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Early generation selection in wheat was evaluated in two spring

wheat crosses in duplicate nurseries at i,/innipeg and Swift Current.

The effectiveness of F, single plant selection, based on tillering

capacity, for increasing yields of subsequent generations was assessed.

Ïn both crosses, most of the híghesÈ yielding lines and families were

derÍved from well-tillered F2 plants.

The relationshíp of protein conÈent of F, plants to that Ín derived

lines v¡as studied; and the relationship between protein and yield assessed.

Sígnificant positive correlations were obtained between protein levels ín

different years; and selections for high protein were somewhat effective

in raÍsing protein levels in a later generation. L4rile the two locatíons

differed for correlations of protein t.o yield, high yield selections re-

sulted in generally slight reductions in protein levels. However, in

some of the highest yielding lines proteín content was also high.

The possibility of selecting for wide yield adaptability ¡vas invesri-

gated by selecting for high yield at both locations in the F4 and tesring

in the F6. Selecting the top few lines on the average of both locations,

substant.ial yield increases were achieved over the population means in

the F6.

Visual selection for yield \^ias assessed by nurnerous selectors at both

locaLions " Visua I selections were only s lighrly infcr:ior t.o yield selcctr
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lines. triinnipeg selections r^¡ere generally more ef fective than Swíft

Current selections in identifying high yielding lines. This can in

part be explained by the greater variability for yield expressed at

l.i ínnipeg.

All F4 and F6 nursery plots hrere gror¡in adjacent, to a control plot

ín order to assess the value of frequent controls for yield evaluatíon.

Correlations between control plots decreased with íncreasing distances.

Thís indicated that considerable soil heterogeneity v/as present in the

fields" Selecting top yielding F4 lines for both yield per se and yield

as Percentage of an adjacent control plot resulted in substantial yield

improvements in the F6, over selections by either method alone.

The reliability of the relaÈionshíp of certain agronomic characLers

to yield and of quality characters to protein and loaf volume were assessed

by within-generation and inter-generation correlat.ions; as well as a sma1l

selection study for the quality paramet,ers. Aside from protein, none of

the chosen characters v/as found to be a reliable indicator of future gener-

ation yield or quality, respectively"
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The methodology of breeding for the quantitatíve characters

of yielcl and quality in wheat has received some re-evaluation in

recent years. Conventional breeding methods have been considered

inadequate for detecting and utilizing the yield potential of superior

lines. tligh quality has been maíntained in Western Canada, but little

or no improvement in yield resulted" As Hamilton (1959) pointed out:
tt--- plant breeding successes have contributed, in

large measure, to our reputation as a high quality
wheat country --- yet we have been unable to produce
a variety that has appreciably more yield potential
than Thatcher. This may mearr that we have reached
the limít in yield potential or it could mean that
our methods are too cumbersome to detect smal1 incre-
ments which, in total, would represent an advance.ll

INTRODUC TI ON

In re-evaluating conventional breeding methods, Shebeski (L967)

suggested modifications in the pedigree method. The basic premises

of these rnodifications were that the F, Beneration is the critica1

generation in the selection process; and that in order to more effect-

ively evaluate the potential of F2 plants, interline competition

should be minimized, a larger size F, plot should be grown, and an

adequate control system should be utilized.

The present stucìy was undertaken to evaluate early generation

selection in wheat, especÍally the breecling system developed by

Shebeski (1967), ín the Iight of sornetimes conflicting points raised

by subsequent studies at the University of Manitoba. The effectivcncss

of sirigle plant selection, basecl on tillering capacity, in the F,r on



ylelds of subsequent generations is to be examinecl" The relationship

of protein content of lt, plant kernels to Lhat of subsequent genera-

tions vras to be studied. The possibility.of selecting for wide-range

adaptabilit.y at the FO level was to be examined by growing the prog-

enies of F, plants at ti{o widely diverse locations. Winnipeg and

SwifL Current were chosen because of their differences in: latítude;

altitude; soil type; average annual precipÍtation; stem rust severity;

lodging conditions; and concomitLant altered performance of genotypes

in these differing environments (e.g. in respect to yield and protein

levels). Swift Current is generally more representative of a larger

area of Canada?s wheat growing prairies than Winnipeg ís. The yield

and protein levels of lines were to be examined at t.he t\^ro locations

in two generations. Visual selection for high plot yield was to be

evaluated. Fina1ly, the reliability of relationships of selected

agronomic characters to yield and of quality characters to protein

as well as loaf volume were to be assessed.



1" Breedins for yield

a) Genera 1

Yield increases in wheat have been largely due to improved

agronomic practices (e.g. fertilization, seedÍng rates and seeding

depths, irrigation) and to breeding for overcomÍng limiting factors

(e.g. Frankel, 1947; Bell and Kirby, L966). These limiting factors

include: disease and insect resistance or tolerance, lodging t,oler-

ance, shat.ter resistance, maintenance of quality, as well as other

specific agronomíc and/or morphologícal requirements.

It is only in recent years that some wheat breeders have placed

a major emphasis in Èheír breeding prograrune on breeding for yield per

se. Here the goal is to accumulate as many yield genes as possible

into one variety (l^Ihítehouse et a_I. 1958). The first Canadian variety

derived from such a progranme, Glenlea, a red spring wheat, which was

developed by the Department of Plant Science at the University of

Manitoba, vTas the result of a cross made in 1965 and licensed as a

variety ín L972 (Seed Scoop, L972).

LTTERATURE REVIEI^T

WhÍle yield is inherited, it was in fact shov¡n by Kuspira and

Unrau (Ig57) that genes for yield are present on every chromosome.



The direct action of genes is on the processes of metabolism and

development (Stebbins, 1950). Factors involved in yield include

the physical organization and transmission of genetic material,

the biochemistry of gene duplication, and of gene products influ-

encing histogenesis, ce11 metabolism, morphogenesis, and physiology

(Dickerson, 1963; i,Iatson, L952). Physiological responses of crops

affecting yield can find their ultimate expression in the physical

components of yield (Grafius, 1965). Thus the hereditary differen-

ces between mature plants in their yield and yield comPonents are

produced indirectly by a chain of interrelated complex physiological

processes, which are sequentially integrated in time, and are gene-

regulated at critical sites and times (Adams, 19671 Lengr 1963; Moll

et a1. L962; Stebbins, 1950; and l^Iatson, 1952). I^fhile under genetic

control, these processes are subject to profound interactions wíth

environmental factors (Adams , Lg67; Leng, 1963; and Watson, lg52).

Environmental influences are the greatest on components which take

the longest to develop (Adams, L967)z e.g. tillers per meter row

(Po1lmer , 1957). According to Pollmer (L957) kernel weight was

least influenced by environment. Yield, which involves a very large

number of genes, shows considerable interaction with the environment,

because, as pointed out by Gamble (1962), as the number of genes in-

volved in the inheri.tance of an attribute becomes greater, the oppor-

tunity for influence by environnicnt becomcs greater. As pointed out



by I-upton (1970), the rate at which carbohydrate (the main contril¡utor

to grain yield) is beitrg stored in the grain at any time is determined

by the product of: i) the rate of photosynthesis per unit area; ii)

the photosynthetic area available; and iii) the proportion of photo-

synthate which is translocated to the grain.

To the extent that total dry matter production may be correlated

to grain yield (i.e. dry matter production in the seeds) and co the

different yield components, leaf area and net assimilation rate (nen)

are two complex functions affect.ing grain yield" NAR is a measure of

the excess of the rate of photosynthesis over the rate of dry matter

loss by respiration (watson, L952)" i,IhiIe sruclies of MorI"y (196r)

showed genetic differences ín relative growth rate (and hence in

total leaf area) and NAR, I"Iatson (L952) cites earlier studies where

it was shown that leaf area was largely under genetic control, but

that NAR was wholly controlled by external factors. However, since

cultural changes cause 1ittle change in NAR and since NAR is high even

below fu11 daylight intensiry (Watson, L952), rhe possibiliry of in-

creasing yield by increasing NAR is sma11.

Ïndividual polygenes have very small effects on the expression

of the quantitative character yield (Falconer, 1960), The environ-

mental variation contributes more to the phenotypic expïession of

yieId, and thus masl<s the genetic values of individual polygenes

(Pa lmer: , 1952; Smith, L936-37) . Rur as Palmer (L952) indicarecl,

closely linlced polygerres m¿ry act as oligogenes ancl oligogenes for



some yielcl components may be present and modified by polygenes. Genes

interacting with other genes or with the environment may prevent in-

creases in yield potential being observed if the environment limits

development. By rtlimitingttis meant that for example, t.he cumulative

increments of inorganic nutrients and synthesized materials which are

produced in or transported to the yield component system are insufficient

to support developrnent of these yield components to their genetic maxima

(adams , 1967). Conversely, non-limiting environments permit a greater

expression of genetic differences of yield, as shown by Johnson (L967)

ín the case of high soil-phosphorus levels on oats"

Adams (1967) and Johnson (1967) thus recormnend that selecÈion for

genetic gain should be evaluated under physiological input conditions

which will permit ful1 expression of relevant genes, thus lowering

environmental stress, as for example by raising the soil fertility.

Adams and Grafius (1971) suggest that the major emphasis in breedíng

for higher yields should be directed towards íncreasing the flow of

environmental resources throughout the perio.d of greatest need by the

individual yield components. Rassmusson (1968) reconrnends developing

varieties for American agriculture rvhich produce the highest mean yields

and yield above average in all environments. Such a well i¡uffered var-

iety, which can adjust its genotype and phenotype to fluctuations in

environmcnt, that is, exhibits a low genolype-environment interaction,

ancl gÍves high economic returns, is also reconnìendcd by Allarcl and

Bradshal (1964). llorvever, in br:eeding s¡recifically for dr:orrght resÍs-



tance, llurd (1971) emphasizes that it is more important to breed for:

maximum yield in the most adverse year rathcr than highest yield in a

good year. Nickell and Grafius (tgîg) presented evidence in barley

that certain optima exist in any given gene pool for the yield compo-

nents and their interrelationships in order to obtain maximum yields

in a particular environment; and further, that selection in one environ-

ment for these optima does not necessarily ensure comparable production

performance in another environment. Obviously the afea a variety is

intended for, whether for a very narrow adaptation range or a wide one,

as well as the annual climatic fluctuations are important criteria to

influence selection practices" But as Johnson et a1. (1968) showed on

the basis of 238 winter wheat tests covering the period from 1937 to

1960. even at a single locaLion, the enviroffnent cannot. easíly be

ídentified with a particular set of environmental factors, thls gen-

eral adaptatíon of a variety would be important even in a restricted

area of production, On the basis of data from the Canadian Western

Wheat Co-operative Tests over five years and at níne locations, Baker

(Lg7L) conclu<led that rust infection (both leaf rust and stem rust)

accounts for a major portion of the genotype-environment interaction

for yie1d. Thus he recommends that if the genotype-envir:onmcnt inter-

action for yield is due to such simply inherited but correlat-ed traits

as rust resistance, thetr research into problems othcr than genotyPe-

envir:orrment interaction may be more inportant in improving tlic ef f ici enc'.y



of plant breeding merhods.

Tn selecting for increased yield, Ehe breeder is concerned with

selecting superior genotypes, but of necessity he must choose indivi-

duals on the basis of their phenotypic expression. Thus, as shown for

corn by Robinson et al. (195f) it is importanL to ascertain how real-

istic an estimate the phenotypic value is of the genotype, by comparing

the phenotypic and genotypic variances. since in selecting directly

for certain yield components one may unT¡rittingly deselect other desir-

able traits, Trujillo-Figueroa (1968) employed rhe variabiliry of yíeld

comPonents as his selection criterion in induced mutations of wheat:

components with the highest variances having the greatest potential

for selection. Another prerequisite to effective selection is additive

genetic varíances for yield and cornponents used for selection. Only in

this way can real progress be realized in self-pollinated species which

approach homozygosity quickly on selfing after the F, generation. That

yielding capacity is strongly influenced by additive effects was demon-

strated for examprå ror winter wheat by Brown, et al. (Lg66) and

Kronstadt and Foote (1964) and for barley by Smirh and Lambert (1968).

Frey (1954) suggesLs selection to be in the earliest possible genera-

tions since selection within strains subsequent to F2 would give rapid-

1y diminishing returns, F, showing the greatest. genetic variance among

segregates. fn later generatíons, the effect of segregation clecreases.



b) Pedigree method

Wfth some modificatfons, the pedigree.method as described by

Love (tgZl) has been used very extensively ín hybridízation improve-

ment of self-fertilized crops in Canada, the U.S., GreaÈ Britain,

Aus t,ra l ia , amongs t oÈhers " In l^les tern Canada , the s pring whea t

varleties Pembina, Cypress, Park, and Neepawa have been produced by

the pedigree method. It has also served as a source of valuable

parental material for breeding progranmes,

In Èhe F2r selection decisions have to be made on the basis of

only the phenotype of indívidual plants because, as ouËlíned by Alber

(1969), F, plants: cannot be reproduced, thus there is no replication;

are grown at only one location, thus experimental error, genotypic

yield potential and genotype-enïitonment interaction cannot be estimated.

F,, plant selection for yield has not been successful (e.g. Allard , 1960;¿'
Frankel , L947; Petr and Frey, L966; Shebeskí, 1967), Thus it has been

commonly suggested to mainly eliminat.e plants carrying undesirable

genes and to retain the most vigorous plants showing a high intensity

of the characteristics sought in rhe nevr variety (al1ard, 1960; Briggs

and Knowles, 1967) "

Shebeski (1967) employing genetical and maÈhemarical consiclcra-

Èlons presentcd cablcs for population sizes required in the differenr

gencrations for varying gene diffcrences among parents, for obtaining



the

for

most desirable genotype (the one with a maximum number of genes

a quantitative character under consicleration).

Thus for parents in a cross differing by 25 important genes for

yield, 1330 F, plants would be required for one plant that would con-

tain all 25 desired genes. The most probable genotype of this one

plan¡ v¡ould be homozygous for 8 and heterozygous for 17 of the desired

genes. 0n1y one F3 line out of 1330 would be expected to contain all

the desired genes. For the chance presence of recovering in this one

line one plant with all the remaining unfixed desirable alleles, 133

plants would have to be grown in the Fr. Thus the emphasis is on sel-

ecting many plants in a few (I-2%) lines to maximize the probabílity

of íncluding the highest genotypes in the selected group. SÍnce the

1ímiting factor in breeding for yield has been t.he ability to recognize

superior F3 lines, Shebeskí (1967) has recommended the following prac-

tíces for F3 yield nurseries to provide a more reliable basis for

predicting both yield and quality in subsequent generations:

i) increasing the sample size in the F, to at leasL
750 seeds;

ii) minimizing the effects of inter-plot competition
by increasing the spacing between plots to two
feet;

10

iii) providing an adequate number of controls by seeding
a control ploc adjacent to every test plot.

The results supported fhe considerations of the study in that the best

yielding l'5ts traced back ro thc best yielding F3tr. Briggs (1969)



following the outlined procedure founcl F3 Vielcl performance so effect-

tive in predicting yield performance of related F, populations in the

first year of his study, that selectíon in'the subsequent two years

was restricted mainly to the upper portion of the F3 vield spectrum.

selectÍon for yield between F3 lines representing only the highest

yielding portion of rhe F3 popularion was ineffecrive as judged by Fs

yield performances. De Paurn¡ (1970) however found that 9 selected F3

families yielded 108.4% of adjacent control in F5, which vras signifi-

cantly different (p:0"01) from the mean of gg.6% of adjacent control

for all F3 lines" A factor to consider in this case is that the F3

lÍnes were grov,rì in 1968 and compared to F3 bulk controls while the

selecËed Ft lines \^Iere groi¡In in 1969 and compared to Manitou controls.

2 Heritability and selection

i1

Heritability is the proportion of observed total variance (pheno-

typic variance) for a defined reference unit for which difference in

heredity (genotype) ís responsible, hence which is expected to be trans-

mitted to the progeny (ludley and Moll, L969; Frey and Horner, 1955;

and llanson, 1963). Thus, heritability is a measure of the ability to

differentiate among genotypes (pesek ancl ]laker, l97I). This is also



called llbroad sensefl heritability in contrasÈ to rrnarrow sensetr heri-

Eability which 1s the proPortion of additive genetic variance to toËa1

varlance (Robinson, 1963). Additive genetic variance, Ehe heritable

variation, represents fhe breeding value of a cross (Walker , L969) t

L.eo the variation responsible for progress resulting from selection

(Hazel, Lg43; Robinson er a1. 195r; and Sprague, 1966). The trbroad

sensett heritability can be represented by the equation given by Frey

and Horner ( 1955):

red herirabili ty; Ç2 is the estimaÈe of between-line variance I il it
se

Èhe estimate of enviror¡menEal variance and trrrt is t.he number of replica-

tLons used ín the experiment. As pointed ouÈ by Fonseca and Patterson

(1968) and Sprague (t900), heritability is noc a.stable population para-

meÈer but varies with the precision with which the environnental variance

is estimated, and whích generation is involved" The unít of evaluation

may be a single plant, a plot, or a group of plots each grown under one

or Èwo or more sets of environmental condiÈions.

Frey and Horner (1955) considered the parent-offspring regressíon

as the most realisCic method of calculating heritabilities, since they

feel that 1l more nearly represents what plant breeders practice when

selecting ín segregaEing populations rather than selecting from one

set of envíronmental conditlons by estimating heritability from com-

ponents of variance. In order to remove stme of the bias due to scale

from genotype-environment lnteracÈions of year to year or location to

^ ^? ^'tH:r"l(t'+ss

T2

^26
e

^lt) where H is the estima-



location, Frey and l{orner (I957) employed the standar:d units method

for calculating heritabilities using the regression approach. In this

wayr the mean of each population becomes 0.0 and the standard devia-

tion 1.0 and estimates of heritability can never exceed che theoreti-

cal maximurn of 1.0. Standard unit herítability does not allorv for

altered gene effects v¡ith successive generations and is thus most

reliable where additive effects predominate.

Accordíng to Hanson (1963), the use of herirability has value

primarily as a method of quantifying the concept of whether progress

from selection for certain plant characters is relatively easy or

difficult to make in a breeding programme. As Dudley and Molt (19ó9)

indicated, broad sense heritabilicy estimates apply specifically to

the germ plasm pool sampled. Thus, according to Dudley and Mo11 (1969),

herítability estimates in the literature should not be compared among

studies, even on the same crop, but mainly within the study if the same

years, fields, plot sizes were used, In the case of estimates from

one location in one year, the data do not stricEly provide an estimate

of heritability, but rather, as mentioned by Johnson et aI. (1955), an

estirnate of the ratio of genetic variance plus interaction variances

to phenotypic variances. The interactions involved will be: genotype

- location, genotype - year, and genocype - location - year. Thus, to

the extenl that these lnteraction va¡iances are significant, heritabil-

ity estimales will t¡e biased upwards. Aside fro¡n this biats, herita-
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bility of differences among means upon which selection is based increases

with an increase in the number of replÍcations, years, and locations

used in estimating the means (Johnson et al. f955). In ítse1f, the

heritability estimate is not an indication of the amount of genetic

progress which might be made from selecting wíthín the particular

population (Dudley and MolI, L969; Johnson et a1. 1955). But, the

utility of the heritability estimate is increased when it is multíplied

by the selection differential to give the expected genetic gain (or pre-

dicted response) (Johnson et al. L955; Peselc and Baker, I97l). The

selectign differential is the mean phenotypic superiority of the selected

lines over the mean of the population from which they were chosen

(Dickerson, 1963). Genetic progress increases with an íncrease in var-

iance of a character" Frey and Horner (1955) indicated that segregating

populations with the widest ranges tend to give the highest herítabílity

estimates. Such estimates of genetic progress help the breeder to ascer-

tain if the pot.entía1 for gain is adequate in his breeding population to

permit substantial improvement in the desired characters.

L4

Frequently, a selection prograntrne can be decided upon by examining

the error variances in an analysis of variance. In such a case, as

Robinson (1963) pointed out, estímates of heritability by components

of variance can be of use in estimating expected irrogress from adopting

that prograrnme or method, As will be show¡r in this stucly, use of stand-

ar:d units can be uscd for comparing error variances and c¿rlculatir-rg Ìrcri-



bilities by use of components of variance for methods employíng

different scaLes for the data (i.e" data per se vs. data as percent

of adjacent control) as well as for comparing different characters,

Frey (f968) used standard units for calculating genetic advance from

realized herÍtabiiity of F, selected compared to F, selected barley

and oats for grain yield, plant height, and seed weight per volume.

Johnson et al. (1955) caution about the use of estimates of

genetic advance. Since these escimates are made on the basis of the

act,ual materials selected, they nìay nor be descriptive of the effect of

selection measured in terms of genotypes derived from sexual reproductÍon

from those materials, particularly to the extent that segregation still

occurs. What would be anticipated will depend on the nature of the gene-

tic variances. rn self-pollinated crops, as indicated by sprague (1966),

when homozygosity has beerr achieved, the variance remaining among lines

within a family is entirely of the additive and additive epistatic types.

Pesek and Baker (r97L) testing over 5 years, at 3 to 6 locations, from

17 to 23 inbred families of wheat, found no significant clifferences be-

tr^teen observed responses for yield and responses predicted from the pre-

ceding generation. This is índirect evidence of additive geneti.c variance

and hence supports the consideratÍons of both previously cited worl<er:s.

Thus the major concern is with segregating generations.

Tn diallcl crosses involving Mexi.can, a Canadian ancl U. S. var:icticts
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of spring wheats, WalÈon (1971) found marked additive genetic variance.

However, since dominance was also present for grain yÍeld and yield

comPonents, Ë.hat worker recommends that sdlection for Èhose characEers

could best be made in the more advanced generaÈions of a cross, as

homozygosity is approached. Bhatt (ïg72) and lrrhirehouse et al. (195S)

were able Èo demonstrate essentially additive genetic control for.yield

component.s of wheat but some epistatic action for yield per se. Large

amounts of additive geneÈic variance were found by sun et a1. (1972)

for kernel weight of six spring wheat crosses. Chapman and McNeal (197i)

also caut.ion t,he breeder of spring wheat against possible epistat.ic

sources of variaÈion influencing the phenotypic expression, which

night thus influence predicted gain Ín selecÈion programmes. The fact

that some yield components Í[ay have less non-addiÈive genet.ic variances

associated with them suggests that early generation select.ion for com-

ponents which are highly correlated to yield may improve genetic gain

for yield
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3. Yield components and related characters

a) Ifature character relationships to yield

The primary

are: fcrtfle til

yielcl componctrts of

lcrs per plant (or:

whcat, in order of clevclopmenL

per length ef row¡ in the casc



of row plantings), number of kernels per tiller, and weight per lcernel.

Fonseca and Patterson (1968) showed by path coefficient analyses that

all three components had direct effects on grain yield of winter wheat.

Characters with a more indirect effect on yield which will be consider-

ed in this study are: height, days to maturity, and hectoliter weight

of kernels. Johnson et al. (T966) demonstrated the influence of height

on the primary components of yield as well as grain yield, while Grafius

(1956) showed such relationships for earliness. The inheritance of

yield and related characters, as adapted from HarrÍngton et al. (L946)

a re:

repor ting

Yield Mulrigenic 9

Tillers Monogenic 2

Kernels/Spikelet Digenic I

Kernel weight Trigenic 2
Multigenic 2

Planr height Digenic 2
Multigeníc 4

Date of ripening Trigenic I
Multigenic 4

Test weight Multigenic 3

rt has been demonstratecl by several workers (e.g. Robinson et a1.

1951; Swamy Rao and Goucl, I97I; Virk and Anancl, l97O) that while geno-

typic correlations differ:ed for most characLers fr:om phenotypic correla-

tlor-r, the former \"/ere general. ly greater. Thus greatcr incr:eases in

Cha ra c ter

L7

Manner of inheritance Number of workers



yfeld could be expected from selecting for a component rvith high pheno-

typic correlation Èo yield than predicted on the basis of thaE correla-

tion"

Ttvo yield components readily measured under field conditions are:

fertíle tillers per meter of row and kernel weight. FerËile tillers

had positive to highly significant positive correlations Èo grain

yield (Alber, L969¡ Roy et al. 1969; Singh eÈ al. L97O; and Virk and

Anand, 1970). According to these workers, ferÈile tillers Ì¡ras not

generaLly highly heritable. Alternatively, kernel weight, which has

generally been shown to be the most highly heritable yield component

(e.g. Lebsock and Amaya, 1969) was most inconsistent Ín correlatíons

wfth grain yield: highly sígnificant positive (Virt< and Anand, 1970)i

positive (Alber, I969i Roy et a1. 1969)i no correlarion (Granr and

McKenzie, 1970); to sÍgnif icant negative (trr,lber, 1969i Singh eE a1.

1970) correlations. As pointed out by Alber (1969), schrímpf (1960),

Shebeski (tq00), and Walron (1970), the classes of whears used, rhe

specific genotypes and generations, Èhe specific growing condiÈ.ions

and genoÈype - environment inÈeractions, as well as the field plot and

designs and samplirrg techniques used may all have affected the nat,ure

of the correlations obtained, affecÈing, which comporrent is most impor-

Èant to yield.
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b) Developmental interdependence and component compensation

As was demonstrated by Leng (i963) for a corn hybrid, varying

seeding rate resulted in drastically altered yield components without

causing significant changes in total grain yield. Tn another corn

hybrid, similar levels of expression of one component occr.¡rred at

widely different levels of yield. Similar results have been reported

for small graÍns includÍng wheat by: Hsu and inlalton (L971); Lashin

and Schrimpf (L962)i NlaEzinger (1963); and Nickell and Grafius (L969).

Thus there appears t.o be no fixed relation between the level of ex-

pression of the yield components and the resulting level of total grain

yield. hilxile yields may be stabilízed by compensation among yield corn-

ponents, Johnson et al. (L966), Knott and Talukdar (L971) showed that

this compensation is not always complete. Thus a genetic increase in

one component nay well result in an increase in yield. For example,

increase in seed weight of a spring wheat cross had a greater effect

on yield than a decrease in the number of seeds did (Knott and

Talukdar, L97L). As Matzinger (f963) and Rod ancl Weiling (I97L)

pointed out, this mechanism of adjustment of yield components may per-

mit a genotype to perform weIl for yield in many differenl environments.

Dífferent lines yielding the sanìe or the same line grown under

dif f erent environmenlal cor-rditions, neg,ative correlaEions are to be ex-

pecled anìong the componenLs. For examplc, llsu and Walton (1971) found

negative corr:elat-i ons betwcen e ar: ¡runrbcr ancl hernel wcight in a 5x5
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dfallel cross of five spring wheaE varieties. As has been demonstrate<J

by Adams (1967)o Âdams and Grafius (1971), Grafius (rg72) and warson

(L952) inrterse correlations among yield components arise from the sequen-

tfal pattern of their development in drawing on limited resources: hence

their developmental interdependence, which results in component. compensa-

tíon. As poinred out by ÞfcKey (1966), the ability ro compensare is

possible because there generally exists an overproduction of primordia

at each growth phase. As the first, component in such a tíme sequence

uses up more or less of the available metabolÍc input, the component

nexÈ in the developrnental sequence r^rill tend to vary in a compensatíng

dfrectlon" Thus, as demonstrated by Adams (1967) for bush field beans,

if the first component draws on the Ínput so that it may approach its

genetic potentíal, t,he nexÈ component in the sequence may not be able to

obtaín enough input for its optimum developmeni. ComponenÈs which are

dÍfferentiated and developed during the most advantageous part of the

growing period would be favoured (McKey, 1966). Thus a negative correla-

tion would arise, unless strong genetic linkage existed (e.g. Rasmusson

and Cannell, 1970). For such quantitatÍve characEers as are under dís-

cussion, linkage is apparently not, the source of some of the larger and

more consistcnt corrclations (Adams L967; Johnson et a1. lg55)" Kerncl

weight being the last component to be developecl, should noI result in

comPensation by the other componcncs (llasrnusson ancl Cannell, 1970).

Cenes affecting thc conrnon phys iological, mctabolic or dcvclo¡lmcnEal pro-
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cesses thus índirectly affect the different yield components (Leng, 1963i

Stebbins, 1950). Grafius (1972) was able lo demonstratc in 36 oat vari-

etíes that whi.le conponents shared a pool of environmental resollrces,

certain resources are also trait-specific. Competition within the trait-

specific pool was more intense than in the shared pools. The extreme

compensation between yield components and the effect of environment in

the genetic processes has been postulated by Nickell and Grafius (L969)

to cause low year to year correlations of components.

Allard and Adams (1969) demonstrated how not only the direct con-

trÍbutions of genes to yield componencs of individual plants but also

the associate effects of other plants in field conditions are included

in compensatory variation. As Adams (1967) exemplified with field beans,

when they were grovrn in non-competitive wide spacings (45 cm apart.)

correlations of zero r^¡ere obtained among yield components; versus signi-

fÍcant negative correlatíons in highly competitive stands (plants 7.5

cm. apart). If these correlatÍons were genetic correlat.ions due to

direct gene effects, Èhey should have appearecl also under the less

crowded conclitions. Thus, measurement of components of yield of indi-

vidual plarrts in field plantings may not only be impossible, but be-

comes meaningless. As Morl"y (1961) therefor:e concluded, measurements

2L

of gr:oups in competition, comprising intra-component, intra-plant, and

inter-planL competition and compensation, alonc is meaningful.



c) Tlllering

The production of tillers, being ontogenetically the first of

the yield components, forms the basis for yield with which other later

components interact; particularly under unfavourable growing condi-

tions with concommittant limited nutrient or water supplies (alber,

1969; Pollner, L957). As Donald (i968), Hurd, (tg6g) and llurd (I97L)

stated, many tillers established in spring will under dry conditions

use up nutrients and moisture rapidly and cause the plant to suffer

from moisture stress later ín the season. Lupton (1970) reported on

work with radiotracers demonstrating that translocation may take place

freely between tillers of young plants in the vegetative phase. How-

ever, as stems begin to elongate and the reproductíve phase cofltmences,

translocation between tillers ceases almost completely. Thus sterile

tí1lers contribute almost nothing to those which do form seeds. How-

ever, ìfcKey (L966) pointed ouc that pronounced tillering, also includ-

ing non-fertile shoots will assist in building up a well-branched root

system. Thus a photosynthetically more ideal type with maximum em-

phasis on the reproductive phase, with ferv tillers, will conflict with

a demand for an extensive root system for supplying water and nutrients.

Furthermore, ÌlcKey (1966) outlined that under arid or semi-arid condi-

tions, where drought and heat gradually decrease assimilaL.ion but in-

crease respiration ancl trallspiratiori, tilleri.ng, the earliest yield

component will gain in importance. Under moister conditions, Thorne

(1966) found the proclrrctir¡n of fewer t-illcrs, most of thcm fertilc,

associatecl with higher yielcl . Ilighcst yicllcli.ng wintcr: ancl spring
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wheats (28 varieties tested) in Germany hacl 98% as many ferti.le tillers

as rhe mean yielding ones (Pollmer, 1961). McKey (1966) explains the

lower Eillering under moister conclitions on the basis of NAR being at

its maximum later in the season, thus the ontogenetically later yield

components would be more advantageous for grain production' Tn devel-

oping his uniculm wheat ideotype, Donald (1968) pointed out that there

would be no internal competition between developing ears and young

tillers, but only a uni-directional otganiza:ion towards head and grain

formation. However, in drÍer areas and at low seed rates, an obliga-

torily uniculm varíety cannot show phenotypic adaptation Lo more favour-

able moister seasons by tillering. Thus Donald (1968) proposes that

the uniculm habit may first prove of value under irrigation or high

rainfall conditions.

d) Selecting components

23

Rasmusson and Cannell (1970) outline t\^Io prerequisites to obtain-

tng higher yields by selecting for components:

i) effective selection for the components;

ii) a positive association between yielcl and the comPonent select-
ecì.

Selecting for high tillcr: number resultecl in clccreased kernels Per tiller

in winter wheat (Fonscca ancl l?¿rtterson, 1968) and barley and oarts

(Stoskopf ancl Iìeinbcr:gs , Lg66). Selecting for inc.reasecì secd weight i-rt



a spring \.¡heat closs result-ed in a decreased number of seeds per plot

but nol enougl-ì to decrease yield (Knott and Talukdar, L97L). 0n the

basls of phenotypíc correlations ín a barley population, Rasmusson

and Cannelf (1970) found a lower correlation for kernel weight to

yield than for number of heads to yield; yet selecËion for the former

resulted in a much larger yield response. The above workers therefoie

conclude that phenotypic correlations do not provide a satisfactory

basis for drawing conclusions about selection for yield components in

order to increase yield. On the basis of heritability estimates andfor

correlarions, Lebsock and Amaya (i969), Reddi et a1. (L969) and Virk

and Anand (1970) found selection for kernel weight to be very effective

and even more effective for selecting highest yielding lines in the

following generation than by selecting for yield itself. Virk and

Anand (1970) shorved that kernel weight and yield had the híghest corre-

lations and coheritability (ratio of the genetic covariance of two

characters to the product of their phenotypic standard deviations).

Showing high coheritability, the component is not much affected by

environment, and selection for yield based on this character should

be more effective than based on others. The same authors concluded

however that selection for both, fertile tiller number and lcernel

weigtrt together provided the maximum improvement possible by selec-

tion. Thus, some of the above cited studies siror.¡cd that certain conr-

poncnts could bc better: preclictors of future gencr¿rtion yicld tl-ran

eari.y generation yicld itself"
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4, Plant and plot selection for fuLure gener-ation yield

a) F, Plant selection

As outlined in the standard plant breeding texts by Allard

(1960) and Briggs and Knorvles (L967), the first criterion for selec-

tion in the F, is the elimination of all plants carrying undesirable

major genes. Next, the most vigorous plants showing the characteris-

tics sought in the new variety are selected"

Several studies have in recent years been carried out at the

University of Manitoba as to the effectiveness of F2 plant selectÍon

for increasÍng yield in subsequent generations. Shebeski (1967) re-

ported on a study in which four plant breeders each selected about 1%

of F, plants on the basis of vi,gour. The progeny of these selected

lines yielded about 50% above and 50% below control plots of unselected

plants adjacent to each test plot, Thus selection for yield was ineffec-

tive in the F2.

A follov¡-up study by }fcGinnis and Shebeslci (1968) tried to over-

come some of the weaknesses in the previous study. F2 interplant com-

petition was reduced by spacing plants 45 cm x 45 cm in double rows

90 cm from the next pair. Three breeders selected over 100 plants cach

(out of 8000) on a visual basis of what they believcd to be high yield-

lng plants witl'r superior: qualitative agr:onomic charactcrs. A random
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sample of plants was also selected. llowever, since 750 seeds t{ere re-

quired for the F3 plot, poorly tillered and very low yielding plants

were not included in therrrandom sample.tr In Fr, every third plot was

a control, constituLed of seed from a single head of each F2. The F3

lines outyielded the control on the average by 8%. There r./as no diff-

erence between the selected samples and the ltrandom sample.lr Thus,

the conclusion drawn was that selection for F2 plants with a reasona-

ble level of tilleríng was as effectíve as selecting those with more

profuse tillering, as far as F3 yield r,ras concerned. rn either case,

the general yielding capacity of F, lines was increased above the ad-

jacent bulk controls. A parallel study \.^/as reported in an M.Sc. Thesis

by DePauw (1970) in which case three breeciers selected 278 out of lOr00O

F, Plants. Neither the visually selected plants nor the trrandom samplert

gave rise to F3 progenies exceeding the control.

Alber (1969) studied F2 plant characters in two \^rinrer wheat

crosses in relation to their bulk progenies. Simple correlations which

he found were the following:
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F, character

Plant Yielcl

Fertile tiller number

Yield pcr tiller

Kerncl weight

F, yield
Cross 1 Cross 2

.23

.14

"21

.11

.08

"01



The non-significant corr:elations of

plot yield agrees wirh the findings

DePauw (i970). of Lhe four F, plant

per ti1ler was highly significantly

b) F, plot selecrion

Because large F, Yield nurseries would entail consiclerable man-

pol^rer and hence cost input. to harvest, thresh and weigh all lines,
visual selection for yield, if effective, could reduce the cost of

handling materíal considerably. Boyce et al. (Lg47) in a study of

200 F3 winter wheat lines concluded that visual selection for yíeld

vras as successful as plot yield determination for íncreasing future
generation yield. rn a study of B2B F, plots of spring wheats at Lhe

Universíry of Ma¡rir,oba (Briggs and Shebeski, I}TO), 14 individuals

selected visually for yield: top 10, next 20, next 20, next 30 and

lowest 10. For positive visual selection, each group was signifÍcantly

higher yielding than four randc¡m selections. However, since numerous

of the highest yÍelding plots were not identifiecl by any of the selec-

tors in their top groups' success in irrcreasing yiclcl visualry could

only be consiclered limited. Tltus. thc conclusion rvas that when visual

selectio¡l is used as a means of screening lines, the intensity of selec-

tion sho¡.rld bc relatively low.

F, plant yielcl to future generation

of McGinnis and Shebeski (1968) and

characters measured, only yield

correlated to f', yield.
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5, Use of frequent control plofs

A few years ago, Shebeski (1967) outlined a procedure employed

at the University of Manitoba in its wheat breeding programme for

evaluating large numbers of F3 lines with liniited seed supplies in

yield nurseries. One of the key features of this procedure is the

use of controls in every third plot. The American Society of Agronomy

(ASA, l92l) in its first standardization of U.S. field experiments

prefered adequate replication to the use of control plots. Lf however

such check plots are to be used, the ASA (1921) reconrnends using these

every third or fifth plot. With controls every third plot each line to

be tested is adjacent to such a control. As Briggs and Shebeski (1968)

índicated, the main assumption for this approach Ís that the yield of

the control plot provides a good measure of the soil fertility of the

adjacent plot on which a test line is grown. Thus, they concluded that

frequent controls are essential for effícient selection for yield" This

is an agreement with Yates (ig:O). Hayes and Garber (L927) calculated

correlation of yielding ability of nearby plots of sjngle rod rows of

spring wheat. Their resulIs indicated a drop from a correlation co-

efficient of 0.6t8 for adjacent plots to one of 0.383 for plots sepa-

rated by three others. Briggs and Shebeski (1968) found correlation

coefficients to rapidly decrease from 0.63, 0"88 and 0.87 for contr:ol

plots 2"7 n apart in El-rree fields rcspcctively, such that norl-signifi-

cance was reacl.red aC plots 19.2 m apart in thc first t\^ro nul:serics and
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at 35.7 m in the third" Smith (1938) cautioncd that errors of obscr-

vation such as errors in technique (sowing, harvest.ing, threshing and

weighing) would tend to lower correlations of adjacenÈ areas.

Melton and Finkner (L967) indicated thaÈ use of systematíc

controls of a standard variety has the added advanEage of enabling the

plant breeder to make sounder judgement decisions concerning qualita-

tive observat.ions. The ASA (I92I) also reconrnended use of a standard,

well adapted varíety as control. Baker (1968) using barley quality

data demonst.rated that for per cent. nitrogen, error variances were re-

duced from lL% to 44% ín 5 of six tests, but. íncreased in one by I4%,

by using control plots for adjustments. However, as an average over

four quality characteristics, three Ëests, and two varieties each,

error variances by the use of control Plots were reduced by only 2%.

Baker and McKenzie (L967) employing controls in alternate plots of a

20 variety oat test and one of 27 varíelies concluded that a control

varíety may provide inadequate representation of environmental varia-

bility. Their analyses showed a maximum gain in efficiency (by error

variance reduction) of. L4"/" by the use of control plots. They thus

reconrnended that such control ploLs should not be used in place of

replication. This is in agreement with rccommcndations madc by Lhe

ASA srandarc]s committces (ASA, Ig2l; ASA, 1933), which considerecl re-

pllcation as the most effective means of rcducing thc effects of s<¡il

hetcrogencity arr<J othcr ra¡rclorn factors "
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Different workers have employed different methocls of correcting

yield on the basis of control plots. The method suggested by the ASA

(I92I) was to assume that differences of soil fertility and moisture

between check plots are uniformly progressive. l'layes and Garber (tgZl)

outlined direct methods of correcting yielcls on the basis of the rela-

tive distance to each of two nearest contlol plots directly or as per-

centage of the mean of all control plots in the test. MeÈhods based

on partial correlations between nearby plots and also employing the

mean of all control plots gave lower error variances (tlaverage devia-

tionsrr) than Èhe direct methods (Hayes and Garber, L927). Sugar beet

breeding progranrnes of the Kleinwanzlebener Saatzucht employecl two

controls after every B test lines (Haufe, L969). By their prografltme,

Ëhe mean yield of two adjacent controls is used for fitting a soil

curve across the fieId. Plot values are acljusted upwards (or downrvards)

by the same amount as the soil/curve based on controls falls below (or

above) the mean of all controls in the tesL. DePaurv (1970) subtracted

yielcls of adjacent controls from test lines. Baker and McKe¡vie (1967)

employed subtracting yield of control, subtracting mean of two adja-

cent controls, and using the same indices as a covariant in an analysis

of variance (eNOCOrtn). Yates (1936) mcntioned the use of yields as per-

cent of concrols, but found an ANOCOVA, using the yicld of the controls

as covariates, to be flìore ef f eccive f or: correcting yicLds. Shcl-¡esl<i

(1967 ) , ancl }lcGinnis ancl Shcbesl<i ( f 968) , as \./e11 ¿rs DePaurv ( l9 70), using
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a control every third plot, corrected yieLds by calculating them as

percentage of the adjacent control. Melton and Finkner (1967) testing

alfalfa over eight years, with controls on each side, used the average

of two adjacent control plots as covariate. In every case, the coeffi-

cient of variation was lower by using this ANocovA than by using a

straight ANOVA of the randomized blocks. The increased relative

efficiency of using ANocOvA was calculated as being 38% to 528%. rt

must be borne in mind that for such ANOcoVAls, not only are the fre-

quent control plots requirecl, but also replication. Thus seed must not

be limíting.

As Hayes and Garber (L927) pointed out t an;v direct method of yield

correction based on the performance of nearby checks requires the

ass¡-lmption that all varieties respond in the same relatÍve manner to

the various environmental influences" salmon (19i4) presented two

hypothetical cases of varieties as controls in fields rvith a soí1 mois-

ture gradient across the field. Firstly, a variety r.7ith minimum \^iater

requirement is exemplified. This variety would give relatively uniform

yields across the field thus the fielcl plots would be considerecl uniform.

Secorrclly, a variety requiring maximum amoun[s of rvater is clescribed. In

tliis instance, yields across the field would vary grcatly and trence,

corrections made on thc basis of such a varicty would on the average

result in overad justments. Thus, consiclcrablc c¿rution woulcl seem

esserrt-ial in choice of thc cor'ìtr-ol varicty. Irurtircrrnror-e wherc at all
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possible, seed sLrppl

be used in place of

6. Qual ity co1-ìs iderations

a ) Protein ancl yield

ies being adeqr,ra

replication but

Protein quantity and quality being to a large extent responsible

for bread making quality of wheat, have been of prime importance in

wheat breeding programrnes in Western Canada. Bread making quality and

yíeld are the result of correlated responses between the genetÍc poten-

tial of a variety and the biological-physical interaction wíth the

exÍsting environment (Brandenburger ' L97o). According to Mcl(ey (1966),

proteins are transmitted to the grains earlier than the carbohydrates.

As Bingham (1968) outlined, high yield is largely based on rhe synrhe-

sis and translocation to the seed of a large quantity of carbohydrates.

Thus, to the extent that specific metabolites are scarce at critical

times or physiological pathways are in common, an inverse relation

could be expected between protein and yíeld. A developmental inler-

te, frequcnt controls should not

rather to supplement it.

32

dependence would result.

Negative correlations of yield ancl proteir-r have frequently been

âscertained. Referring to the physiological negative correlation,

lllJnsel ( 1969) obtainecl a mean inrervarietal coef f icienr of -0 .573.

Platzer (1971) ln four crosses, as a mcan ovcr thrce years, obtainccl



correlations averaging from -0.049 rvhich was non-significant to -0.780

wirich was highly significanl. In a study involving Manitou wheat,

Bushuk et a1. (1969) found a negative between year relationship of

yíeld to protein. In the first test year mean protein was higher

than in the second; the reverse was true for yield.

Significant positive correlations between yielcl and protein have

also been reported. In Ft hybrid wheat, Shebeski (f966) obtained a

correlation coefficient of 0.684. Briggs et a1. (fg6g) and Bushuk

et a1. (L969) obtained positive within year correlations. Briggs

et al. (i969) explained this result on the basis of both yield and pro-

tein level being adversely affected by the lack of soil fertility irr

areas of the field deficient in nitrogen. Platzer (L97L) explained

his result of non-significant correlation in one cross as due to lack

of a close relationship among the parents. He obtained individual F,

families whose protein decreased only very slightly with increasing

yield

Some workers thus conclucled thaÈ high yielding ability and lorv

protein content need not be closely linked: i.e. selecting for high

yietd need not adversely affect quality (Platzer, I97L; Shebeslci,

1966). As llrandenburger (1970) explained: therrdilution effecttt

(Verdünnungseffekt) of dccreasing protein content rvith irrcreasing

yield does not exist. Inste;rd, thc negative correlation freqr-rcntly

obtai¡red is on1y nianifestcd wllen at a p¿ìrticr¡1¡rr crucial pcriod of
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nutrient r:equfrement, these metabolites are not opÈima1ly availablc.

Bfngharn (1968) and Plarre (1971) pointed out r¿haE is decisive for

the success of a breeding progranrnc is not so much the percentage of

proteÍn of total kernel dry matter buÈ rather the graín protein yield

per unit of field area. These European workers relaÈe to different

technological and hence rheological requiremenÈs in their milling and

baking trade than do breeders of hard red spring wheats in Norch

America" Here the demands of industry dictate high kernel proteÍn"

b) Protein stabilíty

That proÈein quantity in the wheaÈ kernel is strongly influenced

by the environmenÈ, especially soil nitrogen levels and climatic con-

ditions during maturation, has been well documented (e.g. Bingham,

1968; Brandenburger, L97O; Plarre, I97l; and PIatzer, 1971)" Bingham

(1968) while demonstrating large varietal differences in the nitrogen

content of the kernel (hence, in prolein per cent), found these differ-

ences to be consíderably smaller than those from location to location

or year to year. Protein heritability is intermediate to high in rela-

tion to other quality traits (Baker et al. I96Bi and llakcr et a1. i971).

Protein corìtent, ncvertheless being largely govcrnccl by adclitive gcne-

Èic variance (Rains ct a1. 1972i Iiingham, 196B; ancl Chapman ancl McNcal,

f 970), has potcrrtial for improvcmcnt by sclccLio¡r. For example, ßriggs

(1969) found F, proÈcln conlent to bc a good predictor of mca¡r protcin
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content of derived 1ì5 populations.

c) Protein and other quality Parameters

Bushuk er a1, (1969) found significant positive correlations

of protein over t$Io yearsr testing of Manitou wheat to most other

quality parameters. fn that study flour yield showed nonsignificant

correlations to protein. fn one of the tv/o years, nonsignificant

correlations to grain protein were also obtained for dough develop-

ment time, mixing tolerance Índex, and the sedimentation value.

McNeal et al. (i964) findíng protein content associated with dough

strength, as measured by farinograph data, suggested that selection

for peak and stability indirectly increased protein content. An

additive genetic association and a high degree of co-inheritance be-

tween gr:ain protein and the Pelshenke value suggested to Bains et al.

(L972) that simultaneous ímprovement in both these traits is possible.

P\atzer (L97L) stressed the importance of gLuten, the dough-forming

proteíns, for good balcing quality.
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d) Loaf volume and other qr-raliLy parameters

Highly significant (p'=0.01) positive corre

inentali.on va1ue, resiclue protein (the insolublc

Lations of. Zeleny scd-

protein in ar f lour),



and dougl"r development time caused orth er al. (lg7z) to suggesE the

use of any one of these three parameters in a regression equation for

predicting loaf volume. Furthermore, Lhese workers concluded that the

use of any one paramerer precludes the use of the other two. Baker

and Campbetl (L97I) founcl in three yearst data of 23 to 25 cultivars

tested across tr{estern canada, that the three parameters nitrogen

content (i.e. protein), sedÍmentation value, and centrifuge absorp-

tion contain all the information about loaf volume that \^¡as available

from a set of eight rests. Heyne and Finney (1965) concluded thar

early generatiot-r (F: and Fo ) selection for mixing time increases

loaf volume to some extent.

Early generation selection for quality parameters has been vari-

ously stressed. McNeal et aI. (1964) found that delaying selecrion for

farinograph data from F, to F4 resulted in decreased advance in breed-

ing for quality" Shebeski (1967) found F, loaf volume and farinograph

absorpLion to be good predictors of the performance of F, lines derived

from the F3tt. IfcNeal et al. (L969) concludecl that there are probably
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many genes with small individual effects involved in balcing quality

performance, and that selection must thus be practiced in early genera-

tions to avoicl losing some of the genes which govcrrl quality.



In this study, two crosses were selected which were the top

two yielders in a replicaÈed F, Vield Eest grown in 1968 at the

University of }fanitoba campus. The one cross, LJI'19534 x ManÍtou,

referred to as cross A, averaged 137% of. the yield of Manitou con-

Èrols; the oÈher cross, Ulf401B x UM739A, referred to as cross B,

averaged I32"L of. Manitou controls. Brief descriptions and back-

grounds of the parents used in the crosses are presented in Appendix

T"

MATERIALS AND I'lETIIODS

1. Field and laboratory methods

t,he University of Manitoba campus in 1969, in paired rows 30.5 cm

apart, 61 cm from adjacent pairs, 30.5 cm between plants in rows.

Just before harvest, plants were selected to cover the Èotal range

of tll1ering" Tiller groups were established with incremenÈs of

five tillers per planÈ: Group 1 < 5; Group 2 - 6-10; Group 3
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F2 Generation: Several thousand single plants hrere grown on

11-15t --- Èo Group 9

plant. hrhile more than ten plants per Eillcr group were pulled wltere

possiblc, these were rc<Juced to ten by selecting only planEs with the

higlres t gra in yicl<l ¿tnd pref crred agrorromi-c characters. Thus 8lr plants

were sclr,cted for cross A 1n rrl¡rc tillcr groups ranging fron 2 to 45

4I-45; and Group 10 46-50 tillcrs per



tilleÉper plant. Cross B had 92 plants in ten

from 3 to 50 rillers per plant. Prior to harves

from all F2 plants in each of the crosses for a

advanced through the F, into lhe FO to serve as

ted F2 plants were individually threshed and the

to adequately sample the genetic variability of

were retained of each plant for the Fr.

(CI'ß{YT) in rhe fall of

F, Generat.ion:

licate FO p1ots, for yield testing lines derived from the lowest to the

highest F2 tillering plants, seed from each F, plant was space-planted

into paired 11 m long rows at 25 seeds per ro\^r. Pairs of rows were 30

tíllcr groups ranging

L, one head was removed

bulk seed sample, to be

bullc contro 1. The se lec-

seed weighed. In order

each F, plant, 50 seeds

cm apart and 60 cm from adjacent pairs. Pairs of rows of a line were

Seeds were hand so\^rn at Ciuclad Obregon, ìlexico

L969. In order to obtain enough seed for dup-

randomized in the nursery. The two bulks were solid seeded (35 gm seed

3B

per row) into t\^¡elve 11 m rows each, 30 cm apart.

The material segregated for daylength sensitivity into insensi-

tive, segregating, and sensitive lines" Daylength sensitive lines

would not mature in the required time and hence rvere discontinued, as

were daylength sensitive plants in segregating 1ines" llffective tillers

r^rere counted on all plants of daylength insensitive lines six rveelcs prior

to harvest. In addition, at harvest timc, tillers of light i¡rsensitive

plants in scgregaling l.ines \^rcre also cc¡untecl .



Tn order to reduce thc i¡3 generation to manageablc proportions

and at the same time to evaluate the relationship bctween F2 and F3

for tillering, the Lwo highest and the two lowest tillering plants of

each of the utiLízable lines were harvested. A few plants had 12 or

fewer tillers. These were not included as seed would have been inad-

equate for duplicate F* plots. Since a heavy irrigation subsequent to

ti11er counts of plants in light insensitive lines had resulted in

heavy late tillering, tillers on al l selected plants \^rere counted at

harvest. Single plant threshing was carried ouc by machíne. The two

bulks r^/ere harvested and threshed separately.

FO Generation: Following the general considerations of Shebeski (L967)

for an F3 Vield nursery, as diagrammed by Briggs and Shebeski (1968),

duplicate nurseríes were planted aL I^Iinnipeg (University of Þfanitoba

campus) on May Bth, L970, and at Swift Current (Canada Department of

Agriculture, South Farm) on May 22nd, L970" However, to be able to

include the maximum number of lines, with seed adequate for the trvo

locations, single t$ro-ro\^/ plots were used, omitting the centre row.

Plot dimensions were dictated by the methods followed at each of the

tr^/o stations" Thus, rows were 30.5 cm apart at trrlinnipeg and 22.9 cm

apart al Slvift Current. Plots were 6l cm ancl 45.7 cm apart at l,/innÍpeg

and Swift Current respectively. Net row length, after trirmnir-rg encls
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just prior to harvest, vras 5.03 nr at l¡otli locations. The seecling rate

was approxinntefy 300 scecls pcr lror\r, as obtaincd from a countcd volumc

s:rmple. The bulk l"O control w¿rs plerntecl cvcry third plot. The l.ines



derived from each 12 plant rvere kept together but ranclomizecl among

themselves and lines derived from different F, plants were randomized

throughout the nursery. The type of field data recorded during the

growing period is outlined in Appendix rr. Visual selections for

yield were also made by trvo selectors at each location. plots were

harvested manually, dried, threshed and weighed. The types of labora-

t,ory daËa that were obtained are also outlined in Appendix rro Tn

additíon to these, selected lines (of good yield potential and cover-

íng the proteirr spectrum) r¡rere tested for quality. Quality tests in-

cluded flour tests, dough tests, and baking tests by methods outlined

by Briggs et al. (L969).

F, Generation: Thirty-five grams of seed was seeded into each of trvo

F, rows groun in pairs at Ciudad Obregon, Mexico, from each FO line

grovrn at winnípeg, The two 11 m rorvs were 30 cm apart and 60 cm from

the next pair of rohls. The ivhole ro\^i was harvested, threshed and weighed.

All lines were brought back to canada to be planted as bulrc Fu.
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FU Generation:

replications were gro\^In at each of tr{i-rrnipeg and Srvift Current in a rand-

omized block design. Seeding rates rvere adjusted on the basis of germina-

tion tests to be approximately cqr-ral tc¡ 250 scecls per rorv of Neeparva,

which lvas used as a contro 1 variety in cvery thir:<ì plot. At l,/innilteg,

cross A was scerìed on I'lay 6th, I97I , on tlte campus . Cross IJ w¿rs plar"rtccl

The planting design rvas similar ro rhat of the FO. T\vo



on May 12th, L971, at the Uníversity of þfanitoba Farm at Glenlea, about

12 miles south of the University. The Slvift Current nurseries were

planted on May 10th and May llth, 7971. Net row length was reduced to

2.75 m at Swift Current. Cross A rorvs at trrlinnipeg were again trimmed

to 5.03 m; whíle those of cross B, at Glenlea, with generally low vigour,

were harvested untrímmed, at 5 "64 m length. Data taken and methods of

handling the F6 lines was similar as for the FO (see Appendix II for

field and laboratory data and Briggs et a1. (1969) fot quality para-

meters ascertained for selected lines). While kernel protein was

analyzed for each plot, other quality data r¡ere taken on composite

samples of both replicates of a line at one location. Several selectors

attempted visual selection for the highesc yieldÍng 1ines. The Swift

Current nurseries were harvested and Lhreshed mechanically by a Hege

experimental plot combine.

The FO and FU yield nurseries gro$rn at the University of Manitoba

campus site r¡7ere gro\^rn on Riverdale silty clay loam. Cross B FU at

Glenlea was grown in Red River clay. These locations are at an altitude

between 750 and 800 feet above sea level.

The Swift Current l-O and FU nurseries were grorvn on l{averville

clay loam. The altitude of thcse fields rnras approximately 2600 feec

above sea 1eve1.

4l

Monthly temperature and precí.pitation summaries for

nursery areas are prescnted in A¡>pcndixlll , for: the grovring

1970 ancl L971. April clata arc included mainly as guiclc to

the yic lcl

periods of

mois Lure
%- uNtv€ffË

d*á'4þÞ*@

OF MÅI{Í?6BA
@



available at time of seeding

Ís the June I97O rainfall at

with an average June figure

Stati.stical and selection methods

a) Reliabiliry resrs

in }lay. The most

Swift Current of

of 65 to 70 nnn.

One of the main emphases in the present study is on the reliabÍlity

of results obcained by different methods. fn particular this refers to

yield expressed per se (rg/ha) or expressed as percentage of adjacent

control plot yield. rf control plot yields at increasing distances

result ín decreased correlatiors, this would be direct evidence as to

the effectiveness of frequent control plots in accounting for field

environmental variation. This has been demonstrated for yield by Briggs

and Shebeski (1968) and for protein and six other quality characteris-

tics by Briggs et a1. (1969). Consequently, such sequential autocorrela-

tions were obtainecl for yield ancl protein of control plots of all F4 and

F nurseries.
6

The F6 yicld data were ar-ralyzed by an analysis of variance (nruOv¡t).

The same dala were also analyzeci by an analysis of covariance (mOCOvn)

using tlie adjacent chcck plot yi.cld as covariate for the yiel<ì of cach

line. Thc increase in prccision due to the use of cov¿tr:i¿rnce was es ti-

niated by comparing thelreffective crror incrn squaretl afLer arcljustmcnL

striking single entry

185.9 mm; which contrasts
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for the covariate with the unadjusted mean square by the methocl outlinecl

by Steel and Torrie (i960, p. 317). A clecreased error mean square is an

indication of mo::e reliable results.

rn order to be able to directly compare eïror mean squar:es of

ANovAs of data per se and of data expressed as percentage of adjacent

controls, all F6 data were converted to the standard unit scale (i.e.

Z scale):

where Z is the value in standard units; X is the value for a particular

line in original units;1 is the mean of the population in original units

SD ís the standard deviatíon based on origínal units; n is the number of

lines. 0n this Z scale, the mean is zero and the standard deviation is

one. using this scale, error variances, based on the same data, can be

compared directly since the differences in scale of expressíng the data

in different viays has been removecl. Error variances for ANovas of yield

per se, as percent of adjacent control, and as percentage of nearest

control with every'second control plot being ignor:ed, hrere comparecl .

Similarly, ANOVAs were obtained on the standard unit scale, for the data

per se and as percentage of adjacent control for: protein percentage,

kernel rveigtrt, test rveight, days to maturity, ancl height.

For lhc same six characters, heritability as outlinecl by Frey ancl

llorner (I955) (See LiteratLrrc Iìeview) l,ras c¿llculaIecl on the b¿isis of che

componcnLs of vari¿ìrìce. This nrc¿¡sr-rrc being for onc cross at onc locatio¡

z - (x-x)/sD

sD:{(x-x-)2¡"-t
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fn one year in each case is, as Johnson eË al. (1955) poinÈed out,

the ratio of genetic variance and interacÈÍon variances to phenotypic

variance. Nevertheless, thfs measure, to the exËent thaÈ large inter-

actions between the different characters under alÈered environmental

conditions do not occur, enables the breeder to assess which parameËer

Ís the most stable, the most predictable.

Simple correlation coefficíents were obtained within the FO and

F6 Senerations among Èhe various characters measured. This is an aver-

age descriptive statistic for Èhe degree of association of the different

characters measured for each particular population. The genetic and

environmental influences are both included in this measure. Spearmants

coefficier¡ì of rank correlation (Steel and Torrie, 1960 p. 409) was

calculated for between generation and location associations. This was

estimated for FO to FU yield; FO characters to the FU character; FO

character to F6 yield; F2 Eiller number to each of F4 and F6 yields.

This rank correlation was considered of greater importance Ëhan an

fntergeneration simple correlation. Effective selection requires a

character which will result in very little relat.ive rank change in

whichever character is measured in the following generation.
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b). Effectiveness of selection rests

Testfng thc effectfvcness

Èlons: onc to select ¿ìnd onc to

of sclcction reqrrÍres

t,cs t t,hc perf ornìancc

at

of

Ieast two gencra-

sc lcctcd I irrcs



in relation to the mean population performance. Selection for yield

was done on the basis of. l-, plant tillering, F4 yield per se, FO

yield as percentage of adjacent control plot yield and F4 visual selec-

Ëion for yie1d. The test generation was the F6. Means of selected

lines averaged over replications were used" For visual seleclion, the

selection intensities varied with selector: depending in large measure

on what each considered to be the required population size to effect a

gain Ín yield, For the other selection criteria the selection inten-

sity was approximately 10% of the population, or 20 lines. Also I%

(2 lines) and the top line was followed through to F6 in each case,

excepting visual selection. In order to be able to compare selec-

tions based on different scales, yield means $rere expressed as percen-

tage of each population mean. Thus the means of selected lines in F6

could be compared directly.

In order to test for adaptability of high yielding lines, those

selected in FO at one localion were followed through F6 at the other.

This method of selection also reduces the effect of phenotype. How-

ever, the genotype - envíronment interactions, to the extent that

these are important, would tend lo confound results.

Selectj.ons for hieh FO protein as well as for protein as percen-

tage of ad jacent control plot r^rere f ollowed to F6. Three high and threc

low lines for the respective charact-er in F4 at i/innipcg we::e followed

into F6 at both locaÈions for: loaf volume, ZeLeny sedimcnLation value,

farinograph absor:¡>tion ancl f¿irinogr;r¡rh dor-rgh clevelopmcnt tinìe.
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A basic assumption required for analyses of variance and covariance

as well as for correlations and regressions is that the data are normally

distributed abouË the mean. Field data are not necessarily normally dís-

tributed. Finlay and l,iilkinson (1963) used log tïansformat,ions to attain

nornality" Appendix TV presents the two tests of norrnality, skewness and

kurtosis, for untransformed and 1og transformed yield data expressed as

percentage of adjacent control plot. The untransformed data were gener-

a1ly normally distributed, Log transformations tended to increase skew-

ness and kurtosis. Conseçently only untransformed data were used for all

the analyses of Èhis study,

RESULTS AND DTSCUSSION
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1, Relationshíp of tillering to yleld

The nunber of ferË1le tillers of single plants was signÍficantly

(p:"01) correlated t.o total plant yield in F2 (table 1.1). The same

table shows non-significant correlations between F2 planÈ tilleríng and

yield per Èiller. Thus high yield of spaced índividual plants r.ras

assocíated with tillering rather than with the weighÈ of seeds per tíller.

TÍllering of the spaced F, plants grown at Winnipeg r^ras significantly

(p : "05 or .01) correlated to the tillering of the spaced F3 plants

(table 1"1) grom under Èhe vastly different growing conditions of Obregon,

Mexico (irrigated, short daylengths), The level of tillering was consider-

ably higher in the F3 at Obregon than in Èhe F2 at l.Iinnipeg.

Fertile tillers per meter row in F4 did not show the same general

relatiónship to F2 spaced plant tillering as F3 plant tillering did

(ta¡le 1.1)" Cross A showed positive correlations of F2 plant tÍllering

for both l^Iinnipeg (non-signif icant) and SwifÈ Current (significant);

cross B, however, showed a highly signíficant negaÈive correlation for

lllnnipeg and a highly significant positive correlation for Swift Current"

These results can be better visua Lized by looking at Table 1.2, in
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whlch tillering of groups of spaced F2 plants is compared to the tillering

of meter rorvs of derived F4 lines. The diffcrence of tillering response

of the two crosses at the two locations ls at once apparcnto In cross A,

FO tillcring was relatively high at both locatlons. In cross B howcvcr,

F4 t11lcr1ng at Winnlpeg vras much higher than Èhat at Swtft Current.



TABLE 1" 1

SIMPLE CORRELATIONS TO F2 PLANT

Y Variable

F2

Fz

F3

yíe1d

yield/ti1ler

tí llers (mean)

(i) lighr insens.
1 ines

(ii) segregating
lines

tillers (per meter)

(i) I^Iinnipeg

(ii) swifr currenr

TILLERING (X)

Cross A

F+

4B

63

63

"92':n^,

.01

I7

Cross B
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64

64

E^-r-
OJJ^

.32)(':r

L93

t93

.95r',-k

"13

35

"13

.15'k

34

, \);<*

"J¿+^

2L5

2ts

-.1Çtr'::

" J' l:k>k



TTLLERING OF SPACED F^ PLANTS
¿

COMPARED TO TILLERING IN F4 ROi^rS

F2 F2
Ti 1ler Tiller
Group Number

TABLE 1" 2

I
2
3

4
5
6
7

8
9

Nurnber
of

Lines

2-5
6-10

11 - 15
L6-20
2L-25
26-30
31 - 35
36-40
4L-45

hlinnipeg

F4 tillers per meter row

29
19
28
2B
to
15
L9
18
11
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Mean

Cross A

L

2

3

4
5
6
7
()

9

10

141 .5
L27 .9
L26.L
169.9
151. 1

1s 1.6
160.3
L24"6
Lt+g.7

Rank

2-5
6-10

11-L5
t6-20
2L-25
26-30
31 - 35
36-40
4L-45
46-50

SwifË Current

Mean

6

7

B

1

4
J

2

9
5

27
23
26
2B
30
23
22
L2
20

4

Cross B

Rank

L27.9
116 .0
123 .0
L25.9
119.1
LT2.7
139.0
L20.2
T43 "3

L36.4
L43.7
132.7
L34.4
126.8
I20.2
L39.9
L02.6
114.8
117.3

aJ

B

5
4
7

9
2

6
I

3
1

5

4
6
7
)

10
I
o

76.6
77.4
72.8
76.4
78 "6
72.5
79.3
B 5.3
86.7
85.0

7

6

9
8
5

10
4
2

i
3



The low tillering of cross B at Swift Current permitted the highest F2

tiller groups to ti1ler t,he híghest: thus to express their geneÈic

potenËial for tillering above thaÈ of the lower F, tillering plants.

At l^/innipeg however, cross B FO lines of the highest F2 tíllering groups

had in fact the lowest. numbers of fertile tillers per meter ror.r. ThÍs

could possibly be explained by the generally good growing conditions

for the cross B genotypes at i^/innipeg, permitting the lower F2 tilleríng

groups to tiller relaÈively profusely in the F4r and even reach a maximum

possible for the row plantings: a ti1ler ttsaturationrr. The highest F2

tiller groups, in producing many tiller íniËials during a relatively

moÍst spring, may have ended by producing many partíally or totally steríle

tillers due t,o a dry June (Appendix III), which prevented many tíller

ínitÍals from heading. Thus inÈra- as well as interplant competitíon may

have limited the number of fertile tillers produced. This could help to

explain the significant negative correlation obtaíned in Table 1.1 for

F2 plant tillering to F4 row tilLering in cross B at trrrinnipeg"

Table 1.3 presents Spearmants Rank Correlatíon Coefficients of

single plant Èillering (in nt and F3) and fertile tillers in a meter of

F4 rolr to F4 and F6 yields. All correlations to F3 tiller number were

non-signif icant. The F, generation rvas gro\^irì in Mexico. Thus, the very

different growing conditions (shorter daylengths, irrigation) make F,

plant tillering of no value as a criterion for predicting subsequent

yield. Both crosses had highiy significant positive correlations betwecn
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F4 tillers and F4 lield. Correlation of F4 tiller number \das non-signif-

lcant to F6 yield except for cross B at \^iinnipeg (Glenlea), in which case

ít was negative. Ln cross A, a highly significant positive correlation

oL F2 tillering was only obtained to F4 lield aË l^Iinnipeg. In cross B,

only FO yield at Winnipeg did not have a significant positive correlation

to F2 tillering.

Table 1.4 corroborates the finding of highly significant posiLive

correlations of F4 tillering per meter rorç to F4 Vield presenced ín

Table 1.3. 1n both crosses and at both trrlinnipeg and Swift Current, the

highest Ëillering groups of F4 lines tended Èo be associated with the

highest yields, while the lowest Lillering groups of F4 lines tended to

have the lowest yields.

In cross A (Table 1.5 (a)) ut both trIinnipeg and Swift Current, Lhe

highest yielding F6 group of lines was derived from the highest tillering

F2 group of plants, Holvever, the second highest yieldin8 F6 group was

derived from the lowest tillering F2 group. In cross B (Table 1.5 (b)),

the top F2 tillering groups of plants tended to produce the highest

yielding groups of both FO and FU lines at Swift Current and FU lines at

Irrinnipeg. In the FO of cross B at Winnipeg, the top three F, tilleríng

groups were the lorvest yielding groups. In view of the híghly significant

positive correlation of F4 til leríng to F4 yield for cross B at l,Iinnipeg

(ta¡le I.3), the discussion presented above concerning the finding of

lower fertlle tillers per meter row for Lhe highest F2 liller groups
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F4 Nr¡rnber
Tlller of
Group llnes

FERTILE TILLERS PER MITTER COMP^IIDD 10 YIILD IN F4

I

2

3

4

5

6

7

8

9

10

Tf I ler
Number

Range

20

20

20

20

20

13

20

20

20

20

TABLE I.4

Llnes fn
t.op 20

for yleld

Hlnnlpeg

73 - r09
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L32 - I37
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14s - 15r
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L76 - 235

0

I

3

0
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3
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I
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7. of Mean Rank
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(table L.2) as a result of intraplant eompetition pertains.

Table 1"6 compares the effecÈiveness of selecting on the basis of

F, plant criteria to selecting on the basis of FO line yield. The test

generalion vüas the F6. High and lorv F2 tillering, hieh F, yield, and

high F, yield per till-er are compared. On the average, 3 to 4 lines

were derived from an F, p1ant. Therefore, lines from approximately 5

to 7 F, plants comprised the 19 to 2L lines included in the 10% selected

lines. hfhen the íntensity of selection was LO%, in both crosses at

Winnipeg and in cross B at Swift Current, híghest F2 tíl-lering result,ed

in higher mean yields than F4 Tield selecrion (Table 1.6 (a) and (b)).

rncreasing the intensity of select,Íon to the three or four (about 2%)

lines derived from an exLreme F2 plant, high F2 tillering rvas inferior

to the top four F4 Vielding lines as a selection criterion for cross A

(faUte 1.6 (a)). liowever in cross B, lines from highest, F2 rillering

plants showed a substantial yield increase over those yielding the

highesr in F4 (table 1.6 (b))"

56

Table L"7 presents the top six F2 familÍes (approxirnately 10%) for

yield. Yield of all Lines in Èhe family was averaged over tl'Le two genera-

tions (F4 and F6) and over both locatiors (l,linnípeg ancl Swift Current).

T\.venty tillers per F2 ¡'rlant was the approximate average. r.n cross A,

four of the six families were frorn Frls of above average cillering; whereas

in cross B a1l of the top six iamilies were derived from I¡, planrs of

great.cr than average tillering" Thus tcn of the top yielding trvclve F2

famllies were above average for It2 plant tillcring. Thereforc, the re-
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T^ULE 1" 7

AVEITAGE TOP YIELDINC FAM]LIES TN F4

AND F6 AT mNNIPEG AND St^Ir¡T CURRENT

Fami 1 y
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rank
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sults presented indícate thal above average F2 tillering was a useful

selection criterion for future generation yie1d.

Thus, while Ëhe genetic differences of crosses, concerning the in-

fluence of single plant tillering on future yield in ror'r stand need to

be considered, the general conclusion of McGinnis and Shebeski (f968)

can be concurred with: that well-Èillered vígorous F2 plants lvil1 in-

crease Èhe general yielding capacity of lines in subsequent generations.
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) Grain Protein

(r). Selecting for high kernel protein

To obtain an estimation of the uniformity of performance for grain

protein over generations, rank correlations between F, sÍngle plant

prorein and each of F4 and F6 are presenred in TabLe 2.1 (top). The F2

generation $7as only grown at trriinnipeg. All these inÈergeneration corre-

lations vrere significant (p : 0.05 oï 0.01). correlations of protein

contenË of planÈs or plots in generations closer together (n, to Fo;

F4 to F6) were generally higher than t,hose from F, to F6. AlL cross B

correlations were higher than the corresponding cross A correlatÍons,

whlch could be explained by a lower genotype-year interaction for cross

B than for cross A.

Selecting for high protein among F2 single plants was effective in

increasing the protein content of F4 lines derived from these planËs

(table 2'1, bottom). The F6 protein conrents of the same lines from the

top F2 plants resulted in protein levels 6.6 and 5.8% above the popula-

tion mean at I{innípeg and swift current Tespectively for cross A. For

cross B, selection for high protein in the F2 appeared Ëo be less effec-

tive than in cross A for increasing the F6 protein level (table 2.1,

botcom), in spite of the higher F, to FU rank correlations for cross B

(table 2.1, top). The same table shows that while for cross B, F4 selec-

tious l^Jere more ef fective than F2 selections for incrcasing FU protein,
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for cross A, F, selections appeared to be more effective. These apparent

discrepancies of selections for protein compared to the intergeneration

rank correlations could have resulted from differential sampling errors:

unrePresentative samples involved to some extent in the selected 1ines.

This possibility definitely exists because only one gram of the seed was

used for determining protein of an F6 line.

Selecting for high F4 protein at one location and Èesting in F6 at

the other, $/as no more effective in increasing the protein level of

cross A as selecLÍng in F4 and Ëesting in F6 at the same locaËion (table

2.1-, bottom). The same Ëable shows a protein increase for F4 protein

selection at swift current and F6 testing at winnipeg (Glenlea) for

cross B. selection in cross B for high F4 protein at swift current

lras also slightly more effective for increasing F6 protein at t,haË

location than F4 selection at Irrínnipeg was (table 2.1, bottom) "

Heritability estimates for protein based on the F6 data, were 69

and 51% for trIinnípeg and Swift Current respecÈively of cïoss A and 53

anð, 65% for the respective locations of cross B. The signíficant inter-

generation rank correlations presented in TabLe 2,1 (top) are further

indicators of the relatively good heritability for prorein. Thus, in

spite of possible sampling errors, it appears from t.he two crosses dealt

wíth, that progress can be made by starting selection for high protein

in the F2, irrespective of location.
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(b). Relationship between grain protein and yleld

As shown in Table

pLant protein to each

r{ere negative.

2.2 simple correlations

of tíller number, yield,

snfPLE CORRELATIONS 0F F2 SINGLE PLAITT

PROTETN TO YTELD, TTLLERS, AND YIELD/TILLER

Cross

TABLE 2.2

A

B

for

and

Number
of

PlanÈs

Cross B differed from cross A in that in the former, the negative corre-

lations of protein to tiller number and protein to yield were highly sig-

nificant, (p : 0.01).

both

yield

64

Significant at 5% level
Significant at 17. level

crosses of. F2

per Èi11er

80

87

Tí1 ler
Number

Simple correlations of protein content to yield of corresponding plots

fi€e: non-significant positive for both crosses in F4 at Winnipeg; highly

slgnificant positive for both crosscs in F6 at Winnipeg; highly significanE

negative for both crosses in F4 and for cross A in F6 at Srvift Currcnt;

and non-stgnificant ncgative for cross B in F6 at Swifc Cur::ent (table 2"3,

top). It becomcs strikingly apparent when comparing thc corrclations ob-

-0. 15 -0.22-:c

-0.59'k'k -0.62?k)'r

Yie ld YÍe ldlTi 1 ler

-0.24':r

-0.26t,
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tained for the same genetic material (a11 lines vtere grown at both loca-

tions) that there need not be an inherent negative correlation between

protein and yield. TÈ is possible that at swift current during particular

crucial periods of nutrient requirement, essential metabolites rvere not

optirnally available. This could result in negative correlations between

yíe1d and protein, as suggested by Brandenburger (L970). Alt,ernatively,

the posiËive correlaÈions obtained at l^Iinnipeg may have been due to both

protein and yield being adversely affected by the lack of soil fertílity

in cert,ain areas of the field defícient in nitrogen, as suggested by

Briggs et al. (1969). The negative correlations between F4 protein and

F- yíeld (table 2.3) can be explained on the basis of differentíal re-
b-

sponse of protein and yield to the environments pertaining in the two

dífferent years "

Selecting for high yield in the F4 resulted in somewhat reduced pro-

teÍn contenÈ in thaE generation for both crosses at Swift Current and for

cross A at trrrinnipeg (Table 2.3, boÈËom). In the case of cross B, the pro-

tein content of lines selected for yield in F4 averaged slightly above the

population mean" For both crosses, the protein reduction associated with

yield selections was greater at Swift Current than at trIinnipeg. In the

F6, the protein level of the lines selected for yield in F4 was lowest

in cr:oss A at Srvift Current (table 2.3, bottom). The other protein

levels r.¡eTe very close to the populati.ou mean. As can be seen from

TabLe 2.4, some of the top yielding lírres were also in the top protcin

group. None of these lines rutas ïepresented at both loc¿rti<¡ns or in both

genera tlons .
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TABLE 2.4

NIJMBER OF LTNES ]N CO}ß.ÍON TO TOP

20 FOR YTELD AND TOP 20 FOR PROTETN

GeneratÍon llínnipeg Swift Current

Fa

F6

Of the average top yíeldíng 10% (six) F, families the lowest ín pro-

t.eín were 8.6 and 3.8% belov¡ the population means for crosses A and B

respectively (table 2.5). These famílies had 11.7 anð 7.6%hígher yields

than the population means of crosses A and B respectively (Table 1.7,

page 60). Cross A had lower relative protein levels compared to the re-

spective populatíon mean than cross B for these top yielding families.

In cross B, family 66 had a protein level of 104.8% of the population

mean (Table 2.5) with a yield leveL of LI2.5% of the population mean

(Table l-7). It is possible that the generally slíght decrease ín pro-

tein v\rith increasing yield, and the one íncrease in protein pointed out'

above, are due to a lack of a close relationshíp among the parents, as

has been suggested by Platzer (L97I).

The possibility of only slight decreases, if any, in protein when

selecting for high yield in the t\.¡o crosses dealt with are inclicated by

the data.

Cross A

1

1

1

1

hlinnÍpeg Swift Current

67

Cross B

1

4

0

2



PROTEIN

FAMILIES ]N F4

Yield Rank

LEVEL OF AVERAGE TOP Y]ELDING

AND F6 AT WINNIPEG AND SWIFT CURRENT

TABLE 2.5

1

2

3

4

5

6

F2 Plant
No.

Cross A

42

28

4s

82

BO

39

Protein
(% of popul. mean)

6B

94. r

9L.4

97.r

94.3

9L "9

94.0

F2 Plant
No.

Cross B

45

61

66

B4

82

92

Protein
(% oÍ popu1. mean)

98. s

99.4

104. B

97.9

98.7

96 -2



(c). Selecting for high protein per area

Table 2.6 shows very clearly Ëhat high protein per unÍt area was

more closely related to high yield than to high protein. For both

crosses, in both the FO and FU generations at both Winnipeg and Swift

Current, more Èhan half of the top 20 lines for protein per area v/ere

also in the top 20 lines for yield; rvhile substanÈially less than half

vrere also in the top 20 for kernel protein.

RH,ATÏONSHIP OF HIGH PROTE]N PER AREA

TO YIELD AND KERNEL PROTE]N

Top 20
Line
Selectíon
Bas is

69

TABLE 2.6

YieId

Kernel
protein

I.Iinnipeg Swift Current

Number of lines in top 20 for protein/ha

These results are of importance to breeding programrnes for feed ¡vheats

and for wheats for human use in which a primary concern is the quanLity of

protein produced and not the breadmaking qualily of the wheat pel se. The

above data (fable 2.6) would suggest that selecting for high yield in these

Cross A

F4

L4

4

F6 F4

L2 T4

F.
o

lrrinnípeg Swift Current

16

2

F4

Cross B

I2

4

F6 F4

15 14

73

F,
o

T7

J



crosses t^¡ou1d be more advantageous than selectÍng for grain proteín, if

the breeding goal includes high protein per aïea as a criterion. Thus

ín fact, lines can be selected giving high'yíeld as well as high protein

per area.

(d) " Protein per se and as percentage of adjacent conËrol plot

The correlation of proteín content of control plots of decreasíng

contiguity in both years, 1970 and L97L, and at both locations, t^Iinnipeg

and SwifÈ Current, showed an initíal drop from high to low (fig. 2"L)"

Correlations of the closest distance between control plots (i.e. separa-

ted by tÞro test line plots) varied considerably as follows: 0.76 and

0.68 for A and B Bulk FOrs respecrively ar winnipeg (Fig. 2.I (a)); 0.53

and 0.39 for A and B Bulk FOis respectively at Swift current (Fig' 2"I

(b)); 0.47 and 0.77 for Neepawa Ln L971 ar rhe University of Manítoba

Campus and Glenlea respectively (Fig. 2.L (c)); and 0"63 and 0.78 for

Neepawa in 1971 in cross A and B respectively at Sv¡ift Current (fig.

2.i (d)). These initial correlations r{ere all highly significant. The

most consistent decrease in correlations with decreasing contiguity

among control plots was obtained for Neeparva in 197L at triinnipeg (Glenlea)

(Fig. 2.1 (a)), indicating a strong degree of soil heterogeneity rqith non-

uniform graclicnts. Al1 the test sites indicate a considerable degree of

soil heterogenei ty as jucl¡;crcl l>y this criterion of control plot correla-

tio¡s f or protci.n of plots with decrcasi.ng cor-rt- i.grri.ty. Thescr restrlts

tl'rrrs enrphasize the uti Ii ty of enrployi.ng frcqucnt coutrols ¡rs j.r-rcl j.cators

70
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of plot-location-effects on gral.n protein content.

Selecting the top 20 lines for protein in FO and F6 by each method,

per se and asrrpercenlage of adjacent control plot," resulted in selec-

ting less than half the lines in common, on the average (TabLe 2.7, top

section).

The number of lines of the top 20 FO línes for protein which had

above average protein content.s in FU rvas almost identical for the two

methods of selecting for cross A (Table 2.7 , centre section). The

mean FU protein content of the 20 F4 selected lines of cross A was vir-

tually identical by both methods, at both locations. In cross B at

trrlinnipeg, adjustment resulted ín more FO selected 1ínes which r¿ere above

the mean in FU. The 20 F4 selected lines had a slightly higher FU mean

protein content than lines selected in FO without adjustment. The same

section of Table 2.7 shorvs that for cross B at Sivift Current the reverse

occurred: unadjusted protein content resulted ín more FO selected lines

with above average FU means and the 20 F4 selected lines had a higher FU

mean protein content than lines selected in FO without adjustment for

adjacent control p1ot.

73

Error variances Ín the FU: of data anaLyzed

the greatest difference betrveen the tlo methods

(Glenlea) (Tab1e 2,7 , bottom section) . Horuever,

iance differences were significant (p=.05).

The bottom sectior-r of Table 2.7 also shoivs

for the FU proLein data. Thcre was very litLlc

in standard units, shorv

for cross B at Llinnipeg

none of the error var-

the heritability estimates

diffcrence amoug methods
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for heritabilities of cross A ar i^/innipeg and of cross B at Siuift Current

Adjusting for adjacent control ploc protein increased the heritability

estimate of cross B protein at tr^Iinnipeg (Glenlea) from 53.05 to 66,02%.

The greatest improvement in reliability of selection, for grain

protein by adjusting on the basis of adjacent controls, \.^ras actually

obtained for the cross B nursery at [linnipeg (Glenlea) ín L97L (Table

2"7), This corroborates the finding of very heterogeneous soil condi-

tions deduced from Fig. 2.7 (c). i^Ihil-e TabLe 2.7 shows no ovenvhelming

evidence to favour adjustments on the basis of adjacent control in the

case of the other nurseries, the appropriate graphs shown in Fig.2,l

indicate the very definite presence of soíl heterogeneity ín those

fields. Adjusting by using adjacent control plot protein conËents

would t.end to reduce these effects of soil heterogeneÍty.
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3" Selecting for i+ide yleld adaptabÍlity

Ln order to assess the relationshíp between F4 yield at one loca-

tion or thetMean over locationsrrand F6 yield at l"Iinnipeg, Swift

Current and the llMean over locationsrrr rank correlations for yield

were obÈained (Table 3.1). This table indicates essentially no

correlation between F4 Wfnnipeg yield and F6 yield at all- three site

variables. Swift CurrenË F4 yíelds vrere sígnificantly (p:.01) correla-

ted to F6 lields at Swift Current and those for thetMean over loca-

tíons.rr Lower, but also significant (p:.05 or .01) correlations were

obtained forrrMean over locationsrtF4 Yields and F6 yields at Swift

Current and as llMean over locations.rt

Using the number of lines cortrnon for the top 10% (20) lines for

yield in F4 and F6 as criterion of conslancy of yield performance over

generations, Table 3.2 is presented. At this selection intensity, in

Cross A, the greatest agreement, was found between F4 Swift Current and

F6 Swift Current as well as FO rrMean over locationsrr and F6 Swift

Current; both of which had 5 of the top 20 lines in conrnon. fn cross

B, FO Winnipeg and FU i'linnipeg had 5lines in common, as did FO Swift

Current and FU Swift Current "

Tn selecting for rvide adaptability, lines need to be selected

which perform well at several locations. To test whcther at either

of the locaLions it r.¡as possible to i.dcntify average high yiclding

lines or fanilles u Tabl e 3.3 is pr:esented. lìrc¡m this table it can be
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TAI]I,E 3. 1

SPEARMANIS RANK CORRELATION COETFICIENTS TOR F4 AND F6

YlELD OVER LOCATIONS

Loca tíon
of
F4

hrinni peg

Swift Current

Mean over
locations

Mean over
I,Jinnipeg Swif t Current loca tions

Cross A L;ross lJ

(N : 193)

:k Significant at
*-tr Significant at

,02 -.05

.10 .Jl:'c;k

" 11 . 15*-

Location of F6

s%

L%

leve 1

leve 1

.00

" ¿+,'^

" 16>k

77

Mean over
l^/Ínnipeg Swif t Current loca tions

TABLE 3.2

NUMBER OF LINES CO}ßfON TO TOP

YTELDTNG 10% (20) oF F4 AND F6

Loca ti on
of
F4

-.01

.11

.06

1¡ : 2tS)

I^Iinnipeg

Swift Current

Mean over
loca tions

-.07

. {Q""-:k

" 1J^^

Winni

Cross A

-,02

" 
J l;k:'r

.lQ't:!:

3

aJ

Swi ft
Current

Location of F6

3

5

5

Mean over
locations

4

4

4

I^iinnipeg

Cross B

5

)

2

Swi ft
Current

¿

5

2

Mean over
loca t i ons

4

4

2



seen that on the average, for both crosses, 1n FO and FU more of the

top ylelding lines and families astl'fean over locationsrr were in the

top l0% aÈ Wlnnipeg Èhan at Swift Current" The lines and families Ín-

volved in the numbers of Tables 3.2 and 3,3 can be found in Appendix V.

One family of cross A, ntrnber 42, was in the Èop ten percent (six) for

yfeld in FO and FU at both locations as well as on a tMean over loca-

tionstf basis. Table 3.4 presents the yield performance of this family.

l,fEAlr YIELDS 0F LINES ÌN FAIIILY 42, CROSS A

(as percent,age of population mean)

F4

F6

78

ÎABLE 3.4

Wlnnipeg

150.3

114 .3

Such a family is very desirable in breeding for yield: high year to

year yield at such diverse sites as Winnipeg and Swift Current"

Table 3"5 presents the top two yielding lines and families ín F6

and indicates which ones were identified in the top L07. in F4 and

where. clearly more of the top F6 l1nes were selected in Fo ax

Winnipeg than at Swift Current"

SwifÈ CurrenË

115.9
rr2 "4

Table 3"6 summarlzcs the results

diffcrcnt íntensitles and testing the

Mean over locatíons

133. I
113,4

of selectlng for yield in F4

sclcctcd lines and families

aE

in



TABLE 3.3

NI.JMBER OF TOP YIELDINC;

LrNES (20) a¡¡o FAr',rrLrES (6) rN

llinnipeg

Swift Current

1 ines
fami lies

l0% F4 AND F6

COMMON TO LOCATIONS

Mean over
loca tions

Wlnnipeg

F4

1 ínes
fami lies

llnes
families

F6

Swift Current

Cross A

F4

26
I2

L2 T4

44

79

HTGHEST YIELD]NG

Yle ld
Rank Winnipeg

F6

ìlean over Locations

Cross B

1.
2.

TABLE 3.5

F6 LINES AND F2 FAMTLIES IN F6

F4

Cross A

Mean over
Swift Current locations

225

100

T2
5

1.
2.

F6

a

b

c

13
2

30
BO

Selected by top
Sclectccl by top
Sclcctcd by top

14lac
181

Top 2 F6 lines

Top 2 F2 familíes in F6

79

5B

103.

14lac

Mean over
Winnipeg Swift Current locations

10% F4ts
107. lO t t
10% FOts

30
42abc

Cross B

at Winnipeg
at Swift Current
¿rs Mcan ovcr loca t ions

75

24ob

92

82

7ga

'Jrb

6

51

7 6ac

133a c

92
B2



Lo
ca

 c
 !o

n
of F

4

Y
le

ld
S

el
ec

tl

!i!
nn

 1
 p

eg

se
!ft

 
C

ur
re

nÈ

llæ
n 

w
er

Io
ca

 t
 io

ro
+

T
A

B
LE

 3
.6

Y
IE

LD
 S

S
LE

C
T

IO
N

S
 

IN
 F

4 
^1

 E
i\C

H
 L

O
C

Â
T

IO
N

 
T

E
S

T
E

D
 IN

 P
6

Ll
ne

s
F

am
l 

I 
le

s

L 
ln

es
F

am
l 
Ile

s

Ll
ne

g
F

an
l 

I 
f 

es

!¡
ln

n 
I 
pe

g

S
P

lft
 C

ur
re

nt
.

H
sn

 o
ve

r 
lo

ca
tlo

ns
*

l¿
ln

nl
pe

B
 

S
ul

 ft
 

C
ur

rc
nÈ

H
ca

n 
yl

el
ds

 1
n 

F
6 

(p
cr

cc
nt

ag
c 

of
 p

op
ul

at
lo

n 
m

ea
n)

C
ro

ss
 A

 
G

ro
ss

 B

T
op

 1
07

 F
4 

lfn
es

 (
20

) 
¡n

d 
fa

nt
lle

s 
(6

)

10
0,

 5
98

.9

10
0.

 3
10

5.
5

10
0.

 I
10

1.
0

lrl
nn

 I
 p

e 
g

S
sl

fÈ
 C

ur
re

nÈ

H
æ

n 
ov

er
 l

oc
at

lo
ns

*

Ll
ne

s
14

2 
tlt

 4

95
,1

33

Lt
 3

,L
42

t0
1.

1
10

0.
4

I0
5.

2
t0

5.
4

10
t.3

t0
1.

7

H
ea

n 
ov

cr
*

lo
ca

 c
 fo

ns

F
am

l 
IY

'lJ
ln

nl
pe

g 
42

S
vl

ft 
C

ur
re

nt
 

28

Ì.{
sn

 o
ve

r 
lo

e-
 

42
t 

lo
ns

 +

I 
12

.6

10
9.

4

11
2.

6

t0
0.

8
98

. 
5

10
2.

7
I0

5.
4

10
2.

9
l0

l,3

Li
ne lt,

2 95

14
3

T
op

 l1
 (

2)
 F

4 
lln

es

nt
.7

t1
6.

0

10
9.

8

H
c¿

n 
ov

er
*

lJ
ln

nl
pe

g 
S

vl
ft 

C
ur

rc
nt

 
Io

ca
tlo

ns

10
7.

 4

,7
05

.7

11
7.

9

* 
H

*.
 

ov
er

 l
oc

a 
tlo

rl9

11
2.

2

tL
2.

7

III
.7

T
op

 I 
F

O
 ll

ne

I0
5.

 t
t0

2 
.4

t0
3.

5
l0

t.8

t0
1.

7
10

1.
7

Ll
ne

s

lll
 r

U
tz

14
3,

Lt
 4

93
, 

94
95 t4
I,l

42
t4

3,
 1

44

It9
.6

11
4.

7

I0
0.

 I

L 
fn

cs
13

3,
 1

32

?3
8,

22
8

t9
6,

 t
33

10
3 

.3
t0

ó.
6

10
6.

9
10

5.
7

10
7.

3
t0

6.
 7

I 
14

.3

lll
.7

11
4.

3

t1
3.

5

I 
t0

.2

10
9.

0

T
op

 I
 F

4 
fa

ol
ly

=
 (

H
fn

nf
pe

S
 d

¡t
a 

as
 p

er
cc

nt
ôB

c 
of

 t
he

lr 
po

pu
la

tlo
n 

nr
ca

n 
*

S
ul

fÈ
 C

ur
re

nÈ
 d

at
a 

as
 p

cr
ce

nt
aB

e 
of

 E
hc

fr
 p

op
ul

ac
lo

n 
m

ea
n)

/2

I0
4.

2
10

4.
5

10
5.

2
t0

3.
7

10
6.

0
I0

5.
2

I0
0.

0

I1
3.

6

It7
.0

11
2.

4

tt3
.3

I 
12

.4

Ll
ne Il3 23

8

r9
6

10
9.

ó

99
.0

10
2.

 6

F
am

l 
lv

 
Ll

nc
s

11
3.

4 
45

 1
32

, 
r3

l
13

4,
13

5

1I
2.

5 
90

 2
36

,2
37

23
8,

23
9

11
3.

4 
62

 t
87

,1
88

10
2.

9 
.1

06
.5

10
5.

3 
10

9.
5

t0
2.

9 
10

6.
5

I0
4.

 0

10
6.

3

10
9 

.8

t0
2,

ó

10
4.

1

98
.3

t0
4.

 7

10
7.

4

t 
14

.9

t0
9 

.6

10
4.

8

I0
2.

ó

t0
ó.

 I

t0
4.

 5

t0
0,

5
O



the F6. The main question to be answered by this table Ís: which F4

site variable gave the highest F6 yields asrrMean over locations?rr At

the lower intensities there was either not much difference between site

variables in selecting for wide adaptability as measured by the rMean

over locationsr" o. Swift Current F4 selections tended to resull in

higher F4 yields. However, when selecting the t,op F6 line or family,

the highest F6 yield as rMean over locationsrr was obtained by selecting

at l^Iinnipeg or on the basis of rrllean over locations.rr

Tables 3,3,3.5, and 3.6 thus tend Ëo indicate thaË for identifying

lines or families of wide adaptability, I^Iinnipeg 'bras more reliable than

Swift CurrenË. Table 3.7 presents the coefficienËs of variation (C.V.)

for yieLd at these two sites:

B1

TABLE 3.7

Y]ILD VARIABÏLTTY EXPRESSED ÏN COEFFTCTENTS OF VAR]ATTON

Cross A Cross B

I^/ínnipeg
Swíft Current

In each of the two years and for both crosses, i^linnipeg had a greater

C.V. thus greater variability for yield -- than Srvift Current did.

The high correlaLions obtained for Swift Current yields (Table 3.1)

are in fact an indication of the lower variabilíty expressed at that

site, With intense selcctions for high yie1d, smaller dÍffcrenc€s ex-

F4

19 "45
13 .53

F6

L5 ,47
12.28

F4

23 .58
L9.47

F6

23 "77
L7 "56



pressed betrveen lines and famllies at Swift Current enhance the likeli-

hood of missing top yielders due to even sma11 mechanical errors intro-

duced in the plot technique. The wider variability expressed at

Winnipeg would be as a result of more favourable growing conditíons.

High yielding lines or familíes could respond to these favourable

growing condit,ions: resulting in yields subsEantially above that of

the population mean. Thus, the yield differences being greater, the

extreme top lines or families would not likety be missed with intense

selections at I,Iinnipeg, inspite of some degree of mechanical errors.

Real yield differences could therefore be more readily selected for in

the F4 at l^Iinnipeg than at sv¡ift current, resulËing in high yielding

lines and famllies at both locations in the F6.

B2



4. VfsuaI selectíon for yield

In order to assess the effectiveness of visual selectíon for

yield, in the Fo and FU nurseries at hlinnipeg and swift current, each

selector was asked to choose t.he lines which in his opinion were the

hÍghest yielding lines. The average number of lines each selector

chose from the actual top L0% (2O) lines \^7as recorded. The mean ratio

of this number of lines included by each selector from the top 20

yielding lines to t,he number expected at random was calculated. The

number of lines expected at random !.ras calculated in the followÍng

Íìanner:

Nr¡nber of lines expected at random : (No. of top yÍelding
lines/tota1 no. of Lines) x No. of línes visually
selected

For example: if a selector chose 22 lines, the number of lines ex-

pected aÈ randsrn in rhe rop 20 yielding línes rvould be: (20/193) x

22:2"9"

B3

In the F4r visual selections for yield were carried out by two.

selectors at each of the two locations, Each selector, using his own

criteria for visually assessing yield, selected as many lines as he

f elt, were necessar)' to include tl're best yielding 1ínes. The results

of thcse visual selections for yield are summarized in Table 4.1.

selector 1 Ídentiflcd flve times as many of the top 20 yielders as

t+oulcl be expected at ra¡rclom 1n cross A aE winnlpeg, and 2.9 times the

random expectatlon ln cross lJ. on thc avcragc, thc two selecEors at
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each location were able to visually identify more than twice as nìany

of the top 20 yielders as would be expected at random' At Winnipeg

the visual selections averaged 110 and L20% of. the population mean for

crosses A and B respectively" At Swift Current the corresponding

values were 104 and L02"/.. These differences to some extenl reflect the

different critería that may have been employed by the different selec-

tors in their visual selections. One selector, of two, was conmon to

both locations. However, more importantly than selector differences,

these differences between Llinnipeg and SwifÈ Current are a reflectÍon

of the differences in the variabilíty for yield (table 3.7). The great-

er variability at Winnipeg made it easier to visually identify lines with

ouÈstanding yield. I^Iith the lower variability at Swif t Current, the

yíelding ability of lines lended to appear more uniform: hence high

yieldíng 1ínes could less readily be visually identified.

In the F6r selectors with a great diversity of experience in breed-

ing and selecting were asked to make visual selections for yield. These

people \^rere considered in three groups: experienced selectors, compri-

sing people actívely working in plant breeding; semi-experienced selec-

tors, comprising graduate sÈudents in cereal breeding and/or students

\,Iith farm backgrounds; and naive selectors, comprising people not associa-

ted with breeding or farming. llxcepting selectors 7 and ll, differenl

s electors were involved at the two loca tions . At trlinnipeg each s elector

chose from 22 to 25 lines visua1ly. At Swift Current several selectors

nrade fir:st, sccorid, and third choiccs. Ii'or tire salce of morc unifor-m

B5



comparisons, only first choices are presented ín TabLe 4.2, whÍch

sunnnarizes the results of the F6 visual selections. Excepting cross

B at Winnípeg (Glenlea) in whích case oniy one selector represented

each group of selectors, the means of ratios of visually selected Ëo

randomly expected lines from the top 20 yielding lines and the yield

means of visually selected lines show a very clear trend: experíenced

selectors with the highest means; semi-experienced selectors with in-

t,ermedíate means; and naive selectors with the lov¡est means.

It should be pointed out that most selectors in undertaking this

exercise spent much less time selecting than should be reasonably ex-

pected of a breeder in his own progranme, and generally observed the

lines only once, jusÈ prior to harvest, Nevertheless, experienced and

semi-experienced selectors were able to make very definite yield im-

provements beyond what would be expected from random selection. The

fact that nine selectors (experienced and semi-experienced), in their

vísua1 yield selectíons, completely missed 3 of the top 20 yíeldíng

lines in each replicate of cross A at l,,rinnipeg would suggest that in

order to minimize the risk of discarding high yielding lines, the in-

tensity of visual selections should be decreased.

rn both crosses, yield means were higher at t/innipeg than at swift

Current (table 4.2) " Aside frorn the dif f erences in porver of vísuaI

selection among the different selectors, this <lifference can once again

be partly accountecl f or by the greater vari.rbí lity exprcssecl , hence the

greater coefficient of variation for yield at l,iinni¡rcg than at Swift

B6
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Current (Table 3.7) 
"

rn order to more adequately compare visual selections to yield

selections, selected lines need to be tested in a later generatÍon.

Table 4.3 presents the F6 yield means (as percentages of the respec-

tive population means) of lines visually selected in Fo, as rvell as

the F6 yields of the top 20 F4 yielding lines. These results are for

the same selectors, and hence lines vísually selecËed, for which the

F4 data are suÍrunarized in Tabre 4,1. At winnípeg, the F6 mean yíeld

of F4 visually selected lines of both selectors in cross A exceeded

the mean yield of F4 yield selected lines (table 4.3). Tn cross B ar

I^Iinnipeg, both selectors I selecËions averaged below the F4 yield selec-

tions. This \^ras also the case for cross A at SwifË Current. In cross B

at Swift Current, lines chosen visually by one of the selectors averaged

above the F4 yield selections. As an average over both locations, actual

F4 lield selections T¡/ere 1.8% above visual selections. Thus, on the

average, in the material tested, visual selection in one generaÈion v/as

not very effective Ín increasing yield in a follorving generation.

However, actual yield selection of che top L0%F4 lines was only slightly

more effective in raising the F6 yield above the population mean.

BB



T
A

B
LE

 4
"3

V
IS

U
A

L 
S

E
LE

C
T

T
O

N
S

 F
O

R
 Y

T
E

LD
 T

N
 F

4 
: 

T
E

S
T

E
D

 ÏN
 F

6

S
e 
le

ct
.o

r 
I

S
el

ec
to

r 
2

S
el

ec
to

r 
3

I'i
ea

n 
of

 l
in

es
vi

su
a 

lly
 

se
le

ct
ed

M
ea

n 
of

 t
op

 2
0

yi
el

di
ng

 
F

4 
lin

es

M
ea

n 
yi

el
d 

of
 F

4 
se

le
ct

ed
 l

in
es

 i
n 

F
6 

as
 p

er
ce

nt
ag

e 
of

 p
op

ul
at

io
n 

m
ea

n

C
ro

ss
 A

W
in

ni
pe

g

L0
7 

"5
L0

2.
6

I0
3 

.7

10
0.

5

C
ro

ss
 B

L0
4,

7
10

2 
.8

10
3 

.6

10
5.

 1

Lo
ca

 ti
on

M
ea

n

10
6"

1
I0

2"
7

L0
3 

"7

10
2 

.8

C
ro

ss
 A

S
w

ift
 C

ur
re

nË

t0
2.

7
98

"9

10
1.

 0

r0
5 

"2

C
ro

ss
 B

to
i.+

10
7.

3

10
3 

.9

10
6 

.9

Ile
an

 o
ve

r
Lo

ca
tio

n 
C

ro
ss

es
 a

nd
M

ea
n 

Lo
ca

tio
ns

L0
2.

6
10

3"
1

10
1 

.9

10
6.

i

L0
2"

6

10
4.

4

@ \o



5. Plot yield per se and as percentage of adjacent control plot

(a). ConËrol plot correlations

Rapid decreases in correlation of yields of control plots at in-

creasing distances apart led ShebeskÍ (L967) and Briggs and Shebeski

(1968) to conclude that frequent cont,rol-s are essential for ef ficient

selection for yield in hybrid nurseries. Such sequent,ial aut,ocorrela-

tions were obtained for controls of the FO and F6 hybrid nurseries of

both crosses A and B and for both locations, tr^/innipeg and Swift CurrenL

(Fig. 5,1). Sums of values obtained oveï all ranges in t,he field were

used to calculate individual correlatÍon coefficients. In 1970 the F4

bulks were the controls; in 1971 the variety Neepawa.

At l,Iinnipeg in L970, for the F4 bulk conËrol of cross A, yíe1d

correlations were rather uniform up to 41.2 m between control plots be-

yond whích distance a subsËanrial drop occurred (Fig" 5.1 (a)), This

would indicate a rather uniform gradient, of local environmental differ-

ences (e.g, soil fertility and moisture) in that field over a considerable

distance"' The F4 bulk of cross B ar i^iinnipeg in 1970 (Fig" 5.1 (a)) and

Neeparva controls at both Winnipeg locations in 1971 (Fig. 5.1 (b)) showed

a rapid decrease in yíe1d correlations of plots of decreasing contiguity.

At control plots between 25 and 35 m apart the correlaLlon coefficients

approached or passcd below zero. This is the sane gcneral trend observcd

by Shebeslcl ( 196 7) and lìriggs and Shebesl<i ( f 96B) : ernphas :izi.ng the ut j.1ity
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of yfelds of frequent control plots for adjusting test line yields.

Corresponding daÈa for both years at Swift Current are presented

ln Fig" 5.1 (c) and 5.1 (d). Becaus e in L97L the F6 of both crosses

was planted in one field and the control variety vras constant (Neepal{a)e

controls of the whole field lrere anaLyzed together (Fig. 5"1 (d))"

These Swift Current daÈa show a generally much lower initial correlation

of control plot yields than the I,,iÍnnipeg data did (Fig. 5.1 (a) and 5.1

(b)). However, an initial drop in correlations can nevertheless be

observed for Ëhese Swift Current data: indicating that control ploËs

the smallest distance apart tended to yield the most alike. The fluctua-

tions of correlaËion coefficients about zero observed at the Swift Current.

site could possibly be the result of rather uniform soil conditions. How-

ever, the pro tein correlations (particularly for L97L) of control plots

of decreasing contiguity, having shown very pronounced decreases (Fig. 2"L

(d)), tend to counËer this possibility. The closer spacing between plots

aL Swíft Current (45.7 cm) contrasted to that at Winnipeg (61 cm) may in

large measure account for the differences in correlatíons observed.

Jensen and Federer (L964) concluded that spacings closer than two feet

(61 cm) bet.ween wheat plots could result in competition among plots"

The material in the two crosses used in this study segregated considerably

for height" Since all lines rvere randomized throughout the yield îurseÍ-

les ( thus ta 11 and short lines tendíng to be randomly dis tributed in tl-re

fields), any potential cornpetitive effects between test lincsl gcnotypes
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and the controlls *ould be at random. Thus random fluctuat,ions near zero

of correlations of control plots of decreasing contÍguiÈy could reason-

ably be expected under the closer spacings at swifr current (Fig. 5.1 (d)).

In view of the above considerations and the curves presented in Fig. 5.1

(a) and (b), the 61 cm distance betrveen p1ots, used at winnipeg, ü7as

sufficient to minimize Ínterplot competition.

The results shovm in Fig. 5,1 (d) of alÈernating higher and rower

correlations are indicaÈive of a systematic error introduced whÍch is

associated with Èhe direction of field operations " Every second ploË

Ln a range, hence every second control plot along a range, v¡as worked

ln the oPPosite direction from the previous one. Thus every odd coïre-

lation coeffícient is obtained from such comparisons; while every even

correlation coefficienË is obtained from control plots worked in the

same dÍ'rection. consequently, Fig. 5.1 (e) was drav¡n, giving only aLl

comparisons of control plots worked in Ëhe same direction.

strong v¡inds at, harvest time, parallel to t,he rows, were thought

to have been associated with the sysÈematic yÍeld error introduced in

Èhe 1971 Swift Current fields. To test the effecr on yield of the clirec-

Èion of combine harvesting, a tvlo level nested ANOVA was performed on t,he

control plocs. Direction of harvesting and field ranges wcre the tr,¡o

levels uscd. The mean yields and C.V. ts for t.he two directions of har-

vesting are prcscnted in Tablc 5.1

95



TABLE

COMPARING DIRECTION OF

CONTROLS AT SI^TIFT

The yíelds differed significancly (p:.01)" Thus one can deduce that

under t,he conditions of the tría1, contiguous plots, hatvested in oppo-

síte directions, would not have yielded alike had they been planËed to

Èhe same variety. Under these conditions, adjusting a test linets yíeld

on the basis of yield of an adjacent control plot would be unrelíable

because the difference in yield of the control plot rvould be due to the

soil heterogeneity effect confounded by the effect of direction of har-

vest. Tn other words, with adjacent plot sites thus tending to yield

differently due to the systematic direction-of-harvest error introduced,

the benefits of increased accuracy of yield assessments sought by the

use of frequent control plots are largely obviated.

The above results concerning the Srvift Current site emphasize the

necessity of minirnizing aIl possible types of agronomic, mechaníca1, and

other human errors for obtaíning meaningful results by the use of fre-

quent controls.

One Direction
Other Direction

5.1

}IAIIVEST OF NEEPAWA

cuRRntT, L97L

Mean Plot Yield
( g,n)

497 .6
459 "8

96

CoefficienÈ of
Varia tion

(%)

L0.2
13.4



(b). Agreement between tryield per serr and ttyield as percentage of

adjacent control plot.rl

The degree of agreement between the methoCs used to express yield

can be measured by the simple correlatíon coefficient. Correlation co-

efficients between tryield per serr and rryield as percentage of adjacent

control plottt for Èhe eight yield tests, are shov¡n in Table 5.2, All

correlations were highly significant. This is in agreement rvith the

F5 results of Bríggs (L969). However, F6 coïrelations for both crosses

aÈ lJinnipeg while significant v¡ere not high: cross A at 0.57 and cross

B at 0.44. Thus the coefficients of determínation were only 0"33 and

0.19 respectively. These are the trvo tests hrith the most pronounced

decrease in correlation of control plots aË Íncreasing distances (fig.

s.i (b)).

To ascertain Ehe degree of agreement between tr^/o methods of selec-

t,ion, Haggag (L967) counted the number of lines comrnon to both. By Lhis

method the number in the top 10% lines (20) and families (6) r+hich were

ín connnon to both methods of selecting, ttyield per serrandrryield as

percentage of adjacent. cont.rol plottr were ascertaíned for both the F4

and the fU (fab1e 5.2). Only in the F4 of cross B at Swift Currcnt

r{ere more than ha Lf (L2) of the lines conmon to the top 20 yieldcrs

by eacli metliod of expression. In five of the eight comparisons 3 or

more of the 6 fanilies wcrc conrmon to the methocls of cixprcssion.
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TESTS FOR AGRIIIIMENT tsETWEIN IIYIELD PER SE'' AND

IIYT]ILD AS PERCI]NTAGE OF ADJACINT CONTiìOL PLOTII

Compar is on
between
methods

Correlation
coef fic ients

No. of lines in
cofltrnon to top 20

No. of families in
contrnon to top 6

TABLE 5.2

irlinni peg

F4 F6

Cross A

. J J)<)c

9

Signíficant at 17. 1eve1

Swíft Current

. J/:k:k .$l:k:k

F4 F6

9B

POPULATTON

''YTELD PER

7 6)¿,

7

Winnipeg

F4 F6

TABLE 5.3

PAR¡JYETERS TN F6

sEil AND TryIELD AS

ADJACENT CONTROL

Cross B

JS):t: .44:}J, . $J:r>k

Error variance
(i) pe:: se

(ii) % control
( iii) % control,

alternate ones
omi tt ed

(r+rs ../riF,r'ls)+
una cl J

x I00

Ileritab i 1i ty
(1) pcr se

(ii) % control

Swift Current

F"'4 F6

Winnipeg Swift Current

L2

FOR COMPAR]NG

PERCFNTAGE OF

PLOTII

" I J.'^

B

Cross A

,67 5
.7 L9
.7 44

l- Sce text f clr ex¡rlanar ion

L39,6

.57 6

"687
"643

49.L0
4J "öJ

Winnipeg S¡^¡ift Current

100.3

Cross B

.925

.74L

.760

59.61
47.60

2L5.4

.66s

.670

.63 t

L32.5

14 .03
4r .14

50 "22
/+9 " 59



Table 5,2 gíves a general indic¿ltion of grerater agrcelncnt bc t\,lee n

methods of expressing yield at Sivift Current Lhan aL Wi.nnipeg. To a

large extent this difference could be accounted for by any potential

competitive effects associated rvith the narrower spacings between

Srvift Current p1ots. Thus a vigorous, high yielding test line would

Eend to compete favourably r.rith an adjacent control and cause tire latter

to yield less than its potential for that site: rvith a resulting increased

"yield as percentage of adjacent control plotrrfor the test 1ine. The

reverse could be true for a rveak, lotv yielding, test 1ine, compared to

the control. With this potential spacÍng-bias removed, less agreement

beÈrveen the two methods of expressing yield rvould be expected, as rvas

found at Winnipeg.

(.). Reliability of methods

99

(i) PopulaLion parameters

Having established a deviation from perfect corresporldence, between

"yield per sertand "yield as percentage of acljacent control plottt, in

classif ication of lines and f aniilies, it is necessary to establisi-r rvhich

method is more reliable.

A reduction in error variance is frequently usecl as ¿lrl inclicaIion

of morc reli.able results. S jnce FU clata 1,/erc replicatcd tlvice, tltese

r+cre anal yzed l>y ANOVA. l)¡r t¿r r,¡cre convcr ted to s t¿.uìdard tirr j, ts so th¿rL

error v¿rriances corrlcl l>c conrp;rrccl clircctly (llairle 5.3). Thc high error



variance (0"925) obtained for t'yield per serrfor cross B at I'Iinnipeg

(Glenlea) is indicative of the unreliability of straighL yield data

at this site" rtYield as percentage of adjacent control plotrt had

sti1l a high, but nevertheless significantly (p:.10) lower error

variance associated v,/ith it. All other error varíance differences

between methods vrere non-significant,.

Because of the systernatic error introduced at Swift Current Ín

I97L by the direction of harvesÈing, expressing yíeld as percentage

of adjacenL control p1oËs resulted in adjusËing on the basis of a

plot worked ín the opposite directíon. To partially remove this

possible source of bias, every second control plot was ignored: Ëest

pLots were thus adjacent or one plot removed from controls. Thus

using the nearest control plot yield for adjustment, half the plots

were adjusted on the basis of control plots worked in the same direc-

t.ion. The error variances from the resulting ANOVATs are also presented

in Table 5.3. The use ofrrpercentage of control, alternate ones omittedrl

resulted in increased error variances over adjacent control plot adjust-

menËs for both i{innípeg locations. Tliis could be expected on the basís

of the decreasing correlations of control plots at increasing distances

(Fig. 5.i (b)). At Sr,¡ift Current, in both crosses, rtperccntage of con-

trol, a lter:nate ones omittedlt had lov¡er error variances tl-ian rrperccnLage

of adjaccnt control.rr 0n the basis of the nea:: zer-o fluctuations of

contl:ol plots at increasing clistances apart (liig. 5. i (e)), it coulcl be

ex¡recle<1 that the crr:or variances for both the methods rncrrtioned rvoulcl
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be the same. llowever, a reduction in error variance can only rcâson-

ably be explained by part.ial removal of the bias assocÍated with plots

worked in opposite directions"

An ANOCOVA, using the yield of adjacent control plots as covariates,

was performed. To test the effectiveness of covariance for contïolling

error, the method outlined by Steel and Torrie (1960, p. 317) for com-

paring the variance of treaÈment means before and after adjustment for

the independent, varÍab1e, cont.rol plot yield, was used. The €rror vâr-

iance is adjusted Èo allow for sampling error in the regression coeffi-

cient used in adjustÍng.

Thus:

rqhere ERIS is the effecËive error varíance after adjustment for control

plot yield, t'rr* is the adjusted error variance, T** is the treatment

sum of squares of the covariates (control ploË yields), E** ir the error

sum of squares f or the covariates, rttrr is t,he number of treatments (test

lines)" The relative precision of use of covariance is given by:

(EMS /EnfS) x 100
ur¡ådl.

where llltf S is the unadjusted error mean square. These values areunadJ.

presented in Table 5.3. For cross B at tlinnip"g (Glenlea), tire results

indicate t.hat 100 replicates ivith covariance are as effective as 2I5

witlrout; or: for two replicates used with covariancer 4.3 oï rather five

would be reclui::ed without the use of control plots as covariates. Only

cross A at Swift Current showcd no apparent improvcnent by adjusting

f or covarl.ance. This cross w¿ls mos t a f f ccted by the sys tenr.rtic errou

EEMS

101
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íntroduced by harvesting adjacent plots ín opposíte directions. Heavier

wÍnds at the time of harvest of cross A (29-32 lcmph) at Swíft Current

than for cross B (16-19 krnph) can at least, partially account for the

difference for these adjacent fields between L00.3% for cross A to

L32 .5% for cros s B ( Tab le 5.3 ) .

Heritability percentages based on the F6 variance componenËs were

calculated from the sÈandard unit. ANOVAIs for ttyield per serr and ttyield

as percentage of adjacent control p1o¿tt (TabIe 5"3)" The greaÈest

difference in heritabílity percentage was obtained for cross B at Winnipeg

(Glenlea). The value 41"L4% obtained for ttyield as percentage of adjacenË

control plottt was close to three Ëimes as high as the 14.03% obËained for

yield per se. This result ernphasizes t,he particular need of frequent con-

trols for such exceedingly heterogeneous fields, The lower heritability

of cross A at Srvift Current for yiel"d as percentage of adjacenË control

plottt in conËrast to that for rtyield per serr is associated with the higher

error variance of the former method (tabl-e 5"3) at this site, for which

an explanation has been given above.

r02

The error variances and heritability esLínrates apply only to the

specific climatic and field conditions of the F6 Beneration. These

values would be of use in assessing the performance of subsequent gener-

ations. For example, the increased heritability and reduced error vari-

ance f rom ad jus ting cross B, i,/ínnipeg (Glenlea) to Ityield as percentage

of adjacent control plotrrwould be more reliable pr-edictors of future

generation yields th¿rn Lhe corrcsponding es tiru.ìtes -[rom the unacl justcci



yields (table 5.3).

In endeavoring to ascertain whích method is the best predictor of

future generation actual yield, rank correlatíons were obtained between

F4 and F6 lÍelds, for lines and families, fortryield per serrand fryield

as percentage of adjacent control plotrr (Table 5.4 (i)). The i^Iínnipeg

data for both crosses shov¡ a general tendency for increased yield rank

correlations, of the correlations of unadjusted yields, when the yields

of the selecÈing generaËion are adjusted as ttyield as percenËage of

adjacent controL plot.tt The Swift Current data tend towards higher rank

correLaÈions for unadjusted yields: but these resulËs are subject Ëo the

biases of competitive effects due to narror{er spacings.

(ií) Yield selecrions

The population parameters presented in the above sub-sectíon are des-

criptions of whol-e populations: rviËh average values. The high yielding

lines or families do not necessarily correspond perfectly to these aveïages.

Tn order to ascertain whetherttyield per ser'trtyield as percentage of

adjacent control plotr" or a combination of both used for F4 lines and

families would most readily identify the best FU lines or families, differ-

ent intensities of selection were applied in the F4. An indicatÍon of the

predictiveness of the methods of selection is the number of the top 10% of

llnes (20) and famil j.es (6) rvhich exceed the 1ì6 actua I yíeId populatíon

mean (Table 5.4 (ij)). For cross Â at Winrripeg , rryield as perccntagc of
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COIP¡1RISON OF USE O[''rYlE-D PER SErr r\ND rryIf:LD AS PERCtrIT¡\CE

OF ADJACTTT CCt{TROI, PLCrrt IN F4 ÀS HETIIODS FOR lDENTIFYI¡iC

SUPBIOR Fó LINES ¡1ND F'\HILIES

Mechod of
exPres s lng
F¿ yfeld

Per ge

tr concrol

1ABLE 5.4

(r)

l,¡lnnlpeg Sç1fc Currenc Hinnlpeg Swift currenE

.Llnes Famllies Llnes Familfes Llnes FanIIles Llnes Familfes

Per ae

7 control

Rank correl.aclon of F4 Èo F6 actual yield

Pcr se and 1 concrol

(11) Nmber of llnes and faollles from toP 107' F4ts above F6 accul yfeld mean

Cross A Cross B

.02

.15*

Per se

% concrol

- .05

.11

t1

l5

l2

Per se and 7' concrol

(li1) Hsn F6 yfeld (as .Á of populaclon oean) of top 102 F4ts

.31# .42** -.01

.27H .32* .o2

100.5

107.4

I03. t

Per se

I control

t5

l4

l5

I01+

(1v) Hean F6 yleld (as 7' of populat!.on mean) of toP F4 famlly

Per se and Z control

98.9 105.2

104.ó I04.9

99.8 1CÌ5.9

Va lue

I 14.3

114.3

I 14.3

,01 .40*

.20# .3ó#

Per se

? control

l0

1l

l3

Fani ly
Nwbc r Va lue

42 114.7

L2 1t4.7

(v) Han F6 yfeld (as ? PoPulãtlon qean) of top 2 Fo llnes

105.4

I 10.3

107 .3

Per se and X control 112.ó

3

3

3

t05.I

105.3

r06. 2

Va lue

Per se lo7'4

x conÈrol ro4 ';

Per se ond'4 corrt¡-ol 1I7.9

.48*

-45**

Va lue

ll2.ó

112.8

ll

l1

11

42

Fanrl I y
Nmber Va lue

28 102.ó

28 94,0

?8 102.6

(vr) llean F6 yfeld (as 7. of populacfon nun) of ÈoP F4 1lnc

to2.4 l0ó.9

100.7 105.3

99.7 105.9

Line

t14.7

Nmber Va lue Number Va Iue Number

t42,L44 t16.0 95,133 100-0 133'132

72,tol 101.5 226,23O 111.2 1.01' 63

t43,t¿,2 105.3 23O, 95 tl5. t 63,133

5

5

4

* R¿nk corrcl¡tfons siSntflcarÌt ¿¡t 57' Levcl
** lianl,. corrclôtions s iSnlf lcant at Il" Ic'vcl

Note¡ Crosc A Èot¿l lf¡res =' l9l
rotrl fôslllcs =- 63

Fami ly
Nwb er Va lue

104.8

34 103.8

45 104.8

I05.7

104.4

toz.2

Llne

Lfne
Nmber Va lue

t42 I 14.7

72

t43

Faml ly
Numb e r

90

114

90

Llne

LO7 .2

95.8

L1 nc
Nunrber Va luc

95 102.9

226 95" 2

230 127.3

Va luc

99 .0

I04.7

115.5

Line
Nmber

238,228

238,269

238,353

Llnc
Iiurnber Va luc

133 109,5

tol 109.5

63 109.5

Cross B total llncs = 2t5
total frnrtlfes - 64

L lne
Nuube r

238

238



adjacent control ploterr and the combinatÍon of both methods for cross

B, had the largest number of FO selected lines above the FU mean. For

the two crosses at the trIinnípeg locations, these two methods mentioned

were thus better predictors of future generation yíeld than Ëhe other.

Control plots r^/ere requÍred in both cases. Thus, these resulËs anpha-

size the use of adjacent control plots for these fields aË Winnipeg.

In cross A at Swíft Current ali- six F4 familíes selected byttyield as

percentage of adjacent control- plot,tthad F6 yields above the mean"

The actual mean yield in F6 of the F4 selected t,op lines and

families gives a quantitative measure of yield improvement over Ëhe

mean. These data, expressed as percenËage of the mean of all línes ín

a trial, are also presented in Table 5.4"

Selecting in F4 the top L0% of lines and families resulted ín in-

creases of 3% or more above the other methods in the F6 only ¡os ttyield

as percentage of adjacent control plotrr for: cross A t^/innipeg lines and

famiLies; and cross A Swift Currenr, families (tab1e 5.4 (Íii)). Atl

other comparisons at this selection intensity varied by less than 3%.

By increasíng the selecËion intensity to the top family (table

5.4 (iv)), or one percenr (i.e. rwo lines) in ro (table 5.4 (v)) or by

selecting only the síngle top yíelding FO line (Tabte 5"4 (vi)) in each

case, greater yield increases rvould be expected in the F6 to the extent

that the F4 phenotlpe for yield measures the genotype. Thus, ivhichevcr

of the two methods, or the combínation of both, gives the grcatcst con-

sistent yleld increascs, is tl-ie best, estirnator of the genotype. llhe
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Iargest consistent F6 Yíeld increase was obtained in cross B at Winnipeg

by using the combination of both methods for selecting top lines in the

F4. In this case yield was increased by 15.1 and 27"3% over the F6 mean

by selecting the Lop tl¡/o and top one F4 lines respectively. Thusr. uncler

the rather non uniform conditions prevailing in that l^Iinnipeg (Glenlea)

field, a líne needed to perform well in the FO ¡ot rryield per serr as well

as forrryield as percentage of adjacent cont.rol plottr in order to maximÍze

íts chances of performing well in the F6. hihile the top Ëwo FO lines at

Winnipeg of cross A, selected by the different methods, showed no real

differences in their F6 yieldr Ëhe top FO line selected by the combina-

tion of bolh mechods had Èhe highest F6 yield. Ar swifË currenr for

cross A, Ityield per sutt F4 selections resulted in the gïeaËest F6 yields

at boÈh of these intense selections. At each location for cross A, all

three methods of F4 selection idenÈified the same family as top: with

over L4% yield increases over the respective F6 population means" In

cross B at Swift Current, aLL three methods selected Lhe same top FO line;

whlle the highest F6 yielding other line, of the top two in F4: was selec-

Èed by combining the nvo other methods in F4.

fn order to ascerLain whether or noÈ lines selected in common by

both methods, "yíeld per setrandrryield as percentage of adjacent control

plotrrras being in the top 20 for F4 yield, as opposed to the top 20

lines on the average of the È'çvo methods, mean yielcls irr F4 anci F6 are pre-

sented in Table 5.5. Tn both crosses and at both locatiolrs, these lines
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whích rvere Ín conrnon (number of lines involved are shown in Tab Le 5"2)

had higher FO mean yields than the whole 20 selecred for: yield rrps¡ 5srr.

This indicates clearly that the power of selection for yÍeld has been

improved upon by selecÈing only lines in conrnon to the top selectíons

of each of the two methods. Furthermore, in three of the four com-

parisons, the FU Iields of the lines in common to the two methods lvere

higher than yíelds of selections of top 20 n¿s by either of the methods;

in the fourth (cross B at Swift CurrenÈ), mean yíe1ds in F6 were virtu-

a1ly idenÈica1" SeLecÈed lines of cross A at Winnipeg conunon to boLh

methods exceeded the F6 yields o¡ ttyíeld per seil F4 selections by 8.6%"

These results indicate that selecting lines which are hÍgh ¡o¡ rryield

per serr and for ttyield as percentage of adjacent control plot" is a

more reliable meÈhod for identifying lines with high yield potential

Ín future generations than the use of either of the methods alone,

The top F4 line for each, cross A and cross B, at wÍnnipeg (rable

5"4 (vi)) selected on the basis of the combinations ofttyield per sett

and rtyield as Percentage of adjacent control plottt had a better F6 yield

performance than either the average of the best t\./o l-O lines (tabte s.4

(vi)), the top FO family (rable 5.4 (iv)) or the rop 107" FO lines and

families (table 5.4 (iii)) 
"

These results r.¡ould indicale that by this combinatíon of metirods

(ttyield per serr ancl rryielcì as percenLage of adjacent control plot"),

a brceder could narrorv dol.¡n his first yield-tcsting generation (in this

case, F4î otlierwise the Fr) to a very fcw lines ancl sclcct cxteltsí.vel.y
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within thesc, The

with the above cons

method as an indica

or of little value,

duced.

lack of agreement of the Sr¡¡ift Current data

ideration is not so much an argument against the

tion of how a method may readily appear uni^¡orkable

when in fact. confounding factors have been intro-
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6. Selected a.qronornic characters

(a). PotentÍal for selection progress and reliability

A high coefficient of varíation (C.V.) among lines gives an indí-

catíon of the potential for progress when selecting within a particular

character, provided the genetic variance is largely additíve" Table 6.1

presents the means and coefficients of variation of F4 and F6 for

I^Iinnipeg and Swíft Current of yield, protein, kernel rveighte test weight,

height and days to maturity. The tl{o agronomic characters rvith the high-

est coefficients of variation are height and kernel weÍght" In the F4r

the selectÍng generation, for both crosses at !/innipeg, the C.V. for

kernel weight was higher than that for height. In the FO, for both

crosses at Swift Current, the C.V. for height was considerably higher

than that for kernel weight. In consideration of selection for desired

levels of a certain character a high potential for such progress is essen-

tial. The two characters, kernel weight and height, exhibiting the great-

est potential for selection progress, will therefore be emphasized in

this section.

fndications as to the reliability of values assocÍated rvith thc selec-

ted agronomic characters (compr:ising Ehe genoL.yl)cs conccrned, the effect

and interaction rvith tlie envir-onment, and thc ef f ects ¿tssoci.¿r ted rvith

nìeasurement errors ) roer,e obt¿r inccl f rom thc error: varianccs (Tab I e 6 " 2)

and variance-conìponent hc¡:itabilities (lalle (r"3) base<l on 
^NOVAls 

of the
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ERIì01( V RIANC[S 0r S]iLlicTliD A(ìlìONONfIC Clt¡\lì^C'fllRS

(r¡t srnnD.\rÐ ttNIISl^jT_ir¿ri;:i.:"rilD 
^s 

1'rirìcìiNT^(ìri or¡

Character Express ion I^/innÍpeg Swi f t Cur¡:ent l,/innipeg Sl'rif t Current

Kernel weight per se .375
% of control .395

Test weighc per se .562
% of control "502

TAti\LE 6.2

Me thod
of

He igh t

Days to
maturÍty % of control "568

per se .217
% of conrrol .206

per se .688

Cross A

HEIìITAB]LITY PERCM{TAGES OF SELECTED AGRONO}IIC

CI]ARACTERS (TN STANDARD U¡*ITS) IN F6, PER SE AND AS PERCENTAGE

OF ADJACENT CONTROL PLOT

It2

.278

.320

.439

.473

,285
.3 B8

.559
" 587

Cross ts

.437 "47L.5sB .480

.648 .5t4

.634 .583

.3 19 .250

.2BL . r91

" 582 .534
.390 .525

Ciraracter Exprcssion I'Jinnipeg Slvift Current i{ínnipeg Swift Current

Kernel weiglrt per s e 16,92 83.85 72.04 69.20
% of control 75"36 80.94 61.30 68.40

Test rveíght pcr se 60.89 71.86 52.04 65.39
% of control 67.47 69.15 52"83 59.00

l{eiglrt pcr: s e: 87 "82 Bl .38 Bl " 02 85. 71
% of corrLrol 88.51 75"89 83.64 89.42

Days to l)er- st: 47.1+8 61.15 58.96 63.52
m;rturi.Lir % o[ ccrntrol 5q"83 57.0(1 75"t¡3 63 "24

TABLE 6.3

Method
of

Cross A Cross B



data in standard units. These parameters could only be estimated for

the 1971 data, the F6, because the 1970 (F4) lines were not replicated.

Error variances and heritabilities r.¡ere obtained for unadjusred data as

well as for data adjusËed as percentage of adjacent control plot. KerneI

weight and heighc had by and large the lowest eïror variances (Table 6.2)

and the highest heritabilities (table 6.3). For both these agronomic

characters adjustments on the basis of adjacent control plots added little

if anything to the reliability of their unadjusted values.

To be of use in selection, a character must be transmitted in a pre-

dictable manner from year to year. Table 6.4 presents the FO to F6 rank

correlations for the four selected agronomic chaïacters. All correlations

were highly signif ícant 1o : .01). Heíght ranks r^rere most consistent

from FO to FU, with the exception of the data for cross B at SwífË Current.

This significant negative rank correlation could possibly be the result

of a strong ínteraction with the environments obtaining in 1970 and L971"

However, by comparíson to the other height rank correlations, Èhis seems

an unlikely explanation. More probably some very definite human error

was introcluced in the measul:ement or recording of height.

113

(b). Relationship ro yield

Iligh positive correlatio¡r to yield rvould be cssential for effective

use of ¿rrrother character to selcct for high yicld. ll¿rbles 6.s (u) ancl 6.5

(b) prescnt the half-nntrices of simple corrchtic¡rrs ¿Ìmong, yiclcl , protein,

arid the four select-cd agronclrnic ch¿rr:acters for Lhc t¡4 and F6. This table



TAI]LE 6 .4

RANK CORRA,ATIONS OF

SELECTED AGRONOMIC

Cha racter

Kernel weight

Test weighÈ

Height

Days to rnaturity

F, TO F, OF+o
CHARACTERS

NB. All correlations are highly significant (p:.01)

Cross A

hlinnipeg

.543

.481

.794

.3 89

Swift
Current

L74

.489

.400

.7 73

.500

Cross B

Winnipeg

.524

"728

.524

S¡vi f t
Current

"195

.3 48

-.3s8

.19s
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1s partly presented to show the range of relationships íìmong charactet:s

used in this study, I'leight showed significant negative correlations to

yield in both generations for cross A at S;¡ift Current and in cross A ín

the F6 at l^iinnipeg (table 6.5 (a)). At the latter site for cross A,

height was positively correlated (p:.05) to yield in the FO. Kernel

weight of cross A (Table 6.5 (a)) na¿ significant (p: .01) positive

correlations to yield of both generations tested at Winnipeg but non-

signifícant correlations at Swift Current. Kernel rveight of cross B

(ta¡le 6.5 (b)) showed the same pattern as that for cross A. Height of

cross B (Table 6.5 (b)) was positivelt 1O:.01) correlated to yield in

the F6 at i{ínnipeg and non-significantly for the remaíníng threê com-

parisons. The díverse results obtained from generation to generaLion

and location to location, asicle from reflecting differential errors in

measurements, also emphasize the effect of environment on the relation-

ship between such characters as are being discussed. Therefore, such

agronomic characters are not generally very precise indicators of future

generatÍon yie lds "

Because of the diversity of genotypes present in the nurseries, it

would be reasonable to assume that individual lines have different asso-

cíations of the selected agronomic characters to yicld than would be ex-

pected f rom the s iniple correla tion coef f icier-its. rvhich represent average

values over the germ plilsm pool. In ordcl to ascct:Lain if sclecting the

top lines or l¡ottorn lines fol each of LTte four agr:ononiic char¿rctcrs ivorrlci

result in selecting any of the t-op yielcl irrg 1incs, Tiäble 6.6 was sct Llp.
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The random expectaLion ivould be two of the top yielding l.ines (10%).

Selecting for high or lou/ kernel weight in cross A and B did not result

in any positive selection for high yield" As a matter of fact, in cross

B at Swift Current, the lowest 20 lines for kernel rveight included 4 of

the top yielding lines. Tn spite of a negative correlation (p:.0i)

of F6 height to yield in cross A at Winnipeg (Table 6.5 (a)) high and

low height selections included the same number (3) of high yielding

lines. Tn cross A at Swift Current, also with a significant negative

(p:.01) correlarion of height ro yield (Table 6.5 (a)), the shortest

20 lines included 4 of the top 20 yielders. Four of the highest yieldíng

lines were included in the tallest 20 1ínes in cross B at \^iínnipeg (table

6"6), with a significant (p : .01) positive correlation between height

and yield (Table 6.5 (b))" At S\,ríft Current, for cross B, selections

based on height \^rere not correlatecl r,rith yie ld (tab le 6 " 5 (b ) ) and tl-Lis

was further indicated by an equal number of lines from ta1l and short

selecrions in the Èop 20 high yíelding lines (table 6,6).

For characters to be of predictive value for yield, high ranlc corre-

lations between the character in the selecting generation and yield in the

testing generation must exist. Table 6.7 presents rank correlations of

the selected four: agronomic characLers in the FU to the yield of corres-

ponding lines in the F6. I^Jhile several of the positive correlations

\^rere signif icant (p '= .05), none ivere high" llighly signif icanE (p =" .01)

negative corrclations r+erc obtainecl Ior Ir, hci¡¡hl to I¡,, yield for cross

A at both loc¿rtions. Thus, in cross A, the sholtcst lines in lrrn tcndccl

to have thc higlies t F6 yie lds " llut even thcs e cor-rc I ¿r tions t.ler:c not
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TABLE 6.6

NLßII]ER OF LTNES IN TOP 20 AND

FOR StrLICTED AGRONO}1TC CI1AIìACTERS

TOP 20 FOR YrELD tN THE F6

Cha ra ct er

Kernel weight

Test weight

Height

Days to maturity

Winnipeg Swift Current

BOTTOM 20

]NCLUDED TN TLII

GENERAT]ON

High Lov/

Cross A

High

1

2

I

2

119

Low

TABLE 6

RANK CORRELATTONS OF F4

C}IARACTERS TO

1

0

4

1

Winnipeg

High Low

Cross B

Cha racter

Kernel weight

Test weight

Height

Days to maturity

Swift Current

High

7

OF SELECTED AGRONOI'{IC

F6 YIELD

I

0

2

4

*- Significant at
:'c-,k Significant at

Low

tr^iinnipeg

4

5

2

0

.008

"0iB
1 r --r--L

- .008

Cross A

Swíft Current

5% levcl
l7,1evc1

.062

.055

- ,J /aÇ;:r:

"r45':,

i^/innípeg Sr+ift Current

Cross B

. 103

"o27

.151*

" I52t,

.0r7

"r64t,

. 115

.068



very high.

To ascertain the association of characters to yield in the highest

yieldíng F, families, a profile ís presentèd in Tables 6.8 (a) and 6.8

(b) of the top yielding 10% (six) E, farnilies for rheir yield, prorein,

kernel weight, test weight, height, anci days to maturity. The families

chosen averaged the highest yÍelds over the FO and F6 generations at

both locations (Winnipeg and Swift Current). Means of the selected char-

acters for the families and the relation to the population means for

each character are presented in TabIe 6.9. As this table illustrates,

test weight and days to maturity of the top yielding families were

very close to the population mean. This result emphasizes the low C.V. ls

observed for these two characters (Table 6.1) and hence the low possibil-

ity for progress from selection. Tn cross A, kernel weight of the top

yielding families averaged r^¡el1 belol the population mean at both loca-

tions (taUle 6.9). This contrasts.¿ith the significant (p:.01) posi-

tive correlations between kernel weight and yield obtained at Winnipeg

(taUle 6'5 (a)). Height of the top yíelding families of cross A averaged

also well below the population mean (table 6"9)t for this character lar-

gely corroborating the predominantly negative correlat-ions of height to

yield (table 6.5 (a)). In cross B, kernel weight of rop yiel<1ing families

tended to exceed mcan kernel r^reight at lJinnipeg but be equa I to it at

Swift Current; rvhile height at both locations rvas above thc mean (table

6.e).
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The results presented in this section ivould tend to indicate that

without having prior knoivleclge of the material, using either height or

kernel weight as adjuncts in selection would tend to resglt in opposite

effects on yield in the two crosses studied. Therefore, in spite of

the highest heritabilities and c.v. rs exhibited by these characters,

height and/or kernel weight did nor exhibit a good predictive value

as aids in yield selection"

124



7, Relation of quality parameters to loaf volume

The great concern for protein in wheât breeding ín tr{este::n Canada

has been due to the ¡vell estabtished dependence of bread loaf volume

on prot,ein contenl , rather than on tire quantity of proteÍn procluced

per unit area. Table 7.1 sholvs highly significant positive correla-

tions, for both crosses tested, of kernel protein and of flour protein

to the remix loaf volume.

Quality parameters, in order to be of predictive value for loaf

volume, in early generation screening must be related t.o loaf volume

and also be constant from year Èo year.

Table 7.1 presents simple correlation coefficients for all combína-

lions of the test.ed qualiLy parameters in both crosses. Flour yíeld

and mixing tolerance index (MTI) sholved nonsignificant to significant

negative correlations to loaf volume in opposite crosses. Baker and

Campbeli (1971) found flour yield to be the least repeatable of numer-

ous quality tests, Briggs (L969) found thar F, I'trf could not be pre-

dicted f rom the F, va lue. Dough development time r\7as signif icantly

correlated to loaf volume in both crosses. This is in agreement \rith

the findings of Orth et al. (L972) on 26 culrivar:s at sasl<atoon in

L969, Farinogr:aph absorption shoived nonsignificant correlations to

loaf volume. The sedj.mentatio¡r va lue r.¡as signif icantly (p.-0.01)

correlaled to loaf volurme in cr:oss A; but lronsignificantly irr cr-oss Il .
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Loaf volume, farinograph abso::ption, farinograph dough clevelopment

tíme and sedimentation value were chosen for a sma11 selection study.

The simple correlations for these characters from F4 to F6 are presented

in Table 7"2- The three parameters, aside from loaf volume, were a1r

significantly (p:0.01) correlared from F4 to F6 in winnipeg. only farin-

ograph absorption showed a significant correlation (p:0.01) of the F4

I^Iinnipeg performance to the FU performance at Swift Current. Sedimenta-

tion value was the only one of these parameters which had a highly sig-

nificant correlatíon for the F6 l{ínnipeg to the F6 Swift Current perfor-

mancg o

Table 7.3 presents the values forrthighrrand rtlowrr F4 selection for
the chosen quality parameters in the Fo at trrrinnipeg and in the F6 at
both Winnipeg and Swift Current. Though the differences between the
llhighlr group and the ttlo!¡rr group were decreased in the F6r the group

means maintained their relative positions of tthighrr and nlotvn as in the

F4, for loaf volume, farinograph absorption, and sedimentation value at
both locations, as well as development time at winnipeg. At sr^¡ift

current, in the F6 the mean development times r./ere reversed: Lhe Fo

rrhighrr group averaged lower than the F4 ,lowrr group. This can only

reasonably be explained by a misnumbe::ing in the F6 of the upper nlowrr

line. Loaf volume values and sedimentation values rvere indiviclually

most consistent, with the greatest relative differences bel_wccn the
llhighrr and rrlowrr groups.
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SIMPLE COIIRELATIONS OVEIì CM.JERATIONS A}ID

LOCATTONS FOR SELECTED QUAL]TY PARAI,IETERS

Character

TABLE 7.2

Loaf volume

Farinogra ph
abs orpt ion

Farinogra ph
development time

Sedimentation value

F4

F6

tr{inni pe g

to
Winnipeg

{<:t Significant at 1% level

T

"28

. {J:k:k

.46':,,"

. /Q>'rJr

I28

N

22

37

F¡. i{inni oes+
to

Swift CurrentF6

t

.49

. SQ:k:t

-.L2

.28

37

37

N

9

25

F6 Winnipeg
to

Swift CurrentF6

25

r
"28

.30

"23

" o+,.,'25

N

15

31

31

31



TABLE 7.3

PERFORMANCE rN F6 0F LrN[s SELTCTED FOR lllcll 
^ND 

LOW VALUES

IN !'4 FOR LOAF VOLlJlfE' ABSORI'TION' DITTELOPI1ENT

TIME, AND SEDrI'fENTATT0N VALUE

CharacÈer F4 select.lon F4 Wlnnlpeg F6 Hinnipeg F6 SwifE CurrenÈ
grou p

Reolx loaf volurqe Htgh
(cc)

Farinograph absorp- Htgh
Ëlon (%)

1210
12 50
rt25

Mean 1195.0

850
820
7r5
850

t'fean 808.8

72.6
67.4
68. 5

Mean 69.5

60. I
59.4
ó0.6

Mean 60.0

9.0
9.5
8.5

Mean 9.0

2'5
2.5
3.5

Hean 2.8

69 .0
69 .0
74.O

Mcan 7O.7

5r.0
54.0
46.0

Hean 50.3

Lor¡

Farlnograph de- tllgh
velopmenÈ time

(mlnuEes )

Loç

L29

850
87s
865

863.3

550
9r5
u:'

763.3

71.0
65.3
64.9

67.r

63.7
63.5
60.8

62.7

8.5
4.0
9.0

7.2

10.0
2.5
4.O

5.5

62.O
70.0

66.0

54. 0
55.0
49.0

s2.7

Low

106 5

I 125
1 095

109 5.0

945
101 0
910

955. 5

66.4
66.9
6s.?

66.3

65.4
61.3
65.5

64.1

6"0
8.5
6.0

ó.8

9.5
8.0
4.5

7.3

71.0
66.0
71 .0

69 .3

67.O
50.0
53 .0

56.7

Zeleny sedímenÈ.a- lllgh
t. ion va lue (ml )

Low



Although farinograph absorption r^ras significantly correlated
(p:0.01) from F4 to F6 (table 7.2) anð, rhe selecrion of ilhigh, and

rllorrrr was somevrhat effectíve (more so for the F6 at l^Iinnipeg than

at swift current) (Table 1.3), both crosses showed nonsignificant

correlations to loaf volume (Tab Le 7.r). Farinograph absorption was

signifícantly correlated to kernel protein (table 7.L)" Horvever, this

association alone is inadequate for absorption being a reliable screen-

ing parameter for breadmaking quality for the lines tested in this

s tudy

Development time, while showing a significant (p:0.01) F4 to F6

correlation at tr{innipeg (faUle 7.2) and posiLive correlations to loaf

volume (tabte 7.2) ',,+as the least predíctive of the chosen parameËeïs

in terms of trhight and rrlowrr selections (ta¡1e I "3) " Even on the exclu-

sion of the one line put in quesÈion above, the selection results are not

very definitíve. This is corroborated by ttie high genoÈype-year inter-
action and low heritabilíty for development time founcl by Baker et a1.

(i968). Horvever Briggs (Lg6g), in his ph,D. thesis, found rhar F5

dough development time could be predicted from the F, performance.

The more stable reaction of sedimentation value as judged by the

highest F4 to F6 Lrinnipeg correlations and highly signíficant F6 Winnípeg

to Swif t Current cor:rela tions (talle 7 "2) , as well as 'rhighn and nlolrÌr

selections ('rabte 7 "3), is in agreement with the high heritability founcl

for this paramerer by Balcer er gr. (1968) and orrh er a1. (rg72). I{ow-
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ever, $rhi1e a híghly significant positive correlation (p:0,01) was

obtained for cross A (TabLe 7.1), a" was also found for the 1969

uniform Quality Nursery in saskatchewan by orth g! "1. 
(Lg72), cross

B had a nonsignificant correlation, as did Manitou in one year of two

in a study by Bushuk et al. (1969). Furthermore, both crosses shorvecl

nonsignÍficant negative correlations of sedimentation value to kernel

proteín (lable 7.L). Thís finding is of particular importance, as

poínted out by Bushuk e_t a1. (L969), in that the sed.imentation test

is used by some cereal technologists as Èhe main criteríon of bread-

nraking quality, ft thus appears that the particular yearllocaËions

andfor genotypes involved greaËly affect the nature of Ëhis correlation

of sedimentation value to loaf volume"

0n t,he basis of Ëhis study and previous líËerature, one must con-

clude that none of the three parameters of farinograph absorptÍon,

farinograph development time, and Zeleny sedimentation value are ideal

characters to use by themselves in screening early generation material

for high loaf volume.
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Although in this stucly the FO generation was the first yield nur-

sery instead of the F, as suggested for the pedigree progranrme by

shebeskí (L967), it is felt rhe results should be in no \.lay dífferent

from initial selections being made in the F, and evaluations made in

the F, generation.

Bulked seed samples were used as FU p1ots, instead of lines derived

from single plant or head selections in the Fo and/or Fr. The use of

FU bulks enabled the author to more adequately sample the genetic varía-

bility present in the material tested and thus aided in decisions as to

how to reduce a breeding population to manageable proportions without

unduly diminishing the chances of success.

In a study as the present one, there is a def inite coirf lict bet\^/een

the need for size, for large numbers being handled for meaningful results,

on the one hand and the ability to obtain accurate results on the other.

0ften large numbers of disinterested helpers with 1ittle understanding of

the need for accuracy are required. One exanple of possibly mislabelect

samples for a quality analysis has been indicated, Other such possible

errors rvere no doubt introduced rvj-thout having become as strikingly appar-

enL.

GENERAL DISCUSSION AND CONCLUSIONS

132

The fact tirat speed of h¿rncl ling the materi¿r1 mrrst not tal<e precenclcnce

over care, if niuch proSt:ess is sotrghI in a breecling pro¡4râmrì]cl , has beer-r

anrply Í-llustrated by thc 1.971 data fror:r conbinc lt¿rrvc:stcd pl.ots ¿rL S\,iif{-



Current. i\rith harvesting all plots into the rvind, the significant direc-

tion-of-harvest yield difference could have been avoided. This rvould of

course require more time because the combine rvould have to Lravel idly

with the l'¡ind across the plot ranges, when strong ivinds prevent accurate

harvesting rvith the rvind.

The data in this study demonst-rated horv planting plans and handling

of the material could lead to quite erroneous conclusions about. the

methods beíng evaluated. The confounding factor of interplot competÍtion,

from too narro\r between-plot spacings at Sivift Current could result in

apparently random fluctuations of control plot yields in spite of the

fact that protein content of the same control plots indicated definite

gradients of soil nutrient availability.

Results of this study indicated that above average tillering (20 or

more tí11ers) of F, plants lüas a useful selection criterion in breeding

for high yield. hiel1-tillered F, planËs r{ere generaLl"y associated rvith

higher yielding progeny lines than were poorly-tillered F, plants.

Furthermore, higher F, tillering results in more F, seeds being produced,

thus increasing the probability that the preferred, highest yíelding,

genotypes rvill be present and thus available for selection in later gener-

alions.

The data permit one to suggest that selecting for high protein in the

F, rvzrs generally sLlccessful in increasing ftrture generatíon protein con-

tent; ¿rnd that in brccding for hi¡¡h yield, protcin cluantity need not nec-

essarily bc s¿tcrif iccd. Ilcl¿rLively high her j t¿rbilicy f or pr:otcin ar-rcl sig-
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níficant intergeneration rank corrêlations r+ere indicators of potential

progress from selections for protein. rn selecting for high yielding

lines, generally only slightly lolver than mean protein levels, for the

particular population, rvere observed; rvith some lines high in yield

actually having protein 1evels above the population mean. Thus the possi-

bility of breeding primarily for high yield but mainraining prorein levels

at that of standard varieties (e.g.Neepaiva) grohln in adjacent control

plots, is indicated.

In order to breed for lines of ryide adaptability for yield, data from

this study permít the suggestion of using the mean yields of at least two

locations (Winnipeg and Swift Current) in identifying a few exceptionally

good lines of wide adaptability (as indicated by subsequent generation

yields). Swif t Current selectíons were somervhat less likely than l^linnípeg

selections in identifying 1ínes of high yíe1d performance over these two

locations" All results dealing rvith the average performance over the tivo

locations rvere subject to the directÍon-of-harvest error and interplot

competition ef fect due to narro\{er spaciirgs at Sr{if t Current. Theref ore

the difference betr,¡een the trso locations can be more reaclily explaíned

on the basis of the somervhat greater variability expressed among lines at

I^/innipeg. Thus, as Johnson (L967 ) recommendecl , selection f or genetic gain

could be morc readily evalu¿rted under conditions permitting full expression

of relev¿rnt gerìes, under 1or,¡ envirc¡runental strcss: al- l,li,nnipeg. By the

use of t¿inter nrrrser j.cs in souLlrern 1¿rti.Lrrcles (c.g. llcxico) , single plants

cau rc¿tdi1y prodirce cnotrglt secds f or plots ¿tt two s j-tcs. Iltrny plants rvill

h¿ve scecl lldec¡uat-e f or ¡ror:c plots; . Thrrs , a l:rl-¡,,cr numlrcr of yielcl nrlrscr -
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ies coulcl possibly be planLed for screening intensely in one year for

wide adaptability of yield of early generation lines.

Thotrgir visual selection r.Jas not very effective in raising yields

of selected lines above the population mean in a subsequent generation,

it can serve as a useful tool in reducing material to be harvested and

processed, providing the expressed variability among lines is great

enough to be able to identify high yíelders. More lines in more crosses

could be handled in a breeding programme. Actual yield tests were only

very slightly more effective ín identifying lines hrith high yield po-

tential. With the greater variability among lines found aË Winnípeg,

in contrast to Sl,¡ift Current, at the former site high yielding lines

could be more readily identified visually. In order to minimize

missing some of the top yíelding lines, the intensity of visual selec-

tions should be reduced from the 10% mainly employed in the present

study. A simílar suggestíon had been made by Briggs and Shebeski (1970).

Some select.ors \.vere consistently more capable of visually assessing

plot yield than others. It might thus be rvorthrvhile in a future study

to try to ascertain the yield-enhancj.ng agronomic features pertaining to

the selected lines by the most successful selectors, in order Lo enable

other breeders in improving their porver of visual discrimination.
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The results presented in this study indicate the value of selecting

for yield on the basis of a combinatj.on of actrral plot yield and on t-he

relaL j.on to thc yielcl of ¿in ad jacent coritrol plot. At lrtinltipeg, røithotrt

the Lwo confor-rndÍng f¡ìctor:s previ.ously nrentioncd ¿rs being present ¿rt Siuifr



Current, toP yÍelding lines in the FO on the basis of both criteria men-

tioned above gave substantial yield improvements Ín the Fu. These yielct
Levels were considerably greater than those attained with the same selec-
tion intensities by eiÈher meÈhod alone. At lor¿er selection inEensities
the differences decreased considerably. But even when selecting the top

L0% of the lines, those lines included

greater yield Ímprovements than either

case of one cross (cross A) at trrrinnipeg. This ís ín general agreement

with the findings of Briggs (1969) of rhe highesr F, lines coming from

Frrs which were relatively high for both plot yield and percentage of
controL. The ferv very high lines are the lines of most value to Ehe

breeder rvhich should thus be fully expl-oired. Remnant F, seed could be

used to more fully Ëest the range of potentially useful genotypes from

Frrs with proven high yielding progeny lines.

Neither tillering in plot ro$rs, nor kernel rveight, test 
'eÍght,

height, nor days to maturíty I.rere found to be reliabLe selection criteria
for yield of subsequenE gener¿ìtions. No consisEent correlations, over

crosses and locations, rvere obtained betr,¡een the expression of any of the

above characters in Ehe FO and yield ín the FU.

Aside from proEein content, none of thc quality paramcters tested

most fully (farinograph absorption, farinograph developme¡t time, and

sedime¡rtaEion valtre) wcrc founcl Eo be reliable ¿rids for selecting for
good breaclnraì<irr¡; qtrality, as nleasrrrcd by ¡igh 1o¿rf voltrmc. rn this con-

clu'sion, i.t tttrtsL bc bor¡re in ¡uincl that Èhc selccti.o¡r tesÈ r,¡;rs vcry srnaIl
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in numbers of lines included. Both kernel anci flour protein sholed

highly significant positive correlatíons to loaf volume in both crosses.

Farinograph development time rvas also significantly correlated to loaf

volume in both crosses. However, lines selected for higtr and low values

of this characteristic in the F4 did not consistently maintain their re-

latíve positions in the Fu at eíther winnipeg or slvift current. The

two other characteristics, farinograph absorption and sedímentation

value had inconsistent correlations, over the tivo crosses, to loaf volume.
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Cross A:

Parents and varietal bacl<gror.rnd of the trvo crosses

APP[NDIX I

Ilani tou

ut"t953A

UM953A x }lanitou

A standard awnless,
red spring rvheat of
Its parentage is: (
Farmer) (thatcher6
x P.I. L70925).

I4B

Cross B:

A hard red spring wheat selection at the
University of Manitoba from the cross:
Sonora 64 x Tezanos Pintos Precoz (fZpp).
f t is somervhat higher yielcl ing than
Manitou at i{innipeg; equal Lo Manitou
at Swift Current. Seed rveight is some-
what greater and height slightly shorter
than |fanitou. Ilreadmaicing quality is
somewhat inferior to tlìat of ManÍtou.

tall Canadian l-iard
good baking quality.

(Thatchcr5 x Kenya
x Frontana) ) (Thatcher)

UM4OIR

ull 73 9A

UM401B x Ull739A

A hard red spr:ing lvheat selection at the
Univers ity of I'fanitoba f rom the cross :

(Pembina2 x Bage) x (Sonora 64 x (TZPP-
Nainari 60) ) . It is an arvnless, semiclwarf ,
strong dough i"heat.

A hard red spr:ing whcat sclcction at the
Univers ity of }lanitoba froul ther cross:
(tce2 x licnya l¡arncr) x TZI'l'. It is an
arvned, tall, goocl çlualit-y rvhcat"



MANITOU

SONORA 64

APPENDIX I. (contr)

TEZANOS PTNTOS PRECOZ

NAINARI 60

PEMBINA

BAGE

L49

KENYA FARMER

* Number of backcrosses to top variety.

CROSS A

UM73 9A

CROSS B



Yie 1d

Tillers

Field and laboratorv clata obtained

APPI]NDIX I1

Height

Plot grain yield in grams converted to lcg/ha
for comparing results from different plot
s izes .

F2 and F3: effective tillers (with mature seed
or nearly so at harvest tÍme) of single plants.

F4, fertile heads ín a uniform meter length
of one ro\^re near harvest tíme.

In centimeters, average of three readings along
the plot, from soil level to the tip of heads
(excluding aT/rns) of taller plants in a group.

Days from seeding date to the day when the ex-
treme top part of about 75"L of. the stems was
completely yellow (i.e. no green traces evident)"

Scale from 1 : erect to 5 : severely lodged,
near harvest time.

F4r Scale from I: least affected to 9:large
area of flag leaves affected.

F6, Percentage of flag leaf area covered"

F4, Scale from I: resistant to 13: fully sus-
ceptible, with values in between in<licating
medium resistance (Un) and medium suscepIibilicy
(ltS) as well as the lÍnes I segregatj.on for reac-
tion types.

Days to maturity ....

Lodgi ng

Leaf rust reaction ..

150

Stem rust reaction

Kerne 1 rveight

Test rueight

F6 t Percentage o

I,ie ight in grams
counted, multipl
lcernel weight.rl

i{ei ¡',ht. of secds pcr r-rnit voltrnre (kg/hl ) :rs
mc¿rsLrr:ecl by Lrse o f ¿t 0.52c) LiLerr: (one 1>irrt)
cyl.incler and a cal.i.br:¡rtccl scalc.

f plants affectcd.

of i00 souncl secds mantri.rLly
icd Ìry l0 ¡o giverrthousatrcl



Protein percentage

APPììNDTX TI. (conrt)

Seed protein as determined by oven drying and
KjeldahI anal.yzing one gram of ground seeds and
converting to a 13.5% seed moisture basis.

F4 l,/innipeg: tripl ica te samp les averaged out .

F4 Swift Current: duplicate samples averaged
out.

F6 t single samples.

151
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Líne
Rank

TOP YIM,D]NG TIN PIiRCINT (20) LINIÌS

I{inn i pe g

^I'}PIiNI)TX 
V (a )

F4

1

2

J

4
5
6

7

8
9

10
11
L2
13
L4
15
16
L7
1B

L9
20

Cross A

F6

L42
L44
r43
139
173
L37
188
T4L
187
L52
138
140
L57
t77
t29
166
L26
170
L76

72

Swift Current

225
100
103
232
L44

B6
L43

1B

L46
33
94

13s
228

76
L4L
24

209
233

93
4

I¡ t,

(i) ttVield per sertbasis

95
133
230
L43
94
93

llo
26
49

184
74

194
60

151
29

145
195
I87
222
L7B

WinnÍpeg

141
181

13
22t
222

42
L42

76
L47
133

B6
18

103
2L9
151
178
95
94

186
lBB

Ft.

Cross B

F6

133
132
196

78
63

76
L34
224
181
135
195
r47

79
188

t..)+J

140
11

L97
L24

B7

L5tt

Swift Currcnt

I
2

3
4
5
6

7

Õ

9
10
11
T2

13

L4
l5
16
T7
18
19
20

(li) rrYield as percentage of adjacent control plottr basis

75
240
208
24L
797

22
115
147
196

B5
156
L79
220

53
11
OJ

22L
L94
213
170

Fr,

72
103
L43

3B
L29
137

22
r42
47
t7

100
209
L32
31

166
138

1trJJ

50
L44
176

238
228
239
209
110

53
L23
L24
223

70
23r
¿30
LT2
184
230
229
2L5

T9
t4

240

F6

76
5

L7
118
2L7
IL0
225

23
L59
104
100

ç)a

L44
202

¿+
233

7

133
207
33

7B

23L
63

206
159

15
158
2t4
113

IB
L7

L7L
53

TB2
180
236

66
229
230
190

226
230
185
133
95
L9

r69
234
LB7
7)
o/,

23L
151
236
L34
103
8t

145
46

136

222
180

79
13

133
15
56

23t
76

2t9
33

1J

L94
204

4B
L45
181
L7B
r59
lsB

101
OJ

224
L32
2LL

BB

100
at,

207
135
225
227
LO2
133
242

tö
181
r19
T96

93

208
230
2L5
r00
L79
2r4
L32
200
L96

55
24L
101

54
Õ¿+

22
113

57
-7'l

159
?c

238
L69

6T
53

L29
101
lBl
229
L24
r23
1r0
i9
66

135
236
239
209
IL2
184

93

173
7B

23r
2L4
TB2
230
208
2L5

20
22t
L74

62
L25
66

r59
rB0

76
B6
70

233



Fz
Fami I y
Rank

TOP YTELDIT'IG TEN F2 FAMILIUS

rN F4 AND F6

AITI,ENDIX V (b )

t{innipeg

1

Z

3

4
5
6

7

B

I
10

Fr.

Cross A

F6

4L
46
62
3B
53
39
57
6B
33

Swift Current

30
80
42
öt
28

6

44
83
39

(t

F4

(l ) ttYield per s eu bas is

i55

F6

(ii) nYield as

28 79
L7 58
45 45
40 28
42 42
926

23 30
38 62
805
62 44

I
2

J
4
5
6
7

I
9

LO

Winnipeg

42 B0
13 23
4t2
6 35

39 45
746
17 70
782

li 20
30 B

F4

Cross B

percentage of ad jacent conÈ.rol plotrr bas is

F6

4s
27
66
2L
62
B4
15
30
6L
63

Swift Current

92
B2
39
60
74
18

7

66
26
74

2B
4s
40
13
62
42
80
OJ

3B
7

F4

79
5B

5
45
2B
80
16
40
30
26

F6

906
86 51
757

44 86
62 24
75 82
41 50
Bt 57
61 84
745

34
B4
32
45
2T
27
61
35
15
48

34
69
73
92
32
T9

44
75
59
45

44
90
34
62
B6
61
32
45
4L

7

57
75
B6
24

6

s9
Õ¿

B1
51
27


