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ABSTRACT

O'BRIEN, LINDSAY, PH.D. The University of Manitoba, October, 1977.

Evaluation of F. Selection for Yield. Major Professor: L. E. Evans.

3

Four wheat crosses that involved the cv. Glenlea as a common

female parent, were used to evaluate the effectiveness of F3 selection

for yield in its two components, the ability of the yield test to
identify high—yielding»lines; and the persisténce of their yield

performance into later generations. Seventy eight random large F2

plants were evaluated as F, lines in a three replicate yield test

3
using three;rQw x 3 m length plots and a niﬁe'replicate hill plot
yield test where hill plots 6f 30 seeds per hill were planted on an
approxim;té 1 m grid. Ten high—yielding and ten low—yielding entries
were selected from eagh Cross using tﬁe meah of the three-row plot
-yields and the mean of four replicates of the hill plot yields.

F, and F bulks and families of F
the selected F

lines were derived from each of

5

3 entries, and their performance in a subsequent season

in‘replicated tests of three-row x 3 m length plots used to verify

the results of the F3-yield~tests. The replicated F3

identified high-yielding lines. There were significant phenotypic

yield tests

correlations (P = 0.01) for each cross between yield performance of

F3 entries in hill plots and three-row plots. The genetic correlations
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between hill plot and three-row plot performance indicated that the
genotypes were performing similarly in the two plot types. Hill plots
could be used for early genefation testing if seed supply was limited.
Hill plots had incréased error variation, they required more replications
to estimate yield'differences 5etween génotypes and they must be hand
planted and harvested compared with a totally‘mechanised operation

for three-row plots. The mean performance of the derived F4 and F5

bulks and the means of .the families of F iines confirmed the yield

5

~classification based on‘F3 performance in Crosses I and II and in some

instances in Crosses III and IV. Crosses I and IT were characterised
by lower population mean yield than Crosses III and IV, but considerably
increased genetic variance compared with Crosses III and IV. Errors

of misclaésification of yield potential based on F, yield performance

3

were detected. The observed responses to selection of the F4 and F5

bulks and the F family means were less than the predicted responses

5
probably because the estimates of heritability obtained from the F3
yieid test were biased'upwards due to‘the estimate of genetic yariance
being confognded.Witﬁ componeﬁts of variation resulting from genotype

' x environment and genotype x year interaction effects. The strengfh

of intergeneration correlations between F,, F “and F_ bulk and F

4 5 5

family mean performance were influenced'by the yield range and genetic
variance in the F3~yie1d test. In all four crosses, replication‘?esulted
in an improvement in the intergeneration'correlations. Genotype x

yéar effécts.did not‘seem to be asviﬁportapt as the precision of

estimating the yield value of a geﬁotYpe (i.e. the use of replication).

‘Adjustmeﬁt of entries in single replicate yield tests.to a percentage
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of their adjacent control plot failed to improve the intergeneration

correlations. The number of F_ lines that can be evaluated per

5

selected F_. was shown to be. determined by (1) the final 6bjective of the

5

breeding program (2) the variability of response to selection (3)~the
maximisation of response. Selection of spaced plants from the

F2 and F4 generation winter nurseries in which the plants were grown

in the absence of interplant competition, seemingly did not affect

3 5

yield tests in which there is interplant competitioh within the plot.-

the performance of the randomly derived selections in the F_ and F

The modification'of the pedigree breeding system proposed by Shebeski

and FS yield

(1967) has been modified to incorporate replicated»F3

testing.



ERRATA
p35. Table 8. The single degree of ffecdom comparison for
Cross III was significant at the 57 level of probability.
p34. Alteration to text resulting from change in Table 8.
Last sentence of paragraph 1 now reads;

'The mean yield of the F5 bulks derived from high-
yielding F3 lines was significantly higher than the mean
of those derived from low-yielding F3 lines for Crosses
I and IT (P = 0.01) and Cross III (P = 0.05)."
p60. The new sentence beginning on line 11 should read;
"The adjustment procedure adjusted the FA and FS yield
values such that a negative correlation coefficient
resulted. For Cross IV, the correlation between the

replicated values was significant, whereas that based on

the unreplicated values was not significant. Furthermore,

p72. The new sentence on line 19 should read; -

'The total operating cost, C, can be expressed as,

1l léaders
ing imbalance

368). The

ty remains

ted with

challenge

ing objectives
hermore, the
brééding

With yield
» earliest
.onal plant
les, 1967)
sease resistén—
aits like yield.'
ads on the.

-on the existence

otypes and the

perrormance OI thelr progeny in later generations. It is generally

-agreed that one cannot select high yielding genotypés on the basis of

'single plant‘performance. In order to distinguish high yielding genotypes,



Shebeski (1967) propoéed a method whereby the seed of harvested F2
_ planfs'couid'be.planted as'single replicate entries in three-row plot
trials with a control plot adjacent to évery'breediﬁg eﬁtry; the céntrol
'plot serving as a covariate, adjusting for soil heterogeneity.

Yields of the breeding entries could be e%pressed as a percentage of
their adjatent COnfrol plot. |

Briggs and Shebeski (1971) conducted a study using the F, nursery

3
design proposed by Shebeski. They reported a significant intergeneration
correlation between F3 and derived F4 bulk yields,kobtained in differént'.

3

population. De Pauw and Shebeski (1973) reported significant inter-

seasoné, only. when they sampled the complete yield range of the F

generation rank correlations between yields expressed as a percentage

3 4 3
and F5 family meaﬁs. De Pauw and Shebeski sampled the whole F3 yield

of their adjacent control plot for F, lines and F, bulks, and F lines

range to derive the F, bulks and the upper 30% of the F, yield range
‘ 4 37 ,

to derive the F5 families. Although De Pauw and Shebeski's intergen-
erafion correlations ﬁere significant, the F3'yield values only'predicted
34.8 and 31.4% of thektotal variability in F, bulk and F5»family mean

- yields respectively. Knott and Kumar (1975) reported significant |

(P = 0.01) F3 and:derived FS‘line ihtergenération correlations (r = 0.29
and r = 0.14 for the two crosses studied) but stated that the corréla—
tions were so low that they were of déubtful value. The strength of

the intergeneration COrrelatibns between F3 1inetyi¢ld aﬁd the yield

of derived F4 bulks, or F4 lines, or F5yiines has been used by some

researchers (for example, Briggs and Shebeski, 1971; De Pauw and Shebeski,

1973; Knott and Kumar, 1975) to measure the value of F3 yield testing.




Low intergeneration correlations suggest that F_, line performance is not

» 3
f. a good prediCtbr of performance of derived'buiks or lines. A number
of factors can effect the expeététions of intergeneration correlations.
The preciéign éf the yield,eétimates in each generation affect the
correlations; Reduced precision of the estimatgs are reflected in
redqéed'heritability estimates. The range of thevyield values and the
genetic variance in eéch geﬁeration afe reflected in the heritability
estimates for each géneration, The yields in different generations can
be considered és separate traits within the same génotype. The phenotypic
correlation between two traits within the samekgenotype has been shown
to be due to genetic and envirbﬁmental'causes of éorrelation (Falconer,
1960). Genotype x enviromment and genotype x yearlinteractions affect
the expectations of intergeneration correlations by reducing the genetic
correlatién. Using the relationship of correlated response-direct
réspOnse to selection of Ealcbner (1960), the‘effects of reduced heri-
tabilit& estimates and genetic correlation on the expeqtations of inter—
generation correlations are evident.
This dissertation reports the results of a study conducted to:
- evaluate two methods of replicated F

3
plots and hill plots, for their ability to identify true genetic dif-

yield tésting, three-row

ferences, and to measure reéponée to selection on‘ﬁhe basis of yield
in threé-row plots.

- assess the relative importance of the precision of yield estimates
and genotype X enviromment interactions by comparing intergeneration
correlations measured with different amounts of replication in the same

or different years.




LITERATURE REVIEW

Early Generation Selection for Yield

Shebeski (1967) and Sneep (1977) have shown that, for a‘charaétér
controlled by many genés (for_example yield), a genotypevwith all- the
more desiréble'genes in either the‘homozygous‘or heterozygous condition
for any given ﬁumber of génes, occurs with the greatest frequency in |
:the-Fz generatiop and'its frequency degréases rapidly in subsequent
genérations. They‘concludevtherefore that selection should commence
V’in the earliest possible generation while_the genotypes with all the
‘more desirable genes«arevpresént at their greétest frequencies.

In the F2 gengration selection is based on single plants. McGinnis
and Shebeéki (1968) and Knott (1972) reportéd“that visual selection
resﬁlted in an inérease_in the mean ofkthe selected population compared
' Wifh'random selection. McGinnis'and Shébeski concluded that seiection
of well;tillered, vigbréus F2 plaqts would be advantageous to a breeding
progfam, whereas Knott concluded that the increase due to visual selection
was of little use to thé,plént breeder. The ineffegtiveness of,single
plant selection has been reported by.Bell (1963), and Hamblin and Donald
(1974) working with barley, MacKey (1963), and De Pauw and Shebeski
(1973) working with wheat and Coyne (1968) working with field beans.

vKtht (1972) examined the regressions of F3,line yields on the
yield of their parent F2 plants and found the size of the:regressiqné

to be of~1ittleAplant breeding value. Fasoulus (1973)‘prdsted the




honeycomb method for-selecting plants in the absence of interplant
COmpetition in the early generations of a breeding program. Selected

‘ high—yielding F? plants gave rise to high-yielding F, progeny when

3
yield in both generations was measured using single-plants planted in

the honeycomb design. Skorda (1973) reported é sfudy in which the :
seeds of two F2 families and their parental cultivars were‘sownAiﬁv

a randomised complete block experimeﬁt with six replications at a seeding
rate approaching commercialbplanting density. From each replication
(ofvcrossesvand pafents) thé twenty hiéhest yieldingAF2 plants (first
selection) and the’next twenty highest yiglding Fz planté’(seéond

selection) were selected and grown invreplicated F, yield tests. The

3

gorrelations between F3 plpt and FZ plant yieidvfo: eagh Cross were
‘nonsignificant within botﬁ the first and secénd selections. Howevef,
when the two groups of selections were combined within each cross highly
significant.cofrelations (r = O.848>and r % 0.871) were obtained.

Skorda concluded that the selection was effective as the crosses which

generated the higher mean and larger genetic variances of F, lines were

3
- derived from the higher yielding Fzyplants,

Allard (1960) summarised the studies of selection in the F. as

2

follows: "The effect of enviromment on single-plant yields is so large

is virtually futile.

that selection for heritable high yieid in the F2

Qn the other hand, effective selection among spaced F plénts for disease

2

resistance and other characters of high heritability is frequently pos-~

sible. Since selection in the F, must be. based on performance in'a

2

single season, effectiveness of selection in that generation for char-

acters moderately‘éubject to seasonal fluctuations (e.g., plant height,



maturity date) islaften small. The effectiveness of selection among
individual plants‘is therefore seen to be highly sensitive to the
V magnitude of the heritable variability relative to envirommental
Variability”.

The,F3 generation is the earliest possiBlevganeration in which

plot yield trials can be conducted. A major factor in F, yield testing

3
has been the availability of seed. Because of thé.failure'to select

for yield on a single plant basis in the Fz,vand reports of interplant
competition within plots,‘plant breeders have moved away from the use

of Fz‘nursery designs that result in the production of large F, plants.

2

As & result, the restricted seed quantity produced by the F plants

2
has. dictatedkthe design of F3 yield nurseries. Mostly, smail; single

replicate plots have been used in F, yield testiﬁg.

3
Shebeski (1967) proposed a single replicate nursery design whera
each entry was planted adjacent to a control plot and the yield'ofv
breeding entries expfessed as a perceniage of their adjacent control
‘piot. The control ﬁlot acts as a'cqvariate for adjusting for soil
hetefogeneity. The covariate adjustment reiiea upon.the premise that
theiyield of two piots are’mora likely to agree the closer they are
tbgether. Wiebe (1935) and Briggs and Shebeski (1968) reportéd sig-
aificant correlations between aontigudﬁs control plqts that decreased B
to non—signifieaﬁce as the disfance between plot entfies increased.
. Townley-Smith and Hurd (1973) compared the moving mean method of
adjustiﬁg;plotAyields-with the percentage of adjacent‘control piof
and .the analysis of covariance and cdncludedvthat saveral types of

adjustment may be needed to obtain the most reliable results. Baker




and McKenzie (1967) considered both theoretical grounds and plot data
before concluding that systematic controls were of doubtful value as

a soil fertility iﬁdgx. Baker (1968) reported that the use of control
plots, on average, reduced error.variance by only two percent, and
Seif et dZ. (1974) repbrted increasesbin efficiency with the usé of
systematically arranged control plots, however, both repbrts doqbted‘
the increase in efficiency worth the incldsion'of the extré.plots.

- Briggs and Shebeski (1971) using a single replicate F, nursery and

3
adjusting yields to a percentage of the adjageﬁt‘controi plot, réported
a significant rank F3 —_ F5 intefgeneration correlation (r = 0.71,
Pb= 0.01) only when.theybsampled the whole F3 yield range for the purposg
of developing’F5 lines. They’concluded that adjustment to a percentage |
of the adjacent control plot yield was effective in adjusting for
environmental variability. Fﬁrthemore? the "best yielding" F5 popu-
1ationsywere derived from F3 plots from the uppef area of the'F3;popu_
lation, both for yield per plot and yield as a pércentage of thé adja-
cent céntrol plot. | |

De Pauw and Shebeski (1973) used the same nursery design as Briggs
and Shebeski to fest F3, F4 bulk and'F5 families. They reportéd signi-
ficant intefgenéfation rank correlations between F_ and F

3 4
family mean (r = 0.56, P = 0.01). They concluded

‘bulk (r = 0.59,

P= 0.01) and F3 and F5

that the F3 yield test was effective because the»highest yielding F4

bulks and F. families originated from F, lines that had high yield

5 3

relative to the yield of their adjacent control plot.

Seitzer (1974) conducted a- study in which a replicated F, yield

3

test (hill plots planted at two locations) was compared with a F_ yield

3



”;test wherevthé enfries were-compared with their adjacént control plot
and a'pédigree method where visual selection was praétised inithe F3.
Early yield‘testé seemed to have a slight advantage over the pedigree

method whenrdealing with crosses of loﬁer yield potential.

Boerma and Cooper (1975) compared éarly generation testing with
pedigree -selection and the single seed descent breeding method. ‘They
concluded thatbthe single seed descent method was the most'efficient
because it requiréd_léss seiéction effort, allowed rapid advance of

(early generation segregating pbpulations and did ﬁot use expensive
yield testing until 1ater‘generation$. ‘

Knott and Kﬁmar (1975) compared_éarly generation yield testing
With the single seed descent procedure. The:yield tests consiéted of
replicated 3.3 m length single éow plots planted 0.3 m apart. One
F_. line was derived from each F entry and yield-tested. Material

5 3

developed by singie seedidescént was F_ generation when yield tested.

6

The intergeneration correlations between F3 and FS performance of the
Aearly generétion tést material were signifiéant (P = 0.01), butrsufF

ficiéntly low to.bekof doubtful value (r = 0.29 and r = 0.14 for thé.
-tWovcrosses studied). .Further yield testing of the best 20% of F5

lines developed b§ early generétion testing and.F6 lines developed

by single seed descent revealed that the single seed descent lines

were at léast as goodias the early generétion test lines. The aﬁthors'
chéludéd that it &as doubtful whether early generation testing was
worth the effort. |

 Different plot designs are often used at different stages of the

breeding cycle because of~restrictions of seed quantity; land and labour.




Thé use of different plot désigns depends on their abilitj’to predict
performance in the plot type used in final evaluation. Hill plots

were suggested by Bonnett-and Bever (1947) as a means for remo&ing"
off-types in pure seed production and for selection of dise;se resistant
génotypes.  Since then a number of workers’(Jellum»etvaZ;, 1963; Frey,‘
1965; Baker aﬁd Leisie, 1970; Bliss, 1976) have reported that hill plots
are useful for early’generation seléction and geﬁetic studies because
of their ability to bredict performance in row plots. Frey (1965)
reported.almost perfect genetic correlations for yield, plant height

and maturity in hills and rod row plots, in oats, while Baker and Leisle
(1970) reported highly éignificant-genetic correlatioﬁs in common and
durum wheat. Torrie (1962) found the relative perfdrmgnce of soybean
cﬁlfivars in hill and row plots‘to be similar but concluded that more
repiicates would be needed using hill plots to estimate the yield dif-
ferences between éultivars. Frey (1965) and Eakér and Leisle (1970)
also reported the need for increased replication with hill plots.

Ross aﬁd Miller (1955) found that yield variability in hill plots was
generally greatervthan that invrow plotsvand recommendgd hill plots
onlybas a supplement‘to row plots. The spatial arrangement of plants

in hill‘plots leadé to a differenﬁ type of ihterplant competition‘to‘
that in.row plots: Schutz .and'Brim (1967) reported large competitive
effects in soybean hill plots. Jénsen and Robson (1969) proposed the
ﬁse of linear hill ploté in an attempt to correct for the interplant

competitive effects of hill plots.
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‘Estimation of Heritability and Response to Selection

Falconer (1960) defined heritability as fhe ratio of the additive
genetic variance to the phenotypic variance. This rélationship is often
termed the narrow sense heritability because it considers only the
additive genetic variance. Broad sense heritability is the ratio of
. total genetic variance to phenotypic variahce, where the total genetic
variance inciudes additive, dominance and epistatic variation. Wifh
inbred 1ines,.Hanéon_(1963) énd Pesek and Baker (1971) pdint out that
genetic Variance includes additive, and’additive Xvadditive epiétatic
types of genetic variation which are fixable by sélectibn, with.negli—
gible variability due to'dominance. The distinction between narrow and
broad sense heritability has. little meaning when considering iﬁbred
lines.

One of the most common methods of estimating heritability in self-
- 'pollinating crops was described by Comstock and_Moll (1963) and is based
on the estimation 6f'variance components. Comstock and Moll describe.
heritability as the ratio of géﬁetic variance to phenotypiclvariance,
where genetic variance is the compbhent of‘varianéevdUe to genotypes
and phenotypic variance depends dn the number‘of locations, years and
degree of replication. Some  confusion exists on the meaning of heri-
tability in sglf—péllinating Ctops. Heritability can be estimated on
the basis of means or on a single-plot basis. As the number of repli—
cationé, locations and years used to estimate the means increases,
phenotypié'ﬁariance decreases and the estimate of heritability inqreases

(Comstock and Moll, 1963).
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 Hanson (1963) diséuséed the estimation of‘heritabilityvusing the
regression of offspring on parents. For the pfogeny ffom an open-
pellinated plant, heritability is twice the regression coefficient of
offspring on parent. For progeny from self-pollinated individuals
~ the covariance estimates additive genetic Variaqce,vé.dominance bias,
additive x additivé episfatic variance and a'negligible epiétatic
component involving‘qOminance. When selection is practisedyqn advanced
progeny rows (after F3) the variability due to dominanée can be ignofed;
and the regression of offspring on parents estimates heritébility.

Many authors have estimatéd the heritability of yield. Generally
the estimates have been léw. Shebeski (l967)lsuggested that many of
the estimates reflected the pfocedﬁres‘used, in that inadequatevprovisions‘
“were taken to minimise the effects of soil heterogéneity'and interline
compétition, énd insufficient samplé sizes were ﬁsed to_prevent‘gross
sampling‘errorSQ Rasmusson and Glaés (1967) reported heritability for
yield of 0t65‘when three replications, two 1ocations and two years of
testing were used, whéreas évéingle—plot baéis heritability was only
Ofl7. Baker et:aZ. (1968) reported heritability for yield on a single-
blot basis of 0.28, whichfincfeased to 0.74 when.three feplications,
two locations and two years were used to obtain the estimate. These
two feports illustrate that as the number of replications,.locations
énd years increased, sampling errors and phenotypic variance decreased,
and heritability increased as suggested it would by Comstock and Moil
(1963). |

Pesek and Baker (1971) suggested that 'as with any estimate, the

components of variance are subject to sampling errors'. Consequently
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estimates of heritability are subject to error and are of -little worth -
without an estimaté of sampling error. They described a simple method
for computing the standard errors of heritability‘estimates;

- Heritability and total‘phenotypic variability are imporfant in
depermiﬁing.expected’response to selecﬁion. Falconer (1960) showed
vthaﬁ the response to selection WaS'équal to the selection differential
multiplied by'the heritabilitjjof the trait. The selection_differential;
which is the mean of the group selected as pareﬁts minus the mean of
the whole population is not a suitable unit-for‘predicting-response
as its magnitude is‘not known until éelection within the parental
generation has taken place. Falconer showed that the seieétioﬁ differ-
ential could be generalised, if both responsé and the Selecfion differ—
ential were considered in terms of the phenotypic standard deviation. ,‘
Then response. is the product of the intensity of seleétion (determined
by. the proportion of the total population that is selectéd), the phenoj
'typie standard-déviation and the heritability of the trait.

Knott and Kumar (1975) compared agtualrand expected genetic advance

measured as'a percentage increase above the population mean in two
whéat crosses.. They found reasénable agreement between predicted advance
based on anAF3 yield test and observed advance baéed Qn a yield test

of an F5 line derived from each F3

sities. Selection efficiency declined when more than 207% of the lines

line, at a range of selection inten-

were saved. Pesek and Baker (1971) reported no significant differences
between observed responses to selection and responses predicted by
multiplying the estimate of heritability by'the selection differential.

On the othér hand, Nickell and Grafius (1969) in a study with F5 derived
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lineé of winter barley, reported significant discrepencies between
predicted and ébserved'fesponses to selection. |

Baker (1966, 1971, 1975) and Hill (1974) considered the theoretical
» vériance of response to selection and found £hat response is éxpected
to be mofe variable with.higher selection_intensity or greater genetic
variance and less variable with larger population size. The variance
of'expécted‘reséonse to selection is critical in’éeleétiqn programs
’where thg selected pfoportion is squeét to further evaluation,’if the
effects of saﬁpliﬁg vériabiiity.are‘to be reduced. Baker (1966, 1971)  "
and Soller and Genizi (1967) have shown that the coefficient of variation
ofvexpéctedAresponse ié mihiﬁised when the‘proportion selected is between
10 aﬁd 30% of the total popdlatiog. Expected reépénse to seleétiﬁn
is impérfant in considering_chque of’breeding methods. Méthods must

be chosen such that the expected response to selection is maximised. .
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GENERAL EXPERIMENTAL DETAILS
A series’of experiménts were conducted usiné materialvgenerated
from four crosses that involved the cultivar Glenlea as a common female
parent. fwo of fhe male parents were cuitivars and two were breeding-
lines. The term Vériety shall be used to describe the parents. The
pedigree and origin of the five‘parent varieties is given in Table 1.
i A schematic outline of the genéfation and year séquence‘used for
eaéh cfoss is sﬁowﬁ in Figufe 1. F2 plants of each groséiﬁére space
planted in the winter nurserykat'Ciudad Obregon, Mexico in 1974. Eachk

“F_ progeny, an F,_, line, was yield tested‘atLWinnipeg in replicated hill

2 3

- plot and three-row plot yield tests in 1975. A random Sample>of F4
seed from each of ten high- and ten low-yielding F

3 lines was space-

planted’in the winter nursery in the 1975-76 season. Residual F4 seed

“from each selected F, line was yield tested in replicated experiments

3

at Winnipeg and Glenlea, and in ﬁnreplicated experiments at Winnipeg
in 1976.

Eight random large F plants were selected from the winter nursery

4

and planted as F. lines in a réplicated‘yield test at Winnipeg in 1976.

5

A group of eight F5 lines having a common F,_, line progenitor constituted

3

an FS,family. Single heads from each F4 plant in the winter nursery

Were composited to form an F,_ bulk. The F. bulks were yield tested in

5 5

‘replicated experiments at Winniﬁeg and Glenlea and in unreplicated



TABLE 1. Pedigree andfofigin of the varieties used as parents

Pedig;ee

~ Variety Origih
Glenlea University of Manitoba Pembina /vZ / Bage / CB 100
- CB 100 = SonOra‘64 //'Tezanoé Pintos Precos.//
Nainari 60 :
' Norquay University of Manitoba Lermé Rojo / Sonora 64 // Justin

Yecora 70 Centro Internacionale Ciano 'S' / 3 / Somora 64 // Klein Rendidor // 8156
Mejoriamento de Maiz 'y , ‘ . : : -
Trigo, Mexico City, Mexico

NB ‘116 University of Manitoba Glenlea sib // Sonora 64_/'Tezaﬁos Pintos Precos

J 34 Univeréity of Manitoba - Hard Federation / Chinese Spring // Nero / 3/

3% purple Pitic / 4 / Glenlea

qT
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" FIGURE 1. = Schematic outline of the generation and year sequence for

each cross -

Year

1974~75.

1975

1975-76

1976

Winter Nursery
-Ciudad Obregon,
Mexico

Two thousand
F_ spaced plants

2

Seventy-eight
Random large plants
Selected

Two hundred

4

Eight
Random large plants
Selected

F, spaced plants

"|Composite of single head

from each plant

y

Summer Nursery
_ Manitoba,
* Canada

F3 Iines
Ten high- and ten low-
yielding lines selected

F, bulk

4

F5 bulk

5 5

F. family of eight F_. lines -
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experiments at Winnipeg, in 1976.

Material grown in the winter nursery was space-planted 0.3-0.4m
apart in pairs of rows 1l m long and 0.3m aparf with 0.6m between
pairs.  Growth conditions and planting density were both conducive to
tillering and large plants constituted most of the nursery. Selection
of random large F2 plants in Mexico was affected by maturity; late-
maturing plants were ignored.

Hill plots were hand cut and threshed using a statiomary Hege4125
plot. combine. All three-row plots were trimmed to 3 m length and difect
harvested withfa.Hege 125 plot éombine. Plot weights were recorded |
from the harvested samples. - Plots groﬁn;af the Winnipeg location were
planted on Rivérdale Clay at the Uﬁiversity of. Manitoba, while plots
at the Glenlea location were planted on Red River clay at the University
,. of Manitoba's Glenlea Research Station.

Growing seasoﬁ rainfall (April 1 - Septembervl) at the University’
of Manitoba for 1975 was 364 mm, with 215 mm'Béing reéorded in June.
In 1976, 224 mm was recorded for the growing season, with 137 mm being
recorded in June. The six yéar average‘(l§7i—76) for the same period
was 313 mm. 'Sprinkle irrigation, sﬁfficient tq ehsure even germination
énd Plant stand waé applied to ail plots at the University of Manitoba

in 1976.
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. EXPERIMENT T
Response to early generafion Yield testing depends on the ability
of,fhe eérly generation test to identify true genetic differencgs»between
genotypes, and on the}existence‘sf a7high'correlation between the perfor-
mance of selected genotybés and the performance of theif progeny in later
genérationé. The objeétive of fhis.experiment Waé to determine if a

replicated F_, yield test identifies high yielding lines. Two types .of

3

replicated yield testing procedure were to be evaluated, three-row plots

and hill plots. The performance of F4 and F5 bulk samples derived from

selected F3 lines together with the mean yiéld of . eight random F

-derived from each selected F

5 11n§s

1in‘e'(F5 family mean) were to be used to

3

verify the results of the F yield tests.

3

Materials and Methods

The seed from random large F spaced—plaﬁts grown in the winter

2
nursery waé'grown in two replicated yield tests at the'University of
Manitoba in 1975. In yield test 1, three-row x 3 mllength plots Wére
evalﬁated using‘a partially balanced lattice .désign with three replications.
The plbts'wefe planted with O.lSm betweén the'rows and 0.9m between the
center rows. Seeding rate‘was-SO seeds per metre of row. In yield test
2, hill plots planted approximately on a one metre grid with 30 Seeds

~scattered in a 0.2m diameter hill were‘evaluated using a randqmiéed
COﬁplete block design with nine replications. In béth yield tests the

same 81 entries were evaluated, 78 F, lines plus three entries of cv.

3
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Glenlea.’ In each yield test, every tenth plot was seeded with cultivar
Glenlea.

The three—row.élot yield test wes planted on summer fallowed,
Riverdale clay. Four‘replications of the hill plot yield test were
planted on the same block of land and five replications on land that
had been cropped w1th corn the previous summer. An application of
55 kg. /ha of elemental nitrogen, applled as urea and ammonium sulphate,
waskbroadcast on the cropped land the autumn preceding planting.

" In both the three-row plot yield test and the hill plot yield fest
the crosses were planted and haf&ested in the order, Cross I, Cross
II, CrosvaII and Cross 1V. Ten high-yielding and ten low—yieldingl
lines were selected from‘eaeh cross for the development of F4yand.F5
bﬁlks, and families of Fs'lines. | The lines were selecﬁed on the basis
of mean performanceiin the three—fowbplot yield test and four replicates
of the hill plot yield test. The"F4 bulk samplevfrom each selected
F3 line was a random sample taken from a composite of,thefthree

replicates of thée three-row plot yield test. The F_ bulk sample

5
of eachxseiected F3 line was a composite of a siegle head from
each'Fa'spaced plant in the 1975-76 Winter nursery (seerFigﬁre 1).

The F4 and FS bulk yieid teste for each crosses were planted at

eaeh of two two.loeations, the University of Manitoba (Winnipeg)

on May 3rd (Qrosses IT and III) aﬁd May 4th (Crosses I ahd‘IV), and the
Glenlea Research Station (Glenlea) on April 28th, 1976. Eight separate,

three replicate, randomised complete block experiments were planted

at each location. The selected entries. .for each cross for each generation
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together with the cv. Glenlea formed the eﬁtries for éach experiment.
Data from the two locations was initially considered éebarately and -
later combined after testing for homogeneity of the variances using
Bartlett's test.

.From each of the selected ten high- énd ten low-yielding lines
planted as F4 spacéd plants in the winter nu;sery, eight random large
plants were.selected} The eight random éelections constituted an FS
family of F5 lines. The cv. Glenleé‘was also considered as a family.

The selections were randémised‘within families and families randomised
witﬁin blocks. The entries were planted as three-row x 3 m length
piots'dn land that had been cropped the previous'sﬁmmer.with a‘faba bean
(Vieia faba L. var Minor) seed‘inérease. Crosses II and'iII were planted
on May 3rd and Crosses‘Irand IV on May'4th, 1976. Aﬁtwo—way analysis.
of variance was run fqr each cross using the F

5

- due to variation among F5 families rated as high- and low-yielding

family means. . Sources

by the F3 yield test, and the contrast of Glenlea versus the remaining

‘ FS families were separated from the total variation due to F familiesﬁ

' Separate analyses of variance were run for the F5 lines within each

F5 familyvand the;sumsvof squares pooled over families. The error

variancés were tésted for homogeneity with Bartlett's test.
lHeritabilities were estimated by two methods. For each generation

of eacﬁ cross, ‘the variance component method déscriﬁed by Comstock

and Moll (1963) was used. For the F3 yield tests, with n replicates

of each genotype the phenotypic variance, cé, is

+
B
a

oN
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where Oé and ci are the genetic and error variances, respectively.

For the F4 and F5 bulk yield tests, with n réplicates in each of b

environments, the phenotypic variance, 0;’ is

where o2
g

s oéé and oi_are the genetic, genotype x environment interaction
and error variance components, respectively. The corresponding heri-

taﬁilities,'hz, would be

Standard errors of the heritability estimates were obtained following
the method described by Pesek and Baker (1971).

.Using the combined locations mean yields of the F, and F_ bulks,

‘ 4 5
the offspring-parent regression (F5 on FA) was calculated. The standard
error of the heritability estimate was the standard error of the regres-

sion .coefficient.

Correlation matrices were constructed between, the F, three-row

3

plot mean yields that were adjusted uSing the intra-block error in
the partially balanced lattice analysis of variance, the unadjusted

~F3 three-row plot mean yields, the F, hill plot mean yields, the F

bulk mean yields for the Winnipeg and Glenlea locations and the mean
of -the coﬁbined 1§cations,ithe F5 bulk ﬁean yields for the Winnipeg

and'Gléﬁleallobations and fhe ﬁean of the combined locétions, and the
mean of the’famiiy of F |

5 llneg.



22

Results and Discussion

The analysis of variance for thevF3 three—row plot yield test for
each cross is summarised in Table 2. The unadjusted treatments mean
équare was.tested for significance using the randomised completevblock
érror tefm and was sigﬁificant~(P,= 0.01) for each cross. Adjustment
of thebunadjusted treétments sum of squares and teéting with the intra-
‘block error mean square is a more sensitive procedure (Cochran and
Cdx, 1950) but was unneéessary, because significance was obtained using
the randomised complete biodk error. mean square.

The yield range (méximum ;nd miﬁimum plot yields)‘and'the mean of

all entries tested in the F_, three-row plot yield test are given in

3
Table 2. The‘higher population mean yield of Crosses III and IV
suggest theée croéses‘may'have more breeding potential fhan Crosses
I and II if F3 yield performance ié a good prediétor of pgrformancé
in subsequent generations. :The coefficients of variability for eagh
Cross‘(Table-Z) are reasonéble for the level of replication used in
the yield test.

| The analysis of varianée of thekFB,hill plot yield test for‘each cross
is éummarised in Table 3. Significant.greatment and block effects
(P = 0.0;).Were obtained.forveach cross. The yield range.and the
mean of all entries tested is given in Table 3: Crosses ' III and IV
had the higheSt'popuiation means. The goeffidients of variation for
the hill plot test (Table 3) were quite high for the level of rgpli_
catién uséd‘in the yield test. 'Compariéon of the coefficients of
‘variation for fhe three-row plot (Téble 2) and hill plot (fable 3)

yield tests suggests that more replications of hill plots than three-row
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TABLE 2,. Means squares with their associated degrees of freedom, the
coefficient of variation, the population mean (g/plot), and the

511.7

yield range (g/plot) for each cross for the three-row plot, F3 yield
test, .
Source - df Cross I Cross 1I Cross III Cross‘IV
‘Replications 2" 147264.00  5360.00  113792.00  59968.00
Blocks within
replications (Adj) 24  32669.71 10106.29  23807.85 20349.95
Treatments (Unadj.) 80  60311.80%% 59772,00%%  23676.80%% 15219.,40%%
Intra Block Error 136 6312.82  6244.76  5598.53 4359.48
 Randomised complete ' :
block error 160  10266.35 6823.99 8329.93 6758.05
Total 242 27942,51  24315.36  14274.86 9994.94
Coefficient of
Variation % 8.69 8.96 - 7.11 6.83
Population mean ‘
(g/plot) 914,3 921,5 1051,9 966.6
Yield range (g/plot): ‘ v
Maximum 1212.3 1191.3 1225,3 1144,3
Minimum 615.7 773.0 820.0

*% Significant at the 17 probability level



TABLE 3.
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Mean squares with their associated degrees of freedom, the

coefficient of variation, the population mean (g/plot), and.the
yleld range (g/plot) for each cross for the hill plot F3 yield test.

.Source ' df Cross I Cross II - Cross III Cross IV
‘Treatments 80 2831.66%*  3068.21%* 2084, 27%% 1272, 14%%
Blocks : 8 27358, 16%% 6065 10%% 6777.61%%  20046,94%%*
Error 640 340,21 469 58 672,94 635.33
Total 728 910.90 816.63 895.12 918.63
Coeffiéiént of : ‘ .

Variation % 18,5 23,8 20.1 20.5
Population mean »

(g/plot) 100.0 91.1 129.4 122,9-
Yield range (g/plot):

 Maximum 147,3 128.3 168.3 146.4

Minimum 61.0 48.7 82,4 98.2

*% Significant at ‘the

1% probability level
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plots would be required to estimate‘differences between genotypes
with equal precision.
‘The selection of the ten high; and ten low-yielding F3 lines from
éach cfoss was-based on the combined pérformance of the lines in‘three—
row blots (means una&justed'for intra-block éfror) and the mean of four
replicates of hill plots (Figure 2). The fegression of mean three-row
pldt yield on meén yield of four replicates of hill plots is given
in Figure 2. ihe regfessions were significént fér each cross (P = 0.05
-for Crosé IV and P =’0.0l for Crosses I, II and III).‘F
A Simple product—mbment correlation coefficieﬁts between the‘méan

three—?@w'plot yields (unadjusted) and the mean of four réplicafes of
hill ploté for each cross are given in Table 4. The felationships ére
“all siggificént. However, hill plots explain only.a_sﬁall parf of thé
variability in three-row plot yields in Crosses III énd Iv. ‘Iﬁ each
choss; increased replication within the hill piots improved the cor-
relation with three—row'plot'pefformangé}

| It is imporfant to note that.the rélationshipé between three-row
and hill plot yields are based,on phenotypic values,' Falconer (1960)
points oﬁt thét a phenotypic cérrelation, rp, is comp@sed of two com-
ponents, the genetic correlatipn, rA;-aﬁd the environmental correlation,
Tos with the relationship between’them being givén by,
+exef

A y E

rp = hxhyr

where in the case of three-row and hill plots, hx is the square root.

of ‘the heritability of three-row plot means, hy'is the square root of
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- TABLE 4, Simple product-moment correlatlon matrix for each cross for the
different F3 plot procedures

3-row 3-row Hills Hills

Variables ) (adjusted) (unadjusted) (9 replicates) (4 replicates)
VCross I . » | .
3-row (adjusted) 1.000 0.973%% 0.758%% 0.698%%
3-row (unadjusted) . 1,000 ©0.749%% ; 10.685%*
Hills (9 replicates) ' ‘ 1,000 ' 0.926%%
Hills (4 replicates) - o 1,000
Cross 11 ’
3-row (adjusted) 1.000  1,000%%* 0.786%%* 0.715%%
3-row (unadjusted) ~1.000 0.786%% 0.715%%
Hills (9 replicates) 1,000 ~ 0.905%*
Hills (4 replicates) . 1,000
Cross IIT : ,
3—row,(adjusted) : 1,000  0.957%% ~ 0.,508%# : 0.420%%*
‘3-row (unadjusted) . 1.000 . 0.402%% 0.350%%
Hills (9 replicates) . 1.000 0.794**
Hills (4 replicates) o : | 1.000
~ Cross IV _ : o
3-row (adjusted) 1.000 0.937%% ,' 10,506%% 0.294%%
3-row (unadjusted) ; 1.000 0.443%% 0.258%
Hills (9 replicates) | C 1,000 - 0.744%

© Hills (4 replicates) : : ) ~1.000

%, %%, Significant at the 5% and lZ' probability levels,
respectively '



28

the hetitability of hill plot means, and e is the square root of one minus
the heritability, with éxand ey corresponding to three-row plots and hill

plots,respectively. It can be assumed that r_ is Zero, since there is no

E
reason to suspect the environmental effects in one randomised experiment
(three~row plots) are correlated with those of another randomised experi-
ment (hill plots). The genetic correlations can then be calculated from

phenotYpic correlations between three-row and hill plot yields and the

heritabilities of three-row plot and hill plot means are known.

The genetic correlations between threé—row'plotbandvhill plot
yields for each cross are given in’'Table 5. The high genetic correlaf
tions fqr Crosses I, II and IV suggest that in these crosses the lines
were performing similarly in three-row plots and hill plotsf This
result agrees withvreports by Frey (i965) and Baker and Leisle>(1970)

’ dn the suitabilit& of hill plots for early generation selection, and
'illustrates the danger ofﬂzonsidering only phenotypic correlations.

| Comparison of thelF ratio values for the three-row plot and hill
élot yield tests (Tableis) shows that hill plots were more effective
iﬁ distinguishing lines (higher F'ratios) in Crésses I and III than
three-row plots. bBaker and Leisle (1970) reported a similar result
with common and durum wheat iﬁ éompariéons of performance in rod row
and hill plots.. Coﬁparison of the cﬁefficientskof variation for the
three-row plot yield test (Table 2) and the hill plot yield test
(Table 3) reveals that error variaéion was considerably greater in
hill plot yield tests, which agrees with the findings of Ross and
‘Miller (1955), Torrie (1962), Frey (19655 and Baker and Leisle (1970

who reported increased error variation associated with hill plots



-TABLE 5. Summary:statistics for the comparison of F3 genotype performance
in hill plots and three-row plots for each cross '

erss 111 Cross IV

information to one three-row plot

1.4

Statistic Cross I Cross II
‘Genetic correlation between ' »
hill plots and three-row plots - 0.887 - 0.908 0.767 . 0.959
F ratios: Hill plots 8.32 6.53 3.10 2.00
Three-row plots 5.87 8.76 2.84 2.25
Héritability on a single—plot' :
basis:  Hill plots ' 0.459 0.381 0.189 0.100
Three-row plots 0.619 0.722 0.407 0.295
Efficiency ratio 0.755 0.660 £ 0.523 0.558
The number of replicates of
hill plots to give equivalent _
1.2 2.4 3.6

6Z'
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cbmpared with row plots.

Frey. (1965) used the relationship between correlated.response and
direct response to selection described by Falconer (1960) to measure
the selection efficiency of hill plots relative to row pléts. When
‘selecting in hill plots for performance in three-row plots, the effec-
‘tiveness of selection is estimated by the prodﬁct Qf the square root
of the herifability'of yield in hill ﬁlots, hH; and'thé genetic corre-
lation between hi1l and row plots, T, The square foot'of Fhe herita-

bility estimated for three-row plots, %A_, is a measure of the efficiency

R’
- of selection in such plots. The ra;io»of tﬁe former to the latter,
i;e. hH?A/hR, measures the.efficiency of selection in hill plots rela-
tivebto selection in three-row plots. The efficiency rafio for each'f
cross is gi%en in Table 5, and.indicatés that hill.plots are only half
to three-quarters as efficient as three-row plots}

karey (1965). also deécribed»a.procedure whereby the number of repli-
cates of ﬁill plots required to give equivalent information to one
replicate of three-row plots cbuld be cdmputed. The‘values for each
cross are given in Table 5, and indicafe that more replicétes of hill
plots are required to give equivalent information to one three-row
plot. This result encompasses the ranée of fgélicates of hill plofs
required.tobgive equivalent information to one rodvrow plof reported
by Frey (1965) and Baker and Leisle (1970).

.The effectiveness of hill plots relative to three-row plots depends

on the genetic correlations betweenyhill plot and' three-row plot yields.
In all fqur crosées the genetic correlation between performance inithe

" two plot types exceeded the heritability of hill plot yield. Hill
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plots“are a valid alternative to three—fow plots for early generation‘v
selection. Hill plots have'the adﬁantage thaé they rgquife less seed
and land than three-row plots. However, théy possess th? disadvantages
of : |

- the need for inc;eased replication to give the equivalent
information of one three-row plot

- hand élanting and harvesting compared with a ‘totally mechanised
operation for thréejroﬁ plots..

~The mean yield (g/plot) of the selected Fé entries iﬁ'three;row plots

(adjusted treatment meansvfrom the’partially balanced léttice anaiysis
- of variance) and hill piots, together with the»average& yield for the
three entries of cv. Glenlea for each cross is giVen in Table 6.
.Using the least significant diffefence (r = 0;05) as a guide to the
~level required for sigﬁificance between treatment means itican be seen
from Table 6 that only Crossés IIT and IV'produced entries that were
superior to. cv. Glenlea. Crosses III and IV could be‘considered as

thevonly crosses with breeding potential if F. line performance is

3

"a reliable predictor of performance in subsequent generations.

The analyses of variance for the F, bulks of each cross are given

A
in Table 7. In all four drosses differences bétween 1ocations and

— enyironments were significant'(P = 0;01). In Crpsseé I, I1 and'IV,
'différénces among genotypes were significant (P =.O;01). In Crosses

I and II; significant génotype x environment interactions were recorded.
* The mean yield of the F4 bulksvderived.from high—yieldiné F3 lines

‘was significantly higher (P = 0.01) than the mean of those derived

from 10w—yieldinng3 lines for Crosses I, II and IV, further substantiating
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TABLE 6, Mean yield (g/plot) of selected entries for each cross for the
three row plot yield test' (adjusted means) and the hill-plot test,
together w1th.the average. of the entries of cv, Glenlea.

Yield rating Cross I Cross II - Cross III Cross IV

> >~ B B
N S H e
S T E T —E 5 .
M= 3-~row Hill & 3-row Hill & 3-row Hill § 3-row Hill

38 1203 147 81 1191 109 62 1209 159 61 1155 132
4 1169 139 72 1145 123 57 1195 142 77 1101 145
59 1116 120 48 1112 110 8 1194 137 1 1078 146
58 1106 124 67 1107 117 69 1189 143 12 1072 . 139
‘High 28 1105 124 79 1085 117 7 1183 152 62 1041 141
71 1090 114 17 1070 97 9 1177 137 67 1027 129
21 1086 147 26 1048 127 11 1166 - 144 38 1021 133
57 1079 131 29 1047 125 17 1163 168 4 1016 140
6 - 1034 114 11 1044 112 32 1124 136 36. 1009 142

47 989 111 76 1035 107 48 1104 138 34 999 146
Mean = 1098 127 1088 114 1170 146 1052 139

69 803 74 34 777 67 81 1017 101 79 922 98
'35 761 61 13 766 62 43 1005 126 44 906 116
17 . 751 78 62 753 71 20 986 115 58 890 109
77 737 85 56 744 56 1 967 115 45 884 108
Low 65 731 78 10 712 69 73 957 94 5L 882 103
60 699 ~ 78 73 687 78 56 932 119 80 867 110

1 694 72 4 673 60 72 901 106 66 859 105

76 672 92 35 657 64 46 899 112 14 853 116
11 658 69 61 607 56 51 872 104 40 843 99
61 624 61 31 512 49 23 836 82 55 830 112
Mean 713 75 689 63 937 108 874 108

" cv. Glenlea 1080 120 1129 117 1039 121 959 111

LSD (P = 0.05) 127 23 132 23 120 27 106 27




~ TABLE 7 Mean squares with their associated degrees of freedom for the combined locations analysis of

~variance of the

F, bulks for each cross

4

‘Source daf | Cross I ‘Créss IT Cfoss ITI Cross IV
‘GendtypeS’ 20 84444.99**'> 97555.22** 13635.79 28111.14**
High;Low F3 1 13i9222;70*% 1450680.30** 29956. 80 106207;50**_
Environments 1 8495774 ,00%%* 5627384.00** 4071607 .14%%* 14249098.25**
Replications in , : B | _ | ' -

Environments 4 26086.25%* 30392.82* 101954, 94%%* 55037, 75%%
.GenotyPes X : =
" Environments 20 20968, 55%* 29060.45** 23800, 29 12248,04
“Error 80 6721#76 19496.36 ' 19731;70 11626.10
Iotal 125 90117.30 . 72327.82 54453;48 129652.17

>

%, %% Significant at the 57 and 1% probability levelé, respectively,

€e



34

the classification based on the F yield test (Table 7).

3
The analyses of variance for the FS bulks of eaéh cross.are given

in Table 8. fhe difference between environments was significant (P = 0.01)
for all four crosses. There were significant (P = 0.01) differencés
between genotypes in Crésses-I, iI'and III,kand for Crosses I and Iv,

there were significant genotfﬁe x environment interactions (P‘= 0.05
and P = 0.01, rgspectively). The mean yield of the FS bulks derived
from high—yielding.F3'lines was'significéntly higher (P = 0.0l).éhan

the mean of those derived from low-yielding F3 lines only for Crosses

I and II.

The occurrence. of significant differences between the bulks dérived

from high~ and low-yielding F3 lines for Crogses I, iI énd IV for the

5

Crosses I and II possessed greater genetic variance in the F

F4 bulks and only Crosses I and IT for the F bﬁlks indicates that

' 3 generation.
Although Crosses,iII and IV exhibit the least genetic variance of the
four crosses, they possess the greatest potential ffqm a breeding point

of view. Estimates of genetic variance (6;) for each cross, estimated

from the analysis of variance of the F._ three-row plot yield test were:

3
Cross T 62 = 16681.8
Cross IT a§'= 17649.3
Cross III 6§ = 5115.6
Cross IV | 62 = .2820.5

The decreased genetic variance makes it more difficult to obtain and
verify significant differences based on F3 yield performance. As the
generation number increased the absolute yield difference between the )

selected entries decreased. These factors combined with year effects,



TABLE 8.  Mean squares with their associated degrees of freedom for the combined locations analysis of
variance of the F_. bulks for each cross :

5

Source : df B Cross 1 : Cross II . Cross III ' Cross‘IV
Genotypes . 20 95758, bokk. 72992, bbxk 83205.46%% 14814 .49
High-Low F3'rating 1 .: 1532280.00%%* 903967.50%«  40186,80 21870.00
Environments 1 8500448.64%%  12224194,57%% 3214866.67%% 16071428, 57%*
Replication in ‘ v .

- Environments 4 69003.31%%* C45438,44%%  160167.17%% 16716.52
Genotypes X ) ' o ‘ R A
Environments . 20 11580.54% 14440.42 12569,75 37656, 62%%*
Error A 80 . 6447.39 . 8671.72 10049.90 14693.25
Total | 125  91512.27 118786, 81 © 52600,25  147078.21

*, **'Significant at the 5% and 1% probability levels, respectively.

<€
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sampling variability and possible inadequate levels of replication
are possible reasons for the. lack of significant‘differences,betWeeﬁ

the-F4 and F5 bulks derived from high- and low-yielding F3 lines in

Crosses III and 1V.
The estimates of heritability for each generation of each cross
‘are given in Table 9. It should be remembered that these estimates

are based on means, in the case of the F, yield tests, the mean of

3

three replicates of three-row plots.and the mean of nine replicates

of hill plots. With»thé F4-and F5 bulké,‘the estimates are based on

the mean of génotypes-replicatéd three times at each of two locations.
The:effect of using mean values to estimate heritability can be seen

by comparing the estimates based on the means of the genotypes tested

in the two F3 yield tesﬁs, three-row plots and hill plots (Table 9)

with those‘eétimated on a single plot basis using the same genotypes
(Table 5). The estimates of heritability based on plot means are

generally high (Table 9); The heritability estimates in F were based

3

on 78 genotypes whereas those in the F, and F were based on twenty

genotypes. Test conditions were conducive to high heritability esti-
mates because of

- the levels of replication used in the F, yield tests

3

~ the use of repliéation and two test locations for the F, and.

4
F5 bulk yiéld tests

- the selection of genotypes for the F, and F bulk yield tests

4 5

from the extreme ends of the yield range of the F &ield tests

3

- ‘the use of a random effects model in the analysis of variance

"of the F, and T, bulk yield tests. :




TABLE 9. Percent heritability;-estimated_by two different methods for each cross for different
generations and plot~types : ' :

‘ Heritability
Variance Component Method ; ’ : Offspring-Parent Regression
AF3 hill plots .F3 three~-row plots - F4 bulks v F5 bulks , FS—-F4 bulks
- Cross I 88.0 + 2.0 83.0 3.5 75.2 £ 10.6  87.9 % 5.2 95.5 + 10.7
Cross II  84.7 * 2.6 V 88.6 £ 2.3 70.2 = 12.7 - 80.2 £ 8.5 : 70.5 £ 11.5
Cross III 67.7 £ 5.4 64.9 + 6.7 —74.5 * Th.4 84.9°t 6.4 19.9 * 23.7
+

Cross IV  50.1 + 8.3 ‘55.7 t 8.5 56.4 £ 18.6  -154.2 + 108.4 44.6 + 13.1

LE
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The heriéability'estimates suggest that expected response to
selectién for grain yield would be greéter in Crosses 1 aﬁd‘iI than
in,Croéseé III and IV. However, it‘is Crosses_III and IV_that possess
the greater breeding,poteﬁtial, by virtué of their abéolﬁte yield Vélues
relative fo the control, cv. Glenlea. Thé population means, the means
of the selected groups and the prediéted and observed responses to
selection for each'cross are given in Table 10.- The.teh'high—yielding‘>
entries from each cross formed the selécted.groub, Predicted resbonse |
was estimated byvmultiplying-the selectioh differential (the mean of
the selected groué minus the mean.of’all‘entries) by fhe estimate of

heritability. The difference between the mean yield of the selected

entries and the mean of all entries was used as the measure of observed :

response. With the F4 and F5 buiks, the combined 1§catio§s mean yields
were used to measure the'observed responses.v The standard errors of
’predicted-and observed fesponsés were derived by the méthod used by
: Pesek and Baker (1971). |

The predictéd respoﬁse to selection in Crosses I and II were much
greater than thoSe for_Crosses ITI and IV. Howéver, the higher mean
yields obtained'in the F3 yield tests for Crosses III and IV sﬁow that
léss respdnse was_required’frdm these crosses té obtain lines with
high yield. The greatest.response to.sélection can be aéhieved from
those crésses with low population mean yield. ﬁowever, they are not
necessérily the crosses of inteérest to the breeder. As the absolute
yield valﬁe of tBe population to be selecfed is increased by the breeder,
the closer it gets -to the upper genetic limit, cdnsequgntly genetic

- variance and heritability decrease. As a result the expected response



TABLE 10. Means and predicted and observed responses to selection for
yield in each cross (g/plot)

Cross and Mean of Mean of sélected Predicted Observed

39

Generation population  high yield group response response
Cross 1
F3 , ©914.3 ©1105.9 159.1 + 5.6
4 bulk ' 913.3 1018.1 104.9 * 10.
5 bulk 869.7 ' 982.7 - - 113.0 = 10.
5 family 818.9 -899.9 81.0 = 45,
Cross IL ‘
F3 . ’ 921.5 1088.5 147.9 £ 3.9 |
4 bulk o 824.7} : 934.6 - 110.0 *= 12.
5 bulk 803.8 890.5 . "86.7 = 12.
5 family 911.4 ‘ 969.7 58.3 + 31.1
Cross III
F3 © 1051.9 1172.0 77.9 * 8.0
4 bulk - 885.8 : -901.6 15.8 * 18.
; 5 bulk 920.1 938.4 18.3 £ 12,
5 family - 1032.1 1065.3 33.4 % 35.
 Cross v , o
, F_3 - 966.6 .1056.5 50.1 7.6
4 bulk 898.2 927.9.. 29.8 + 13,
' 5 bulk » 874.2 ' 887.7 13.5 £ 15.6
fFS family - 955.0 958.4 3.4 £ 32
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to selection woﬁld be less from;a population of‘gfeater breeding poten-
tia1 than that from a population of léwer absolute yield value.
Comparison of the predicted and observed responséS‘(Table 10)
réveals thaf in no case did-oBserved response approach predicted
feéponse. The failure of observed response'to approach the predicted
values ma& be due to assumptions involved in computing predicted and
vobserved>responses; Pesek and Baker (1971) point‘out'that the ‘theory ‘
of cpmputing prédictéd response assumes that the estimates of herita-
‘bility are-derived from yiéld teéts in an adequate sample of the
reference set of environments. ‘Sigﬁificant discrepancies between
predicted and obseryed respohses,suggests that this assumption was
unsound. The estimates of predicted response were probably too high.
1This could fesult from genotype x year and. genotype x environment
interaction components being confounded with the estimate of genetic

variance obtéined from the F " yield test. The estimates of heritability

3
based on the plot means qf genotypgs in the F3 ;hree—row plot yield
test weré all high (Table 9). Also the comparison/of predicted and
ébserved résﬁonses’assﬁmes_that observed responses have been measured
in an adequate sample of enﬁironments. The discrepancies obtained
between predicted and observed responses wefe most likely due to combined
effects of‘the factors suggested above. |

Simple product—moment.correlétioné relating yield of the selected
“F3 entries in three-row plots (both adjusted and unadjusted'treatment
. and_FS bulks

and F5 family means for each cross are given in Tables 11 to 14..

means) and in hill plots to performaﬁce of derived F

The intergeneration correlations of F3 with the derived F4 and
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FS bulks for the selected entries in Cross I (Table 11) were all highly

significant (P = 0.01). The_cbrrelations between the adjusted three-
row plot mean yield and the yield of the derived bulks averaged over

locations Were,‘r = 0.880 between F3 and derived F44bulk, r = 0.913

between the F3 and derived F5 bulk and r = 0.905 between the derived

F4 and.F5 bulks.

The intergeneration cofrelations among the selected entries for
Cross II (Table 12) were generally significant. The correlations
between the adjusted.three-row plot mean yield and the yield of the

>derived bulks gveraged over locations were, r = 0.856 between the F3

and derived F, bulk, r = 0.771 betwéen~fhe F, and the derived Fe bulk,

4
and r = 0.816 between the derived F

3

4 and F5 bulks.

The intergeneration correlations among the selected F, entries

3

4 andvF5 bulks for Cross III were mostly nonsig-

nificant (Table 13). There was no significant correlation between the

and their derived F

yield of the selected'F3 entries and the yield of the derived F4 and

FS bulks- averaged over locations. The correlation between the yield

averaged over two' locations of the derived F bulks was not

and F

4 5
significant.
The intergeneration correlations among the selected F3 entries
in Cross IV and their derived F, and F. bulk yields averaged over

4 5

two locations are given in Table 14. The correlations between F3

yield and derived3F4 and F5 bulk yields were not significant. The
correlation between the two location average yield of the derived
: Fé_and F5 bulks (r = 0.650) was significant (P = 0.0l).

The lack of significant intergeneration correlations in Crosses



TABLE 11. Correlatlon matrix between F3 performance and performance of derlved F4 and F5 bulks

-and F5 family mean for the selected entrles of Cross I

Variable 1 2 3 4 5 6 7 8 9 10

" 1. Three-row plots

(adjusted) 1.000 G.987 0.936 0.818 0.774 0.880 0.845 0.897 »0.913 0.712
2. Three-row plots o | V . o -
(unadjusted) . 1.000 0.928 ' 0.794 0.783 0.873 0.824 0.906 - 0.909 0.715
3. Hill plots ' ©1.000 0.801 0.750  0.857 = 0.818 ~ 0.881 0.892  0.657
4L F, bulk Winnipeg . ~ 1.000 .0.620 0.870 0.904  0.783 0.871 - 0.687
5. F, bulk Glenlea | , ~ 1.000  0.926 0.574 0.867 0.774 0.683
6. F4 bulk combined locations - ,1'000 0.795 0.921 0.905 0.759
7. 5 bulk Winnipeg 4 ‘ 1,000  0.832  0.944 0.521 %
8. 5 bulk Glenlea - : | | » - 1.000 0.969 0.657
9. 5 bulk combined locations 1.000 . 0.625
10. 5 famlly mean 1.000

* Significaﬁt at the 5% probability level, the remaining coefficients all significant at the
1% probability level

Y



TABLE 12. Correlation matrix between F -perfofmance and performance of derived F, and F buiks

and FS family mean for the selecfe&?entrieé of Cross II o °
Variable 1 2 . 3 4 5 6 7 8 9 10
1. Three-row plots ‘ : .
(adjusted) 1.000 * 1.000- 0.933 0.703 0.795 0.856 0.724 0.688- 0.771  0.660
2. Three-row plots A : o
(unadjusted) » 1.000 0.933 0.703 0.795 0.856 0.724 0.688 0.771 0.660
3. Hill plots 4 . 1.000 0.709 0.821 ,0;875 0.774 0.651 0.775 0.570
4. F, bulk Winnipeg -  1.000 0.550% 0.842 0.692  0.444% 0.611 0.649
5. F, bulk Glenlea ; 1.000 0.914 0.698 0.767 0.803 0.449%
6.-:F4 bulk combined locations 1.000 0.788 0.711 0.816 ; 0.605 5
7. F5 bulk Winnipeg 11000. 0.680 0.901 Q.426T
8. F5 bulk Glenlea 1.000 0.931 ‘0.469*
9. F5 bulk combingd locations 1.000 0.491%
10. F5 family mean : 1.000 -

*Significant at the 5% probablllty 1eve1 the remaining coefficients significant at the 1%
probability level. ' ' :

tCoefficient not significant.

£




TABLE 13. Corrélatidn matrix between F3'performance and:performance of derived F

and F_ bulks

and F5 family mean for the selected entries of Cross III ) ’
Variable 1 2 3 i 5 6 7 8 9 10
1. Three-row plots - , o o ‘
: (adjusted) - 1.000  0.978%% 0.886%* 0.180 0.104 0.239 0.338 . 0.317 0.441  0.490%
.2. Three-row plots . : ' : | o .

- (unadjusted) 1.000  0.858** 0.197 0.095 = 0.247° 0.381 0.270 0.439 0.482%
3. Hill plots ' : 1.000 0.224 0.142 0.306 0;406 0.294 0.471% 0.388
4. F4 bulk Winnipeg-v‘ , 1.000 -0.273 0.661%% 0.418 0.192 0.411 0.531%
5. F4 bulk:Glenlea _ 1.000 0.542% -0.304 0.020 -0.194 0.092
6. F4‘bulk combined locations 1.000 0.129 0.184 0.210 0.535%

7. F5 bulk Winnipeg : , - ' ' 1.000‘ 0.110 0.756%* 0.006
8. F5 bulk Glenlea . 1.000 - 0.734%% (.286
- 9. Fs_bulk combined locations 1.000 0.193
10. FS family mean 1.000

*, %% Significant at the 5% and 1% probability levels respectively.

vy o



TABLE 14. Correlation matrix between F3 performance and performance of derived F

and F_ family mean for the selected entries of Cross IV

5

- and F_ bulks

5

Variable = 1 2 3 4 5 6 7 8 9 10
1. Three-row plots : ‘ o '

(adjusted 1.000 - 0.972%% 0.842%% 0.474% 0.250 0.442 - 0.535% -0.151 0.440 0.186
'2. Three-row plots ' ) - : .
' (unadjusted) : 1.000  0.859%* 0.435 0.262 0.424 0.478% -0.122  0.403 ~ 0.165
3. Hill plots : ‘ }.OOO' 0.363 0.269  0.383 0.248 -0.199 0.100 -0.096
4, F4 bulk Winnipeg ' ~1.000 0.393  0.853%% 0.730%%-0.150  0.645%% 0,406
5. 'FA bulk Glenlea o . 1.000 0.815%*% 0.249 0.217 0.431 0.098
6. F4 bulk combined locations ; 1.000 0.602**10.027 0.650%*% 0.311
7. F5 bulk Winnipeg o - _ - l.QOO ~0.436  0.700%% 0,432
8. F5 bulk Glenlea . ‘ - l.QOO 0.337 0.269
9. F5 bulk combined locations 1.000 0.665%%
10. F5 family mean 1.000

K% Significant'at the 5% and 17 probability levels, respectively.

Gh.
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ITT and IV compared witheCrosses I and II may be due to:
- the smaller yield range of the F3 entfieé in_tﬁree—row plots-
of Crosses III and IV compared with Crosses I andvII
- redﬁced genetic variapce‘in Crossee ITII and IV eompared with
Crosses I and I
- the precieien ef estimating the Fj yieid value and_the yield

values of F, and F generations

4.

- the precision of the various 'estimates would also be effected

5

by genotype x environment and genotype X year interections.
: " The method of selecting the F3 entries, meaﬁt that the eipecta_

tions fof the intergeneration correlations would be high, as selection
.from the extreme ends of thevrangevof the independent variable tends

to reduce the4Variance of the regression coefficient; resulting in

‘an improved correlationf The intergeneration correlation‘in Crosses

I and II, whereAthere was arwide'yield range, were all highly signifi~
cant (P = 0;01). ~In Crosses III and IV, where the yield range was
" much reduced, the strength of the inteigeneration correlations declined,
in some instances to non-significance. Error associeted with estimating
yield value of genotyees becomes increasingly’imﬁortant in determining
.the strength of intergeneration correlations as the yield range ana'
Agehetic vafiance of the material being investigated decreases. The
reletive~values of the.genetie and environmental variances in these
crosses'results in lower‘heritability‘estimates. The effect of the
»reduced'heritability on the intergeneration cdrrelations‘cen be seen’
using the relationship given by Falconer (1960j, viz.

rp = hxhyrA
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 where r is the phenotypic'correlationv(in this instance the inter-
generation correlation), hx and hy the heritability in ﬁhe two gener-
ations and Ty the gengtic correlation.

| The yield performance of selected F3 entries as derived F4 and F5
bulks was repeatable although conducted in a different season and
éample of environments. Although'the intergeneration correlations

for two out of the four crosses investigated were. generally not signi-
ficant, reasons for the 1ack‘of correlétion héve been suggested;
Given'sufficienf range and genetic variancé the replicated yield tests
conducted in the F3 generation; the three-row ﬁldt yield test and the
hill plot yield fest, identified high yielding‘lines, and the perfor-
'ﬁance of those linés was repeatable as derived F4 andvF5 bulks grown

in a different year and sample of environments.

The analysis of variance of the F_ family means for each cross

5
is summarised'in Table 15. Significént,differences P = 0.01) between
Fslfamily means were obtaiﬁed only for Crosses I and II. In Cross II
5 family’means among those
families rated high-yielding (P =VO,05) and low-yielding (P = 0.01)

there was significant variability between F

by the F3 yield test. 1In Crosses I and IT the difference between
F5 family means was due to the difference between families derived

from high- and low-yielding F_'s (Table 15). F_ families derived from

3 5

high-yielding F3's were significantly different from those derived from
low-yielding F3's in Crosses I, II and 111 (éignificant P = 0.01,

P = 0.01 and P = 0.05, fespectively), indicating that there was response

to selection among Fs‘families based on F3 yield performance. In

families derived from

Cross IV there was no difference between F5



TABLE 15. Mean'squares and their associated degrees of freedom of the F5

Degrees of

family means for. each cross

183470.

‘Source freedom ‘Cross I Cross II Cross IIL Cross IV
FS families -20 ’317427.81** 278622.71%% 108282.01 47993.65

Among F families derived from , ’ ’
 high-yielding F,'s | 9 254288.65 139498.81%  132355.40 43030.59

Among F5 families derived from _

lov-yielding F,'s 9 100749.61 212555.52%%  37869.48 162289.18

Glenlea versus remaining F5 ‘ _
~families ‘ 1 1177.38 775411.83** 96453.85 107447 .23

F, families derived from high-

yielding FB'é versus those derived _

‘from low-yielding F3'S 1 3152034,60%% 1628553.50%*  536070.17% 5603.33
Blocks 2 1408766.42%% 1742748.54%%  266459.44%  80261.86
FS families x Blécks o 40 121225.71 57930.09 74605.64 62181.85

. Total 62 226050.28 24 91657.82 - 58188.24

%, **,—Sigﬁificaﬁf at the 5% and 1% prdbability levels, respectiﬁely.

8y
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high- and low-yielding F3's. The differences between F5 family means

lines'should be tested within their

in Cross II suggests that the F5

_F3 derived family groups and between family selection prior to within

family selection would be effective. In Crosses III and IV, the'F5

lines_derived frOm different selected F3's_could have.beeﬁ grouped
and‘tested in a common yield ﬁeét. Although only four crosses Were.
studied, it appears that as the estiﬁate;of genetic variance bésed on
‘the F3 yield test decreases diffgreqces betWeen F5

no longer distinguishable. This apparent trend is of consequence in

family means are

practical breeding programs, as it has a bearing on how the F5 lines

should be evaluéted;

The pooled analysis of variance of the F. lines for each cross

5

is summarised in Table 16;"Significant differences (P = 0.01) existed

between FS lines in F5 families for each cross, suggesting there exists

lines developéd at random from

considerable variability between FS

selected F3's. Cross II was the only cross in which the error variances

- were homogeneoﬁs; and the effect of the heterogeneity of the error

variances on the differences between F_ lines is unknown. The varia-

5

bility between F5 lines is of consequence in a practical breeding program

‘where an optimum number of F5

F3 must exist such that response to selection is maximised. Shebeski

(1967) has stated that most plant breeders limit progress in their

lines to be derived from each selected

programs by evaluating t00‘few‘F5 lines. On theoretical considerations,
Shebeski suggeste& that 80-100 lines should be evaluated to give a high
probability of selecting the best line.. The choice of the number of

F5 lines from each selected,Fg depends on the proportion of additive




TABLE 16. Mean squares and their associated degfees of freedom for
' the pooled analysis of variance of the F5 lines for each cross

. Source Cdf Cross I Cross IT Cross IIT  Cross IV

5
F families
Error 280 247552.35  196989.18  141191.33  183504.78

‘ ‘ . ‘ K% *% : %% %k
F_. lines in 140 483240.72 511089.84 630874.37 378977.91

**,'Significant'at the 1% probability level

50
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genetic variance»that is fixable by sélection at that stage, the total
resources avaiiablé to the breeder, the final’objective'of the program,
the maximisation of response to selection and the minimisation of the
coefficient of variation of expected response. The factors effecting
F5 familyvsize will be considered in the generg; discussion.

Intergeneration correlations between the F yiéld test value. and

3
Fg family mean for each cross are given in Tables 11 to 14. The
intergeneration correlations between adjusted three-row plot yield

and F5 family mean yield were significant for‘Crosseva, II (P = 0.01):

‘and IIT (P = 0.05). There was no significant correlation for Cross 1IV.

Least significant differences at the 0.05, 0.10 and 0.20 ﬁrobability

levels for the mean of the ¢v. Glenlea family of entries were calculated :

.and used tovdetermine the lines better than cv. Glenlea within each
cross. The number of lines for each cross superior to. each leést
significant difference are given in Table 17. ‘In Crosses II and 1171,
all.of the;entrieS'With mean yield greater than the upper confidence
intervals of cv. Glenlea,were deriVed from high-yielding F3 lines.

In CrossI, one of the high—-yielding‘F5 liﬁes was deri&ed from a low-
lyielding F3., Ip Cross IV, with the 5% least significant diffefengé

fbof cv, Gleniea, three out of four of the high-yielding lines were from
low—yiéiding F3'S; With the 10% least sigﬁificapt difference, four

out of five were from low-yielding F3's, and at the.20% least significant

difference, five out of éighﬁ were from low-yielding F Most of. the

1
3S.

high—yielding lines derived from low-yielding F3's belonged to the

'one family (F3 line number 40, see Table 6), which could have been

misclassified by the F3 yield test. One of the high-yielding F5 lines
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~TABLE 17. The number of lines superior in mean yield performance to
.the least significant dlfference of cv. Glenlea for each cross

Percent probability level
of the least significant

difference v Cross I Cross II Cross III Cross IV
5 21 A : 4 4
I 25 6 S5 5
20 37 6 8 8

Glenlea Mean Yield (g) 826 1096 1097 1027
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derived frnm a low-yielding F3 had oné replicate with a spuriously
high plot yieldA(alszt twice thevvalne‘of the othef tﬁolreplicates).
| ersées III and IV did not producé as ﬁanyfhigh-yielding lines
as was expected, cnnsidering the F3 yield test data (see,Tabie 6).
Sampling variability associated with the precision of eétimating the
trne genotypic Value for yield, genotype x environment and genotype X
year inneractiqns'may be responsible‘for tne relatively low number Qf
high—yielding.lines'in these two crosses. |
‘The number of lines better than cv. Glenleavrealised from Cross I
is surprising considering the F3 pérformance of this Cross. Most likely
the number is a féflection of the low mean yield of the cv. Glenlea
family of entries. However, the number could result frnm;‘segregation,
in thé F4 generation, genotype X environment and genotype X year inter-
actions, or a combination of‘all four of the nbove reasons. Only
fnrther tésting of linés in an attempt to determine tneir true genetic
value‘would elucidate the reason for the high number of lines superior
to cv. Glenlea.
At the 5% least significant difference of the mean of cv. Glenlea,
considering ail fonr crosses, four lines ouf ofrthirty three originaten

from low—yielding FS lines.  If only high-yielding F, lines were being

3
rétained, this would resultiin a loss'nfilé.lz of the highest yielding
lines from the four crosses. At the 107 least éignificant difference;
five lines out of forty one originated from low—jielding F3 lines,
k~which would résult in a loss of 12.2% of the highest yielding lines

if only the high-yielding F3 lines were retained. - At the 20% least

significant difference, six lines out of fifty nine originated from
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Jlow~yielding lines,- which would represent a loss of 10;2% of the

highest—yielding iines, if only'high—yielding F3's were retained.
Most of the high-yielding lines derived from low-yielding F3's

bulks and F

were derived from Cross IV.The performance of the.F5 5

3 yield

family means did not subs£antiate-thé selection based on F
performancé_in ersé IV, and reasons have already been suggested for
the reéults observed with this‘cross. It should'be noted that lines
superior to the 20% least significant difference éf'cv, Glenlea,

represent yield a&yances over. c¢v. Glenlea of at least, .13.6%, 4.2%,

10.4% and 6.4% for Crosses I to IV, respectively.
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EXPERIMENT II
The objective of this experiment was to assess the relative
importance of the precisi§n of the estimate of yield and genotype x
year interactions on the strength of intergeneration correlations by
comparing intergeneration correlations obtained from repiicated yield
tests conducted in separate years with those obtained from unreplicated'

' yield tests conducted in the same year.

Materials and Methods

Residual F, seed of the FS yield test, and seed of the derivéd
F, and F; bulks of each of the ten high- and ten’lbwéyielding entries
selected from eaéh cross in Experiment I were grown as single replicate
entries.ih a completely randomised experiment, one for each cross,
with a controi'plot of cv. Glenlea adjacent to each entry. Each
‘completely randomised‘experiﬁent contained sikty entries, the ten
high-.and»lowfyielding selections for each of the F3, F4 and‘F5
generationé;4 The thrée-row x’3'm length plots were planted on summer
fallowed lana af the University of Manitoba dn Maf 3rd (CrossesII and ITI)
and May 4th (Crosses I and IV ),1976. Replica?ed yield data of the same
entries was thained'frqm the replicated F3 Fhree—row yield test grown

in 1975 (means adjusted for intra-block error), and from the F4 and F5
bulk yield testé grown in 1976. The replicated F4 and F5 bulk yield

tests were planted adjacent to the single replicate tests.



56

Yield vglues considered were (a) the mean 6f thg three replicatési
from the.reblicated tests, (b) the single replicate yield value and
(c¢) the single replicate yield value adjusted to a percentage of its
adjacent control plot as suggested by Shebeskiv(1967) énd Briggs and
Shebeski (1968). |

Simple producf—moﬁent'correlation matrices between the replicated,
unreplicated and adjusted uﬁreplicated yield values were constructed
for _each cross. Significance'between éofrelatién coefficients were
‘tested using the ﬁt" distribﬁtidn test statistic based on Fisher's

Z-transformation.

Resulté,énd Discussion

The‘single)replicate yield ﬁest was coﬁducted‘in a nurserylidentical.
to that used by Briggs and Shebeski (1968). ‘Correlations betweeﬁ the
control plots at varyingvAistances apart were calculatéd sérially
élong a range using each plot in turn as a dependent and then as an ind-
ependent  variable. The correlations:between the control plots were 0.635,
0.558, 0.379, 0;241’,0‘131 and -0.023 at distances of 0.9) 2.7; 5.4,
8.1, 10.8 and 13.5 m apart, respectively; The relationship agrees with
that reported by other researchers (for examplé Wiebe, 1935; Briggs
and Shebeski?rl968). The correlations'depend on the assumption that
adjacent or contiguous blots arelﬁore 1ikely‘to be alike in yield than
‘flots further apart. Adjusfment of single reélicate yield values to
a percentage of thgir adjacent control plot is done to adjust for soil
heterogeﬁeity (Briggs and Shebeski, 1968). The correlation between
the>adjaéent'éOntrélrplots (rk= 0.635, significant P = 0.01) suggests

. that improved résponse to selection could be expected by adjusting
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the yields of entries to a percentage.of’their adjacent control plot.

The intergeneration cortelations_for each cross are giﬁen in
Table 18. 1In Cfdsé I there was no difference betwéén-the intergeneration
ﬁﬁrr@aﬁtens’ based on the uwhreplieated and adjusted um?epla_@ated yield
vé}ues for F3—F4, F3—F5 or F4—F5. However, in the‘case of the FB_FS
comparison, thé’adjustmentvproduced a significant intergeneration
Acqrrelation.} In Cross II, the adjustmeﬁt procedure produced avsigni—
ficant FB_F4 intergeneration correlation that was significantly different
from the coefficient based‘on.the unrépliéated yield values. In the

4 °5°

ineffective. In.Cross I1T, the adjustment procedure was ineffective.

remaining comparisons, F3-F5, and F,-F the adjustment procedure was

In Cross IV, the adjustment procedure produced a significant negative

correlation between the F4'and FS yield values.
In the situation examined, where all'ploté of the different gen-.
~erations were grown iﬁ the same season, adjusément'to a percentage of
the_adjécent contrbl plot was generally ineffective, as the adjustment
failed to improve the intergeneration éorrelations in fifteen of sixteen
cases. This is gontrary'to the findings.of De Pauw and Shebeski (1973).
who found that adjustment to alpercentage of the adjacent controi
résulted in significantly higher F3 line~F5'family meénkcofrelatiéns.’
When the adjustment procedure is ineffective it cannot be expected to
improve resboﬁse to selection.”

The~F4~-F5 intergeneration correlations (Tablé 19) are an indi-
cator of the role of replication in increasing the precision of the

. estimate of genotypic value for yield. Both thekreplicated and unre-

plicated tests were planted .on the'same field on the same days. For




 TABLE 18. Intergeneration correlations for each cross based on unreplicated and adjusted
unreplicated yield values :

Basis of comparison | o B .Cross 1 Cross II Cross III - Cross IV

Unfeplicated F 4

% control plot -

, - Unreplicated F, ©0.775%%  -0.199 at  0.254 ~  0.306

- Unreplicated F

3 3 ' .

Unreplicated F,, % control plot , 0.628%% 0.531%b 0.034 - 0.417
Unreplicated T, - Unreplicated Tg 0.354 0.541%  0.384 0.101
Unreplicated F3, % control plot - _ . ,

Unreplicated F, % control plot - 0.504% 0.499% -0.037 ° . 0.001
Unreplicated F4 - Unrepiicated F5 0.312 0.077 -0.057 ' -0.047
Unreplicated F4’ % control plot - ‘ ; ‘ .

Unreplicated F_, % control plot ; . 0.248 C0.404 - -0.232 . -0.526%

5,

*, %%, Correlation coefficients significant at the 5% and 17 probability levels, fespectively.

+ The pair of correlation coefficients followed by different letters are significantly different
at the 5% probability level. The remaining pairs of coefficients are not significantly
different. ‘ ' ' '
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TABLE 19. F4-F5 intergeneration correlations for each cross based on replicated, unreplicated

and adjusted unreplicated yiéld values

Basis of comparison

Cross III

Replicaﬁed F, - Replicated F

4
Unreplicated F

5

- Unreplicated F, -

4 5

'fUnreplicated FA’ % control plot -

Unreplicated F % control plot

5’

©0.904%%at

0.077 b -0.057 ab -0.047 b

~0.526% b

* %%  Correlation coefficients significant‘at the 5% and 1% probability levels, respectively.

T Correlation coefficients folldwed'by different letters are significantly different at the

5% probability level.
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Cross I thé intergeneration correlation based Qn’replicated yiéld

values was significantly different from those based on the unréﬁli-
cated and adjusted unreplicated yield values. For Cross II, the
corrélafion based on the replicated values was different from the
coefficient fof the unrepliéated values, but not diﬁferent from that

~ for thé adjusted unreplicated values. The adjustment procedure improved
the correlation but not sufficiently for significénce to be obtained.

For Cross 111, none of therintergeneration correlations were‘significant.
However, adjustment of the unrepliééted yield values resﬁlted in the
correlations between the replicated and édjuéted unreplicated compar-
isdns‘being significantly different. Thekadjustment procedure adjusted
the F4 and fs yield values such that a negative corfelation befween

the replicated values was signifiéant,fwhereas'that based on the
‘unreplicated values Was‘not significant. Furthermore, the two éoéffi;’
cients were‘significantly different. Adjustment ofAthe unreplicated
_yield,values resulted in the productibn'of a significant negative
intergeneratidn cqrrelation. The correlatibn coefficients for the
replicated and adjusted unreplicated - comparisons were significantly
'différent,'but’theré wés no difference between the coefficients of the
unrepiicated énd adjusted unteplicated comparisons. In 'this case,

the adjustment of the F

and F_ yield values resulted in the production

4 5
of a negative intergeneration correlation that was significantly dif-
ferent from that.obtained with replicated testing. Cleérly, the ad-
justment was producing spurious yield results.

The F3—F4 and F3-F5 intergeneration correlations based on repli-

cated yield values obtained in different growing seasons is given in -
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Table 20. ‘The correlations were significant for Crosses I and II
(P = 0.01) and Cross IV (P'= 0.05). 1In the cfbsses which exhibited

a wide yield range and genetic variance in the replicated F, yield

3
- test (Crosses I and II), the intergeneration correlations between
the’replicated'yield values were highly significant (P =0.01). As
the~yield range and genetic variance declined éo did the-strgﬁgth»of
the intergeneration correlations. | |
The general lack of significant FB-FAVand F3%F5 intergeneration

correlatibns between the yield values of'unreplicated entries obtained
'iﬁ'the same growingvseaSOn (Table 18) compared with significant corre-
lations between the replicated yield values obtained in different
growing seasons suggests that the error associated with estimating
the yield value of a genoty@e With a single replicate may be more
impoftant in détermining the strength of intergeneration correlations
than gendtype'x year effécts‘ |

| Observation of the intergeneration correlations, esﬁecially thé
Fa"FS intergeneration.c0mparisons.in which ' theré is noyyear effectbto
téké into‘aCCount, shows clearly the importance of replication in
increasing the precision of the»estimate of genotypic yield value.
In all‘cases the correlations based on the replicated yield values were
stronger than those based on‘unreplicated and adjusted unreplicated>
~yield values, and in éome instances the difference between correlation
coefficieﬁts is signifiéant.’ The failure of De Pauw éﬁd Shebeski (1973)
to obtain intergeﬁeration cofrelations in which the régression relation;
ship explained at least.SO% of the wvariability iﬁ the dependent variéﬁle

can in part be attributed to the lack of precision associated with
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TABLE 20. F3~F4 and F3¥F5 intergeneration correlations for each cross

based on replicated yield values obtained in different growing

seasons.

- Basis of comparison Cross I Cross IT Cross III Cross IV
. ) o . *% *
Replicated F3—Repllcated F4 0.818° 0.703 0.180 0.474

%

’ o X% . *
Replicated F -Replicated Fq 0.845°% 0.724™ 0.338 0.535

3

*,%%, Significant at the 5% and 1% probability levels, respectively.
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détermining the yield values in unreplicated'tésts‘in which the yield
of each entry was adjusted based on the performance of ipé adjacent
COntroi plot.

| Adjustment procedures could only be considered as a replacement
-for repiication if they give the same information éé to the yield
Qalue of,aigenotype or give improved intergeneration correlations.
Clearly, this iS‘not always.thé.case for the adjustment procedure
considered in this study. 'Adjpstment to a percentage of an adjacent
»control plot requires that one~third]of'the total nursefy area be
’occﬁp;ed by control plots.. Replication increases the precision of‘
the estimate of the yield value of aigenotype, and provides a‘étandard
erfor of the eétimafe; In a practical breeding sitﬁation whéfe the
total number of plots in thevﬁursefy is fixéd by available_resources,
it would be logical to,replicate fewer entries than to utilise one-

third of the nursery with control plots.
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GENERAL DISCUSSION
- The effectiveness of a breeding method is measured by the per-
formance_of lines derived by the method. The effectivenesé of F3

yield testing was measured by the performance of F4 and F5 bulks or

"1ines derived from selected F3'S. The correlations between the yield
valuesAbr'rankings in the different.genérations form the basis of
evaluation of the worfhiness of the F3 yvield test. High intergener-
ation correlations imply that performance of selécted-lines will
persist into subéequentvgenerations. -It is the degfee of ﬁertainty
with which the performance of derived lines can be predicted that is
baéic to the application of early generation testing. In addition,
resource réquirements must be considered in judging the gffectiveness
of early generatibn yield festing. Some researchers have sﬁggested
that costly yield.evgluétién should be delayed un£il the Fsvor F6
generations when the lines .to be evaluated are homozygous of near
homozygous. | |

A_numbér of factors can éffect thg comparison of different breeding
methods. The magnitude ofvthe phenotypic and genetic variances, which
‘are a characteristic of the starting populatién can have a considerable
effect on the effectiveness of early genera£ion'selection. Greater
response to seléction can be expected from selection in populations

having greater phenotypic and genetic variance. In»the‘present study,

significant responses to selection were observed in Crosses I and II
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whieh‘had greeter genetic variance than‘eithet Crosses III or 1IV.
Although fesponse to selection will be greater in populations
with larger genetic varlance, the hlghest yleldlng 11nes may be derived
from populatlons having less genetic variance but a hlgher mean yield
Ato start with. As' populations approach the upper genetie limit for
yield, genetic variance decreases as does ﬁeritabilitf and response
'toiselectiOn., Nevertheless, these populatlons possess the greatest
potential from the breeding standp01nt. Perhaps the absolute yleld
values of lines developed by'different breeding methods may prov1de
the single most effectiﬁe criterion for determining the effectiveness
of different methods. In thie study, the F

5 lines of highest yield

were from Cross III, which had the‘highest yielding F3 lines and the
highest FS population mean yield of the four croésés(

The fact that the highest yielding linee'of the four crosses were
derived ftom a cross with low genetic variance but a high mean yleld has
~1mp11cat10ns to the debate over the use of w1de and narrow crosses.

In terms of short-term breeding’prograﬁs, it may be more important

to choose populations whpse mean is closest to the»desired'goal rather
than concenttating‘on populations with 1arge genetic variances. Within
limits,_a.cross of high.x high may be expected to be.more productive
than a cross of high x low. |

In compa;ing selection methods it should be remembered that the~'
results of selection experiments will vary even if the‘same material
and ptecedures are used (Falconer, 1960). - Variebility'can tesult froﬁ
rendom sempling of the.F3 lines to be tested, from coﬁditioﬁal,sampling

of the F3 lines during the actual selection phase and from random
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sampling of the environmental and genotype X environment interaction
effects during the F3 test and in the final evaluation of selected
lines.

In this study the selection intensity applied to the F popuiations

3
was within. the range suggested by Baker (1966,kl97f) and Soller and
Genizi (1967) to minimise the coefficient of variation of response

‘to selection. Previoue studies, Briggs and Shebeski (1971), (their

- 1966 and 196'7YF3 yield nurseries),De Pauw and Shebeski (1973)‘and
Seitzer (1974) have been cohductedfwithlvery ﬁigh'selection intensities,
so the vafiability of response would be expeetea to be quite high.

To avoid this problem, selection intensity was set at 13% in the
present study.

In this study response to eafly generation selection‘was analysedk
in its two components —.the selection of high—yielding genotypes in
‘early generatipns and ehe persistence of their yield_performance into
later generations. Results confirmed ﬁhat repiicated testing of F3
: liﬁes was‘capable of identifying F3 lines thatvdiffer in yielding -
ability. However, these differences persisted over generations in

only two of the four crosses. ' Differences observed in the F_ yield

3

test would be due in part to genetic differences that will persist
over generations and in part to genetic differences that are expressed

only under the ‘environmental conditions peculiar to the F_ yield test.

3
It would appear in this study that differences of the latter type

accounted for most of the differenees among F3 lines in Crosses III

and IV. This raises the question of whether or not genotype x envi-

ronment interaction becomes such an important masking effect in crosses
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showing little genetic variation that early generation selection will
have little or any effect in such populations.

The performance of the derived F, and F5 bulks and the mean of

4
the family of F5 1lines vérified the yield classifications (high or
low) based on the F3’yield tests in Crosses I and II. In some cases,
the differences persisted in Crosses 111 and IV. 1In general, the

" highest-yielding F5 lines were derived from high-yielding F,'s, which

3
is in agreement with the findings,of Briggs and Shebeski‘(1971).
In Cross'IV, ?here is a real possibility that the F3 yield test mis-
classified one Fé.line. Cross IV-had the narrowest yield range and
least genetic variance of the four crosses eiamined. The effect of
reduced yield range and genetic variance combined with erfors of
determination’of yield value, genotype x environmentvand gendtype b4
year effects were probably responsible for the observétions within
Cross 1V, | |

The obserVed‘response to selection among F3 lines was signifiqantiy
* less than predicted on the basis of the F3 yield data in all four
crosses.  This probably resulfed from the estimates of heritability
obtained from the F3 yield data being too high, due to components of
Variation due to genotype x environment and genotyfe X year effeété
béiﬁg confounded with the estimate of genetic variance. To overcome
this, replicated F3 yield testing at a number of locations within and
over years would be‘fequired. This would be possible utilizing hill
plots for the F3 yiéld tests. However, it may be more pfactical and
beneficial to the plant»breedef to acknowledge thaf the heritability

estimates and the predicted response are biased upwards and divert

‘the resources to evaluation of more F3 and F5 lines,
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The role of replication in improving the strength of intergene-
ration correlations was evident. The comparison of, single replicate

3 line, F4 and FSAbulks were grown in the one-

season, with the replicated tests where the F3 test was grown in a

- different season to the F4 and F5 bulks revealed that errors associated

yield tests where the F

with determining the yield value of a genotype using a single replicate
value'haﬁe a profound effect on the values of intergeneration corre-
lations. The uée Qf a control plot édjacent to each entry to adjuét

’ for the effects of soil heterogéneity as suggested by Shebeski (1967)
and practised by Briggs,and’Shebeski (1971), De Pauw and Shebeski (1973)
énd Seitzer‘(1974) did not significantl? improve‘the intergeneration
correlations. The lower values for intergeneration correiations
reported by'Briggs and Shebeski (1971) for the lines derived from the
1966 and 1967 yield tests, and De Pauw aﬁd Shebeski (1973) are in

part a result of the use of only one feplicate to estimate genotypic
yield value and the effect of yield rangé and genetic variance on the
expectatioﬁs of the intergeneration correlations.

Two methods: of replicated FB yield testing (three-row plots and
hill plots) were evaluated for their ability to distinguish differences
between genotypes. Hill plots wbuld be suitable for eérly generation
yield testing where seed or landbavailability were 1imited. Three-
row plots were considered superior to‘hill plots becauée’they réquired
fewer replications to estimate yield differences befween genotypes
and they could be handled with a totally méchanised field operation
compared with hand planting and harvesting of hill plots.:

| The modifibétion of the pedigree breeding system used in this

study is essentially a two-stage selection program where lines selected




69

in the first stage, F3 lines, segregate in the F4 generation and are
available for further evaluation in the second stage as FS lines.
Shebeski (1967) suggested that most plant breeders limited progress

in their programs by developing too few F_ lines from each selected .

5

F3,‘and suggested therefore,‘that as many as,lOO(F lines should be

5
evaluated from each selected F3 in order to give the breeders a chance
of recovering the "best" lines. This proposal requires that relatively
few F3 lines be selected in the first stage of selection. Shebeski

(1967) proposed that the best 10 F lines be selected from 1000 tested,

3
a selectibn iﬁtensity of 0.1 percent.(bThe choice of a much lower
sglection'intensify in the présent study.was made for two reaéons.

On a theoretical basi; Baker (1966, 1971) and Hill (1974)'have shown
that‘respoﬁse to selection will be more vafiable under more intense‘
selection. Furthermore, Soller and Genizi (1967) and Baker (1971) .

have shown that variability of response, when expressed as a pércent

of averége response, is leasf when selection intensities ére between .
10 and 20 percent. .

‘ On a more practical basis, it was felt‘thét the experiment shouid
:be designed with maximum probabilit& of detecting'respohse,»if early:
generatién selection was iﬁdeed éffective, Oﬁly 78 F3 lines were
studied in éach cross in order that they-could be replicated. Of these,
" ten high-yielding and ten.low—yielding were selected. . In this way,

; i9 degrees of ffeedom were available‘for,any test of differences.amongr
F4 and F5 bulks and F5 family means. With more intense selection, |

fewer degrees' of freedom would be available and a larger F ratio would

be required to establish significance.
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Shebeski (1967) suggested that 100 F_ lines should be sampled

5

in order to obtain a representative sample of all possible FS lines

that could be derived from a single F3 line. While it is true that

sampling variation will result in the exclusion of good F_ lines in

5
some families and poor F5 lines in others, there is no reason to suspect
that the sampling process will be biased towards the exclusion of one

3 family produced’F5 lines

distributed with a mean and variance.common to all families, the dis-

type or the other. Certainly, if each F

tribution of one Fsiline from each of 100 families would be veryn
néarly the same as the distribution of 100 F5 lines taken from one

such family. The more limited sampling of a greater number of F3

“lines seems necessary to minimise the undesirable effects of unavoidable

3

misclassification of F, yield potential as appears to have occurred
with Cross IV in the ﬁresent study. | | ’

Most plant bregding programs operate on fixed resources, and it
is resource availability that determines the amount of material that
can be évaiuated. Wiﬁh fixed resources, the cost of growing, main-
téiniﬁg and harvesting each plot Qetermines‘the tofal number of(plots
that can be grown. The breeder muét decide how many lines, and at
what level of replication should be assigned to each stage éf a two-
stage selection program so that total response'to selection and
response per unit cost are maximised. In most cases the objective of
the breeding prdgram is selection of a number of lines for further
evaluation at different locations over seasons, leading to eventual
variety,releaée.

| In trying to develop a strategy for the optimum ailocation of

resources in a two-stage selection program, the idea that the coefficient
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of vériability.of‘fésponse to selectibn should be minimised in both
stages, and the idga that fof a given amount beresource, there is an
optimum amount of replication that maximises‘respdnse fo selection
have both been accepted. Baker (1966, 1971) ;onsidered the coefficient
of variation of respdﬁse'to single trait selection and concluded that |
it was minimum when the proportion selected was between 10 and 30
percent. Similarly, Soller»aﬁd Genizi (1967) found that esfimates
of'realisedkheritability were expected to have the smallest sampling‘
variances when the selected proportion was about 10 percent. Minimi-
sation of the coefficient of variation of ékpected response is critical
in two;stéée selectién wherekthe consequences of sampling error in
lthe first stage afe manifested in the secondvstage; The ﬁroportion
-of lineS‘selected‘atveach stage needs to be sufficiently large that
the.selected group has a "high" probability of contéining tﬁe "best"
lines. This probability will depend on the degree of replication,
thé percent difference in the frait that is requiréd and the numberv 
of lines being evalﬁated (Sokél_and Rohlf, 1969). Sampling variébility
";obviously'affecfs ﬁhe probability that the best lines selected af
the end of the second stage are in fact the best lines. . Conséqueﬁtly,
the pfoportion of lines selected in each sﬁage ﬁust be in tﬁe range
that minimises the cqefficient‘of'variation of expected response.
When tﬁe breeder sets the number of lines to Be selected in the second
stage for further evaluation over locations and seasons, the number
- of lines to be tested in:the second stage is set in order to minimise
the coefficient_oé variation of éxpecﬁed response.

- Baker (see Townlenymith.et aZ.; 1973) has determined the number

of plots (replicates) of each genotype required to maximise the
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performancé of a‘givén‘number‘of selected lines. Résults depend on-
the heritability of the'tréit,being‘considered ahd onvthe total number
of plots that can be handled. For examplé, if 1000 plots can be grown,
and ten lines are to be selected, then the propbriion selected of the
total number of'plqts grown is 0.01. 1If the heritability on a siﬁgle
plot basis for the trait is 0:3, theﬁ'four replications of each of
250 lines shéuid‘be grown if the performance of the lines to be selecféd -
is to be maximised. That an optimum'ambunt of replication exists relates
to the'fact,that increasing replication iﬁcreases heritability'(and
hence response to selection) but necessitates é reduction in the number
46f lines that can be tested with fixed resources. This reduction in
'numbér'of lines fested results in a diminished selection differential
and conseqﬁently less response to selection.

In a two-stage program'whéré ZO 33—lines and ZJ FS liﬁes are

J‘times in each of the first and second stages,

respectively, then the breeders' total operating cost, (, depends on

replicated n and »

the number of lines and replications in each stage, the cost of creating
lines for the second stage and the cost, ¢, of_growing, maintaining and
harvesﬁing each plot in the program. The total operating, C, cén be
expressed as,i |

= cnOZO + chZO + cnzll

N

where P, is the proportion of lines selected in the_fiist stage; It
can be readily seen that the total number of plots ;hat éan be handled
in any program is'determined by'the total resources, (, and the cost
per plot, ¢. The number of plots that have to be grown to produce
material for the second staée.iS'pOZO, and Zi = prZO, wherevk is the

number -of selections, F

5 1inés, developed from each of the‘polo lines,
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the selected,F3 lines.

Utilising the above relationship, values for the number of F5
lines from each selected F3 liﬁe have -been computed for a hypothetical
case where the maximum number of plots, (C/c, that the breeder can
grow is IOOO'ploﬁe, and after the two stages of seleetion the best
10 lines are'required for further evaluation over locetions ahd seasons
(Table 21). The actual numerical value . of C/¢ is immaterial as the
proportionate allocation of iines to each stage is determined by the

values of Zo’ po, n, and n_, and the factors determining their values

1

have already been considered. It can be seen from Table 21 that the

number of F5 lines developed from each selected F ihAthis study, -

3

eight FS,lines, was adequate to maximise expected response to selectionv‘

and to minimise the coefficieht of variation of expected response to
selection.

It can be generally concluded that the results obtained in this
‘stﬁdy testify to the effectiveness of early generation testing and
indieate that feplieation should be an integral part of any early
generatiqn'testing procedufe.v Alternetivee‘to replication largely
resulted frem studies that indicated the general ineffectiveness of
selection for yield in the F2 generation, consideration of the probiems'
of intra- and ineergenotypic competition and limitations of seed

quantity. However, there is no evidence to suggest that an F, yield

3
test of a random sample of lerge F2 plants would be detrimental to
Progress in eelecting for yield. 'In fact the results of this study

indicate that in those crosses with considerable genetic variance

in the F3 generation considerable progress in yield was made, and in




TABLE 21. The number of lines in the first étage of selection (ZO), for varying levels of

repliéation, no and nl in each of the‘twq-stageé'respectively when Z] = 100 énd the
proportion selected in each stage is 107% (po =p; = 0.10). The numBer'of selections,
k, from each of the-pOZO lines selected in stage I is givén for the corresponding ngs

n ., L and T ‘values
o’ o 1

o o o @] o
n, 1k 1k 1k Lk 1k
L Coe8 1 o428 2 290 3 219 5 176 6
2 727 1 380 3 258 4 195 5 . 156 6
30 6% 1 33 3 225 4 170 6 137 7
4 545 2 25 3 193 5 :‘ e 7 117 s

5. 454 2 238 4 161 6 - 121 8 .98 10

YL
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those crosses with less genetic variance high-yielding F5 lines were

recovered, utilising a random sample of only seventy-eight F, plants.

2
It is critical to remember, however, that no a priori knowledge of
F3 population mean yield or estimate of genetic variance exists. This’

information can oﬁly be obtained from a replicated F ‘yield test.

3
- To make best use of replicated early_géneration yield testing

in plant breeding practice, the plant breeder requires the facilities

to produce large F2 and F4 plants, so that seed quantity will not

restrict the design of the F,-yield test. Use of irrigation and high-

3

fertility conditions would ensure that seed quantity would not be a

limitation. Such COnditiQnS would also facilitate disease'screening;

. éo that undesirable susceptible genotypes could be disqarded. A random
sémple of the remaining égronomically acceptable genotypes would form -
the basis éf:the:entries for the replicated yield tests; The breeding

" method proposed by Shebeski (1967), can be modified to reflect the
results of this study. Shebeski'svoriginal proposal incorporating

the results of this study is outlined below.

Modification of the pedigree breeding method for breeding for yield.

(Modified* from Shebeski, 1967).

Year 1 (Spriﬁg) - Sufficient crosses of the parents possessing
| between them the aeéired qualitative factors
are made in the greenhouse:
Year 1 (Sqmmer)f‘—_, The Fl's are grown under field or greenhouse
conditions. .If sufficient crossed seed has been

produced to permit a replicated yield trial of

*Any modifications from Shebeski's original proposal are in italics.,



Year 1-2 (Winter)

Year 2 (Summer)‘

Year 2—3 (Winter)

fbr the F
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F.'s and their parents only the crosses with the

1

best yield and quality characteristics should

- be retained.

Sufficiently large numbers of F_, plants to pérmit'

_ 2
selection for stem and leaf rust resistant,
stronger—strawed plants are grown in Mexico.

The plants are spaced 30-40 cm apart in pairs

of rows 11 m long and 30 cm apart with 60 cm

 between pairs. A random sample of 80-100 resis-

ﬁant,_sﬁrongef-strawed qunts selected for each
cross. | |
Yield test the selected F pZants in.replicated
trials us%ng either hill pZots or three metre
Zength three-row plots. = Rows are spaced 15 cm
apart and 50 seeds are planted per metre of row.
Plofs are pianted with 90-100 cm between Fhe
centre rows té minimise interplotvcompetition.
ALl pZots are harvested. for the estimation of
yield. The lines are ranked n order of their
mean yields and compared with the yield of the
control cultivdr; Select the top-yielding 10%
3

of lines only from crosses that produce F, lines

superior to the control cultivar.

. Random’F4 popuiations f?om each of the selected

10% of F, lines are grown in Mexico as described

g+ Eight to ten random selections




Year 3 (Summer)

Year 3-4 (Winter) - Each superior F

Year 4 (Summer)

Year 5 (Summer)
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(F5 lines) derived from among the rust resistant,

stronger-strawed plants for each selected FS
line. -

~ Replicated F, yield trials of the 8-10 randomv
selections derived fTom each selected FS line.

Rank F5 lines on their mean ytelds. Select the
top—yieiding~10%_of lines superior to the yield
of the control cultivar. IfAthe top yielding

linés‘are not sufficiently uniform to Be bulked
as a potential.new strain thgir respectivé F6

populations could be grown in Mexico as described

for the FQ.

5 line that was considered uniform

could be increased in MeXico.
- Extensive regional trials to verify yielding
potential and select for wide range adaptabilify.
~ The top iines from the previous. year's test

entered in the Co-operative tests.



78

CONCLUSIONS

1. Replicated F3 yield testing with three-row plots and hill plots
, ideﬁtifies high yielding lines.

2. Consideréble genetic variance for yield was detecfed in the F

3

plants.

generation from a sample of 78 random large F2

3._' Sigqificént'genetic_cprrelétigns.were obtained between F3bline
pérformance in hill plots.and three-row'plots. Three-row plqts‘
were prefefable to hill plots because:

- they were more efficiéﬁt fof séleétion

- less repliqatioﬁ was reduired to'estimate yield differences

between genotypes

they had lower coefficients of variability

they could be machine plénted and harvested compared with

a hand-planting and harvesting operation for hill plots

Hill piots were suitable for early géneration selectipn and require
less seed and land than three-row plots;- ‘

bulks derived from selected F,'s .showed that the F

[ F4 and F5 3

performance rating is repeatable within the limits of:

3

- sampling variability
- — the precision of estimating the yield value in each generation
- the range of yield and genetic variance for yield of the

cross



10. .

- Errors of misclassification based on F

. Observed responses to selection of the F
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5 families developed from selected F3's

indicated that the selection in the F3 yield test was effective

in Crosses I and II (intergeneration correlations significant

The meén performance of F

P =0.01) and in Cross III (intergeneration correlation signi-

ficant P = 0.05).
In Crosses II and III, éll_of the FS.lines superior to the cv.

Glenlea in yield were derived from high-yielding F In Cross

! &
38.

I, one high-yielding F_ line was derived from a low-yielding

5

F3. In Cross IV,;most of the high-yielding F_. lines were derived

5

from one of the low-yielding F3‘s.

performance occur. Of

3

those lines superior to the 20% least significant difference of

- cv. Glenlea, only 10.2% were derived from low-yielding F3's.

At this leVei, the F. lines were at least 13.6%, 4.2%, 10.4% and

5
6.47% superior to cv. Glenlea for. Crosses I to IV, reépectiVely.
In general, high’estimates of‘héfitability were obtained. Reasons |
for the high estimates were:

- the wide'yield range and genetic variance in Crosses I

and II

- the use of replication

_.thé_use’of two tést locations for the F4 and F5 bulks

- the methodkbf selection of the genotypes
4 and Fs'bulks and the

F5 fémily means were less than the predicted responses.

Yield range and genetic variance were important in determining

the strength of intergeneration correlations.
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11, Replication improved the strength of intergeneration correlations.

12. GenOtype x year effects may not be as important in determining
the étrength of intergeneration cdrrelations as the ?recision of .
the estimate of yield valﬁe (i.e. the level of repliéatidn).

13. 'Adjustment of the yield of entriés invsingle replicate yield
tests to a percentage Qf their adjacent control plot failed.to
improve intergeneration;corrélations.

‘14. Growing spaced plants‘ih the F énd F

winter nurseries in the

2 4

absence of competition seemingly did not affect the performance

of the randomly derived selections .in the F3 and F5 yield tests

k whére there is interplant competition between plants within the
plot.
; 15."VThe modifiéd’pedigfge breeding metﬁpd described_by Shebeski (1967)
| was modified tp allow for replicated yield testing in the F

3

and Fs.generations.'
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APPENDIX I. Yield (g/plot) of the F

4 and F5>bulks averaged over locations (Winnipeg and Glenlea, 1976)
and the ES families {(Winnipeg, 1976) of the selected high~ and low-yielding entries, for each cross
Cross I R Cross II Cross III - Cross IV
- Ry . i oy
22 2 - 4 4 - X 2 o i 2 o
i ™ g o~ v = —i L] =1 —~ ™~ =
P, Yield & & a £ Z A a < T &8 A e 2 A3 a &
3 5 ) ) L
= < vy wn ot ~ el I} o < 0y n = ~3 vy wy
Rating LR = e =2 ST = P S, 2 B SEEE) = =
38 1129 1100 - 911 81 8%2 851 979 62 905 939 1071 61 964 S31 1015
& 963 977  8ll1 72 1032 842 1027 57 850 977 1077 77 952 956 101
3¢ 1036 931 1030 48 989 925 1067 8 823 853 1092 1 910 851 892
58 1024 . 976 1031 67 864 967 911 69 895 905 1092 12 859 893 979
High 28 973 992 835 79. 1016 1063 - 910 7 966 907 1079 .62 994 896 998
71 1650 930 987 - 17 . 859 801 1040 9 874 956 . 968 - 67 932 9083 970
21 1079 1044 934 26 872 796 1047 11 948 935 1173 38 934 914 836
57 940 941 . 852 29 963 874 836 ‘17 880 1024 1027 4996 916 971
6 1013 970 905 11 912 879 908 2 975 981 1146 36 - 905 . 847 948
&7 954 939 705 76947 907 974 48 906 887 929 34 833 765 - 874
69 826 747 - 822 34 760 811 885 81 839 989 992 7 92& 940 948
33 818 778 740 13 701 687 868 43 847 902 989 447 S48 . 895 961
17 737 793 657 2 742 770 1046 20 868 844 994 58 857 850 9338
77 741 . 653 713 56 727 628 825 1 939 913 1047 45 788 859 948
Low 65 868 780 - 615 10 583 664 763 . 73 797 924 1008 51 842 818 . 988
&0 728 737 800 73 789 690 858 56 830 913 912 80 777 814 882
1 865 761 727 46 676 776 915 72 818 906 963, 66 829 847 962
76 865 736 798 35 700 721 760 46 904 886 1026 14 819 S13 949
i1 815> 817 768 €1 790 758 894 51 916 920 1041 40 877 910 1058
61 311 765 738 31 669 665 719 23 - 882 821 1016 55 1013 361 917
57 926 1027

Glenlea .- 973 1015 826 845 857 1096 905 880 1097 ' 8
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