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Ph. D. CHOO THIN-MltIW Aaronoay 

THE lt"EeT O"LOCATIQN'ON NATURAL SELECTION IN BULl POPULATI NS 
OF .BARLltY (HORDltUM WLGARlt L.) ) 

. ( \ \ 
Tho effect of alt.rnating bulk popula~iona batween two loc~~~ona, 

Ma~donald College and La Pocatiare, on natural a.lection in .egreï'tina 

aenetaUona lof a barley cro.. wa. e~aluated in ,'6' '10 and '15" \\one 
population wa. grown yoar alter year at each location, while ot~er.: re 

, al~.rnat.d either annually or after two to elght y.ara at one locat n. • 1 ~ 
Materials for 8tu~y and further propagation were harveated at ran m 

trom each populatlon. \ 

. \ 
. There wal no .1gn!ficant effect of alternating the aegregatina 'popu ~ 

lations ~n natural .election with regard to .e8regation for awn type,~ 
aleuron~ ~olo~r 1 rachilla hair length, .pike denaity, hairine.à of·, ~ 

, rachis ~dg,., collar type or ahape of b~.al rach!. intern~de. Similarly, '~ 
there waa no effect on the ~rait meana for grain yield, number of head~ \ 

per plOb. number,of kernell per head, 100o-~ernel we1ght. awn length~ 

-head lèngth, fla, leaf width, length or area, or plant hei8ht. Equ~lly, 

Itabl11ty parametera and frequency ôt luperior aenotype. wer~ not 

i 

. ~y '15 almoat all population. had ahifted towarda planta with rough 

awna, yellow aleurone, Ihort-haired rachllla. and hairy rachis edgea. 

Short-statured genotypes were eliminat.d. ~ Seleètlon for ar~in yield 

appe'red to 8tabili.e~ . 
il apparently needed in order to 4ld*r envlronmental diveraity 

i evaluate effectlvely the u.eEplne •• of a procedure involving the alter-, 
1 nation of .egregatina,populations. 
. 1 fi' 
IIt.appe.r., fram thi. limited atudy, that little would be gatred ln 

barley breeding proarams by adopting a procedure involvln, the exchan8e 

Of\~Ulk population.," durlna .e8~eaating generationl, between location. 

ironmentally a •• imilar aa Macdonald COlle,e and La Pocati're. 
;"" -.... 
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Ph.D. . Phytoteebnie . . CHOO THIN-MEIW 
,BFFET DU LIEU SUR LA SELECTION NATURELLE DB POPULATION BUtl D'ORGE 

(HOllOBUM WLGARB L.) 

\ 
Ce travail a conai.tl l 'valuer l'effet d'alterner, de. popula

tion. bulk entra deux lieux, La Pocati're It Macdonald,College, eur la 

\ ~'leetiot naturolle dana ~e. 81nJfationa en di.jonction d'un croi.e

ment d'orae. On a choi.i leI 8'n'rat~onl F6' FlO,lt ~l5 aux finI de 
cette Itude. Une de. populationa alti enaemencle annle apr" ann'e l 

chIque endroit pendant qUI d'autrle. ont ~~ alternlea'annuellement ou 

de diUX l buit ana apraa avoir It' eulti~. l un endroit. 

Lea aemencos utilis'e. pour fin d'analy.e et de pr~8ation 
. ont It' r'colt'es al'atoirement l partir de cbaque population. \ 

Aucun effet significatif eau.' par le fait d'alterner 1.1 , 
population. ~n di.jonction, n'a pu 'trI ob.erv' .ur la allection , , 

naturelle en ce qui a trait l la di.jonction de. caractare. auivant., - , 
le type de barbe du lemma, la couleur de l'aleurone, la pub,.acence du 
-~ -

~~~ rachillet, la denaitl de l"pi~, la pube.cence de. bord. du racbia~ le 

~ . ~pe et 14 fo~e de coliet l la ba.e de l"pi.. Mime, on n'a pu 

\ 
I,e 
1 

db.erver aucun effet aur lea caraetara. re.ponaable. du rendement en 
/ 

\arain, aoit le nombre d'ipia par par~~lle, le nombre de araina par 'pil, 
\ la poi4s de 1000 araine, la lonaueur de la barbe du lemma, la lonauaur 

(' 

\ 

1 • • 

de l'Ipia, la longueur, la largeur et l'aire foliaire de la feuille 
\ \. ' 

j-~~PiCale et la ba~teu~ de la plante. Lee compolante. reaponeable. de 1 
'~a atabilit' et de la fr'quence dei genotypes .upirieur. n'ont pa. 'tl 

affect'e.. \ 

A la F 15 preaque toute. le~ population. ont produ~t de. plante. _ \ 
aveé une barbe de l~ma hirauté, une aleurone jaune, dea poil. de 

rachillet court. et un rachis avec bords pubescents. Lee ginotipe. 
1 

, 10nnant ~~~ plantea courte. ont it~ 'liminil. Il .emble y avoir eu 
stabili •• ~ion de la variation du rendement en arain. .. . 

\ 'f~ 

Une plue gran~~\al~er.iti 
afin d"valuer de façon et~eace 

'v 
~, 

j 

f
, , 
1 . 
• 

de l'environem~nt apparait nlce •• âire 

et utile dan. toute proc'dure 
\ 
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impliquant le fait dlalte~nar da. ~opul~tionl en diljonetion. Cette 

ltude 11m~t'e indiqua qU'il y • peu l aalnar danl un proaramm~ 
d'amllioration da l'orla par l'alta~.nc. de. populationa bulk an 
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1. INTRODUCTION 

The' interactions of genotypes with environments have been 

observed by plant breeders fo( many years. However. there have been 

only a few attempts ta exploit them in practical plant breeding 

programs. St-Pierre ~~. (1967) carried out pedigree selection 

from a segregating population of barley under the environmental 

conditions of Macdonald College and La Pocatière. They found that 

strains selected at alternate locations in successive years. starting 

st La Pocatière in F2, possessed the widest adaptation. Borlaug 

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

programs, of moving segregating populations back and forth betwee~ 

two diverse locations, with two g~nerations in one year. not only 

reduced by half the time required to develop a new variety. but 

also simultaneously permitted the identification of lines and the 

development of variet,es having wide adaptation. DifferentiaI 

selection in varietel mi~tures and hybrid bulk pôpulations' of cereal 

crops at different locations has been investigated by several workers. 

To the best of my knowledge, n'o one has studied the effèct of this 

"alternating segregating population" procedure on natural selection 

in any hybrid bulk populations. 

1 
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Suppose a desirable plant type were eliminated by naturai 

selection at one location, and another desirable plant type were 

eliminated at another location, could this procedui: preserve a 

sufficiently high proiortionlof desirable plant types in a 

population? If a population were alternated between two locations 

in which a desirable plant type was seleeted against at one and 

seleeted for at the other, what would be the outeome in this 

population for the desirable plant type? When a particular 

generation is eonsidered. alternated populations are grown less 
1 

frequently at one location than those grown contiriuously at that 

location. The changes in Any eharaeter in the alternated populations, 

then. will be slower than. or at most equal to. those in lat,ter 

populations. Thus, this alternating segregating population procedurt 

seems to provide a means to main tain maximum genetie variability in 

our breeding material or roass reservolrs. 

There is considerable ,evidence showing that natural selection 

would eliminate the non-adapted genotypes. Cou Id this procedure 

bring the population into wider adaptation? If so, should someone 

wish to maximize 'the effect of alternation, what is the idesl 

alternattng frequ~ncy? 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 

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

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

by this procedure? 

2 
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This study was designed to answer ,some 
-li'- • ,.~ ,/ 

,). 
of these questions. 

" 
For practical purposes, two locatlons within tbe province of Quehec 

were chosen. These two locations, Macdonald Co.llege and t,a Pocatière, 

1 are about ~50 miles apart and are situated at almost the seme 

altitude. However, they differ by two degrees in latitude. ,Daylength 

at the two locations differs by about half an hour on 21 June. 

Average monthly bright sunshine ~s approximately 200 hours at ea~~ 
location. On the average ôf the propagation period (1959-1972) 

montply temperature at the early growing s~ason is about 3°C higher 

at Macdonald College; it is about 2°C higher at the late growing 

season. However, monthly rainfall is about l cm lower at Macdonald 
1 

College '(Table 2), They also differ in soil texture; the La Pocatière 

-
clay has a higher water-retention capacity. Barley, usually yields 

more at Macdonald College, although maturing is about one ta two 

weeks earlier than at La Pocatière. 

The effect of natural selection on ~arietal mixtures and 

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 , 
selection. The pop~lation structure of a single hybrid population 

can be expected to differ from thkt of varietal mixtures and 

c:ompo$ite populations. Thus, ~he results obtained in the studies 

from the latter popplations may or may not be applicable to a single 

hybrid population. lt is believed that studies on changes brought 

3 
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a~out by natur4l selection in a singie hybrid population should provide 
) 

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 loc~tions on unselected barley pop~lations. 

(2) the effect of alternating frequeney on several agronomie 

charaeters. and 

(1) the effeet of natu~al selection on several agronomie characters 

in a single hybrid population. 
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II. ~EV!EW OF LITERATURE 

1 
A. The effect of natural selection 

1. Changes in varieta1 mixtures 

Several investigators have studied the effects of natura1 

selection and competition in changing the composition of bu1k 

populations made up by artificially mixing equa1 quantities of smal1 ' \ 

grain varieties. A mixture of durum and hard red spring wheat was 

grown by Klages (1936) for a single season. ~ very large increase 1r 
. he occu:rencJ:of the durum component of the mixture was exp1ained., by 

i 
1 a severe stem rust' epidemic. 

Laude and Swanson (1942) mixed equa~ number,s of seeds of the 
\ 

winter wheat varieties, Kanre~, Harvest Queen and Curre11, and grew 

the mixture at two locations in Kansas over a nine-year period. 

Sh~fts in the varieta1 ratios reru1ted in near1y pure stands of\ 

~ -Kanred, the better adapted variety, by the end of the experiment. 

The changes in the varieta1 ratio vere attrlbuted both to competition 

among plants which resulted in greater surviva1 of the better adapt~d 
,; 

, 
variety and to production of more seeds per plant by Kanred. .. ") 

! 
Two different bar1ey varietal mixtures and a mixture of five 

wheat varieties were grown by Suneson and Wiebe (1942) for periods 
•• 

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

in a mixture bore no Hrelationship to the yields of component 

5, 
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varieties when grown in p~re stands. ~ughn bar1ey and Ramona 
\ 

wheat were weIl adapted and high Yieldi~ wh~n grown in pure stands 

but proved to be very poor competitors i~ the mixtures. They 

suggested a decided limitation te the bul~ method of breeding aé 

plants that sur~ive best 'in ,the hybrid mix~re may not' be .the types 

that WOrld yield best whe~ gtown alone. \ 
5J 

Suneson (1949) grew a mixture of equal QUantitie1 of four 

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

Ume, tl~~ '-propor tions of varieties in t,he mixt~res 

per cent, Club Mariout 10.5 per cent, 'Hero 0.7 p\r 

were Atlas 88.0 

cent, and Vaughn 

0.4 per cent. During this same period Vaughn ave~~ed significantly 
\',~ . ~ 

of the other varieties in Yifld Wh~~ tested in pure 

was second in yield. Vaughn \and Her'c also were 

higher than, any 

stands and Hero 
" \, 

considerably more reslstant to the leaf diseases which were serious 
\ 

, \ 

in some years of the study. The only\ marked differenc~, noticed 
, .. \ 

for growth habit was a somewhat mor.e erect early growth\for Atlas 
\ 

that might have given it a cbmpetitive advantage. On the" basis of 
. \ 

these results, he sugg~sted that the bu1k meth~ of breedi~ ~uld 

not necessari1y perpetuate either the h~ghes~ yielding or t\e more 

disease resistant progenies, but rather thes~ with.an intangible 
, \ 

cha,acter of competitive abi1ity. 

Sakai (1955) provided resu1ts of a competiti~n study of 
1 

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

and O-Chiam, were'~rown for four cro~s in Taiwan. The m,ixlng ws \ 

• \ 

.< 

\ 

;, 

\ 
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6 

\" 

\ . , 
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made in ~hre~ iritial proportions:. 0.05:0.95, 0.50:0.50, and 

0.95:0.05. The results showed that th~ proportion of Taichung 

'" 

1 
1 

No.65 

decreased generation after generation without regard to the initial 

proportions, although Taichuns No.65 yields higher than a-Chiam. 

Mumaw and Weber (1957) reported that marked varietal changes 

occurred in soybean varietal c~posites which were grown at one 

location for five seasons. Varieties ~aving greater height, later 

maturity, more lodging and greater branching habit ipcreased in 

proportion. 
\ \ 

Suneson and Ramage (1962) mixed awned and awnless Onas wheat 

isogenics from backcrosses in a 2:l r ratio, then grew them pro-

gressively for seven years. No signifieant population shift 

resulted. However, rough awns increased by 20 per cent in a 1:1 
, . 

mixture 9f rough'and smooth-awned Atlas barleys for the same periode 
-

Hooded barley was strikingly inferior under both yield and survival 

7 

assays. They concluded that yield and survival relations for hybrids 

and varieties are generally but not universally in accord. 

Early and Qualset (1971) reported that complementary 

competition was observed in aIl mixed pop~l.tions in'which the 
/ 

~f barley variety, Tenn. 60.34 occurred. lts yiel~ was suppressed in 

mixtures by abo~t 20 per cent, wh!le the other two varieties 

increased a like.amount, so that the total mixed population yield 

was equal to that expected from pure st'nd performance. The reduced 

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

number of spikes produeed per unit area. 
\ 

, 
i 

\ 
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" 

1 
, 

1 
l 

r 



• GA. 

\ 

/ . 

\ , 

8 

Blijenburg and Sneep (1975) studied competitive interactions 

in a ~lxture of eight barley varieties and examined the relationship! \ 
~ .... \. t 

.. bet\.leen the competitive ability of these varieties and their yield in 
1 1 

1 

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 eisht v8rle~ies appeared to be in agreement with their 

competitive ability in mixture. 

AlI of these 'investigators, working with different crops or 
. 

dtfferent vari~ties.' co~e to the $ame conclusion; that Is, that 

natural selection did operate in their varietsl mixtures • 

.. 

2. Changes in composite populations 

The "evolutionary plant breeding method" w!th composite cross 

populations, as ~uneson (1969) stated, was begun by MarIan and his 

associates (1940). They mixed equal,amounts of 28 varieties of 

barley crossed in aIl possible combfnations except one, and this 

stock was called Composite Cross Il (C.C.!!.). With several objective~ 

\ 
in mind, the composite and the individual crosses were grown for 

sev{n generations and were tested. They concluded that srowing a 

number of crosses in a composite mixture \.las apparently equal to the 

method of pedigree,culture. A number of plant fharacters were al~o 

studied. Smooth-awned types averaged greater floret sterility and 
• • ~ J 

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

related to capaàity to yield. 

------'~ 

\ 

! 

1 
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Segregation studies of C.C.II have,been carried ~ut. 
fMidd1eton and Chapman (1941), working from FJ to FS generations, 

showed the smooth-awned types to be rather rapidly disappear1ng at 

both locations, though possibly ~mewha~ faster at one ,location than 

at the other. Three years of yield trials with bu1ked segregates 

9 

gave results s1gnificantly in favor of rougl'l-awned types as compared\ 

\\tith either sm~oth-awned or hooded types. Yiefd trials with true

breeding lines from the single cross of two se1ect~ns of the 

composite w~re also significantly in favor of the ~ough-àwned types • 
. i' .. 

:~~ association was found to exist between factors for spring growth . 
-.1 

habit and smooth awnedness. They suggested that this association 

was one factor in the lack of adaptation generally observed in 

smooth-awned stra~ns when fall-sown at the two locations. Suneson 

and Stevens (1953) recdrded~our plant census enumerations involving 

\ the F4, F12 and F23 generations of this composite. It was found that 

the percentage of smooth-awned types decreased with advancing 

generation. 
"'\ 

The yielding ability of C.C.~~ "was ~tudied by Suneson (1956). 
lJ ~ 

, 'II .. 

The composite was grown àt Davis, California, for 29 generations in , 

bulk. During the early segregating generations, the composite was, 

conspicuously inferlor to Atlas, a check variety, in yielding 

ab11ity and general agronomie appearance. It was not until tre FlS 

to F20 generati~ns that the bulk consisted, rather uniformly, of 
, 

type~ similar to those grown commercial1y in California and became 
t 

Q 

. ,-

1 
\ 

\ 

1 
! 

\ 
\ 



o 

! 

f 
1 

--.. l .. ,-... -----.. ·---....:...--,---;:.:l-·L. ... .... '------.,---

) 

" . 
~ '\ 

lO~ ---. -------;--~ - l 
ta Atlas in yields~e sU8gested that there shoul~ 

be à minimum of 15 generations of natural sélection, 

Composite Cross V that was developed by Hadan,'was a bulk 

of FI plants derived from ~rossing 31 varieties, and th en crossing 

the resulting FI plants in increasins numbers through four successive 

pa1rin~s ta give a complete recombination. Ana1ysis of this 

composite in terms of changes in genotypic frequ~ncies·occurring over 

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

---showed that the frequency of the dominant phenotype increased . 

sharply for rough-awned, blue aleurone color, and remained much ~I 

the same for long-haired rachillas in later generations. I,t also 

indicated that reducti~n in hetero~ygosity was slower at several 
, ~ 

marker loci than expected for the observed amount of outcrossirig. 

lt was explained on the basis of hetêrozygote advantage ~ssoci,ted 
\ / 

with segments of chromosomes. 

. 
Both directional and stabilizing selection, involv1ng a r 

number of quantitative characters in C.C.V., have been r~ported by 

Allard and Jain (1962), Six generations (F3, FS' F6, F13' FIS and 
, - \ 

FIS) were spaced-seeded, and observations on heading time, plant 

he~ght, spike length, spike density and seed size were made on a 

, t.-.: 

single plant basis. No change in average spike density was Observed~~~~ 
from FJ to FIS' The constaney of the meana of spike density showe~- l'~ 

- \ / 
that for thâs character stabilizing selection was inyolved. 

J 
Directional selection was observed for plant height~ spike length, .' 1 

• 01" 

, '-
{) 
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he.ding time and seed sbe. '1) The generation_ me.ns for these 

characters shifted slowly toward shorter statur~, shorter spikes, 

earlier heading and larger- seeds. Linear inc'rease in the average 

population fit~ess was f9UUd~~e in generation. 

Finlay' 0) reported that the overall mean yield of each 

lines der~ved from C.C.V. increased with advancing 

,generations from F5 to F24 • This further supported the results of 

Suneson (1956). This overell mean yi~d i~provement ~esulted not 

only from the lo~s of l0t:y~_eld~~ a so from the selection 

of inCreaS~ngly h~ding l~nes with progression from F5 to 

'~~ -----------F24._ ~ 

-------~-' 
Rasmusson et~. (1967) grew a barle\ composite population, 

bbtained by mixing se~d of 6000 entries from the barley world 

ù 
-----------

~ ,~~, . 
collection, und~r sevère stress conditions in Min~sota for five 

• ./ù 

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

cantly. The improvement ~ounted to 57 per cent during the six 
.. 

years or an average of 9.5'pe~ cent for each year of natural 

selection. " 

\ 
. Thus, this evolutionary plant breeding me~hod not only 

p~ovides a source population in breeding.programs, but also . 

èontinuously improves its performance through natural selection. 
"" 
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3. Chang~ in S~oglè hybrld POPul'a'uons\ 

out by Allard .J(1960), varietal mixtures dUfee from 
,~- . 

~OPu18~ions in at least t'NO particulars:, (1) segregaHorr will 

.' \. occur in the hyhrid bulks,. "With the result that the compet.iog genoty-pes 

\ 

are not expected to be cons~ant from generation to generation, and 

(2) even when a hybrid po~u+ation ~as reacJed a degree of bomozygosity 1 

comparable wi varietal mixture, it will differ from th~ 

1. . . 
larger number of genotypes will b~ competing 

against Mch other. the other hand, most of the composite ~opulg-

competition: m~y 

whether the 

, 
several to many crosses, and intercross 

1 
I~is, therefore, a que~!o? 

s from varietal m1xtu~es, or compos~te populations --------~.--------
sins1e hybrid populations. ;' 

that the easily synthesized property of 
.' 

the attr1ctive popul~tio~ucture of, 

c~mposite populati9ns has resulted in ~Ore stu~s on the effecç of 

na,tural selec;,tion' having been carried out in varietal mixtures ..-nd 

composite populations than in 

between these 

s. 

acting 

pop~lation me an in Fa for 

grains, but had reduced it for the weig~t of 
n 1 

However, graip yield was the same {n both the 
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ln a lima bean population which' contained two simply 

inherited characters: indeterminant (D-) vs. determinant growth 

habit (dd) and ~hite (W-) vs. green seed coat (ww), Tucker'and 

J 

Harding (1965) found that gene frequency of d was initially 0.50 
( 

• 
but after eleven generations of selection it was reduced to less 

than 0.03. Strong selection against dd genotypes was pr~dictable 

because ,of extreme m~rphologica1 differences between bush and vine 

phen~tvpes. Logica11y, the bushes wou1d compete unfavorably for 

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

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

frequency of 0.50, after eleven generations the frequency of W 

was 0.06. There' were no obvious morphological differences between 

the p~otypes which could be associated with competitive ability. 

The F}-and F7 generations of 58 populations of oats were 

evaluated by Marshall,(1972) for freezing resistan~e and winter 
, ~"'" , 

survival. He found that fnitially nonhardy populations become more 

resistant to free~ing in response to natural selection, whereas 

initially hBrdy 'populations were not responsive. "lie suggested that 
1 

the ineffectiveness of natural se~~ction in the hardy populations 

13. 

appeB:.ved to b,e 'the result of Inadequate selection pressure rather 

than narrow variabi1ity for winter hardiness. ln another studr' 

Marshall (1913) r~ported that after growing them for five yea~s under 
-~-

nat,ural selection for winter sunilval, ten out of ,twelve populations 

of oats were more decumbent in Juvenile grow~h'habit, five were 
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taller and all were significantly later in maturity in the F8 than 

in the F~. No apparent ~elationship between these changes and the 

amount ot increase in winter hardiness was detected. 

4. Changes in population variance 

Very Iittl~ information is available on changes in population 

variance under naturai selection pressures. Palmer (1952) reported 

that the variances of yield and its components, ~ept number of 

grains per plant, decreased between F2 and Fa in a wheat'cros$. 
~ 

These changes were the result of natural selection. 

. Allard and Jain (1962) found that changes in variances for 

heading time, plant height, spike length, spike density, and seed 

size were as strikihg, or more 50, than changes in means,. The 

change~as always in the direction of decreased variance. 

Frequ~ncy distributions showed that these decreases in variance were .. 
associateq with steady elimination of extreme individuals f~om the 

tails of the curves. 

, 

5. Changes fn stability r 

A regression method was proposed by Eberhart and Russell 

(1966) for describing the performance of a variety over a series of 

environments. Their model was given as 

in which Yij i8 the mean yield of the i th variety in the jth 

1 

;' 
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environment; ~i i5 the i th variety mean over aIl environments; 

Si ls the regression coefficient for the i th variety; Ij is the 

index for the jth environment, lt ls the mean yield of all varieties 

in that particu1ar envlronment; and 0ij is the deviatlon from 

regression of the i th variety in the jth environment. 

The effect.of the environment was partltioned into a linear 

and a nonlinear component, and a stability parameter was aS50ciated 

with each of these components. The regression coefficient Si was 

associated with the linear component, and cr~i (a function of the 

0ij's) with the nonlinear component. 

and é!l were respective1y b i and S!l ' 
where 

S~l jd1j /(n-2) 

The best estima tes of Si 

in which n is the number o~ environments; and 

-
\ ... , 

in which Y ij and,Ij are las above, and ai • ai. 

, Finlay and Wilkinson (1963) defined average stability as 

regression coefficients,approximating to 1.0. When average 

stability was associated with h~gh mean yield, varieties had general' 

adaptability; when associated with low mean yield, varieties were 

poorly adapted to aIl environments. Regression values increasing 

above 1.0 described varieties with increasing sensitivity to 

envirpnmental change (below average stability) and greater 

specificity of adaptability ta high-yielding environments. 

\ 
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Regression qecreasing below 1.0 provided a measure of, greater 

resistance to environmental change (above average stability) and 

therefore increasing sp~cificity of adaptability to low-yielding 

environments. With,respect to the second statistic, a variety with 

S;i e 0 will display little variation in performance over environ-

ments that have similar indi~s. The desirable variety was the one 

with a high mea,n (Xi)' unit regression coefficient (b
i 

.. 1.0) and 

2 the deviations from regression as small as possible (Sdi ·'0). It 

would perform above average in aIl 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 P~rkins (1971) considered the significance 

1eve1s obtained for mean squares for heterogeneity of regression to 

be approxima te with the F-testi but with homogeneous errors, levels 

16 

of significance with the F-test were exact (Mandel 1961; Shuk1a 1972). 

The significance of the differences among v\riety means could be 
..t 

tested approximate1y by the F-test with a pooled error mean square. 

Several workers have suggested that mix~Qres, on the average, 

are more stable than their components (Simmonds 1962; A11ard 1961; 

Pfah1er 1965a, 1965b; Jensen 1965). Populations derived from 

hybrids which were sonsiderab1y more heterogeneous than mixtures 
1 

" have been found to be both higher yie1ding and more stable th.an pure 

line varieties (Allard 1961, 1967; Finlay ~9~3; Rarmusson 1968). 

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

plays in population stabilfty. 
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TABLE 1. Analys1s of var1ance when stab111ty parameters are eetimated* 

Source 

Total 

Variety (V) 

Envitonmente (Env) 
V x Env 

Env (linear) 

V x ~nv (linear) 

Pooled deviations 

Variety 1 

Var1ety p 

Pooled error 

d.f. 

nv-l 

v-l 

n-l 
(v-l)(n-l)} v(n-

1 

v-l 

V(~ 
n-2 

n-1 

n(r-l) (v-1) 

~ 

*Adapted from Eberhart and ~ussell (1966). 
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, 
Finlay (1970) reported that the regression fotability index 

1 

changed with generations in Composite Cross V. The dominant feature 
{r 

18 

was the reduction or 108s of the very stable and very unsta~le lines, 

and an increase in lines with roughly average stabi1ity (i.e., 

regression coefficient near 1.0). 

Population evolution toward average stability was a1so 

reported by Fatunla and Frey (1974) in a study of stability indexes 

of radiated and nonradiated oat genotypes propagated in bulk 
,.r 
./ popula tians. Mean regression s tability indexes for grain yield 

decreased from 1.17 to 1.02 in the nonradiated line, and inc~eased 

from 0.82 to 1.04 in the radiated 1ine of descent over generations. 

The changes in mea~ regression stability indexes for plant weight 

para11eled those for grain yield. but no trends in this statistic 
l , 

occurred for other traits. \ 

/ 

The above papers both ind~ated 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. 
, \ 

B-. Effect of location on natural selection 

1. Varietal mixtures , \ 

A textbook examp1e of the effect of natural selection at 

different locations was given by Rarlan and Martini (1938)~ A 
\ 

mixture. of equal amounts of eleven barley varieties was grown at 

1 

'. 
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1 
ten experiment stations in the northern and western United States 

\ for four ~o 12 years. Each year the plats 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 cens us 

of the number of plants of each of the Il varieties 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 suecess 

of a variety in the mixture and its status as a ~ommercial variety 

except at two locations. Surveying the results of their re~earch as 

a whole, they concluded that the suc cess of a variety in a mixture 

could be regarded as a measure of adaptation and yielding ability 

under commerc~l conditions. A striking feature of the experiment 

was the rapidity with which one or two varieties became dominant st 

certain locations. At some stations, one variety dominated in as 

,few as 'four years of natural selection. At other stations, changes \ 

joccurred much more sl~ly. 

Sandfaer (1970) (provided another extensive and systematic 

study on barley mixtures grown at different locat~ons~ Three 

variety mixtures were produced, Maja + Freja, Carlsberg II + Freja, 

and T. Prentice + Freja. Bach mixture consisled of the same numher 

of kernels of the ro varieties in the first year ~ These mix~, 

were grown every year from 1956 to 1966 at five different 4 locations 

in Denmark. The results showed' that the mixtures of Maja and Freja 
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were rather stable at a11 five locati,ons, and the prrcenta~e of Freja 

ln the mixture involving Carlsberg Il and Freja declfned at four of 

the five loc~t~ons. There was a slight increase in the relative 

amount of Freja at the,other location. In the third mixture, the 
1 

percent age of Freja was reduced Bt the end.of the experimental period 
Fi 

at aIl five locations. Barley stripe mosaic virus was the cause of 
\ 

elimination of Fre~ in the mixture of Freja and T. Prentice. 

/ 
2. Composite p~pulations 

Composite Cross l was a mixture of equal quantities of F3 

seeds from 32 crosses involving Il varieties of barley. These 

varieties were the same as those used in a survival study of mixtures 

at 10 stations by Harlan and Martini (1938). Suneson and Stev~ns 
! 

(1953) grew this composite at 10 stations for various periods. They 

found that genetic characters, like varieties, did not survive 

equally in mixtures, nor similarly at different stations. Smooth-

awned segregates persisted at original frequencies, or increased at 

six stations, but de~reased at two other stations. They suggested 
i 

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

its~lf but might be caused by adaptation factors linked with it. 

Three bulk hybrid popul~tions of rice were grown by Adair and 

Jones (1946) f~r eight generations at locations in, Arkansas, Texas, 

and Calif~rnia. Each population vas a composite of seed 'in the F2 

of three to eleven crosses, the original composition of the 

• 
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~omposites being somewnat differerit for thelthree locations. A study 
,) , 

'of the types that survived in the bulk populations showed that 

selection for date of heading fRd for height had differed wtth 

location. The proportions of different grain types and of awnless 

plants that survived also were quite different • 

Bulk populations of 20 barley crosses were grown fr~m F2 to 

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

The authors found that the location at w~h the segregatlng 

C 
generations had been grown had a highly significant effect up~n 

subsequent bulk>~opulation yields, date of maturity, and average 

heading date, but not on pl~t height. Neither rough- nor smooth-
1 

~wned types showed a tendency to be favored in survival. However, 

difference~ were found among c~osses and among locations for the 

degree of selection for this character. lt was concluded that the .. 
effectiveness of the bulk method of~eedlng in securing desired 

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

populations were grown. 

.., 
A composite of 105 crosses involving 15 barley varieties was 

grown for five years at nine locations in widely different latitudes.' 

Considerable differences were observed among the samples from 

different locations regarding heading date, matu\ity date. and yield. 

Very ~ittle difference was observed for plant heigbt and lOOD-kernel 

weigbt. DifferentiaI selection was bbserved for spike and awn types. 
#> 

The proportions of two-rowed spikes and rough awns incressed st some 
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locations and decreased st otrers. Natural selection had very 

little effect upon t~e collar type, neck shape, and leaf width. 

Shape of basal rachis internode and neck length were n~t influenced 

by the locations st 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 wère, respectiv~~, the eariiest and latest rice 
/ - , 

vsrieties grown in Japan. Bulk ~opulatio:ns were grown from F 2 to F 5 
F 

generations at 20 experiment stations scattered throughout Japan. 

\ The results showed that the effect of naturai 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 tendency. The amount of 

variation also differed with location. It was very large for 

centrally located stations and, although smaller for southern and 

1 ; 

northern stations, it remained much larger than for the parents. 

Miu (1965) and Miu et al. Jj967) mixed thoroughly seeds from 

two single hybrid pOPulation~f rice separately, and each single 

hybrid population vas 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 

location and were grown continuously at tbat location from F2 to F6 

generations. They found tbat selected lines differed in yield amang 

and within populations from the four different locations. 

l , 
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Takahashi and Yasuda (1970) grew bar1ey crosses in bulk from 

F2 up to F6 generations in successive years\ at four stations, 

located in northern, central, and southern Honshu and the southerp-

most part of the Kyushu district in Japan. They found that the 

populati~ns fro~ two cxo~ses definitely, tended to head out.earlier 

on the average when going fro~ 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 advance of hyorid genera-
1 

;:) 

tions. ,In contrast, plants insensitive to short days increased 

gradually in the southern locations, and population means decreased.' 

There was almost the same tendency under 24-hour daylepgth. The 
• 

effect of natural selection on growth habit was very strong. 

Abrupt elimination of spring-type plants fro~ the populations occurred 

at the northern station. ~ the contrary, the frequency of spring 

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

stations, and thi~ tendency became marked moving from no~ to south. 

Tucker and Harding (1974) deve10ped two bulk populations of 

lima beans from two different biparental crossë~ of varieties. Each . 
bulk population was grown in two different sites in the same 

commercial growing ~ea in California f6r nine generations. A yield 
",. \ 

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

location. The populations grown in the test location had higher 

yields than the population grown in the Don-test location 

and showed significant divergence in yield from, the F6 to FIl 

generations. especia1ly in the last three years. 

ff ' 

• 1 

1 
l 



r...::=====::::::::::==========-:===-=-:-~~~- ~ ~ ........... ,.'11 ••. .-11. te "' .... ""' •• __ ... _at _________ . _____ ............... _~_ .. ~. 

/ 

f 

1 

1 

1 
, \ 

/ 

C. competitive/abilityand yield 

Factors of natural selection should be numerous, such ~s 
• <\ 

maturity, seed size, ~bit Q1 growth (erect vs. prostrate), heading 

habit (spring or winte:'type), vigor of growth, extent and de~h of 

root system, disease and insect resistance, the càpacity'for 

nutrient uptake, a11elopathic reactd:on and 50 on. 

two factors pertinent to this study, grain yield add plant height, 

are reviewed. 

Several studies indicated that there was a high'cor~e1atfon • 

between competitive ability and yielding ability. Suneson (1949), 

based on his findings, 8tated that the relative yield of a variety 

wa~ not necessarily a criterion of its ability to competition with 

other varieties. Ho~ever, 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 

t~n Atlas. Furthermore, 'the reported seven per cent yield 
< 

advantage for Vaughn, based on 114 California tests, had since, 

with a total o~ 319 tests, been turned into a two per cent deficit. 

A1though both varieties were 108ing favor, the i;60 acr~e ratio 

< 
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in Ca1i.fornia was 10 to 1 in favor of Atlas. Using the same four '. 

varieties for studying intergenotypic interaction, 'Al1a~d and Adams 

E1969a, 1969b) found that Atlas was better yie1ding thah Vaughn. 

They be1ieved that the interpretation of Suneson's experiment did 
\ 

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

- J 
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.neaT~isogenic gen~types. Suneson and Ramage (1962) conc1uded that 

yield and survival relations for allel~s,~hybrids and varieties 

vere generally, but not universally~ in accord, 

Laude and Swanson (1942) speculated that the predominance of 

Kanred after rtine years of naturai selection vas partly because of ' 

the production of more seeds per plant by thls variety. 

Roy (1960) reported that when two varieties of rice vere 
1 

25 

planted together, either fully m1xed~ in alternate rows, or in ~ .~~-

1 

- ~~ 

dby~""'" . \separate halves of the same small plot sur~ounde~ . • éach 

might influence the yield of the other.·· ·Thi··~·ifect ~ as often 
1; ~, 

unfavorable as favorable. Hithf.yi~lding varieties vere a1so good 
i.I! 

competitors. 

Jensen ~d Federer (1965) noted that strain yielding ability 

vas highly dorfelated vith competition abillty. In other wçrds, the 

'. strain vith th~ highest me~_'yield imp,osed th~ greatest mean yield 
~ ~ . 

'l.~epression when tt vas a neighbor. 
~~ , / 

Though no differences betveen observed yields of the mixtures 

and midcomponent means vere found, corn hybrids that yielded highest 

in pure stand did contribute more to a mixture than wouid be expected 

based on the pure stand yield, and the lover yielding hybrids less 

than expected-fKânnenberg and Hunter 1972). In a recent study, 

Kannenberg (1974) reported that the high yielding hybrids yielded 

more when in Iow proportions in a mixture; as their frequency 

increased, and thus the competition vas ~ncreasingly amang like 
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genotypes, their re1ative-y~~~eaSed w 
"" - ----

i~ pure stand._ c~nver-§.el-y~e1ding hybri ~~~WYJ.: ";; 

highes~ _:ln--plire stand. . 

---------~ ---
------- ~----~ ___ ~/ Study~mpetitive interactions in an eight-bar1ey-variety 

- ---------~- ---------
~re, B1ijenburg and Sneep (1975) oonc1uded that yie1d in pure 

stand of seven out ,of eight varieties appeared ta be in agreement 
( 

with their competitive ability in'~ixtures. ~ . . 
Th~ results of composite population studiés showed that 

ylting abillty was steadily improved by natural selectio~-----
, ~-

1 6; Singh and Johnson 196~frnlay 1970). These 

-~------ / ~~flrm that co~petitive ability indeed ls assoçia~eë with 

yielding ability. 

There is, however, a growing body of opinion that yie1d of 
r 

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

yield in pure stand. The earliest example in the literature was 

probably g~ven by Monegomery (1912). When two varieties were p~anted 
1 

~ in competition, one variety was'very apt ta have an advantage which, 

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

It appeared that the one yielding best a10ne WOuld not always be the 

one surviving under competition. 

This viewpoiIit was also supported by Wiebe ~ .!!. (1963) 

based on simulated generationr of bar1ey. Three genotypes, VV, Vv, 

and vv, from an advanced isogenic line of barley contrasting the 

- six-row vs. two-row head cbaracter, were grown in pure stands and 
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Significant reversals in 

relative yield ~_re found to exist in comparisons between èhe ~same 

genotype, VV or vv, when gr?WTI in pure stands and in an advanced 

generation. Significant shifts due to competition were also found 

for heads per unit area, and number of kernels per head, whereas 

kernel weight was·'unaf\ected. 
. j 

obtained where blue v~ white 

The same general results we~e 
1 

aleurone was used as the distingufsh-

ing character. 

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

crop and pasture plants~ that productivity and competitive ability 

should ~istingUiShed. He felt that a notable deficiency in our 

understanding DT competition was the substantial independence of 

competitive ability and yield. 

Schutz and Brim (1967) evaluated the effect of,intergenotypic 

competition on yield and other attributes in both hill and raw plots 

utilizing four diverse adapted'varieties of soybean. Jackson 'was 
~ 

27 

the best competitor, in te~ of yield response, of the four geno- ~ 
. ~ 

'types tested. It was also the tallest and latest maturing variety. 

The best competitor, however, was not the highest yielding variety 
..... , 

in pure stand. 

Hamblin and Donald (19~4) reported in their study that weakly 

competitive plants were likely to be higher yielding as monocultural 

crops. Dther studies showed )hat cpIDpetitive ability was associated 

with plant height rather than with yielding ability. 
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other worker.s considered that there was no consistent 

relationship between the yield of a variety or genotype in a mi~ture 

\ 
and its yield in pure stand. Sakai (1955) found that c~petltivé 

abi'lity was not associated with grain yield or other characters. 

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

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

bulk populatio~. 

. 
D. Competitive ability and plant height 

The importance of height as a factor in competition was 

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

be 50 nearly the same height that the difference is only a milli-

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

Montgomery (1912) found that when black oats were sown alone 

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

oats returned ~he greatest yield. The possible explanation given was 
o 

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

Pendleton and Seif (1962) studied competition be~ween rows, 

between hills, and within hills of corn- of different heights. They 

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

3a~per cent less tban when bordered by dwarf corn. Conversely, a 

single row of normal bordered by dwarf yielded only six per cen~ more 

than when bordered by tall corn. Competition effects "noted on the 

yields were primarily due to light. 

! 
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Jensen and Federer (1964) found competitive effects associated 
1 

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 acrè 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 selection, even thoughlthe short, sturdy 

varieties in the mixtures were far superior in yielding ability when 

grown in pure stands. Growth analysis of mixed populatïons showed 

that competition for light by mutual shading was the princip le 

environmental component causing competition in rice (Jenpings and 
, 

Aquino 1968). Jennings and Herrera (1968)carried out the same kind 

'<:: 
of study but with tail and dwarf segregates from a rice hybrid. They 

found that in each generation following the F2 the proportion of 

dwarf plants was less than would be expected in the absence of 

-coupetition. In the F6 only 23.7 per cent were observed, compared 

with 48 per cent expected. 

Marshall (1973) reported that five of the oat populations 

vere taller in the F8 than in the FJ' no artificial selection had 

been applied. 

Khalifa and Qualset (1974), working with a mixture of taU 
'--/' 

~ short-statured wheat varieties, found that the dwarf variety 

decreased in frequency over time with a càncurrent decrease in the 
1 

populstion yield level. 
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Kawana ~ al'I (1974), based on the results of their study on a 

rice mixture, suggested that vegetative vigor, large 1eaf area, a 

"-.. .. 
high rate of nitrogen adsorption in early growth stages, and plant 

height were the most significant characters re1ated to competitive 

ability. 

From the above studies, it appears that short-statured plants 

are a1ways in a position of selection disadvantage. They finally 

would be eliminated from the mixture or hybrid population. 

E. Genotype-environment interaction 

The mathematical as~cts of genotype-environment interaction 

were given by Comstock and MalI (1963). Allard and Brash~ (1964) 

discussed in detail the implications of genotype-environment 

interactions in applied plant breeding. Work has also been done on 

whéther selection should be made utider stress or non-stress 

environmental conditions in Pfograms for the development of new 

varieties (Falconer 1952; Frey 1964; Yen 1~69; Roy and Murty 1970). 

However, research on usihg genotype-environment interaction in 

practical breeding programs 15 still inadequatel 

St-Pierre et al. (1967) carried out a pedigree selection from 

F2 ta F5 from a segregating population ~f barley under the environ

mental conditions of Macdonalci College and La Pocati~re. In each 

generation, seed from se1ected plants was divided into two parts and 

subsequently seeded at the two locations (see Fi~re 1). The 

~l~ 
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adaptability of the selected strains was estimated from yield trials 

conducted at the two locations during F7 and F
S

' They found that 

strains selected at aJ:ternate locations in successive years, starting 

at La Pocatière in F2' possessed the widest adaptation. 

In the CIMMYT wheat breeding programs, segregating populations 

were gro~ near Ciudad Obregon, Sonora, at about 28° latitude on the 

coastal strip only a few feet above sea level \rluring the winter. 

During mid-May, 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 

variety, but a1so ~imultaneOU~lY permitt~~'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 
1 

result of the selection of lines that are insensi~ive to changes in 

dayl~ngth and date of planting, and hence are broadly adapted. 

Other selection pressures also were undoubtedly acting under the 

vèry diverse conditions that prevailed at these two nursery sites. 

i 
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III. MATE RIALS AND METHOIlS 

A. Source and propagation~ 
of plant: materials Il 

The pr1ject was initiated by Dr. H. R. K11nck to study the 

effect of alternating segregating generations bet:ween two locations 

on pedigree selection and bulk population method. The r.esults of a 

study earrying individual plant selections through a pedigree program 
1 

were published by St-Pierre et al. (1967). The results of the study 

involving bulk population method are reported in this thesis. 

A cross betW~ed 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' 

aleurone and a short-haired rachilla. M~C.2950 is a selection fram 

the cross Montcalm x 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 FI hybrids were grown ~n the greenhouse. Seeds from FI 

plants were b~lked and 'divided equal1y into two parts. One part was 

grown at Macdonald Colleg~ in F2' and the other atrLa P1catière. In 

each subsequent generation, these materials were again divided. one 

portion being retained for seeding in loce ,and the other portion 

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

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

apart. Each plot was of sufficient dimension ta lontain appro~im-

34 

af'ely 10,000 plants. At least 1500 mature plants were harvested at_" 

random from each plot. excluding the border rows. Standard cultural 

and ferti1i~er piact,Ï<;es vere employed. By 1966, the number of 

propagated plots for each population had exceeded the avail~ble land 

and labour resources. It was decided, therefore, to reduce the number 

of plots ta eight or ni rte at each location. A list of the F6 

populations is given in Table 3, and of bath FIO and Fl5 populations 

in Table 4. Populations we~e alternated eith~r annually or after 

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

continuously at each location. 

1 
These materials from FI to F14 were handled by Dr. H. R. Klinck. 

Seeds of F6 and FIO populations were stored at the ~tion where 

harvested. 

B. Experimental sites 

Macdonald College is situa~ed at the extr~e west end of 

Montreal Island, while La Pocatière is 250 miles ta the northe~st. 

The exact geographical location of these two locations is: Macdonald 
1 

College, 45°25'N and 73°56'W; La Pocatière, 47°21'N and 700 02'W. 

Bath are at an altitude of !about 100 feet, with a continental climate. 

Sail texture at La Pocatière is heavy clay. It is more 

compact and bas a higher water-retention capacity than the loam to 
\ 
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TABLE 2. Average month1y rainf,a11, average month1y maximum and minimum 
temperature from May 4 to August at Macdonald Co11ege and La Pocatière 

Macdonald Co11ege La Pocatière 

Year Temperature (OC) 
Rainfall TerPerature (OC) 

Rainfa11 
(cm) 1 (cm) Maximum Minimum Maximum Minimum 

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 

196~ 22.92 12.50 8.94 ~69 10.00 7.80 

1964 23.61 12.92 8.10 20.28 9.58 8.61 

1965 23.19 12.08 7.80 20./00 9.31 6.9? • 
1966 22.92 12.50 6.71 20.&.3 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 13.09 5.36 21.67 lD.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 

Source: Bulletin Météorologique. Ministère des Richesses 
Naturelles, Québec. 

0 
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sandy loam soil at Macdonald College. Average monthly rainfaI1 and 

average monthly maximum and minimum temperature from May ta August 
f' 
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at both locations are given in Table 2. In general, the temperature 

at Macdonald College is approximately 3°C higher than at La Pocatière 

during early growing season, but only 2°C'higher during late growing 

~eason. Differences in the amount of rainfall at these two locations 
, 

varies with years. On the average. monthly rainfail at Macdonald 

College is slightly lower th an at La Pocatière. Average total monthly 

bright sunshine at both locations is approximately 200 hours. 

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

weeks ear1ier than at La Pocatière. 

C. The alternated patterns 

According.~o the system of aiternation. the F6 populations 

have been grouped into 12 different patterns, and the Fla and FIS 

populations are each grouped into eight (Tables 2 and'3). Among 

these, pattern 0 represents those grown continuously at one location, 

. i 
no alternation having taken place. Ea~ of the alternated pattern~ 

consists of two pppulations which have the same system of alternation 

but differ in their starting location. A few populations do not 

have their counterpart5; thus, each one 15 included with the 

nearest similar patterr' The patterns range from th~ Sne with tbe 

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

pattern having no alternation at the hottom. 
) 
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Pattern 

l 

II 

III 

IV 
, . 
. ; 

V 

1 
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Barley bulk populations in F6 generation. each differing in 
previous history ~ 

Population' 

PMPMP t* 

MPMPM 

PMPMM 

MPMPP 

PMllPM 

MPPMP 

PPMPM 

PPMPP 

MMPMP 

PPMMP * 
MMPPM 

PMMPP 

MPPMM 

Pattern 

VII 

VIII 

IX 

x 

XI 

o 

1 

Population t 

PMPPP 

MPMMM 

MPMMP 

PMMMP 

MPPPM 

PMMMM 

MPPPP 

PPPMM * 
PPPMP 

MMMPP 

PPPPM * 
MMMMP 

PPPPP * 
MMMMM 

t The first letter represents the location in which the F2 waa 
grown. P = La Pocatière; M = Macdonaid College\ 

* These patterns were continuously propa~ated to FIO and FI5 generations. 
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TABLE 4. 

Pattern 

l 

II 

III 

IV 

V 

VI 

VII 

o 

1 
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Barley bulk populations in F10 and FIS generations. each 
differing in previous history 

Population 

PMPMPMPMP t 

MPMPMPMPM 

2P2M2P~lP* 

2M2P2M2PlM 

3P3M3P 

3M3P3M 

4P4MlP 

4M4PlM 

SP4M 

5M4P 

6P3M 

6M3P 

7P2M' 

8PlM 

8MlP 

9P 

9M 

.. 
\ 

Pattern 

I 

II 

III 

IV 

V 

VI 

VII 

Population 

PMPMPMPMPMPMPM 

MPMfMPMPMPMPMP 

2P2M2P2M2P2M2P 

2M2P2M2P2M2P2M 

3P3Mr3M2P 

3M3P3M3P2M 

4P4M4P2M 

4M4P4M2P 

5P5M4p 

5M5P4M 

6P6M2P 

6M6P2M 

7P7M 

8P6M 1 
8M6P 

14P 

14M 

1 

t The first letter represents the locat~onkn which the F2 was 
grown. P = La Pocatière and M = Macdonald College. 

o 

* The number represents the y~rs grown continuously at a 
location. , 
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Such'grouping e~bles the pOPulatioi swn of $quates to 

be partiti~~ed int: between patterns and wdthin patterns sum ~f 
squares in the analysis of variance. Since these patterns vary 

withq'lternated frequency, a non-signifi~ant between alternated 

patterns mean sqüaTe for any character tlearly indicates that 
1 1 

there-is no major effect 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 be~een 

alternated patterps mean square. A significant within alternated ' 

patterns mea~ s~uare wouid/mean that tbere H a sig~ificant 

difference between two populations (or three in some cases) having 
;-. 

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; ,Cc) yearly variation in cultural 

practices such as seeding date 0i harvestingo date at each location; 

(d) sail variat10n among pr~pagated 

yearj Ce) generation-location-year 

plots at each location in each 

interaction; (f) cumulative 

effect of these factors; and (g) other factors having an effect 

during propagation periods. 

D. Segregation studies 

In tbe sommer of 1972 tbere vere eightjpropagated plots of 

FIS at Macdonald College and nine at La Pocatière. Plot size and 

_ t 

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

-
heads were taken from ~ach plot. Rach head was examined and the 

following characters recorded: awn type, aleurone col~r, length of 

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

~achis edges,. hairiness of the glume, rachilla hair type, collar 

if 
type ~nd shape of basal raFh~s internode. These characters were 

chosen for this study because of theïr dîstinguishable featur~s 

and their usefulness for varietal identification. Studies also, 

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

from test plots in 1973. 

Barley is a pre?ominantly self-pollinated species. Jain and 
. 

Allard (1960) found that the amount of outerossing ranged from one 

to two per c~nt. Thus. if outcrossing was neglected, the proportion 

~ 
of homozygotes in the populatio~ increased from F

2 
onwards according' 

- 2~ln -
to the well-known formula [-zr-l , whére r = the· number of genera-

tions after FI and n = the number of independently, segregating genes. 
J • 

In the one gene case, expected phenotypic ratios,woUld b~ 33:31 in~ 

the F6 , 513:511 in -the Fl~' and'approXtmately one to one in the FIS. 

In the case of two complementary and non~linked genes, expected 

phenotypic ratios in F15 would be abouJ three to one. The observed 

ratio was compared with the expected phenotypic ratio bythe 

chi-square test for s~me of the characters in this study. 
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, 
An analysis of variance was carried out for testing the 

r:~ 

differences among the ated patterns. lt waf? don~ by using é'he 

percentage of a pa~t ular type for the character in question. The 

between patterns mean square was tested against the within patterns 

mean Square. However, it was not possible to test the signif,icance 

of the within patterns mean square b~cpuse only one replication was 

used ln this study. 
'v 

E. Yield trials 

Yield trials were conducted at Macdonald College and 

La Pocatière in 1973 and 1974. Seeds from the F6 populations, were 

grown~ a S x 6 simple rectangular lattice layout with the three 

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

cultivars were also included in the Fla population trials, but only 

Loyola and the two parental cultivars were included in Fl5 population 

trials. Seeds from b~th Fla and FIS popu~ations were g~own in 4 x S 

triple rectangular lattice design. These were the Brume at both 

locations in both years.-

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

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

\ 
three rows of the five-row plot were harvested for yield determ1na-

tions. In order to eliminate border effect, plants for a length of 

20 cm· at each'end of the plot 'we~e di8car~ed. 

'\ 

, 

, 

---------



( 

The following characters were measured in the yield trials: 

grain yield, yield components, awn length, head length, flag leaf 

width, flag leaf length and plant height. The number of heads per 
ft 

plot was calculated from an average of two samples 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 

42 

estimated from three samples of lOO-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 

cprried out before seeding, poor emergence percentage occurred in F6 

populations in 1973. Thus, these data were not included in any 

analyses in this study. Seeds in 1974 trials were obtained from tqe 

~st plots at Macdonald College of 1973. No populations x years 

interaction, or populations x environmental interaction w~s obse~ved 

in most of the characters studied. Thus, populations of 1974 were 

considered as previous generations (F6 , FIO and FIS) instead of 

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

1 
In the statistical analys1s, tqese tests were analyzed as a 

randomized complete block design, e~cluding the standard cultivars 

and the parental' cultivars. The population sum of squares in the; 
.' 

analyriS of variance was partitiooed ioto betweeo patterns and within 

\J 
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patterns sum of squares. Both between patterns and within patterns 

mean squares were tested against the pôoled error mean square, but 

the between 'patterns mean square was tested against the within 

patterns mean square if the latter was heterogeneous. Generation 

means
o 

wer, com:ared by at-test. 

~he data were also analyzed by multivariate analysis of 

variance and stepwise regression. 

F. Selection trial 

Selection for desirable head type had been made in the F16 
~ 

propagated plots at La Poeptière at two different dates of maturity 

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

J~ sent to California for multiplication in the winter of 1973-74. 

As a result, 345jlines were obtained and were tested at 
1 / 

Macdonald Co~lege. Because of the limited amount of seed,ivailable, 
./ 

only two replicates were used, with a randomized complete block 

~esign. Each line was grown in a, single-row plot alternated with a 

single row of spring wheat. Plot size was about 0.2 x 3.2 m. 

Seeding rate was 50 seeds per meter of .row 'length. At harvest, 20 cm 
1 

at each end of the plot was discardep. Heading date was recorded 

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

cent of the heads wlth yellow awos-in thJ plot was taken as the date 

of maturity. 

1 
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In the analysis of variances the lines sum of squares was 

partitioned to the following sum of squares: populations, selection 

dates, populations x selection dates, and line~ within population x ~ 

selection dates. The tests of significance for populations, selection 

" 4ate~ and their interaction mean square were made against the lines 

within populations x se'lection dates mean square, if the latter was 

significant. Otherwise, as with the lines within populations x 

selection dates mean square, they were tested by the experimental 

error me an square. 
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-IV. TS AND DISCUSSION 

A. Segregation studies 

1. Awn type 

Most investigators have reported that the difference between 

~ough and smooth awns in barley is determined by a single gene, 

, with rough awns dominant. This gene, located on chromosome V, has 

been designated Rr by Robertson et al. (1947). Table S gives the 

observed values and chi-square values for segregation of this 

character in the FIS populations. AlI of these populations deviate , 
significantly from the expected phenotypic ratio, with the rough-

awned type predominating. 

/ Remnant heads were obtained in some populations of F6 and 

FIO generatlons. Also, four FlO populations were reseeded at 

Macdonald Col1ege. As indicated in APpendix~able l, only three 

out of 16 F6 populations were significantly different from the 

• expected phenotypic ratio. The reason for these three populations 

showing significant aeviation is not known; it may be due to 

~ftDdomness or due to their being subject to greater pressures of 

natura1 selection i~ their growing environments. Appendix Tables 

" 
2 and 3 show that deviations from the expected phenotypic ratio 

appear in aIl the FlO populations. Whe~ the chi-square values in 

F6' F10 and F15 gen~rations are compar~d, they bec~ larger in. the 

45 
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TABLE 5. Observed values, ànd chi-square values for segregation of 
rough- and smooth-awned types in F15 barley populations 

Pattern Population Rough Smooth 2 X -value 

l PMPMPMPMPMPMPM t 560 438 14.6703** 

III 3M3P 3M3P 2M * 602 398 41.2090** 
l, 

II 2M2P 2M2P 2MZP 2M 603 396 42.4784** 
-

VIn 8M6P 293 t91 21.0764** 
1 

V 5P5M4p 412 230 51.0295** 

a 14P 340 177 - 50.7620** 

VI 6P6M2P 407 197 72.3195** 

IV 4P4M4P2M 684 314 136.4338** 

VI 6M6P2M 694 302" 153.4949** 

Il 2P 2M2P 2M2P 2M2P 381 150 99.6233** 

III 3P3M3P3M2P 420 164 111.3441** 

V 5M5P4M 720 280 192.7210** 

0 14M 735 265 219.9610** 

~ 8P6M 766 231 286'\.0140** 

MPMPMPMPMPMPMP 450 130 115.4500** 

IV 4M4P4M2P 425 ll8 172.4419** 

VII 7P7M ~ 791 209 337.5610** 

! 
t 

Total 9283 4190 1924.4759** 

Expected 
phenotypic ratio 1 1 

1 i -- 1 1 
**Significant deviation fr01ll the expected phenotypic ratio at 

the 0.01 1evel. 1 
t The firet 1etter represents the location io which the P2 was 
P - La Pocati~re; M - Macdonald Co11ege. grown. 

* The number represents ~he years grown continuously at e 
location. - -
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later generations. This indicates that populations ~d~reasingly 
~ , . 

shifted away from the expected phenotyptc ratio in advancing 

generations. 

" 
The results suggest that natural selection selects in favor 

'47 

of the rough-awned type. This was al 50 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 

clear1y known. Harlan et al. (1940) and Midd1eton and Chapman 

(1941) reported that the rough-awned type was associatéd with highe~ 

yie1p. 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 weIl as kerne1 

size were carried out. The resu1ts indicate that the rrUgh-awned 

type produces more kernels per head and its kernel size is at least 

equal to if not heavier than that of the smaoth-awned type (Appendix 
1 ._ 

~ Tables 4 and 5). 

Harlan ~ al. (1940) gave an expla~iOn for the association 

hetween the rough-awned type and more kernels per head. They pointed 

out that floret sterility was much more common in the smooth-awned 

type. They further speculated'that low temperature seemed to af.fect 

the SlDO'ot\l-awned type more than 1t did the rough ones. The lemmas 

and pa1etas of smooth-awned barley usua11y were not as firmly cemented 

to the caryopsis as in the case of the rough-awne.d OlleS. Almost 

\ 
1 

1 
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without exception stigma hairs disappeared about in the same 
<. 

proportion to the disappearance of tee th from the awns. This 

doubtless was a factor in sterility. 

The analysis of variance for the percentage of smooth-awned 

types in the FIS populations indicates that there is no significant 

1 
variation among the alternated patterns (Table 6). This s~ggests 

that the alternating segregating population procedure has no major 

effect on awn type. 

'" 
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TABLE 6. ~he analysis of variance for the percenta~e of smooth-awned 
types in FlS bar1ey populations 

So!':rce d.t. -
Between patterns 7 

Within patterns 9 

l 1 l 

II l 

IIII 1 

IV 1 

il 1 

VI 1 

VII 2 

0 1 

~s - non-s1gnificant ,t the 0.05 level 

1 

Mean square 

16.4775 NS 

75.5030 

230.4804 

64.8660 . 
j 

68.6792 

47.3364 

30.5762 

2.6220 

102.5452 

29.8764 

f 
1 

i 
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2: Aleurone tolor 

Aleurone color in barley Is useful to distinguish one 

cultivar from another and may serve as a hallmark of quality, vlz.,' 

Canadian malting barley is commonly blue. Myler and Stanforè (1942) 

found that complementary genes condltioned the development of blue 

Folor. The blue aleurone co~dltion occurs when compleme~ary 

dominant genes BI and B12 are present in the genotype. Yellow 

aleurone occurs when either gene is homozygous recessive. BI and 

Bl2 are' Iocated on chromosomes IV and l, respectively. 

The genotype of the yellow aleurone paren~, Star, ls not 
, 

known. If there ~s only one homozygous recessive gene ln Star, the 
1 . 

results show that àll these populations differ from the e~pected . 

pbenotypic ratio, and tbey~âhif~~d toward tbe yellow, aleurone 

color {Table 7). On the other hand, if both gen~s were homozygouS\ 

recessive, the population grown continuously at Macdonald Coilege 

includes more biue aleurone thbn expected. Yel1ow. aleurone was 
1 

favored in the one grown continuously at La Pocatière, however, and 

most of the alternated populations shifted toward the yellow aleurone 

color. In general, the blue aleurone,type was elimfnated from most 

of the populations. Thus, aince Canadian malting cultivars are 

desired tf have a blue aleurone, if segregating popu~ations in a 

malting barley breeding program are carried in bulk, attention should 

be paid to this phenàmenon. 
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TABLE 7. Observed values and chi-square values for segregation of 
blue and ye110w aleurone color in FIS bar1ey populations 

Pattern Population Blue 

o 14M tt 465 

428 V 5M5P4M 

VI 

l 

o 
V 

IV 

II 

VII 

VI 

III 

VII 

II 

l 

VII 

III 

IV 

6M6P2M 362 

PMPMPMPMPMPMPM t 293 

14P 114 

5P5M4P 118 

4P4M4P2M 140 

2P2M2P2M2P2M2P 

8P6M 

'6P6M2P 

3P3M3P3M2P 

7P7M 

2M2P 2M2P 2M2P 2M 

MPMPMPMPMPMPMP 

8M6P 

3M3P3M3P2M 

4M4P4M2P 

Tota~ 

" Expected 
phenotypic 
ratio 

71 

89 

56 

56 

87 

70 

40 

27 

46 

21 

2483 

Ye110w 

536 

564 

631 

690 

457 

607 

859 

525 

"905 

570 

582 

921 

928 

·583 

562 

952 

587 

11459 

4.8951 * 

18.4090** 

72.3303** 

15.5279** 

204.8406** 

328.4744** 

516.0400** 

344.3104** 

668.2j44** 

420.3977** 

432.0141** 

688.3819** 

735.9208** 

471. 5313** 

457.7142** 

820.6663** 

525:0411** 

5777 .5516** 

1:1 

244.5717** 

173.2271** 

68.8851** 

11.~579** 
7.4541** 

28.9659** 

63.7200** 

53.7472** 

135.6458** 

85.1970** 

88.6854** 

143.1759** 

171.2277** 

113.7084** 

129.8477** 

220.2217** 

115.5049** 

384.0688** 

î:3 

t The first 1etter represents the loca~ion in which the F2 was _ 
grown. P - La pocatière; M -,Macdonald Co11ege. 

tt,The number represents the y~ars grown continuous1y at a 
location. 

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

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

1evel. 

1eve1. 

* Significant deviation from the expected ratio at tbe 0.05 
1 

** Significant deviation from the expec!ed ratio at the 0.01 

. , 
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It should be noted here that the classification of aleurone 

character was'done visually; no chemical tests were,madb. Thus, 
, 

errors in classification could have ~ccurred. Even so, the dis-

crepancy ot these two sorts was so wide (in some cases the blue 

.. 
aleurone was almost eliminated) that even if chemical ,tests had been 

used, result~ would have beén very stml1ar. 

Studies on composite populations have revealed that bl~e 

increased in so~e populations whereas ~el1ow increased in others 
'." 

(Bal et al. 1959; Ja1n and Allard 1960; Jain and Suneson 1964). 

Inconciusive reswtts were obtained by Dubbs (1958) trom bulk hybrids 

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

and Schaller (1966) showed that only small differences exist between 
1 

blue and yellow types in terms of yield and its components. 

'J Ale~ne coior' appears to have no associa~ion with awn type (see 

Appendix Table 6). Thus, it is likely tha~ the differences observed 

in these studies are due ta other genes affecting fitness and other 

quantitative tra~ts linked with the aleurone color loci. 
1 
1 

Since the percentage of blue aleurone types ranged from 3.45 
/ 

~o 46.45, arçsin transformed data werf used in-the analysiè of 
- , 

variance (Snedecor and Cochran 1967). Table 8 shows that there were 

no differences among the alternated patterns. This iodicates that 

, \ 
the alternating procedure bas little influence on the survival of 

plants having a particular aleurone COlO;, as fsrfs these tvo 

locations are concerned. 

1 
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TABLE 8. The ana1ysis df variance for the arcsin transformed per-

.. 
'1 

/ 

1 1 

centages of b1ue aleurone types in F15 bar1ey populations 

Source of variation d .f. Mean square 

Between patterns 7 131.6405 NS 

Within patterns 9 
1 

83.222.5 

l 1 170.0168 

II 1 9.2020 

III 1 11.8584 

IV 1 62.6080 

V 1 128.2642 

VI 

~ 
1 196.2180 

VII 2 7.9314 

0 1 134.9724 

1 NS - non-significant at the 0.05 leve1 1 

1 

1" -

1 
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3. Rachilla hairs 
, \" 

\ '-.-""'l 
Long-halred rachilla ls dominant over short~~~ rachl1la, 

and a numher of investigators have found the difference to be 

determined by a single gene pair located on chromosome V (Smith 1951). 
'1 

Deviations from the expected phenottpic ratio were found to be 
\ 

significant in aIl populations èxcept DwO (Table 9). The values of 

~hi-square are relatively small when compared with those values for 

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

natural selection on this sharacter was not as strong as, it was on 

awn type and aleurone color. Rence, changes ln genotYPi1 composition 

were rather slow. 

In most populations, natural selection seeme& to favor sho.rt~ 

haired rachilla types. Population shifts towar~ short rachi1la hairs 

were also reported by Bal ~ Al.' (1959). 
1 

However, lt Is hard to 

be1ieve that short-haired rachlila has mo~e adaptive value than its 

other allele unless it ls 11nked with other loci. lt was not 

unexpected that rachilla hairs would be associated wlth awn type 

(Appe~ix Table 7). These two loci are separated by about 30 . , 
crossover'units in chromosome V (Bal et~. 1959). ,&achi11a hairs 

Probably are not related to~eurone color (Appendix Table 8). 

\ 

Table 10 gives th~ results of analysls of variance for the 

percentage of short-haired rachillas in the FIS popul'tions. ThJre 

ls no slgnificant variation ,among alternated patterns. This suggests 

that the segregation of this qharacter did not differ under the 

, envir'o~ntal conditions of this ~tudy. 

1 
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~.~~~ 1 -p. '"" TABLE 9. Observed v'al~s and chi-square values 
. . 

for segr,egation of' 
.~ . ~ ~ long and short ràchilla hairs in FIS barley 

,~, 

~ 

xattern 

populations ' 

; . 

Population Long , Short X~-value 

1 

;
7 , 

P II 
·1 , 
VII 

V 

1 

III 

Il' 

-" III 

1 

VI~ ... 

IV 

V 

IV 

VII 

0 

VI 

0, 

VII 

- 1 

'" 

ZM2P2M2P2M2P2M tt 

8M6P 

5PSM4P 

MPMPMPMPMPMPMP t 
, . 

3P3M3P3M2P 

2P2M2P2M2PZH2P 

3M3P3M3P2M .. 
. PMPMPMPMPMPMPM 

6P6M2P 

4M4P4M2P . 

5M5-P4M-

4P4M4P2M . 

7P7M 

14P 

6M6P2M .. 
14M ~ 

8P6M 

Total 
j 

Expected' 
phenotypi~ ratip 

§ 

518 480 1.3717 

27'] 314 2.4516 

331 394 5.3020 * 
1 

5.T4A* 281 :342 

277 361 10.7978** . 
257 339 11.0083** , , 

427 569 19.9608** 

399 5,78 32t4298** 

254 37( 23.5879** 

. 249 38 29.1275** 

387 d' 605 ...,:' '" '47.4<687** 
' , 

''> " 
388 611' f' 

\1 
49.6814** 

386 622 54.7867** 

-211 360 3So 3607** j 
353 64-1 82.8661** 

0 .. 
340 661 102.2977** 

332 658 106.6919** 

.-"" 
" 

5665 8298 496.1271** 

1 1 

t' The first let ter represents the location in which the Fi 
was grown. P - La Pocatière; M'= Macdonald Col1ege. 

, 
ft The number represents the years grown continuous1y at a 

location., \ 
1 

* Sign1ficant derlation from the expected phenotypic ratio 
at the 0.05 1evel~ 

1 1 

** Sit!f.icant devilltion from the expected.phenotypic r~t1o 
at the 0.01 evel. 
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TABLE 10. The analysis of variance for ,the percentage of short-haired 

rachilla types in FIS barley populations 

Source of variation d.L Mean square 

Between patterns 7 28.6458 NS 

Within patterns 9 19.3649 
\ 

1 9.1164 

II l 38.5442 

III 1 19.2623 

IV 1 0.0722 

V 1 22.0448 

VI 1 Il. 2338 

VII 2 44/.3287 

0 l ,4.4700 

NS Non-significant at the 0.05 1eve1. 
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4. Spike density 

spWe denEli ty was determined by measuring five rachis :inter-

nodes in the middle of each spike. There was no significant 

variation in the meano of opike density .. ong the alternated patt~ 
(Table Il). However, when the appropriate populations were pooLld ,. 

1 
to obtéiin the variances of alternated patterns,; the variance of 

) 

pattern 0 was found to be smaller than that of the other patterns, 

except for pattern VI~.which had the same size of variance (Table 12). 

A very large variance waB observed in pattern II. This is due to the 

relative contrast in the frequency distributions for spike density of 

the two populations/ (Figure 2). AU of these frequency distributions 

are apparently bimodal. The frequency distribution of the population 

grown continuously at La Pocati~re (pattern 0) shows that the lax 

spike type has been almost eliminated. This indicates that natural 

selection at this location selected against the iax spike type. 

However, t,wo peake occur in the popula tion grown continuously at 

Macdonald COlle$e, and the frequency of ,the d~se spike type is 

,~~Jghtly less than that of the lax spike type. Thus, it appears 
~'--. 

that natural selection at Macdonald College does not favor either 

spike type. Figure 2 also indicates that the frequency distribution 

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

varieties. 
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1 
densit~ . TABLE Il. The ana1ysis of var1ânce for spike in FIS barley 

pOP}lla tions 

Sour~e of variation d.f. Mean square ,'il.' 

Between patterns 7 0.0556 NS 
f 

With1n patterns 9 0.8969 

l 1 0.8050 

1 II 1 2.1121 

III l 
, 1.3751 

IV l 1.6311 

V 1 0.4227 

VI 1 0.6Z87 

VII 2 0:4467 

0 1 0.2044 

NS Non-significant at the 0.05 1evel. 

"'-...... .-

TABLE 12. Variances for sp1ke density of the alternated patterns in 
F15 barley populations 

Pattern Sample size Variance 

I 1602 6 .• 1292 

II 1593 13.5533 / 

III 1634 5.4369 . ~ 

IV \. 1627 6.4316 

'V 1711 6.3003 1 
VI 1626 5.6663-

VII 2582 4.9430 

, 

~ 
\' 

1572 4.9546 0 j 
1 
l 

\. .. 
1 

. \~ 
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50 

40 
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50 
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1 

1l1li 

3H3P3H3P2M. 

Pattern IV 

L 

.. 
4M4P4H2P 4P4H/tP2H 

Figure 2. The frequeuey ~.tribution. of .piu deMiey in F1S 
b.rl~y population •• 
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5,' Hairy rachis 

Inheritance studies on this character are very limited. Fung 
, 

(1947) reported complete linkage between a factor for rach1s 

pubescence and the main gene for rough awns. A strong correlation 

between thls character and awn type was also observed ln thls study. 
/ 

Thus, a single gene hypotheai& ia assumed for this character. 

Populations apparently shlfted toward ha1ry rachis types 

(Table 13). lt 1s be11eved that thls shift ls associated wlth the 

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

alternated patterns. 

lt was noted that those spi~s with short hairs on the glume 

also had short-halred rachillas and short-halred rachis edges. On 

th'e oth~r band, a11 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 

Slnce the number of genes Involved in thls character Is not 

knoWD, the observed numbers of different collar types for the F15 

populations only are listed in Table 15 and no chi~square test was 

ca~ried out. A lover proportlon of open-co1~r types app~red in 

most of ebese populatlons. Tbere lB an interest1ng future: the 

nlne populations grown at Macdonald College in tbe~15 geneTation 

contained more open-collar type. tban tbo •• arpwn at La focatilre. 

/ 



_--.. --------.,,.......-----~~---------~---c---~-------~-------:-.. ------~--

61 

TABLE 13. Observed values and chi-square values for segregation of 
hairy and non-hairy rachis edges in F15 bar1ey populations 

Pattern 

l 

III 

II 

VII 

V 

Population 

PMPMPMPMPMPMPM t 

3M3P 3M3P 2M t t 

2M2P2M2P2M2P2M 

8M6P 

5P5M4P 

14P 

\~. 

Hairy Non-hairy X2-va1ue 

15.2032** 

64.8546** 

46.5917** 

16.2348** 

61. 2695** 

76.0020** 

61.8984** 

o 

VI 

IV 

VI 

Il 

III 

V 

6P6M2P 

4P4M4P2M 

6M6P2M 

2P2M2P2M2P2M2P 

3P3M3P3M2P 

5M5P4M 

551 

603 

604 

283 

412 

336 

380 

680 

698 

359 

413 

730 

761 

768 

440 

396 

792 

428 

353 

388 

194 

215 

144 

191 

311 

292 

141' 

153 

262 

241 

136.6538** 

165.6818** 

94.1780** 

118.5176** 

219.8477** ~-< 
,1 

268.8233** l' o 14M , 
VII 

l 

IV 

VII 

8P6M 

MPMPMPMPMPMPMP 

4M4P4M2P 

7P7M 

"'216 

117 

109 

210 

308.5376** 

186 .1472** 

161.9722** 

336.8872** 

Total 9206 3965 2084.7012** 

Expected 
phenotypic ratio 1 1 

t The firet 1etter represente tbe location in which the Fl 
was grown. P - La Pocati~re; M - Macdonald Co11ege. 

tt The number represents the year8 grown continuously at a 
location. 

** Sign1f1cant deviatian fram the expected phenotyp1c ratio 
at the 0.01 leve1. 
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TABLE 14. ' Thè analysis of variance for the percentage of non-hairy 
rachis types in FI5 barley populations 

Source of variation d,. f • 

Between patterns 7 

Within patterns 9 

1 1 

II 1 

III 1 

IV 1 

V 1 

VI 1 

VII 2 , 
0 1 

NS Non-significant at the 0.05 1evel. 

.. 

Mean square 

15.0781 NS 

79.4224 

257 .• 8720 

59.5140 

48.9060 

48.0200 

31.0472 . 

7.8408 

121.9504 

17.7012 
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, TAlLE 15. The observed number of co1lar types (open vs. V-shaped) in 
FIS bar1ey ~opulations 

Pattern ~ Population Open V-shsped 

VII ' 7P7M tt -452 ,552 

l PMPMPMPMPMPMPM t 435 539 

III 3M3P3M3P2M 431 559 

IV 4P4M4P2M 414 579 
, ' 

II 2't12P2M2P2M2P2M 412 583 
i 

V 5M5P4M 403 582 

0 14M 399 592 

VII 8P6M ~,94 588 

VI 6M6P2M 384 603 

II 2P 2M2P 2M2P ZM2P 200 332 

VII 8M6P 196 349 

IV 4M4P 4M2 P 193 399 

V 5P5M4P 219 461 

l MPMPMPMPMPMPMP 158 376 

III 3P3M3P3M2P 150 439 

0 l4P 122 416 

VI 6P6M2P 121 414 

t The fir8t letter represents the location in wb1ch the '2 
was grown. P • La Pocatiare; M • Macdonald College. 

tt The number represent8 'the years grown cont1nuou.ly st a 
location. 
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TABLE 16. The analysis of variance for the percentage of open caIlar 
types in FIS barley populations 

Source of variation d .f. Mean square 

Between patterns 7 26.6950 NS 

Within patterns 9 76.8437 

l 1 113.7032 

II l 6.9564 

III 1 163.2624 

IV 1 41.3140 

V 1 37.9320 

VI 1 132.6820 

VII 2 20.5200 

0 1 154.7040 

NS Non-s1gnificant at the 0.05 level. 
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lt seems that this charaeter is high1y inf1uence4 by growing 

conditions. Singh and Johnson (1969) reported that differences in 
, 

co1lar types were observed among ti11ers of the same plant. Thus, 

it appears that this character is not re1iable for cultivar 

idegtification. Variation amang a1ternated patterns was not 

significant (Table 16). 

7. Shape of basal rachis internode 

Table 11 lists the observed number of spikes showing 

65 

different shapes of basal rachis internode. No chi-sq~re test was 

carri~d out because the inheritanc~of this character is not known. 

Straight internode predominated in mDst of the populations, No 

significant variation in r~ch~~ ipternode shapes oecurred in the 

patterns (~able 18). 
-if 

The 1Il~n squares of the a1ternated patterns were compared 
\ 

in their magnitudes and the1r order amang the plant/types described 

in the foregaing sections. Bowrver, no relationship for t~ese 

mean sq~res betv:~ Any two plant types yas found, escept between 

the pereeotage of SDOotb-awned and non-hairy rachis types. This 

sUlgests that the latter two plant cbaracter. are closely liDked. 

! 

--- , 

1 1 
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.~ 
TABLE! 17. The observed number of spikes showing different shapes of l} 

,~ 

basa! rachis internodes (c1osed vs. straight) in F15 bar1ey populations 1 \. 
1 . ,1 

Pattern Population C10sed 5traight! 

1 PMPHPHPMPMPMPM t 486 485 

VI 6M6P2M tt 486 501 

0 14M 437 512 
1 

5M5P4M V 11 417 567 1 .,. 

IV 4P4M4P2M 402 590 

III 3M3P
o
3M3P2H 368 621 

II 2M2P2M2P2M2P2M 347 650 

VII 7P7M 288 715 

V 5P5M4P 192 500 

II 2P2M2P2M2P2M2P 14'6 387 

VII 8P6M 251 730 

III 3P3M3P3M2P 141 453 

1 

1 
MPMPMPMPMPMPMP 129 416 

0 14P 121 429 

IV 4M4P4M2P 131 480 
,& 

VII ., 
8M6P 118 437 

VI 6P6H2P 115 428 

t The fir.t 1etter repre.ent. the location in wbich the F2 va. 
grown. P - La PocatUre; M· Macdonald Co1lege. l ' 

tt! The number. reprt.ents the year. grown eondnuoU81t 'at a 
loudon. . / 

'1 
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/ 

/ 
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TABLE 18. The analys1s of variance for the percentage of closed basal 
rachis 1nternodes in F1S barley populations 

Source of variation d.f. Mean square 
1 

1 
Between patterns 7 Î- 34.6105 NS 

W1thin patterns 9 162.9269 

l 1 348.2160 

II l 27.4540 

III 1 90.7204 

IV 1 182.0232 

V 1 107.0184 

VI 1 393.9624 

VII 2 13.9936 

0 1 288.9~O8 

NS - non-significant at tbe 0.05 1evel. 
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B. Yield trIals 

1. Trait means 

\ 
The results for aIl the characters studied in these trials 

• 1 
in F6, FIO and FIS populations are stmplified in Tables 19, 20 and 

, 

2l T respectively. Details are provided in the following sect~on 

~nd in the appendix. 

L Grain yield 

Results of grain yield for the F6, FIO and FIS populations 

are shown in Tables 22, 23 and 24, respectively •. The populations 

1 

68 

1 

were not significantly different in grain yield in any of the $ 

generations. When the population sum of square vas 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 16' Therefore, grain yield 

was not- affected _by alternating segr~gating popula,tions between tlie 

two locations. This is partl~ because of,no differefttial select~on 

for grain yield a~f these locations, as indicated bY,a non-aigui t.# 

variation between the unalternated: populations in pattern O. 1 t 

~y also be due to-the tact tbat'Datural' selection cannot,brf 

about any significant changes in grain yield in a single hybrid 

population. This 18 dem.onstrated by the stmilarity of t~e three 

gaueratian means. 

TbQugh the magnitude of coefficient of variation was reduced by 

the FIS ~ener.t1~, n.everthele8s it vas still higb. Since 20 or 'more' 
'-7 

J \~ 
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.'DBtE 19. A siJlplJ.fiecl ~1~ ~ resu1t:à L~ agronom.c cbaracters (Jf F6 barley populations 
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,~2O. A st.plified table ~ results for several'agronoaic characters of F

lO 
barley,populations 

~ 
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, A 8Ùlplif:ied table shoId.ng reaulta for'se'Veral agronOllie characters of FlS barley pop~ation~ 
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'l'be. result6 of part:l~ianing the -populations Sla of squares for grain y1e1d and its 
.. . CClllPOneIlt:8 :ln F6 barley populadons .-, 

,f " 

'Y!1 Mean squares 
Sourc:e of 'fIUiatlOIl df 

r -, 

. ' Crain yie1d Mo .. of heads/plot No.of kerne1s/bead 100G-«erne1 veigbt: 
, . ' 

----~ .. _._--~- --_ .. _--. 
'~t:10Gâ - 26 6714 .. 26 5711.49 14.7252 1 .. 6634 
''''~pat:~ II 8737 .. 99 5U5.50 22.0962 2.6262** 
fitldn patttina 15 5230 ... 26 6075.22 9.3197 0 .. 9550 

=, 

1 
" 

1 760 .. 50 ~ 12116 .. 08 0.0800 1.4450 , 
Il .. 1 10296 .. 13 79.38 23.8059 0 .. 2112 ---- III ' 1 3403.13 13073.45 5.6112 6.3012* 
i:v 2 16742.25* 2585.73 6.4658 

'",,-
0.6458 

• .. -;--1 10.0 1607.45 16.8200 • 0 .. .5000 
ft 1 8320 .. 50 16689.65 0.0612 0 .. 1.512 
'9lr'---- 2 1944 .. 33 3220.77 7 .. il1S 0.1408 

-ntt 1 2850.13 9604.98 0.4512 0.4050 
lX 1 18 .. 00 10195.92 0.0800 1.7112 

~ .X ",. 2 6715.08 5509 .. 56 19.2325 0 .. 0625 , . 
t - ~ <f ~ ~ .~ 1~_ 338. .. 00 3018 .. 65 19.84S0 0 .. 0012 

.0 1 16S3.~. 1490.58 7.4112 1.9012 
·1 " 

Poohcl eriO-t'. ,." 52 5503 .. 12 1991.50 21.2),28 J 1.1513 ----- - . 
~tlOll-.n '438 .. 81 453.33 47.0833 32 .. 2583 
Q .. Y .. 16.91% 19.11% 9.78% 3.32% 

, 
dt S!p:lfi.c:ant: at: the 0~05 1e'gel. , 
** 'Sip:1fic:ant: at: the 0.01 le-.e1 '--. 
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'mu 23.. t'Ile reaults of pal"tl~OD.ing the popula~ons sua of sq~res for grain yield and i ts 
r COIiIIP<JIlents in F10 bar1ey populAtions 

Mean sq~res 
Souree of variation df 

Grain yi.e.ld Ho .. of be.ads/plot No.of kerq.e1s/bead lOOO-kernel weigbt 

hpvlatlaaa 16 2036.82 4966.96 11.9152 1.6379 

~:I*~ 7 1330 .. 90 _5858.78 9.2387 1.7841 
ft patbl':D8 9 2582 .. 08 4273.32 14.1040 1.5239 

t 1 2709 .. 37 0.00 2 .. 7337 2.2450 
n 1 W .. 37 1422.96 0.2204 0.8623 
nt 1 2321 .. 45 73.50 18.2011 0.0352 
IV l. lOlS .. 05 ~971 .. 84* '21 .. 6600 0.0210 
V 1 1.162.05 2143 .. 26 0.0104 ~.1493 

ft l 35.04 1693 .. 44 ll.3431 0.1649 
VIl 2 3378 .. 86 , 

~41.76 2.7240 2.9312 
0 l. 7072 .. 69 265 .. 34 70.0430* 0.3750 

. '-holed erxor 128 5091 .. 73 5177 .. 68 14.9914 1.5532 

ee.er.t:loa _ 
- "-

444 .. 97 498.26 4.5 .. 1471 30 .. 1636 

C ..... 16.041 14 .. «% 8 .. 57% 4.1.31.-_ 

• ~&D1ftCO:t at',the 0 .. 05 le-.el. ;' <1 
1'i.'-_ 

"---

'-...... 

'" 
", 

~ ---

....., 
~ ... 

,,1 

A .eii\;.~'\l~:."'ii~ -,' 

- Q ---- .~ 
• p"'.o .. , t·" pz >~~ ~-•.• nesCrntn 'rem' 
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TAJlI.E 24.. 1.'bê ~ult:a of poartlUODt'Ag the popl,Ù.aU.ons sua o-f squares for gra1.n yj.eld and Hs 
.~ :..- 0 e~ts in F 15 bàrley populations 

Mean squares 
~ of 'Variation <If '-.. 

Grain yie1d llo.of beads/plot No.of kernels/head l000-kernel velght 

PopulatlODS ~ 16 4939.09 6610 .. 00 31.0519** 1.6232 
lebleell pat: t:erD8 7 5912.08 5106 .. 02 ll.2612 0.9981 

o Vldd.n pat:tenl8 " 9 4182.32 . , 1779.76 38.6671* 2.1177 

1 1 5818 .. 14 3398.64 JO. 3744 8.7121 
Il ·1 8362.70 36.02 51.0428 2.2201 
III 1 8251.03 1lll9.82 132 .. 0722** I j3344 
IV-"-

'" 0 
1 737.04 800.42 55.2096-- 4 0679 

V' - 1 18.3'1 3888.38 29 .. 9051 0.1111 
~ VI 1 1162.05 1176.00 12.4709 ~ 1.0837 ,-

nI 2 6288.69 1294.09 11.8539 0.7296 
0 1 704.16 20010.38* 13.2028 0 .. 0104 

holad Ùror " ' 128 3123.18 4942.06 . 16.6045 1.5167 

~u-~J 442.16 465.05 44.4608 30.9692 

C .. V .. 12.16% 15.1Il 9.16% 3 .. 97% 
i'· 

* S1piflcant: at the 0.05 le'9'e.l 

. ** S1p1.ff.cant: at the O. ln. le-.el 
~ 

-~ ~-~ .....r-

v 
'" 

Mi .1Lii;i~5:-"" .... ··~'--;· " 

:., 
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-; 
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'/ , 1 1 
populat1onH were entered in the t~1a18, significant amount of 

variation with1n repl1cate8 might be present, 'Che coefficient of., .. 
" 

variation value m1ght be further reduced if the data were analyzed 

a8 a rectangular latt1c~ deH1gn. On the other band, each plot was 

seeded w1th a Hample of bulk seeds. Thu8, genotype-to-genotype or 

sample variation m18ht al~o be one of the factoTs of obtainio& high 

coefficient of variation, Vari,ation m1ght be min1mized ~f uveral 

genotype. were used inetead of bulk plot. in' the trial.: 

11, Number of head. per plot 

A •• uming uniform germiP8tion and .e.d1ing survival amons 

populatfonfl, change,; in the number o~} lI.ad. per plot ate d.pendent 

upon tll1ering, wh~ in turn 1. in~lue~ed by weather condition •• 

There wa8 no .ign1ticant variation among populations in number of 
" 

head. per plot in '6' ~e1th.r were d1fter.ne •• ob.erved amona 

alternate4 patt.rn. nor within alternated patt.rn •• ~Th. tWo patt.rn 

IV popul.tion~ in '10' howav.r, did d1tfer in Dumbar ot 'aad. par 
\ 

plot (Tabl. 23). Even though tbe.~ two population. or1Jinated trom 

tha p~ttern X'I l'opulation. of '6' no ~ttarenc. w .. found batween 

the two oriainal CF 6.) population.. No }1fferance w .. touDd in tbdr 
{ . 

a.dvtànced (1'15) 'JenaraUon aithe~ (Tabla 24). Thul, 1t appun that 

tha dilterance batvaan tM •• tvo population. in P'IO __ ~ro.a frOID 

1 raAdom or otbar unaxpla1Dab1e f.c~pr.. ID '13' tha tvo population. 
/ 

Jrow conticuou.ly at uch 10cat1KJc (pattern 0) d1ft.rad in tilt. 

charactar aua to 11101'. tUlar. tD ,opulAt;1on 14H (TaJ,1e 24). 

• ! 

/) 
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"t However, no trend was evident for these population. in the earlier 

generatt.ons. These results indicate that a populati,!n grown 

continuously for a8 long a8 nine generations at Ma~ICOlle&e 

did not differ in number of tiller~ trom that grown ~ntinuou.ly at 

the other location. Whether or not propagated five more year. at 

Macdonald College could signifieantly increa~e production of more 

tillere was not known. 

tillera i~ not known. 

The reason,whYloPulatton 14H had more 

However, the al erneting procedure .. am. to 

bave bad no .irnificant effect on thi8 yield component. 

The generation mean tor thie cbaracter 1ncrea.ed frour' 6 to 

F 10' but. decreased aga in by the F 15 generation. ,T1'\18 up and down 

pattern in generation mean 41.0 occurred in head 1ength, flag lea! 
~~ 'f 

width, length or area. The rea.on for thi. 1. not known. lt 18 

?robably d'ue to ?ne or a te", of the '15 population. bdng highly 

attectad by pr~v1ouf ~nvironmenta1 ,condition. for the.e charactek •• 
, 

Coefficient. of yarution ".re high in thta characte". 'l'hil h 
( 1 

probably bèe~u.e of the fact that thi. charaetar w~1~hly , 
, \ 

influanced by the ,oil variatiOn. Or it may be due to the faet 
\ 

\ 

that .aedinJ "al not uDiform ",itbi~ .. ch 't0fl, and two ... pla,: taUD 

for th1. eharaetar with1D .. ch/plot vare DOt praei.aly e.timatad. 
, ' 

, 

1ii. lfumber of karn.1J par hè,d 

~POPu1at1on. d1Uarad in tha , 15 Jenar~ion but GOt 'in' 6 or 
J 

'10 (Table. 22~ 23 aueS 24). VariaU,OD IIDODJ tha '15 populatiOD. va. 

DOt cau.ed by t~ .1tarnatiq procedure bauu.a thare' i. DO 

'l 1 
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• 

diffe~ence among pa~terns. lt wae eau.ed by! a .ilnifieant diff.renee 

between the two populations w1th1n pattern III. In the FIO genera

tian, populatiop 9M had s1,n1fieantly fewer kernel. pfr head than 

the populatioB grown continuouHly at La PocatUre. Uowever, no lueh 
, 

differenee. between tbe two unalternated populations were found ~n 

the.F6 or FI5 generations. Thu6, th1.8 diffennce wa. probably eaueed /, 

by chance. No change. wer~ ob .. erved in the generation meane. Thb 

lugseetl that continuing in bulk w1th the hope of improving th!~ 

eharaeter would be un11kely ta euçcee4 !~ a ~inrle bybrtd population • 
. .. 

1v. lOOO-kernel w!1gbt / 
, 

,There va. no .• 1snificant variation amon, tbe '6 populations, 
.' 

bu~ dilt.rence. appèar~ amone alte~ pattun. (Tabl. 22) # A 

comparieon of the mean. of't9* alter pattern. in '6 1. li~n 
in Table 25. ~.t of the pattarn. d oot ditter in th.ir kern.l 

ve1.lht, inclueSin, the two patt.rnl vith the h1she.t alterMtini '" 

fraquency and th. one, vith no alterna,tia at a11. Thu~, 1t appaar. 

that variation -0J1I alternate4 pattern. 11 not a .. o~i.ted vith the 
... 

, .ffect ot alt..raation but vitil otber tactont Thoulh' dttteranc:e., 
- . ~ 

upna .1.terneU4 Mttern. for Iratn y1.14 in/the '6 population. do . ) 
DOt raach the 0.05 d,niUe.ne. level, ~ re.ponlfe .1mUa.r to tbat 

..l • l ' , 
fo~ lOOO-kerael v.i,bt .dol' ",bt _lBOn.& tb ... patt.rn. 1n Irdn , 

l ' , 
yûld, No variatioll lia. lound amonl population., b.tll .. n_ p. ttern. 

- , ' -1.' 0 

, , 

,or v1tb1n paturl1l for thi. cbaracter 1n .1tber tbe '10 or -'1.5 . 

,eaaratiolu (T.bû. 23 .AIS 24) # Tbb b pr;b.bli due ,to the _f~ct ' 

, . 
, , , -.. 

; 
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ç TABL'E 25. Meana of lOOO-kernel we1Jht ~or the alternated pattern. in 

'6 barley ~opulation8 

""Pattern Population Mean (grama) 

'v l' PPMMP MMPPM t 3-3.3iJ a 
~ 

VI PMMPP MPPMH 32.99 a 

X· PPPMH PPPMP HMHPP 32.68 ab 

0 \ PPP pp MHHHM 32.34 b 

l PMPMP MPMPM 32.30 b 

VIt PMPPP MPMHH MPHKP 32.28 b 

IV PPMPM PPMPP MMPMP 32.21 b 

XI PPPPM MMMM?( 32.19 b 

IX 'p)fMHM MPPPP 32.16 b 

VIII PHMMP HPPPM 32.a3 b 

III· PMMPM HPPMP 31.51 bc 

11 flŒMH ,HPMPPr 31.14 ,c 

t The fir.t l.tt.r r.pr ••• nt. tbe.1oc.t~on in vbich the '2 
v •• grown. p. La Pocatiare; H· Macdonald Coll.J •• . ,.. 

q, Mat:n. to11owed by the ••• Ut tan .r. IlOt .ipific.ntly 
'diff.r.nt.f th. 0.05 ~.v.1whan t •• t.4 by l ••• t .isnifie.nt 
dift.renee. 

0' 

4> 

~ The population. in th1. p.tt.rD .r •• isnificantly ditf.rect 
at the 0.05 l.v.l. . 
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that .ome of th~ patterns in '6 vere not 1ncluded in the advancecS 
1 

generations. Thi8 may alto be due to rtstural -.elec:t1o~ having 

selected in favor of l1ghter kernels. ThuI, the magnitude of the.e 

-dit f erenc:e},'> among pattern. became "uller and could not be detected. , 

irÎd1cated 
"', 

Natural selection favoring 11shter ker~e18 1. in thdr 
, 

aeneration mean •• Th~ mun. of '6 w .. h1gher than that of e1ther 

'10 or P'15; however, the ~atter two were nQ..t IJtati.t1(jally eSiHerent. 

The trend of populat1on_ moving toward 11ghter kernel. wa_ al.o 

reported by Palmer (1952). 51ngh and John.on (1969) obnrvecS thi', 

trend, but they interpreteeS tt a. the re.ult,of .el.ctin, faain.t 

tvo-rowecS .ptu. iD their mat.rtab. 
" 

V, Awn 1ena th 
D 

, . 

Population. <S1tterad in awn leu,th only in the '15 ,an.ration 

(Table. ~6. 21 and 28), Howay.r, 'thar.'va. a .ianificent popu~.tton 

x environœent interactton for thi. charaetar in the '15 ~en.r.t1on 

(Appe1ldix Table 15). Thu., individuel anaLy.b Cor ucb location in 

.. ch fur va. c.rf1.ad out. posiulat1~~. v~t. not ditterent at .. eh 
~ ... ' .. 

location in 1974, but they w.r. d'1tfe':etlt at aACh locaUém 1n 

1973. Th. individual analy ••• ot 1973 date,a~a ,tyan ta ~ab1e 29 • 
. 

Thar~ wa. no variation amena alt.rnat.d pattern. at a1iher location. 
, . ' 

Thil ." .... t. that the aUernattn, procec1un cou14 Mt b1;U, 
" 

about &Dy d,n1t1cànt chao, .. tn" .awu 'len,th et tlW .. r~aUoftl. 
, '. 

1h- ,eufat,ion::a..n ~or aVll 1eDath 1ncr .... 6 w~tb dY_dOl ,auraU •• 
~ • 1 \. 

-. 

/. 

", , 

l " 

/ 
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'Ille' naulta of partitionill8 the populat1.ons -8ua of squares for otber agronome eharaeters 

, ln F6 btr1ey populations 
~------- ~ 

s.be _ of -..rfu~on df~ 

Mean square 

F1ag leaf 
vidt.h 

Flag 1eaf 
1e.ngth 

F1ag 1eaf 
Avn 1e.ngth Head le.ngth , area 

" "Populattou 26 0.4817 0.3074 0.0186 0.8620 2.2623 

10 

l 
, , 'i 

, .. \ 

'-

fi 
<Il 

" 

-.J 

\. 

Beweea pa~tu:ns 

Vltb:ln pattems 

f -

1 
II 
lIt 
D, 
V 
VI 
nl ' 
ntt ~ 

~ 
, X' 

~ 
9, 

holeil ,enor 

o-uat:1oo ..... 
1 

C .. V .. 
'-

--
{ 

~ 

11 0.6417 

1.5 0.3642 u 

~ , 1 .. 0804 
,1 0 .. 0392 
t' 0 .. 1081 
2 2 .. 4024* ' 
1 0~0066 
l ' 0 .. 1912 
2 0 .. 3612 
1 .' il 0 .. 0014 
1 /; 0 .. 2244 
1 0.1008 , . 
1 0 .. 0120 
1, 0 .. 4S60 

~, t 0.3387 

12.10 

4 .. 80% 

• Slp:lfl<:ant at the 0.05 leftl , 
-- ""- -:- l .. 

ti ~i.cànt ,at the 0 .. 01 1eft1 .; 

0.0657 0.0213 0.3321 1.5262 

0.4845 0.0165 1.2503 <: 2.8021 

0.1653 0.0012 0.0039 0.1012 
0 .. 0210 0.0946** 1.76n 5.1681 
0 .. 0741 0.0040 0.2556 1.9800 

- --9 .. 3459 0 .. 0300 0.2975 3.0888 
0 .. 1922 0.0098 1.1476 3.8781 
0 .. 0450 0.0003 1.7955 1.6471 
1 .. 3426 0 .. 0009 0.6496 " 0.4047 
0 .. 0120 0 .. 0040 4.2340 4.6208 
1: ... 0731 O .. OOSO 2~2518 3.6046 
0 .. 1549 0.0041 1.9523 2.9680 
0 .. 0666 0.0003 0.1984 ' 0.4656 
0 .. 1)30 0.0578* - 1.2960 7.6440 

0.5003. 0.0135 1.0503 2.8054-

6.38 1.24 11.46 9.81 

11..09% 9.3n 8.94% 17.06% 

./ 

~ 

!' 
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t1ae reaults of M'rt1tioa.t.n& the populations sua of squares 
, in "10' har1ey populations 

for other agronoai-e' characters 

/' 

, 

'" .. 'IULE ~ .. 

• - - Mean square 
II~- ... 

l'. \,;. ~ of .... riauOll clf . 
ri - /~ Avn 1 th lleacl 1 .... -h Flaa lea~ F4R' le8;f Flag leaf i '. ~ , ' eD8--:-e- vidth "lengtli area 

i," ~ti.OIl8· > '16 0 .. 2348 O.lO4O 0.0073 0.6030 1.8118 

f .... 1ebJeeD. patteras 7 0 .. 11:04- 0.3773 0.0108 {l.9183 3.2112 

vttt.l. .. ."p&t.tema 9 0.4306 0.2468 0.0045 0.1577 0.7234. 
ç. ~ f; 

'" 1 1 0 .. 3l98 0 .. 0198 é .. OO32 0.0693 0.0360 
Il l' 0.3901 0 .. 2166 0.9121 0.3432 2 .. 5741 

:.. III _ 1.. /\ 0.0002 0.0246 0.0099 0.3877 1.2133 l ' 
~ n 1., ' \. 0 .. 0088 0.0259 0.0054 0.3358 1.0690 

, . 

r-"~."",- 1 0.0681. 0.6302 0 .. 0000 0.0705 0 .. 3120 
l' YI .: 1 0 .. 9120 0.4620 0.0000 0 .. 4348 O. n27 

J,.... . VII 2 0 .. 6084 0.,4183 0.0029 0 .. 7657 0.453j 
0, l 0.0384" 0.0059- 0.0048 0.0467 0.0274 

~ 

; ~ed,.rror 128 0 .. 3192 0.1812 0.0121 1 .. 4191 3.7~04 

. GlDeratl.cm ___ . U .. 7Z 6.68 1 .. 36 13 .. li 12.33 
1 • 

C.... 4.4u.. 6 .. 37% 8.09% 9 .. 09% 15.71% 
" 

-. t~ 

.. , .... ". 
QI) 

" .... . 
~ . ,. 
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'rABt.l\ 29. 
\ 

""0 Iuu\lyd" ol VArtane. for 4W 
population. in 1973 

lonath 1" r 15 barhy 

• ., c' • • • • l " • • .,. •• 1 ••• H't 1.'''.'' 11 •• ,., ,~ ... " 

SOUrN\ oC, vÀrbthm d.t'. 
MI\~dO\'u'1d Co1bao 

R~plicl\t".- :2 0.0560 

l'op\lhtion~ 16 0.3048u 

B"\'!twaon \l"ttorn" 7 1.2497 

Wl th!n p.turn" 9 0.27~7it. 

l l 0.6209u 

11 1 0.~352 

III 1 - 0.71411\l\ 

lV l 0.2521 

V, l o.oo:n 
Vl l 0.212J\ 

VII :2 0.0194 

0 l 0 • .5953u 

---'" 
Exporlmontal error 32 0.0648 

Ovol'I\l1 mun : 13.61 

C.V. 1.86% 

il Slg\\ificAnt at tho 0.,05 10vol. 

"'il SlgnHïcant at the 0.01 lave!. , 

.. 

. 1.. Poc. tt'ro 

0:.4731 
: , 
() , 6923111111 

0.5861 

0.7740 

~2693 
.3313 

0.2646 

1.1618111 

0.3456 

0.1633 

0.88~9111 

0.6667 

0:219i 

12.89 

3.63% 

f' 

ç 

.. 

'-
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vf. UOAd 10ngtll 

. 
in ~ithQi' Ff, or .\0 ~n~r"tit\n", hut conddorablo v.l'btlon .xllted 

l\mo~ th~ li' 15 pOlmlAtionM (1'abh.- 2fl, 27 and 28), Thh vlu'lat1o\, 
. 

WAM ~a\lM~d hy d i rhr"nc~" h~twoc.m th" flêpulaç10nM within alternat.d 
~ 

pa ttornfll. 1 t ha" nothinj:t 'to do w1tl~ th" Al tornaUnl froquency 

* • 
hotw~(!n thé tW\) 10cAt ltHIM, l'h) r(1l a ttontJhi p ~'Ould b" ntAblhhod 

thoir pl.)p\lli\t1onM. Tho ~"nClt'f\tion mun of l\~ad hnith inérQ\"."d 

,front F 6 to 11'10' but h •• d .. of F 15 ~u~ daniUcantly llhorUr tha" 
ç 

tho,,~ oC th. F10 gen.ration. 

vU. Flag laa! width 

Variation among population. ~a. not ob.erved ,untU the! F15 

i:t~m.'l"fttion (1'Abhl\ 26, 27 and 28). It W"AIil not afhcud by th" , 

a1tornating llt'ocoduré. Th12 means oC fias lad wldth for thé F15 

populations of the! thuo patternM ha"ing dgt\ificant variation in 

'thi .. charact.t aro prcalilenud in Table 30. It app.a.ra that natura1 

~.l.ction at Macdonald College favora wider flag 1.a~ea) or that 

n .. rrover tlag leav.", are favorod at La Pocatilr.. Thil ia allo 

'tru. in th. two unalternatod population~ in th. F6 g.n.ration, but 

For tb. a.n'.n-. ' 

tian m.an of th!. character, it increa •• d from F6 to Fla th.n 

d.cr ..... d il) th. F15 a.neration. 

'i 

~i 
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TABLE 30. Mean. Ql fla, l.al vidth (em) for the F15 barley population. , 

in th. thn. alternattd pattern, hav:l.na d.lnUle.nt v.dation ' 
- / . 

Il •• "1 ,- •• ,_ • • 1 1. t. l , ... E U .. 1 .. L •• _ bu. *. • • ,_ 1 ~... E _ Ws .. , ., 

Pattern' Population Me.n 
\. 

" VI 6P6M21) tt 1.3100 

6M6P2M 1.3Sn 

. 
VU ?P?M 1.3342 

8P6M 1.427~ " 

8M6P 1.2800 
~} 

CI 

~ 
14P 1.3025 ) 

~ 
o 

14M 1.3900 
tH' 

1'1' Tho number tepn"ntt the yeara (lrown continuo\laly at a 
location. • 

'ô 
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,VHt. r::;1:~:6~·:t:~d 28 .how t~ltt~\atiO~.1to"d in thh 

\. fharacto< Onl~ ln tll-, F15 ,.~.r. t~an.' ,Th1~\ ' •• aI."~ w\~· ",ot '. ' 
.,Ù.Chd hy l'tho alt4unlltin~ ~roc.duto. T~.r' v •• 'a "i~nÜ1.cant 

;..<' 

, 
-variation wlthin th. dtornllud pattu'na. Th~ a.n.ratlo~ m •• na 

1 

\ , ) . 
oC.,curr.-d ~n t~o FU>' lenath , ind:l.cat~ th. t th. lot\Rolilt na" 1"'10. . , 

\ . \ . 
lx. Fl.~ loaf~ar.a 

, 

, Th.ra wu a aia'n1ftcant "ariation amona population. irt F15' 

Thia variation wa" not ~uo to th. va\"10u. kinda of alternated ' 

pattern. (Tableui 26. 27 and 28). Th. direction of "ari.tion in th. 
, 

F15 population. of th.- thr •• pÀttern. having ,'{anifie.nt var-1adon 

t,n flaa leaf _ru wa. almi1ar to that for flaa l •• f width. Ju.t 

1ik. it. compononts,' th. aonoratton moan of fla, lear ar •• moved u, 

ln 'Fl0 and dow1.\ in the F15 a~eratio~. 

x~ \ Pl.nt h.iaht 
, 

Plant ".taht wa. r.cord.d only in 1974. Th. r •• ult. al'. 

pr ••• ~t.d in Tabl. 31. Population. did not diU.r in th. thr •• 9 

a.n~~.tion •• or in 
, 1 

the .lternat.d p.tt.rn •• Rov.v.r. th. a.n.~.t1on 

••• n,incr •••• d .nd th • co.ffici.nt of variation d.er •••• d with 

.dv.nélng a.noration. Thi. lnd!~at •• that .h~rt-Itatur.d plant. 

va~. oliminatod from th ••• popul.tion. and th.t chanao. in pl.ut 

h.iaht var. lndapandant of loc.tio~. Elimination of .hort-.taturad 
1 
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TABut 31., Th~ r •• ulta/ot ,partitionina ~he pOJ)ulation. "um of _qua!'." 

for plant l\eiaht 

" , ... ,~' •••• , •• C. • ut.., b. •• cf' '. • (". , 
" , 

'6 --... - Fl0 " lS't 

( 

Soure. ot va~t.tion 1 

d\.f. M.S. d.f. M.S. d.f. ,M.S. 

P'Qpu1, HotUI 26 23.2130 16 11.'889 16 6.6218 '-

a.twoon patternl 11 18.6988 7 10.117~ 7 8.2051 

Withln pattern. 15 26.5234 9 . 12. 7~72 9 5.3902 "-
"-

1 1 61.0.512 1 , 3.~599 l 0.7500 

111 
. 

l 1.8012 l 0.0018 i 0.5635 .... 
/ UI l, 33.0078 1 24.7968 1 15.5268 

IV 1 
. 2 18.2189 .~ ,28.3668 1 0.7751 

--~ ,,' V 1 16.8200 1 1.7634 1 1.1409-

VI 1 21.2878 1 5.7405 1 12.1010 
'7 VIt 2 27.89~8 2 4.0172 2 3.3461 e VU! '1 88.5115" 

IX l 2i .1953 

X 2 24.6414 ' , ... 
"-, 'Xl 1 00.1128 , 

'0 1 . 1 0.5512 1 42 •. 7518 1 10.9626 .. 

Pooled error 52 ~3.4567 ,/\ 64 20.4421 64 12.8149 . 

Generation me,n 85.5431 -;- 91.7848 92.2929 

C.V. 6.76% 4.92% 3 .. 8'71 
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~lant. ha. a110 been re~orted by other worker. (Je~nina' and 

1 

.. 
~ 

pa 

do Je.ua 1968; Jannina- abd Herrera 1968; Khalifa and Qual.et 1974, 

1975). 1,-

2. Multtvariat,. ana1yll1a of variancê 
- ~\. 

Th. abové anal.yt~ ••• how that d,niUcant varl.M" ,ion. &monl 

~op\llation" fol' "overa; charact'\"A occurred in tho Fl~ ~Ieneratton. 
aenoraU .. -tho.~ differonc •• ~~\ An ~att.inpt WAS mado r 

~opulation8 by canonica1 analYlta • WHh thh mu1tivart e technlque, -

•• veral Independebt v,rtablo. cau h. conden.ad 1nto a 

jud~e1llent. t,t ean a •• ht in th. aroupina of material 

a1m11ar" or dhdml1ar unlt8 (WhUehou •• 1970). 'Ir. , 
\ 

Data from two locations in two'yeata were ~ •• d 
\ 

in thi'a Itudy. 

• , 

'1 

-The re.u1ta lof mu1tivartato ana1y.t8 of vartanee ahow that there w.. \ 
\ 

no .ta~1fte&tt vartation &mona populations. Thil 18 probably due 

to the faet hat a very 1arae '1'1'01' m.an .qu.r. la prel.nt. ThuI, 
1 . ' 

it app.ara that the u.e of eanonleal .n~ly.il in m.t.rtal of thi. 

klnd ia u"Ukely to Ruee •• d un1088 the numb.r of replieate. 18 

iner •••• d or th~r. are h01ll0l_neOu8 environmenta. 

3. Stepwi •• reare •• io~ analyaia 
r 

\ ! 

~ Re.ult. of yield triala indicate that even thouah the F15 

po,ulationa differed in number of karn.la par ht~d,an. oth.r 
, " 

charactara, no aianificant varlation amona populationa occurrad in 

, ' 

1 .\ 
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1 

'l'lin yt,~.: Tllu", th. t'Clhtion.hip of 't'dn y~èld to .. U othu 

chlract.ra WA~ .x.min.d. \ 

natA obtained in th(l! thré(l! g(l!nClut1one "t'Cl poohd and 

À rQiufldon uchn1quClIII WUê uRCld. F1vQ cuJront proeClduf.OII: fONard' 

2' •• lectlon. bAckwArd oliminAt10n. RtClpw1RO l'tgrQRllion. maximum R .. 
:2 lmprovoment and min1111um R 111lprovClmcmt. WQU appU(I!d, ~ut oach 

procodul'(l gave th. tIIàm(! Und of conclusion. Thh auagut, tha.t fn'Y 
on. of thel'lCl proC(lclut'èII 111 U Clff\ectivo Alli any othClr. Amot\i theu 

pt'oeedurcu, ~upwi8. r.gulldo" hi b.e\'l h~ly recoft'lllenclèd for 

.olecting ~he "bQtlt" regrouion oquation. becaU8(1! it can u"'exa1ll:lne 

at overy .ta~è of thé l'ogre. don thé vutableR ineorporaUd into the 
'1 --

modol in previous eta,ei! (Draper and Smith 1966). Thu8, ruulu of 

atepwi •• r8,r08"10n anAlyles arJ'r~POrtèd hore. 

Table fi ~ive& the modelA with R2 ,VdUèl. Sine. flaa 

luf w1dth and U.g led at'ea are correlaud with flag leaf 1ength, 

th.; ~.t'e l'lot ~nttr.d ln the modt18~ The'r~ault8 indicate th~t 
lOOo-ket'nel we1ght wal the plant component m08t ~lo8ely r.lated 

, 
to grain yield; th.n flag leaf length was thG next. Includi~g 

_ awn length and hQad length,1n the model imllroved only sUghtly 

·2 tht R value. The résulta suggest that flag leaf lenath, perhapa 

Arta. .hould b~ eonlid.r.~ as one of the major plant eomponentl 

1 contr1butina tO grain yieid. 
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TABLI 32. Model,.eftter.d vith 
, \ 2' 

dittereftt variable, aftd thair R ,value. 
1 •• • C,, • E .111 ." ........ "- _.". & œtB ••• 

Model ft\l1llber R2 Variabl.. 1ft model 

1 0.1120 y. Xs .,.. 
~ 

:2 . 0.2359 Y.' Is. ~ .-

3 0.2752 Y, Is. ~. 12 
, 

. 
4 0.3236 y. IS. X6. Xh ~l-

S 0.3341 y. IS- Is. 12. Xl. Xs 
! 

6 0.3396 Y. Is. ~. X2. Xh. Xs. ~ 

t Y ta a~'dft yi.ld 

Xl 18 the ftumber of Heada per plot 

" -' 

12 il the number of ttemet. per h.ad 1 

X3 18 lOOO-ker:t'el w-iaht 

X4 i, awn lanath 

Xs i. head lanath 

X6 ta flal laaf l.nath 

~ 
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\ 

'" \ 
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". 
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\ 

\ 
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• 4. StabiUty , , 

" 
·StabiU.ty of ~h. "10 .nd '15 popul.~ion. w •• evaluated 

----.. 
th.re t8 at le •• t 'ono rearo'lion coefficient of • population . - \ 

\ 
differina from th. othera. H~wtver, the relult •• how that none ai 

th. Env (lin.ar) x ~op intoraction. for a~y of th. charact.ra 

~amin.d in Any population waa lignifieant whon t •• ted again$t the 
~ . 

~ . 
awrt lel\gth in the F1S population (Table 33). 

For poolèd deviatiena in awn l.ngth ln tho F15 population" 

on1y tw of tll_ deviaud aian:l.ficantly f,r01ll tue, They are 

population. MPMPMPMPMPMPMP and 5PSM4P. No rel.ationship could be 

found when comparlna the •• two population.. Thua, it appears that 

!._ tb. aian1flcont po'Olod dOV10f~ of th ... two PO~~latlon. aro.~ 
!rom chance ~r other un~plainable fÀctora. 

Freaman and perkina (1971) r4ported lhat the environmont had 

often be.n as.el.ed by the mean of the ~.notype. arown ln It, but 

foünd that thl, .ethod 1er ta tattltica!ly tnv~lt~ roarelaions in 

which the lum of l~uare8 for hè joint reare.sion wa. the ,ame a. o . 

, the total -'\Dl of en onvironment8, and not part of it. , . 
Ono of th •• e was ta u.e one or 1\0%. 

~. 

Two aolutioftl w.re .ua.e.te • 

91 
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., 'l'ABU 33 Mean IquaHi of env1l'on"ntl (env) (11n .. l') x popul.t~tnl 
(pop) inieraetiOft~~d pooled deviation. in '10 and 'ls ,lInel'ationl of 

'~ b.l'ley 
• ..... ~f. .ere., -

Mean .quaH . . 

Ch.I'.c:t t' '10 '15 
~ 

Poole'd Pooled Inv x pop devi.tion deviatlon 

• J 
Grain yield t 1205.25 lS8S.55 U50.83 

No. of be.dl/plot 1519.94 1236.51 , 1256.86 -
No. of kernel./head 5.-2909 2.27S4~ 5.3837 , 
10004ternel weiaht 0.S620 0.3526 0.5904 

Aw l.enath 0.0909 0.0708 0.0646 ~0.1078* 

Read lenath 0.0384 0.05S4 • 0.0475' 

'lat leaf vidth 0.0017 O.OO~O 0.0020 .. 
Fla, leaf l.n,th 0.4402 0.4494 0.1577 

'la, led aHa' 0.7304 0.9306 0.6178 

t Delree. of fHedom for envil'On .. ntl (lineal') x pop 
interaction il 16. 

, 
, 

'" , 

, 

DeIHe. of fHedom fol' pooled deviationa il 34. 

* S1gft~f1~ant at· the 0.05 1.V.l. 

.. 
(. 

, , 
\ 

\ 

0.0554 

0~OO42 

0.2500 
0.9378 

1 
;' 

'/ 
1 

\ ' 

\ 

. 
n 

, 

/ 
/ 

1 
1 1 
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, 
I~botyp ... that,côuld·b .. rtlaided •• It.ndard. ~o •••••• th. environ

J 

.ent. Th.r.fore, the data w.ro ~urther o~alu~od by u.in; thre. 
, , 

atandard (or pa~.ntal) tulti~arA t~ det.~in. b~th the .nviron~ental 

.. ff.cta and the aenotype-onvtronment intoractton. Th .. r.~ltl of 
" 

Rrain yteld in both FIO and FIS populationa art I~v.n in Tabl~ 3 •• 

Th, .ama conclu.lon~ werelrtach.d'aA befora. Thu •• tt app .. r. that . , -

, 
the performance of a population at difforent locations. 

\, 

, 
Both Finlay (1970) and Fat~nl.a and Ft-~y (1974) r .. po~t.d that 

Î \ • 1,_ " \ 

~opulatlon'·$hlft.d toward a~traa. 'tability a. f.r a. ar~in yi.Id 

wu coneern.d'. tt.sul. ta comp&rina the 1IIean rtare.lllion coefficients 

of 'a~in yiold in th. FIO and ,F 15
1 PO;ul~tion. sbow tbat ~ .. n 

l'tare •• lon coefficientt were not difieront {n the.a two aan.rations. 
/' 

Neitb.r al'. t~ey lianificantly d~ffer.nt from 1.0. Sinee the data 

for .arli.r a-nerationl wert not availabl.. 1~ was not pOlsibla ta 
•• 

. confirm Any ehana. in Itability, 
\ $ 
\ 

" Thare were no diff.r.nce, in _tability ~ram.t.rs for molt 
" 

of th. charact.ra in the twc pop61ati~ns. This cloarly indicate. 

, the lack of population x environmental interaction in the.e popula-

tions. lt suaa.sts tbat altematins the .earegatina populations of 

'., ~ .. dftRle hybd.d bltween the.e two locations would not brins aba~t .f 

Any signifieant ehanae, ln atabl1ity • 

\ 
\ 

. ' , 

\ 
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l'AIU 34. Analyata of val'~nce fol' IRln yield in FIQ and F1S hal'l.y 
. ""PU1~tt:",~. <:" •• "r-t .... a~ •••• e4 by otll"', ou1t:~~.l 

/' . Mean aquar. 
Soul'ce of variation d.f. t 

F10 ) F1S 

f 

Popul.tiolla (P) 16 681.44 1649.06 '. 

. Invtt'Omaenta (env) xP S1 ~896.98·* 4251.14** 
. 

Env (l,inul') 1 )3148:76** 
\ 
1~1739.20.* - d, 

'/ 
. 

P X env (11n .. 1:') 16 2286.04 1621.80 

PoOled deviation' 34 2294.68 1444.61 

1>ooled et't'01:' ·128 1697.24 1041.06 

**Slanificant at the 0.01 1ev.1. 
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C. Selection trial " f , 

'. .,., 
1. Gra~n y1eld • 

The analyds for grain yi.ld of linef! selected from the "16 0, 

, populations at two different dates of,maturlty is summariaed in 

'~ab,le 35. S1gnU!icant v.riuions among these' lines ~re. mainl; due 

to selection dates and the population x'selection date~interactitn, 

Rowever, no variation in grain yield"i& shown amona the nine 

populations. " These populations &reD listed ''in Ta.ble 36. Data troll 
• 1 

tbe same nine populations in yield trials were grouped and tested . 
aaainst the pool~ e~~or mean square.' No significance va~ found. 

'/ 1 \ . 
Thus. ,it appears that ~here is a hiah degree of association bet~en 

~, l' 0 ... 

1> ' 

~ields in bulks and Yiel~ of selections .. de frOm them. 

High significance in selection dates reveals that the later 

the date of maturity, the higher the grain yield. This vas 
1 

expected because mu~h 11I0re photosynthate i9 available to fill the 

1 ternels of later maturina plants. Not all populations showed the 
1 

Sa1Ilè pattern, ~~wever) beeause a signifieant interaction vas a1so 

found. ln so .. of the popurations. gepotypes select~d at the l~ter 
" 

date did not yield Any better than those sele~ted at the early d.te 
• . , , 

(Table 36). Thu~, it seems that eArly maturing genotypes c:ould be 

.elec:ted in soa. of these populations vitl'\out reducina thei'r l, 
l ' 

yieldina a~ility. 

The overallo ... n yie~d of this ~rial vas about 260 81'&111. 
1 - { .. 

pel' row. Wheu this i.\ c01Dp&red Y:ith the overall\ aean of the F1S 
\ 

\ 
\ . 
\ 

,. 
.. 
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TABLE 35. Analysis of v8rianc~ for lines s~lected from F16 barley 
populationR at La Pocati~rc in 1973 and test~d at Macdonald C9lleg~ 

in 1974 
.... 1.' .. t ••• 

Source of 
variation 

Repl1cAtes 

l.ineR 

Populations (pop) 

Selection dates 
(S. D.) 

Pop x S. D.; 

tines within 
pop x S.D. 

Experiment'al error 

Overall means 

C.V. 

*SigniÀtcant 

**Sign1ficant 

. . , '. 
d. f. 

1 

344 

( 
8 

327 

'344 

, 
at the 

at the 

. .. • ~ ........ " •• 1 ai •• • ••• _. F 

Mean sq\lares 

Grain yield H~ading date Maturity date 

... 
4468A9.28** 77.3348** 1. 3043 

2592.48* 5.7046** 17.4117** 

3568.49, 10.4979** 36.7998** 

45412.09** 623.3258** • 2372.9539** 

5783.35* 4.1482 16.4876 

2359.58 3.7366** 9.7599** 

2134.56 0.6604 1.9613 

259.82 49.09 68.69 
, 

17.78% 3.69% 4.52% 

0.Q5 leve!. 

0,.01 lèvel. '-" 

( 

f 
l 
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TABLE 36. Mean yi81ds of barley 11n88 '8elected from different F16 
populations at two different dates 

1 .. •• • .1l1li •••• ~. ..... ... ..... . .. _... . 
Populations 

7P7MlP 'tt 
PMPMPMPMPMPMPM t, 

2M2P2M2P2M2P2M2P 

3P3M3P3M3P 

5P5M5P 

8M7P 

6P6M3P 

4M4P4M3P 

15P 

Early 

269.05 

253.29 a ~ 

261.59 

267.03 

245.64 a 

222.90 a 

247.95 8 

258.46 

243.31 8 

Selection dates 

\ 

Le ta 

256.80 

270.35 b 

263.16 

268.45 

263.68 b 

267.20 b 

274.68 B 

272. 7~ 

273.39 b 

t The firat let ter represents the location in which the F2 
wa8 grown. p. La Pocatière; M· Macdonald College 

tt The number represeRtsthe years grown continuously at a 
location. 

~ Mesns followed by 
are signifieantly different 
significant difference. 

\ 

< 1 

B diffèrentrlétter in samelpopulation 
at O.O~ leVel Wnèl ~ested ~y least 

\, ~ \", l ' 

--:::::_.:,~-J-- ~. 
-. ----~----

-------- " 

't 

i 
" 



1 

: 

~~t.te:~ ••• U ..... · .................. ftltg; ............... ; .... , ........... llf ..... __ ~1 ..... _. _. _____ .... ~ __ ~IIrS ......... ~_< -) 

c 

• 

() 

,( 

98 
• 1 

populations in yield trials, i.e., about 144 grams per row, 

approxima.tely an 80 per cent increa~e occurred in the selec tions of 
1 

the Fl6 generati6n. This incr~ase may ha~e been due to the 

efficiency of s~lection, but more likely to the competitive 

advantage of the harley over the adjacent spring wheat rows, the 

wheal heing rather short throughout the growing period. A higher 

coefficif.'nt of variation was Inevitable because only two replicates 

and many entities were included in this trial. 

2. Head ing da.t.&-

(1 Populations differed significantly in heading date as shown 

in Table 35. However. the magnitude of the populations mean square 

18' relstively s1l\8.11 wheu- conlpared w!th the selection dates mean square. 

The means of heading dates for these populations are presented in 

Table 37. 

Thefe was also a significant variation within populations. 
/ 

The (requency distributions, as given in Table 38, indicate that the 

range of heading dates was large enoUgh to permit selection of 

deslrable, heading date types. lt is quite interesting to note 

that even though these populations had h.een ~ubjected to fifteen 

yens o,f natural selection, significant genetie variability for this 
J 

character was still present. A1lard and Jain (1961), working on 

C .'C. V", also found a vast number of different genotypes lô\Dèa.(ltn&, " 
, 1 ), 

date after 18 gen!rations of exposure to natural selecti~~. They 

! 

• . . , 
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TABLE 37. Means of days from seedina ta heading and ta maturity for 
lines selected from F16 ~ar1ey'POpulatlons at La Poe8tl~re in 1973 

"- and tested at Macdonald College ln 1974 
III •• • " 1 

Popul~tlon 
Days from seedlng Days from seedlng 

to heading to maturlty 

7P7MIP tt 48.49 a ~' 67.35 a 

PMPMPMPMPMPMPMPt ) 48.67 ab ~ 68.31 ab 

lM2P2M2P2M2P2M1P 48.79 ab 68.53 b 

3P3M3P3M)P 49.14 abc 69.95 b 

5P5M5P 49.18 abe 68.92 b 

&\7P 49.24 be 68.89 b 

6P6M3P 49.32 be 68.40 b 

l5P 49~55 cd 69.06 be 

4M4P4M3P 50.12 d 69.88 c 

t The flrat letter represente the location in whieh the F2 was grown. p. LA Poc~tl~re; M· Macdonald College. 

tt The number representa the years grown contlnuous~y at a 
location. 

~ Means in the aame column followed by the aame let ter Are 
not significantly different at the 0.05 level when tested by leAst 
signifieant differenc~. 

1 

\ 
_t ElUl '3t.~ t .\A..~u..l.( ~ i_ l' .. ~&~ • 

~ 

\ 

f 1 
l' 1 

{ , 
\'1 , , 

i 

J 
j 
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TABLE 38. Frequency distributions for means" of days' from •• eding to 
heading for 1ines aelected from F16 b ey populat ns , 

Cla.. meana of da ys from seeding to 
Populations 

1 

46 47 48 49 50 51 52 53 54 Total , 

7PiMlP tt 8 11 6 / 7 l 5· 0 l l 40 
> 

PMPMPMPMPMPMPMP t 3 9 8' 11 4 2 2 39 " l 

2M2P2M2P2M2P2MIP 4 5 7 8 9 2 35 

• 3p 3MlP 3MlP . 1 5 8 11 7 17 

5PSM5P 4 7 3 l~ 6 2 ,2 38 ---8M7P 5 7 6 6 5 5 2 40 

6P6MlP 2 3 11 9 4 9 1 39 

e 4M4P4M3P 1 3 7 16 5 2 2 2 38 

l5P 1 8 3 6 14 3 4 39 

Total Z9 58 59 86 5S 34 16 7 1 345 

t The firet letter represents the location in ~ich the F2 was grown. P • La P~cati~re; M· Macdonald College. 

tt The number represents the years grown continuouely at a 
location. 

/ 
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sussested that geneti~ variance did not depend exclusively on 
1 

• J , 

differeneçs among multiple docxist.ing homozygous Unes in the 

101 

population, but also arose from segregation within familias. Thu,s, 

heterolEygote advantRge may have important adaptive implications in 

the main-tenance of populatiQn variability. Differ-ences in heading 

date afte,r a period of natural selt'ction under various locations was 

a1so reported in Il single hybrid poplltation b~.Akemine and Kikuchi 

(1958) in riee and Takahashi and Yasuda (1970) in barleyo 

\ 

3. Maturity date 

The results of the maturity date analysis are presentÈd in 

Table 35. 
, ' 

A non-signifieant replieates mean ~quare indieates that 

this C~flr~ter i8 not affected by s,pil va~iation. Such was not the 
'1\ I,~ 

casè for heading date. Populations, as in the case of heading, date 

were signi'ficant1y different, but the magnitude of the mean square 
/""~. 

i8 relatively small_compared ~ ~f selection dates. The 

popul~tions-selection dates {~teraction 18 not signifieant. This 

indicates that heads selected at the later date always tended to 

mature later in each population. Variation occurred not only among 

populations, but a1so within each population, as indicated by a 

Signif~cant llnes within Pop x S.D. mean square. This is also 

indicated in their frequency distributions (Table 39). 
\ 

Maturity date means for these populations are given in 

Table 37~ lt appears that the differences limong populations ls 
\ 

not associated with alternating f~equency. This i~ indicated by 

J 

~ 
• J 

1 , 
, 
1 

\ 
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, 
TABLE 39. Frequency distributions for means of' days from .•• ed1rig ta 

maturity for li~es selected from F16 barley populations 

• 
.. 

Pqpulations 
Claas ~an8 of ~ays from seedi~g,to maturity 

62 64 66 68 70 72 74 76 Total 

7P7M1P tt 1 8 11 9 4 i 0 l 40 " 
<do 

PMPMPMPMPMPMPMP t 1 3 10 6 -11 6 l 1 39 
l' 

\ \ 

2M2P2M~ 0 2 7 8 13 3 2 35 ,,) 

3P3M3P3M3P 0 1 7 12 5 10 \ 2 37 

5P5M5P ! 0 5 6 7 - 8 6 5 1 38 , 

8M7P 0 8 7 4 3 9 7 2 40 

6P6M3P 14 8 10 6 l 39 

e 4M4P4M3P 0 l 3 8 11 4 t 38 
<0 

15P 2 8 7 10 l 39 

\ 

Total 2 30 73 69 15 67 23 6 345 

1/ 
t The Urst letter représents the locati~n in wh~ch the F2 was grown. ~ • La Pocati~re; M • Macdonald College. 

tt The nuuber représenta the years grown continuoualy at • 
location. 
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no diff.~.ne. bet~en population with high alternatina fr.qu.~cy 

and the one with no aiternation. 
\ 
\ 

lt wa~ found that~op~~ations differed in their maturlty 

dat,s. Ho~ver. they did not differ in grain yieid. On the other 

hand, heads selected at later dates yielded higher. r~us, th~re 

r \ 

aeems to be somel contradict,ion. lt should be noted that se~c'Ùon 

... don. dur1ng a àn.-we.k_~nt.rV.l. Dowever. the maturity dat •• 

of these populations differ~~ by only one or two days. Thus, a 

signifieant ehanae in srain yield ia unlikely to appear. 

\ 
! 

\ 
\ 

\ 

\ 
\ 
\ . \ 

( 

1 

\ 

\ 

\ 

.-
, J"'y, 

103 

-------------2.all_"l~~B!l!!lv .... ~4!i!,..~, M.,:",. !':."'....,~:~.R:F:'--... -.(--~.s " " 
, 
, 
1 



1 \ 

'*1 Pl L J 

" ", 

d 

fi 

, •. 

• 

j • 

~ 

il 

V, GENERAL DISCUSSION 

Changes in ,genotypic frequency can resu1t from different 

factors, Tl)'ese ,factors can be classif1ed broadly into: (1) directed 

proces~es, including mutation, migration and selecti~~~ (2) random ~ 

processes,'including sa~pling err?~s associated with population site 

and random fluctuations bf the viabilities (selective or adaptive 
'---

values) primarily due to sea'son-~-season fluctuations in environ-

Ilental conditions. lt is doubtful that mutation ha-d much effect over 

the 15-generat1on period involved in the ,present study. Since th~se 

populations were closed, ~igration seems'unlikely to have appeared. 

Baker and Christy (1964), using the data obtained by Suneson (1949), 
v • 

dembnst~ated that for populations and censuses of the si2e ranging 

from 500 tO 1500 plants, the sampling errors were small compared with 
! 

the fluctuations introduced by the randomness of the relative 

viability. Allard and Honsche (1964) s~wed that with a population 

size of 500, few if any favorable alleles had been lost due to drift. 

~rthermore, Jain (1968) pointed out that as population size in~reased, 

drift effects diminished relative to the effects of selection and 

mating system until, for populations of si&e N • 1000, the distribution 

of gene frequencies approached those for deterministic cases. In the 
" \ , 

present experiment, the size of each population vas approxtm&tely 1500 

\ plants par generation. . Thua, random drift appears to have had only a , , ~ 1-
t 
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minor effe~t on changes in Renotyplç frequencies. Besi~es selection, 

anothel' fActor that may afff."ct g~motypic fl'equency 18 se.sonal 

flu~tuat~on .. as reported hy 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~ed 

'{rom data At t'Wc locations in two yéars. Hence, th~ most likely 

factor te have produced significant directional changes in genetypic 
\ 

frequencif."s ih these populations appears to have been natural 

selection •. 
,/ 

Nine of the FIS populations were grown at La PocatilTe and the \ 

other eight at ~cdonald ~ollege. The census data were campared as in 

the analysis of variance in the segregation studies. The results 

appear ta be biased because compal'isons were made among populations 

which were not grown at the same location, Jain and ~arshall (1967) 

studied the changes over a period,of six generations of a bulk popula-

tion in the components of selecti~n at several life cycle stages at 

three loci. They found that fertility and fecu~ity appeared to \ 

aocount for a larger portion of the total selective differential than 

the pre-adult stages (germination and seedUng establishment)-, There-C' 

fo~e, though these popùlations were grown ,sepa~ately at two locations, 

owing to l~ss selective differential in the pre-adult stages, there 

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

.ost of these loci in these populations in tpa~ single year. 

The lack of differences amonS generation .eans for grain yield 

inâicates that stabilizing selection occurred in these populations. 
\ \ 

1 

---------------------____ -..1 
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, . 
This, ~t !east, does not support the view of a nega"tive r~lationship 

between yielding ability and competitive abiHty'. Negative re1ation-

ships ma~ exist in cultivar mixtures, und~ certain circumsttnces. 

In mixtures, competition occurs only amang a few of the stable 

genotypes; there is a clear-eut choice for natural selection to ma~e. 
, 

" 

However, the situa~ian in a hybrid population may be different. Since 

segregation i~ taking place in the population, competition accurs 
, . 

1 

among numerous segregates. If th~ major yielding genes are not 

linked with~geneS of a4aptive\character, such as plant height, 

disease susceptibility and the like, the recombinants of both high 

yield and adaptiveness would (survive in the population. 'Then a 
1 Q 

positive relationship would likely he observed. This has been weIl 

demonstratfd by the steady improvement of yield in composite cross 

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

The re~ults for grain yield in the selection trial support the , 

conclusion of the yield trials in that no significant variation in 

grain yield was observed in the, Fl5 populations. This suggests that 

bulk'population yie1d appears to'be able to predict the yield of l 

1 
selfed line selections, ~at' l~ast at the FIS or later ge.nerations. 

Harrington (1940) tested F3 bulks of six wheat crosses and determined 

thèir predictive ability by growing F6 through Fa selected lines. 

The results indicated that replicated bulk F3 tests could be used to 

predict th~ yie1d potential of se1fed lines from the crosses. Busch 

!! al. (1974) found tbat the avera8e cross, performance of lines and 

the aver&8e of the highest five li~es were correlated vith the mean 

1 

\ 
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of the F4 and FS ~ks, r • _0.90 and r - 0.88, respect~~ly. Thus. 

they tlaimed that'selettlo~ of crosses with high yielding lines and a 

higher frequency of desirable lines was possible by yield testing the 

advanced bulk g~nerations. If bulks continue to provide reasonably 

accurate measures of derived line performance, greater numbers o{ 
...: 

crosses could be made and evaluated with the same amount of financial 

support and facilities used in a more conventionai ~eIection progTam. 

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

petition for light by mutuai shAdlng was the prtnclple envirOhmental 

component causing competition between tall and dwarf genotypes. 

Elimination of the short strawed genotypes from these populations 

suggests that when two contrasting plant types are invoived in a 
'\. 

h~rldization pro~ramt precautions shouid be taken if the progenies are 

maintained in bulk and where particular plant typ~such as dwarfnes~ 

, " 

i8 a desir.ble one. Precautions should also be given to other desirable 

chaiaeters which are eliminated by natural selection such a~ blue 
t 

aleurone color. For p~nt 'height. several measures of preserving dwarf 
1 

genotypes have been suggested. A modified bulk method is practised 

successfully at çhe International Rice Research Institute. The F2 and 

subsequent bulk populations of widel crosses ,of' rice ~rè hand-rogued 

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

" AU taU" loafy ";'d SP1td,Ù18 pùnt: are eut "at water 1eve1 .,{tl\ .... 11 

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

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

of ,coupetitlon usually decreases 'as the distance be~een plants increases. 

1 
" 
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P-erhaps .nother .ffective method 15 subdi~iding the early (F2) popula-

~ion into separate groups based on. charaeters known to be important in 

co~petition (Rhalifa and Qualset 19'5). The latter ~ethod may aIs a be . \ 

used to prevent loss of blue aleurone genot~pes 'in the populations. 

Other alternatives ta preserve a suffic.iF~tly high proportion of blue 

aleurone genotypes would be ta use single seed descent method, pedigree 

selection, or other location in which blue aleurone 1s favored by 

Inatural selection. 

The results obtained in this study differ from those car~ied 

out by St-Pierre et al. (1967) with pedigree selection involving the 

same cross and USing~he same alterJ.:ing pattern. ln their study 

they found that strains selected at La Pocatilre in F4 possessed 
~~ . 

better adaptation than those selected at MacdGnâld College. Strains 

selected at alternate locations in successive years, starting at La 

Pocati~re in, F2 , possessed the wi~est adaptation. They t~ought that 

the station with stress limitations, La Pocati~re, seemed to show 

highe~ heritability of quantitatively inherited characters and may 

permit acre efficient selection for vide adaptation. However, in the 

material there were no significaut changes in mean yield and adapt-,,-
abillty under the pressures of natural seleetion iwrthe same 

\ i ' 

environmental conditions. 

r. , ,~ 

St.ab~lit}' anal~sis of bu1ks, as' in the case of t.his st.udy. 1I\8Y 1 
, 

or may not be able to predict the performan~e of selected llnes 
f 

derlved from the bulk. As point~ out by Allard and Bradsbaw (1964). 

there are two obvious general ways in wblch a cultivar cau achieve 

( 
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st~bility. First, the cultivar cant ,be made up'of a number of geno-

types, each ad.pteb to a somewhat different rall8e of envhonments. , 
l. 

Second, thêindividuals themselves may be weIl buffered so that each 
o.It ' 

memb~r of thé populatIon 1s WeIl adapted to a range o! environments. 

Genetical~y homogeneous populations, su~h as pure ti~~ cultivars or 
, 

single cros~es, obvtously depend heavily on ind*vidual buffering to 
1 oJ • , 

j 

stabi1ize productivity, whereas both paths are ope~ too genetica1ly 
1 • 

heterogeneous populations, such as mixture and bu1k po~ulations. So 

far, to the best of my kndWledge, thete is no information on the 
• 1 

relationship between bulk stability and stabiHty of selectïed Hnes". 

derived from it. 

~J Differences in grain yield amon:Julk p~~ulations from various 
~ / 1 

~ocatio?s have been reported by Ta~lo~ and Atkins (1954) in barley 

tomposites. by:Miu (1965) and Miu~!l. (1967) in rice single hybrid 

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

Harding might be ~onfQunded with the effect of seed'source. a~~ by 

-McFadden (1963). Also, Borlaug' (1968) claimed that the process of . .' 
• , f ' 

moving se$regating populations back and forth and up and down twice a 

year ge~itted the development of new cultivars with wide adaptation. 

Ho~ver, the results of the present study show t~at a1ternating pàpula-

• 'tions bet:ween these two locatio»s.,..,did not affeç,t the ratios of sever al 

1 
plant types, mdn yield or its comp~n~ts, ~aptabili.ty or other.· 

\ 
characters. Certainly, this is due to no differential selection 

between these two locations. This is indicated bi the la~lt of 1 . . . , 
differences between the two populations grown continuou~1y' at each 
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location for most of th~ characters ~tudied in this experiment. 

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

of alter3ating material between locations on natural selection in bulk 

" !" populations, two cri teria rnu-st be met. These criteria are genetic 

diversity in the bulk materiai and environmental diversity in the 

locations. Shifts with advancing generation have been shawn for 

" . 
several characters in this study. This ~ndtcates that there was 

considerable genetic variability in the material. Thus, it appears 

that genetic diversity was not a limiting factor. Envirorunental 

diversitv, however, appears ta have been limited. 

The environmental components that induce pressures of naturai 

selection can be broadly classified into four categoriès: (1) climatic 

factors,.such as phQtoperiod, temperature, rainfall, and light 

intensity;_ (2) edaphic factors, sucll as soil type, soil fertility, 
c 

~ 

water supply, sail, temperature, à'ritr soil pH; -O.) cultural factors, 

such as sowing date, planting density, harvesting date, irrigation and 

driinage; and (4) biological factors, such as disease and insect 

infestation, allelopathic effects, and the comp~titive effects of like 
• 

and unlikeG> genotype8. 
1 

The effect of natural selection at any location 

i8 not on!y~he result of individual environmental factors at the 

location, but of their interaction as weIl. Since there is no 

literature ~~F~ting studies of the effect of natural selection under 

,the pressure of any Single environmental factor, it is hard to predict 

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

significant changes in certain characters in a bulk population, or to 

-me 

.' 
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evaluate the most important environmental factor in natural selection. 

\ 

Besidès, the results will vary with crops and genotypes in the popula-

tion,. To deal with such problems, examining the influence of 

environmental factors on vegetative growth and repr~ductive capacity 

should disclose some clues. 

Barley is a long-day crop, but cultivars differ in their , 
response to photoperiod. Some barley cultivars are virtually day-

.,.. 
neutral, while others show a marked response to photoperiod (Takahashi 

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 ta 18 hours 1ight 

per day) was to hasten flowering, reduce the leaf number before 

" 
flowering, increase the rate of leaf emergence, and change t~e pattern 

of leaf size up the stem, but the 14 barley cultivars differe4 in the 

magnitude of their responses. Guitard (1960) found that the eight-hour 

photoperiod approached the minimum for leaf development and subsequent 

spikelet differentiation of the first culm of the barley cultivar, 

Vantage, but was ade9uate for normal g~owth of the other cultivar, 
-. 

Olli. Downs ~ al. (1959) concluded that, in general, barley in 

photoperiods of 16 hours produced a greater number of Igrains per spike 
1 

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

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

~"" .. 

1 
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but the response of one cultivar, Trebi, to daylength was not con-

sistently like that of the other cultivars tested. Therefope, it 
" 
\ appears that considerable difference between two locations in daylength 

might induce significant variation between alternated and unalternated 

populations. Borlaug (1968) believed a1ternating segregating popu1a-

tions between tyo,locations with different daylengths was one of the 

reasfns for success in selecting widel~ adapted 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 ~ al. (1970) reported that percentage ferti1ity was 

higher at 18°C than at either 12°C or 24°C, 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 he ad in b~rley 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 gra~n yield by 85 per 

cent, compared with growth at 13~è. It appears that photoperiod and 
LI 

temperature a1ways influence each other. Aspinall (1969) found that , 

flower formation at 30°C wa~ ~onsiderably delayed in short ph?tope~iods 

when compared with low temperature (20°C). Ray and Bretschnei'der 

Herrmann (1969) observed that cultivars differed in development 'under 

photoperiods of 14.9 or 13 hours, and temperatures of 22-23.5°1 

However, the more light-insensitive cultivars 

were scarce1~ affected by temperature (Takahashi and Yasuda 1960). On 

1 , 

1 
l 
" 
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the average, the temperature at Macdonald !College was only 2°C higher 

than that at La Pocatière in this study. These temperatures seem 

unable to induce differen~al selection on barley bulk populations at 

these two locatiqns. 

There is little information on the effect of light intensity on 

growth of barley. Edwards and A11ard (1963) .studied the influence of 

1 ~ 
light intensity on competitive ability of two barley cultivars, Atlas 
. 

and Vaughn. They found that t~e 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 nft associated with a yruggle for limited supplies of 

light. There were n~ data on light !ntensity in the two locations of 

this experiment. 

r 
The relative performance of four spring barley cultivars was 

found ta vary with the time 9f rainfall (Prikryl 1971). There is no 

doubt tnat dwarf genotypes should be favored in a heavy rainfall region 

because of tpeir lodging resistance. Rainfall at these two locations 

differed only one cm on the average. The magnitude of difference 

varies yearly~ but this yearly fluctuation 1n rainfall would be 

unlikely ta 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 sail moisture. At 
~, ----

intermedlate levels of fertility and soil moisture. Atlas p~rformed 

better in mixtures with Vaughn than when grown aione. This difference 

,disappeared at higher sail mOisturi levels, but not at higher levels of 
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fertility. Wells and Dubetz (1970) observed that at aIl levels of 

fertil~zer application the reduction in yield pf Compana was pro-

portionately less than that of Betzes, and the difference between 

cultivars was greatest when no fertilizer was applied. The influence 

of sail fertility on the effect of competition was also r~ported by 

Sakai (1961). Seven cultivars of barley were tested for their com-

tpetitive ability against a test cultivar at various fertility levels. 

It vas found that the effect of interaction between fertilizer 1evels 

and competition was statistically significant Jar plant weight and -, 
number of ears per plant. ln a study on the effect of fertilizer, 

plant number per hi11 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-
, 

tion of a high dosage of fertilizer prod~~ high competitive ability. 

An~the~ s~milar experiment ~as condtrcted with upland rice cultivar~. 

'The workeJs found that when four times as much fertilizer as the 

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

against the commercial cultivar, but its competitive ability increased 

with the decrease in the amount of fertilizer applied. Marked cultivar 

differences were also observed by Shpogis and Vevers (1975) in their 

reaction to the content of humus. clay, p~sphorus and potassium in 

the sail, and to soi1 pH. The effect of these ~daphic factors should 

be rather significant in competition involving genotypes with different 

root systems Or differences in efficiency' of root functions. Both 

1 

r 
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location' in this study are experimental stations. In addition to 

their good basic fertility, supplemental fertilizers vere added each 

year. Therefore, the soil fertility of the two locations should be 

similar. However, soil texture in the two locations is different. 

There are times wnen 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 Pqcatière, partly because the 

heavier soil is more moisture retentive and partly because its 
1 

rainfall distribution is more uniform. 

One of the most influential environmental factors on natural . 
setection is plant density. With increasing density, pl~nts not only 

compete for nutr~ents and water supply underground, but also for light. 

Sakai (1955) grew two barley cultivars, one being a strong competitor 

against the other, in rows 70 cm apart, with interplant spacings at 2, 
1 

4, 8, 16, 32, and 64 cm. It was found that the smaller the interplant 
/' 

spacings, the larger was the increment due to competition in pe~ cent 

'~f the quantities found in pure stands. Finlay et al. (1971) reported 

that high-yielding cultivars displayed a greater response (increased 

yield) to narrow ro~ than low-yielding cultivars. 1 On the 

Angus et!l. (1972) reported that the erect-leaf cult~var, 

other hand, 

Lenta, 

responded to increased planting density by increasing dry-matter pro-

duction and yie~d, while the cultivar Research, with long, lax leaves, 

,refponded by decreased productivity. Undoubtedly, increasing plant 

àensity would tend to eliminate the dwarf genotypes. In our experiment, 

the same row width and seeding rate vere applied at both locations • 

1 
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J 
\. 



• ... , ..... ",: '.Jb.lt_I",1III9. ___ "'1!Ii4 •• ~IIWI •• "(",4"" ............. 4 ... __ • _____ ._ ..... , __ .. ___ _____ ,_--~...__"......_ . ..... . .-----------------

c 

• 

/ 116 

Probably, because of this no differences among populations in plant 

height were observed. 

~ / 

A study was made by Harrington (1946) of the reaction of 53 

barley cultivars when sown at two dates at twc locations, for five or 

seven years at each, in Saskatchewan. Thè data revealed cases where 

SOrne cultivars yielded weIl at one date but poorly at the other, 

'whereas other cultivars behaved in the opposite manner. Eighty-two 
,r 

per cent of the ba~ley test,s at Saskatoon and 62 per cen't of the tests 

at Tisdale showed significant cultivar-date interactions for yield at 

the five per cent level. The effect of seeding date was probably 

associated with the response of cultivars to photoperiod and tempera-

ture. A record of the seeding dates at La Pàcatière for the present 

investigation\as not avail~ble. At Macdonald College the seeding 

dates were generally in line with normal seeding'dates for other barley 

materials at that location, and they are unlikely to have influenced 

the res\hts. / 
) 

Andrushchenko (1972) classified 40 barley cult~vars into Fhree 

groups: '~l) drought-resistant and also highly responsive to irrig~tion; 
1 

('2)\ drought-susceptible and responsive to irrigati-on; and (3) drought-
" 

• 
resistant.with little response to irrigation. ~irby (1968) also 

repor.ted that response to irrigation differed among cultivars. 

Disease or insect infestation apparently affects the outcome ,. o~ 
natural selection, "For example, Sandfaer (1970) found tbat in a mixture 

1 

of two barley cultivars, T. Prentice an~Freja, the percentage of 

Freja was reduced at the end of the experi~ental period at all five 

" 
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loea~ionr' It was later found out barley stripe mosaie virus was the 

cause of the elimination of Freja. 

Growth of some higher plants ~an be influenc:ed by the pro,-

duction of allelopathie subst~nees in neighbouring plants (Grummer 

1961). Hoyever, whether allelopathic effects occurred within th~e or ' 

other barley populations is not known. 

Sakai (1955) found that the incremeQt of plants with stronger 

competiti~e a~ility seemed to be proportional to the number of weaker 

plants surrounding the former when interplant spacing remains constant. 

But, as pointed out by Schutz ~ al. (1968), certain types of 
1 

frequency-dependent competitive effeces can le ad to.feedback systems 

with stable equilibria. Thus, the final outcome of a population under 

natural selection would be dete~iried not only by the freque~ey of like 
r ' 

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

petitive eftects involved. 

In short, under normal growing conditions, photoperiod, 

, .. 
temperature, plant density, and disease infestation appear to be the 

"" _most influential environmental factors on natural selection. It may 

be possible to evaluate the effeet of alternating segregating popula-

tions b~~een two locations involving more divergence in these 

environmental factors. 

J 
/ 
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VI. 'S~Y AND CONCLUSIONS 

A barley cross was ~de in 1958. One of the parents. Star. 

is a short-strawed cultivar which comes fro~ Sweden. The other 

parent. M.C.2950. is a selection from a cross between M~ntcalm and 

Fort, made at Macdonald College. I~ 1s taller and yields better than 

Star under the environments used in th~s study. 

Bulked FI materials w~re equally divided and one part grown 

at Macdonald College in, F2( The other part wa;> grown at La Pocatière". 

In each subsequent generation each b,ulk was aga in dil.vided, and a 
1 

portion groJn at each location. Thus: trom F2 to FIS' materials 

were alternated either annually, or after two to eight years at one 

location. No selection had been made from the se mate~ials. 

ln general, bulk populations grown at these two locations 

shifted toward rough~ed, .yello~ aleurone, short rachilla and hairy 

rachis types. V-shaped collars and straight basal rachis internodes 

predaminated in the se populations. Alternating segregating popula-

tions between the two locations appears to have had on1y a mi~or 

effect on the segregation of these characters • 
.. 

The rough-awned type seemed to be associated vith mo'k-e kernels 

per \ head. An associa tion between~ rough-awned types and heavier kerne1 

size was' also found. in SOllle populations. This may elq>lain. at least 

,. 
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" 
in part, the réasons for the rough-awned type predominating in these 

populations. 

The short rachilla and th~ hairy rachis are linked with the 
'-. 

rough-awn locus. It was ~lso observed that aIl the heads with shor~ 

hairs on ,the glumes had short:haired rachillas and short-haired 

rachis eds~s, and aIl 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 
A , 

no significant effect of alt~:nating segregating populations between 

the two locations on natural selection for grain yield, number of heads 

per plot, number of kernels per head, lOOO-kernel weight, awn length, 

head length. flag leaf width.'flag leaf length. flag leaf area. or 

plant height. Studies on stability using regression techniques 
1 

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

the characters among these populations in the FIO and~enerations. 

Stahilized selection occurred in grain y1eld. This is probably 

due to the narrow genetic variability in these populations, and 
\ 1 

natural selec~ion was unable to bring about any ,significant changes, in 

grain yield. This result does not suppor~ the theory that com-'petitive ability 15 negatively correlated with yielding ability. 

Elimination of short-statured genotypes was indicated. This 

suggests that precautions should be taken when hybridization involves 

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

are maintained in bulk. 

! 
'. , 

1 
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Stmilar conclusions are drawn from bulk yields and the mean 
" . 

o , 
yield of selected lfnes derive~ from these bulks. Thus. 1t 1s' 

possible to use the bulk yield to predict derived line performance. 

" 
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Differences in heading date and maturity date were observed among ~~e 
" 

~ 

F16 populations. Significant variation in,these two characters among 

genotypes selected within eae~ of the F16 populations was also shown. 

The environmental facto~s tb~t indu ce pressures of natural 

selection have heen discussed. ,An increased environmental diversity " 

is apparently needed in order to evaluate the'effect of a procedure 

involving the alt~rnation of segregating popula~ions on natural 

selection. ,Moreover. if greater genetie diversity was available the 

effects of natural selection may ~r sooner and be more prominent 

for evaluation. 

It appe~rs. from this limited study,_ tbat little would he 

gained 1n the barley breeding proJilms by adopting & procedure 
ft 

involving the eXchange of bulk populations, during segregating 

generations, be~een ~cdonald Collège apd La Pocati~re. 

'" . 
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VII. CONTRIBUTIONS TO ORl(nNAL KNOWLEDGE 

Studies on tbe effect of naturai selection at different 
't " } 

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

this author's knowledge, however, there have'been no reports in the 

literature on attempts ta study or ta use a procedure involving 

alternation of se~egating populations to utilize the effect of naturàl 

selection. Such an att~pt is the uniqueness of the present study. 
,0 

Wioer environmental and geneti(! dbrersity are apparentIy needed to 

make this ~rocedure effective in bulk popula~ion breeding. 

\ 

There are few and-Inadequate reports on the effect of naturai 

selection on a single hybrid population~ ~hiS study has fully 

examined the changes in singl~ hybrid populations. These include 

changes in genotyPic compo~ition for several characters, in means of 

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

bulk populations and tne mean yield of selected lines derived from 

them vere alse campa~ed'I No other study in any crop has provided as 
r,/ ' 

tborough and adequate information on changes in a siUS+e hybrid 

population under pressures of natura! selectiGn. 

Ste~dy improvement in productivity has been reporte? in 

several composite populations bf barley. 
, 

However, no reports on 
l ' 

single hybrid barl~y populations vere found in the li~erature. It 
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is believed that this is the first r~o~t on productiv~ty of' single 

hybrid barley ~opulations over a long period of natural selection. 

The information resulting from this study will provide usefui 

guidelines for practical.barley breeding programs~ particularly 

,where the bulk population method is to be used. 

1. 

, . 

• 
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f 'VIII. SUGGESTIONS POR FORmER RESEARCH 

The t:wo locations used in ;hiS study dlffer by only ~~out f 
two degrees of latitude, and broadly speaklng. they are within the 

same agrieulturaloprpduction region. Thus. discrep~ncy in photo-

period, rainf~II, temperature, pathogen races, cultural practices, • 
soil conditions and so for th, i5 comparatively small. It would be 

• 

better to grow segregating populations alternating between two or 

more locations vith a greater degree of variation~ln certain known 

environmental factors. Using composite cross populations may 

furttier provide evidence of significant changes under the pressure 

1 
of natural selection over a shorter period of time. 

Not only trait means shouid be studied, but ex~ning their 

genetie variance would give us ~ indication about the degree of the 
( n 

1 

pressure of natural selection un4er different enviroomentai conditions. 
'-

It wou Id aI 50 ~ndicate the genetie variability in each population, 

such tha t expec ted progress in head selee tian could be predic ted • 

It is believed that one of the gossible advantages of the 

procedure of, alternating 5egregating populations i~ that it could 

increase the adaptability of bulks. But'whether or net widely 

adapted lines c1ld be se1ected fram the wide1y adapted bulb remains 
, 

an una~swered question. 
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Natural selection was not able to bring about any significant 

~ changes in grain yield in these single hybÇid popul~tions. Kerne~ 

size was found to be the character most related ta grain yield: 

Wha t would happen in such populations if maSs selection were applied 

ta kernel size? 

There is little information on the effect of compet~t1ve 

ab11ity under different environmental factors. It seems that more 

research is needed on this aspect. If the relationsbip between 

competitive ability and environmental factors were identified, 

environmental factors could be fully exploited in a bulk population 

breed1ng program. 

" , 
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APPENDIX TABLE 1. Observed values and Chi-sq~re values for 
segregation of rough- and smooth-awned types, in F6 barley 

pop'ulat:ions \ 
{;)l' . 

\ 

C 
Populations Rough Smooth XLvalue 

PMPMP t 152 175 3.1775 

PPPMP 297 306 1.1961 

• PMMMP 298 299 0.5835 

MMPMP 310 303 0.2032 

MMMHP 335 316 0.0001 

MPPMP 210 197 O.OOll 

MPPPP 182 162 0.1980 

PPMMP 249 218 0.5087 

MMPPP 278 240 0.8370 

PMMPP 278 232 1.6577 

MPMMP 385 319 2.62.89 

PPMPP 260 207 2.9991 

MPMPP 201 155 3.2265 

PMFPP 368 284 6.0210* 

5P tt 329 248 6.6618** 

MMMPP 367 272 8.5852** 

Total 4499 3933 10.7?1 

Expected phenotypic 
ratio 33 31' 

1 -

t 1 The first 1etter represents the location iD. which the 
F

2 
was grown. peLa Pocatiere; M 1: Macdonald College. 

** 

tt The number represents the years grown continuously at a 
location. --' 

o 

* Significant deviation from -the expected phenotypic 
ratio at the 0.05 leve1. ..-

** Significant deviation from the expected phenottpic 
ratio at the 0.01 level. 
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APPENDIX TABLE 2. ' Observed values and chi-sqJare values for'segrega
tion of rough- and smooth-awned types in FI0 b~rley populations (these 

data were obtained from remuant heads) 

Populations Rough S1DOOth X2-value 
,/ ~. 

3P3M3Jf tt 230 188 3.8629* 

4P4MlP 304 233 8.8534** 

PMPMRMPMP t 235 "158 14.4018** 

8MlP 222 137 19.3279** 

5M4P 330 200 30.8963** 

2P2M2P2MlP 238 136 2~.8823** 

9P 258 <l34 38.1155** 

6M3P 335 1~6 63.8363** 

Total 2152 1342 183.8098** 

Expected phenotypic ratio 513 511 

t The first letter represents t~e location in whicb the F 2 was 
P = La Pocatière; M = Macdonald Co11ege. .. growu. 

tt The number represents the years grown continuously at- a 
location. 

* Significant deviation from the expected ph~notypic ratio at 
tbe 0.05 leve1. ,-

lrom 
. , 

** Significant deviation the expected phenotypic ratio at 
the 0.01 1evel. 

APPENDIX TABLE 3. O~served values and chi-square values for segrega
tion of rough- and smoqtb~awned types in F10 barley populations (tbese 

data vere obtained from reseeding at Macdonald College in 1972) 

" X2-value Populations Rough Smooth 

3M3PlM tt 601 399 39.6198** 

7P2M 644 
1 

356 81.2520** 

SP4M 676 324 121.8341** 

9M 689 311 140.6'606** 

Total 2610 1390 366.7451** 

Expected pbenotypic ratio 513 Sil 

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

* Signifièant deviatlon from tbe expected phenotypic ratio at 
the 0.05 l.evel. 

1 ) 

** Significant de~tlon from the expected phenotypic ratio at 
the of 01 level. -
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APPENDIX TABLE 4. The relatianship of awn type to number of kerne1s ~er head in F15 bar1ey p6pu1ations 

-. 

Popula tians 

PMPMPMPMPMPMPM t 

8M6P tt 

3M3P3M3P2M 
2M2P2M2P2M2P2M 

14P 

SPSM4p 

6P6M2P 

2P 2M2P 2M2P 2M2P 

3P3M3P3M2P 

a 
nI 

199 

Rough-awned 

Xl 52 

105.7741 

123.0210, 
69.0219 

97.5363 

110.4673 

174.9599 

140.8129 

153.3991 

208.8066 

n2 

Smooth-awned 

X2 
2 

S2 

90.4538 

127 .5096 
80.5753 

85.0971 

162.2702 

129.3992 

108.9099 

137.7283 

155.8840 

/ 4P4M4P2M 

97 
142 

100 

106 

200 

123 

100 

120 
166 
182 

180 

100 
201 
283 
131 
130 

38.9397 

48.1753 
38.6549 
44.6700 

48.2736 

44.4300 

47.1220 

44.9300 

40.5083 
39.5241 
40.2857 

46.0667 

46.9600 
36.6517 
40.4028 
42.2748 
41.0615 

96.1782 
93.3433 

127.6380 

124.8065 
191. 9581 
109.1069 
104.1855 

135 

190 
112 

119 

100 

119 

105 

III 

123 
108 
114 

118 

123 
236 
265 
124 
127 

39.0370 

41. 7316 
35-,4643 

38.9328 

44.6500 

40.3025 

42.1143 

38.6216 

37.4146 

39.6852 
38.7807 

45.6780 

37.9268 
36.9153 
37.6528 
37.1694 
37.0709 

91. 9748 
6M6P2M 

4M4P4M2P 

MPMPMPMPMPMPMP 
SM5P4M 
14M 
8P6M 
7P7M 

Total 

r 
2560 42.2121 

90.6319 

137.3027 2329 39.1348 

, 109.1285 

173 .4831 

159.0028 
137.5077 
110.4548 
122.2231 
82.3838 

127.2163 

8 nI and 02 are the samp1e size of rough- and smooth-awned types, respectively. 
Xl and S12 are the mean and the variance, respectively. e 

t 

-0.0887 

4.6270** 
2.9059** 
4.4126**'--' 

2.2197* 

2.9465** 

3.3900** 

3.7870** 

1. 7839-

-0.1346 
1. 2412 

0.2633 

5.6670** 
-0.2'i25 

3.0700** 
3.82\31** 
3.4398** 

9.3528** 

t The first létter represents the location in which the F2 was grown. P ~ La Pocati~re; 

, . ,' 

M ~ Macdonald College. 

tt The number represents the ~ears grown continuously at a location. 
* Significant differences between the two means at the 0.05 level. 
** Significant differences between the two means at the 0.01 1eve1 . 
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APPENDIX TABLE 5. The re1ationship of awn type ta kerne1 size in FIS bar1ey populations 

Popu1a t ions 

PMPMPMPMPMPMPM t 
8M6P tt 
3M3P3M3P2M 

'1M2P 2M2P 2M2P 2M 
14P 
5P5M4P ---6P6M2P 
~ 2M2P 2M2P 2M2P 
3P3M3P3M2P 
4P4M4p2M 
6M6P2M 
4M4P4M2P d 
MPMPMPMPMPMPMP 
SMSP4M 
14M 
8P6M 
7P7M 

Total 

a 
n1 

200' 
96 

141 
105 
106 

199 
124 
100 
120 
168 
185 
179 

99 
205 
245 
130 
128 

2530 

Rough-awned 

Xl 

'0.0270 
0.0315 
U.0293 
0.0291 
0.0359 
0.0284 
0.0284 
0.0333 
0.0313 
0.0273 
0.0277 
0.0312 
0~0304 
0.0280 
0.0281 
0.0"303 
0.0291 

0.0294 

SîX10-5 

1.626 
2.861 
1.846 
1.371 
1.562 

6.068 
3.142 
1.538 
3.698 
l.982 
9.468 
5.422 
3.684 
4.321 
2.634 
1.202 
1.695 

3.A59 

n2 

135 
191 
113 
113 
~8 

118 

105 
111 
127 
108 
113 
116 

,121 
129 
223 
123 -
127 

2171 

Smooth-awned 

X2 

0.0276 
0.0308 
0.0263 
0.0284 
0.0346 

0.0279 
0.0286 
0.0328 
0.0308 
0.0259 
0.0276 
0.0"299 
0.0305 
0.0274 
0 .. 0284 
0.0274. 
0.0264 

0.0289 

S ~XlO-5 

1.-614 
3.228 
1.121 
1.659 
1.646 

2.836 
4.385 
2.570 
-7.340 
1. 437 
1. 913 
3.255 
5.129 
1. 919 
1. 762 
1. 976 
1.310 

3.043 

a nI and n2 are the Bamp1e Bize of rough- and smooth-awned types. respective1y. 

Xl and S1 2 are the mean and the v~riance. respective1y. 

··t-va1ue 

-1.3387 
1. 0243 
6.2537** 
1.3291 
2.3151 

0.6771 
-0.2442 
0.8055 
0.5312 
2.7942** 
0.1212 
1.7018 

-0.1l21 
1.0006 

-0.0654 
5.7642** 
5.5629** 

2.9225* 

t The first letter represents the location in which the F2 was grown. P - La Pocati~re; 

b 

M - Macdonald Co.l1ege. 
tt The number represents the years grown continuous1y at a location. 
* Significant differences between the two rneans at the 0.05 1eve1. 
** Significant differences between the two means at the 0.01 1eve1. 
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APPENDIX TABLE 6. 

Populations 

l4M tt 

5M5P4M \ 

6M6P2M 

PMPMPMPMPMPMPM t 

14P 

5P5M4P 

4P4M4PlM 

2P2M2P~P2M2P 

8P6M 

6P6M2P 

3P3M3P3M2P 

7PlM 

2M2P2M2P2M.lr lM 

MPMPMPMPMPMPMP 

8M6P 

3K3P3M.3PlM 

4K4P4M2 P 

Total 

.. 

140 

The association of aleurone cplour with awn type 
in barley populations 

Rough-awned 

Ye110w Blue 

425 313 

402 309 

455 

379 

268 

319 

607 

303 

690 

333 

363 

711 

541 

407 

263 

553 

382 

7401 

241 

170 

65 

77 

-73 

52 

68 

45 

46 

78 

59 

25 

20 

49 

15 

1705 

.1' 

Smooth-awned 

Ye110w Blue 

j 

112 152 

162 119 

175 . 

291 

114 

214 

245 

132 

206 

185 

152 

204 

389 

/117 

119 

139 

33 

17 

66' 

13 

20 

/' 189 

8 

5 

9 

3 

8 

5 

3 

5 

351 

103 

3341 724. 

2 X -value 

17.3725** 

0.06,11 

2.8089 

0.1480 

0.3734 

15.7846** 

18.6006** 

2.4582 

0.0058 

8.2379** 

8.0378** 

6.0829* 

31. 7440** 

0.0016 

3.8115 

21.6496** 

0.0153 

1.4985 

t The first letter r~presents the location in which the F2! 
was grown. P - La Pocat1ère~ M = Macdonald College • . , 

tt The number represents the years grown continuous1y at a 
location. 

* Significant deviation at the 0.05 level. 

** Significant deviation at the 0.01 1evel. 
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APPENDIX TABLE 7. The association of rachilla1hairs with awn type. in 
barley populations \ 

Populations 

2M2P2M2P2M2PlM tt 

8M6P 

5PSM4P 

MPMPMPMPMPMPMP t 

3P3M3P3M2P 

2P2M2P2M2P2M2P 

3M3P3M3P2M 

PMPMPMPMPMPMPM 

6P6M2P 

4M4P4M2P 

5M5P4M 

4P4M4P2M 

7P7M 

14P 

6M6P2M 

14M 

BP6M 

Total 

Rough-awned 

Long 

254 

86 

157 

197 

157 . 
14~ 

169 

174 

140 

138 

250 

223 

261 

96 

207 

196 

237 

3082 

Short 

346 

197 

239 

235 

252 

215 

433 

375 

238 

259 

461 

457 

528 

237 

489 

542 

521 

6024 

siiooth-awned 

Long 

274 

123 

If2 
56 

96 

63 

/z~: 
95 

61 

137 

162 

133 

92 

143 

145 

101 

2275 

Short 

118 

71 

89 

69 

61 

82 

ua 
204 

98 

47 

144 

149 

80 

55 

151 

119 

125 

1790 

2 .. 
X -value 

67.2240** 

49.6249** 

26.9902** 

0.0032 

23.7753** 

0.5307 

116.1556** 

42.5030** 

7.3389** 

15.8784** 

15.0737** 

32.6384** 

59.3766** 

47.3653** 

31.4766** 

68.4317** 

13.3225** 

568.91+87** 

t The first let ter represents the location in which the F2 
was grown. P = La Pocatière; M = Macdonald College. 

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

* Significant deviation ftom the expected frequencies at the 
0.05 level. 

** Slgnificant devia~on from the expected frequencies at ~he-
0.01 level. 1 

r 



-. IS 1 .,,1'. _ •• _J aa ±tAL 

o 

o 

/ 

APPENDIX TABLE 8. 

"'-
Populations 

2M2P2M2P2M2P2M tt 

8M6P 

5P5M4p 

MPMPMPMPMPMPMP t 

3P3M3P3M2P 

2P2M2P2M2P2M2P 

3M3P3M3P~ 

PMPMPMPMPMPMPM 

6P6M2P 

4M4P4M'lp 

5M5P4M 

4P4M4P2M 

l4P 

6M6P2M 

14M 

8P6M 

Total 

/ 
142 

The association of rachilla hairs vith aleurone 
colour in barley populations 

Long 

Yellow 

502 

203 

253 

245 

229 

187 

390 

237 

207 

188 

225 

338 

364 

151 

240 

178 

313 

4450 

\ 

Blue 

26 

6 

46 

8 

24 

16 

5 

163 

28 

11 

162 

47 

30 

37 

110 

163 

25 

907 

Short 

Ye110w 

428 

249 

280 

279 

286 

248 

514 

433 

311 

297 

339 

514 

551 

231 

390 

359 

583 

6292 

Blue 

36. 

19 

48 

25 

27 

49 

47 

146 

25 

9 

266 

92 

57 

61 

250 

302 

63 

1522 

2 
X -value 

2.9196 

3.8115 

0.0227 

0.0098 

0.0431 

7.1721** 

21.4331** 

25.7135** 

2.7779 

1. 4953 

0.3453 

1. 4886 

0.7259 

0.0419 

5.3730* 

0.3230 

1.2369 

13.5359** 

t The first letter represents the location in which the F2 
vas grown. p .. La Pocatière; M = Macdonald College. 

tt The number repr,sents ,the years grown continuously a: a 
location. . 1 

* Signifiëant deviation fr~ the expected freq~cles 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 F15 barley populations 

Pattern Population Sample size Mean Variance 

l PMPMPMPMPMPMPM t 980 13.1541 5.6933 

MPMPMPMPMPMPMP 623 14.4230 6.1291 

II 2\, 2M2P 2M2P 2M2P tt 594 15.1279. 5.2011 

2M2P 2M2P2M2P2M 999 13.0726 7.6082 

t 
III 3P3M3P3M2P 637 14.4733 6.1115 

3M3P3M3P2M 997 12.8149 3.9002 

IV 4P4M4P2M 992 12.9725 4.9592 

4M4P4M2P 635 14.7787 6.7510 
1 

V SP5M4P 725 14.3739 7.0890 

ta 5M5P4M 986 13.4544 5-: 3685 

VI 6P6M2P 632 14.6305 5.9469 

6H6P2M 994 13.5091 ,.0045 

VII 7P7M 1006 13.3136 4.5043 
1 

8P6M 992 13.3372 4.1014 
ft> 

~6P 184 14.4829 6.1078 

0 14P 573 13.467"7 4.2966 

14M 999 ' 14.1071 5.1877 

t The first let ter represents the location in Which the P2 ..-- P - La Pocatière; H - Macdonald College. was grown. 

tt The number represents the years grown ~ontinuous1y at a 
location. • 
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APPENDIX TABLE 10. Poo1ed ana1ysis of variance for grain yield and its components 
in F6 barley populations 

-- Mean squares 
Source of variation ' df 

Grain yield No.of heads/p1ot No.of kernels/head 1000-kernel welght 

Locations 
," 

1 148,889.82** 9,964.80 2,031.4682** 506.5668*'" 

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 52 5,503.72 7,991.50 21. 2328 1.1513 

. -
"''Il Slgnlflcant at the 0.01 level 

'. 
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APPENDIX TABLE 11. Poo1ed anà1ysis of variance for ~ain yi~1d and its components 
'" in F10 bar1ey populations 

Source of variation df 
Grain yield 

, 
Years (Y) 1 86,141. 49 

Locations (L) 1 130,821. 35* 

Y xL \ 1 501. 96 

Replicates in Y and L ' 8 19,628.22 

Populations (P) 16 2,036.82 

P x Y 16 5,057.37 

P x L 16 4,803.06 

P x L x Y 16 4,250.02 

Poo1ed error 128 5,091. 73 

ft Slgniflcant st the 0.05 1evel 

** Significsnt st the 0.01 1evel 

"> 

Ttteln J3M.,~JW&ièeFt>.~tJsYtr .. t'1 .. ..,~'it1f h.w ... ~.u .. ~,.' eel.S'> ......... ~~ J 

Mean squares 

No.of heads/plot No.of kernels/head 

11,520.04 2,443.3137** 

8,256.30 1,794.2402** 

4,614.16 506.3626* 

1~,063. 74 54.8475 

4~ 966.96 11. 9752 

5,768.67 14.5307 

4,237.32 14.5266 

3,408.76 17.7512 

5,177.68 14.9914 

.. l"~~~-"''' .....l''''~1..t .... ~ 

1000-kerne1 weight 

99.9880** 

876.8541** 

311. 4424* 

8.6358 

1. 6379 

1. 7165 

1.1429 

1. 4300 

1.5532 

,-
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APPENDIX TABLE 12. Pooled ana1ysis of varfance for grain yie1d and its components in F15 barley 
populations • 

• Mean squares 
Source of variation df 

Grain yield No.of heads/plot No.of ketne1s/head 1000-kernel weight 

Years (Y) 1 312,863.34* 18,9)9.13 3,472.0126u 160.7529** 

Locations (L) 1 97.46 18,939.13 2,095.3649u 470.8049** 

~L 1 143,842.59 3,741. 06 781.%26U 80.9298** 

Rep1icates in Y and L 8 46,880.46 18,829.06 4.934.~ 2.0860 

Populations (P) 16 4,939.09 6,610.00 31. 0519** 1.6232 
CI. 

PxY 16 4,140.44 ,6,785.73 8.0423 1. 7751 

P x L 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 ) 3,123.18 , 4,942.06 16.6045 1. 5167 

-'0 

'If Significant at the 0.05 level 

•• Significant at the 0.01 level 

~ 

'", 

o 

.... 
s:-
0\ 

1 



?YWI n" 5 HW:Z W' u _azu El al .. ,;;:jiWQA#4414m o=u" $ amM'''''''''''''' »411( wu .... , ....... '«-*, .'MP"""-~"'- ':-."' 

e ~e 

APPENDIX TABLE 13. Poo1ed analysis of variance for other agron~mic characters in F6 barley populations 

Mean squares 

Source of varïation df - Awn Head F1ag 1eaf Flag leaf Flag 1eaf 
1ength length width length arsa 

, Locations 1 0.6533 6.6504** o.l1"lT 206.1447** 212.9419** 

Error A 2 0.0529 0.1109 0.0813 0.5765 6.5008 

Populations 26 0.4817 Q.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 
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APPENDIX TABLE 14:--Pooled analysts/of variance for other agronomie eharacters in FIO barley populations 

l1ean squares 

Source of variation df Awn Head Flag leaf Flag leaf Flag leaf 
length length width 1ength area' 

Years (Y) l 32.04"28** 4.4975** 0.0712 0.1884 0.1701 

Locations 'CL) 1 10.6952** 12.6951** 0.001)0 25.2849 24.9017 

1 0.6}91 2.5999 2.7233 11r* 770. 8815u 1585.0913'1ttc 

s in Y and L 8 0.2647 0.6444 0.0620 6.6979 17.1673 

Populations (P) 16 0.2348 0.3040 0.0073 0.6030 1.8118 

P ~ Y !.6 0.2979 ---0.2214 0.0141 1. 5517 4.2844 

P x L 16 0.2746 0.1272 0.0047 1. 5792 1.8077 

P x L x Y 16 0.1778 0.1289 0.0063 1. OB52 2.0565 

Pooled error 128 0.3192 0.18~ 0.0121 1.4191 3.7504 
~ 

•• Significant at the 0.01 leve1 \ 
t 
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-APPENDIX TABLE 15. PQoled analysis of variance for otber agr~c characters in F15 bar1ey populations 

Source of vâr1ation df Awn 
1ength 

Years (Y) 1 38.0644*'" 

Locations (L) 1 21. 0050*'" . 
y x L 1 0.9174 

Replicates in Y and L 8 0.2039 

Populations (P) 16 0.7598"'* 

_P xY 16 0.3536* 

,. 

P x L 16 0.2047 

Px-LxY . 16 0.3489* 
-

Pooled error 128 0.1994 

* Significant at the 0.05 level 

** Significant-at the 0.01 leve1 

Mean squares 

r--Head Flag leaf 
1ength width 

0.1529 0.1970** 

13.0113** 0.0246' , 
8.6471** 1. 8373** 

0.1401 0.0164 

0.8169*'* O. 02'~0** 

0.1379 0.0120 

0.1585 0.0116 

0.2080 0.0100 

0.1331 0.0105 

1: 'Q grtn rtat'i't't'!.IMW ~ mm !:'**"'**"'m.....;.,. • .....,. .... eèw'~,.. ... > ~ .... ' :~_J&.,~_ .. o.AIt",. 

Flag 1eaf Flag leaf 
1ength area 

12.9155 26.7708 

78.5789** 39.8568 

r 406.6729** 856. 69l4 tHr 

4.5997 10.0736 

1. 81'20* 5.7263* 
~ 

0.7831 2.6865 

0.9684 3.2254 

0.3397 1.9421 

1. 0255 2.8786 
.. ....-_~ 
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APPENDIX TABLE 16. Poo1ed ana1ysis of v&riance for p1a9t height 

r 

F6 
Source of variation 

df M.S. 

Locations .. 1 474.0147 

E~ror A 2 138.1941 

Populations 26 23.2130 

Locations x Populations 26 13.614.0 

Error B 52 33.4567 

-
W--Significant at the 0.05 leve1 

** Significant at the 0;01 leve1 
~~ 

" 

FlO ~ - ....... -/ 

df M. S. df 

1 1997.1238** 1 

4 35.8714 4 

16 11.5889 ,16 

16 ~23.2767 . 16 

34 20.4421 64 

FIS 

M.S. 

2599.4373*1r 

46.3172 

6.6218 

24.4981* 

_12.8149 
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