second in yield. Vaughn \and Hef? also were

y

considerably more resistant to the leaf diseases whicQ were serious
in some years of the study. The only\marked diffe;enc; noticed

for gré&th habit was a somewhat more erec: early growth\for Atlas
that might have given it a competitive advanﬁagé. On thé\basis of
these results, he suégested that the bulk method of breedfkg would

not necessarily perpetuate either the highest yielding or t“f more
Y

disease resistant progenies, but rat@er those with. an intangible'

chagacter of competitive ability.

Sakai (1955) provided results of a competition study of
y !

Dr. Qka. A mixed population of two rice varieties, Taichung No. 65

and O-Chiam, were\gfowu for four crops in Taiwan. The mixing was \

') \

o %

~ - \
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made in three i?itial proportions: 0.05:0.95, 0.50:0.50, and
~ ’ ) ‘
0.95:0.05. The results showed that th# proportion of Taichung No. 65
w

decreased generation after generation without regard to the initial

proportions, although Taichung No.65 yields higher than 0-Chiam.

\
A}

- Mumaw and Weber (1957) reported that marked varietal changes
"occurred in soybean varietal composites which were grown at one
location for five seasons. Varieties having greater height, later

maturity, more lodging and greater branching habit increased in

proportion, ‘ - ' - :
\‘\
Suneson and Ramage (1962) mixed awned and awnless Onas wheat

-

isogenics from backcrosses in a 2:1,ratio, then gréw them pro-
gressively for seven years. No significant popula;Ion shift
resulted. However, rough awns increased by 20 per cent in a 1l:1
mixture‘pf rough\and'smooth—awned Atlas barleys for t;e same period.
)Hooded barley was strikingly inferior under both yield and su;vi&al
assays. They concluded that yield and survival relations for hybrids

and varieties are generally but not universally in accord.

Early and Qualset (1?71) reported that complementary
competition was observed(in all mixed popﬁl&tions in -which the
barley v;;iety, Tenn. 60.34 occurred. Its yield was suppressed in
mixtures by abdyt 20 per cent, while the ofher two vagieties
increased a like. amount, so that the total mixed poﬁglation yield

was equal to that expecteh from pure sténd performance. The reduced

yield of Tenn. 60-34 in mixed stands was due entifely to a decreased

number of spikes produced per unit area.
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Blijenburg and Sneep (1975) studied competitive interactions

in a 41xture of eight barley varieties and examined the relationship/

. between the_EgmpetiFive ability of these varieties and their yield in

|
monoculture, They found that the frequencies of the varieties in the

mixture‘changed rapidly, one of the varieties increased up to 86 per
cent by the end of the six-year study. Yield in monoculture of seven
of the eight varieties appeared to be in agreement with their

competitive ability in mixture. ,///

All of these investigators, working with different crops or

different varieties, come to the same conclusion; that is, that
\

natural selection did operate in their varietal mixtures.

’

v

2. Chhnges in composite populations Ty

¥

3

The "evolutionary plant breeding method" wlth composite cross
populations, as Suneson (1969) stated, was begun by Harlan and his
assoclates (1940). They mixed equal amounts of 28 vatietiesaof

barley crossed in all possible combfnations except one, and this

stock was called Composite Cr;ss I1 (C.C.1I.). With several objectivesd -
in mind, the composite and the individual créSses were grown for

seﬁfn generations and were tested. They concluded that growing a

number of crosses in a compo?ite mixture was apparently equal to the
method of pedigreé_cﬁlture. A number of plant gharacters were also

studied. Smooth-awned types averaged greater floret sterility and

slightly lower yields. Blue colour in the aleurcone probably was not

B
<

related to capaéity to yleld.

¥
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Segregation studies of C.C.1II have been carrieddopt.

\

Middleton and Chapman (1941), working from F, to FS generations, °

3
showed the smooth-awned types to be rather rapidly disappearing at
both locations, though possibly quewhafhfaster at one location than
at the other. Three years of yleld trials with bulked\segregates
gave oosults significantly in favor of rough-awned types as compared,
with either sm8oth-awned or hooded types. Yie;d trials with true-
breeding iines from the single cross of two selectf%ns of the
‘composite wqre also significantly in favor of the rough-dwned types.
Aﬁ association was found to exist between factors for spring growth
habit and smooth awnedness. They suggested that this association
was one factor in the lack of adaptation generally observed in
smooth-awned strains when fall-sown at the two locations. Suneson
and Stevens (1953) rechdedﬁ?our plant census enumerations involving
F,, and F

4 12 23

the percentage of smooth-awned types decreased with advancing
1

the F generations of this composite. It was found that

generation. _
N

The yielding ability of C.C. II ‘was studied by Suneson (1956).
The composite was grown at Davis, California, for 29 generations in
bulk. During the early segregating generations, the composite was ,
conspicuously inferior to Atlas, a check voriety, in yieldigg
ability and general agronomic appearance. It was not until the FlS

on generatidns that the bulk consisted, rather uniformly, of

types’ similar to those grown commercially in California and became

-~
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be a minimum of 15 generations of natural selection. ' ) .

Composite Cross V that was develdped by Harlan, was a bulk 4
of F; plants derived from crossing 31 varieties, and then crossing i

. ¥
the resulting F; plants in increasing numbers through four successive ’ é%

pairings to give a complete recombination. Analysis of this |

composite in terms of changes in genotypi¢ frequencies occurring over

L4

18 generations was done by Jain and Allard (1960). The results

e T

showed that the frequency of the‘dominant phenotype increased
sharply for rough-awned, blue aleurone colo;, and remaiﬁed much J
the same for long-haired rachillas in later generations. It alsc K
indicated that reductign in h;terogygosity was slower at several
marker loci than expected for the observed amount of outcrossing.
It was explained on the basis of heterozygote advantage ﬁ&soci;ted

. /

\

with segments of chromosomes. o

Both directional and stabilizing seleétion, involving a P
- number of quantitative characters in C.C.V., have been reported by
Allard and Jain (1962), Six generations (F3, Fgy Fgy Fyqs Fls and

“ A}
F18) were spaced-seeded, and observations on heading time, plant

[

height, spike length, spike density and seed size were made on a

/
single plant basis. No change in average spike density was observed o
! T
from F3 to Fyg+ The constancy of the m;ans of spike density showed//u g
that for this character stabilizing selection was 1uyolved./ ' |

Directional selection was observed for plant height, spike length, e I




/

F‘ZI& ‘. // : ,':R‘”' !
/

. obtained by mixing seed of 6000 entries from the barley world

if | -

'
o 1

- B

heading time and seed size. o The 8anerat;pn<means'f6i these

i

characters shifted slowly toward shorter stature, shorter spikes,

% et

earlier heading and larger seeds. Linear increase in the average
population fithess was fgundfwith’6H65EEZ-1;‘g;;;;;;;;;jw4—’—ﬂﬁ——#—‘—#—d————’—ﬁ—ga

0) reported that the overall mean yield of each

ation of 100 lines derived from C.C.V. increased with advancing“

» generations from Fg to Fou. This further supported the results of ‘"

<

Suneson (1956). This overall mean yield improvement resulted not

only from the loss of 1?f-y}91q;ggfl;aesr—tﬁ also from the selection

of increasingly higher<yielding lines with progression from Fg to ?

-

: 3
A §
Rasmusson et al. (1967) grew a barle{\composite population, :

{

£

collection, under severe stress conditions in Mind%kota for five

years. They found that yield of the population increased signifi-

cantly. The improvement amounted to 57 per cent during the six /

a ~ . . . - .

years or an average of 9.5 per cent for each year of natural
t

selection. a

s

. \
. Thus, this evolutionary plant breeding method not only

provides a source population in breeding. programs, but also

S

continuously impro@es its performance through natural s%}ection.

o
v
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3. Changéds in single hybrid populations

= - _Ii . ' ‘
' S pointed out by Allard A1960), varietal mixtures differ. from »

5
- . .

h >//,i§bpu13tions irr at least two particulars: (1) segregation will

Ny

Y

«

v occur in the hybrid bulks with the result that the competing genotypes

t

ol

Al
Poropf

are not expected to be constant from generation to generation, and
. (2) even when a hybrid population has reacJLd a degree of homozygosity .~

comparable with that of a varietal mixture, it will differ from the ,
— | ,
N o

///B;;Lure’{ﬁ/§ha; a vasgly larger number of genotypes will be compéting

— against each other. Ornf the other hand, most of the composite populd~

- tions are derived fromjseveral to many crosses, and intercross
. 9

not.occur. It’is, therefore, a question

. s from varietal mixtures, or composite populations
;//// ‘

to éi;;le hybrid populations.

varieta¥ mixtures and the attr?cfive population stfucture af,
o composite populations has resulted in more studies on the effect of \

- 4

+ natural selegtion having beeﬁ carried out in varietal mixtures and

° /
dividualggrains. However, grain yield was the same 4n both the

F andDFS.
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. In a lima bean population which contained two simply
inherited characters: indeterminant (D-) vs. determinant growth
habit (dd) and yhite (W-) vs. green seed coat (ww), Tucker -and

Harding (1965) found that ééne frequency‘Pf d was initially 0.50

3

/// - but after‘eleven generations of selection it was reduced to less

- than 0.03. Strong selection against dd genotypes was prqdictable

because of extreme mgrﬁhological differences between bush and vine
phenotvpes. Logically, the bushes would éompete unfavorably for 4

light, soil moisture, and nutrients. Selection intensity against W

was of the same magnitude as that for d. Starting with a gene

f
)

‘ was 0.06. There were no obvious morphological differences between

frequency of 0.50, after eleven generations the frequency of W

the pﬂggotypes which could be associated with competitive abiljty.

Thé F3_and F7 generations of 58 populations of oats were

evaluated by Marshall (1972) for fregzing resistance §B§ winter
' . T

survival, He found that initially nonhardy populations become more
I Y
resistant to freezing in response to natural selection, whereas

¢

initially hardy populations were né6t responsive. .He suggested that
¢

the ineffectiveness of natural se}&ction in the hardy populations

e -
~

appeared to be ‘the result of inadequate selection pressure rather 2

-

o than narrow variability for winter hardiness. In another stud#,

Marshall (1973) reported that after growing them for five years under

A
A —

natural selection for winter suryival, ten out of twelve populations

of oats were more decumbent in juvenile growth-habit, five were




]

taller and all were significantly later in maturity in the Fg than

-

in the F3. No apparert relationship between these changes and the

amount of increase in winter hardiness was detected.

4. Changes in population variance

Very little information is available on changes in population
variance under natural selection pressures. Palmer (1952) reported
)
that the variances of vield and its components, except number of

grains per plant, decreased between F, and Fé in a wheat “cross.

These changes were the result of natural selection,

®

. Allard and Jain (1962) found that changes in variances for
heading time, plant height, spike le;gth, spike density, and seed
size were as strikihg, or more so, than changes in means. The
change~yas always in the direction of decreased variance.

Frequency distributio;s showed that these decreas%s in variance were

associated with steady elimination of extreme individuals from the

tails of the curves.

!

'
1

5. Changes %n stability

A regression method was pfoposed by Eberhart and Russell
(1966) for describing the performance of a variety over a series
enviromments. Their model was given as

Yij = 'S | + Bin + Gﬂ € o

in vhich Y4y is the mean yield of the ith variety in the jth

t s 7
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environment; uy is the 1th variety mean over all environments;

B; 1is the regression coefficient for the 1th variety; Ij is the
index for the jth environment, it is the mean yield of all varieties
in that particular environment; and 51j is the deviation from

-

regression of the ith variety in the j'P environment.

The effect -of the environment was partitioned into a linear
and a nonlinear component, and a stability parameter was associated
with each of these components. The regression coefficient B4 was
assoclated with the linear component, and oéi (a function of the
Gij's) with the nonlinear component. The best estimates of B8y
and dii were respectively bi and Sii .

where

j/(n—2) / '

in which n is the number of environments; and

2
Sei = §d1

dgy = 814 = Yyy - (ag = byIy)

in which Yij and.Ij are;as above, and aj = Ei.

" Finlay and Wilkinson (1963) defined average stability as

regression coefficients‘approximating to 1.0. When average

stability was associated with hjgh mean yield, varieties had general

adaptability; when assoclated with low mean yield, varieties wé;e
poorly adapted to all environments. Regression values increasing
above 1.0 described varieties with increasing sensitivity to
environmental change (below average stability) and greater

specificity of adaptability to high-yielding environments.
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3

Regressiqn decreasing below 1.0 provided a measure oflgreater
resistance to environmental change (above average stability) and
therefore increasing spécificity of adaptability to low-yilelding
environments. With respect to the second statistic, a variety with.
521 = 0 will display little variation in performance over environ-

ments that have similar indices. The desirable variety was the one

with a high mean (i;), unit regression coefficient (b1 = 1.0) and

2

di =0). It

the deviations from regression as small as ﬁbssible (s

would perform above average in all environments. ®

. The approximate analysis of variance is given in Table 1.

The F-test is used for tests of significance. Eberhart and Russell
‘ (1966) and Freeman and Perkins (1971) considered the significance
levels obtained for mean squares for heterogeﬁeity of regression to
be approximate with the F-test} but with homogeneous errors, levels
of significance with the F-testnwere exact (Mandel 1961; Shukla 1972).
The significance of the differences among viriety means could Be

{
tested approximately by the F-test with a pooled error mean square.

Several workers have suggested that mixtures, on the average,
are more stable than their components (Simmonds 1962; Allard 1961;
Pfahler 1965a, 1965b; Jensen 1965). Populations deri&ed from

hybrids which were considerably more heterogeneous than mixtures

- f
), have been found to be both higher ylelding and more stable than pure
line varieties (Allard 1961, 1967; Finlay 19?3; Ragmusson 1968).

Thus, it would be worthwhile to study the role that natural selection

plays in population stability.

B TERE o R ] S T Nl ¢

TR

b

.
-
N

t

s

i

i gy

R T

N
T A AN el AT




A\
TABLE 1. Analysis of variance when stability parameters are estimated*
Source d.f. 8s :
*  Total nv-1 £z Y3, - C.F. {
1] 1
/ F 4
Variety (V) v-1 Lry2 Ccr.
ny
Envifonments (Env) n-l} ",( _ Iz Yi ) Yi/n ]
V x Env (v-1) (n~1) n 13 1
Env (linear) 1 l(z Y. 1.2/1 12 E
v 3 1373 y b
V x Env (linear) . v-1 ¢ v,.1 )2/2 12] - Env (lihear)S.S. 5
: i 3 1373 3 b
: ) 2
¥ Pooled deviations v(hbﬂ( LL8,
% ' % - 14 3
ﬁ ) 2 (Y4)2 2
Variety 1 n-2 [z vy, - 1 - vyY,,10?% 1
o 5 k| - 3 1373 e,
Fa
‘? : . - - .
{5 - : 2 sz )2 2 :
s Variet ~2 Iy -] - (LY .1 LI, =16 !
% riety p ) n [J vi n] (J VJJ/JJ JVJ
' Pooled error n(r-1) (v-1) . . i
*Adapted from Eberhart and "R.ussell (1966). =
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Finlay (1970) reported that the regression stability index
I
changed with generations in Composite Cross V. The QOminant feature
. i
was the reduction or loss of the very stable and very unstable lines,

and an increase in lines with roughly average stability (i.e.,

regression coefficient near 1.0).

Population evolution toward average stability was also
reported by Fatunla and Frey (1974) in a study of stability indexes
¢
of radiated and nonradiated oat genotypes propagated in bulk

populations. Mean regression stability indexes for grain yield

. decreased from 1.17 to 1.02 in the nonradiated line, and increased

L)

from 0.82 to 1.04 in the radiated line of descent over generationms.
The changes in mean regression stability indexes for plant weight

paralleled those for grain yield, but no trends in this statistie
‘ 1

4

occurred for ot}{xer traits. |

P

The above papers both indicated that populations would
gradually tend to show average stability under the pressure of
natural selection. It would be interesting to study the stability

of bulk populations under different locations. '
\

4

B. Effect of location on natural selection

1. Varietal mixtures
A textbook example of the effect of natural selection at
different locations was given by Harlan and Martini (1938). A
\ !

mixture of equal amounts of eleven barley varieties was grown at

~
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tgn experiment stations in the northern and western United States

for fourl:o 12 years. Each year the plots were threshed and
sufficient seed saved to plant two plots the following year. One
plot was again harvested in bulk and the other used to take a census
of the number of plants of each of the 1l varietfes remaining in the
population. The dominant variety at each station was soon evident.
Varieties that were dominant at one or more stations were eliminated
at others. In general, there was good agreement between the success
of a variety in the mixture and its status as a dommercial variety
except at two 1ocations: Surveying the results of their research as
a whole, they concluded that the succelss of a variety in a mixture
could be regarded as a measure of adaptatioq.and yielding ability
under‘commerctgl conditions. A striking feature of the experiment
was the rapidity with which one or two varietie§ became dominant at
certain locations. At some stations, one variety dominated in as
few ashfour years of natural selectiomn. At other stations, changes\

|occurred much more slowly. /

Sandfaer (1970)/provided another extensive and systematic
study on barley mixtures grown at different locatjoms. Three
varlety mixtures were produced, Maja + Freja, Carlsberg II + Freja,
and T. Prentice + Freja. Each mixture consisted of the same number
of kernels of the 7wo varieties in the first year: These mixtures
were grown every year from 1956 to 1966 at five different+:locations

in Denmark. The results showed: that the mixtures of Maja and Freja

/
I
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\

were rather stable at all five locations, and the ﬂﬁrcentage of Freja
in the mixture involving Carlsberg Il and Freja decl#ned at four of
the five 1oc§tyons. There was a slight increase in the relative
amount of Freja at the;other location. In the third mixture, the
percentage of Freja was reduced at the end.of the‘exﬁerimental period
at all five locations. Barley stripe mosalc virus was the cause of

|
elimination of Fre%ﬁ in the mixture of Freja and T. Prentice.

/ .

2. Composite populations

Composite Cross I was a mixture of equal quantities of F3
seeds from 32 crosses involving 11 varieties of barley. These
varieties were the same as those used in ; survival study of mixtures
at 10 stations by Harlan and Martini (1938). Suneson and Stevens
(1953) grew this compssite at 10 stations for various periods. They
found that genetic characters, like varieties, did not survive
equally in mixtures, nor similariy at different stations. Smooth-
awned segregates persisted at original frequencies, or increased at

-
six stations, but decreased at two other szations. They suggested

that the basis of the difference might not lie in the character

itsglf but might be caused by adaptation }actors linked with it,

Three bulk hybrid populations of rice were grown by Adair and
Jones (1946) for eight generatiomns at locations in, Arkansas, Texas,

and California. Each population was a composite of seed in the F2

5

of three to eleven crosses, the original composition of the

\

i
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'éf the types that survived in the bulk populations showed that

L 21
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composites being somewhat different for the three locationms. A study

Y]

selection for date of heading and for height had differed with )

-

location. The proportions of different grain types and of awnless

plants that survived also were quite different.

i

Bulk populations of 20 barley crosses were grown from F2 to

F4 generations at four locations in Iowa (Taylor and Atkins 1954).

- The authors found that the location at which the segregating

generations had been growm had a highly %1gnificant effect upon
subsequent bulk*population yilelds, date of maturity, and average
§gading date, but not on plant height. Neither rough- nor smooth-
‘avned types showed a tendency to be favored in survival. However,
differences were found among crosses and among locations for the
degree of selection for this character. IE was concluded that the
effectiveness of the bulk method of breeding in securing desired

.

types was dependent in part upon the location at which the bulk

populations were grown.

A composite of 105 crosses invol;ing 15 barley varieties was
grown for five years at nine locations in widely different latitudes.
Considerable differences were observed among the sa;plés from
different locations regarding heading date, mat&*ity date, aﬂd yield.
Very little difference Qas observed for plant height and 1000-kernel
weight.n Differentiai seldéction was observed for spike and awn types.
The proportions of two—rébed spikes and rough awns increased at some

v '
f . .




locations and decreased at others. Natural selection had very

little effect upon the collar type, neck shape, and leaf width.

Shape of basal rachis internode and neck length were npt influenced
by the locations at which seed was grown (Singh and Johnson 1969).
.
3. Single hybrid populations
An extensive study of the bulk population method was done by
Akemine and Kikuchi (1958).° One of the crosses was between Zuiho and
. Noren 20, which were, respectivﬁ%y, the earliest and latest rice

2 to FS

!

varieties grown in Japan. Bulk %bpulatiops were grown from F
Jgenerations at 20 experiment statioys scattered throughout Japan.
‘ . The results showed that the effect of natural selection differed
considerably for the various locations. The plants from seed grown
in northern locations were generally early, whereas those from
southern locations showed the reverse tendéncy. The amount of .
; ‘; . vﬁgiation also differed with location. It was wvery large for PY:/f

centrally located stations and, although smaller for southern and

|
northern stations, it remsined much larger‘than for the parents.

Miu (1965) and Miu et al. &967) mixed thoroughly seeds from
two single hybrid populations of rice separately, and each single
hybrid population was divided into four equal portions for planting

at four different locations, representing northern, central, southern

-

and extreme squthern Taiwan. These materials were harvested at each
- i

location and were grown continuously at that location from FZ to F6

generations. They found that selected lines differed in yield among

and within populations from the four different locations.
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Takahashi and Yasuda (1970) grew barley crosses 4in bulk from
F2 up to F6 generations in successive years at fou; stations,
located in northern, central, and southern Honshu and the southerp—
most part of the Kyushu district in Japan. They found that the
populations from two cxoLses definitely/tended to head out _earlier
on the average when going from north to south. The population means
of days to flag leaf emergence under 12-hour daylength in the northern

-

station became larger and larger with the adYance of ﬁyﬁrid genera-—
tions. , In contrast, plants ingensitive to short days increased
gradually in the southern locations, and population means decreased.
Thére was almost the same tendency ?nder 24-hour daylength. The
effect of natural selection on growth habit was very strong.

Abrupt elimination of spring-type plants from/the populations occurred
at the northern station. Op the contrary, the frequency of spring

plants tended to increase, though slightly, at the three other

stations, and thié tendency became marked moving from nof!ﬂ to south.

Tucker and Harding (1974) developed two bulk populations of
lima beans from two different biparentai crosgég of varieties. Each
bulk population was grown in £w0 different sites in the same -
commercial growing a¥ea in California f£é6r nine generations. A yield

w
test was conducted in one of the two sites, designated the test

location. The populations grown in the test location had higher
ylelds than the population grown in the non-test location

and showed significant divergence in yield from the F6 to Fll

generations, especially in the last three years.

\ ’
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. c Competitive/ ability and yield

\ Factors of natural selection should be numerous, such as

! maturity, seed size, habit of growth (erect vs. prostrate), heading

g

g habit (spring or winter type), vigor of growth, extent and desth of —

root system, disease and insect resistance, the capacity for ////

o e

nutrient uptake, allelopathic reaction and so on. Howeveg,/oﬁi§

[ two factors pertinent to this study, grain yield and plant heiéht,

are reviewed.

Several studies indicated that there was a high‘hor;elatibn p :
b between competitive ability and yielding ability. Sumeson (1949), .
based on his findings, stated that the relative yield of a variety

. ; was not necessarily a criterion of its ability to competition with

—_
2

other varieties. However, there seems to have beén an unrecognized

bias, as he pointed out later (Suneson and Ramage 1962). Vaughn

could be sown and.managed to yield either strikingly more or less -
- than Atlas. Furthermore, ‘the reported seven per cent yield
/ ad;antage for Vaughn, based'ﬁh 114 Califormia tests, had since,
with a total oﬁ\319 tests, been turned into a two per cent deficit. o

- o - s
Although both varieties were losing favor, the 1960 achEge ratlo i

in Caljfornia was 10 to 1 in favor of Atlas. Using the same four .

LTy

varieties for studying intergenotypic interaction, ‘Allard and Adams

—_—
e

(1969a, 1969b) found that Atlas was better yielding than Vaughn.

e gl

/ . They believed that the interpretation of Suneson's experiment did
\

.y

not appear to be justified. In a study of competition between
AN h .

Soad -




_nearii;ogenic genotypes, Suneson and Ramagé (1962) concluded that

yield and survival relations for allelés,vhybrids and varieties

/

were generally, but not universally, in accord.

r

Laude and Swanson (1942) speculated that the predominance of

Kanred after rine years of natural selection was partly because of °

the ﬁroduction of more seeds per plant by this variety.

Roy (1960) reported that when two varieties of rice were ) o
4 -

ok

planted together, either fully mixed, in alternate rows, or inmn -

-

\ Lt -

unfavorable as favorable. High;fialding varieties were also good
peie

competitors.

Jensen an Federer (1965) noted that strain yielding ability

was highly dgr elated with competition ability. In other wqrds, the

H
L3
i

“strain with the highest mean yield imposed the greatest mean yield

SR

Agﬁepression when it was a neighbor.
g ' | /

Though no differences between observed yields of the mixtures
and midcomponent means were found, corn hybrids that yielded highest ’ "
in pure stand did contribute more to a mixture than would be expected
based on thé pure stand yield, and the lower yielding hybrids less
than gxpected/{ﬁﬁnnenberg and Hunter 1972). In a recent study,
Kannenberg (1974) reported that the high yielding hybrids yielded'
more when in low proportions in a mixture; as theiy frequéncy

increased, and thus the competition was increasingly among like

a
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f genotypes, theit';elative/yféia/;;gffffggzgithfehe’I€§§Ei§ield being

i pure stand. - Cbnvers;el}'///lov/ﬁelding“ hybri €Ided their

: / ! highest in-pure stand. -
; ! T
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54 - 7 Studying-competitive interactions in an eight-barley-variety
E///f“ : ///9%§§ﬁte, Blijenburg and Sneep (1975) conclud%d that yield in pure
. - stand of seven out.of eight varieties appeared to be in agreement
: B .
- (
5”_ with their competitive ability in -mixtures. «
] » -
; The, results of composite population studies showed that .
L ) .
E e ing ability was steadily improved by natural selection "(Suffeson ——
o
1#56; Singh and Johnson 196’~,§§§gg§soa—1968*’Finlay 1970) . These
B /

__ furtherconfirm that competitive ability indeed is associated with

yielding ability.

\

There is, however, a growing body of opinion that yield of

v

IS

any cereal genotype in a mixture will be negatively related to its

q

. yield in pure stand. The earliest example in the literature was
probably given by Montgomery (1912). When two varieties were planted
i

« in competition, one variety was very apt to have an advantage which,

»

if continued, would-in time cause it to practically replace the other. |

It appeared that the one yielding best alone would not always be the

one surviving under competition,

This viewpoiint was also supported by Wiebe et al. (1963)
based on simulated generationf of barley. Three genotypes, VVl Vv,

and vv, from an advanced isogenic line of barley contrasting the
~ six-row vs. two-row head character, were grown in pure stands and N

)
v

I\
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in,F2, F_

,‘F3, F, and F, populations. Significant reversals in
relative yield Vere found to exist in comparisons between éhe(game
genotype, VV or Gﬁ, when grown in pure stands and in an advanced
generation. Significant shifts due to competition were also found
fo; heads per unit area, and number of kernels per head, whereas
gernel weight was\pnafﬁﬁcted. The same general results were /

obtained where blue vé€: white aleurone was used as the distingu&sh—

ing character.

Donald (1963) stated, in his review of competition among

-

crop and pasture plants, that productivity and competitive ability
M i
should Ei?gistinguished. He felt that a notable deficiency in our

understanding of competition was the substantial independence of

competitive ability and yield.

Schutz and Brim (1967) evaluated the effect ofﬂintergenot?pic
competition on yield and other at;ributeé in both hill and row plots
utilizing four diverse adapted:'varieties of soybean. ngackson'was
the best competitor, in terms of yield respomnse, of the four geno- ;a.f/ ‘
‘types tested. It was also éh; kallest and latest maturing variety.
The best éompetitor, however, was not the highest yiglding variety

in pure stand.

. Hamblin and Donald (1974) reported in their study that weakly
° - [N

competitive plants were likely to be higher yielding as monocultural '
crops. Other studies showedlkhat cpmpetitivé ability was associated

with plant height rather than with yielding ability.

-
. \\ -
-
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Oéher workers considered that there was no conmsistent /

|

relationship between the yield of a variety or genotype in a miﬁture

o

, A "

.
and its yield in pure stand. Sakai (1955) found that competitive

¢ ability was not associated with grain yield or other characters.

€

Tucker and Webster (1970) reported that there was no relationship

:g

between yielding ability in a pure stand and survival ability in a

bulk populatioq.

D. Competitive abilif} and plant height

. ~ The importance of height as a factor in competition was
L '

emphasizeﬂ by Clements et al. (1929). They stated, "The plants may

metre, yet this may be decisive since one leaf overlaps the other.”

‘ be so nearly the same height that the differet;ce is only a milli- N R ?
Montgomery (1912) found that when black oats were sown alone

they outyielded white oats, but when sown in competition the white

oats returned the greatest yield. The possible explagatidﬁ given was

that the white oats grew more rapidly in height at an earlier stage.

.
a

Pendleton and Seif (1962) studied competition begween rows,

between hills, and within hills of corm of different heights. They

>
s e el ORI L
v

found that a single row of dwarf corn bordered by normal corn yielded

30"per cent less than when bordered by dwarf corn. Conversely, a :
single row of normal bordered by dwarf yielded only six per cen‘ more

than when bordered by tali corn. Competition effects .noted on the

yields were primarily due to 1light.




g

Lo e 2 oMy - T e mm e el s

29
AN

Jensen)and Federer (1964) found competitive effects associated
) /
with height in wheat nurseries. Yields increased by an average 5.0
bushels per acre in taller wheats and decreased by an average 2.3

'

bushels per acré in shorter wheats.

Jennings and de Jesus (1968) reported that a tall, leafy rice
variety nearly replaced four other varieties in mixtures after four
generations of natural seleciion, even though/the short, sturdy
varieties in the mixtures were far superior in yilelding ability when
grown in pure stands. Growth analysis of mixed populations showed
that competition for light by mutual shading was the principle
environmental component causing competition in rice (Jemnings and
Aquina 1968). Jennings and Herrera (1968),carried out the same kind
of study but with tall and dwarf segregates from a rice hybrid. They
found that in each generation following the F) the proportion of
dvarf plants was less than would be expected in thF absence of

.
competition. In the Fg only 23.7 per cent were observed, compared

with 48 per cent expected.

Marshall (1973) reported that five of the oat populations

were taller in the Fg than in the F3, no artificial selection had

been applied.

Khalifa and Qualset (1974), working with a mixture of tall
4 B
apd short-statured wheat varieties, found that the dwarf variety

decreased in frequency over time with a cénchrent decrease in the

population yield level. y

i
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Kawana{gé_gl.l(1974), based on the results of their study on a
rice mixture, suggested that vegetative vigor, large leaf area, a
high rate of nitrogen adsorption in early growth staéﬁé, and plant

height were the most significant characters related to competitive

ability.

From the above studies, it appears that short-statured plants
are always in a position of selection disadvantage. They finally

would be eliminated from the mixture or hybrid population.

E. Genotype-environment interaction

The mathematical aspects of genotype-environment interaction
were given by Comstock and Moll (1963). Allard and Brashaw (1964)
discussed in detail the implications of genotype-environment
interactions in applied plant breeding. Work has also been doire om
whether selection should be made under stress or non-stress
environmental conditions in programs for the development of new
varieties (Falconer 1952; Frey 1964; Yen 1969; Roy and Murty 1970).
However, research on usihg genotype—enviromment interaction in

practical breeding programs is still inadequate

St-Pierre et al. (1967) carried out a pedigree selection from
F2 to F5 from a segregating population of barley under the environ-
mental conditions of Macdonald College and La Pocati®re. In each
generation, seed from selected plants was divided into two parts and

subsequently seeded at the two locations (see Figure 1). The

e
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Figure'l. The 16 selection pathways to the
Fg generation (adapted from St-Pierre gt al., 1967).
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\
adaptability of the selected strains was estimated from yield trials
conducted at the two locations during F, and Fg. They found that -

strains selected at alternate locations in successive years, starting

at La Pocatiére in FZ, possessed the widest adaptation.

a\\ In the CIMMYT wheat breeding programs, segregating populations %
we;; grown near Ciudad Obregon, Sonora, at about 28° latitude on the
coastal strip only a few feet above sea level \during the winter.
During mid—May3 a second generation was planted at 8500 feet and 18°
latitude near Toluca. Borlaug (1968) claimed that this process of
moving the wheat plants back and forth, and up and down, twice a
year, not only reduced by half the time required to develop a new
N .

variety, but also éimultaneously permittqé the identification of
lines and the development of varieties with wide adaptation. He
further pointed out that this, at least to a large extent, was the

i
result of the selection of lines that are insensitive to changes in

dayhgngth and date of planting, and hence are broadly adapted.
Other selection pressures also were undoubtedly acting under the

very diverse conditions that prevailed at these two nursery sites.

ok i e W i P
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III. MATERIALS AND METHODS

g
A. Source and propagation' 5
of plant materials U g
1
The pr#ject was initiated by Dr. H. R. Klinck to study the P
. - - - ¥
effect of alternating segregating generations between two locations %
e
on pedigree selection and bulk population method. The results of a o
study carrying individual plant selections through a pedigree program
were published by St-Pierre et al. (1967). The results of the study
| 1.

involving bulk population method are reported in this thesis.

‘ A cross betwked the barley cultivar, Star, and selection

.

M.C.2950 was made in 1958. Star is a short-strawed cultivar which

originates from Sweden. It has a dense spike, rough awns, yellow'
- o

aleurone and a short-haired rachilla. M.C,.2950 is a selection from
the cross Montcalm i Fort. It has a lax spike, smooth awns, blue

aleurone and a long-haired rachilla. For purposes of simplicity,

»

M.C.2950 is referred to in the text as a parental cultivar.

* The Fl hybrids were grown in the greenhouse. Seeds from Fl

-

plants were bulked and 'divided equally into Ewo parts. One part was
grown at Macdonald College in FZ’ and the other at La P7catiére. In
each subsequent generation, these materials were again divided, one
portion being retained for seeding in locé and the other portion

sent ‘for seeding at the other location (Figure 1). In each location/year

@“ / \ H\
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. Montreal island, while La Pocatiére is 250 miles to the northeast.

Wiy
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1
each. lot of material was seeded at 50 seeds per meter in rows 20 cm

apart, Each plot was of sufficient dimension to lontain approéim—
afely 16,000 ﬁlants. At least 1500 mature plants were harvested at._.
random from each plot, excluding the border rows; Standard cultural
and fertilizer pfactiqes were employed. By 1966, the number of
propggated plots for each population had exceeded the available land
and labour resources. It was decided, therefore, to reduce the number
of plots to eight or nine at each locati;n. A list of the F6
populations is given in Table 3, and of both FlO and F15 populations S
in Table 4. Populations we#e alternated either aﬁnually or after \\\

two to eight years at one location. Also, one population was grown

continuously at each location. /
These materials from Fl to Fl& were handled by Dr. H. R. Klinck.

6

Seeds of F, and FlO populations were stored at the ‘tion where
harvested.

s Mt P et o R B ok

.

l
B. Experimental sites \\“\,«

&

Macdonald College is situated at the extrqu west end of

The exact geographical location of these two locations is: Macdonald

i
College, 45°25'N and 73°56'W; La Pocati&re, 47°21'N and 70°02'W.

Both are at an altitude of)about 100 feet, with a continental climate.

Soil texture at La Pocatiére is heavy clay. It is more

compact and has a higher water~retention capacity than the loam to

-




TABLE 2. Average monthly rainfall, average monthly maximum and minimum
temperature from May'to August at Macdonald College and La Pocatiére

o
3

Macdonald College La Pocatiére

Year Temperature (°C) Rainfall 'Tﬁpperature (°c) Rainfall

Maximum Minimum (cm) Minmum Minimum (cm)
1959 23.75 12.64 4.60 21.53 10.14 9.73
1960 24.03 13.10 5.66 21.66 10.47 7.52
1961 22.13 12.47 9.12 20.50 9.99 8.13
1962 22,22 12.50 7.80 20.00 ° 10.14 8.61
1963 22.92 12.50 8.94 20.69 10.00 7.80
1964 23.61 12.92 8.10 (;;iZB 9.58 8.61
1965 23.19 12.08 7.80 20400 9.31 6.99
1966 22.92 12.50 6.71 20.83 9.86 6.86
1967 22,64 12.08 5.94 20.42 10.56 11.99
1968 22.64 11.94 7.16 20.14 9.03 5.46
1969 23.33 13.19 9,12 20.56 10.14 6.10
1970 24.03 13.06 5.36 ’ 21.67 10.97 8.81
1971 23.33 . 12.36  6.07 20.97 9,86 10.52
1972 22,22 12.22 11.20 19.44 9.31 9.09
Mean 23.07 12,54 7.40 20.62 , 9.95 8.37

1)

Source: Bulletin Métdorologique., Ministére des Richesses

Naturelles, Québec. p
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sandy loam s0il at Macdonald College. Average monthly rainfall and
average monthly maximum and minimum temperature from May to August

- T ,
at both locations are given in Table 2. In general, the temperature

at Macdonald College is approximately 3°C higher than at La Pocati&re

Mbmm\mé .

during early growing season, but only 2°C higher during late growing
season. Differences in the amount of rainfall at these two locations

varies with years. On the average, monthly‘rainfall at Macdonald iﬁ

st

College is slightly lower than at La Pocatiére. Average total monthly

bright sunshine at both locations is approximately 200 hours.

IS NP CANET I

The date of maturity at Macdonald College is about one to two

weeks earlier than at La Pocatidre.

C. The alternated patterns

According.to the system iF alternation, the F6 populations
have been grouped into 12 different patterns, and the F10 and F15
populations are each grouped into eight (Tables 2 and‘3). Among

i

these, pattern O represents those grown continuously at one location,

L]

no alternation having takem place. Ea7h of the alternated patfernq

consists of two pppulations which have the same system of alternation

bk ki,

but differ in their starting location. A few populations do not
have their counterbarts; thus, each one is included with the

nearest similar patteqr. The patterns range from the 8ne with the i

highest alternated frequency at the top of the table, to the

pattern having no alternation at the bottom. ;

—
[l
A .

\
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TABLE 3. Barley bulk populations in Fg generation, each differing in
previous history *

Pattern Population - Pattern Population

I ) PMPMP +* VII PMPPP
MPMPM MPMMM
MPMMP
II PMPMM VIII PMMMP
MPMPP MPPPM
ITI PMMPM IX PMMMM
MPPMP MPPPP

IV PPMPM X PPPMM *
o PPMPP , PPPMP
MMPMP MMMPP

v PPMMP * ' ox PPPPM *
MMPPM L MMMMP

\
VI ) PMMPP 0 PPPPP *
!

MPPMM MMMMM

/

+ The first letter represents the location in which the F2 was
grown. P = La Pocatiére; M = Macdonald College.

* These patterns were continuously propagated to FlO and F15
generations.

&
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Barley bulk populations in Fyo and F15 generations, each

differing in previous history

i

Fio Fis
Pattern Population . Pattern Population
I PMPMPMPMP + 1 PMPMPMPMPMPMPM
MPMPMPMPM MPIQKPMPMPMPMP
11 2P2M2P2M1P* ! 1T 2P2M2P2M2P 2M2P
2M2P 2M2P IM IM2P 2M2P 2M2P2M
ITI 3P 3M3P ' 111 3P3M/3P3M2P
3M3P3M 3M3P'IM3P2M
’ b4
v 4P4MLP v LPLMAP M
4M4PIM \ LMLP&M2P
| /
v 5P4M ¢ v ' 5PSM4P
5M4P N SM5P4M
V1 6P 3M \ VI 6P6M2P
6M3P 6M6P2M ”
VII 7P2M ! VIiI 7PTM
~ 8PIM “ 8P6M /
8M1P 8M6P
) 9p ‘ D 14P
9M ) ! 14M

location.

. + The first letter represents the 1ocation/in which the F2 was
grown. P = La Pocati8re and M = Macdonald College.

* The number represents the years grown continuously at a

N
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Suchfgroupigg e:;blés the populatioé sum of Squafes to
be partiti;;ed into between patterns and ;1thin patterns sum éf
squares in the analysis of variance. Since these patterns vary
withlternated frequency, a non-significant between alterhated

patterns mean squq%e for any character clearly indicates that
there is no majorleffect of alternation on natural selection for
this character. On the other hand, the effect of using a different
alternating frequency may be revealed by a significant bet&een
alternated patterps mean squafe. A significant within alternated’
patterns meag square would/mean that there i a sigﬁificant
difference between two populations (or three in some cases) having
P
the same alternating system. This difference may be caused by
the following factors and their interactions: (a) difference in
number of times grown at each location; (b) yearly climatic
fluctuations at each location; .(c) yearly variation in cultural
practice§ such as seeding date o# harvesting date at each location;
(d) soil variatyon among pr?pagated plots at each location {in each
year; (e) generation-location-year interaction; (f) cumulative
effect of these factors; and (g) other factors having an effect
during propagation periods.

D. Segregation studies

In the summer of 1972 there were eight/propagated plots of

Fl5 at Macdonald College and nine at La Pocatiére. Plot size and

39
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seeding rate were as indicated in section B, above. Several hundred

v

heads were taken from each plot. Each head was examined and the
following characters recorded: awn type, aleurone color, length of

rachilla hairs, length of five rachis internodes, hairiness of the

2

rachis edéés,bhairiness of the glume, rachilla hair type, collar
pre ;nd shape of Basal rafh?s internode. These characters were
chosen for this study because of their distinguishable features
and their usefulness for varietal identification. Studies also

extended to the two paremtal cultivars, of which heads were obtained

from test plots in 1973.

Barley is a predominantly self-pollinatéd species. Jain and
Allard (1960) founa that the amount of outerossing ranged from one
to two per cent. Thus, if outcrossing ;as neglected,\the ﬁroportian

of homozygotes in the population increased from F2

to the well-known formula [_5;— » where r = the number of genera-

tions after Fl and n = the number of independently segregating genes.

J

In the one gene case, expected phenotypic ratios.would be 33:31 inm

the F_, 513:511 in -the Flé’ and[approiimately one to one in the F

6’
In the case of two complementary and non-linked genes, expected
phenotypic ratios in Fl5 would be aboué three to one. The observed

15°

ratio was compared with the expected phenotypic ratio by the

chi-square test for some of the characters in this study.

4 -~
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An analysis of varlance,was carried out for testing ;he

’
differences among the ated patterns. It was done by using the

percentage of a pakt ular type for the character in question. The

between patierns mean square was tested against the within patterns

s

mean square. However, it was not possible to test the significance

. e
-

/ of the within patterns mean square because only one replication was

v

» " used in this study.

g "E. Yield trials

Yield trials were conducted at Macdonald College and

Nt

\\\ La Pocatiére in 1973 and 1974. Seeds from the F6 populations were
‘ grown\‘g{ a 5 x 6 simple rectangular lattice layout with the three

standard cultivars (Loyola, Champlain and Conquest) included. These

»

cultivars were also included in the F 0 population trials, but only

1

- Loyola and the two parental cultivars were included in FlS population

trials. Seeds from both F._ and F15 populations were grown in 4 x 5

10

triple rectangular lattice design. These were the same at both

locations in both years.:«

v

. Plot size was about 1.0 x 3.2 m (5 1links x 16 links).

5 , Seeding rate was 50 seeds per meter of row length. Only the central

I

three rows of the five-row plot were harvested for yield determina~
tions. In order to eliminate border effect, plants for a length of

/ ' 20 cnf at each end of the plot were discarded. ‘;-_%
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The following characters were measured in the yield trials:
grain yield, yield components, awn length, head length, flag leaf
width, £lag leaf length and plant height. The number of heads per
plot was calculated from an a%erage of two éamples of the number of
heads per meter. The number of kernels per head was an average
value of 10 heads counted in each plot. The 1000-kernel weight was

. estimated from three samples of 100-kernel weights. Awn length was
measured fr% the top of spike to the awn tip. Plant height was
measured from ground level to the base of the spike. Flag leaf area

was estimated by flag leaf width x flag leaf length x 0.67, as

suggested by Fowler and Rasmusson (1969). «

Although adequate germination had been indicated in a test
carried out before seeding, poor emergence percentage occurred in F6
populations in 1973. Thus, these data were hot included in any
analyses in this study. Seeds in 1974 trials were obtained from the
test plots at Macdonald College of 1973. No populations x years .
interaction, or populations x envirommental interaction was obse;ﬁéd
in most of the characters studied. Thus, populations of 1974 were

considered as previous generations (F6’ F10 and FlS) instead of

their actual generation (F7, F11 and Fi6) in the combined analysis.

In the statistical analysis, these tests were analyzed as a
randomized complete block design, excluding the standard cultivars
;nd the paﬁental'cultivars. The population sum of squares in the,
analyfis of variance Qas partitioned into between patterns and within

i

\ - '
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patterns sum of squares. Both between patterns ana within patterns
mean squa;es were tested against the pdoled error mean square, but
the between ‘patterns mean square was tested against the within
patterns mean square if the latter was heterogeneous. Generatioé

meangawer3 compared by a t-test.

a

The data were also analyzed by multivariate analysis of

variance and stepwise regression.

F. Selection trial :

, i Selection for desirable head type had been made in the F16
o4
propagated plots at La Pocatiere at two different dates of maturity

‘ in 1973. These two dates differed by one week. Selected heads were

“

Ao sent to California for multiplication in the winter of 1973-74. /

As a result, 345/1ines were obtained and were tested at
- |
Macdonald College. Because of the limited amount of seed available,

- : ¢

only two replicates were used, with a randomized compleEe block
design. Each line was grown in a single-row plot alternated with a
single row of spring wheat. Plot size was about/O.Z x 3.2 m.

Seeding rate was 50 seeds per meter of row'lengtg. At harvest, 20 cm
at each end of the plot was discérded. Heading date was recorded

as 50 perAcent of the heads emerged from the boot. About 50 per

cent of the heads with yellow awns-in thl plot was taken as the date

of maturity.
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In the analysis of variance, the lines sum of squares was
. partitioned to the following sum of squares: populations, selection

" dates, populations x selection dates, and lines within population x ™

2o

selection dates. The tests of significance for populations, selection

dates and their interaction mean square were made against the lines

Fl

within populations x selection dates mean square, if the latter was

- i

significant. Otherwise, as with the lines within populations x

g o ot oYU -

selection dates mean square, they were tested by the experimental

v

error mean square. 1
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/( -IV. "RESPLTS AND DISCUSSION
~

>

A. Segregation studies

i. Avn type
Most investigators have reported that the difference between

rough and smooth‘;wns in barley is determined by a single gene,
with rough awns dominant. This gene, located on chromosome V, has

been designated Rr by Robertsom et al. (1947). Table 5 gives the

observed values and chi-square values for segregation of this

character in the Fjg populafions. All of these populations deviate

significantly from the expected phenotypic ratio, with the rough-

awned type predominating.

&

Remnant heads were obtained in some populations of Fg and

Fi0 generations. Also, four Fjg populations were reseeded at
Macdonald College. As indicated in Appendix [Table 1, only three

. out of 16 Fg populations were significantly different from the
expected phenotypic ratio. The reason for these three populations
showing significant deviation is not known; it may be due to

Q&‘,andomness or due to their being subject to greater pressures of
‘natural selectipon ipn their growing envir;nments. Appendix Tables
2“and 3 show that deviations from the expected phenotypic ratio
appear in all the Fjg populations. When/ the chi-square values in

Fg, F10 and Fjg genérations are comparqe, they become larger in,the

~
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TABLE 5. Observed values and chi-square values for segregation of
rough- and smooth-awned types in F15 barley populations
Pattern Population Rough Smooth . xz-value

1 PMPMTMPM?MPMPM + 560 | 438 14.6703;*
111 3M3P3M3P2M * 602 398 41.2090%*
11 MPZMZPZMZPM | 603 396 42.4784%%
VIII 8M6P 293 g1 21.0764%*
v 5P SM4P 412 230 51.0295%%
0 14P 340 177 - 50.7620%%
VI 6P6M2P 407 197 72.3195%*
1v 4P4M4P2M 684 314 136,4338%%
VI 6M6P 2M 694 302 153.4949%%
11 2P 2M2P 2M2P 2M2P 381 150 99.6233%%
111 3P3M3P3M2P 420 164 111.3441%%
v SM5P 4M ‘ 720 280 192,7210%*
0 14M 735 265 219.9610*%*
h‘rp 8P6M 766 231 286,0140%*
1 MPMPMPMPMPMPMP 450 130 175.4500%*
v 4M4P4M2P 425 118 172.4419%*
VII JPTM & 791 209 ‘ 337.5610%*
/ Total 9283 4190 1924 .,4759%*
Expected . .
phenotypic ratio 1 1 /
**Significant deviation from the expected phenotypic ratio at
the 0.01 level. f

+ The first letter represents the location in which the F2 was
grown. P = La Pocati@re; M = Macdonald College.

* The number represents the years grown continuously at e
location. -
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later generations. This indicates that populations iﬁ&reasingly
A
shifted away from the expected phenotypic ratio in advancing

'

generations.
[y

The results suggest that natural selection selects in favor
of the rough-awned type. This was also reported by several workers’
(Middleton and Chapman 1941; Suneson and Stevens 1953; Jain and
Allard 1960; Suneson and Ramage 1962). However, the factors that

provide competitive advantage for the rough-awned type are not

' clearly known. Harlan et al. (1940) and Middleton and Chapman

(1941) reportea that the rough-awned type was associated with higher
yield. Suneson and Ramage (1962) found that smooth-awned types
tended to produce heavier but fewer grains. Studies on correlations

between awn type and number of kernels per head as well as kernel

size were carried out. The results indicate that the 7pugh-awned

type produces more kernels per head and its kernmel size is at least
equal to if not heavier thanlthat of the smooth-awned type (Appendix
-

Tables 4 and 5).

Harlan et al. (1940) gave an explanaLion for the association
between the rough-awned type and more kernelsrper head. They pointed
out that floret sterility was much more common in the smooth-awned
type. They further speculated-that low temperature seemed to affect

the smooth-awned type more than it did the rough ones. The lemmas

and paletas of smooth-awned barley usually were not as firmly cemented

to the caryopsis as in the case of the rough-awned ones. Almost
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without exception stigma hairs disappeared about in the same

proportion to the disappearance of teeth from the awns. This

doubtless was a factor in sterility.

The analysis of variance for the percentage of smooth-awned
types in the F15 populations indicates that there is no significant
) r
variation among the alternated patterns (Table 6). This suggests

that the alternating segregating population procedure has no major

|
effect on awn type. /

. il
TABLE 6. The analysis of variance for the petcenta%e of smooth-awned
' types in F15 barley populations

Source d.f. Mean square
Bétween patterns 7 16.4775 NS
Within patterns 9 75.5030
1 d 1 230.4804
11 1 64.Q§60:
1111 1 68.6792
1v 1 47.3364
v ! 1 30.5762
Vi 1 / 2.6220
VII 2 102.5452
4] 1 29.8764

KS - non~significant at the 0.05 level

P
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2. Aleurone éolor

Aleurone color in barley is useful to distinguish one
cultivar from another and may serve as a hallmark of quality, viz.,r
Canadian malting barley is commonly blue. Myler and Stanford (1942)
found that complementary genes conditioned the development of blue
golor. The blue aleurone condition occurs when complemengary
dominant genes Bl and B1Z are present in the genotype. Yeilow
aleurone oécurs when either gene is homozygous recessive. Bl and

B12 gre'located on chromosomes IV and I, respectively.

The genotype of the yellow aleurone parent, Star, is not
known. If there 1s only one homozygous recessive gene in Star, the

results show that a1l these populations differ from the ekpected.

o

phenotypic ratio, and they - EEIEced toward the yellow, aleurone
color (Table 7). On the other hand, if both genes were homozygouS\
recessive, the populatién grown continuously at Macdonald College
includes more blue aleurone than expected. Yellow aleurone was

I

favored in the onme grown continuously at La Pocatidre, however, and

most of the alternated populations shifted toward the yellow aleurone

_color. In general, the blue aleurone type was eliminated from most

of the populations. Thus, since Canadian malting cultivars are
desired t? have a blue aleurone, if segregating popu%ations in a
malting barley breeding program are carried in bulk, attention should

be paid to this phendmenon.

JUUPRRFOE R R N ORI R

W s diman el R

- b v

FOROSRILY [ AR 7 8

[ PR

Dt i,



-l

L i

S TR AR TV VRIARER TN T R T T

SO TR, T TROW R SRR Teeae T AV WO
—

e A

TABLE 7.

!

,

50

Observed values and chi-square values for segregation of

blue and yellow aleurone color in Fl5 barley populations
Pattern Population Blue Yellow X2-value@ X2-valueb
0 14M 4t - 465 536 4.,8951 * 244 .5717%%*
\Y 5M5P 4M 428 564 18.4090** 173.2271%%
Vi 6M6P 2M 362 631 72.3303%* 68 .8851**
1 PMPMPMPMPMPMFM t+ 293 690 15.5279%*% 11.#579**
0 14p 114 457 204.8406%* 7.4541%%
v 5P5M4P 118 607 328.4744%% 28.,9659%*
1v 4PLM4P M 140 859 516.0400%%* 63.7200%*
II 2P2M2P 2M2P 2M2P 71 525 344.3104%* 53.7472%x%
VII 8P6M 89 905 668 .2344%% 135.6458%%
\'28 *6P6M2P 56 570 420,.3977%% 85.1970**
I11 3P 3M3P3M2P 56 582 432,0141%% 88.6854%*
VIiI 7P7M 87 921 688,3819%%* 143.1759%%
I1 ' 2M2P 2M2P 2M2P 2M 70 928 735.9208%* 171.2277%*
I MPMPMPMPMPMPMP 40 583 471.5313%* 113,7084%*
VII 8M6P 27 562 457.7142%% 129.8477%*
111 3M3P3M3P2M 46 952 820.,6663%* 220.2217%%
v 4M4PUM2P 21 587 52510411**. 115.5049%*
Total 2483 11459 5777.5516%* 384.0688%*
’ Eipected
phenotypic
ratio 1:1 1:3
+ The first letter represents the location in which the F2 was _
grown. P = La Pocatiére; M = Macdonald College.
1+ The number represents the ygaré grown continuously at a
location.

a

Chi-square value comparing the observed values with the
expected ratio, 1:1.

!

b Chi-square value comparing the observed values with the
expected ratio, 1:3, -7 ’

level.

* Significant deviation from the expected ratio at the 0,05

k% Sigﬁificant deviation from the expected ratio at the 0.01

level.
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It should be noted here that the classification of aleuromne
character was ‘done visually; no chemical tests were.made. Thus,
errors in classification éould have occurred. Even so, the dis-
crepancy of these two sorts was so wide (in some cases the blue
aleurone &as almost eliminated) that even if chemical .tests had been

used, results would have been very similar.

Studies on composite populations have revealed that blue

increased in some populations whereas yellow increased in others

N

(Bal et al. 1959; Jalin and Allard 1960; Jain and Suneson 1964).
Inconclusive resuits were obtained by Dubbs (1958) from bulk hybrids

and mixtures of isogenic lines. Harlan et al. (1940) and éualset
/

and Schaller (1966) showed that only small differences exist between
blue and yellow types in terms of yield and its components.

Alqugne coior’appearg’to have no association with awn type (see
Appendix Table 6). Thus, it is likely thaF the differences observed

in these studies are due to other genes affecting Fitness and other
/
quantitative traits linked with the aleurone color loci. /

i
»

Since the percentage of blue aleurone types ranged from 3.45
s/

fo 46.45, arcsin transformed data were used in.the analysié of
variance (Snedecor and Cochfan 1967). Table 8 shows that there were

no differences among the alternmated patterns. This indicates that

N

the alternating procedure has little influence on the survival of
, ]

’

plants having a particular aleurone color, as far/as these two

locations are concerned.
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TABLE 8. The analysis of variance for the arcsin transformed per-
centages of blue aleurone types in Fis barley populations

[

Source of variation d.f. Mean square
A
}j Between patterns 7 131.6405 NS
7 Within patterns 9 83.2225
E I 1 / 170.0168
11 ) 1 9.2020
| 111 1 11.8584
v 1 62.6080
S v 1 128.2642
\'2¢ 1 196.2180
| Vil % 2 7.9314
o] 1 134.9724
‘ / NS - non-significant at the 0.05 level

‘
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3. Rachilla hairs
\\\

! R ° VN
Long~haired rachilla is dominant over short%Pai}éd rachilla,

and a number of investigators have found the difference to be

determined by a single gene pair located on chromesome V (Smith 1951).

Deviations from the expected phenot}pic ratio were found to be

\

significant in all populations except two (Table 9). The values of
¢hi-square are relatively small when compared with those values for

awn type and aleurone colgf. Thus, it appears that the pressure of

\

natural selection on this character was not as strong as it was on

El

awn type and aleurone color. Hence, changes in genotypi¢ composition

’

were rather slow.

v\;% In most ?opulations, natural selection seemed to favor shorti

haired rachilla types. Population shifts toward short rachilla hairs
were also reported by Bal gg_él.l(IQSQ). Howevef, it is hard to
believe that short-haired rachilla has more adaptive value than its
other allele unless it is linked with other loci. It was not
unexpected that rachilla hairs would be a;sociated with awn type
(Appeqdix Tab%g 7). These two loci are separated by about 30
crossover’ units ip chromosome V (Bal et al. 1959). .Rachilla hairs

probably are not related to\aleurone color (Appendix Table 8).

&abléLIO gives the results of anaiysis of variancé for the
percentége of short-haired rachillas in tLe FlS popul#tions. There
is no significant variation among alternated patterns. This suggests
thatvthe segregation of this qharactei did not differ’under the

eenvifbﬁ&ental conditions of this gtudy. \

e e il
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¢§$ﬁ§\¢§&;%’ TABLE 9. Observed values and chi-square values for segregatiom of: ~
o § long and short rdchilla hairs in F15 barley populations - ‘
\§\, - - ! 3
N Pattern Population Long . Short X%-value
: ) // ‘,‘11\ ‘ 2M2P2M2P2M2P2M ++ 518 ' 480 ‘1.37;7
~ VII 8M6P : 273 314 2.4516
: \/) ' v 5P5M4P 331 394 5.3020 *
- « 1 MPMPMPMPMPMPMP t  _ 281 342 - 577 *
III " spamsp e’ 277 361 10.7978#*
II 2P2M2PIMIP2MIP 257 339  11.0083#
E e & 3M3P3M3P2M - 427 569 . 19.9608%*
; , IO . PMPMPMPMPMPMPM 399 578 32:4298%*
| o VI, 6PGH2P 254 377,, . 23.5879%%
| v LMLPGMZP . S249 - - 38 29.12754% |
v » SMSP4M- 387 ¢ 605 .- 47,4687+
B T . upuMiPM e 61’ ff . 49.6814%
@ VII 7P7M " 386 622 54.7867%*
0 14P 211 360 38.3607%%. |
| . VI 6M6P2M 353, 641 82.8661%%
! S - 340 661 102.2977%%
- VIL 8P6M - / 332 658 " 106.6919%*
J , —
" . total ; 5665 8298 .  A96.1271%+
PN Expected . ' -
. phenotypic ratip 1 1

’

t' The first letter represents the location in which the F,

was grown. P = La Pocatiére; M = Macdonald College.

++ The number represents the years grown continuously at a

location. . | <
* Significant deviation from the expected phenotypic ratio
at the 0.05 level. . -

t s
*% Significant deviation from the‘expected_phenotypic ratio
at the 0.01 level.
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g?‘t* ) TABLE 10. The analysis of vafiance‘forathe percentage of short-haired
ﬂﬁh rachilla types in Fig barley populations
' o Source of variation d.f. Mean square
Between patterns 7 28.6458 NS
Within patterns 9 \ 19.3649
1 1 9.1164
11 1 38,5442
II1 1 19.2623
1v 1 " 0.0722
; v 1 22.0448
\ 2 1 ~ 11.2338
. 1
‘ V11 2 44].3287

0 1 ‘ - 4.4700

NS Non-gignificant at the 0.05 level.
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4. Spike density
!

Spﬁké’density was detefmined by measuring five rachis inter-
nodes in the middle of each spike. There was no significant
variation in the means of spike demsity among the alternated patter
(Table 11). However, whenathe appropriate popglations were poo}é&
to obtdin the variances of alternated patternsj the variance of
pattern O was found to be smaller than that ofxthe other patterns,
except for pattern VIL, which had the same size of variance (Table 12).
A very large variance was observed in pattern II. This 1s due to the
relative contrast in the frequency distributions for spike density of
the two populations' (Figure 2)., All of these frequency distributions
are apparently bimodal. The frequency distribution of the population
grown continuously at La Pocatidre (pattern 0) shows that the lax
spike type has been almost eliminated. This indicates that natural
selection at this location selected against the lax spike type. _

However, two peaks occur in the population grown continuously at

Macdonald College, and the frequency of the dénse spike type 18

'/m%ightly less than that of the lax spike type. Thus, it appears
¥,

that natural selection at Macdonald College does not favor either
splke type. Figure 2 also indicates that the frequency distribution

of the populations covers a wider range than that of either parental

varieties.

¥
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.TABLE 11. The analysis of varidnce for spike density in Fyg5 barley
populations
Source of variation d.f. B Mean square
Between patterns 7 0.0556 NS

Within patterns 9 0.8969

1 1 . 0.8050

I1 1 2.1121

I1I 1 1.3751

v 1 1.6311

v 1 0.4227

A2 \ 1 0.6287

Vil 2 0.4467

0 1 0.2044

NS Non-significant at the 0,05 level.

TABLE 12. Variances for spilke density of “the alternated patterns in
Fis barley populations
Pattern ’ Sample size Variance
1 1602 6.1292
I1 1593 13,5533 /
I1I ¢ 1634 5.4369 ty
IV N 1627 6.4316
‘v / 1711 6.3003
VI / 1626 5.6663
Vil 2582 4.9430
Yo 1572 4.9546
5.

o e, S O
N

~ e

- N

=

K DA Sy sin.

P

S e 28 s o Sl

e e e K s



Star ‘ |

© M.C.2950

135

Parental cultivars

MPMPMPMPMPMPMP

401

10 1 20 mm

2P2M2P2M2P2M2P

8 8 & 8§

R .
L 4
.
+ 104
0-
-

19 ; 15 2 mm

3P3MIP3M2P

5
J aMapaM2P :

Figure 2.
bnrlgy populations,

/

h e~ Tadr e m ey -—

10 15 20 mm
Overall populations
Pattern 1 / .
%
50
«®
30
20
%
0
15 20 mm
PMPMPMPMPMPMPM
Pattern I1
7. LN
” LY
badt I '
”-
204 .j/
”J-“—v—r-‘
10 15 ) 20 mm
2M2P2M2P 2M2P2M
Pattern III _
504
o /
304 .
204
'°‘.“-_~
o X
10 ) , 13 20 mm
7 3M3P3M3PIM.
T /
Pattern IV /

4PLMAPM

The frequency distributions of spike density in Fis




Star

M.C. 2950
95 2& ‘ 59

/

o o P W s A %

15 20 mm
Parental cultivars \ 7PM™

13

10 15 2 mm ® 135 2 mo
SPSM4P SM5P4M

Pattern VI-

| :

10 /] 2 mm ) ’ 15 !

6P6M2P 6M6P2M

.

v Pattern VII O
Z
504
r'1
F 2
! 2
109
04

o 3B 8 8 &

% N 13 mm 0 2 mm

. 14P , , © 14M
Pigure 2 (c7ntinued)

G

DA v o W




5.'Hairy rachis

Inheritance studies on this character are very limited. Fung
(1947) reported éomplete linkage between a factor for rachis
pubescence and the main gene for rough awns. A strong correlation
between this character and awn type was also observed in this study.

p
Thus, a single gene hypothesig is assumed for this character.

tamia.

Populations apparently shifted toward hairy rachis types
(Table 13). It 1is believed that this shift is assoclated with the

rough-awned type. Table 14 shows no significant variation among the

alternated pattermns.

It was noted that those spikes with short hairs on the glume
also had short-haired rachillas and short~haired rachis edges. On
the other hand, all those with long hairs on the glume had long-

haired rachillas and long-haired rachis edges, with only a very few

exceptions.

6. Collar type

Since the number of genes involved in this character 18 not
known, the observed numbers of different collar types for the Fis
populations only are listed in Table 15 and no chi-square test was
carried out, A lower proportion of open~collar types appeared in
mq;t of these populations. There 1is an interesting feature: the

nine populations grown at Macdonald College in the”¥j5 generation

contained more open-collar types than those grown at La Pocatilre.

i
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Observed values and chi-square values for segregation of

TABLE 13, 3
hairy and non-hairy rachis edges in Fl5 barley populations
Pattern Population Hairy Non-hairy X2~value

1 PMPMPMPMPMPMPM + 551 428 15.2032%%
I11 3M3P3M3P2M t+ 603 353 64 .8546%*%
11 2M2P2M2P 2M2P2M 604 388 46.5977%%
VII 8M6P 283 194 16, 2348%x
\' 5P5M4P §&u. 412 215 61.2695%%
0 14P 336 144 76.0020%%
V1 6P6M2P 380 191 61.8984%%
1v 4P4M4LP2M 680 311 1136.6538%*
VI 6M6P 2M 698 292 165,6818%*
11 2P2M2P2M2P2M2P 359 141’ 94,1780%*
111 3P3M3P 3M2P 413 153 118, 5176%%
v 5M5P4M 730 262 219.8477%%
0 14M 761 241 268.8233%%
VIl 8P6M 768 <216 308, 5376%%
1 MPMPMPMPMPMPMP 440 117 186.1472%%
v 4MAPLM2P 396 109 161.9722%%
ViI 7P7M 792 210 336,8872%%

Total 9206 3965 2084,70]12%%

Expected

phenotypic ratio 1 1

i

+ The first letter represents the location in which the F2

was grown,

P = La Pocatilre;

M = Macdonald College.

tt* The number represents the years grown continuously at a

location.

%% Significant deviation from the expected phenotypic ratio
at the 0,01 level,
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TABLE 14. . The analysis of variance for the percentage of non-hairy
rachis types in FlS barley populations

y !

Source of variation d.f. ., Mean square
Between patterns . 7 15.0781 NS
Within patterns - 9 79.4224
1 . 1 257.8720
11 1 59.5140
II1 1 48.9060
1v 1 48,0200
v 1 ‘ 31.0472 "
VI 1 7.8408
V1l \ 2 121.9504
0 1 17.7012
4o
. NS Non-significant at the 0.05 level.
A, .
K
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TABLE 15. The observed number of collar types (open vs. V-shaped) in )

F15 barley populations - 4
Patternf’———,’r Population Open V-ghaped
\

VII 7PTM ++ 452 552

I PMPMPMPMPMPMPM ¢ 435 53

II1 3M3P3M3P2M 431 559

1v 4P4M4P2M 414 579

11 ZMZPZMZPZMZPZM 412 585

v 5M5P4M 403 582

o 14M 399 592

VII ' 8P6M 394 588 Y
VI 6M6P 2M 384 603

I1 2P2M2P2M2P 2M2P 200 332

VII 8MEP 196 349 .
v 4M4P4LM2P ) j 193 399

v 5PSM4P 219 461

I MPMPMPMPMPMPMP 158 376

I11 3P 3M3P 3M2P 150 ) 439

0 14P 122 416 h

VI 6P6M2P 121 414

t The first letter represents the location in which the F
was grown. P = La Pocati@re; M = Macdonald College.

++ The number represents the years grown continuously at a
location,
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TABLE 16. The analysis of variance for the percentage of open collar
types in Fis barley populations

Source of variation d.f. Mean square
Between patterns 7 ! 26.6950 NS

Within patterns 9 76.8437

I 1 113,7032

11 1 6.9564

111 1 163.2624

1v 1 T 41,3140

v 1 37.9320

Vi 1 132.6820

Vi1 2 20,5200

0 1 154.7040

NS Non~-significant at the 0.05 level. )
'a; ;
! N/

b
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It seéms that this character is highly influencéd by growing

conditions. Singh and Johnson (1969) reported that differences in
collar types were observed among tillers of the same plént. Th;s,
it appears that this character is not reliable for cultivar
identification. Variation among alternat;d patterns was not

significant (Table 16).

7. Shape of basal rachis internode —
Table 17 lists the observed number of spikes showing
different shapes of basal rachis internode. No chi~-square test was

3 .
carried out because the inheritance’ of this charaéter 18 not known.
Straight internode predominated in most of the populhtiéns, No
significant variaiion in rach%s internode shapes occurred in the
patterns (Table 18). . \ 1¢; .
<

The mean squares of the alternated patterns were cﬂmpared
in their magnitudes and their order among the plant/typel described
in the foregoing sections. HOvaer, no relationship for these
mean squares betqgén any two plant types was found, except between

the percentage of smooth-awned and non-hairy rachis types. This

suggests that the latter two plant characters are closely linked.

. ‘
:
/ v
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TABLF; 17. The observed mmber of spikes showing different shapes of
basal rachis internodes (closed vs. straight) in FIS barley populations

4
\.
o NP < R

Pattern Population Closed Straight
I PMPMPMPMPMPMPM + 486 485
' Vi . 6MBP2M t+ 486 501 ;

' 0 14M 437 512
SMSP4M ’ 417 567
Iv 4P4MAP2M 402 590
111 ' 3M3P M3P2M 368 621
. 11 2M2P2M2P2M2P2M 347 650
Vil 7P 7™ 288 - 715
v SPSM4P 192 500

11 2P2M2P 2M2P 2M2P 146 387 |
ViI 8P6M 251 730
¢ 111 3P 3M3P 3M2P 141 , 453
I - MPMPMPMPMPMPMP © 129 416

0 / 14P 121 429 )
v 4MLPLM2P 131 480
viI ° 8M6P . 118 437
vi 6P6M2P . 115 428

1

re

i 1 The first letter represents the location in which the F2 wvas
grown, P = La Pocati@re; M = Macdonald College. l
at a

+4, The nuuber,repr?sents the years grown continuousl
- location. T
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TABLE 18. The analysis of variance for the percentage of closed basal
rachis internodes in Fj5 barley populations

Source of variation d.f. MeaEquuare
Between patterns 7 - 34,6105 NS
Within patterns 9 B ///‘162.9269
I ' 1 348.2160
II 1 27 .4540
III 1 90.7204
Iv 1 182,0232
- v 1 107.0184
VI 1 393.9624
VII 2 13.9936
0 1

288.9608

NS - noh-significant at the 0.05 level.
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B. Yield trials ' /
1. Trait means

The resultl for all the characters studied in these trials
in F6, FlO and FlS populatfons are simplified in Tables 19, ZO/and
21, respectively. Details are provided in the following sectyén
4nd in’Ehe appendix.

N . -

1. Grain yield )

Results of graiq yield for the F6, FlO and F15 populatione
are shown in Tables 22, 23 and 24, respectively. The populationé
were not significantly different in grain yield in any of the ¥

generations. When the population sum of square was partitioned to
between (alternated) patterns and within (alternated) patterns sum
of square, the mean squares for the latter two were not significant,
with the exception of pattern IV in the F6. Therefore, grain yield

was not affected by alternating segregating populations between the

N .
3,

two lacations. This 18 partly because of no differefitial éélect@on
for grain yield aﬁnthese locations, as indicated by a non-sighi t‘
variation between the unalternated populations in patfernm 0. (It

may also be due to-the fact that natural selection canmot.bri ,

about any significant changes in grain yield in a single hybrid

population. This 1is demonstrated ﬁy the similarity of the three

generation means. /

1

Though the magnitude of coefficient of variation was reduced by

the FlS generation, nevertheless it was st1ll high. Since 20 or more

(/7 5 . A
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. JIABLE 19, A simplified table showing results fzr/several agronowic characters of ‘F6 barley populations
L/ Mesan squares
4 ; So.of  N&.of
Source of variation ‘Grain heads kermels Jooe.  Am : Head , 28 V1A Tlag 5,
yield per - per length length ‘de:fh 1 ea lea height
. L . e plot ~ ‘bead wveight t ength area B
Populaticas 1 , - - - - - - - - - - i
Between - - - x - - - - - " -
Vithin patverus - - - - - - - < - -
A ) QI e T — - - - - - - - -
o Ix - - - - - - a - - -
v * - - - * - - E - - -
v - - - - - - -~ - - - -
VI -~ - - - - - - - -
vIX - - - - - - - - -~
vIII - . - - - - - - - - - -
. Ix _ _ _ - _ _ _ _ . - _
. . b ¢ oo C - - - - - - - - -
ST e n - T - - - - - - - -
5 o ) - - - - - - * . - . / -
* Sigaificant at the 0.05 level when tested against pooled error mesan square
. ) b S@imt at the 0.01 level when tested against pooled error mean square
.~ . Bou—significant at the 0.05 level - )
a ' /
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. - TABLE 20. A simplified table showing results for several agronomic characters of Fm barley populations

> ~

- i !(ean squares - . _
Source of ¥wariation
) ) No. of Ro. of -
.. \ - _ Grain heads kernels o0 Awn | Bead g Tae 1A ppane
- *  vield per per ernel length length vi:ath L ea h ea height
. o N _ plot i i weight ) engt! area
Population . ™ DI - -~ - - - - - -
Between -patterns - - - - - - - -~ - -
. Within patterans - - - - - - - - - - -
& I - - - - - - - - - -
. ¢ - - - - - - . - -~ - - -
R ¢ ¢ SIS - - - - - - - - - -
. ™ N . N N N N N N - - .
v - - - - - - - - - -
7 i - - - - - T T T o=
‘o - .- - ® - - - - - - -
® Significant at the 0.05 level whgn tested against pooled error mean square -
© - Non-significant at the 0.05 level - )
o & ) ) / .
& ~ i . ’
’ o : - /
A~ ' ~
e o
’ N

&1
i
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TABRLE 21. A simplified table showing results for several agronomic characters of F . barley populations

15

= " ” }
- - o ; l!um squares , . 1
_ No.of No.of _ ~ oo
< Source of wariation Grain | l§ ) ls‘fiooo- Avn Head Flag Flag Flag Plant %
S yield . per  per el joisth lengen Jeaf  leaf - leal ., e ’
- plot ~ head weight width length area . ‘;
I Populations - - L2 - *h L L2 L * -
' Betwesn patterns ) - - - - - - - - - - ~
- Within patteras - - * - ok *k Uk x - * - 4
I . ’. - -— - - xR N - - * - - ¥
IL - - - - - - - - - , - - !
I - - ok - - * - * - - b
; { . v - - - - *k C ok - - - -
. v - - - - - - - - - -
vI - - - - - * * * * - .
vIiI * - - - - - * *h - * - y o
o - ® - - * . * - * -
. \ -
- * Significant at the 0.05 level when tested against pooled error mean square
* Significant at the 0.01 level whken tested aga:lnst pooled error mean square
) - l!ou—cign:lﬂmt at the 0.05 level .
T . < ~
) )
\' -
— ~ —
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ﬂ TABLE 22. The: results of partitioning the populations sum of squares for grain yield and its
= . ' components in Fg barley populations

-~

o~

RS
hd Mean squares
Source of wariation df :
s, Crain yield Ro.of heads/plot No.of kermels/head 1000-kernel weight
" Populations = 26 6714.26 S711.49 14,7252 1.6634
. Between p.ttem -1 8737.99 5215.50 22.0962 2.6262%%
Within patterus 15 5230.26 6075.22 9.3197 0.9550
T’ A | 760.50 12736.08 0.0800 1.4450
. It 1 10296.13 79.38 23,8050 0.2112
— I 1 3403.13 13073.45 5.6112 . 6.3012*
v 2 16742.25% 2585.73 6.4658 . _ 0.6458
. ¥ < —1 10.13 1607.45 16.8200 - 0.5000
v 1 8320.50 16689.65 0.0612 0.1512
i 2 1944.33 3220.77 7.1175 0.1408
- VIIT 1 2850.13 9604 .98 0.4512 0.4050
> 1 18.00 10195.92 0.0800 1.7112
. 2 6715.08 5509.56 19.2325 0.0625
B ¢ ¢ 1 .- 338.00 3018.65 19.8450 0.0012
) -1 1653.13 1490.58 7.4112 1.9012
Pooled error ' 52 5503.72 7991.50 21.2328 1.1513
Generation wmean ' 438.81 453.33 47.0833 32.2583
c.v. 16.91X . 19.7X 9.78% 3.33
. ‘% Significant at the 0.05 level ?
** Significant at the 0.01 level
B B .
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"TABLE 23. The results of pattil;ion:lng the populations sum of squares for grain yield and its
~ compounents in Fm barley populations

—_—

Source of variation df

Mean squares

Grain yield No.of heads/plot No.of kernels/head 1000-kernel weight
Populations 16 2036.82 4966.96 11.9752 1.6379
Be patterns 7 1330.90 .5858.78 9.2387 1.7841
w patterns 9 2582.08 4273.32 14,1040 ) 1.5239
I 1 2709.37 . 0.00 2.7337 ’ 2.2450
o n 1 165,37 1422.96 0.2204 0.8623
I 1 2321.45 73.50 . 18.2011 0.0352
v 1 3015.05 25977.84% 21.6600 0.0210
v 1 1162.05 2143.26 0.0104 ——%.1493
Vi 1 35.04 1693.44 11.3437 0.1649
vII 2 3378.86 © 3441.76 2.7240 2.9312
) 1 7072.69 265.34 70.0430* 0.3750
_ Pooled error 128 5091.73 5177.68 14.9914 1.5532
Generaticn mean ' 444.97 498.26 45.1471 30,1636
C.V. 16 .08 14 .44 8.57X &.13X _
* Significant at'.the 0.05 level .
¥ i : / . ]
]
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TABLE 24&. ‘l‘he tesultt of partitioning the populations sum of squares for grain yield and dts
c@ts in FlS barley populations

—

Mean squares

.

Source of variarion df < -
Grain vield No.of heads/plot No.of kernels/head 1000-kermel weight

Populaticns ¢ 16 £939.09 6610.00 31.0519%* © 1.6232
Between patterns 7 5912.08 5106.02 21.2612 0.9981
- Within patterns Y9 4182.32 - =« 7779.76 38.6671* 2.1177
1 1 5828.14 3398.64 30.3744 8.7121
e 1 8362.70 36.02 51.0428 : 2.2201 -
I 1 8251.03 © 11119.82 132.0722%* 1. 3344 .
v— . 1 737.04 800.42 55.2096— 40679
v. . - 1 18.37 3888.38 29.9057 0.1717
Vi 1 1162.05 . 1176.00 12.4709 ° 1.0837
VII 2 6288.69 1294.09 11.8539 0.7296
0 1 704,16 20010. 38* 13.2028 0.0104
Pooled error - 128 3123.18 4942.06 . 16.6045 1.5167
Generation mean " 442,16 465.05 44,4608 30.9692
c.v. 12.16% 15.11% 9.16X 3.97%

, % Significant at the 0.05 level
‘*k Significant at the 0.01 level

v
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populationa were entered in the tfiala, significant amount of
variation within replicates might be present. The coefficient o;l
variation value might be further reduced if the data were analyzed
as a rectangular lattice design. On the other hand, each plot was
seeded with a wample of bulk seeds. Thus, genotype-to-genotype or
samplgrvariation might aiao be one of the factors of obtaining high

coefficient of variation. Variation might be minimized if several

genotypes were used instead of bulk plots in the trials.’

11, Number of heads per plot

Assuning uniform germination and lcedling‘survival among
populatfonu. changes in the number o;}heads per plot are dependent
upon tlilering, whtgg in turn is 1n£1u¢n§ed by weather conditiogl.
There was no significant variation among populatione 1in number of
heads per pl&t in F6‘ Neifhcr vere differencgl observed among
slternated patterns nor within altern&ked patterns, * The two pattern
1v poyulation& in F 10 however, d1d differ in number of Lcad: per
plot (Tablc 23). Even though these two populntion- originated from
the pattern XI populstions of F, no \{ifference vas found between
the two original (76) populations, No difference was found in thefr
advinced (Flg) generation cithe; anbla 24), Thus, it appears that
the difference bestwesn these two populations in 716_f”°" from
random or other uncxplninsb}a factors., In F15, the two popullﬁ;onla
grouﬁ continuously at esch locatibn (pattern 0) differed in this

character due to more tillofs in population 14M (Table 24),

-
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ﬁowever, So trend was evident for these pdpulacionn‘in the earlier
generations. fhese results indicate that a population grown
continu0uqu for as long as nine generakions at Ma nAId/Coll;ze
did not differ in number of tillerg from that grown continuously at
the other location, Whether or not propagated five more ycnf; at
Macdonald College could significantly increase production ;f more
tillers was not known., The reason why population 14M had more
tillers 1s not known. However, the aldf

ernating procedure seems to

have had no siﬁnificant effect on this yleld component.

The generation mean for this character increased from»r6 to
plO' but decreased again by the F15 generation., This up and down

pattern in generation mean also occurred in head length, flag leaf

» ,::3 -_f‘

¥

width, length or area, The reason for this is not known., 1t is

?robably due to one or a few of the Fls populations being highly

affected by previocus gnvironmentaliconditiona for these charactqéu. ,
Coefficients of yari;tion were high in this character, This 1w
probably bicgule of Fhe fact that this character wﬁ}/hiégly'
influenced by the noilevarintibn. Or it may be ducxto the fact
that seeding was not uniform within esch row, and two lnnplcnitnkcn

for this charscter within cnch;ﬁlot vere not yr;cilc}y estimated .

P

111, Bumber of kerriels per head |

Populations differed in the ’15 geners¥ion but got -in 26 or

P10 (Tables 22, 23 and 23). Variation among ths Fis papul-cionl was

[y

/o

not caused by the citcrnatin; procedurs because thers 1s po

Y
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difference among patiterns, It was caused by/a significant difference

between the two populations within pattern 111, In the FlO genera-~

"tion, populatiop 9M had eignificantly fewer kernels per head than

the population grown contihuously at La Pocatidre. However, no such
differences between the two unalternated populations vere found in

the~F6 or FIS generations. Thus, this difference was probably caused /.
by chance. No cﬁanges were observed in the generation means. This

suggests that continuing in bulk with the hope of improving thig

character would be unlikely to succeed I{n a #ingle hybrid population,.
\ ¥

1] 4
a

iv. 1000-kernel weight o/

e

There was no.significant variation among the 76 populations,

comparison of the means of the alternated patterns in F6 i gi@kn

in Table 25, Most of the patterns did not differ in their kernel

| weight, including the two patterns with\ the highest alternating

frequency and the one with no slternation at all. Thus, it appears

L]

that varistion among clﬁcrnatad patterns is not associsted with the

. effect of alternation but with other factors, Thoughrditfcrcnccu

among n;;crnntcd plitterns for grain yield in/thc r6tpoﬁ£iationn do
not reach tﬁ. 0.2; significance le;el, A resporise similar to that
Jtd@ 1000-&prn.1 veight .does exist among these ?attérnl in grein
yield, yo'vqrilcion vas found smong populations, bctVfcn_pafccrhi"
Lor dithiﬁ patterns for this character 1; either the Flb o:.rls , .
generations (Tsbles 23 and 24). This 1is proLnblz dus to thn‘tict- '

.
[ l
.
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TABLE 25. Means of 1000-kernel weight -for the alternated patterns in
Fg bar;ey opulations

‘ Pattern , Population Mean (grams)
v ; PPMMP MMPPM 4+ 33,338 ¢
/ V1 PMMPP  MPPMM 32.99 a
’ X PPPMM PPPMP MMMPP : 32.68 ab
0 . ' PPPPP MMM © 32,3 b ‘
1 PMPMP  MPMPM 32,0 b
Vi1 PMPPP MPMMM MPMMP S 32,28 b
v ‘ PPMPM PPMPP MMPMP 32,21 b
X1 PPPPM MMOOMP, 32.19 b
. Ix PMMMM MPPPE 32,16 b ,
viIr | PMMMP MPPPM ’ 32,83 b |
‘ 111 PMMPM MPPMP © 31,51 be
* 1o PMPMM  MPMPP, 1.1 :

N 3 N
v

+ The first letter represents thn.loccttonﬂin vhich the F,
‘was grown, P = La Pocatilre; M = Macdonald College.

b Means followed by the same letters are not significantly
“different af the 0,05 level when tested by least significant
difference.

K

% The populations in this pi%to:n are significantly different
st the 0.05 level.
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that some of the patterns in 76 were not included in the advanced
generations. This may also be dﬁe to naturkl"a;lectioq heving
selected in faver of llghtgr kernels. Thus, the magg;tude of these
differences® smong patterns became smaller and could not be detected.
Natural selection favoring lighter kernels is indicated in their
generation mcans: The means of F6 was higher than that of either

PlO or Fls; however, the latter two were not ataciutigally different,
The trend of populations moving toward lighter k;rneli was also
reporteq by Palmer (1952). Singh and Johnson (1969) obssrved this
trend, but they interpreted 1t as the result of selecting sgainst

-
two-raqfd spikes in their materials,

v, Awn length L

Populations differsd in ;wn length only in :h¢1715 generation
(Tables 26, 27 lﬁd 28), Howaver, there vas & significant populetion
x environment interaction for this character in the F15 generstion
(Appendix Table 15). Thus, individual analysis for esch location in
_ each yhfz vas caryied out. Poﬁullti;ng.wcz; not different at each
location in 1974, but they were differsnt at aach locstion in
1973, The 1ndividual snalyses of 1973 dlél\lﬁl given in Table 29,
There was nowvur;ation among cltcréntcd patterns at ci;hat location,
This -uggo;tn that thannltcrnutin; procedure could not bring
'abouc any significant changes in awn length at thess I#cntiqnn.

The |cna#ationiﬁn¢n for awn length increassed with advancing gensrstion.

i
i
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TABLE 26. The results of partitioning the populations sum of squares for other agronomic

in FG barley populations

characters

%

-

~ T
** Significant at the 0.01 level -

.

Mean square
s.im‘ £ varisti as
.ot varistlion ' ’ Flag leaf Flag leaf Flag leaf
; ‘ . Awvn length Head length vidth length area
Populaticos . 26 0.4817 0.3074 0.0186 0.8620 2.2623
_Between patterns 1n 0.6417 0.0657 . 0.0213 0.3321 1.5262
Within patterns 15 0.3642° . 0.4845 0.0165 1.2503 =  2.8021
) SR T 8  1.0804 0.1653 0.0012 0.0039 0.1012
n — 1 0.0392 0.0210 0.0946%» 1.7672 5.1681
I - 1 0.1081 0.0741 0.0040 0.2556 1.9800
v ( 2 2.4024% © ~ —0.3459 0.0300 0.2975 3.0888
v o 1 0.0066 0.1922 0.0098 1.1476 3.8781
VI 1 - 0.1922 0.0450 0.0003 1.7955 1.6471
TVIL ¢ . 2 0.3612 1.3426 0.0009 . 0.6496 , 0.4047
VIII - S #R 0.008a 0.0120 . 0.0040 4.2340 4.6208
= 1 - 0.2244 ~  1.0731 0.0050 2.2578 3.6046
- X 2 0.1008 . - = 0.7549 0.0047 1.9523 2.9680
xx 1 0.0220 0.0666 0.0003 ° 0.1984 ' 0.4656
0. 1 0.4560 0.7330  0.0578% - 1.2960 7.6440
Pooled error 52, 0.3387 0.5003. 0.0135 1.0503 2.8054
Guxelntion-un N 12.10 6.38 1.24 11.46 9.81
c.v. %. 80X 11.09% 9.37% 8.942 17.06X
C* Si.gn:lfi\cant at the 0.05 level g .

0O

08

[




N

1
-

R
J .

.- TABLE 3. The results of pﬁrtitionjng the populations sum of squares for othe

r agronomtic characters

in '16- barley populations
i(.»«\.“ CoL o ) Nean square
L Y.
L - Source of variation df Flag leaf Fla
|- . ‘ iy g leaf Flag leaf
{[x" s ‘ Awvn length Head length wideh Yength area
- Populations 16 . 0.2348 ° 0.3040 . 0.0073 0.6030 1.8118
| © » Between patterus 7 0.110% 0.3773 0.0108 0.9183 3.2112
. . - Within patterns 9 0.4306 0.24638 0.0045 0.1577 _ 0.7234
. = a #
RSN 1 0.3198 0.0198 0.0032 0.0693 0.0360
. - Ix . 1’ .- . 03901 0.2166 0.0121 0.3432 2.5741
Lo .om X 0.0002 0.0246 0.0099 0.3877 1.2133
L S 1.~ \ o.0088 0.0259 0.0054 0.3358 1.0690
R . | 0.06381 0.6302 0.0000 0.0705 _ 0.3720
VO w 1 0.9720 0.4620 0.0000 0.4348 0.3127
\ VAR | | S 2 0.6084 0.4183 0.0029 0.7657 0.4533
. o A 1 0.0384. 0.0059 -  0.0048 0.0467 0.027&
-« Pooled error 128 0.3192 0.1812 0.0121 1.4191 3.7504
- Generation mean - 12.72 6.68 1.36 13.11 12.33  °
‘ c.v. < 4,442 6.37% 8.09% 9.09% 15.71%
LT - b
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¢ TABLE 28. The tesnltéﬁ of partitioning the populations sum of squares for other agronomic characters

’ s ! in FlS barley populations
' . Sz ) ‘ Mean square -
‘ ’ D
Source of variation: daf s - »
. Flag leaf Flag leaf Flag leaf .
- . Awm length Head length vidth length . area
16 0.7598% 0.8769%* 0.0230%* 1.8720% 5.7263%
7~ 0.7681 0.9584 0.0180 1.0695 1.4427
9 0.7499%% . 0.8099%* 0.0269* 2.4964 2.4143%
: 1§ 2,1600%  0.1768 0.0025 4.6559* 4.5132
T S ¢ ST . ¢ 0.0804 0.0025 0.0020 0.0273 0.0010
I LT 0.74SS 0.5371* 0.0034 4.2084* 4.6823
W . 1) 2.0184%x 0.7141* 0.0080 2.7744 5.5966
L \j C 1 0.1218 0.1617 0.0001 0.3953 0.5154
: . vI 1 . 0.0028 0.8893* 0.046 7% 4.5247% 14,7178
L VI 2 L2704 0.6523* 0.066 7% 2.3165 19.0610*
S T B .0796% 3.5030% 0.0459* 3.5657 13.4622%
~  Pooled error 128 0.1994 0.1331- 0.0105 1.4255 © 2.8786
¢ OCéneration wean® 12,85 6.50 1.33 12.65 11.53
R -8 A L W ¥ ) ¢ 5.61X 3x69% ©8.00%° 14.712
A S -
| . * Significant at the 0.05 level
-+ . © % Significant at the 0.01 level , :
& : . —
- $
~ enale_ N
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TABLE 29, The analyaia of variance for awn length in “15 barley
. populationa in 1973 ~

\}
Mean aquare
3

Source of. variation 4.1, - .
Macdonald College  La Pocatilre
Replicatean 2 0.03560 0.4731
Populationa 16 . " 0.,3048% 0,6923%»
Betwaen patterna 7 1.2497 0,5861
Within patterna 9 0.2747%% ©0.7740
1 1 0.6209%% ' 2693
11 1 0.0382 :?3313
11 1 - 0,7141%0 0.2646
v ) 1 0.2521 1.1618¢
v, | . 0.0037 0.3456
n 1 0.2128 0.1633
Vil ' / 2 0.0194 0.8819*
0 1 0.5953nw 0.6667
KExperimental error x,32 0,0648 ) 0.2191
Overall mean . 13.67 12,89
cov. 1.86% 3.63%

-
o
.

* Significant at the 9.95 level.

w* Significant at the 0,01 leyel.

£
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vi. Head length \ ‘
There were no differdncea for head fength among populationa
in eithéi F6 or Plo genbrntionu. but conaidaraﬂle variation exiated
among the Fxs populationa (Tablea 26, 27 and 28)., This variation
wan caused by differencea hetwaen the populationa within alternated
patterns. 1t haa nothing to dotwith the alternating fraquegcy
hetween the two locations, No relatiounahip could be éscabliahed
with the five nikernnted patternn having significant variation in
their populhtiéna. The ganeration mean of liead length 1n¢re§ced
from FG to FlO' but heada of fls wore gignificantly ahortQp than .

£
those of the FlO generation, : , !

vii. Flag leaf width
X Variation among populationa was not obkorvod'hntil the F15
generation (Tables 26, 27 and 28), It was hog nffecéed by the
alternating procedure. The meuns of flag leaf width for the FlS
populations of the three patterns having signifié;nc variation in
“this charact-# are presented in Table 30. It appeara that natural
selection at Macdonald College favors wider flag leaves, or that
narrower flag leavea are favored at La Pocatildre. Tﬁia is also
\true in the two unalternated populations in the FG generation, but
" no difference was found betwaen theae two in’Flo: For the genera-,
tion mean of this character, it increased from F6 to F1o than

decreased in the Fig generation,

¢
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TABLE 30. Mesms of flag leaf width (cm) for the Fis barley sopulntionnﬁ
in the three alternated patterns having aigniii

N

85 .

Al

gpnt variation

Pattern Population Mean
\
VI 6P6M2P tt 1, 3100
6M6P2M 1,3517 )
' h i
Vi1 - TP/ 1,3342 ‘
’ 8P6M 1.4273\ ‘;i
8M6P 1,2800 !
0 14P 1,3025
14M 1.3900 ‘
q L ;
++ The number represents the yeara grown continuously at a
location, ’ )
. T e
»
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o Taﬁltn 26, 27 and 28 show :hat poQ&}ationa \\fflrod 1n thia
q b4

viii. Flag leaf length

chlractnr only in the F15 generation, Thia\vaglin. w a noc o’
\

1l£tqated by Rthe alternating procndu%g. Thcr& was ‘a aigni?icant

& by

'vnriation within the alternated patternn. Thé\gcneratién means

" indicate that the longeat flag leaves occurred ‘n :P- FIO‘ 1nngth

decreased by the Fy5 generation. \
. “ A\
ix. Flag leaf“area

" There was a aignificant variation ;mong populations in Fige
This variation was not due to the various kinda of alternated -
patterna (Tablea 26, 27 and 28). The direction of variation in the
Fys populations of the three patterns having significant vardation
in flag leaf area was similar to that for flag leaf width., Just

like ita cdmponints,'thu generation mean of flag leaf area moved up

in klo and down in the Fi15 g crutioﬁ.

X. _Plant height

Plant hcight was recorded only in 1974, The results are
prctcytcd in Table 31, Populations did not differ in the thr0949
scn4;|tiona. or in the alccrﬁatcd patterns. _How.vot; téc g;norltion

mean increased and the coafficient of variation decreased with

advancing generation. This indicates that shdrt-statured plants
1

were sliminated from these populations and that changes in plant

height were independent of loéatioh. Elimination of short-staturaed
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TABLE 31, The resultajof partitioning the populations aum of squarea
/ for plant height

N ;e [ e
. | ' F¢ —~a Py . fig
Sourca of variation -
. a.f. M. d.£. M.S. duf.  M.S.
Populationn 26  23.2130 16 11.5889 16 6.6218
) Between patterna , 11 18,6988 7 10,1178 7 8.2081
Within patterns 15 26,5234 9 '12,75(72 9  5.3902
1 1 61.0512 1. 3.p599 1 0.7500
fu 1 7.8012 1 00018 - 1 0.5638
sl 1, 33.0078 1 24,7968 - 1 15,5268
IV ¢ 2 18.2189 .. 1 28,3668 1 0.8
v 1 16.8200 1 1.7634 1 12408
: vt 1 21,2878 1 57405 1 12,1000
7 1% 3 S 2 27.8958 2 40172 2 3.3461
@ virr 1 88.5118. 3
IX 1 27.1953 . ‘
X 2 24,6414 o
SRR © 1 00.1128 -
o | 1 0.5512 1 42,7518 1 10,9626
Pooled error .52 43,4567 " 64 20,4421 64 12,8149
Generation mean 85,5431 91,7848 92,2929
C.V. T e6x 4.92% - 3.8
,
‘ ' 17 ¥ /
[ s
’ I,
D : .



planta has also been reported by othar workers (Jennings and

. ) )
de Jesus 1968; Jenninga and Herrera 1968; Rhalifa and Qualset 1974,
1978). | - N Cw

2 Multivarinte nnalya!a of variance

*

. / similar-or dissimilar units (Whitehouse 1\.9705.

- E i
Data from two locations in two 'years were used in this study.

~ The tonulta\oﬁ multivariate analysis of variance show that there was
\ .

no aigﬁificdtt variation among populations., This is probably due

to the fact that a very large error mean square is present. Thus,

it appears that the use of canonical analysis in material of thia

kind is unlikcly to succeed unless the number of replicates is "
\ !
increased or thére are homogeneaous environments.

| .
IR
|

3. Stepwise regression analysis \j

j R’ Results of yield trials indicate that even though the FlS
/

populations differed in number of kernels per h%fd.ang.othcr'
! AN
characters, no significant variation among populations occurred in



w

.

|
grain yieJd. Thua, the relationship of grain yield to all other

characters was axamined. - \ \

|

" Data ohtained in the thrae generations were pooled and

A

regreaaion Lachniquen were used, Five current procedures: forward

salection, backward elimipa:ion, stepwise regreasion, maximum Rzr

improvement and minimum R2 improvement, were applied, but each e

procedur@ gave the same kind of conclusion. This asuggests that fny

one of these procedures ia as effective as any other. Among these

proceduras, stepwise regression ha§'been H&any recommended for

selecting the "best" regression equation, because it can re-examine

at every atage of'the ragresaion the variables incorporated into the

/

model in previous stages (Draper and Smith 1966). Thuas, results of

atepwise regresaion analyses nrJ‘rgported here,

»

Table #2 gives tlie models with R2 values., Since flag !

leaf width and

%

»

flag leaf area are correlatcd with flag leaf length,

they were not entered in the models. The r sulta indicate that

1000-kernel weight was the plant component most closaly related

to grain yieid; then flag leaf length‘was the next. Including

. avn length and head langth in the model improved omly slightly

the R2 value,

The results suggest that flag leaf length, perhaps

area, should be conaidore:}as one of the major plant componants

contridbuting to grain yield. / )

S e L
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TABLE 32, Modals entered with different variables and their R” values 1

.\‘.

¥
“

A
»
-

2

-

Model number . ‘ R? Variables in modael \
1 0.1120 Y, Xy ¥ - ‘
2 B 10,2359 Y, Xy, X g
3 3 0‘2752 Y‘ XQ‘ XG‘ x2
- - ’ /
4 0.3236 Y, Xy, Xgy Xz Xy
5 0.3341 Y, X3, Xg, X2y Xy, Xs
/

) 0.3396 ¥, X3, Xg, X2, X1, X5y Xy

.t Y is grain yleld ’

X) is the number of lieads per plot

X3 is the number of kernels per head J!

Xy is 1000-kernel weight
Xy 1is awn length
Xs is head length

Xg is flag leaf langth

N |




. | 4, Stability / g . ' ;

. ’ ) ‘Stability of the F1p and F1s popullgions vas svaluated

AN

—

according to the method proposed by Ebarhart and Russsll (1966). !
Data obtained in the yield trisls at two locations in two years are “‘, ’

- considered aa vepresenting four diffarent environments. .

A significant Env (linear) x Pop 1nt$;aetion indicag,s that /

————

there ia at least ‘one regression coefficient of a population

v
N ' diffur{ng from the othera. Hgwever, the resulta show that none of y

* the Env (linear) x Pop interactions for any of the characters
g¥amined in any population was significant wﬁgn tested againat the

potled mean square, Pooled deviations were significant only for

. avn length in the Fis population (Table 33').

- \ For pooled ?evi;tions in awn length in the Fyg populations, \,,,//.
only two of them deviated significantly from zero. They are

; populations MPMPMPMPMPMPMP ind SP5SM4P. No relationship could be

found when comparing thase two populations., Thus, it appears that

> dr” 7 the aignificant pooled deviatig 8 of these two populations arose

\ o ’

from chance or othar unsxplainable factors.

. Fresman and Pcrkins (1971) reéported Lhat the environment had
often been assessed by the mean of the genotypes grown in Yt, but
found that this method 10F to gtatistically invalid regressions in
which the sum of squares for the joint regression vas the same as

" the total,y;m of squar;s betyeen environments, andlyot part of it.

® .1 Two solutions ware suggested, One of these was to use one or more

o

~ .
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ot ‘ ) o « { ; ' !
. TABLE 33 Nean squares of environments (env) (linear) x pcpula:i&nc
(pop) 1ﬁéouction and pooled deviations in Fy and Fyy genarations of
- ) Y barlay '

i
. ] . : Mean aquare
P x -
Character N Flo fis
. N ' Pooled Pooled
: ‘ \5 Bnv % POP  geviation Env x lpop deviation |

N . I .
Grain yield 1205.25 ' 158555  1150.83 -
No. of heads/plot 1529.94  1236,51 . 1256.86
No. of kernels/head 5.2909 2,27547 5,383?
1000-kernel weight .~ 0.5620 0.3526  0,5904 -
Avn length 0.0909 0.078  0.0646 L~0.1078%
Head length 0.0384 0.0554 0.0475  0.0554

" Flag leaf width 0.0017 0.0030 - 0.0020 0.0042"~

- Flag leaf length 0.4402 0. 4494 0.1577 0,200

Flag leaf avea’ 0.7304 0.9306 0.6178 ' 0.9378

\]

t+ Dagrees of freedom for environments (linear) x pop
N 1n;craction is 16, o

Dagrees of freedom for pooled deviations is 34,
* Significant at the 0.05 14V|1.

.
Cadiem, R . &
. ' .
-
\ -
r
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" a single hybrid betwesn these two locations would not bring about ¢ .

wment, Therefore, the data ware further evaluaged by using thrae

. confirm any change in stabi}ity.

- 93 "o .

genotypes chnt,céuld'bc rtnaéqud as standards to assesa the anviron-

)

atandard (ér p;}nnyal) cultivars tb detarmine both the tnvi;onmentll
affacts and the gonotypa-environmcnt intqraction. The results of ‘
grain yield in both PlO and FlS ropulations are giv‘n in Table 34,
The same conclusions wtrc!rcach.d as bafore. Thus, it appears that

N

cithﬁr mathod of assessing the environment would doacribc adequately

the performance of a population at different locations. ow

. Both Pinlnv (1970) and Fatunla and Fray (1976) reported that

\A.

populationa shifted toward average stability as far as grain yicld

was concearned. Results comparing thc ™mean rngrcssion coafficients
\\ &

of grain yield in the FlO and F15 popullations show that mean

L

rcgrtsiion coafficients were not different in thase two generations.
-/)
Neithar are they significantly different from 1.0, Since the data

for aarlier genaration: were not abailablg, it was not possible to
There wera no differences in dtcbility paramaters for most .

of thc characters in the two popﬁlations. This clearly indicates

the lack of population x environmental interaction in these popula-

tions. It suggests that alternating the segregating populations of

any significant changes in stability.
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TABLE 34, Analysis of variance for grain yield in Fjq and Fy; barley
. populations (the .njitonunnt was asseased by othqg cultivars)

l

Mean square

. Source of vatiiiion 4.f, C
Fio v F13
: )
: —
Populations (P) 16 681.44 © 1649.06°
" Banvironments (env) x P 51 2896,98*% 4251, k4w
, - - .
Env (linear) 1 83148.76% 141739, 209+
P X anv (linear) 16 2286.04 1621.80
Pooled deviations | 3%, 2294.68 . 1444.61
Pooled error 128 1697.24  1041.06

*rSignificant at the 0,01 level.
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C. Selection trial L .

l ' \ ‘" 1. Grain yieln ‘ ) ‘ | . ’
/The analysis for grain yield of lines selected from the Fy¢
" populations at two different dates of .maturity is summarized in
) \ 'Table 35, Significant variations among these:' lines vere .mainly due
/to sclection dates and the population x'selection da:é\inttractifn\
Rounver, no variation in grain yield ‘is shown among the nine ’ RN
- populations. ' These populations are listed in Table 36. Datg from
;
r . u - the énne nine pogulntions in yleld iri;ls were gfouped and tgsted
| against the pooled eydror mean square.’ No signifinfnce wa; found,
Thus, .it appears that there is a higy degree of nﬁspciaiion between

yields in bulks ;nd yicliz‘of selections made from them. - ’ T

High significance in selection dates rcvnals that the Xater
the date of maturity, the higher the grain yield, This was
i ' nxpectéd because mugh more photosynthate is available to fill the
kernels of later maturing plantsh‘ Not all popnlation§ showed the
same pattern, waever, because a significani interaction was also
| . / f | found. In some of the populations, gepotypes selectnd at the inter
r ) : date did not yield any better than those selected at the early date
(Table 36). ihu;, it seems that early maturing genotipes couid be

. . selected in some of these populations without reducing their |

. . l ’ .
0 yielding ability. . [ . - :

§

The ovnrtlluntan yield of this trial was about 260 grams ‘
- “

, | .
per row. When this is compared with the overall mean of the Fjs o
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. TABLE 35.  Analysis of variance for lines seclected from Fig barley
- populations at La Pocatidre in 1973 and tested at Macdonald College

: in 1974 )
i .
//\ Source of i ) Mean squares )
T . var}ation Grain yield Heading date Maturity date
Replicates 1 446889, 28%% 77.-33108** ) 1.3043
lines R 344 2592.48% . 5.7046%w 17.4117%%
Populations (pop) 8 " 3568.49, 10.4979%» 36.7998%%
§§1§°§1°“ dates 1 45412,09%%  §23,3258%% *  2372,9539%+
Pop x S.D.‘; 8 5783, 35% 4.,1482 16.4876
Lines within 327 2359.58 1 3.7366%% 9.7599%%
pop x S.D,
& Experimental error * ‘344 2134.56 0.6604 1.9613
Overall means 259.82 49.09 68.69
\ «
Cc.V. . 17.78% 3.692 4.52%

*Signié(cant at the 0,05 level,

**Significant at the 4.0l level.

T T
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TABLE 36. Mean yields of barley lines ‘'selected from different Fygq
populations at two different dates

Selection dates

Populations <

) Early Lfte
7P 7M1D 744 E | s 269,05 v 256,80
PMPMPMPMPMPMPM +. 253.29 a ¢ 270.35 b
2M2P 2M2P 2M2P 2M2P 261.59 263.16
3P 3M3P3M3P 267.03 : 268.45
5P 5M5P ‘ . 245,64 a 263,68 b
8M7P . 222.90 a 267.20 b
6PEM3P 247.95 a 274,68 B
4M4PAN3D 258,46 3 ‘\ 272,75
15P 243.31 a 273.39 b

+ The first letter represents the location in which the F2
was grown. P = La Pocatlére; M = Macdonald College

t+ The number represents the years grown continuously at a
location.

¢ Means followed by a differentfiétter in same: populacion
are significantly different at 0. 0% level wﬁﬁ» tested ﬁy least

significant difference. “

-

I = A\t’__/.,/./;//
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populations in yield trials, i.e., about 144 grams per row,
approximately an 80 per cent increase occurred in the selections of
the F16 generation. This 1ﬁcrease may have been due to the
efficigncy of selection, but more likely to the competitive
advantage of the barley over the adjacent spring wheat rows, the
wheat being rather short throughout the growing period. A higher

coefficient of variation was inevitable because only two replicates

and many entities were.}ncluded in this trial.

2. Heading date
s Populations differed significantly in heading date as shown
in Table 35. However, the magnitude of the populations mean square

is-relatively small when compared with the selection dates mean square.

The means of heading dates for these populations are presented in

. Table 37. .

Thege was also a significant variation within~popu1ations.
The frequency distributions, as given/in Table 38, indicate that the
range of heading dates was iarge enough to permit selection of
desirable; heading date types. It is quite interesting to note /
that even though these populations had been subjected to fifteen
years of natural selection, significant é;netic ;;riability for’this
character was still present. Allard and Jain (1961), working on~
C.C.V., also found a vast numbe; of different genocypeSVEB;_hépatng‘7

date after 18 generations of exposure to natural selectidn. They

v
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TABLE 37. Means of days from seeding to heading and to maturity for
lines selected from Fjg barley,populations at La Pocatilre in 1973
N and tested at Macdonald College in 1974

Days frm sewding . Dayy from seeting
TRIMID +t 48.49 a ¢ 67.35 a
PMPMPMPMPMPMPMP + % 48.67 ad - 68.31 adb
2M2P2M2P2M2P2MIP 48.79 ab - 68.53 b
5P3M3P3M3P 49,14 abc 69.95 b
5P5M5P ] 49.18 abc 68.92 b
8M7P ‘ 49.24 be 68.89 b
6P6M3P ‘ 49.32 be 68.40 b

15p . 4955 cd ' 69.06 be
AM4PAM3P 50,12 d 69.88 ¢ 4

+ The first letter represents the location in which the F2
was grown. P = La Pocatidre; M = Macdonald College.

++ The number represents the years grown continuously at a
location.

) ¢ Means in the same column followed by the same letter are
not significantly different at the 0.05 level when tested by least
significant difference. ' ’

\
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TABLE 38. Frequency distributions for means of days from seeding to
‘ heading for lines selected from Fig bjrley populatt?ns ‘

Class means of days from seeding to h(ading

Populations
o 46 47 48 49 50 51 52 53 54 Total
TPTMIP ++ 8 11 6 -7 1 5 0 1 1 40
PMPMPMPMPMPMPMP + 3 9 8 11 4 2 2 39
JM2P2MP2M2PIMIP 4 5 7 8 9 2 35
. 3PaMIPIMIP 1 s 8 1 7 37
SPSMSP & 7 3 13 6 2% 2 2 38
8M7P 5 7 6 6 5 & 5 2 40
PeMF . 2 3 1 9 4 9 1 .
s AM4P4AMIP 1 3 7 1% 5 2 2 2 38
15P 1 8 3 6 1& 3 & 39
Total ‘ 29 58 59 86 55 3% 16 7 1 345

t+ The first letter represents the location in which the F

was grown. P = La Pocatiére; M = Macdonald College. 2

++ The number represents the years grown continuously at a
location.



)
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suggested that genetid variapce did not depend exclusively on

| .

o
s
¥

1

differenéqs among multiple doexist;ng homozygous lines in the

population, but also arose from segregation within families; Thus,
heterozygote advantage may have important ada;cive implications in
the maintenance of population variability, Differences in heading
¢

date after a period of natural selection under various locations was
also reported in a single hybrid population by.Akemine and Kikuchi
(1958)’1n rice and Takahashi and Yasuda (1970) in barleys

\ ‘ ;
3. Natufity daté

The results of the maturity date analysis are presentad in

Tab}e 35. A non-significant replicates mean square indicates thaé
this c??rﬂFEfr 1s not affected Sy soil variation. Such was not the
case for heading date. POpulag}ons, as in the case of heading date
were significantly different, but the Eﬁgnitude of the mean square
is relatively small compared thﬁ/:;:: ;% selection dates. The
populations-selection dates iéteraction is not signif{cant. This \T\
indicates that heads selected at the later date always tended to
mature later in each population. Variation occurred not only among
populations, but also within each population, as indicated by a

signiﬁ@paut lines within Pop x S$.D. mean square. This is also

indicated in their frequency distributions (Table 395.
\

Maturity date means for thesé populations are given in
Table 37, It appears that the differences among populati%ns is

not associated with alternating frequency. This is indicated by




TABLE 39.

\
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Frequency distributio‘ns for means of days from seeding to
maturity for lines selected from F16 barley populations

-

Class means of days from seeding to maturity

L 3
Pqpulations

' 62 64 66 68 70 72 74 376 Total

/ . TPTMIP ++ 1 8§ 1 9 4 { o 1 40

) &
PMPMPMPMPMPMPMP + 1 3 10 6 <11 6 1l 1 39
0 \ \
mzpznmﬁp;hv\\ 0, 2 7 8 13 3 2 35
3P3M3P3M3P ' o 1 7 12 5 10 2 3
S5P5M5P ) 0 5 6 77 8 6 5 1 38
8M7P 0, 8 7 4 3 9 7 2 40
6PEM3P \ W 8 10 6 1 39
4MAP4MIAP 0 1 3 8§ 1 4 ? 38
. ' L4
15p 2 8 7 10 1 1 39
Total 2 30 73 69 A5 67 23 6 345
+ The first 1etter represents the location in which the F2

was grown.

location.

P = La Pocatilre;

M = Macdonald College,

++ The number represents the years grown continuously at a
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no difference between population with high alternating frequency

and the one with no alternation,

1
t

It w§§ found that‘populations differed in their maturity
dates. However, they did noé‘differ in grain yield. On the otherl
hand, heads selected at lager dates yielded higher, ?Dps, thgre
seems to be some/contradic;ion. Ii should be noted that selgction
was done during a one-week interval, However, the macuiity dates
of these populations differe by only one or two days. Thus; a

significant change in grain yield is unlikely to appear.

e
[
o



V. GENERAL DISCUSSION

Changes in genotypic frequency c¢an result from different
factors. These factors can be classified broadly into: (1) directed
processes, including mutation, migration and selectiqp; (2) random //

processes, including sampling errors associated with population size

and pgpdom fluctuations bf the viabilities (selective or adaptive

. values) primarily due to seahon-té—season fluctuations in environ-

nental conditions. It is doubtful that mutation had much effect over

the l5-generation period involved in the present study. Since these

®

-

populations were closed, migration seems unlikeiy to have appeared.
Baker and Christy (1964), using the data obtained by Suneson (1949),

dembnstrated that for populations and censuses of the size ranging

" from 500 to 1500 plants, the ﬁampling errors were small compared with

the fluctuations introduced by the randomness of the relative
viability. Allard and Honéche (1964) sh#wed that with a population
size of 500, few if any favorable alleles had been lost éue to drife,
Tﬁrthermore, Jain (1968) pointedWOut that as population sire increased,
drift effects diminished relagive t; the effects of selection and
mating system unﬁil, for populations of size N = 1000, the distribution
of gene frequencies approached thgﬁe'for deterministic cases. In the .
present experiment, the size of each population was approximntely 1500
plant;\pet geqeratiog. - Thus, random drift appears to have had only a

0 £

I3
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minor effect on changes in ge&otypic frequencies. Besides selection,
another factor that may affect genotypic frequency is seasonal fj
fluctuatjon, as reported by Allard and‘WOrkman (1963). This may not
have been the case in this’study, because the same trend of shifting
was shown.in most of the populations, or the results were obta}ped

Trgm data at two locations in two yéars. Hence, the most likely

factor to have produced significant directional change§ in‘genotypic

frequencies ih these populations appears to have been natural

selection. -

o

Nine of thé F 5 populations were grown at La Pocati2re and the

1
other eight at Macdonald College. The census data were compared as in
the analysis of variance in the segregation studies. The results
appear to be biased becasuse comparisons were made among popui#tions
which were not grown at the same 1ocatidn" Jain and Marshall (1967)
studied the changes over a period of six generations of a bulk popula-
tion in the components of selectjon at several life cycle stages at
three loci. Tﬁey found that fertility‘and fecundity appe;red to N
account for a larger portion of thebtotal selective differential than
the pre-adult stages (germination and seedling establishment). There-¢
fore, though these pop£lations were Rrown separately at two locationms,
owing to less selective differential in the pre-asdult stages, there

is unlikely to have been a major effect on the phenotypic ratios of

most of these loci in these populations in tha? single year.

-4 . The lack of differences among generation means for grain yield

jrndicates that stabil}ziné selection occurred in these populations.
. \
\ ' /

¢
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Thié, it 1eas€, does not support the view of a negative relationship
between“yielding ability and competitive ability. Negative relation-
ships ma# exist in Cuitivar mixtures, under certain circumstsnces.

In mixtures, competition occurs only among & few of the stable

' genotypes; there is a clear-cut choice for natural selection to make.

segregation ig taking place,in the population, competition occurs
ambng numerous segregates. If the major yielding genes are not
linked with genes of adaptive\gharactet, such as plant height,
disease susceﬁtibility and the like, the recombinants of both high
yield and adaétiveness would /survive in the population. Then a
positive ref;tionship would likely be observed. This has been well
demonstratfd by the steady improvement of yield in composite cross

populations (Suneson 1956; Allard and Jain 1962; Finlay 1970).

o

The results for grain yield in the selection trial éupporg the
conclusion of the yield trials in that no signif}cnnt variation in
grain yield was observed in the. F15 populations. This suggests that
bulk‘populat;on yield appe;rs to be able to predict the yield of
selfeg line seiectiﬁn;,gaﬁ least at the Fy5 or later generatioms.
Harrington (1940) tested\F3 bulks of six wheat crosses and determined
their ﬁiedictive ability by growing Fg through Fg selected lines.

The results indicated that replicated bulk Fy tests could be used to
predict the yield potential of selfed 1i;es from the crosses. 'Busch

et al. (1974) found that the average cross perfotmnnce of lines and

the average of the highest five liQes vere correlated with the mean

f !

Howevar, the situation in a ﬁ&brid population may be different. Since

Forae
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of the F& and FS Eﬁ}ks, r -_0.90 and * = 0,88, respectfﬁély. Thus,
they claimed that selection of crosses with high yielding lines and a
higher frequency of desirable lines was possible by yield testing the

advanced bulk generations. If bulks continue to provide reasonably

&

accurate measures df derived line performance, greater numbers of
‘ “
crosses could be made snd evaluated with the same amount of financial

support and facilities used in a more conventional selection program.

It has been shown b% Jennings and Aquino (1968) that-the com-

petition for light by mutual shading was the principle environmental

-

component causing competition between tall and dwarf genotypes.

v [

Elimination of the short strawed genotypes from these populations
suggests that when two co&:tasting plaht types are involved in a
hmkridization program, precautions should be taken if the progenies are

maintained in bulk and where particular plant type such as dwarfness,

is a desirable one. Precautions should also be given to other desirable

cha acters which are eliminated by natural selection such as blue

aleurone color. For pignt height, several weasures of preserving dwarf
[ .
genotypes have been suggested. A modified bulk method is practised

successfully at the Internationsl Rice Research Institute. The F2 and

A}

. /.
subsequent bulk populations of wide| crosses of rice are hand-rogued

shortly before flowering and again when nearly all plants have flowered.

»

. All tall, leafy and 8p ding plants are cut at water level with small

sickles (Jennings and Aquino 1968) Another modification is the use of

wider spacing among the plants in a bulk population Jince the effect

of‘competition usually decreases as the distance between plants increases.

[RY P
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Perhaps another effective method is subdividing the early (Fz) popula-

tion into separate groups based on. characters known to be important in

N . . competition (Rhalifa and Qualset 1975). The latter method may also be
\
used to prevent loss of blue aleurone genotypes'in the populations.

Other alternatives to preserve a sufficiﬁntly high proportion of blue

aleurone genotypes would be to use single seed descent method, pedigree
9

selection, or other location in which blue aleurone is favored by

-~

vpatural selection. . .
\

0

The results obtalned in this stud& differ from those chrqied

out by St-Pierre et al. (1967) with pedigree selection involving the
same ¢ross and using the same altetxating pattern. In their study
A . .
. they found that strains selected at La Pocatidre in F& possessed

- . ! ¢
better adaptation than those selected at Macdonald College. Strains

1
{

T

selected at alternate locations in successive years, starting at La

Pocatidre inth, possessed the wiggst adaptation. They thought that .

.

\ the station with stress limitations, La Pocatidre, seeﬁed to show -

higher heritability of quantitatively inherited characters and may Q

! . permit wore efficient selection for wide adaptation. However, in the . .

material thexe were no significant changes in mean yield and adapt-

ability under the pressures of natural selection iw the same 1
Ny / ¢

envirommental conditions.

Al ZUr s

Stability analysis of bulks, as in the case of this study, may ,

s

or may not be able to predict the performance of selected lines
f
derived from the bulk. As pointed out by Allard and Bradshaw (1964),

' there are two obvious general ways in which a cultivar can achieve ' ‘

L
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stability. First, the cultivar cam be made up of a number of geno- -

types, each adaptelj to a somewhat different range of environments.
h \ _
L .

A\ Second, the individuals themselves may be well buffered so that each
- ! .

member of the population is well adapted to a range of environments.
[

o

Geneticaliy homogeneous populations, such as pure n:}g cultivars or

< 7

single crosses, obviously depend heavily on indi}vidual buffering to
| v » H

stabilize pr?ductivity,_ wfagreas both paths are open to- genetically

heterogeneous populations, such as mixture and bulk populations. So

far, to the best of my knowledge, the{*e is no infbxmatign on the
1

relationship between bulk stability and stability of selected lines.. B

derived from it. ) ' .

»

i Dif‘ferences/in grain yield amougjt;ulk pdpulations from various N
l
}ocatiogs Have been reported by Taylor and Atkins (1954) in barley

¢omposites, by Miu (1965) and Miu et al. (1967) in rice single hybrid .|

populations. It should be mentioned that the results of Tucker and

-

Harding might be confounded with the effect of seed-source, as sho&; by

w

_ McFadden (1963). Also, Borlaug' (1968) ci;imed that the process of

5 . woving segregating populations back and forth and up and down twice a

Y

year permitted the development of new cultivars with wide adaptation.

i
%
.

Hov\ever, the results of the present study show that alternating popula-

-

. " tions between these two locatiops,did not affeqt the ratios of several
.. ;o plant types, mean yield or its conpo'ner{ts, adaptability or other
\ P ' P /
) " characters, Certainly, this is due to no differential selection

. between these two locations. This is indicated by the lack of ,

Y
AR - deths b G 3 s

b N differences between the two populations growm continuously at each

- ’
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location for most of the characters gtudied in this experiment.

If there are to be any significant changes due to the effect

of alternating material between locations on natural selection in bulk

P »
populations, two criteria must be met, These criteria are genetic

«

diversity in the bulk material and environmental diversity in the

Tkt Py "

locations. Shifts with advancing generation have been shown for
several characters in this study. This “indicates that there was

considerable genetic variability in the material. Thus, it appears

that genetic diversitv was not a limiting factor. Environmental

diversitv, however, appears to have been limited.

The environmental components that induce pressures of natural

o
3

‘ ) selection can be broadly classified into four cat:goriés: (1) climatic . g
factors, such as phetoperiod, temperature, rainfall, and light
intensity;_ (2) edaphic factors, such as so{} type, soil fertiliey,

: water supply, soil, temperature, ;ﬁﬁ’soil pH; (3} cultural factors,
such as sowing date, planting density, harvesting date, irrigation and
drainage; and (4) biological factors, such as disease and insect
infes?ation, allelopathic effects, and the competitive effects of like

. . 1)
p and unliker genotypes. The effect of natural selection at any location

e SN o oGS it 4 &
ik I G § e

is not only -the result of individual environmental factors at the
. location, but of their interaction as well. Since there is no

literature reperting studies of the effect of natural selection under

O s b bkt i s e

{
‘ / ‘the pressure of any single environmental factor, it is hard to predict v
3
¢

what kind of locations should be used in order to bring about

/ “+

significant changes in certain characters in a bulk population, or to \\
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evaluate the most important envirommental factor in natural selectiom.
Besides, the results will\vary with crops and genotypes in the popula-
tion. To deal with such problems, examining the influence of

environmental fdctors on vegetative growth and reproductive capacity

should disclose some clues.

Barley is a long~day crop, but cultivars differ in their
response to photoperiod. Some barley cuicivars are virtually day-
neutral, while others show a marked response to photoperiod (%akahashi
and Yasuda 1960). Aspinall (1966) grew ten barley cultivars under 8,
12, 14, 16 and 24 hours daylength, and compared apical growth, floral
development, stem elongation, tillering and dry weight at ear
emergence. He found that there was a wide range of response to photo-
period. On the other hand, Kirby and Eisenberg (1966) reported that
the effect of lengthening photoperiod (from 12 or 15 to 18 hours light
per day) was to hasten flowering, reduce the leaf number before

,
flowering, increase the rate of leaf emergencé, and change the pattern
of leaf size up the stem, but the 14 barley cultivars differe& in the
magnitude of their responses. Guitard (1960) found that the ;ight—hour
photoperiod approached the minimum for leaf development and subsequent
spikelet differentiation of the first culm of the barley cultivar,
Vantage, but was adequate for normal growth of the other cultivar,
011i. Downs et al. (1959) concluded that, in general, b;rley in
photoperiods of 16 hours produced a greater qmmber of 'grains per spike

and heavier grains than did plants in shorter photoperiods of 12 hours.

Tillering of barley was not inhibited by either of the photoperiods,

T ™ i
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- : but the response of one cultivar, Trebi, to daylength was not con-
sistently lige that of the other cultivars tested. Therefore, it
appears that considerable diffeé%nce between two locations in daylength
might induce significant variation between alternated and unalternated
populations. Borlaug (1968) believed alternating segregating bopulal
tions between tyo locations with different daylengths was one of the
reasﬁns for success in selecting widelw aZapted lines. The daylength
at the two locations in the present study is only half an hour

different. It appears that this difference could not have induced any

significant pressure of natural selection on these populations.

Tingle et al. (1970) reported that percentage fertility was
higher at 18°C than at either 12°C or 24°cC, and'eight out of 17
barley cultivars tested exhibited a pronounced reduction in florets
per tiller head at 24°C. Guitard .(1960) also found a reduction in
floret numbers per head in barley with increasing temperatures from
13° to 24°C. Faris and Guitard (1969) showed that growth at 24°C
decreased days to maturity by 40 per cent and grain yield by 85 per

cent, compared with growth at 13%c. It appears that photoperiod and
ﬁtemperature %}ways influence each other. Aspinal% (1969) found that
flower formation at 30°C was considerably delayed in short photoperiods
when compared with low temperature (20°C). Ray and Bretschneider
Herrmann (1969) observed that cultivars differed in development 'under .

photoperiods of 14.9 or 13 hours, and temperatures of 22-23.5°/

18-19.5°C or 17.5°/12°C. However, the more light-insensitive cultivars
e

were scarcelﬁ affected by temperature (Takahashi and Yasuda 1960). On

Y
N
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s i
the average, the temperature at MacdonaldfCollege was only 2°C higher ;
than that at La Pocatiére in this study. These temperatures seem
unable to induce differential selection on barley bulk populations at

these two locations.

Theré is little information on the effect of light intensity on
growth of barley. Edwards and Allard (1963) studied the influence of
light intensity o& competitive abiliég of two barley cultivars, Atlas
and Vaughn. They found that the relative competitive abilities of the
two cultivars remained constant over the entire range of shading
treatments. Thus, it was concluded that the competition of these two

cultivars was Tﬁt associated with a struggle for limited supplies of

‘ light. There were no data on light (/ntensity in the two locations of

v

this experiment.

The relative p£:formance of four spring barley cultivars was
found to vary with the time of rainfall (Prikryl 1971). There is no
doubt that dwarf genotypes should be favored in a heavy rainfall region
because of their lodging resistance. Rainfall at these two locations
differed only one cm on the average. The magnitude of difference

varies yearly, but this yearly fluctuation in rainfall would be

unlikely to be exploited in this alternating procedure.

Hartmann and Allard (1964) grew Atlas and Vaughn barley, alone

and mixed, -at four levels of fertility and four of soil moisture. At

intermediate levels of fertility and soil moisture, Atlas performed

(:} better in mixtures with Vaughn than when grown alone. This difference

- disappeared at higher soil moisturexlevels.but not at higher levels of

\
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fertility. wgils and Dubetz (1970) observed that at all levels of
fertilizer application the reduction in yield of Compana was pro-
portionately less than that of Betzes, and the differenc; between
cultivars was greatest when no fertilizer was applied. The influence
of soil fertility on the effect of compeEition was also reported by
Sakai (1961). Seven cultivars of barley were tested for their com-

g petitive ability against a test cultivar at various fertility levels.
It was found that the effect of interaction between fertilizer levels
and‘competition was statistically significant jor plant weight and
number of ears ;;r plant. In a study on the effect of fertilizer,

" plant number per hill and duration of the nursery-bed period on
competition between two rice cultivars, it was found that the number
of plants per hill did not cause much difference in competitive ability
but a long period of growth in the nursery-bed made it lower. Applica-
tién of a high dosage of fertilizer proj:gﬁﬁ/high competitive ability,

\

Anotheg sZmilar experiment was conducted with upland rice cultivars.
s found that when four times as much fertilizer as the

' The worke
standard dose was applied, red rice was no longer a strong competitor

against the commercial cultivar, but its competitive ability increased

A
@

with the decrease in the amount of fertilizer applied. Marked cultivar
differences were also observed by Shpogis and Vevers (1975) in their
reaétion to the content of humus, clay, phgsphorus and potassium in
the soilz and to soil pH. The effect of these edaphic factors should
be rather significant in competition involving genotypes with different

root systems or differences in efficiency of root functions. Both

|




AT - A3 A M i S B i s Sech

"l . 115

.

~ ) location# in this study are experimental stations. In additiou to

fheir good basic fertility, supplemental fertilizers were added each

year. Therefore, the soil fertility of the two locations should be
/ similar. However, soil texture in the two locations is different.'

b There are times when stresses from the lack of moisture at Macdonald

College are severe, due to the sporadic rainfall pattern. Such

stresses are less likely to occur at La Pqcatigre, partly because th;

heavier soil is more moisture retentive and parFly because 1its

rainfall distribution is more uniform. -

One of the most influential environmental factors on natural
se}e;tion is plant density. With increasing density, plants not only
] ‘ compete for nutrients and water supply underground, but also for light.
Sakai (1955) grew two barley cultivars, one being a strong competitor
against thF other, in rows 70 cm apart, with interplant spacings at 2,
61 8, 16, 32, and 64 cm. It was found that the smaller the interplant

N P
spacings, the larger was the increment due to competition in per cent

——

of the quantities found in pure stands. Finlay et al. (1971) reported
that high-yielding cultivars displayed a greater response (increased
yield) to narrow rows than léw—yielding cultiv;rs. On the other hand,
Angus et al. (1972).reported that the erect-leaf cultivar, Lenta,
responded to increased planting density by increasing dry-matter pro-
duction and yield, ;hile the cultivar Research, with long, lax leaves,
.reTponded by decreased productivity. Undoubtedly, increasing plant

" . demsity would tend to eliminate the dwarf genotypes. In our experiment,
!

(;) the same row width and seeding rate were applied at both locations.

e ds
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Probably, because of this no differences among populations in plant

.

height were observed.

N\ .

A study was made by Harrington (1946) of the reaction o% 53
barley cultivars when so@n at two dates at two locations, for five or
seven years at each, in Saskatcheyan. Thé data revealed cases where
some cultivars yielded well at one date but poorly atﬁthe other,
"yhereas othe£ cultivars behaved in the oppoéite manner. Eighty-two
pe£ cent of the bafley tests at Saskatoon and 62 per cent of gﬁe tests
at Tisdale showed signifiéant cultivar-date interactions for yield’at
the five per cent level. The effect of seeding date was probably
associated with the response of cultivafs to photoperiod and tempera-
ture. A record of the seeding dates at La Pocatiére for the present
inveshigation\sas not available, At Macdonald College the seeding
dates were generally in line with normal seeding '‘dates for othef barley
materials at that location, and they are unlikeiy to have influenced

the regdlts. </ /

€
Al

Andrushchenko (1972) classified 40 barley cultivars into Fhree’

groups: <(X) drought-resistant and also highly respomsive to irriggtion;

v

(2)\ drought-susceptible and responsive to irrigation; and (3) drought-

1]

resistant with little response to irrigation. Kirby (1968) also

reported that response to irrigation differed among cultivars.

Disease or insect infestation apparently affects the outcome oé
A 4

natural selection. For example, Sandfaer (1970) found that in a mixture

of two barley cultivars, T. Prentice and Freja, the percentage of

Freja was reduced at the end of the experiﬁgntal period at all five

.
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10catioh%. It was later found out barley stripe mosaic virus was the

cause of the elimination of Freja.

Growth of some higher plants can be influenced by the pro-
duction of allelopathic substances in neighbouring plants (Grummer
1961) . However, whether allelopathic effects occurred within thgse or

other barley populations is not known.

Sakai (1955) found that the incremegt of plants with stronger
competitive dbility seemed to be proportional to the number of weaker
plants surrounding the former when interplant spacing remains constant.
But, as pointed out by Schutz et al. (1968), e;rtain types of
frequency-dependent competitive effects Eaﬁ lead to .feedback systems
with stable equilibria. Thus, the final outcome of a population under
natural selection would be determined not only by the frequ$npy of like

and unlike genotypes but also by the types of inter-genotypic com-

petitive effects involved.

In short, under normal gr;wing conditions, photoperiod,
temperature, plaﬁ% density, and disease infestation appear to be the
most influential environmental factors on natural selection.t It may
be possible to evaluate the effect of alternating segregating popula—r

tions between two locations involving more divergence in these

environmental factors.

[y
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VI. SUMMARY AND CONCLUSIONS
A barley cross was made in 1958, One of the parents, Star,
is a short-strawed cultivar which comes from Sweden. The other
parent, M.C.2950, is a selection from & cross between Mpontcalm and
LN

Fort, made at Macdonald College. It is taller and yields better than

Star under the environments used in this study.

Bulked Fl materials were equally divided and one part grown

at Macdonald College in_sz . The other part was grown at La Pocatiire.

+ ]

In each subsequent generation each bulk was again divided, and a

1 /

i -
portion grown at each location. Thus, from Fy to Fy5, materials
were alternated either annually, or after two to eight years at one

location. No sSelection had been made from these materials.

\

In general, bulk populations grown at these two locations
shifted toward rOugh:EVned,Nyello§ aleurone, short rachilla and hairy
rachis types. V-shaped collars and straigh; basal rachis internodes
predominated in these populations. Alternating segregating popula-

tions between the two locations appears to have had only a minor

effect on the segregation of these characters. '
L

The rough-awned type seemed to be associated with more kernels
per\he;d. An association between- rough-awned types and heavier kernel
size was also found in some populations. This may explain, at least

»
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in part, the reéasons for the rough-awned type predominating in these

populations.

The short rachilla and the\hairy rachis are linked with the

rough-awn locus. It was also observed that all the heads with shor

hairs on the glumes had short-haired rachillas and short-haired
rachis edges, and all those with long hairs on the glumes had long-
haired rachillas and long-haired rachis edges, with only a few

exceptions. These three loci are probably closely linked.

The results obtained from the yield trials show that there was
no significant effect of altgynating segregating populations between
the two locations on natural selection for grain yield, number of heads
per plot, nuﬁber of kernels per head, 1000-kernel weight, awn length,
head length, flag leaf width, flag leaf length, flag leaf area, or
Rlant height. Studies on stability using regressioﬁ techniques

\
indicate that there was no variation in stability indexes for most of

the characters among these populations in the F10 and 15 generations.

Stabilized selection occurred in grain yield. This is probably

due to the narrow genetic variability in these populations, and
’ /

1
_ natural selection was unable to bring about any significant changes. in

grain yield. This result does not support the theory that com-
-

/ petitive ability is negatively correlated with yielding ability.

Elimination of short-statured genotypes was indicated. This

suggests that precautions should be taken when hybridization involves

3 -

two contrasting plant types as regards straw length, and the progenies

are maintained in bulk.

>
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Similar ponclusions are drawn from bulk yields and the mean

yield of selected lTnes derivéﬁ from these bulks. Thus, it is
possible to use the bulk yield to predict derived line performanc§<

t
'Differences in heading date and maturity date were observed among tﬁg

%
F16 populations. Significant variation in these two characters among

genotypes selected within each of the F16 populations was also shown.

The environmental factors that induce pressures of natural

<

" selection have been discussed. ,An increased envirommental diversity
is apparently needed in order to evaluate the'effect of a procedure
involving the altLrnation of segregating populations on natural

"selection. Moreover, if greater genetic diversity was available the |

effects of natural selection may 4pﬁgﬁ; sooner and be more prominent

for evaluation.

-

L . .

— -~ &

It appears, from this limited study, that little would be

.

gained in the barley breeding E?og!!ms by adopting f.procedure

involving the exchange of bulk populations, during segregating RN

gene}étions, between Macdonald College and La Pocatidre.

. [

£



[
VII. CONTRIBUTIONS TO ORIGINAL KNOWLEDGE

' -
~

’

Studies on the effect of natural selection at different
¥ : j b

locations has been reported by several investigators. To the best of
/ 4 .

N\ o

N

\

this author's knowledge, however, there have been no reports in the
\ literature on attempts to study or to use a procedure involving

alternétion of segregating populations to utilize the effect of natural

-

selection. Such an attempt is the uniﬁueness of the present study.
Wider environmental and genetic diversity are apparently needed to

make this procedure effective in bulk popuiation breeding.

There are few and-inadequate reports on the effect of natural
selection on a single hybrid population. #his study has fully
examined the changes in single hybrid populations. These include

changes in genotypic composition for several characters, in means of

-

several traits, and in their stabilities. The results of yields of

ﬁulk populatioﬁ; and the mean yield of selected lines derived from
)
them were also compared.} No other study in any crop has provided as

,
thorough and adequate information on changes in a single hybrid

population under pressures of natural selectien.

Steady improvement in productivity has been reported in

several composite populations of barley. However, no reﬁbrts on \
\ \ / 4 ‘ »
single hybrid barley populations were found in the 1i%érature. It !

i’
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is believed that this is the first report on productivity of single

c

hybrid barley populations over a long period of natural selection.

The information resulting from this study will provide useful
guidelines for practical. barley breeding programs, particularly

.where the bulk population method is to be used. - "
\
o
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5 ‘VIII. SUGGESTIONS FOR FURTHER RESEARCH

4

“ The two locations used in this study differ by only gbout

two degrees of 1§Fitude, and brogély séeaking, they are within the
same agricultural production regio;. Thus, discrepancy in photo-
period, rainfall, temperature, pathogen races, cultural practices,
soil condit;pns and so forth, is comparatively small. It would be
better to grow segregating populations alternating between two or
more locations with a greater degree of variaéioq“in certain known /
enviro;mental factors. Using composite cross populations may

further provide evidence of significant changes under the p}essure

of natural selection over a shorter period of time.

1
Not only trait means should be studied, but examining their
. genetic variance would give us an indication about Bhe deggee of the
. !
pressure of natural selection under different envirommental conditioms.

It would also ;ndicate‘the genetic variability in each population,

such that expected progress in head selection could be predicted.

It is believed that one of the possible advantages of the
procedure of alternating segregating populations is that it cou}d
incrgase the adaptadbility of bulks. But whether or not widely '
adapted lines cofld be selected from the widely adapted bulks remains

an unaqswered question.
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Natural selection was not able to bring about any significant
1\changes in grain yield in these single hyb?id populétions. Kernel
size was found to be the character most related to graim yield!

What would happen in such populations if mass selection were applied

to kernel size?

“
There is little information on the effect of competitive

ability under different envirommental factors. It seems that more
research is needed on this aspect. If the relationship between
competitive ability and envirommental factors were identified,
~envirommental factors could be fully exploited in a bulk population

breeding program.
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APPENDIX TABILE 1. Observed values and Chi-square values for

segregation of rough- and gmooth—awned types in F6 barley
o populations K |
\
\ ’ Populations Rough Smooth h X2-value
PMPMP + 152 175 3.1775
PPPMP 297 306 1.1961
3 gm , 298 299 0.5835
: MMPMP 310 ‘ 303 0.2032
\\ \ MMMMP 335 . 316 0.0001
MPPMP 210 197 . 0.0012
MPPPP 182 162 " 0.1980
. PPMMP 249 218 0.5087
MMPPP - 278 240 0.8370
PMMPP 278 ; 232 " 1.6577
MPMMP y 385 319 2.6289
@ PPMPP ' 260 207 2.9991
MPMPP ) 201 155 . 3.2265
PMPPP 368 284 6.0210%
5p ++ 329 248 6.6618%#*
MMMPP 367 272 8.5852%*
|
. Total ‘ 4499 3933 10.791 **
Expected phenotypic °
ratio 33 31

.

+ IThe first letter represents the location in which the
F2 was grown. P = La Pocatiere; M = Macdonald College.

++ The number represents the years grown continuously at a
location. -

* Significant deviation from the expeg}ed phenotypic
ratio at the 0.05 level.

K *#% Significant deviation from the expected phenotypic
ratio at the 0.01 level.
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APPENDIX TABLE 2. * Observed values and chi—Sq&are values for ‘segrega-
tion of rough- and smooth-awned types in Fjg barley populations (these
data were obtained from remnant heads)

Populations Rough Smooth X2-value
3P3n3ﬁ'%¥ . 230 ‘188 ~3.8629%
4LPLMIP 304 233 8.8534%%
PMPMEMPMP : 235 ‘158 14, 4018%*
8M1P o 222 137 19.3279%*
5M4P 330 200 30.8963%*
2P2M2P2M1P 238 136 26.8823%+
) 258 ‘ 134 38.1155%*
6M3P 335 156 - 63.8363%*
Total 2152 1342 183.8098+**
Expected phenotypic ratio 513 511

+ The first letter represents thle location in which the F2 was
grown. P = La Pocatiére; M = Macdonald Collegé. "

++ The number represents the years grown continuously at a
Jocation.

* Significant deviation from the expected phenotypic ratio at
the 0.05 level. ’

** Sjgnificant deviation %rom th; expected phenotypic ratio at
the 0.01 level. .

—

APPENDIX TABLE 3. Observed values and chi-square values for segrega-
tion of rough- and smogth-awned types in Fjg barley populations (these
data were obtained from reseeding at Macdonald College in 1972)

) w ot m‘fam

™

Populations ' Rough Smooth X2-value
3M3P3M T+ 601 399 39.6198%*
7P2M ' 644 : , 356 81.2520%*%
5P4M 676 324 121.8341%*
9M 689 311 140.6606%*
Total 0 2610 . 1390 / 366.7451%%
Expected phenotypic ratio 513 511

t+ The number represents the years growﬁ continuously at a
location,

* Significant deviation from the expected phenotypic ratio at
the 0.05 level. '

p ! '
*% Significant deviation from the expected phenotypic ratio at
the 0}01 level.
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APPENDIX TABLE 4. The relatiaonship of awn type to number of kernels sper head in Fis barley p6pu1ations
.o \
° Rough-awned Smooth-awned
Populations a — 3 — 3 tyalue
ny X1 S_l nj X9 S 2
PMPMPMPMPMPMPM + 199 38.9397 105.7741 135 39.0370 90.4538 -0.0887\
8M6P tt “ 97 48.1753 123.0210. 190 41.7316 127.5096 . 4.6270%*
3M3P3M3P 2M 142 38.6549 69.0219 112 35.4643 80.5753 2.9059**
2M2P2M2P 2M2P 2M 100 44,6700 97.5363 119 38.9328 85.0971 4,4126%%
14p ' 106 48.2736 110.4673 100 44,6500  162.2702 2.2197%
5P 5M4P 200 44.4300 174.9599 119 40.3025 129.3992 2.9465%%
6P6M2P 123 47.1220 140.8129 105 42.1143 108.9099 3.3900%* °©
2P 2M2P 2M2P 2M2P 100 44,9300 153.3991 111 38.6216 137.7283 3.7870%%
3P3M3P3M2P . 120 40.5083 208.8066 123 37.4146 155.8840 1.783¢%
4P 4M4P 2M 166 35.5241 ) 96.1782 108 39.6852 91.9748 ~0.1346
6M6P 2M 182 40.2857 93.3433 114 38.7807 109.1285 1.2412 z
4M4PaM2P 180 46.0667 127.6380 118 45.6780 173.4851 0.2633 3
MPMPMPMPMPMPMP 100 © 46.9600 124.8065 123 37.9268 159.,0028 . 5.6670%* ,
5M5P4M 201 36.6517 191.9581 236 36.9153 137.5077 -0.2125
14M 283 40.4028 109.1069 265 37.6528 110.4548 3.0700%*
8P6M 131 42,2748 104.1855 124 37.1694 122.2231 3.8231%% :
7P7M 136 41.0615 90.6319 127 37.0709 82,3838 3.4398%*
Total 2560 42.2121 137.3027 ~ 2329 39.1348 127.2163 9.,3528%*
a nj and n) are the sample size of rough- and smooth-awned types, respectively. N
X1 and §12 are the mean and the variance, respectively. .
t The first letter represents the location in which the F7 was grown. P = La PocatiBre; o
M = Macdonald College. ’ \ =
++ The number represents the years grown continuously at a location. ®
* Significant differences between the two means at the 0.05 level.
) ** Significant differences between the two means at the 0.0l level.
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APPENDIX TABLE 5.

The relationship of awn type to kernel size in F barley populations
15 y

—

Rough-awned

Smooth-awned

Populations a — ) ._5 — 7 5 *t-value
ny X1 51X10 n, X9 §9X10
PMPMPMPMPMPMPM t 200+ ' 0.0270 1.626 135 0.0276 1.614 -1.3387
8M6P tt 96 0.0315 2.861 191 0.0308 3.228 1.0243
3M3P3M3P2M 141 .0293 1.846 113 0.0263 1.121 6.2537%**
#"IM2P 2M2P 2M2P 2M 105 0.0291 1.371 113 0.0284 1.659 1.3291
14p ; 106 0.0359 1.562 98 0.0346 1.646 2.3151
§g§pﬁ? 199 0.0284 6.068 118 - 0.0279 2.836 0.6771
6P6M2P 124 0.0284 3.142 105  0.0286 4,385 ~-0.2442
2P 2M2P 2M2P 2M2P 100 0.0333 1.538 111 0.0328 2.570 0.8055
3P3M3P3M2P 120 0.0313 3.698 127 0.0308 -7.340 0.5312
4P4M4P2M . 168 ° 0.0273 1.982 108 0.0259 1.437 2,794 2%*
6M6P 2M _ 185 0.0277 9.468 113 0.0276 1.913 0.1212
4M4P4M2P s 179 0.0312 5.422 116 0.0299 3.255 1.7018
MPMPMPMPMPMPMP 99 0.0304 3.684 ,121 0.0305 5.129 -0.1121
SM5P4M T 205 0.0280 4,321 129 0.0274 1.919 1.0006
14M ~ 245 0.0281 2.634 223 0.0284 1.762 ~0.0654
8P6M T 130 0.0303 1.202 123 - 0.0274 . 1.976 5.7642%*
7PIM 128 0.0291 1.695 127 0.0264 1.310 5.5629%%
Total 2530 0.0?94 3.859 2171 0.0289 3.043 2.9225%

<

a nj and n2 are the sample size of rough- and smooth-awned types, respectively.

il and S12 are the mean and the varlance, respectively.
+ The first letter represents the

M= Macdonald College.

tt The number represents the years grown continuously at a location.
between the two means at the 0.05 level.

** Significant differences between the two means at the 0,01 level.

* Significant differences

>

location in which the F3 was grown., P = La PocatiBre;

~
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APPENDIX TABLE 6. The association of aleurone cplour with awn type
* in barley populationms ’

: Rough—awned Smooth—avned 2
Populations . X -value
Yellow Blue Yellow Blug

14M +t 425 313 112 152 17.3725%%
sM5P4Y | 402 309 162 119 0.0611
6M6P2ZM 455 241 175 119 2.8089
PMPMPMPMPMPMPM + 379 170 291 139 0.1480
14P 268 65 114 33 0.3734
SPSM4P 319 77 214 17 15.7846%%
4P4M4PIM 607 73 245 66" 18.6006%*
2P2M2PIM2P2M2P 303 52 132 13 | 2.4582
8P6M 690 68 206 20 0.0058
6P6M2P 333 45 185 8 B.2379%*
3P 3M3P 3M2P 363 46 152 5 8.0378%*
7P7TM ‘ 711 78 204 9 6.0829%
2M2PZMIP2MZP M 541 59 389 3 31. 7440%*
MPMPMPMPMPMPMP C 407 25 AL 8 0.0016
8M6P / ' 263 20 (/f’ 189 5 3.8115
IM3PIM3P2M 553 49 = ¢ 351 3 21.6496%*
4MLPLM2P . 382 15 103 5 0.0153
Total 7601 1705 3341 724. 1.4985

+ The first letter represents the location in which the F2
was grown. P = La Pocattére? M = Macdonald College. /

¥+ The number represents the years grown continuously at a
location. ,

* Significant deviation at the 0.05 level.
**% Sjpnificant deviation at the 0.01 level.
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APPENDIX TABLE 7. The association of rachilla'hairs with awn type in
barley populations '

Rough-awned Stiooth-awned 2 4
Populations X ~value
Long Short Long Short

IM2P2MIPIMIP2M ++ 254 346 274 118 - 67.2240%%
8M6P ' 86 197 123 71 49.6249%%
SP5M4P 157 239 1%2 89 26.9902%*
MPMPMPMPMPMPMP + 197 235 56 69 0.0032

3P 3M3P 3M2P 157 252 96 61 23.7753%%
2P2M2P 2M2P2M2P 149 215 63 82 0.5307

IM3P3M3P2M 169 433 26 128 116.1556%%
PMPMPMPMPMPMPM 174 375 ,/f”zzs 204 42.5030%%
6P6M2P 140 238 95 98 7.3389%%
AMLPLM2P 138 259 . 61 47 15.8784%%
SM5P4M 250 461 137 144 15.0737%%
4P4MLP2M 223 457 . 162 149 32.6384%%
7P7M 261 528 133 80 59.3766%*
14P \/ 96 . 237 92 55 47.3653%%
6M6P2M 207 489 143 151  31.4766%%
14M 196 542 145 119 68.4317%%
8P6M 237 521 " 101 125 13.3225%%

Total 3082 6024 2275 1790 568.9487%*

+ The first letter represents the location in which the F2
was grown. P = La Pocatiére; M = Macdonald College.

+t The number represents the years grown continuously at a
location. .

* Significant deviation ffom the expected frequencies at the
0.05 level.

** Significant deviaﬁ&on from the expected frequencies at the-
0.01 level. |
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APPENDIX TABLE 8. The association of rachilla hairs with aleurone
colour in barley populations

<

N Long Short 2
Populations X -value
Yellow Blue Yellow Blue

2ZM2P2M2P2M2P2M ++ 502 26 428 36. 2.9196
8M6P 203 6 249 19 3.8115
5P5M4P 253 46 280 48 0.0227
MPMPMPMPMPMPMP + 245 8 279 25 0.0098
3P3M3P 3M2P 229 24 286 27 0.0431
2P2M2P ZM2P2M2P 187 16 248 49 7.1721%+
3M3P3M3P 2N 390 5 514 47 21.4331%*
PMPMPMPMPMPMPM 237 163 433 146 25.7135%%
6P6M2P 207 28 311 25 2.7779
LMGPLM2P 188 1n oy 297 9 1.4953
5M5P4M 225 162 339 266 0.3453
4P4MLP2M 338 47 514 92 1.4886
TRTM 364 30 551 57 0.7259
14P 151 | 37 231 61 0.0419
6M6PZM | 240 110 390 250 5.3730%
14M 178 163 " 359 302 0.3230
8P6M 313 25 583 63 1.2369
Total ' 4450 907 6292 1522 13.5359%%

|

+ The first letter represents the location in which the F2
was grown. P = La Pocatiére; M = Macdonald College.

++ The number represents the years grown continuously at a

|

location. . / > "

* Gignificant deviation from the expected frquencies at the
0.05 level.

#% Significant deviation from the expected frequencies at the
0.01 level.
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APPENDIX TABLE 9. Means and variances of spike density in F

barley populations 1

Pattern Population Sample size Mean Variance

1 PMPMPMPMPMPMPM + 980 13.1541 5.6933
MPMPMPMPMPMPMP 623 14.4230 6.1291

II 2P2M2P2M2P2M2P ++ 594 15.1279, 5.2011

2M2P 2M2P 2M2P 2M i 999 13.0726 7.6082

I1I 3P 3M3P 3M2P 637 14.4733 6.1715

/ 3IM3P3M3P2M 997 12.8149 3.9002

v 4PLMLP 2M 992 12.9725 4.9592

. 4M4PLM2P . 635 14.7787 6.7510

. A SP 5M4P 725 14.3739 - 7.0890
6‘ 5MSP 4M 986 13.4544 5.3685
VI 6P6M2P 632 14.6305 5.9469

6M6P2M 994 . 13.5091 7.0045

VIl 7P7M 1006 13.3136 4.5043

8P6M 992 13.3372 4.1014

& .

8M6P ?584 14.4829 6.1078

0 _14p 573 . 13.4677 4.2966

14M 999 ° 14.1071 5.1877

o t The first letter represents the location in which the Fz
was grown. P = La Pocatiére; M = Macdonald College.

7+ The number represents the years grown continuously at a
location. '
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APPENDIX TABLE 10. Pooled analysis of variance for grain yield and its components
in F6 barley populations

> T Méan squares .
Source of variation T df

Grain yleld No.of heads/plot No.of kernels/head 1000-kernel weight
Locations 1 148,889.82** 9,964.80 2,031.4682%* 506.5668%* i
Error A -2 1,730.24 14,251.32 1.1380 2.2182 '
Populations 26 6,714.26 5,711.49 14,7252 1.6634 :
Locations x Populations 26 4,356.14 7,092.54 17.2864 0.8985
Error B ’ N 52 5,563.72 7,991.50 21.2328 1.1513

N

[ y——

** Significant at the 0.01 level




APPENDIX TABLE 11.

Pooled analysis of variance for grain yféld and its components

in FlO barley populations
Mean squares
Source of variation df
Grain yield No.of heads/plot No.of kernels/head  1000-kernel weight

Years (Yj 1 86,141.49 11,520.04 2,443,.3137% 99.9880%*
Locations (L) 1 130,821.35% 8,256.30 1,794.2402%% 876.8541%*
YxL ' 1 501.96 ' 4,614.16 506. 3626% 311.4424%
Replicates in Y and L ° 8 19,628,22 11,063.74 54.8475 8.6358
Populations (P) 16 2,036.82 4,966.96 11.9752 1.6379
PxY l 16 5,057.37 5,768.67 14.5307 1.7165
PxL 16 4,803.06 4,237.32 14.5266 1.1429
PxLxY 16 4,250.02 3,408.76 17.7512 1.4300
Pooled error 128 5,091.73 T 5,177.68 14.9914 1.5532

* Significant at the 0.05 level
** Significant at the 0.01 level

hid

LY A N




APPENDIX TABLE 12.

Pooled analysis of varfance for grain yield and its components in F15 barley

R L W (TVE T TR Rt » AT PO AT eI VN AR A LETES T TRee b

populations

Mean squares

Source of variation df -
Grain yield No.of heads/plot No.of ketnels/head 1000-kernel weight

Years (Y) 1 ‘ 312,863. 34% 18,939.13 3,472.0126%% 160.7529**
Locations (L) 1 97.46 B 15;939.13 2,095.3649%* 470.8049%*
YxL ~ 1 143,842.59 3,741.06 781.9626%* 80.9298%*
Replicates in Y and L 8 46,880.46 18,829.06 C4.9343~ 2.0860
Populations (P) 16 4,939.09 6,610.00 31.0519%* 1.6232
PxY 16 4,140.44 6,785.73 8.0423 1.7751
PxL 16 2,696.08 5,031.65 18.4295 1.0096
PxLxY 16 5,264.24 4,671.39 14,7021 2.1367
Pooled error 128 J 3,123.18 P 4,942.06 16.6045 1.5167

* Significant at the 0,05 level
#% Significant at the 0.01 level

9t




APPENDIX TABLE 13. Pooled analysis of variance for other agronomic characters in F6 barley populations

—_—

Mean squares

Source of variation df - Avn Head Flag leaf  Flag leaf  Flag leaf
length length width length area
_Locations 1 0.6533 6.6504%% 0.1121 206. 1447 %% 212,9419%%
Error A 2 0.0529 0.1109 0.0813 0.5765 6.5008
Populations 26 0.4817 0.3074 0.0186 0.8620 2.2623
Locations x Populations 26 0.3091 0.3358 0.0196 1.4332 3.5167
Error B 52 0.3387 0.5003 0.0135 1.0503 2.8054
** Significant at the 0.01 level
a5 —




barley populations

APPENDIX TABLE 14. Pooled analysis/of variance for other agromomic characters in F1o

Mean squares

Source of variation df ) Awn Head Flag leaf Flag leaf Flag leaf

B . length length width length area*
Years (Y) 1 32.0428%% 4.4975**_ 0.0712 0.1884 0.1701
Locations (L) 1 10.6952%* 12.6951**“\- 0.0000 25.12849 24.9017
Y’g‘i\‘jl 1 0.6791 2.5999 2.7233%% 770.8815%* 1585.0913%*
Replicaé 8 in Y and L 8 0.5647 0.6444 0.0620 6.6979 17.1673
Populations (P) 16 0.2348 0.3040 0.0073 0.6030 1.8118
PxY 16 0.2979 —0.2214 0.0141 1.5517 4.2844
PxL 16 0.2746 0.1272 0.0047 1.5792 1.8077
PxLxY ° 16 0.1778 0.1289 0.0063 1.0852 2.0565
Pooled error 128 0.3192 0.181}/~‘\\\ 0.0121 1.4191 3.7504

}

** Significant at the 0,01 level

.
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-APPENDIX TABLE 15. Pooled analysis of variance for other agrdbﬁ&ic characters in Fl5 barley

populations

Mean squares

-y

Source of vériation -4t Awn " “"Head Flag leaf Flag leaf Flag leaf
e ' . length length width - length area
Years (Y) - 1 38.0644** 0.1529 0.1970%* 12.9155 26.7708
Locations (L) 1 21.0050%% 13,0113%+ 0.0246" 78.5789%* 39.8568

Y xL 1 0.9174 8.6471%* 1.8373%% .~ 406.6729%%  856.6914%*
Replicates in Y and L 8 0.2039 - 0.1401 0.0164 ~ 4.5997 10.0736
Populations (P) . 16 0.7598%* 0.8769%* 0.0280%* 1.8720% T 5.7263%

_PxY 16 0.3536% 0.1379 0.0120 0.7831 2.6865 -

PxL ' 16 0.2047 0.1585 0.0116 0.9684 3.2254
PxLxY ° 16 0.3489% . 0.2080 0.0100 0.3397 1.9421
Pooled error 128 0.1994 0.1331 0.0105 1.0255 2.8786

> e ek

* Significant at the 0.05 level
%% Significant.at the 0.01 level 1
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» APPENDIX TABLE 16. Pooled analysis of variance for plant

height
» Fg F10 ~- Fis
Source of variation -
df M.S. , df M.S. df M.S.

Locations @ 1 474.,0147 1 1997,2238%% 1 2599.4373%%
Error A 2 138.794} 4 35.8714 4 46,3172

- . Populations 26 23.2130 16 11.5889 16 6.6218
Locations x Populations 26 13.6140 16 ~23.2767 - 16 24.4981%*
Error B i 52 33.4567 34 20.4421 64 ___ 12,8149

f—

* Significant at the 0.05 level
** Significant at the 0,01 level
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