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ABSTRACT

YIELD GAINS IN WHEAT BY THREE METHODS OF SELECTION

by Josef F. Seitzer

Three crosses of spring wheat (Triticum aestivum L.),

differing in degree of heterosis were chosen to compare the
efficiency of three methods of selection for identifying high
yielding late gensration lines. The three methods compared were
(1) 2 pedigree method where visual selection was practiced in Fa
(2) an early genération yield test where F3 plots were compared to
adjacent controls, and (3) an early generation yield test wherein.
replicated tests with hill plots were used to evaluate the yield

potential of F3 families.

The efficiency of these methods was evaluated in F5.
One hundred and eighty lines derived from 45, 6 and 3 selected F:3
lines in methods (1), (2) and (3) respectivély, were grown at each
of 2 locations. Comparisons among crosses were made for mean yield,
variances among F3 families and among F5 lines within F3 families,

actual line yield and line yield relative to the control variety.

The methods did not differ significantly with regard to
mean yisld, variances and line yisld. Significant differences be-

tween methods were obtained in two crosses when line yields were
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comparad to the control. In cross I, all three methods of selection
were effective in recovering lines outyielding the control, but the
control plot method retained the most. In cross II none of the
mathods was successful in identifying linss which exceeded the con-
trol. In cross III the hill plot method isolated significantly more
lines than the pedigree method and was slightly better than the con-
trol plot method of selection. Both crosses I and I1I wers more

heterotic than cross II.

It was concluded that early testing may have an advantags

when dealing with crosses of lower yield potential.
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INTRODUCTION

One ot the major goals in plant bre=ding 1s the production
of high yielding varieties. With a growing human population and
food shortsges in many parts of the world, the need for varieties
without a genetic ceiling to their yielding ability becomes even

greater.

Yield is thought to be influsnced by many gen=s and to be
the endproduct in a long chain of reactions, interactions and com-
pensatéry effects. Because yield is very sensitive to environmental
influences, it is difficult to manipulate. This fact is reflected in
that methods of selection applied and population sizes vary greatly

in breeding programs (Shebeski, 1967).

Feuw empirical studies comparing the efficiency of various
selection methods are available. The more classical methods of
selection, the pedigree and bulk method, rely heavily on visual
selection which is generally believed to be of little value especial-
ly when dealing with yield differences of 10% or less. Because of this,
early generation yield tests were used in developing the high yielding

variety Glenlea (Evans et al., 1972).



The study reported herein compares the efficiency of three
breeding methods; the classical pedigree method and two which use
early generation yield testing. The early generation yield tests were
the use of rod row plots compared to an adjacent control plot
(Shebeski, 1967) and replicated hill plots (Jellum et al., 1963).
The hill plot method allows for replicated tests on one or more
locations. With replicated tests, the breeder could obtain informa-
tion as to the adaptation and performance of a line at a very early
stage. Such information should allow more effective selection in

early generations (Shebeski and Evans, 1973).

The effectiveness of breeding methods can be evaluated by
measuring the overall mean yield of selected lines or by the number

of lines which exceed a certain minimum yield.

The study also compares three crosses; two of the crosses

gave F1 populations with much more heterosis than the third.




LITERATURE REVIEUW

The plant breeder concerned with the improvement of varieties

and their yielding ability faces three main problems.

(1) The choice of parents.
(2) The choice of the most promising crosses.

(3) The choice of a selection mathod.

Although the present study concentrates mainly on selection methods,the
choice of parents and of crosses are given some consideration as

they pertain to this research.

1. Choice of parents.

A common procedure among breeders in selecting parents for
hybridisation is "to cross the best with the best and hope for the
best", (Whitehouse, 1968). In practice, the actual number of crosses
performed varies greatly. Some breeders prefer a few carefully planned
whereas others (e.g. CIMMYT in Mexico) produce :a great many almost
at random. In barley, Smith and Lambert (1968) found that the yield
of the parents was a good index of how many F5 lines they would con-
tribute to the class of high yielding lines. Working with sdybeans,
Shannon et al.(1972) observed that at least one high yielding parent

was involved in all superior progenies. Whitehouse (1968) however



points out that such an approach could misjudge the situation if
the combining ability of parents can only be evaluated by testing

their progenies.

2., Choice of the most promising crosses.

Cress (1966) showed that intralocus interactions may result
in negative heterosis so that the performance of a F1 would be of
little value in evaluating crosses. Lupton (1961) and Whitehouse (1968)
also concluded that the yield of advanced lines cannot always be pre-—

dicted by the performance of the F but that crosses which are su-

E
perior in F,l and F2 produce a higher frequency of favorable l;nes-in
later generations. Smith and Lambert (1968) tested bulk populations
from F2 to F5 and found the predictive values of the F3 and F4 gene-
rations to be good but that F2 data was less reliable. They do pro-
pose however that early generation bulk tests can be used to eliminate

70 to 80% of the crosses with little probability of loosing superior

genotypes.

3. Choice of selection methods.

After having decided what crosses should be dealt with,
the breeder must chose a technique to hancdle his segregating
| populations. This decision obviously cannot be independent of the

number of crosses to be handled.



In the pedigree methpd, visual selection is practiced
in the early gensrations for the more simply inherited characters
such as plant height, maturity and disease resistance as well as
for plant characteristics supposedly related to productivity such
as tillering, head size etc. Actual yield tests are delayed until

F. or later when the material approaches homozygosity, (Allard, 1960).

5

St.Pierre et al. (1967) found a good association between
yield components in early generations and yield in later'generations
and concluded that yield per spike was a good indicator of total yield.
These findings are substantiated by the reports of Paroda and Joshi (1970),
Walton (1971) and Sun Eﬁ_gi.(1972). They found large additive varian-

ce for seed weight and high intercorrelatiocns at the genotypic and

_phenotypic level for seed weight, weight per spike and total seed

yield. Paroda and Joshi (1970) conclude that seed weight is the most
heritable and genetically stable component of yield in wheat.
Alessandroni and Scalfati (1973) found yield per head of F, plants

highly correlated with the yield of their F, progenies and concluded

4
that this should be a good trait for selection in segregating gene-

rations.

Other workers found yield components less efficient in impro-
ving the yield level. Lupton et al. (1963) and Monyo and Whittington
(1971) state that the best component in selecting for higher produc-
tivity is yield itself. In a recent study under European conditions,
Utz et al. (1973) conclude that efficient selection for yield by

using yield components in the F2 or FS’seems unlikely.



The main feature of the pedigree method of breeding is that,
in early generations (F2 to‘FA), visual methods are used to discrimi-
nate and eliminate plants and plant progenieé. Working with oats,
Frey (1961) found visual selection somewhat more efficient when based
on progeny rows than on single plants. Knott (1972) demonstrated that
visual selection resulted in a significant increase over random selec—
tion, but that selected lines showed a considerable range. McGinnis
and Shebeski (1968) could not demonstrate any differences between
random and visually selected lines. However, their "random" lines had
to have a minimum of 750 seeds to be included in the test and thus

were probably not truly random.

The relative inefficiency of visual selection was alsc demon-
strated in cereals by Boys gt al. (1947), McKenzie and Lambert (1961)
and by Hanson gt al. (1962) for soybeans. In a more recent study,
Townley-Smith et al. (1973) reported on an experiment, wherein 9
selectors with various levels of experience failed to identify many
of the highest yielding lines of wheat when selecting at the 25%

retention level,

Briggs and Shebeski (1970) evaluated the efficiency of visual
selection for the improvement of seed yield in wheat. They concluded
that lines thét were visibly very poor in yield could safely‘be dis-
carded., They showed that some people were more efficient than others

in visually discriminating between high and low yielders.,



Shebeski (1967) has stressed the importance of the F2 and
F3 generations when selecting for yield. He suggests that, if one
considers two parents differing for a number of genes for yield,
the progenies having most of the desirable genes will have their
highest frequency in F2. Recognizing the relative inefficiency of
visual selection, Shebeski (1967) advocates yield testing of Fyq
families to identify those with the highest mean yield. These fami-
lies are the only ones exploited in subseauent generations. White~
house (1968) states that, although one selects from the fringe of
the yield distribution, it will be evident that the nearer the mean
of a family is to the ideal the greater is the probability of fin-
ding outstanding plants in that family. Frey (1954), also_in recog-
nition of the fact that the F2 has the greatest genetic variability,
suggested that selection in barley should start as early as possible.
Selection within late generation families would give rapidly dimini-
shing returns. Delaying selection to later generations also means a

decrease in probability of recovering superior genotypes (Allard, 1960;

Shebeski, 1967),

Early generation testing procedures are rationalized on the
premise that a positive correlation exists between the yield in
early generations and the yielding ability of later generations, e.i.
that genetic variance in control of seed yield is mainly additive.
Positive correlations between F2, F3 and later generaticns have been
reported by Shebeski (1967) and DePauw and Sheheski (1973). Excep-
tions to these findings are given by Briggs and Shebeski (1971),
who found that F3 yields did not predict F5 yield performance in 2 out

of 3 years,



The control of yield\by additive gene action was reported by
Lonquist et al., 1961; Sprague, 1966; Brouwn gt al., 1966; White-
house, 1968; Smith and Lambert, 1968; Sing et al., 1969; Bhatt, 1971;
Walton, 1972 and Sampson, 1972. Robinson (1963) concludes that the
additive genetic variance appears to be the most important component
of genotypic variance in open pollinated species and probably even

more so in selfpollinated spebies.

Dominance and epistatic effects for yield have been observed
(Grafius, 1952; Lupton, 1961; Walton, 1972). Busch et al. (1971)
analysed 3 crosses and found large dominance effects in the first
two crosses and epistatic effects in the third. In all crosses, they
were able to isolate lines which outyielded the better parenﬁ and F1.
They concluded: "This seems to invalidate the genetic analysis, since
if overdominance and non-fixable types of epistasié were of major
importance in these crosses, pure lines should yield less than F,I
hybrids." Theeffects of genotype can change in order and magnitude
under changing environmental conditions (Chapmann and McNeal, 1971;
Amaya et al., 1972; Kaltsikes and Lee, 1973). Thus it seems necessary
to grow several tests and account for genotype-environment interactions

in order to obtain unbiased estimates.

Farly generation tests are performed on a line or family
basis. Since the breeder has only the limited amount of seed from

a single (F, or Fg) plant at his disposal, very few plots can be

2

tested in early generations. In response, Shebeski (1967) proposed



that a single 3-row plot of 5 m length be planted close to a control
variety and evaluated as percent of this control. He was able to show

that high yielding F5 lines traced back to F, lines that yielded high

3
relative to the adjacent control. This method was further evaluated

by Briggs and Shebeski (1970), who found a positive relationship

between F, plots and the mean yield of F

3 populations in only 1 year

5
out of 3. For theoretical reasans and with the support of a 2 year

study, Baker and McKenzie (1967) doubt wether the use of these systema-

tic controls is of much value as a fertility index.

The use of a moving mean in evaluating early generations was
poposed by Townley~-Smith and Hurd (1973). This technigque employs the
mean yield of adjacent plots to evaluate soil fertility in the area
of a particular plot. They found the ﬁoving mean superior to control
plots and to analysis of covariance in reducing the experimental error in.

nonreplicated yield trials.

The use of hill plots was advocated by Jellum et al. (1963),
Ross and Miller (1955) compared hill plots with row plots. They
found that variability in hill plots was generally higher than in
row plots. They also found that the method gave better relationship
with oats than with barley and recommend hill plots only as a supzlo-
ment to row plots. Frey (1965) evaluated 8 years of ocat breeding
data involving 300 00C hill plots and obtained genetic correlations
between rous and hills of .98 for grain yield. In a review paper,

Le Clerg (1966) provided evidence of similar ranking in rows and
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hiil plots, which was confirmed by Fonseca and Patterson (1968b).
In a study by Bonnett and Beaver (1947), correlations between
yield in hills and in rod rouws ranged from - 0.22 to 0.96 and

they concluded that hills have a value in preliminary yield tests,
In a study involving 10 spring wheat and 10 durum cultivars tested
over 2 years, Baker and Leisle (1970) compared yields in both hills
and plots. They found the correlation to be high in all cases and
conclude that hills could be used in early testing methods. They
also notéd that the cultivars exhibited a greater range of yield
in hills than in row plots. Johnson et al. (1966) and Fonseca and
.Patterson (1968a) found high heritabilities for grain yield when

lines were tested in hill plots.

Few empirical studies comparing variocus selection tebhniques
are available. Frey (1968) found that early testing produced greater
yield gains than either of two modified pedigree methods. Breeding
varieties for the dryer areas of Canada, Hurd (19639) gave data on
lines originating from early tests. In 275 out of 465 compariscns,
the selected lines significantly outyielded the control varieties.
Seed yields significantly lower thaﬁ the best control were recorded
in only 5 comparisons. Fasoulas (1973) used a technique in which
spaced plants were evaluated on a yield per plant basis f‘rom-F2

onwards. The method was effective in breeding the variety "Rhodes".
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Actual comparisons between the pedigree method and early
testing have been done with soybeans. Voigt and Weber (1960)
reported that lines developed from early tests were superior to
those from pedigree and bulk methods in yield and agronomic charac-
ters. Their findings were substantiated by Kwon and Torrie (1964),
who calculated the expected genetic gain of visual selection to be
50% of that based on plot yield. They noted that selectors were
able to classify lines correctly only when differences were large.
These reports are in contrast to the findings of Boerma and Cooper
(1973), who found no consistent yield differences between the pedi~
gree, early testing and single seed descent methods. However, their

early testing lines were consistently later in maturity.
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MATERIALS AND METHODS

In 1971, F1 populations from 21 spring wheat crosses uwere
comparecd in a three replicate yield test at Winnipeg. Plots were a
single row 1.5 m in length and 60 cm apart._A planting rate of 50
seeds per row (approximately 75% of normal rate) was used. Parents
were grown on either side of each hybrid. Glenlea was the common
parent in 19 of the crosses and Tobari 66 in two. Seed yield was
expressed as percent of Glenlea., The crosses selected for this
study yielded 119, 87 and 121%of Glenlea and wére designated Crossés I,
II and III, respectively., A t—tesﬁ (with 2 d.f.) showed that only the

F1 hybrid of cross 111 was significantly different from the control.

The parentage of the three crosses studied is given belouw,

following Purdy et al.'s (1968) pedigree designation:

Cross I: Sonora 64/Ske/Aue 3/3/E1l Gaucho/Pitic 62/4/ x Glenlea
Cross II: UWisconsin Supremo/Zfoocor/A/S/Zforican Mayo/4/ x Glenlea

Cross III: Hard Federation/Chinese Spring/Nero/3/3 purple Pitic/
4/ x Glenlea.

To determine the gene action controlling the inhzritance of
seed yield, parents F1, F2 and backcross generations were planted in

a randomized complete block design with 4 replicates. Each cross was
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tested in a separate experiment. Plots 'were a single row 1.80 m

in length. Spacing between plots was 30 cm and seedrate 30 seeds
per row. A short strawed wheat cultivar was planted on either side
of each test plot to standardize competition. These tests were con-
ducted in 1973 at Winnipeqg. Seed yields per plot were recorded and
means and variances calculated for individual generations. With
these data,a weighted least square analysis (Hayman, 1B58) was
performed to estimate gene effects, empioying the computer program

of Lee and Kaltsikes (1971).

The F2 was space planted in a winter nursery at CIANG,
Obregon, Mexico. For each cross approximately 2000 plants were
grown. At harvest time, 360 well tillered plants were selected
from each cross for F3 testing in hills and with control plots;
an additional 1040 plants were selected from each cross for a

total of 1400 to be included in the pedigree method.

Seed of each of the 360 plants from a cross was divided
into 3 parts: 600 seeds for each of the two early testing methods
and 30 seeds for the pedigree m=thod. Hence a plant had to have
at least 1230 seeds to be included in all 3 methods of selection.
No minimum seed number wss set for the additional 1040 plants to

be tested by the pedigree method only, }
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Early testing-adjacent control
plot s, (ETC). Each of the 360 families pef cross were tested
in a single 2 row plot, 5.60 m in length and trimmed to 5.0 m at
harvest. Seedrate was 300 seeds per row for all entries. Spacino
between rows was 30 cm and between plots 60 cm. Every seventh plot

was planted to Glenlea as a control plot. Individual F3 plot yields

were expressed as % of the nearest control plot.

Six F3 families were selected in each cross. To be selected,
a family had to have high actual yield as well as being high relative

to the adjacent control plot.

Early testing - hill plots (ETH).
360 F3 families were tested in replicated hill plot tests at 2
locations, Winnipeg and Glenlea. Hills were spaced 90 cm apart in
each direction. Each hill measured 20 cm in diameter and was planted
by hoe snd stove pipe (Plates 1 and 2). Seeding rate was 50 seeds
per hill. Six replicates (hille) mefe planted per F family. Herce

an equal number of seeds were used in both early generation tests.

The 360 families of a cross were divided vandnmly into
groups of 36. Each group wass treated as a complete randomized
block wilth 6 replicates (a total of 216 hills), Each randomized

group was surrounded by hill plots of the control variety Glenles,



planted at comparable spacing and density. A diagramatic represen-

tation of the fisld design is given below:

X 000000 X000O0OUOOO X
X 00D 00CO0O0XO000DO0OO X
X 0000 O00XD0DO0O0OO0ODO X

Rep.1l
X 00DO0ODOO0ODXO00U00O0OX
X 000D000X0O0O0D0GOO0 X
X 000D000DXO0000O0D0 X
X 000O0DDOCOXDO0OOO0O0 X
X 000000X00000O0 X
X 00D00O0OBDO0OXD0ODO0OO0OGO X

: Rep. 1
X 000000XDBD00O0O0O0 X
X 00000D0XO00DODO©O X
X 00 0000XD00O0O0GO0OGOGX

Arrangement of a portion of the F, nurssry indi-
~cating relationship of control (x? to hybrid hills (o).

An analysis of variance was performed on seed yields of each
group of 36 families. The error variances,ﬁf these analyses were
~tested for homogeneity and found to be highly hetsrogenecus. To
obtain comparable values for all families tested, it was decided to
transform the data. For this, mean yieslds for esach F3 family wers
transformed by substracting the mean of the 72 hills of Glenlsea
which surrounded the particular experimenf. The difference was then
divided by the standard error of fhat particular randomizéd block
to account for the environmental variability. This transformation
gives fhe mean yield of a F3 family as a davia;ion from the mean- of
the control variety, measured in standard error units (Stee} and
Torris, 1960). All families in a cross were then ranked on the basis

of the transformed values and the best three families selected. A family

mean was considered to yield significantly more than the control if
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its transformed yield was greater than 1.796 (t-value at P 0.05

and 11 degree of freedom).

Pedigree method (P). The 1400 entries of
each cross were planted at Glenlea in rows of 1.25 m length,
30 cm apart. Rows of Glenlea and parent 2 of cross I were planted
at frequent intervals to aid visual selecticn. An entry consisted
of either 30 seeds from each of the 360 plants tested in ETH and
ETC or a selected head of the additional 1040 plants selected for this

method only. No identity was kept as to the origin of the entries,

100 of the 1400 head rows were selected on the basis of
visual observation. Then the 10 largest spikes in each of these
rows were threshed and weighed. The yizld of the 10 spikes of
each selected F3 family was compared teo the yield of 10 spikes
from the nearest row of Glenlea and the 72 F3 families which
had the highest yield per head relative to the control were

retained.
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A schematic outline of the gereration sequence and

family - line relationship is given below:

F Yield test

F 2000 spaced plants from a
selected cross

F 360 families tested 1040 heads ,
in both early tests + 360 fam. grown as "head rous"
for the pedigree method

F4' - 3 families x 100 spaced - 72 families x 30 spaced
plants each for the plants for the pedigree
hill plot method - method

- b6 families x 60 spaced
plants each for the
control plot method

Fe Hill plot method - 3 families x 60 lines each 180 lines total

1

Control plot method - 6 families x 30 lines each = 180 lines total

Pedigree method ~45 families x 4 lines each

it

ﬂBD lines total
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fa

Seed samples of the selected F3 families were space planted

in the winter nursery in Mexico. The number of single F, plants per

4
F3 family was approximately 100, 60 and 30 for the hill plot test,
adjacent control test and pedigree test, respectively. At harvest,

60 plants frﬁm each of the 3 families from hill plot testing, 30 from
each of éie 6 families for the adjacent control test and 8 from eachb
of the 60 families for the pedigree method (reduced to 4 x 45 by

selecting for plant yield and grain characters) were harvested to

give a total of 180 plants per method in each cross.

Duplicate nurserizs were planted at Winnipeqg and Glenlea.
Each method within a cross was represented by 180 F5 lines and each

line was grown in one plot at each location. Plate 3 gives a general

vieu of the F5 experiments. A plot consisted of 3 rows of 5.60 m length,

which was trimmed to 5

and 45 cm between plots. Seedrate was constant for each entry at

200 seeds per rou.

A random group of 18 lines per cross and method was planted
on either side of the control variety Glenlea. These groups were
planted each 3 plots wide wnd 6 plots deep across the block. Every

7th plot then was planted tou the control. A diagramatic representation

5 m before harvest. Spacing was 15 cm between rous



Plate 1.

Planting hill plots by
stove pipe; diameter of
plots approximately 20 cm.

Plate 2.

F3 hill plots in

heading stage.

Plate 3&.

Fr. - test plots at
mfnnipug in 197%.
The 6 plots in the
center are framcd on
either side by the
control.




of the F5 nursery is given below:

X000000X000000X Range 6 )

)
X000000X000000X Range 5 )

)
X000000X000000KX Range 4 )

) Block
X000000X00000G0X Range 3 )

)
X000000X0000000X . Range 2 )
X000000X00000D0GOKX Range 1 )

Diagramatic representation of arrangements of line
plots (0) and control plots (X) in the Fg nursery.

An analysis of variance was performed individuaily for each
cross and method combination with locations as replicates. Diffe-
rences betwsen lines were tested for significance by an LSD-test.

In addition, lines were compared individually to the control.
For'this purpose thé yield of each line uwas transformed to standard
deviates (Z) by subtracting the mean of the six plots of Glenlea clo-
sest to the line and then dividing the difference by the standard
deviation of that particular group of 18 linés. A line yisld
was considered to yield significantly more than the control variety
if its transformed value was greater than 1.10 or 1.65 (tabulated
Qalués at P D.1U,'PlD.DS, respectively for the normal distri-
bution; Snedecor and Cochran, 1969).

The standard deviatas s; computed were also pooled over.

locations and means were calculated for each line.
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The test sites involved were the experimental fields
at the University ef Manitoba Campus (Winnipeg) and at the Glenlea
Research Station ( 15 miles South of winnipeg). The soil type
at Winnipeg is Riverdale silty clay loam and at Glenlea Red River

clay.

The yield tests wers performed in 1972 for F3 and in
1973 for Fs. In 1972, rainfall recorded during the critical
‘months of April to July was 5.52 inches at wWinnipeg and 5.25 inches
at Glenlsa, Ths respective rainfall for 1973 was 11.7 and 10.7

inches. The longtime expectation of rainfall at Winnipeg is 9.5

inches for this period.

At winnipeg, the test received 100 lbsN/acre in 1972
and 60 lbs N/acre in 1973. WNo fertilizer was applied in either

year at Glenlea.

»

‘The tests in 1972 at Glenleé suffered throughoﬁt the
year from drought. In {973, leaf rust was noticed in some lines
of cross II1 at both iocations. Harvesting delays caused by rainy
weather in 1973 resulted in some shattering at Glenlea in all

three crossss. No attempt was made to correct for these losses.

-
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RESULTS AND DISCUSSION

1. EVALUATION OF CROSSES AND INHERITANCE OF SEED YIELD

1.1 Seed yield of parents, F, hybrids and backcrosses

1

Seed yicslds of parents, F1 hybrids and the two backcrosses

(F1 X P1; F, X P2) are given in Table 1. This test was conducted

1

primarily to identify gene action controlling yield. As indicated

the F1 yield of crosses I and III was significantly higher than

either the mid parent or high parent value. The F1 of cross II

was significantly above the mid pafent value but not different
from the high parent. These data are in agreement with the data

initially obtained in the testing of the 21 F, hybrids in that

1

the F,I of crosses I and III show more heterosis than the F1 of

cross II.

In the absence of epistasis, the expectaticn of a F2

mean yield is 1/4 51 + 1/4 ﬁ2 + 1/2 F.. The observed values "

1
closely fit the expected. As shown in Table 1, there is a con~

siderable decrease in yield from F1 to F2 in crosses 1 and I1I,

while little difference existed between the F1 and F2 of cross 11.
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Table 1. Seed yields (g/plot) and standard errors of parents, F

17 o
and backeross generations of crosses I, II and III.
Cross I Cross 1II Cross III
Designation -
Yield SE Yield SE Yield SE
P1 339 17 347 4 357 29
P2 301 6 185 10 301 5
F1 460 11 357 - 7 429 4
F2 338 33 286 18 374 21
F1 X P1 431 9 361 14 428 24
F1 X P2 326 13 263 9 335 18
Mean 374 300 371
LSD (P 0.05) 64 34 61

(P 0.01) 89 47 85
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1.2 Inheritance of seed yield

Gene effects were estimated by a least square analysis

F, and backcross data for each cross.

(Hayman, 1958) of parental, Fer Py

Results are given in Table 2. As indicated by the chi-sguare test, a

3 parameter model fits all crosses. The inheritance of seed yield was
strongly influenced by dominant genes in crosses I and II1 where addi-
tive effec?s were nonsignificant. On the other hand, cross II exhibits

significant additive gene action as well as dominant gene action.

This analysis shows that, in these crosses, dominance plays
a major part in the inheritance of yield. Dominance variance diminishes
by 1/2 for each generation of selfing and is thus not fixable. However,
as Falconer (1960) points out, dominant genes can have a considerable

masking effect on additive genss.

Table 2. Estimates of genetic effects for seed yield based on
parents, F F, and backcross generations.

17 '
CGenetic Parameters 2
C ross X
Mean Additive Dominance
(m) (d) (h)
T 394,73 38.73 120.1% 5.9 NS
11 309.4 83,47 91.4% 0.7 NS
111 . 382.5 36.9 92.1% 1.1 NS

X, xx, estimated effects significantly different from zero at

P 0.05, P 0.01, respectively.
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2. EARLY. TESTING 1IN F

2.1 The control plot method (ETC).

The results of the test plots grown at Winnipeg in 1972 are
given in Table 3. On the basis of mean yield performance, crosses 1
and III outyielded cross II by 10 and 4%, respectively. Of special
interest is the lower range in yield obtained in cross II than in

the other crosses.

Table 3. F3 population mean yields and range of yield for three

crosses, as tested by the control plot method at Winnipeg.

Mean Y ield Range of Yield
Cross N

g/plot % of Glenlea g/plot % of Glenlea
I 360 1425 99.2 779 - 2001 47.4 - 180.9
II 360 1284 89.3 . 689 - 1876 40,7 - 167.9
I11 360 1340 93.2 725 - 1970 54.6 - 209.8
Control 1437 100.0

The selection intensity applied was approximately 2% with
6 families selected per cross from a total of 360. A selected family
had to have high absolute yield as well as a high ranking in percent
of control. The lines selected and their performance is given in
Table 4. In all crosses except craoss I, the families ranking first

in actual and relative yield were included in the selected portion.
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Table 4. The seed yields and ranks of F3 families selected by the
control plot method.

Seed Yield Ranking

Cross/Line % of
Nor. g/plot % of control control

1-72- 76 1493 191 1
88 1853 165 4
91 1891 155 5
243 1926 137 11
319 1910 128 19
352 1950 121 29

X 1837 + 70

11-72- 4 1740 116 19
16 1702 113 37
22 1738 117 16
58 1511 168 1
64 1734 121 13
262 1870 112 30

X 1716 * 47 ‘

111-72-55 1888 210 1
155 1732 , 121 22
161 1882 120 23
168 1841 137 4
274 1804 134 10
279 : 1970 112 53

X 1853 * 33
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2.2 The hill plot method (ETH).

The mean performance of the crosses at Winnipeg and Glenlea
are presented in Table 5. Again, ranking of C;OSSBS is identical to
the ranking obtained in the control plot method. When lines are com-
pared relative to the control, it can be seen that cross I has an
abundance bf lines excegding the control, cross II had only one and
bross 111 had eleven F3 families which were considered to be higher
yielding than the control. Although both crosses I and III have similar
means, cross I shows a wider range of variability (Figure I). The in-

feriority of cross Il is indicated by its lower mean and the few

lines exceeding the control.

Table 5, F3 population mean yields and No. of lines exceeding the
control for each of the three crosses as tested by the

hill plot method at Winnipeg and Glenlea.

Mean Seed Yield No.of lines
Cross/ . . exceeding
Coontion N g/hill % of control the comtrol
Wpg. Gl. Wpg. Gl.
I 360 172 104 96 96 40
II 360 147 88 82 80 1

III 360 164 94 91 86 1"

Control - 180 109 100 100
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Fig. I. Yield distribution of F families from three crosses (N = 360),
tested af two locations by the replicated hill plot method (ETH ).
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The performance of the 3 families selected in each cross is
given in Table 6. With the exception of cross II, the families se-
lected include the highest yielding ones in each cross; the highest

yielder in cross Il was accidentally omitted due to harvesting delays.

Table 6. The seed yields (means of 2 locations) and ranks of F.

families selected by the hill plot method.

Cross/Line SeedYield Ranking

No. . SEU Seed yields
g/hlll % of Winni- Glen- Winni- Glen-
control

peg lea peg lea
1-72- 4 192% 122 7 7 3 20
66 200* 124 5 1 6 1
77 190* 120 1 4 14 3
11-72- 84 158% 105 3 10 5 22
130 133 95 78 3 98 69
230 110 90 223 1 243 200
111-72-68 181* 110 17 2 9 1
94 156* 111 7 6 15 78
333 145 102 84 1 125 43

%, considered to yield significantly higher than the control by test

criterion ocutlined in text,
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Ideally, the families to be selected should outyield the
control significantly at both locations. With a preponderance of
high yielding lines in cross I, 3 families of similar potential
were selected (Table 6). In cross II only 1 family outyielded the
control significantly. The other 2 families selected in this cross
were evaluated on only their Glenlea performance, Winnipeg not being
harvested at that time. From the 3 families selected in eross III,

2 wvere superior to the control while the third was not. Line III-333

was selected on data from one location only.

Having tested genetically identical material in both early
generation tests it is of interest to compare the ranking of mean
yields of lines selected by the two methods (Tables 7 and 8).‘mith
few exceptions, there seems to be no common ranking between methods;
families 1-72-243 and Ii1—72—68, which later proved to be outstanding,

ranked well in both tests.

The poor agreement in ranks might be due to one or both of
two possible causes. The first possibility is that one or both
methods do not accurately measure the true yield potential. Obvious~
ly, with 6 replicates at each of 2 locations for the hill plot method
as compared to one plot for the control plot method, one would give
more reliance to results obtained by the former. Besides, yield
estimates of the hill plot method contain with 2 locaticns one addi-
tional variance component, namely genotype - location interactions.

For these last reasons, one would expect lines from the hill plots

to show wider adaptation to various conditions of testing.
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Table 7.Comparisons of seed yield ranks of F3 families selected
by the hill plot method (ETH) and their ranking in the
control plot method (ETC).

Cross 1 Cross 1II Cross III
Family " Rank Family Rank Family R an k
No. ETH ETC No. ETH ETC No. ETH ETC
72— 4 6 192 72— 84 2 294 72~ 68 1- 19
66 1 128 130 30 14 94 4 308
77 2 14 230 40 69 333 24 244

Table 8. Comparisons of seed yield ranks of F3 families selected
by the control plot method (ETC) and their ranking in the
hill plot method (ETH).

Cross I Cross II- Cross 111

Family Rank Family Rank Family Rank
No. ETH ETC No. ETH ETC No. ETH ETC

72- 76 268 1 72~ 4 51 19 72- 55 201 1

88 56 4 ’ 16 306 29 155 69 22

91 348 5 22 142 16 161 344 23

243 37 1 58 19 1 168 232 4

319 143 19 64 22 13 274 90 10

352 150 29. 262 90 30 279 86 53
(130 164 14 68 1 19)*

%, see text for explanation.
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A second explanation is that in the two testing methods,
yield in one is a genetically different trait from yield in the
other. It is not possible to separate the two possibilities in

this experiment,

When the initial selection was made with control plots and
compared to those selected by hill plots, 2 families were found
to be in common. No. II-72-130 was then omitted from the control
method since other equally good material was available. No.III-72-68
was carried to F4 in both methods but was omitted at harvesting

time from the control plot method due to late maturity.

It must be emphasized that selections made in both early
tests were based purely on yield performance; no consideration was
given to such agronomic characters as maturity and lodging.

However, only disease free plants were selected in F. and F4

2

to be included in the tests.



2.3 Pedigree method (P).
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The mean yields of the initial 100 head rows selected

visually and the 72 finally retained is given in Table 9. Visual

selection was exercised for agronomically desirable traits but

size and filling of the spike was given first priority.

The ranking of crosses, with crosses I and III outyielding

cross II by approximately 10%, was similar to the early tests.

However, on

a g/spike basis no difference existed between cross I

and cross III.

Table 9. Mean yields of heads of initial and final selection from

F3 head rows of the pedigree method.
Designation Seed Yield

g/10 spikes SE % of control

Cross 1 - initial selection 17.46 0.18 103

' final selection 17.93 0619 106
Cross II1 - Initial selection 15.20 0.17 88 -

final selection 15.65 0.21 91

Cross III - initial selection 17.26 0.16 100

final selection 17.64 0.18 102
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3. RESULTS IN F5

5.1 Means and Variances.,

To evaluate the effectiveness of the 3 methods under inve-
stigation an analysis of variance was performed for each method
in each cross. Locations were considered as replicates. Therefore
each analysis comprised 180 lines of 2 entries each. The mean square
expectations for this analysis are given in Table 10 and relevant
results in Table 11. The F-test reveals significant differences be-
tween families under all methods of selection. Significant variabili-

ty amoﬁg lines within families is also present among all three methods

in cross I but is inconsistent in crosses 1I and III.

Table 10. Mean square expectations for methods of selection

cey . *
within crosses, pooled over locations.

Source of variation DF EMS

Locations 1 82 + 252 + 2n52 + mn82
e 1] b 1

Families m~ 1 82 + 282 + 2n52
e w b

. . cq s 2 2

Lines in families m(n-1) S, + 25
2

Error mn-1 Se

X n F5 lines in each of m F3 families tested at each of 2 locations.



Table 11. Mean squares (x 10

\

3
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) of families, lines within families

and error mean sguares for the hill plot method, the

control plot method and the pedigree method of selection

from F3 derived FS families,

Lines within

Cross/Method Families o Error mean
families squares
I - Hill plot method 3,922.,9°% 81. 7" 49,2
Control plot method 331, 4% 84,8** 53.8
Pedigree method 237.1¥x 81.4*x 48,8
IT - Hill plot method 353, 5%F 60.7°% 32.1
Control plot method 463.6™% 51.4 64.5
Pedigree method 213.8™% 61.4 47.8
III - Hill plot method 441 . 2** 55,7 56.9
Control plot method 770.67% 52.0 45,9
Pedigree method 157.8%* 72,6 51,7

*x, significant at P<0.01.



Components of variance are presented in Table 12. The
variance among Fg lines within F, families (85) do not differ
significantly for the three msthods of selection, e.i. variability
present within families is of similar magnitude for all methods.
Two coﬁponents are considered to be significantly different if this )

. difference exceeds twice the squars rcot of .the sum of squares of

their standard dsviations.

Although there is a tendency for the pedigree method to
show a larger between family component of variance in crosses 11
and III1, there ars no significant differences betwsen ths three

methods.

Heritability estimates wers computed on a line basis as the

ratio (Sﬁ + SE) / (Si + Sg + 82/2). With nearly homozygous lines in

F this represents additive and additive x additive epistatic types

52
of genetic variance divided by tha_phenotypic variance of F5 line

means (over 2.locations). Heritability as computed hers would draw

from both sources of variability, Sﬁ and Si. With the exception of
crosses II and III for the control plot and‘hill plot method respscti-
vely, the heritabilities obtained are high and differences are ingigni-
" ficant between methods within crosses. Negative estimates were obtained
‘for the control plot method inbcross 11 and for thevhill plot method

in cross 111, These negative variances resulted in extremely louw

estimates of heritability for these methods. Only in cross 1I is

this estimate significantly lower than ths other two.



Table 12. Variance Components (x10~ ) among F lines within
F families (S ), between Fa famllles (82) and herita-
blllty (H) for the hill plot method, the control plot
method and the pedigree method of selection for each

of three crosses.,.

Cross / Method Su Sb H

I - Hill plot methad 16.3+5.0 32.0+21.1 H6+.11
Control plot method 15.5+5.3 4.1+2.9 42+.08
Pedigree method 16434545 19.446.3 «99+.06

II =~ Hill plot method 14.3+3.6 2.4+241 «51+.07
Control plot method -6.5+4.3 6.9+4.4 .01+.18
Pedigree method BeB+440 18.145.6 «52+.07

IIT - Hill plot method -0.6+4.2 3.242.6 .08+,15
Control plot method 3.043.7 12.0+6.9 «39+.13

Pedigree method 10.445.2 10.6+4.3 «45+.08
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In evaluating different methods of sslection, the method ﬁean
ylelds are of considerable intersst. These msans are averaged over ths
180 lines for each methad. Their variances contain within énd between
family variances as given in Téble 12. Therefore, only an apbroximate
test for differences can be applied (Snedecor and Cochran, p.279, 1969);
According to these tests, method means within crosses do not differ
significantly (Table 13).

Table 13. Seed yield means (g/plot) and standard errors for the hill
plot method (ETH), the control plot method (ETC) and the

pedigree method of selection for each of three crosses.
(Means of 180 F_. lines each, tested at two locations).

5
.Cross Sesd Yield
C
ETH SE ETC SE PEDIGREE SE
1 | 1594 104 1600 28 1548 23
11 1293 30 1285 33 1224 21
111 ' 1513 33 1479 45 1478 17

In addition to these analyses performed on original
data, identical analysss were conducted with the transformed data ¢

( Z - values). Rgsults are presented in Appendix I to III.

With respect to variances and variance components, similar
resulfs were obtained. The overall method mean yields from trans-
formed.data however do suggest that, in cross I1I, the hill plot
method was superior to the pedigree method of selection ; their
difference exceeds the probability at the 5 percent lsvel,

-

- -
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3,2 Family evaluation in Fs\

The means of the F3 derived families, their variances and
standard errors were computed on their respective F5 lines
(Tables 14 to 16). These family means can be tested for signifi-
cance of differences by t-tests within methods énd unpaired t-tests

between methods (Steel and Torrie, p. 81, 1960).

The families derived by visual selection in the pedigree
method fluctuate greatly and significant differences exist. This
would suggest that visual selection was less effective with respect

to yield.

No differences existed betueen 5 of the 6 families derived
by the control plot method in cross I, but family I-72-91 Qas signifi~
cantly below the others.: Inferior families were alsc obtained in
crosses II (72-16) and III (72-155, 168, 274, 279), which by a t-test

were all significantly different from the high yielding families.

Significant differences also exist between the families
derived by the hill plot method. Families I-72-4 and I11-72-68

were superior to their sibs.

It is of interest here to compare family performance in F5
with their rankings obtained in F. (Tables 14 to 16). This comparison
is possible only for the early test methods. As to the control plot
method, little relation seems to exist in cross I. In cross Il and
cross III the top yielders rank identical in both generations. Similar
results are obtained when families from the hill plot method are com-

pared.
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Table 14, Cross I: Seed yield means (g/plot) and standard errors
of F3 derived families tested in F5 and their yield ranks
in F3 for the pedigree method, the control plot method and
the hill plot method of selection.

Pedigree method Control plot method Hill plot method
Fam. Yield SE Fam. Yield SE Rank Fam, Yield SE Rank
F3 FS
72~ 1 1747 114  72=76 1581 51 1 72~ 4 1783 29 6
2 1097 94° 88 1638 51 4 66 1580 29 1
3 1543 72 91 1471 37 5 77 1422 32 2
4 1917 S0 243 1671 47 11
5 1581 151 319 1656 46 19
6 1636 75 352 1640 41 29
7 1474 186
8 1633 83
9 1659 83
10 1645 116
11 1508 122
12 1405 129
13 1679 106
14 1814 105
15 1272 118
16 1713 114
17 1293 138
18 1741 82
19 1697 86
20 1659 121
21 1613 92
22 1394 158
23 1568 103
24 1832 61
25 1493 183
26 1497 108
27 1372 136
28 1518 135
29 1635 61
30 1572 138
31 1661 57
32 1271 153
33 1445 88
34 1419 100
35 1601 169
36 1481 119
37 1271 132
38 1666 119
39 1565 114
40 1752 143
41 1592 93
42 1265 136
43 1586 157
44 1371 59
45 1482 91
X 1584 66 1609 28 1594 23
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Table 15. Cross II: Seed yield means (g/plot) and standard errors

of F3 derived families tested in F5 and their yield ranks

in F? for the pedigree methbd, the eontrol plot method and
the hill plot method of selection.

Pedigree method

Control plot method

Hill plot method

Fam.  Yield SE Fame Yield st "8 con. vield ge  Renk
F F
3 3
72- 1 1313 .79 72- 4 1344 34 19 72-84 1345 27 2
2 1028 93 16 1152 24 27 130 1237 24 30
3 1145 88 22 1203 32 16 230 1298 23 40
4 1173 100 58 1341 45 1
5 1376 65 64 1334 38 13
6 1269 111 262 1359 51 30
7 956 119
8 1040 85
9 1114 77
10 1364 45
11 1148 87
12° 983 109
13 907 70
14 1211 60
15 1531 45
16 1499 93
17 1166 118
18 1278 97
19 1397 97
20 1264 122
21 1100 50
22 1255 140
23 1393 100
24 1176 79
25 1254 37
26 1394 67
27 1291 159
28 1312 113
29 1425 73
30 1426 50
31 1392 105
32 1321 129
33 1162 60
34 997 101
35 1210 88
36 1066 52
37 1045 109
38 1143 61
39 1183 86
40 1473 63
41 1018 42
42 1266 129
43 1399 74
44 886 91
45 1332 55
X 1224 44 1285 12 1293 20




Table 16. Cross III: Seed yield means (g/plot) and standard errors
of F3 derived families tested in FS and their yield ranks

in F3 for the pedigree method, the control plot method and

42 -

the hill plot method of selection.

Pedigree method

Control plot methad

Hill plot method

Fam.  Yield st Fam. Yield SE R?”k Fam. Yield SE R?”k
3 3
72~ 1 1731 90 72-55 1634 37 1 72-68 1582 28 1
2 1450 119 155 1428 36 22 94 1466 23 4
3 1639 135 161 1595 38 23 333 1491 28 24
4 1409 170 168 1348 44 4
5 1441 96 274 1416 38 10
6 1434 132 279 1442 31 53
7 1640 145
8 1283 106
9 1550 102
10 1322 73
11 1510 100
12 1523 103
13 1598 113
14 1294 115
15 1309 129
16 1612 131
17 1317 64
18 1696 102
19 1309 101
20 1449 138
21 1197 123
22 1786 95
23 1506 114
24 1354 140
25 1628 135
26 1402 73
27 1636 74
28 1536 109
29 1597 143
30 1614 152
31 1713 90
32 1356 61
33 1585 118
34 1506 161
35 1453 153
36 1273 102
. 37 1594 71
38 1373 79
39 1399 149
40 1354 174
41 1373 72
42 1424 97
43 1470 81
44 1377 158
45 1493 167
X 1478 54 1479 19 1513 17
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3.3 Line evaluation.

Finally, methods of selsction wers evaluated on the basis

of a single F. line. For this purpose, means wers calculatsd from

5
the 2 locations and results are given for the top 15% of the lines
_in Tables 17 to 59. To test for differences between line means, an
analysis of variance was psrformed separately‘for each cross but
1ncludiﬁg all 3 mathods, On this basis, all 3 msthods resulted in
equally high yielding lines; there were no significant differences
among the top 15% of the lines.

Actual line yields can be related to the performance of a
standard variety by dividing the difference by a standard deviation
as outlined in Material and Methods. Compﬁtations were performed in-
dividually and on pooled data. Those lines whose transformed yislds
exceeded the 5 psrcent level, were considered to be significantly
higher yielding than Glenlea and are marked by asterisks in Tables
17 to 19. At Winnipeg, 37 and 16 lines exceeded Glsnlea in crosses 1
and III wheh summed over methods. In cress II only one line was re-
covered which outyielded Glenlea. Similar results were noted at the

Glenlea test site. It appears then that crosses I anu 1II are su-

perior to cross 1I. .

Methods were compared within crosses. .In ecross I at Winnipeg,
hill plots and pedigree each yielded 19 lines excesding Glenlea and

both methods were thus equally effective, but less so than control
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Table 17. Mean yield of 2 locations (kg/ha) of the top 15% of Fe lines

from cross I for the hill plot, the control plot- and

the pedigree method of selection, and lines exceeding

the control at Winnipeg (W), Glenlea (G) and pooled (P).

Hill plot method

Control plot method

Pedigree method

Line Yield U G P Line Yield W G p Line Yield W G p
14 7223 xx XX XX 240 6600 XX 375 7207 xx X XX
28 6973 x XX XX 288 6593 xx XX XX 415 6893 xx

6 6850 223 6573 xx XX 421 6723

35 6800 xx xxX XX 209 6560 373 6727 xx X
43 6790 xx 341 6490 455 6687 ‘
18 . 6670 x X 299 6480 - XX 517 6613
56 6657 344 6480 xx xx 361 6447
49 6550 x 238 6460 362 6433

33 6537 &x 312 6450 529 6303 x x
3 6537 271 6427 422 6300
51 6537 x T 273 6427 ‘ 388 6283

1 6513 313 6413 xx 393 6280
26 6453 199 6403 xx X 431 6250 xx XxXx XX
50 6443 x 302 6400 410 6170
45 6433 213 6383 387 6153 XX
17 6430 221 6380 376 6150

2 6403 301 6363 454 6133
20 6393 287 6350 xXx XX %X 377 6120

148 6343 272 6350 497 6110
74 6347 310 6317 389 6090
27 6340 © XX 332 6313 481 6067
19 6330 XX 342 6310 413 6057 .

125 6303 277 6290 xx 453 6047
88 6250 283 6290 xx 509 6037
24 6250 239 6290 435 6033

112 6243 289 6260 x x 502 6000
54 6220 320 6240 XX 398 5980

X 6512+47 6403+20 6307+60
12 6190 xx X 308 6110 xx 372 5910 x XX

123 6083 x 226 6081 xx 432 5870 xx x

7 6031 xx X 497 5940 xx _ 472 5783 xx
37 6020 xx XX @ XX 335 5926 XX 512 5700 x * x

173 5780 . x 187 5910 xx 442 5563 xx
70 5290 xx 300 5800 XX 444 5386 xx
42 5170 xx 314 5763 xx 532 4843 xx

128 5150 «x . 334 5690 XX

130 5100 xx 316 5650 xx
40 4673 x 348 5560 xx
68 4623 x 228 5540 xx

236 5083 xx
235  4B10 xx XX XX
206 4276  xx

Xy XX, exceeds P 0.10, P 0,05, respectively.

LSD (0.05) within and between methods 2640 kg/ha.
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Table 18, Mean yield of 2 locations (kg/ha) of the top 15% of F. lines
from cross II for the hill plot, the control plot and
the pedigree method of selection, and lines exceeding
the control at Winnipeg (W), Glenlea (G) and pooled (P).

Hill plot method Control plot method Pedigree methad

Line Yield U G P Line Yield U G P Line Yield W G

541 5583 744 5810 XX 969 5663
670 5520 847 5607 1059 5530
543 5423 877 5503 963 5450 X
550 5393 T 874 5447 988 5440
694 5377 832 5443 979 5437
702 5350 831 5287 957 5410
667 5323 861 5270 1069 5383
691 5287 863 5243 990 5250
546 5277 817 5223 1020 5247
566 5283 733 5203 1060 5230
559 5213 x 749 5150 1028 5227
669 5203 818 5137 1014 5223
575 5177 741 5110 1023 5113
582 5130 883 5103 962 5100
697 5127 855 5097 1068 5100
579 5117 890 5097 958 5090
599 5090 736 5073 . 1027 5077
574 5070 893 5067 1007 5050
674 5057 740 5063 959 5020
592 5023 879 5060 961 5017
715 4993 840 5057 1021 5000
571 4967 864 5017 973 4987
719 4963 842 5013 1002 4970
687 4963 829 5013 917 4970
696 4930 860 5010 : 989 4947
672 4920 726 4993 940 4913
598 4920 _ 734 4990 939 4897
x 5173437 , 5188+40 : 5176+40
548 4783 X 815 4733 X

724 4163 Cox

X, XX, exceeds P 0,10, .P 0.05, respectively.

LSD (0.05) within and between methods 2099 kg/ha.
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Table 19. Mean yield of 2 locations (kg/ha) of the top 15% of F_ lines
from cross III for the hill plot, the control plot ana
the pedigree method of selection, and lines exceeding"
the control at Winnipeg (W), Glenlea (G) and pooled (P).

Hill plot method Control plot method Pedigree method

Line Yield U G P Line Yield W G P - Line Yield W G

1120 6473 XX 1271 6430 1560 6557 xx
1112 6307 XX XX 1280 6307 1527 6410
1212 6200 xx XX 1288 6247 1562 6203
1134 6137 xx 1343 6237 1525 6150 XX
1128 6083 1266 6213 xx xx 1540 6143
1217 6077 XX 1309 6183 1442 6140
1192 6070 1402 6163 . 1489 6023
1097 6060 x  xx 1429 6140 1468 5987
1123 5987 1322 6137 1587 5983
1107 5987 1405 5963 _ 1554 5973
1081 5940 xx 1346 5947 1620 5930
1087 5900 XX 1321 5893 1474 5920
. 1096 5897 xx 1350 5887 : 1613 5920
1116 5877 XX 1269 5847 1452 5897
1119 5847 1285 5843 1509 5883
1126 5840 1342 5833 1539 5867
1227 5837 1399 5787 1444 5840
1251 5810 1264 5770 , 1462 - 5837
1117 5803 ' 1404 5757 . 1501 5830
1206 5797 1284 5743 1448 5817
1098 5793 1340 5743 1564 5817
1218 5767 1326 5740 xx 1502 5760
1111 5760 1345 5720 1510 5747
1170 5747 1262 5707 1551 5743
1108 5713 1276 5700 x  xx 1553 5733
1178 5693 1349 5693 1545 5730
1106 5650 1287 5683 1546 5720
X 5927438 5938444 5947140
1101 5650 xx x 1275 5390 xx 1473 5713 XX
1174 5560 XX 1295 5187 xx 1537 5123 x X
1113 5550 - XX 1265 5150 xx
1092 5407 XX
1234 5400 XX
1129 5390 xx ' -
1172 5247 XX -
1083 5233 xx
1151 5230 XX

1103 5187  xx
1099 5107 xx
1198 4597 XX

X, XX, exceeds P 0.10, P 0.05, respectively.
LSD (0.05) within and between methods, 2102 kg/ha.
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pléts which gave 19 (Table 20). At Glenlea, similar relative
differences were observed. When locations were pooled, all three
methods retained a similar number of lines. Due to possible genotype-
environment interactions, pooling resulted in a decrease of superior

lines and may thus mask the efficacy of a selection method.

None of the methods was successful in isolating good lines
from cross II. Only one line was recevered by the pedigree method,

which comes close to random chance.

In cross III, at Winnipeg hills yield 10, control plots five
and the pedigree method one line which exceed the control. A Xz—test
indicated hill plots to be sig%ificantly different from the pedigree
method (P<0.01) but equal to control plots. The results for Glenlea
are 13, 1 and 2 for hill plots, control plots and pedigree method,
respectively, hill plots being statistically different (P<:D.D1) from
both the other methods. Pooled over locations, hills recovered three lines
and control plots one line; none ofvthe lines from the pedigree method
exceeded the control. When data were pooled, differences between methods

were no longer significantly different.,

O0f interest are the lines with actual louw yield but still
exceeding the control, which are listed below the line of the top 15%
of the lines (Tables 17 to 19). Whether or not one considers these lines,
the overall ocutcome as to the relative efficiency of the selection methods
‘remains unchanged. Table 20 summarizes these results and gives the number

of lines exceeding the control for each cross and method combination,
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Table 20. Number of lines exceeding the comtrol in seed yield (P<0.05)
for the hill plot (ETH), the control plot (ETC) and the
pedigree (P) method of selection at Winnipeg, Glenlea and

pooled over locations,

. CrosslI Cross II .C ross III
Location
ETH ETC P ETH ETC P ETH ETC P
Winnipeg g 19% 9 0 0 o 10"* 5 4
Glenlea 7 10% 3 o 1 0 13%** 4 2
Pooled , & 4 2 o 0o 0 1 1 0

X, xx%, indicates significance at P<0.10, P<0.01, respectively

by a X2 test.
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Table 21 gives the distribution of all lines and their
ranking in standard deviations. Standard deviates have a mean of
zero and a standard deviation of one. To test for normal distribu-
tion of Jalues, skewness and kurtosis was calculated as given by
Snedecor and Cochran (1969). A normal distribution has a kurtosis
of 3. Values below 3 indicate a flatter top of the curve andAin-
creasing flanks, and vice versa. With regard to skewness, a normal
- distribution has the value of +0; negative skewness indicates an
extension of the lower tail.:With few exceptions, all methods show
a kurtosis value below 3 and slightly negative skewness. Differences

between methods are inconsistent and not significant.

Table 22 gives the lines which exceed the control and their
family origin. For the hill plot method approximately 70% of the
superior lines originated in the family with the highest mean yield.
A similar tendency is observed for the control plots in cross I11,

but families of cross I contributed more equally to the overall result.

For the pedigree method, most of the lines exceeding the
control originated also from families with high mean yields. A
t-test was performed to test for significance of differences be-
tween families resulting in lines exceeding the control vs. the rest.

For both crosses I and III these tests were significant (P=<p.05).



Table 21. Seed yields of F5 lines in standard deviates for the hill plot, the control plot and the
pedigree method of selection, their frequency distribution, mean, skewness and kurtosis.

. . . Skew- Kur-
Cross/Method Seed VYield in &Standard Deviates ” ness~  to-
-5 -4 -3 -2 - 0 1 2 3 sis
WINNIPESG
1 - Hill plot method : 26 40 58 46 10 -0.16 ~-0.22 2.37‘
Control pleot method 20 39 50 49 19 3 0.11 -0.07 2.36
Pedigree method 10 19 52 63 27 7 2 -0.37 -0.07 3.0%
II - Hill piot method 12 32 46 51 28 11 -1.52 -0.08 2.32
Control plot method 1 26 47 53 49 4 -1.23 -0.20 2.12
Pedigree method 1 12 33 38 73 21 2 -1.69 -0.30 2.46
II1 - Hill plot method : 5 15 44 68 35 12 1 ~0.12 -0.32 - 3.14
Control plot method _ 1 7 24 59 55 27 5 2 -0.53 0.01 2.90
Pedigree method n 1 8 38 64 50 17 2 -0.81 -0.05 2.73
GLENLEA
I - Hill plot method 1 21 48 58 43 9 ~-0.17 -0.20 2.40
Control plot method ( 5 21 62 48 33 10 -0.42 -0.16 2.85
Pedigree method . 1 28 46 60 42 3 -0.3 -0.03 2,23
I1 - Hill plot method 1 11 37 65 41 20 S -1.79 -0.01 2.83
Control plot method 13 25 54 51 23 13 1 -1.50 0.19 2.58
Pedigree method 11 30 54 61 23 1 -1.69 -0.10 2.54
iI1 - Hill plot method 3 26 55 46 35 12 3 -0.27 0.24 2.74
Control plot method 1 7 .38 57 59 17 1 ~0.76 ~0.22 2.86

Pedigree method 2 12 35 60 46 23 2 -0.81 -0.12 2.65
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Table 22. Mean seed yields (g/plot) of F. families for the hill

5
plot, the control plot and the pedigree method of selection,

and number of lines exceeding the control at Winnipeg and Glenlea.

Cross 1 C ross 1II Cross III

Fam.No. Yield No.of Fam.No., Yield Nog.of Fam.Ne. VYield No.of
{.ines Lines Lines

Hill plot method

2= 4 1783 14 72-84 1345 0 72-68 1582 15
66 1580 1 130 1237 0 94 1466
77 1422 1 230 1298 0 333 1491

Control plot method

72-55 - 1634

72-76 1581 4 72- 4 1344 1 4
88 1638 7 16 1152 0 155 1428 1
91 1471 0 22 1203 0 “161 1595 1
243 1671 8 58 1341 0 168 1348 0
319 1656 5 64 1334 0 274 1416 O
352 1640 5 262 1359 0 279 1442 0
Pedigree method

72— 3 1543 1 72- 9 1550 1
4 1917 2 25 1628 1
7 1474 1 30 . 1614 1

14 1814 2

18 1741 3

21 1613 1

28 1518 1

43 1596 1
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4. GENERAL DISCUSSION

The effeétiueness of various selection methods can be
compared in many ways. Recognizing the fact that a plant breeder
employing the pedigree method can work with many crosses in early
generations while early yield tests can be performed on a feuw
hybrids only, comparisons could be done on a unit acreage basis.

More legitimate yet, methods could be compared on units of input.
Comparisons such as those would allow inferences about the total
gain in a plant breeding program employing different genetic material

in the various methods.

Our study was performed on identical genetic material.
For final evaluation, an equal number of lines were tested in FS
for each method. Efficiency of methods was Jjudged by comparing

method means and variances, family and line means, and fipally

by the number of lines exceeding the control.

Overall means and variance components have revealed small
and insignificant differences betuween methods. Greater variability
existed between methods with regard to their F3 derived famiiies
in FS' But again, families of similar performance were obtained

from all methods.
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The methods differed only in their ability to isolate
supepinr genotypes when lines were evaluated relative to ehe con-
trol variety. This method admittedly is the least precise svalu-
ation smployed so far. The standard deviates (Z) used for these
ccmparisons'of line yield to control yield were computed for indi-
vidual locations and pooled over the two locations. The fact that
they do detect mors lines exceeding the control on individual lo-
cations than pooled might-be exelained by a genotype - location

interaction.

_ All methode seem effective in recovering lihes of high
yieldfpotential in eross I but the control plot method seems to be
superior. As was demonstrated in FS’ c:ees' I exhibits great varia-
~ bility with an abundancy of good lines; any method of selection
could be ef%ective here. In cross 1I none of the methods was success-
ful in identifying lines which exceeded the control. In cross IIIl

‘both early tests outyielded the pedigree method in their abilities

.to isolate lines of high yield<po£ential.

At this point one might ask why the sslection methods differ
in their ability to identify superior lines on the basis of trans-
formad yield, but fail to do so on actual yields. In this trans-
formation the control variety serves as a fertiiity index, whieh
brings all yields to a different scalse. However, the efficiency of this
transformation in reducing the expsrimental error and thus ailowing
a more accurate evaluation of the three methods cannot be tested

in this experiment. Similar transformation procedurss (percent of
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control) employed in absence of replications havs been critisized
by Baker and McKeﬁzie (1967) and Townley-Smith and Hurd (1973).
Both traﬁsformations employed hers - étandérd error units and
standard deviates - are recognized statistical tests. The validity
of standard errﬁr units as calculated hers can be questioned on
grounds that instead of the population mean the mean of the control
was employed. This intréduces a second variable which does not have
a t-distribution. Similar problems arise in the transformation of

line yields to standard deviates.

Commonly, the affectiveness.of the pedigree msthod or, more
precisely, the ability to select visually, is tested in yield trials
by comparing visual rating with plot yialdé actually obtained
(Briggs and Shebeski, 1970; Tounley-Smith et al.,1973). This might
be a test for thé effectivenass of visual selectian but it~is not
a legitimate comparison of breeding methods; such comparisons would
neglect the fact that population sizes and selection intensities

employed differ considsrably among methods.

In a study on oats, Frey (1962) found the yield responss
to visual selection was better when based on progeny rows than on

single plants, but generally inconsistent and not very effective,

sl
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Has the pedigree method been giuen a real chance in these
experiments? Briggs and Shebeski (1970) point out that for visual
selection to be effective selection intensity.should be between
10 and 20%. The intensity applied here was 3%. The percentage might
be élightly misleading here, if one conesiders the fact that the
number of families selected in F3 was 3, 6 and 45 for hills, controls
and the pedigree method, respectively. Thus the pedigree method tested
approximately 7 and 15 times as many families as the early testing
methbds. In our choice of 180 lines to be tested in F5 we felt that
for the pedigree method the combination of 4 lines from each of
45 families was optimal, Furthermore, it was thought to be an improve-
mént not normally applied in the pedigree methpd when in F3 weights

of 10 spikes of selected families were compared to the adjapeﬁt control,

We hypothesized that a precise estimate of the yielding poten-
tial of a given set of Families would allow for selection and further
propagation of only the best ones. Assuming this be true and knouwing
that genetic advance then would depeﬁd only on selection intensity,
one can predict a corresponding increase in efficiency with increa-
sing selection intensity. As given by their mean yields (Table 22),
there were considerable differences among families in both early
tests. This could point to non-additive inheritance as established
for crosses 1 and III and, consequently, the loss of vigor due to
inbreeding., The high frequency of superior lines in some families

however, seems to contradict the genetic analysis. Of more importance
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is the fact that the yielding estimate in F3 was not so precise
and/or a high sampling error was introduced by applying 1 and 2%
selection intensity. Falconer (1960) points éut that such high
selection intensities can have negative effects due to a correlated
response (plant height and lodging) and may thus severely limit pro-

gress in selection (Dempster, 1963).

The more intensive testing in F3 by the hill plot method
has resulted in the isolation of a few families of high potential.
But by selecting only 3 out of the 40 families greater than the
control in cross I (11 in cross III), the random error introduced

was considerable. This could explain the presence of mediocre

families in this method,

With selection pressure relaxed by testing 6 families for
the control plot method, the random error is relatively reduced
by 1/2. Miss~classified families will thus not have as devasta-
ting an effect as by the hill plots: missing either I-72-4 or
I111-72-68 by chance would have resulted in a total loss of this
method. Furthermore, family II1I-72-68 was initially included in both
early tests but was omittgd from the control plot method in F4 for
maturity reasons; this could be done here only since this family
was planted in excess of the 6 families actually needed, This family

alone accounts for the superiority of the hill plots over control

plots in cross III. Consequently, with similar results to be expected
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for both early tests also in cross I1I, these methods did not

differ significantly in their ability to identify superior genotypes,

For these and other reasons, one might ask how repeatable
these results are, or,.is the response obtained merely a mani-
festation of sampling variability. In a "theoretical approach,

Baker (1971) has demonstrated that for a given heritability, re-
peatability is best when the selected portion is between 10 and

30 percent. With near optimum conditions for the pedigree and con-
trol plot method it would appear that the extreme selection pressure
exercised has resulted in underestimating the potentiality of the
hill plot method. The fact that the analysis of data of F3 families
was incomplete at the time of selection would add to this under-
estimation. The potential of the hill plot method is indicated in
the selection of an outstanding family, I-72-4, which yielded 70%
of the lines exceeding the control in cross I. This potential is
also expressed in a relative increase of superior lines at Glenlea

(Table 20), indicative of successful selection for wide range

adaptibility.

Early tests were found to yield a superior number of good
lines in soybeans (Voigt and Weber, 1960) and oats (Frey, 1968).
‘Luedders et al. (1973) compared bulk, pedigree and early generation
testing and found that the complete bulk and early testing retained

a few more good lines than the other methods. This is in contrast to
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the results obtained by Raeber and Weber (1953), who compared
aarly testing and visual selection in soybeans and found that both

methods were equally successful.

By analysing the F3 dearived F5 familiss it was demonstrated
that all methods yielded equally good families. Houwsver, with only
4 ;iﬁes per,family.tested iﬁ the pedigres mathod,.the potential of
a high yislding family was not sampled adequateiy. Hence the superiori-
ty of the early tests in cross III can be attributed to the more in-
tsn51ve sampllng of F3 families. In other words, if equal sampling
of F3 famllles for all methods would have been p0351ble the pedigres
method mould also have retained a comparable number of lines exceeding
the control in cross 111, Ths bési; facts this study brings out are
that success in selection depended on the F3 family (the F2 plant)
and the number of lines extracted and tested in FS' Hence it would
appear that testing in F3 should be given first priority in a bree-
ding program; a faﬁily possessing desirable genotyhes not idéntified
» in F3 will be irretrisvably lost. The testing of lines in F thus
seams to be of secondary 1mportance. Frey (1954) also suggssts that

selection bs made as sarly as posslble, since selection within fami-

‘lies would yield rapidly diminishing returns.

From the considerations of Van der Kley (1955), Allard (1960),
Shebeski (1967) and others, recognizing the fact that the more desirable
genotypes show their highest frequency in the F2, this logicallyAuould

point to éarly testing, omission of most of the undesirable types and-
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sufficient sampling of families in Fs;vrather than the testing of
many families with few lines each in F5Aas derived by the ped?gree
method. With visual selection'being unreliable for yield, thes proba-
bility of missing the most valuable families in F3 would be-greater

here than with any of the early tests.

It appears then that in fhis study progress in sslection
depsnded on‘a particular F3 family aﬁd the testing of an "adequate"®
number of lines sampled from that family. How many lines per F3 family
are adequate? Obviously, 4 lines per family as tested in the pedigres
methodémere not sufficient. Superior families such as I-72-4,

1-72-14 and I1I-72-25 (Table 22) being sampled more.adequately,
would undoubtely have resulted in many more good lines. On the other
hand, even a representation of 60 lines per family in the hill plot
method was unable to identify a significant number of superior lines
in families such as I-72-66 and I11I1-72-333. The question thén be-
comes How many "good" lines.does a plant breeder actually need.
Ultimately, only one line is required, thes best cne. To arrive at
this line pedigree selection seems to be too haphazard a method to

identify the genotype with the most desirable genes.

-

A theorstical approach to this question is given by
Shebeski (1967). Based on the assumption that each wheat chromo-
some carries at least one gene for yield, he indicated that appro-

ximately 100 lines should bs tssted in F5 from a F3 family in order
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to include the most desirable genotype. In view of the considerable
error connected with F3 family evaluation it would appear that samp-~
ling of 20 to 30 lines per family in F5 and testing more families

instead would seem to be more promising.

Recent studies by Simchen and Stamberg (1969) and Clegg et al.
(1972) indicate that breakup of linkage groups and recombination is
-not a random event but under genetic control. Characters conferring
a high degree of fitness to the populations are kept together.
Jana (1972) concluded from a 2 locus - 2 allelle study that so-called
continuous variation needs not be caused by many genes, but instead
by a few major genes, These studies would indicate that we might be
dealingluith less variability than calculated on the assumption of

at least one gene for yield per chromosome.

For the present study we had selected 3 crosses expressing
‘low and high heterosis. These populations cannot be considered a
random sample allowing general inferences but it brings out another
question: how meaningful is a yield teést in F1 relative to the
future worth of a population? Early testing as executed in this
research is a time and input demanding procedure, to be performed

only on the most "promising" crosses.

An estimation of genes effective in the inheritance of

seed yield revealed mainly dominant variation in the successful
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crosses I and I1I but additive variancé in the unsuccessful cross I
(Other forms of epistasis could not be detected). These results are

based on one test in one environment and their limitations are obvi

The fact that the crosses exhibiting dominance variation
yielded the best lines is in conflict with the usual interpretation
of dominance variation. However, Mather and Jinks (p. 354, 1971)
suggest transformation o% data to various scales, shown to be able
to reverse direction and magnitude of effects, until such values
are obtained‘"on which interpretation is most fruitful". No such
scaling attempt has been made on the present data. More important,
how could either variance be interpreted with regard to the hetero-
sis exhibited in crosses I and III and the high yielding lines

obtained?

Interpretation of the terms "additive" and "dominance" is
not without ambiguity. Additive variance can be attributed to genes
either dominant or recessive in & Mendelian sense and, upon selfing
and fixation, this variation can be effectively used in a breeding
program. In biometrical genetics "additivity" is defined as 1/2 the
difference between the parental values, the mid parent (1/2 (8, A

11

and hence excludes heterotic effects.

Dominance variation signifies a form of interaction or non-

additivity between allels at the same locus, unfixable on inbreedin

I,

ous.

+ AZAZ))

g
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(Mather and Jinks, 1971). It follows, that additive variance
cannot be held responsible for heterosis and the presence of

dominance wariance cannot explain the high yielding lines isolated.

The most widely accepted explanation of heterosis is
the dominance hypothesis by Jones (1917), e.i. by virtue of a
particular combination of dominant and recessive genes. Giving
-each recessive -allele a value of 1 and each dominant allele a value
of 2, assuming complete dominance and the absence of epistasis, it
can be shown that 2 parents differing by any number of gene pairs

can yield a "heterotic" F1, viz,

P1 : AA + BB + cc + DD = 7,
P2 : a2 + bb + CC + DD = 6,
F1 ¢ Aa + Bb + Cc + DD = 8.

By recombination and segregation this "heterosis" could be fixed.

Those genotypes possessing all the more desirable genes will however
occur in low frequencies, which necessitates the growing and testing
of larger populations than are commohly handled in breeding programs

(Shebeski, 1967).

On these grounds one could explain the existence of high
yielding inbred linmes in crouses I and I11I; one could alsc defend
the choice of heterotic crocses as being the only ones worth exploi-

ting in subsequent selection work.
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The isolation of superior inbred lines in heferotic
crosses of wheat was also reported by Lupton (1961), Whitehouse
(1968) and Busch et al. (1971). Similar resul£s were obtained in
tobacco (Smith, 1952) and tomatoes (Williams, 1959), If over-
dominance or non-fixable typ2sof epistasis were of major importance
in these crosses, pure lines should yield less than the F1 hybrids
which have maximum heterozygosity. Lee (1973) recommends the use of
crosses exhibiting "a moderate. amount" of specific combining abili-
ty, for in these crosses the likelihood of transgressive segregation

seems to be greater.

By analogous reasoning, the degree of heterosis could be an
indication of parental gene differences. Conséquently, heterotic
crosses would offer more combinations than would non-heterotic crosses,
Although few experimental results obtained (see above) would support
this hypothesis, such an approach could be criticised on theoretical
grounds. Crow (1948) for example concludéd that "it would not require
very many loci in which the heterozyéote is superior to give a con-
.siderable selective advantage to a hybrid" (cited by Allard, 1960).

To test F1 hybrids adequately, many time-consuming crosses
have to be made. An alternative approach to cross evaluation would
be the calculation of mid-parental values; as defined above. for
crosses I, 1l and III these are 320, 266 and 329, respectively. Thus
with respect to heteraosis, the order of crosses changes from I,III, II

to III, I, II but would still indicate the low potential of cross I1.
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5, CONCLUSION

The purpose of this research was to ses if three methods
of wheat breadihg differ significantly in their ability to isoclate
superior genotypes and if s&, which is most effective. Ons could
refer to the statement by Dudley and Moll (1969), saying that a
criticai svaluation bstuwsen selection ﬁethods has to consider the
input of time and money. We have no exact figures as to the relativs
costs of the three mefhods studiéd, but indications are that at our
prés;nt level of mechanization control plots involve 5 times and hill
: plots 10 times the manhour inputef the pedigree method pf selection.
On the other hand, could one not say that the most expensive method
is the one which yields the lesast number of good lines? For an over-
all evaluation of the methods compared, the following facts were

established:

(1) Method mean yields:
=~ actual data: no significant differences among method means;
- transformed data: in cross III, the hill plot method

was superior to the pedigree method.

(2) Family means:
- all methods wers equal; high yielding families were

obtained by all methods.
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(3) variance components and heritability estimates:
- no significant differences between methods could be
established. Material derived by‘the pedigree method
exhibited slightly greater variability but differences

were insignificant and inconsistent.

(4) Line means, absolute yields:
- all methods were equal, no significant differences

' could be detected among the top 15% of the lines.

(5) Line means, relative yields:

- the hill plot method was below thé control plot
method in one comparison, equal in two compariéons
and superior in one, out of a total of four com-
parisons; the hill plot method was equal to the
pedigree method in two and superior to the pedigree

method in two, out of a total of four comparisons

- the control plot method was superior to the pedigree
method in two and equal to the pedigree method in two,

out of a total of four comparisons.
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These findings are based on one ysars results. Ubviddsly,
conclusions drawn are tentative. The methods did not differ in
their efficisncy in most aspécts. Thus we could not prove that
early testing is superior to the psdigree methﬁd. However, there
are indications that early £eéts seemed to have a slight‘advantage
over the pedigres method when dealing with crosses of lower yield

potential. '

These findings agres with results published by some workers

but are at variance with others,

The evidence relating to the worthiness of the threes crosses
indicates that oﬁly the more heterotic crosses yielded lines sxcee-
ding the control. Howsver, data based on three crosses only are not

sufficient to draw a general conclusion,
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Appendix I. Families, lines within families and error mean squares

of transformed data for the hill plot method, the’ con-

trol plot method and the psdigres msthod of selection

from F. derived F_. families.

3 5

Lines within

Error mean

Cross/Method Families o e
; families squares

I - Hill plot method 58,66 0.78 0.81
" Control plot method 7.20%* 1.16 1.34
Pedigres method 3,78** 0.83 0.98
11 - Hill plot method 11.35%% 1.76** 0.96
Control plot method 7.58™% 1.13 1.35
Pedigree method 3.11%% 1.11 0.78
111 - Hill plot method 13.53%% 1.07 1.59
Control plot method - 17.11%% 1.12 0.87
2.,99** 0.91 0.99

Pedigree method

%X, significant at P 0.01
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Appendix II. Variance components of transformed data among’i-'5 lines
| | within F, families (53), between F, families (Si) and
heritability (H) for the hill plot method, the control

plot method.and the pedigree method of selection for

gach of three crosses.

Cross / Method S 5, H

I -~ Hill plot method -0.014+ .060 0.482+ .346 0.534+ .188
Control plot method -0.086+ .094 0.101+ .064 0.021+ .163

Pedigree method -0.075+ .071 0.370+ .099 0.376+ .100

II - Hill plot method 0.387+ .105 0.080+ .067 0.493+ .071
Control plot method -0.109+ .093 0.107+ .068 -0.003x .171

Pedigree method 0.167+ .079  0.249+ .083  0.515+ .073

111 - Hill plot method -0.259+ .101 0.104+ .080 -0.242% .252
Control plot method 0.125+ .075 0.266+ .152 0.472+ 111

Pedigree method -0.043+ 076 0.260+ .079 0.303+ .109 -
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Appendix III. Seed yield means and standard errors of transformed data

for the hill plot (ETH), the control plot (ETC) and the

pedigree method of selection for sach of thres crosses.

(Means of 180 F5 lines esach, tested on 2 locations).

Seed Yield
Cross :
ETH SE ETC SE PEDIGREE  SE
1 ; -0.156 0.404 -0.173 0.141 -0.331  0.102
11 -1.657 0.178 . -1.367 0.145 -1.685 0.093
111 -0.195 0.194 -0.647 0.218 -0.8089

0.091




