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ABSTRACT

Three populations of common bread wheat (Triticum aestivum L.

em. Thell.) were studied to gain an estimate of the genetic variability

associated with four agronomic characters in each population. The

primary objective was to determine if homozygous lines could be isolated

from these populations that would be equal to or better than the of

the respective population. Two populations (population 1 and 3) exhibited

heterosis for yield in the generation while the other population

(population 2) showed no heterosis for yield in the F^^. Each population

consisted of random F^ lines, each of which could be traced to a single

F^ plant. Population 1 originated from a cross of the cultivars 'Seneca'

X 'Knox 62'; population 2 from a cross of 'Monon' x 'Triumph'; and

population 3 from a cross of 'Tenn. 9' x 'Knox 62'. The characters

studied were: (1) mature plant height (centimeters), (2) heading date

(days past March 31), (3) yield (grams per plot), and (4) kernel weight

(grams per 1000 kernels). The experimental design was a randomized com

plete block with two replications and the experiment was grown at three

locations.

Estimates of broad sense heritability were obtained via variance

component analyses. These heritability estimates were used to calculate

expected advance through selection for each character in each population.

Phenotypic and genotypic correlation coefficients for all characters

in all combinations were calculated. Coefficients of variation and

genetic coefficients of variation were also computed.
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Analyses of the data revealed that the non-heterotic population

(population 2) had significant (P. = .05) variability for all four

characters. Population 1 showed significant (P. = .05) variability for

heading date and kernel weight only, and population 3, for only heading

date and mature plant height. Heading date in population 3, mature

plant height and kernel weight in population 2 were the only characters

whose expected means would be better than the best parent. Evidence

was found to support a two major gene hypothesis for the inheritance of

heading time. From the results of this study, it appears that

homozygous lines that equal or better the Fj^ could not be found in

later generations.
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CHAPTER I

INTRODUCTION

The existence of heterosis in common wheat (Triticum aestivum L.

em. Thell.) has been well established (6, 7, 8, 14, lb, 20, 21); however,

an economic means of utilizing this heterosis has not been developed.

Before the discovery of a male sterility factor by Kihara in 1951 (29)

and the subsequent discovery of a nuclear fertility restorer factor by

Schmidt in 1962 (38), the main deterrent to the efficient use of wheat

hybrids was the expense of hand emasculation and pollination. Even with

the use of male sterility and fertility restorer factors there are still

many problems associated with the effective use of hybrid wheat. The

problems associated with an economic means of utilizing heterosis will

not be dealt with directly in this study but will be enumerated briefly

for the purposes of establishing some basis for the problem being

studied.

In the face of the present problems associated with the use of

heterosis in wheat the question arose: "Could homozygous lines of these

hybrids be isolated in later generations that would be equal to or better

than the respective hybrid?" The advantage of such lines is obvious.

The purpose of this study then was to answer the question stated above

with respect to three wheat populations which will be defined later.



CHAPTER II

REVIEW OF LITERATURE

From the time of the first report of heterosis in wheat by

Freeman in 1919 (16) much work has been done towards developing a means

of utilizing this heterosis and a complete review of the literature on

hybrid wheat would be too extensive to cover here. It will be sufficient

at this point to state that the existence of heterosis in wheat has been

well established. W. L. Briggle (6) made a good review of heterosis in

wheat prior to 1963.

This review covers some of the work done since 1963 and also will

cover some of the problems that have been encountered in trying to

utilize heterosis. A second part of this review will be concerned with

that work pertaining to the statistical methods of estimating genetic

parameters and the significance of these estimates to the wheat breeding

program.

Problems in Utilizing Heterosis

Heyne and Smith (23) summarized the problems encountered in

utilizing hybrid wheat ̂  follows:

1. Most of the studies with hybrid wheat have been made using

space planted plots which is not entirely comparable to

commercial conditions.

2. The percent seed set of the male sterile lines is variable

and ranges from 5 to 70 percent which is not sufficient.



3. New techniques will need to be developed which will allow

lower seeding rates than those now used for commercial

production. At the present commercial sowing rates; the

cost of hybrid seed in relation to return would make its

use prohibitive.

4. Several hybrids must be made available since hybrids appear

to be specifically adapted to specific environments.

In a study related to the first problem mentioned above; Briggle

et al. (8) obtained information on hybrid wheat grown at five population

levels. Using the of a cross 'Reed' x 'Gaines' they found that

maximum grain yield was reached at a population level of one plant per

2.5 cm (1 inch) or approximately 108 plants per square meter, which is

roughly equivalent to 3.25 pecks per acre. This is about half the seed

ing rate used in most nurseries. Briggle e^ al. (7) reported similar re

sults in a study using a spring wheat hybrid ('Lemhi 53' x 'Henry'). These

results somewhat dispel 1 previous inferences that space planting of

hybrids lead to inflated yields. It is evident that the results would

not apply to all situations which leaves much work to be done in this

area. In both studies, very little heterosis was exhibited for plant

height.

In relation to the problem of seed set and separation of hybrid

seed from selfed seed in a wheat hybrid program, Watson and McWhorter (43)

have proposed the use of a small seeded pollinator line to be planted

at "normal" seeding rate, with the male-sterile female parent. After

harvesting in bulk the seed could then be separated on seed size by

mechanical means. The authors suggested that the small seed size could
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be obtained from Triticum aestivum ssp. sphaerococcum, which has a

small rounded seed. A similar idea was proposed earlier by Sage (36).

One of the more important aspects of hybrid wheat, lies in the

area of quality control. McNeal £t (32) studied four wheat crosses

and their reciprocals with respect to milling and baking quality and

various agronomic characteristics. They found that quality values of

the hybrids were usually intermediate to the parents and in no case did

they exceed either of the parents. Reciprocal crosses had very little

influence on quality tests as indicated by significant (P. = .05)

differences in only two of the 64 quality test comparisons.

Studies by several investigators (10, 14, 30, 33) have shown that

the greatest amount of heterosis is exhibited by crosses which represent

the greatest amount of genetic diversity in origin of the parents. This

led Jensen (25) to postulate that for the most effective utilization of

heterosis in wheat a broad base genetically diverse male-sterile line

should be used as the seed parent in the cross that produces the

hybrid seed. He proposed that the broad based line could be maintained

by backcrossing to a multiparent composite line. His argument is that

since previous work has shown to some extent that the degree of genetic

diversity determines degree of heterosis, the more diverse gene pool

would afford the necessary diversity of relationship and thus permit

greater potential in the use of intra-class hybrids such as the hard x

hard, soft x soft, etc., crosses. It will be shown later that genetic

diversity may not be a prerequisite to the expression of heterosis.

If hybrids are specifically adapted to a given environment, and

it appears that they are, then a means by which the outcome of certain
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crosses could be predicted, even if only to a limited extent, would be

a very valuable tool.

In an attempt to develop a method for predicting the response

of Fj^ hybrids from characteristics of the parents, Shebeski (40) studied

five cultivars of wheat by dial lei analysis. He found that none of the

components of yield were transmitted from parent to hybrid with any

consistency, thus indicating that parental components were of no value

in predicting hybrid performance. Three of the 14 hybrids studied did

yield significantly (P. = .01) more than the higher yielding parent.

Over a three year period, Nettevich (33) studied 48 Fj^ spring

wheat hybrids and seven F^'s and which showed heterosis in the Fj^.

After observing both yield and quality characters, he concluded that:

(1) the Fj^'s consistently outyielded the best parent in separate com

binations with a range of 30-45 per cent; (2) the greatest increase in

yield was obtained by those crosses which represented high yielding

cultivars which differed in agronomic characters and origin but productive

under given conditions; (3) the degree of heterosis is determined mostly

by specific combining ability and, dependent on the combination, may be

governed by one or more components of yield; (4) the heterotic-

environmental interaction was large which meant that the same combination

might give entirely different results from year to year or location to

location; (5) the physical, chemical, and baking qualities of the hybrids

were usually intermediate to the parents but sometimes approached one

of the parents; and (6) a distinct decrease in yield was observed in the

F2 with only a "few" of the F2's exceeding the best parent.
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In a study by Fonseca and Patterson (14) with a diallel cross

of seven cultivars of hard red, soft red, and soft white wheat classes,

both the level of hybrid vigor and effect of seeding rate were observed.

In studying the Fj^ and F^ it was found that hill planting showed little

interaction with seeding rates from 3 to 15 plants per square foot, but

the level of hybrid vigor in hill plots was higher than for normal

seeding. In 19 of the 21 hybrids studied, the F^^ was significantly

(P. = .05) greater than the best parent. Fonseca and Patterson also

found, as others have, that the greatest amount of heterosis was exhibited

by the more diverse crosses such as the red x white and hard x soft

combinations.

Fonseca and Patterson (15) studied yield component heritabilities

and inter-relationships of these components in a seven parent diallel cross

in winter wheat. Heritability estimates in the narrow sense were calcu

lated by the regression of Fj^ or F2 means on mid—parent values. Narrow

sense heritabilities for plant height and earliness were relatively high,

being .78 to .87 for Fj^'s, .80 to .82 for F2's for earliness and .55 to

.78 for Fj^'s and .87 for F^'s for plant height. Kernel weight herit

ability was intermediate, being .15 to .51 for F^^'s and .44 to .55 for F^'s

and grain yield heritability estimates were .17 to .49 for Fj^'s and .27

to .28 for ^2'®■

Gyawali (21) used a seven-parent diallel cross to study heterosis

and combining ability of winter wheat. Five of the seven cultivars used

were of the soft red class ( 'Knox,' 'Knox 62,' 'Monon,' 'Seneca, ' and

'Tenn. 9' ), one soft white ('Genesee' ) and one hard red ('Triumph'). Ten

of the 21 hybrids yielded significantly (P. = .05) more grain than the
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best parent with the average yield of all hybrids being 24 percent

higher than the best parent. Significant differences were found for all

characters in all hybrids and a combining ability analysis showed that

the major component of variation was general combining ability. Specific

combining ability effects were also significant for six of the eight

characters studied. The specific combining ability estimates in this

test were greater than obtained in other studies (14, 30). These re

sults will be discussed later. Three of the hybrids observed were

selected for study in later generations and are the materials used in

this study.

Related Studies

Allard and Harding (1) studied the inheritance of "heading time"

in the , F2, F^, and the first and second F2 backcross generations of

the hybrid 'Ramona' x 'Baart 46', which exhibit about 15 days difference

in heading time. After studying segregating generations they found that

the observed distribution corresponded very well with the theoretical

distribution for a two gene hypothesis. Transgressive segregation of a

few days was observed for late heading but no transgressive segregation

was observed for earlier heading.

In a study related to combining ability and heritability

estimates, Kronstad and Foote (30) used Griffing's diallel analysis to

estimate general and specific combining ability in 10 winter wheat

cultivate. They found that specific combining ability effects were

significant for grain yield and plant height. They also found that a

large portion of the total variation for yield and yield components was
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associated with a significant amount of general combining ability.

Narrow sense heritability estimates were calculated by parent-progeny

regression of spaced plants. The estimates were as follows: plant

height ,829, kernel weight ,472, and grain yield ,259, All estimates

were significant except grain yield.

Brown ̂  (10) in a study at Illinois using a diallel cross

of three soft winter cultivars ('Knox,' 'Monon,' and 'Racine') and four

hard winter cultivars ('Bison,' 'Crokett,' 'Pawnee,' and 'Triumph') found

that considerable heterosis for grain yield could be found in certain

crosses but not for others. They also found that most of the variation

in yield and other characters in the was associated with a high

general combining ability. The authors stated that although in their

study they failed to detect specific combining ability, the possibility

of its existence in wheat could not be ruled out since they had used a

limited number of cultivars and crosses. In this study, the highest

heterotic values were obtained in the crosses of the hard x soft classes.

It was pointed out that these crosses might have limited value because

of quality problems,

V, A. Johnson £t (27) studied the genetic variability of seven

characters in the progeny of a hard red winter wheat cross of 'Seu Seun

27' X 'Blue Jacket.' The cross represents contrasting characters for

plant height, yield, maturity, and kernel weight. They reported that

most of the variance associated with plant height was additive and

evidence from segregating generations indicated that three major gene

pairs control this character. The evidence indicated that only a few

genes control kernel weight. Heterosis for yield was exhibited in the
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which exceeded the best parent by 12.9 percent. Broad sense

heritability estimates for plant height, heading date, kernel weight,

and yield were .608, .805, .612, and -.023, respectively. In this

study it was found that plant height, maturity, grain yield, and kernel

weight were all significantly correlated.

Schlehuber et al^. (37) studying the inheritance of maturity and

quality factors in lines of a hard red winter cross, found that for

all 14 quality characters observed the range of the F^ exceeded the range

of the parents, but the progeny mean for these characters equaled the

midparent for seven characters and exceeded the midparent for five of the

characters.

In studying the genotypic and phenotypic correlations between

these quality characters and heading date Schlehuber et al. (37) found

the correlations to be small suggesting no strong genetic relation or

association. This should allow selection for early maturity without

affecting the existing quality characteristics.

Lofgren et al_. (31) studied the heritability of certain

characters in four wheat crosses between the cultivars 'Atlas 50,'

'Atlas 66,' 'Triumph,' and 'Kaw.' In the 'Triumph' x 'Atlas 66' cross

using the regression method the heritability of kernel weight (grams/

1000 kernels) for the F^ on F^ and F^ on F^ generations was 42.7 percent

and 42.5 percent, respectively.

Baker et al^. (4) studied the inheritance of and the inter

relationship among yield and several quality traits in 50 random F.^ and

F„ lines of a wheat cross 'CT423' x 'Prelude.' Seven characters were

studied with only two, yield and kernel weight, common to the characters
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observed in this study. The parameters estimated were heritability,

phenotypic correlations, genotypic correlations, and expected genetic

advance from selection. First and second order interactions were also

observed. In general, the heritability estimates for the quality

characters were higher than the estimates for yield. Heritability

estimates for yield ranged from .28 to .74 and for kernel weight from

.77 to .93. Seven of the 21 possible correlations were significantly

(P. = .05) greater than zero. The simple correlation coefficients for

yield and kernel weight was .33 and significantly (P. = .05) greater

than zero. The genotypic correlations agreed well with the simple

correlations.

Other Crops

Direct comparisons of results of studies done with other crops

with those of wheat are not possible; however, some of the work on other

crops may be useful as far as procedure and technique pertain and

certainly some relationships exist as far as results are concerned with

in the small grains and even more so within the polyploid cereals.

The following is a review of that work with other crops which was

considered pertinent to the problem at hand.

Johnson et al. (26) studied the genetic and environmental

variability in two populations of soybeans in the and F^ generations.

The two populations were grown at two and three locations in one year

and both at one location the second year. Variance components, herit

ability and genetic advance for the average performance over locations

and years were calculated for the characters yield, plant height, grams
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per 100 kernels and oil percentage. The estimates of genotype x

environment interactions were higher for yield than for the other

characters. The authors stressed the importance of the genotype x

environment interaction components with respect to the estimates of

heritability and expected advance.

Working with barley, Rasmusson and Glass (35) studied two

populations of derived lines in the F^, F^, and F.^ generations to

gain estimates of genetic and environmental variability associated with

these lines. Their primary objective was to estimate and observe the

magnitude of the genotype, genotype x environment, and error components

of variance. They found that, with one exception, the genotype x

environment interaction components of variance were smaller than the

genotype and plot error components and second order interactions were

generally larger than first order interactions. Their data indicated

that one test in one year would have been sufficient to give favorable

odds for including the elite lines if the top 25 percent were selected.

In the authors' opinion, the need to test under several environments in

a selection program should not be taken for granted but should be

evaluated carefully.

Frey and Horner (18) studied the relationship of the actual gains

and predicted gains in a barley selection experiment. Two populations

of F^ derived lines were studied in the F^ and F^ generation. Two

methods of calculating heritability were used, the components of variance

method and the parent-progeny regression method. In comparing the pre

dicted gains by the two methods with actual gains in the F^ it was found

that the parent-progeny regression method of predicting gains tended to
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underestimate heritability while the components of variance method

gave values which closely approximated the actual gains made from

selection. These results tend to dispell the idea that the components

of variance method would contain discrepancies due to the year and

interaction components.

Wallace et (42) studied genotypic variances and covariances

of six quantitative characters in oats. One population resulting from

a cross of the cultivars 'Letoria' x 'Fulwin' were studied in the and

F^ generation. Each line was a descendant of a randomly chosen F2 plant.

Those characters studied were yield, kernel weight, kernels per panicle,

culms per plant, kernels per plant, and plant height. - In general, the

statistical analysis followed that outlined by Comstock and Robinson

(12). Those parameters estimated were variance components, heritability

estimates, genetic advance from selection, and phenotypic and genotypic

correlations. All direct estimates of the genotypic variance were biased

upward by one or more interaction components of variance but later

evidence allowed for correction of this factor. The variance components

for three of the characters (kernel weight, kernels per panicle, and

plant height) studied were of similar magnitude for both generations while

the other three characters had higher variance components and means in

the F^ than in the F^ generation. The data indicated that within the

cross, selection of the top 5 percent would yield lines 15 to 18 per

cent superior in yield to the population mean. It was the authors'

opinion that selection based on indices other than for yield alone,

would be of little value.
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From this review it is evident that studies related directly to

this author's study have not been reported. The review, however, gives

enough background in ancillary studies for basic techniques and

pertinent relationships for a good understanding of the problem at hand.



CHAPTER III

MATERIALS AND METHODS

Populations

Three populations of wheat (Triticum aestivum L. em. Thell.) were

studied each consisting of randomly derived lines which could be

traced to a different F2 plant. Population 1 resulted from a cross of

the cultivars 'Seneca' (C.I. 12529) x 'Knox 62' (C.I. 13701). Popula

tion 2 was derived from a cross of the cultivars 'Monon' (C.I. 13278) x

'Triumph' (C.I. 12132) and Population 3 originated from a cross of

'Knox 62' (C.I. 13701) x 'Tenn. 9.'

The five parental cultivars all belong to the winter wheat class.

The parents used to develop each population show diversity in at least

one character. 'Seneca' is a tall, late maturing soft red wheat

developed at Ohio and 'Knox 62' is a short, early maturing, soft red

wheat originating in Indiana. The short-tall and early-late designa

tions given here are relative terms indicating plant height and days to

maturity, respectively. Both 'Monon' and 'Triumph' are classified as

short and early but differ in their kernel hardness index, 'Monon' being

a soft red wheat and 'Triumph,' a hard red wheat. 'Monon' originated in

Indiana and 'Triumph,' in Oklahoma. In population 3, 'Tenn. 9' contrasts

'Knox 62' (described previously) in that it is tall and late maturing.

The parentage of the cultivars in each cross are quite diverse in origin

and offer no apparent relationship with the possible exception of 'Tenn.

9,' of which the parentage is unknown. 'Tenn. 9' is an experimental

14
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line developed at The University of Tennessee by C. D. Sherbakoff, It is

classified as a soft wheat although its kernel is somewhat intermediate

to the hard and soft types. For further information on parental

cultivars used in this study (except 'Tenn. 9') see Briggle and Reitz

(9). Of the three hybrids, the most diverse as far as origin and "type"

is concerned is probably the 'Monon' x 'Triumph' cross. The discussion

on parental differences is summarized in Table I.

Experimental Methods

The original crosses were made in the greenhouse at The University

of Tennessee Agricultural Experiment Station in 1964. In 1965 the

seeds were planted in 10 foot rows with one foot between plants and

rows. F2 seeds were planted in 1966 in 10 foot rows with six inches

between plants within rows and one foot between rows. From this F2

generation each plant was harvested individually and planted as one row

in the F^. The F^ seeds were planted with a tractor mounted cone

planter at approximately normal planting rates (1 gram/foot) in 10 foot

rows with one foot between rows. Each row was harvested individually

to comprise a single F^ line. The same procedure was followed for each

population.

Lines to be studied in the F^ generation were chosen at random

from the group of F^ lines. A hail storm caused considerable damage to

the F^'s and a subsequent reduction in yield of F^ seed and therefore

only those F^ lines with a sufficient quantity of seed (60 grams) were

used in the study.
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Lack of sufficient amount of seed and inflexibility of planting

procedures necessitated the use of one row plots. Two row plots were

considered, but it was felt that the gain in information by using

three locations instead of two, outweighed the gain in precision expected

from the use of two row plots. The cultivar 'Monon' was used as border

rows on the outside parameters of the field experiment at all locations.

The three locations were; Plant Science Farm, Knoxville, Tennessee (LI),

Highland Rim Experiment Station, Springfield, Tennessee (L2), and the

West Tennessee Experiment Station, Jackson, Tennessee (L3). At Knox

ville the experiment was grown on Etowah silt loam, at Springfield on

Dickson silt loam, and at Jackson on Galloway silt loam. Each popula

tion was handled as a separate experiment, in that all lines comprising

one cross were randomized and kept together in one block. The parents

of each population were included in the experiments and replicated four

times. Population 1 consisted of 90 individual lines; population 2,

102 lines; and population 3, 100 lines. The three populations of

lines were planted at a rate of one gram per foot in plots nine feet in

length with plots spaced one foot apart. The experimental design was a

randomized complete block with two replications.

Characters Studied

The characters studied were: mature plant height (centimeters)

recorded at harvest at all locations; heading date recorded as days past

March 31, recorded at locations 1 and 3; yield (grams/plot) recorded at

all locations; and, kernel weight (grams/1000 kernels) recorded at all

locations. The above mentioned characters are considered to be
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quantitatively inherited. Lodging and disease were severe problems at

all locations. Because of complications caused by the use of one row

plots no attempt was made to record lodging or disease reactions.

Statistical Methods

Data for yield and kernel weight missing in one plot in population

3 at Knoxville (LI) were estimated by cpvariance analysis as described

by Steel and Torrie (41).

All data were then subjected to an analysis of variance to gain

an estimate of the different components of variance. The mathematical

model assumed for this analysis for all characters was as follows:

Y. . =u + A. + B.,., + C, + AC.,
ijk ^ 1 j(i) k ik jk(i)

Where Y. = i, j, kth observation
ijk

p. - population mean

A. = ith location effect
1

B... = ith replication effect within the ith location
j (x)

C. = kth genotype effect

AC^^ = i, kth location x genotype effect

^jk(i) ~ experimental error

The expected mean squares were calculated as described by Hicks

(24). All effects were assumed to be random and the expected mean

squares are given in Table II.
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Since the experiment was conducted only for one year, no estimate

was available for year effects. The year and year interaction com

ponents of variance are not shown in the expected M.S. table although

these components are contained in each effect.

From these mean square estimates the genetic components of

variance were calculated for each character and for each source, follow

ing the procedure as described by Comstock and Robinson (12).' Broad

sense heritability estimates were then calculated using the procedure

given by Burton (11). Heritability in the broad sense (H) is calculated

2 2 2
by the formula (cr / x 100) where is the phenotypic variance asso-

2
ciated with a particular character and cT is the genetic component

S

associated with the same character. Heritability in the narrow sense,

2 2
(T / cr, , the ratio of the additive variance to the phenotypic variance
a ph

was not calculated since no estimate of the additive variance was

available. However, in the the portion of genetic variance attri

butable to non-additive effects would be small.

The phenotypic variance ((5^h^ was calculated by the formula:
2 2 2 2 2

(T, = <T+<T /l+cT /rl where o represents the genetic component of
ph g ac e g

variance, <3^^ the location x genetic component, (5^ the residual component.
1 the locations, and rl, replication x locations.

The theoretical advance that could be expected from selection at

a given intensity was then calculated. The procedure for calculating

genetic advance (Gs) is given by Hanson et al^. (22) and is defined by the

following formula: Gs = Kcr ̂ j^H were K is the selection differential

expressed in phenotypic standard deviations and H is recognized as the

heritability for that particular character. These estimates of advance
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from selection may be expressed in two ways, either as a percent of the

population mean or in terms of the unit measurement.

Simple correlation coefficients were calculated for all

characters in all combinations. The correlation coefficients were

calculated by location since the large number of degrees of freedom

made possible a very good estimate of this parameter.

To obtain a clearer picture of the relationships of these

characters, the genotypic correlations among these characters were

calculated from the formula:

2

ph2
tg =

2 2
O", X cr,ph, ph

Where CT, 2 , is the eenotypic covariance component for two characters
ph ph
2 2

and cT, and cr, are the respective genetic variance components.phj^ ph2
The genetic coefficient of variability (G.C.V.) used by Burton

(11) was calculated for each character over the three locations. The

computations for this value were calculated by the following formula:

G.C.V. = / X X (100)
g

This value then gives the estimate of genetic variance in relation to

the mean.

No attempt was made to test for differences among populations

although such a comparison was possible but with certain limitations.



CHAPTER IV

RESULTS

The Analysis of Variance

Parent and population means for all characters and all populations

are given in Table III. These data will be discussed in more detail in

later discussion.

Analyses of variance were applied to all data by the format

described in Table II, page 19. The results of these analyses are given

in Tables IV, V, and VI, for populations 1, 2, and 3, respectively.

In general, for all characters, the location source had a very large

mean square compared to other sources and thus accentuates the necessity

for conducting experiments of this type under more than one environment.

This point was emphasized by Johnson et (26).

The residual mean square calculated for heading date was larger

than the location x genotype mean square in all three populations. The

same is true for mature plant height in population 3. There was very

little difference in the expression of these characters relative to

location.

The location x genotype mean square estimate for yield was

significant (P. = .05) for all populations indicating that the random

lines within each population yielded differently in each location.

Again, the need is shown for conducting this type of experiment under

more than one environment.
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The coefficients of variation and genetic coefficients of

variation are given in Table VII. In general, the coefficients

of variation are within the limits acceptable for small grain except

for yield which is relatively high. More will be said about these high

coefficients of variation for yield in later discussion. The coef

ficients of variation are similar in all populations. They were expected

to be similar since they grew adjacent in the field and all measurements

and observations were made at the same time. The genetic coefficient of

variation (G.C.V.) was calculated only for those characters which had a

significant genetic component of variance. The G.C.V. for all characters

presented was consistently smaller than the C.V. and the values compare

well over populations except in the case of yield where no comparison

was possible.

Components of Variance

Table VIII gives the components of variance that were calculated

for each of the three populations. In all cases, the location x geno-

2
type component of variance (cr* ) was considerably smaller than the residual

ac

2
component The location x genotype interaction component was

significant (P. = .05) in all populations for yield and kernel weight

and significant (P. = .05) in population 1 for mature plant height. For

heading date, the location x genotype component of variance was non

significant (P. = .05) for all three populations. This would tend to

indicate that the lines within each population headed at the same time,

relative to each other, regardless of the environment. The location x

genotype interaction component for yield, although much smaller than the
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residual component for that character, is still significant (P. = .05)

indicating that the lines in each population yielded differently in

relation to each other over the three locations. The location x geno

type interaction components for kernel weight, even though small, were

significant (P. = .05) for all three populations and highly significant

(P. = .01) for two of the populations. This evidence indicates that

the kernel weight of the lines within a cross vary relative to each other

from location to location or it can be said that the kernel weight in

wheat is influenced a great deal by the environment.

2
The residual component of variance (CT ) was relatively small for

all three populations for heading date and kernel weight, somewhat

larger for mature plant height, and very large for yield. The pattern

in the relative magnitude of the residual components over the four

characters seems logical if one considers the amount of variation

associated with the measurement of each of these characters. The large

residual variance for yield cannot be attributed to poor methodology

along; some of it was undoubtedly caused by the severe lodging and

disease which was prevalent in all populations and at all locations. The

use of one row plots made it impractical to record lodging or disease

reactions. Further discussion of this point will follow.

2The genetic component of variance (cT^) for mature plant height

was significant (P. = .05) for populations 2 and 3, but non-significant

(P. = .05) for population 1. The parents of population 1 contrast with

respect to this character (Table I, page 16) and the random lines

are expected to show some genetic diversity. The parents of population

2, however, are both considered short and thus no genetic diversity was
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expected in the generation. The exact nature of the inheritance of

plant height is not known (2) and any attempt to explain these results

would only be speculation. The precision of the experiment was

probably too low to detect small differences.

2
The genetic component of variance for heading date was

highly significant (P. = .01) for all populations. Some degree of

genetic diversity among lines is expected for population 1 and 3

since the parents of each of these two populations contrast with respect

to heading date. The parents of population 2, however, are both con

sidered early maturing and thus no genetic variation among random F^

lines of this cross is expected. Ayad (3) and Allard and Harding (1)

presented evidence to support a hypothesis for a two major gene system

controlling heading date with a large number of genes with lesser effect

modifying the major gene effects. The distribution of days to heading

for population 2 is shown in Figure 1 and closely resembles the distri

bution found by Allard for his F2 generation. The bimodal distribution

shown in Figure 1 suggests the possibility that the parents of popula

tion 2 had different major genes for heading date with modifiers that

caused each to react similarly.

The genetic component of variance ( (3^ ) for yield was highly[<^)
c

significant (P. = .01) for population 2 but non-significant (P. = .05)

for populations 1 and 3. Means of the parents (Table III, page 23) for

all populations suggest that each parent differs in their yield potential

and thus some genetic variation is expected in the F^ generation of

each cross. The inheritance of yield is considered very complex and

no attempt will be made to explain these results. Again there is the
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possibility that the precision of the experiment did not allow detection

of small differences.

2
The genetic component of variance for kernel weight was

highly significant (P. = .01) for populations 1 and 2 and very similar

in magnitude. Parental means for kernel weight (Table 111, page 23)

show about a five gram difference between the parents of population 1

and a 1.4 gram difference between the parents of population 2. It is

not known definitely how kernel weight is inherited (2) but more recent

results by Sharma and Knott (39) show that kernel weight is controlled

by relatively few genes, possibly as few as four. If this is the case,

then the small difference between the parents of population 2 could

result in significant differences among lines in the generation. The

genetic component of variance for kernel weight in population 3 was

non-significant (P. = .05) and much smaller in magnitude than the com

ponents for populations 1 and 2. Parental means for kernel weight show

a five gram difference between parents, very similar to the difference

between the parents of population 1.

Heritability Estimates

Broad sense heritability estimates for population 1 were possible

for only two of the four characters, heading date and kernel weight

(Table IX). In population 2, heritability estimates were possible for

four characters and in population 3, for only mature plant height and

heading date. Johnson et aJ. (27) reported broad sense heritability

estimates of .608 for plant height. His estimate, even though calculated

by the same method used herein, was based on the generation which
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undoubtedly contained some non-additive effects. For the estimates

presented here, consideration must be given to the fact that one row

plots were used. The heritability estimate for yield in population 2

is much larger than expected for this character and as usual when

dealing with heritability the estimate may be influenced by a number of

factors which cannot be controlled.

The heritability estimate for kernel weight for population 1 and

2 are of similar magnitude, being .699 and .706, respectively. Johnson

et al. (27) reported a broad sense heritability estimate for kernel

weight of .612 and Sharma and Knott (39) one of .693 which are similar

to the results obtained here. Heritability estimates are usually used

or applied to the population from which they were derived. The use of

the broad sense estimates in this experiment rather than narrow sense

heritability can be justified since most of the non-additive genetic

effects are lost by the generation.

Since this experiment was grown only for one year the individual

components and the heritability estimates are probably inflated due to

the years and year interaction components not being available.

Expected Advance from Selection

The expected phenotypic advance that can be achieved by selection

is given in Tables X, XI, and XII for populations 1, 2, and 3,

respectively. Selection for mature plant height and heading date would

be made in a negative direction. The expected advance in all cases is

given in the same units used in the original measurement of the character.

Any success in selection for any one character will depend on the effect
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it will have on the most important character yield. Considering

mature plant height for population 1 it is noted that the simple

correlation coefficient (Table XIII) is positive indicating that as

plant height increased, so would yield. This would be an undesirable

situation when selecting for shorter plants. This same situation exists

for populations 2 and 3. An estimate of the genotypic correlation

coefficient for mature plant height and yield, which was calculated only

for population 2, was negative which indicates that selection for shorter

plants might not adversely affect yield.

The phenotypic correlation coefficients for heading date and

yield (Tables XIII, XIV, and XV) are negative in all cases but signi

ficant only for population 2. In this case then selection for earlier

heading would have no adverse effect on yield. The genotypic correlation

coefficients for these two characters are of similar magnitude for

populations 2 and 3, but is very small for population 1.

Kernel weight is considered one of the components of yield and

as would be expected, the phenotypic correlation coefficient for kernel

weight and yield in this study was positive and highly significant

(P. = .01) for each population. The genotypic correlation coefficients

for kernel weight and yield were rather low but consistent for populations

2 and 3. In some cases the component of variance estimate was negative

and calculation of the genotypic correlation coefficient was not

possible.

From the analysis of the generation, the expected advance at a

given selection intensity was calculated. Table XVI gives the parent

mean and the excepted F^ generation mean for a particular character.
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Only in the case of kernel weight in population 1 was the expected

advance expected to have an advantage over the best parent and the

advantage was only slight, 36.1 grams to 35.7 grams for 'Seneca.' In

population 2 the expected generation means for mature plant height

would be only slightly better than the best parent 'Triumph' and in the

case of kernel weight in population 2 the expected generation mean

would be 2.3 grams better than the best parent 'Monon.' In population

3, only in the case of heading date would the expected F^ generation

mean be better than the best parent and again the advantage is very

small, about 0.9 day.



CHAPTER V

DISCUSSION

It was mentioned earlier in Chapter II that Gyawali found that

the of the crosses of the parents of population 1 and population 3

exhibited heterosis for yield over the best parent while the of the

cross 'Monon' x 'Triumph' (population 2) did not exhibit heterosis. A

direct comparison of these random F^ lines to the Fj^ would be interest

ing but such a comparison was not available in this study. An alternate

then would be to compare these random F^ lines to the parents of the

lines as was done when the were compared with the parents to deter

mine if and how much heterosis was exhibited. The question raised in the

introduction was-"Could lines of a particular hybrid be isolated in

later generations that would be equal to or better than the Fj^ of that

hybrid?" Considering yield as the most important criteria, the results

of this study indicate that only in population 2 was there sufficient

genetic variation in yield that would allow selection for superior lines

in the following generations and Table XVI, page 43, shows that the

expected advance for yield in population 2 does not approach the best

parent.

Considering characters other than yield, it is possible, if the

predictions hold true, to isolate lines in the F^ generation that would

be superior to the best parent of that population for a particular

character. In all cases, however, the advantage over the best parent is

very small and there is some doubt that the advantage is real. Only for
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heading date in population 3 could one expect any real gain where the

expected population mean is about one day earlier than the best

parent 'Knox 62,'

On the basis of Gyawali's results, it should be possible to find

lines in later generations that would equal or better the best parent

of that particular population. General combining ability is considered

a reflection of additive gene action and the effect of such action would

not be lost as segregation occurred and homozygosity within lines was

approached.

Gyawali (20) found, however, both general and specific combining

ability to be statistically significant (P. = .05). If specific com

bining ability accounted for most of the heterotic response in the Fj^

then one would expect that the effect of particular gene combinations in

the Fj^ would be lost in subsequent generations as segregation occurred

and lines approached homozygosity. This is based on the theory that the

gene frequency of the F^ and F^ random lines is the same but the geno-

typic frequencies of the F^^ and F^ random lines differ.

It is observed in Table III, page 23, that the mean yield for

population 1 is 11 grams over the best parent 'Seneca.' This discrepancy

is probably due to random variation of testing. It is doubtful that the

11 gram advantage shown is real since similar results were not obtained

in the other cross which exhibited heterosis in the Fj^ ('Knox 62' x

'Tenn. 9'). It is also noted from Table III that there is about a 70

gram difference in yield between 'Knox 62' in population 1 and 'Knox 62'

in population 3. Again, this difference is probably due to random
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variation. The population 3 mean yield is actually below the lowest

yielding parent 'Tenn. 9.'

The population means for all other characters in all populations

usually fall midway between the parent means for a particular character

except in the case of heading date for population 3 where the population

mean is very near the best parent 'Knox 62,'

Populations 1 and 3 will now be termed heterotic populations

since the ' s of each of these populations exhibited heterosis and

population 2 will be termed the non-heterotic population since the

of this population did not exhibit heterosis. Gyawali (20) found that

general combining ability contributed more to the heterotic response of

the Fj^ than did specific combining ability although specific combining

ability was also significant (P. = .05). Since general combining ability

is considered a reflection of additive gene action its effect would not

be lost in subsequent generations and as segregation occurred and homozy-

gosity of loci was approached, differentiation among lines would occur.

In this study, however, the heterotic populations showed no diversity

among lines for yield while the non-heterotic population did. This

suggests that, although Gyawali (20) found general combining ability to

be more important than specific combining ability, the heterotic response

of the Fj^ may depend more on specific rather than general combining

ability.



CHAPTER VI

SUMMARY AND CONCLUSIONS

Three populations of common bread wheat were studied to gain an

estimate of the genetic variability associated with four agronomic

characters in each population. Two of the populations (population 1 and

3) exhibited heterosis for yield in the generation while population 2

did not. The main purpose of the study was to determine if homozygous

lines, derived from a particular hybrid, could be isolated in later

generations that would be as good or better than the Fj^ of that particular

cross.

The analysis of variance for population 1 revealed that only

heading date and kernel weight had significant (P. = .05) genetic com

ponents of variance. The analysis of variance for population 2 revealed

that all four characters had significant (P. = .05) genetic components of

variance and in population 3, only mature plant height and heading date

had significant (P. = .05) genetic components of variance. Heritability

estimates were calculated and are all in the range expected for these

characters except for the estimate for yield in population 2. All

estimates are considered biased to some extent by the year and year

interaction components for which no estimate was obtained. Calculation

of the expected advance from selection revealed that only in the case

of heading date in population 3 and kernel weight and mature plant height

in population 2 could you expect a genetic advance that would better the

best parent of the respective population. Coefficients of variation for
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each character in each population were within acceptable range except

for yield which was about three times as great in all three populations.

The severe lodging and disease at all locations probably caused con

siderable unaccountable variation in yield and thus the high coefficients

of variation for this character.

A biomodal distribution for heading date in population 2 suggests

that two major genes control this character with an underdetermined

number of minor genes having some effect.

Evidence presented here shows that the non-heterotic population

(population 2) offered more variation in the generation than did the

heterotic populations and only in population 2 could one expect any

advance for yield. The data also show that it would not be possible to

"fix" the heterosis of the in homozygous lines of later generations.

The high coefficients of variation for yield may be some indication that

the precision was not such that small differences could be measured.

Gyawali (20) found that the greatest heterotic response in the Fj^

was due to general combining ability although specific combining ability

was also significant (P. = ,05). In this study no direct comparison of

the F^'s and Fj^'s was possible and the experiment was not designed to

distinguish types of gene action; however, evidence presented tends to

indicate that specific combining ability may be more important in

explaining the heterotic response of the F^^' s than is general combining

ability. The evidence is by no means conclusive but only accentuates

the need for more investigations in this area before hybrid wheat becomes

a reality.
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