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CHAPTER I

INTRODUCTION

Sorghum, Sg;ghu@ bipplqr gL.} Moench, was introduced
into the United Sfatgs pfiér févlé53 from Africa via the
West Indies. Brown and white durra were brought from Egypt
to California in 1874. Suﬁsequent introductions were:
white and red kafir from south Africa in 1876, milo from
northeast Africa about 1885, Shallu;from India about 1890,
and feterita and hegari from northeést Africa in 1906 and
1908, respectively (40). However, sorghum was not of major
esconomic importance in the United Statés until the invention
of suitable mechanical harvesting devices during the nine-
teen thirties.

Much of the early breeding of sorghum was accomplished
- by farmers selecting within the above mentioned introduc-
tions., Gradually,?tfpes were developed to fit various
needs, -e.g., forage, syrup, and grain types. Within those
types, further selection rgsulted in varieties superior to
the older ones in several éspects. As sorghum gained prom-
inence in the economy of United States agriculture, system-
atic sorghum researéh and breeding began. The first efforts
éf the early researchers were in the realm of qualitative.

genetics, i.e., researchers were interested in easily



described and distinguishable characters. With the discov-
ery of genetic-cytoplasmic male Sﬁériﬁiﬁj? commercial
hybrids in grain sorghum became a possibility, then a
reality. The next phase, thaf of quantitative genetics, in
sorghum breeding followed two paths; Large numbers of hy-
brids were screened to find desirable hybrid combinations.
In addition, selections were made fbllowing hybridization
within segregating populations for genetically superior
pure-lines,

Knowledge of the relative.magnitﬁdes of the various
genetic and environmental parameters for characters of
economic importance is important before more efficient
breeding and selection procedures can be employed. Since
economically important characters are largely, if not
entirely, quantitative in inheritanpe9 they are described
in terms of first and second order statistics, i.e., means,
variances, and covariances, instead of in terms of classifi-
cation into categories as is done with qualitative charac-
ters. The use of first énd second degree statistics permits
the estimation of genetic population parameters sucth as
means, several genetic variances, heritabilities, genotypic
correlations, expected genetic advances, environmental
correlations, and phenotypic correlations. Judicious use of
these estimates permits the plant breeder to construct
selection indexes for more e%fectively selecting the géneti-
cally superior plants or familiesm Knowledge of the herit-

abilities allows him to employ the more efficient breeding



procedure in order to gainm the desired objective in the
shortest time possible. The magnitudes of genotypic corre-
lations will indicate to the breeder the extent to which
various characters are inherited tcgether and how selection
for one of them is likely to affect others.

The purpose of this investigation was to estimate the
phenotypic and genetic parameters of thirteen characters in
a serghum crbssa The characters aré node number, flower
date, plant height, head length, peduncle length, flagleaf
height, vegetative height, plant yield, kernel weight, num-
ber of kernels per head, per cent fertility of head, head
weight, and plant vigor. Selection indexes for various
combinations of characters were consfructed and evaluated,

and two breeding procedures were compared.



CHAPTER 1T
REVIEW OF LITERATURE

Most characters of economic importance in sorghum as
well as in other crops appear to be influenced by many genes
or gene groups. Their phenotypicfexpression cannot be
classified into discrete classeé but rather exhibit a more
or less continuous distriBution. The plant breeder is faced
with the problem of how to choose genetically superior indi-
viduals or groups of individuals from the population.
According to Comstock and Robinson (16), the main considera-
tions of practically‘all Breeding ﬁrograms are selection
within a base population of genetically variable individuals
or families and utilization of the selected material as
either potential commercial varieties or the base for a new
cycle of selectiomn. Population genetic theory in conjunc-
tion with statistical analysis provides a firm foundation
for the modern plant breeder to effectively plan and execute
selection programs.

Since the phenotype‘of individuals is the only indica-
tion of their genetic potential9 some procedure must be
employed to determiné to what extent differences between
individuals or groups are due to gemetic constitution, to

environmental influences and to interactions between them.



The phenotype, P, of an individual may be expressed as

follows:
P =G+ E + GE

where G is the genotypic value, E is the environmental
deviation and GE is the genotypic-environmental interaction.
The genotypic value may be further partitioned into the

following components:
G=A+D+ I

where A is breeding Vaiue;’D is dominance deviatidn or
intra-allelic interaction, and I is the epistatic or inter-
allelic interaction. Falconer (21) defines breeding value
as the value of an individual judged by the mean value of
its progeny or in terms of average effects of genes, the
breeding value of an individual .is equal to the sum of the
average effects of the génes it.car‘r‘ies9 the summation being
made over the pair of alleles at each locus and over all
loci. Mather (&7) describes this type of effect as fixable
since it depends on differences in average character expres-
sion associated with the homozygotes for each of the gene
pairs involved. Deviations arising from the difference be-
tween the expression of heterozygote and the average of the
" two corresbonding homozygotes are unfixable. This deviation
is that previously defined as the effect due to dominance or
intra—allelic interaction. The concept of additive variance

does not carry with it the assumption of additive gene



action; additive variance can arise from genes with any
degree of domipamce or epilstasis; and only if all the genet-
ic varianmce is additive, can it be concluded that the genes
show neither dominance nor epistasis (21).

Epistatic variance is very difficult to estimate and is
usually discounted as a source of variation although plant
breeders have trouble forgetting it. Hormer, cited by
Comstock and Robinson (16), states that epistatic relations
among genes may have lérge effects on the genetic variances
in any kind of family ahnd on covariances between any two
kinds of related families that can be formed. Mather (47)
suggested the use of scaling techniques to eliminate
epistatic effects. However, this is difficult because a
proper scale may not be found in many cases. These results
leave then the estimation of genetic variance as a sum of
its two "major" components, i.e., additive gemetic variance
and dominance genetic variance.

Estimates of the variances due to the different sources
of variation contributing to differemces between individuals
as discussed above are important so that the plant breeder
may properly plan his breeding programs. Comstock and Moll
(15) give three advéntages of knowing the true’magnitudes
of genetic variation: 1) overestimation of genetic varia-
tion would in some cases lead to investment of time and
effort not justified by the real potential for improvement
of genetic stocks employed, 2) optimum procedures may vary

significantly depending on the magnitude of genetic



variance, and 3) there is danger that sound breeding pro-
grams may be abandoned prematurely or unwisely because of
results that are disappointing relative to unwarranted
expectations based on erroneous estimates of genetic vari-
ance. Dudley and Moll (20) and Matzinger (48) indicate that.
if genetically variable material is grown in a randomized
block experiment adequately replicated in time and space,
the data analysis provides a reliable estimate for genetic
variability and can also provide an estimate of broad sense
heritability. They further poiﬁt out that the more diverse
the environmental population the smaller the estimate of
genetic variance since more of the genotype-environment
interaction variance is removed from the estimate of genetic
variance. Estimates of variance comﬁonents te be used in
.herifability estimates should come from experiments grown in
an adequate sample of the environments to which the predic-
tions will apply so that the estimate of genetic variance
will be free as much as is possible ef genotype—-environment
interaction and so that the appropriate fractions of the
various genotype-environment interaction components can be
included in the estimate of phenotypic variance (15).

Various procedures have been employed by plant breeders
to obtain estimates of the phenotypic, genetic, and environ-
mental variances. Since in self-pollinated crops the inbred
parents and their F, hybrids are largely genetically homoge-
neous within lines, the variance between plants within

lines has commonly been used to estimate environmental



vari

a

nee (1, 21, 22, 47). The commen practice is to develop
some system of relatives and from the amalysis of variance
of these individuals or of family means obtain estimates of
genetic variance (1, 14, 16, 21). For ewample, two inbred
lines may be crossed to produce awn F, population which is
selfed to produce the F,. The phenotypic variance among
plants in the F; is composed of both gemnotypic and environ-
mental variance. The mean bhetween plant variance for both
parents and their F, is used as the estimate of environmeh~
tal variance and is subtracted from the F, phenoctypic vari-
ance to obtain the estimate of genotypic variance. This
same prccedure may be extended to later generations of
selfing to obtain estimates of between family and within
family genetic variance which may be partitioned into addi-~
tive and dominance variances (1, 21, 22, 47). Relatives
need not be developed to obtain estimates of gemetic vari-
ance, but the estimates obtained by using several different
inbred lines cannot be partitioned imto components. Esti-
mates of genotypic variance so obtained should be used with
caution since they may contain large proportions of domi-
nance and epistatic variance., If present, such estimates
would cause the plant breeder‘to expect erroneously larger
estimates of expected genetic advance than he should since
these sources of variation camnot be fixed in the genotype.
Therefore, considerable time and exbense might be wasted
pursuing a breeding program in which expected progress does

net justify the effort necessary to attain that progress



(1, 13, 20}.

Estimation of genotypic variance by comparing several
inbred lines has been accompliished in cats (32) and sorghum
(61). Johnson and Frey (32) used 27 inbred oat strains to
estimate genotypic variance under varying environmmental con-
ditions. They found oat strains grown under non-stress
environments had higher grain yield heritabilities than when
grown under stress environments., This indicated that the
non-stress environments permitted a greater degree of ex-
pression of the genotypic differences among these strains
than did the stress environments. Swarup and Chanugale (61)
used 70 inbred varieties of sorghum to obtain estimates of
genotypic variance for 13 characters. The error and the
variety mean squares were taken as emnviroumental and pheno-
typic variances, respectively. The genotypic variance was
obtained by subtracting the eunvironmental variance from the
phenotypic variance and broad sense heritability estimates
were obtained for each character. The genotypic Variénce
estimates obtained for all characters were high as reflected
by the large heritability estimates, i.e.,; none of the
heritability estimates were less than 70 per cent.

Robinson and Comstock (56) employed sib analyses to
obtain estimates of genetic variances in open-pollinated
varieties of coern. This procedure aillowed the partitioning
of the genetic variance into additive and dominance vari-
ance for several quantitative characters. All progenies

were grown with two replications in each of two years.
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Principle findings were that all chara@ters exhibited less
dominance variance, less than.Ooﬁ as large for all traits,
than additive variance and that a considerable amount of
additive vafiance, two to three times the amount of domi-
nance variance, existed for grain yield.

Differences between relatives were used in soybeans by
several investigators to obtain estimates of genetic vari-
ances and in some instances to paftition those variance
estimates (3, 8, 333 67). Anand and Torrie (3) used the re-
gression of the F, family means on the F; parents to obtain
heritabilities for various characters and concluded that the
magnitude of the additive variance was not large for yield
and the yield components studied. Brim and Cockerham (8)
using F,, F,, and Fg plants concluded that additive genetic
variance was the principle component of genetic variance for
all characters studied. Weber and Moorthy (67) employed the

and F1

F, phenotypic variance and the average of the P;, P,,

variances to obtain broad sense heritability estimates for
8ix soybean characters. Their heritability estimates were
all above 50 per cent. Differences between relatives have
been used in other self-pollinated crops, e.g., cotton (49),
oats (51), and barley (53), to obtain estimates of genetic
variance., Rasmusson and Glass (53) studied 80 lines of
barley in the Fy, Fg, and F7 to bbtain estimates of genetic
and envirommental variability. They were particularly con-
- cerned with the number of replications needed to give accu-

rate estimates., They concluded that under the conditions of
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their study; a single trial with three replicates gave suf-
ficient information for each character studied te permit
favorable odds of including the elite lines if the top 25
per cent were selected.

Variance between F, plants has been used in sorghum
to.estimate genotypic variance (5, 38). As usual, the mean
betweén—plant variance for the parents and the F, was used
to estimate envirommental variance. Beil and Atkins (5)
obtained broad sense heritability estimates of 88 and 75
per cent for plant height and 75 amd 59 per cent for seed
weight in two different populations. Khan (38) obtained
broad sense heritability estimates for eight of nine char-
acters of less than 50 per cent in two different F, popula-
tioﬁs whose parents had similar origin.

Mather's procedure (47) of using the F, and the two
first backcross generations has been empioyed to a consider-
able extent in self-pollinated crops to obtain estimates of
additive and dominance variance. Ramey (52) examined 11
characters in cotton and found subsfantial amounts of addi-
tive variance for nine characters amnd small positive domi-
nance variances for all characters except three,

Application of Mather's procedure has been made by several
investigators in sorghum (26, 35, 4%9 63). Hadely (26) re-
ported that dominance variance for‘plant height was suggest-
ed but not statistically significant. Liang and Walter (44)
examined grain yield, kernel weight, number of kernels per

head,mhalf bloom, plant height, stalk diameter, and
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germination percentage in three different crosses. The
parents of the crosses were similar in origin and had been
employved in commercial hybrid production. Additive effects
were significant for grain yield, head weight, kernel
weight,; and number of kernels per head in only one cross.
‘These investigators concluded that dominance effects were
mor; important than additive effects for yield and the
‘yield components. However, Voigt et al. (63) found a
heritability for seed size of 60 per cent,

Extensive use has been made of diallel crosses to
- estimate genetic variance and its components in sorghum
(6, 11, 12, 26, 36, 41, 42, 45, 50), Beil and Atkins (6)
investigating grain yield, number of heads per plant, weight
of 100 kermnels, and ﬁumber of seeds per head reported sig-
nificant general combining ability effects (GCA) for all
characters, but significant differenees for specific
combining ability effects (SCA) were expressed only for
100-seed weight. Chiang and Smith (12) found additive
effects to be high for head length, number of tillers,
threshing percentage, and leaf length. GCA and SCA were
important for all of the characters studied by Kambel and
Webster (36). However, they noted that GCA effects were
considerably more important than SCA effects, Liang (41)
found significant GCA for all characters studied except
kernel weight and germination percentage while SCA was not
significant for leaf area, germination percentage, threshing

percentage, and protein content.
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Liang et al. (4%2) used the diailel to obtain variances
of both GCA and SCA in sorghum and concluded that SCA
effects were more important for yield than GCA effects.
Narrow sense estimates for yield; anathesis time, and pro-
tein content were 13, 64, and 43 per cent, respectively.
Malm (45) and Niehaus and Pickett (50) comncliuded that addi-
tive effects were much more important for yield and yield
components than dominance effects.

Estimates of genetic variance and its additive and
dominance variance components as well as phenotypic variance
are used by plant breeders to make estimates of heritabilitw
Heritability in a general sense has been defined as the
portion of the observed variance for which difference in
heredity is responsible by Knight as cited by Hanson (28).
More specifically, heritability is defined in two different
ways, i.e., broad sense heritability as the ratio of the
genetic variance to phenotypic variance and narrow sense
heritability as the ratio of additive gemetic variance to
pheﬁotypic variance. Broad sense estimates contain both
additive and dominance variance in the numerator as well as
epistatic variance. However, it is not so apparent that
estimates commonly assumed to be narrow sense heritabilities
may, in fact, centain fractions eof dominance variance if
determined in self—pollinated species. This is true for
estimates determined by fegression of progeny values either
as family means or as individual plénts on their parental

values. It is important to realize that heritability is a
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property not only of the character under consideration but
also of the population and of the emvirommental circum-
stance to which the population is subjected. A change in
any one of these factors will affect heritability estimates
(21, 28).

Heritabilities may be estimated by at least four
techniques: 1) use of nonheritable variance from geneti-
cally homogeneous populations subtracted from phenotypic
variance estimates of segregating populations to estimate
total genotypic variarice, 2) variance components from an
analysis of variance, 3) parent-offspring regression, and
4) difference between twice the F, génotypic variance and
the sum of the variances of both first backcross genera-—
tions as an estimate of the additive wvariance (65). The
last-mentioned procedure has the advantage of growing all
material during the same season thus eliminating the neces-
sity of obtaining environmental variance estimates and
estimates of total genetic variance. The parent-offspring
method has the disadvantage that the two gemerations under
consideration must be grown in different environments. Frey
and Horner (24) proposed a method, standard unit heritabil-~
ity, to largely eliminate this difficulty. It is determined
by calculating regressions on data after it is coded in
terms of standard deviation units. The resulting regres-
sions are identical to cerrelation coefficients on the
original data and have an approximate ceiling of 100 per

cent., They concluded that this method tended toc eliminate
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those enviromnmental effects of different years which in-
crease or decrzase the range of the genies relative to
that of the parent {(24)., Another problem arising from the
use of parent-ocfifspring regression to estimate heritability
is the failure to take into account the degree of inbreeding
of the parent (59). Smith and Kinman (59) have pointed out
that heritability estimates based on offsprinngarent
regressions in self-pollinated crops should ke adjusted by
dividing the regression coefficient by twice the degree of
relationship between the parent and its offspring. The
major problem encountered in using the variance component
method to estimate heritability is that the estimate of
additive variance so obtained is quite likely to contain
fractions of epistatic variances and genotype-environment
interactions which, if present would inflate the estimate.
Heritability estimates derived by taking the differ-
ence between the variances of segregating populations and
nonsegregating populations and dividing by the variance of
the segregating population have been reported by investiga-—
tors working with several crops. In oats, Johmson and Frey
(32) and Petr and Frey (51) reported relatively high herita-
bility estimates for various characters. Rasmusson and
Glass (53) found heritabilities inm barley to be highest for
heading date and diastatic power; intermediate for kernal
plumpness, height, and barley extract; apnd lowest for yield.
They indicated that inflated estimates are not serious if

the researcher recognizes the limitatioms associated with
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heritability estimates méde in self-poilinated crops.
Johnson et al. (34) and Weber amd Moorthy (66) in soybeans
reported fairly low heritability estimates for yield but
relatively ‘high ones for the other characters studied. In
sorghum, several investigators have made similar studies (5,
38, 44, 61, 63). The magnitudes of the heritabilities
‘reported by these investigators were»discussed previously
when estimation of variances was under consideration and
will not be reiterated.

Robinson et al. (54) applied the regression and variance
component techniques in corn to obtain estimates of herita-
bility. They compared three methods of estimation: 1)
regression of progeny means on the female parent, 2) regres—
sion of progeny means on the male parent, and 3) variance
component method. In general, the heritabilities of plant
height, ear height9 husk extension, and husk score were
relatively high while number of ears per plant, ear length,
ear diameter, and yield had considerably lower values.
Regression éstimates for ear number, ear length, ear diam-
eter,‘and vield were significantly less than thoese computed
for the other characters by similar metheds. These differ-
ences were attributed to the fact that progenies were grown
in different enviromments from the parents. Anand and
Torrie (3) compared heritability estimates determined by
regression of the F, family meaﬁs on the F, with estimates
obtained from variance components in soybeans. They found

estimates obtained in these manners were generally similar
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in magnitude., Esgtimates of heritability for seed yield,
pods per plant, and seeds per pod wers low. The estimate
for seed weight was high but uncorrelated with seed yield.

Aside from the fact that heritability measures the
reliability of the phenotype as an indication of genotypic
merit, it plays a role in determining which breeding proce-
dure to employ for selection purposes and in making predic-
tions concermning expected advance under selection. For
example, high heritability, in the narrow sense, in the F,
indicates effective selection is possible on an individual
plant basis. Genetic advance is defined as the product of
the intensity of selection, the estimate of the phenotypic
standard deviation, and the heritability estimate (21). The
proportion of the population saved determines the intensity
of selection which is calculated as the height of the normal
curve at the point of truncation divided by the proportion
of the population selected. The primary component of the
prediction formula which determines whether selection will
be effective or not is the heritability estimate (20).

Khadr and Frey (37) and Frey {(23) estimated genetic
advance in oats. Khadr and Frey (37) conéludéd that oppor-
tunity for progress from selection in the pedigreed and the
recurrent selection populations are mearly egqual. Frey (23)
compared three methods of selection; random, stratified, and
tandem. The tandem selection system provided greater ex-—
pected gain than either the random or stratified systems.

The degree of superiority of the tandem system was
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determined by the hefitability of the character under
selection.

Some investigators (5, 44, 61) have used the prediction
formula to estimate expected genetic advance but have not
determined the degree of correspondence between actual and
expected gains. Beil and Atkins (S)Adetermined expected
genetic advance for several characters in sorghum for vari-
ous proportions of the population selected. When 10 per
cent of the population was selected, the expected genetic
advances for the characters studied expressed as a per cent
of the mean were as follows: days to mid-bloom, 15.2 per
cent; plant height, 25.2 per cent; ﬁeight per 100 seeds,
18.2 per cent; and grain yield, 66.6 per cent. Swarup and
Chanugale (61) give the following expeéted genetic advances
for the characters studied expressed as a per cent of the
mean: plant height, 108.5 per cent; leaf number, 114.9 per
centy pedﬁncle length, 127.1 per cént; panicle length,
120.08 per cent; panicle weight, 139.77 per cent; grain
yi;ld, 203.82 per cent; and 100-seed weight, 124.3 per cent.

When a character is under selection, it is impertant to
- determine the effect that selecﬁion for that character will
indirectly have on other characters. For this reason,
genetic relationships between quantitative characters are of
considerable interest to plant breeders, Falconer (21) also
states two additional reasons for determining such relation-
ships, i.e., to study the genetic causes of correlation

through the pleiotropic actioen of genes; and to examine the
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relationship between a metric characfer and fitnéss of that
character in a natural population. Knowledge of the corre-
lation between complex characters of low heritability, such
as yield, and less complex characters which may have much
higher heritabilities would benefit the breeder to the
extent that it may be easier to select for the complex
character indirectly by practicing selection on the highly
heritable character. The genetic and pheneotypic variances
and covariances of correlated characters pro#ide the basis
for constructing selection indexes. Phenotypic, genetic

and envirommental correlations have been reported by many
investigators. Robinson et al. (55) discussed the applica-
tion of genetic and’phenotypic correlations as they apply to
selection in corn. Varioué genetic and phenotypic variances
and covariances were employed in the construction of several
selection indexes involving different sets of characters.
Miller et al. (49) did essentially the same thing in cotton.
They reported that lint yield is highly positively‘corre—
lated with lint percentage and bolls per plant. Burton (10)
working with millet stated that the correlations he obtained
invelving plant yield indicated that high yielding plants

tended to have more stems, larger stems, wider leaves, and

to be téller than their less productive associates. Petr
and Frey (51) concluded that yield of oats was most closely
associafed with plant height, panicle length, number of
spikelets per panicle, and number of panicles per plant.

Wallace et al. (64) working with oats reported that the most
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important aspect of their study was that there was no evi-
-dence that a selection index,bﬁased on the characters they
considered, would have enough advantage over selection based
only on yield to be of practical significance. Breeders of
soybeans have found,that genetic coerrelations us&ally exceed
phenotypic correlations in magnitude (3, 33, 34, 66, 67).

In sorghum many investigators have reported genetic and
phenotypic correlations. Some have been interested in find-
ing a chéracter highly correlated with Yiéld that could more
easily be determined than yield (4, 31, 38, 57). All re-
ported a high positive‘coprelafioﬁ between panicle weight
and- threshed grain weight.. Beil and Atkins «5) reported
genetic correlations involving grain yield usually were
among the highest obtained with the largest correlation
obtained being for 'the association of plant height and
2yield. Kirby and Atkins (39) found‘that seeds per head was
the character most‘highlybassociéted with yield. Liang

et al. (43) stated that ﬂeaq weight and half bloom date
appear to be the best indicators for yieldm. Swarup and
Changale (62) examined the possibie associations of seven
characters considered twe at a time and cencluded that in
generalythe genetic correlation coefficients were higher
fhan the phenotypic and envifonmental correlation coeffi-~
cients. They constructed selection indexes employing vari-
ous combinations of the characters.studiéd and determined
their relative efficiencies compared to £hat of selection

for Yiéld alone.
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When the plant breeder is faced with the actual respon-
sibility of choosing individuals in a selectioen program, he
is faced with a Qifficqlt problem since the worth of indi-
Qiduals normally depends upon more than omne character. One
- might select for ome character at a time, i.e., tandem
selection, or one might select for ail characters at the
same time but in@eﬁeﬁdently, rejecting all individuals that
fail to come up to a certain standard for each character
regardless of their wvalues for any 6ther of the characters,
i.e., independent culling ievels (21), Hazel and Lush (30)
‘compared the efficigncy of three methods of selection, the
“two just mentioned and the teotal score or index method.
They found most rapid impfo?ement of ecomomic value from
selécti&ﬁ applied simultaneously to all characters. Appro-
priate weight must be given to each character qccording to
its relativé economic importance, its heritability, and
the gengtic and phenotypic correlations between the differ-
ent characters. If the chéracters that determine economic
worth of an organism are uncorrelated, then each character
is.simplﬁ weighted by the product of its economic value and
its herifability (21)° However, if the genetic correlations
are pfesent and knownq'theefficieﬂcy of the index can be
improved,

Smith (58), Griffing (25), and Hazel (29) have pre-
sented theeretical considerations invelved in the proper

constructien ef selection indexes. The first ceoensideration

is the definition of the merit, ecoenoemic worth, or aggregate
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worth of the organism, i.e., what characters contribute to
the Worthcﬁ‘thg organism. Thgn thé aggregate bréeding value
is defined as the sum of the breeding values for each char-
acter after each is multiplied by the:relative increase in
net worth expected from a omne unit improvement in that
-character. Since only phenotypes of individuals can be
measured, the index used is a linear function of the pheno-
typic valuesQ

Attempts have been made by several plént’breeders to
develop selection indexes in varioué crop species. Robinson
et al. (55) consfructed six indexes using four chafacters in
corn, and compared their relative efficiencies to the index
developed for yield alone. Theoreticaliy9 an index composed
of a subset of the characters considéred in another index
shoula have a lower efficiency than the index which consid-
ers all characters determinedvto be of ecomomic value (29).
This was true for the indexes constructed by Robinson et al.
(55). Manning (46) and Miller et al. (49) constructed var-
ious selection indexes for different characters in cotton.
Manning (46) used this method to bring about yield improve-
ment in a cetton grown extensively in Uganda and realized a
selection response of 36 pér cent‘after 8ix generations of
‘selection. After examining the correlations between various
characters in cotton, Miller et al. (49) selected four char-
acters and cemnstructed various indexes containing different
combinations of the characters. The most efficient index

was the one that included all four characters, though one
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index composed of only three characters had nearly the same
efficiency. Wallace et al. (64} comstructed ten different
indexes using various combinations of five characters in
oats but concluded after looking at their relative effi-
ciencies as compared to that for yield alone that there was
no evidence thaf a selection index based on the characters
considered would have enough advantage over selection based
on yield alone to be of practical significance. Brim et al.
(9) examined selection indexes by changing the economic
values. That is, they constructed one set of indexes using
one set of economic values then changed the economic values
and constrﬁcted another set of indexes. Changing the price
ratio in one population had little effect on the relative
values of the weights for any index. However, in another
population changing the price ratie had an appreciable
effect on £he relatiye values of the weights. In sorghum
Swarup and Chaugle (62) concluded that fesults from the
indexes they constructed gave almest the same or lower
efficiencies than thafvobtaiﬁed from selection for .grain
vield alone.

Another aspect of selection indexes that should be
considered is the time and expense involved in the construc-
tion of the index and the fact that fer each generation a
new index should be constructed from new estimates of the
phénotypic and additive variances and covariances. However,
the thought of Brim et al. (9) may be very applicable here.

They state that while one is pessimistic about the use of
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indexes, the alternatives are even less desirable. Alterna-
tives; such as indepéndent culling levels, viéual apprais-—
als, or mental thumbrules; do not overcome any of the
objections te indexes.

When selection within a genetically variable population
is contemplated, the breeder is faced with the choice of
breeding procedures under which selection will be practiced.
If the magnitude of the heritability is known, the problem
is more easily resolved. If the heritability is high for a
particular character, h?® greater than .2, then individual
or mass selection is the easiest and probably the most eco-
vnomical procedure to employ and adequate response may be
expected (21). However, if the heritability is low, h?
less than .2, a system that makes use of relatives should be
used because the mean value of a number of relatives often
provides a more reliable guide to bfeeding value than the
individual’s own phenotypic value. Often, the actual gain
under selection does not approximate the expected. This may
be due to over estimates of heritability. However, the
question still remains in the breeder's mind as to which
procedure will give the maximum gain. Bilbire (7) states
that the relative effectiveness of a breeding method should
be evaluated in terms of progress accomplished and also in
terms of time andslabor required to make this progress.
Therefore, progeny testing'must, in geﬁerals result in more
than twice the gain of mass selection since it takes twice

as long to accomplish.
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Frém a theoretical standpoint, Comsteclt et al. (17)
compared three breeding procedures under which selection
may be practiced. The procedures compared were reciprocal
recurrent selection, recurrent selection, and selection
based on general combining ability with a common tester
series. The comparison indicated that under no circum-
stances would reciprocal recurrent selection be more than
slightly inferior to the better of the other two. However,
it would definitely be superior to selection for general
combining ability at loci where there is:over-dominance or
if a situation analogous to that with over-deminance exists
because of linkage. Reciprocal recurrent selection would
definitely be superior to recurrent selection for loci at
which there is partial dominance,

Sprague et al. (60) contrasted recurrent selection and
selection within selfed lines of cormn for their relative
efficiencies in increasing the oil percentage of corn grain.
At the end of the test period, the recurrent series had
passed through two complete cycles and the inbred series had
been self-pellinated for five generations. Recurrent selec-—
tion was 1.3 to 3.0 times more effective depending upon the
particular contrast used. Duclos and Crane (19) developed a
"synthetic population from 45 introduced strains and allowed
it.téwmaféwféﬁaggi§-for three generations. Some plants wére
then chosen and crossed to a double cross tester. The top
11 per cent in the S, based on S5, performaﬁce and based on

the top croess progeny were selected. These were developed
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inte two subsyﬁthetics in which randem mating was practiced
for three generations. In the next cycle; mean yields were
significantly higher in S, progeny from the synthetic based
on S, pregeny performance than from fhe synthetic based on
top cross performance., However, meaﬁ yields were signif-
icantly higher in the top crosses from the synthetic based
on S, line performance. The mnext generation of each sub-
synthetic was propagated by intermating the top-yielding 21
per cent based on S; performance and top cross performance,
respectively. Seed samples were drawn from each and tested
at two locations. A highly significant yield improvement
was made with the first cycle of selection by both methods
of evaluation, but there was no significant difference be-
tween the two methods.

In cottan, Bilbro (7) compared recurrent selection,
selection—while—inbrgediné, and mass selection. Considering
the time and labor required, mass selection was the most
efficient with selection-while-~-inbreeding and recurrent
selection following in that order. Howevei, when considered
in light of actual breeding progreés9 the selection-while-—
inbreeding méthod was superior to the recurrent selection
-method. Recurrent selection and mass selection did not
differ significantly in progress gaimned.

Frey (23) working with oats and barley compared the
following testing schemes: random - seeds for family propa-
gation were drawn at randem from bulked seed of all individ-

uals in a family; stratified - one or two seeds were taken
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from each individual in a family and bulked for family
propagation, and tandem pedigree system practiced in F, with
progeny from a selected plant being carried as a bulk like
with no intra-line selection in subsequent generations untid
the line was readied for release. Six species - character
cases, three characters in oats and three characters in
barley, were tested. The tandem selection system provided
greater expected genetic progress than either of the other
methods for five of them. Heading date in oats was equal

in all ‘three situations. The inputs of testing resources
were the same for all three selection systems., The degree
to which the tandem system proved superior to the other two
systems was determined by the relative heritability of the
character under selection. If heritability is 100 per cent,
all three systems give equal genetic gain; but as the
heritability becomes lower, the tandem syétem becomes more

and more superior.



CHAPTER IIT
MATERTIALS AND METHODS

Segregating material used in this investigation was the

result of making the following cross:
A Combine Kafir 60 x Brown Kaoliang.

The female parent, Combine Kafir 60, is a short, relatively
high yielding, white seeded, inbred line. It is a genetic-
cytoplasmic male-sterile line and has frequently been used
as a female parent in the commercial production of hybrid
material. The center of origin of the kafirs is probably
Africa. Brown Kaoliang, the male parent, is a tall, rela-—
tively high yielding, brown seeded, inbred line. Its seeds
have a“bitter taste and largely for this reason this line
has not been used in hybrid production. Brown Kaoliang was
introduced to the United States from Manchuria where every
part of the plant from the seed to the stalk is utilized in
some manner (40).

The parents had been self-pcllinated for many genera-
tions and should be genetically homozygous. The vggetative
plant characters were measured in centimeters. Yield and
its componenfs were recorded in grams. Flower date was

measured as the number of days from June 1 until the first

28



29

flowers. appeared on each plant. Node number was determined
by counting the number of leaves preoduced by each plant from
the seedling stage until the plant matured, Plant height
was measured as the height from ground level to the tip of
the head., Head length was recorded as the length from the
lowest branch oen the inflerescence to the tip of the head.
Peduncle length was assessed as the length from the first
node below the head to the lowest branch of the head.
Flagleaf height . was calculated as length of the plant from
the ligule of the first leaf below the‘head to ground level.
Vegetative height wes measured as the length of the plant
from the first node below the head to ground level. Plant
yield was recorded as the weight of the threshed grain from
the main culm. Head weight was determined to be the weight
of the unthfeshed main head with‘20 centimeters of the
:weight of X kernels

peduncle attached. Weight per kernel = X hernmols 5

o _plant vield
kernels per head = weight of X kérnels (X),
plant yield
head weight

flower date
number of nodes’

- fertility = (100), and vigor =

During the summer of 1966, the parents, F,, F,, and a
homozygous inbfed ;ine, Wheatland9 were grown at the Okla-
homa Agricult®ral Experiment Station at Perkins, Oklahomé.
Each F, plant was used as a pollinater on one or more
plants of Wheatland. The progenies which resulted from
these crosses have been designated as topcrosses. At the
same time, ﬁore F, seed was obtained by crossing the

parents of the original F;, and all material was self-

pollinated. Of 283 Wheatland x F, crosses, only 49 produced
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enough seed to be included in the study over a two-~year
period with three replications each year. The F; plants
used as the parenté for the F, families did not constitute
~the F, population which was analyzed to estimate the F,
phenotypic, genetic, and environmental variances. Both F,
ﬁopulations were from the same I, and were considered random
samples.

In 1967 and 1968, threé replications were planted each
year. Each reﬁlicatfon included the parents, F,, F,, F,
families; and topcross families. One replication was com-
posed as follows: -two rows of each parent, two rows of the
F, , four rows of the F,, one row for each of the 49 F,
families, and one fow for each of the 49 topcroess families
giving a total of i08 rows. FEach entry was assigned to each
replication at random and a new randomization was used for
each replication in each yeai‘o Although multiple rows of
the‘pafents9 F, ahd F, were grown in each replication, the
rows of any single entry were not planted side-by-side
unless they so‘occurred by chance. The 49 F, families were
obtained from the Fg's which when used as pollinators on
" Wheatland produced enough seed for the 1967 and 1968 tests.

Estimates of‘phgndtypic, genotypic, and environmental
variances for each character were obtained from analyses of
variance of the F,, parents, and F,. These estimates were
based on two years data at one 1ocationc For the F, the
model utilized is as follows:

| v
Xeggr = M+ ¥y + Ty + Liyy + Py



where
X&Jkl =

tioen, the kth
i = effect due to
y, = effect due to
r,, = effect due to

.th .
i vyear, j =
"1 = effect due to

tion in the ith

Pyyxy = effect due to
the jth

1=1, 2,

replication in the ith

e 0y

th

row, and the 1 plant.

the over-all mean.

the ith year, i = 1, 2, ..., T

the j'® replication in the
1, 2, oo., U,
the kth roew in the jth replica-

year, k = 1, 2, ..., V.

the 1th plant in the kth row in

year,

w.

The form of the analysis of variance for the parents,

F,, and F, is presented in Table I,

The plants in rows in

replications in years mean square is an unbiased estimate

A
2
of o05.

mental variance in the analysisiof F, data and only the
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observation from the ith year, the jth replica-

This estimate is composed of genotypic and environ-

environmental variance in the analysis of the F, and paren-

tal data assuming no genotypichnvironmental interaction.

The plants in rows in replications in years mean squares for

the parents and F, were pooled and used as the estimate of

environmental variance., The estimate of genotypic variance

for each character was obtained by subtracting the environ-

mental variance estimate from the mean square for plants in

rows in replications in years in the F,. This estimate is

composed of the additive,

estimates.

deminance,

and epistatic variance



TABLE I

ANALYSIS OF VARIANCE TABLE FOR THE PARENTS, F; AND F,

EMS

S>ou.rcv e ) d.f. MS

Total TUVW-1

Yrs T-1 MSq 02 + WoZ + VWg2 + UVWO 2
Reps + Reps yx Yrs T(U—i) MS, ‘ g§-+WC?-+VWc$

Rows in Reps in Yrs TU(V-1) MS, 02 4 WOl

Plts in Rows in Reps in Yrs TUV(W-1) MS, o2
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By making the following assumptions, the analysis of
variance of the F8 data from 1967 and 1968 permits the esti-
mation of additive and dominance variance: (1) normal dip-
loid inheritance, (2) no linkage, of equilibriu@ with
respect to linkage relations, (3) no epistasis, (4) gene
frequency of one-half, and (5) no genotype-environment

interaction (20). The model assumed for the F, is as

follows:
Xygir = M+yy 1y +by + (yb)y o + €5y + W, 4y
where
% 'yx, = observation from the ith year, j*® replication,

kth family, and the 1th plant.
u = effect due to the over-all mean,
| th .
y, = effect due to the i yvear, i = 1, 2, ..., T.

r; = effect due to the jth replication,

j:i, 29 -0-’ UO

b, = effect duF té the kth family, k=1, 2, ..., F.
(yb),, = effect due to the interaction between the i‘P
vear on théikth famiiyav“ e
€ yx = error associated with the kth family in the
jth replication in the ith year,

effect due to the lth plant in the kth family

. ,;5:
o
L3
-

i

in the jth replication in the ith year,
1: 19 2, ® 0 e g Vo t
The analysis of variance of the F, based on the above

model is shown in Table II. The estimates of variance



TABLE IT

ANALYSIS OF VARIANCE TABLE FOR THE F,

S_,o.u:v‘r-".ce;_,,, - d.f. ‘ MS EMS

Total TUFV-=1

Years T=1 MSg 0% + Vo? + U2, + UFVg2
Reps. U=1 MSg 02 + Vg2 + TPV A
Between Families F-1 MS, oz + Vo--f + Wg?t + TUVg2
Yr. x Fam. (T-1) (F-1) MSa og + Vg2 + UVg2,
Experimental Error (U;‘_[) (TF-"I): MS, o‘s + ch

Within Families TUF(V-1) MSj o2
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components for within familieé'(gﬁ), experimental error
kéi), year x family (éif), between families (@%), replica-
tionsi(gi); and year,(gg), were found by equating the mean
squar?s to their expectations and selving for the unknowns.
The within families estimate of variance, 35, is an estimate
of within families genetic variance as well as plant-to-
plant:variance. The estimate of between families variance,
éf, is an estimate of between families genetic and row-to-
row variance. The within and between row variances were
estimated from the analysis of variance of the parents and
F,. The within row estimétes for‘the parents and F, were
pooled and subtfacted from the F, within families variance

estimate., The between rows variance estimates for the par-

ents and F; were pooled and subtracted from the between

families estimates of variance in the F,. The between rows
. ‘ : . MS.,, — MS
estimate for the parents and F, were obtained by —Fgmy—
from Table I.
- The assumptions of no epistatic variance in the F; and
gene frequency of oene-half permits the use of the following

two equations to obtain estimates of additive and dominance

variance:

)2

. A A - 1An
(G%Fa - GWH) = ;cﬁ + EG%
(Af As Ag 1A,
Obp, — ovy’) = Op * 20p

where

A
2
QWFa = estimate of F, within families variance.
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gﬁH estimate of pooled within rows variance for
the parents and F,.

'S%Fa = estimate of F, between families variance.

é%H = estimate of pooled between rows variance for
the parents and F,.

éi = gstimate of additive genetic variance in the F,.

3% = estimate of dominance genetic variance in the
Fgo.

After some modification in notation, these equatiens are the
same as those presented by Mather (47). An estimate of the

environmental variance was determined as:

A A A A A A, .
2 _ 23 . 2 .. 82 .. %2 PR
of = 0%y * Oiw't OUF, "t Oip_ t Oyp,
A A A A A
2 ~ 2 - ° s o —
where O% 1y °§H’ geFS, Q$F,’ G%Fa assume the previous defini
LR

tions for each. The totéi géneéic variance estimate in the
F, was estimated as 3%'= 03 + 0% An estimate of the
genotype—environment interaction variance was made by
ééEuzjéigFag. The estimates af genetic, environmental, and
genotype—-environment intefaction variances were summed to
obtain an estimate of the F3>phenotypic variance., All esti-
mates were determined 6n an individual plant basis.

An analysis of variance of F, family means (3) was made

according to the following model:

Xyge =+ + T + b+ (yb), o + € 54

X, = observation from'the‘ith year, the jth
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e
replication and the kbh Family.
gy = effect due to the over-all mean.

y, = effect due to the i " year, i = 1, 2, ..., T.
th

ry = effect due to the j replication,
jg=1, 2, ..., U,
' th .
b, = effect due to the k family, k = 1, 2, ..., F,
(y”b)ik = effect due to the interaction between the ith
th .
year and the k family.
, - . th . . . .th
e, 4, = error associated with the k family in the j

replication in the‘ith year.

Table 111 presents the form eof the analysis of variance
based on this model. .The error mean square, MS,, was used
as the estimate of the environmental variance for family
means, éﬁﬁa. Mean square one, MS,, and MS, were set equal
to their respective expectations and solved for estimates of
3%F3’ éﬁffs, and Q%FS, respectively. The F, family mean

phenotypic variance was found as follows:

A
CO0%eF. OLF

v}

This analysis will be discussed further when F, correlafions
are considered.

Heritability was determined iﬁ the F, and the F, in
several ways, ‘In the F,, heritability was estimated by
approximating the environmental variance from homogeneous
material, subtracting it from the F_ phenotypic variance

estimate to obtain the total genetic variance in the F,, and



TABLE IIT

ANALYSIS OF VARIANCE TABLE FOR F, FAMILY MEANS

Source R a.f. -~ "o MS EMS.-
Total TUF -1
Yrs. T=1 MSg Geg + UU?f + UFO‘?‘
: A i -1 2 2
Reps. ‘ , Uu-1 : MS, o; + TFo}
Families ' F—1 MS, Gi . U‘o*ﬁf . TU'O%.“
Yr. X Fam. (T-1)(F-1) - MS, . B2+ Uod,
B _ e
Experimental Error - (U-1)(TF-1) | MS, ol

o~
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dividing that variaice by the phenetypic variance; regres-
sion of F, family means on their respective F, parents

(b }J; and regression of topcross family means on their

F*e 9F3

respective F, parents (b )o The first method is the

F, ,TO
broad sense heritability estimate., The second ﬁethod is not
strictly a narrow sense estimate because a fraction of the

dominance variance is included. The covariance of Fj; and F,
family means is composed of gi + %g% which with some modifi-

cation in notation is the same as that reported by Mather

(47). To this ;nvestigatof's knowledge, the expectation of

Cov(Fz,ETB) has nof‘bgen previously feported. Therefore,
the expectation of that covariance has been derived and is
as follows. Let the number of loci of an organism, in this
case sorghum, be N.. The notation used by Falconer (21)

will be employed. Consider first one locus only.

F9
‘ Genotypic
Genotype Freq. value
BB % a
‘Bb 1 d
bb v 1 ~a
The Cov(F,, TO) :“ZfiVszTB-f(ZfiVFg)(§f1VT6) where VFé =

1 S
genotypic value for the given genotype in the F, and-Vﬁr = the

genotypic value for the same genotype in the topcross. The

summation, ¥, is performed over all different genotypes at
1 i
i

that locus.

Now consider that particular locus as B, b and that the
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female parent has the genotype bh, then

Wheatland X Fz, where the female parent is coensidered bb

Mean Genotypic

Genotype Freq. ‘ ' Value
Bb e d
1
1Bb 3 4 a
$bb 2 " 2
bb 1 —a

Cov(F3,TO) = [(2)(a)(d) + (D (@) (E-2)+ 3)(-a)(-a)]
S [@)@) + B (@) + @) (=a)]

[(3)(@) + @) g - )+ (D) (-a)]

= [zad +zd? .--.iad+%a2] - [Ta+ %dmﬂja]

‘Now consider N-loci -and assume no epistasisy;-then the

N N
ﬁgl aj + %J;i a,d, . Since gene frequency is

Sl

COV( Fe ,T—G) =

one-half and assuming no epistasis, the CoV(Fg,TE):z%gi,
N

since in this case gi = %JE - ad.

If it were assumed that the female parent, Wheatland,

'ﬁe topcrosses had the opposite homozygous

usedmtO'makew

genotype, BB, the expectation of the covariance would be very
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similar. Only the sign of the interaction term would be
changed. Since no epistasis was assumed, the expectations
would be identical. Consequently, twice the regression of
the topcross family means on their respective F, parents
provides a narrow sense heritability estimate in the absence
of epistasis.

Heritability estimates in the F; were obtained from the
analysis of variance as narrow sense estimates using the
estimate of additive genetic variance determined on an indi-
vidual plant basis and a heritability estimate using the be-
tween family variance estimate, ngﬂ, determined on a family
mean basis, i.e., variance component method (16).

The heritability estimafes’iﬁ‘each generation were used
to calculate expected genetic advance, AG, for each charac-

ter under consideration by the following formula:

where
i = the intensity of selection = ?po
z = the height of the ordinate of the nermal curve at
the point of‘truncation for the prepertion of the
populatién selected.
p = the proportion of thégpgpulation selected.

o, = estimate of the phenotypic standard deviation.

%
s

estimate of heritgbilitye

For this investigation, the 10 per cemt most desirable

plants for each character were selected which results in the
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intensity of selection taking the value of 1.76 (1).
Phenotypic, genetic, and envirconmental correlations
among five of the characters studied were determined for the
F, and F; gemerations. Phenotypic correlations were calcu-~
lated in the F; by the following formula:
Lov (X,7)

Yo = [ A
Vé2F, g2F

where _ {@
6ov(X,Y)v= estimaféJOf the phenotypic covariance of
” character X and character Y in the F,.
These covafiances were estimated from an
analysis of covariance of the =same form
as the analysis of wvariance presented
previously for F ..
ofp = estimate of phenotypic variance for
character X in the F,.

3?? = estimate of phenotypic variance for

character Y in the F; .

The envirommental correlation was calculated by using the

following formula:

Covy (X,Y)
T m o e

where the subscript, H, indicates pooled Cov(X,Y) and vari-
ance estimates from the parents and Fis To obtain geno-
typic correlations in ‘the F; , the genotypic variance esti-

mates and genotypic covariance estimates were calculated by
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subtracting the envircnmental varisnce and covariance esti-
mates from the respective phenctypic variance and covariance
estimates.

The phenotypic, environmental, and gemetic correlations
in the F, were based on family means. The form of the anal-
ysis of variance for F; family means has been presented
previously. The analysis of.covariance for F, family means
was of the same form és the analyéis of variance and the
expectation of the mean produéts was fhe same as that for
the respective mean squares, The;mean product of families
for traits X and Y, ebtained from thé analysis of covari-
ance, was considered an estimate of the phenetypic covari-
ance for the two characters. The phenotypic variance
estimate for each character was the mean square for between

F,

, families, MS;. Thus, the phenotypic correlation between

traits X and Y was calculated by the follewing formula pro-

posed by Anand and Torrie (3).

I
P

?EVM%i(X) MSé(Y)i
where

MRS(X,Y) = between family mean product for X and Y.

M$3(X) = between family mean square for X.

MS, (Y) =.between family mean square for Y.

Environmental correlations were determined by the following

formula:
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ME (X,Y)

r :/ = -
VMS, (X)) M5, (V)

_The genetic correlation based on Fy family means was obtain-

ed by the following formula:

where
lov, (X,Y) = [MP,(X,Y) - MP_(X,Y)]/TU

52, = [MS,(X) - MS, (X)]/TU

3-?,, = [MS, (Y) - MS, (Y)]/TU

and T and U are the number of years and replications,
respectively.

Covariances between breeding Vélues of two characters
were calculated for all possible cémbinations of four char-
acters takem two at a time and &ére used in construction of
various selection indexes. The additive and dominance co-
variances were determined from an analysis of covariance for
each pair of characters considered@f The analysis of covari-
ance was of the same form as the analysis of variance pre-
sented previously for the F; on an individual plant basis.
The expectations offthe mean products were the same as for
the respective mean squares.: Thuégvtwo equations similar to
those presented previously for the between ¥; family vari-
ance estimate minus the between row environmental estimate

and for the within F, family variance estimate minus the
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within row environmental variance estimate were formed
using the corresponding covariance estimates. The two

equations were the following:

Lovy g, (X,Y) ~ Lov,y(X,Y)

I
it

Lovp(X,Y) + $Covy(X,Y)

tov, 5, (X,Y) = Lov, y(X,¥) = 3ov, (X, ¥) + Fov(X,Y)

where
éova3(¥,Y)7: estimate of between F, family covariance
' for X and Y.
lovy H(X,Y) = estimate of pooled between rows covari-
ance of X and Y for the parents and F..
éovwFB(XﬁY) = estimate of within F, family covariance
for X and Y.
éova(X,Y) = estimate of pooled within rows covariance
of X and Y for the parents and F,.
éovA(X,Y) = estimate of additive ceovariance for char-
acters X and Y.
éovD(X,Y) = estimate of dominance covariance for

characters X and Y.
The two equations were solved to obtain estimates of the
additive covariance between pairs of characters. The addi-
tive correlation between two characters, X and Y, was found
by the following formula:

Cov, (X,Y)
i Ao 2
: OAX CAY

Selection indexes were constructed for all possible
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combinations of four characters. The four characters that
were considered to contribute to the economic worth of grain
sorghum were: plant height| plant vield, kermnels per head,

and vigor. Worth, W, for serghum was then defined to be
W= VX, + VX, + VX, + V. X,

where X, , X;,, X;, and X, are the phenotypic values for plant
height, plant yield, kernels .per head, and vigor, respec-
tively, and V., V,, V;, and V, rep%esent the relative in-
crease in net werth expected from one unit of improvement
for plant height, plant yield, kernels per head, and vigor,
respectively. The economic value, V,, for each character
should be determined as accurately as possible. This is
often accomplished by studying past records for the economic
return each unit of the character contributes to the eco-
noemic woerth of the organism. However, this task is time
consuming and even if the economic return for each unit
increase of a character can be determined accurately there
is no assurance that the economic value so obtained will be
correct at the end of the breeding program. The V, used in
this investigation were determined after consulting with
other sorghum breeders and discussing the importance, in
their opinion, of each character to the economic worth. The
values used were: V, = —Oei, Vo, = 0.5, V; = 0.2, and V, =
-0.2.

If it is assumed that the aggregate breeding value of

an individual is the sum of the individual breeding values
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for each character, the aggregate breeding value, A, is
’A:VIAI +V2A2 +V3A3 +'V4:A4

where the Vi are defined as above and the Ai are the breed-
ing values for the characters.,

The form of the selection index used was:

T =Db% + bzxz f e o + thXﬁ

where the b, are Weights'to‘ﬁe given to the various pheno-
typic values, X, . The weights should be such that both:
1. the correlation between A, the aggregate
‘breeding value, and I is a maximum, and
2. the sum of squares of deviations,
?(A; - I¥}2 is a minimum.
These may be accomplished by taking the partial differential
of EZ(Ai - I,)® with respect to each b, and setting the re-
sult equal te zero. By doing so a set of normal equations
is obtained which may be solved by the Abbreviated Doolittle
method after the appropriate estimates of the phenotypic and
additive variances and covariances have been placed into the
equations. As an example, if only three characters were
included in the definition of worth, the result of differ-
entiation of ?(Ai'— Ii)z and finding the covariance between
the phenotypic value of each chafacter includeq in worth and

the aggregate breeding value would result in the following

three normal equations:

A A A A A
2 v .
b]_O'p‘jl+ bzo’pl +b8 Op = lo-:il-*-. V_zc)‘a - + Vs(j'

13 12 13-
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& A A A . A A
b. o +b 02 +b80' = VIO’ +Vgc:-B +V, o]
VP 2he Faz ®13 “p  FURag
A A A, A A A
bl G‘p + bg(j‘p +b36‘§ = Vl Ca + Vzo'a +V3 G’i’
13 23 3 13 23
where
A . . . ~
G%‘ = estimate of the phenotypic variance for the
’ .th
i character,
A . , . .
Op = estimate of the phenotypic ceovariance between the
3
ith and jth character,
A . - B .th
g%, = estimate of additive variance for the i
1
character,
A . s . 4 .th
Ca = estimate of additive covariance between the i
13
.t
and j h character,
. .th
Vi = economic value for the i character,
, . o _th
b, = partial regression ceefficient for the i
character.

Before the equations can be solved for the bgg estimates
must be obtained for the other variables in the equatiouns.
For each index considered, different b, 's must be obtained.
The indexes then may be compared to each other to determine
their relative efficiency by determining the éorrelation
between the index and the aggregate breeding value, RAH as

follows:

Ry = ot/o}
where
é% = estiﬂate of the variance of the index,
g? = estimate of the variance of the aggregate

breeding value. - -
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As an example, if three characters were under consideration,
the two variances may be determined, using previous notation,

in the following manner:

A A A A A A A
2 . 2R D 2 2.2
o] = blﬁp +b20§ +b30'p +b1b2_o'p +b1b3@'p +'b2'b30'p
2 3 le 13 23
A o A . A A A A A
2 .. Q.2 2 2 .2
OA = Vl 023 + V2 o"ea + V3 Ta + Vl 'V'2 Ca + V1V3 Tg + V2 VS Oq
1 2 3 12 13 23

The pedigree and topcross breedihg procedures by which
selection was practiced in the F, were compared. Selection
under the pedigree method was done strictly on the pheno-
typic value of the most desirable ten per cent of the 49'F,
plants for each character. Selection for the most desirable
ten per cent of the 49 F, individuals under the topcross pro-
cedure was accomplished indirectly based on the character
means of topcross families. Thus, a progeny test was con-
ducted for each F, individual and F, plants were chosen on
the basis of the performance o¢f their progeny. The base
population for which heritability estimates were made con-
sisted of the 49F2 plants having enough F, and topcross seed
considered necessary for this investigation.

Two regression‘heritability estimates, bF F and
29%3

2b were made for the base population and were pre-

F, ,TO’
viously discussed. Expected genetic advance for each char-
acter in the F, for each breeding procedure was determined
using the corresponding heritability estimates. Expected
genetic advance Was compared with actual advance for each

character under each procedure. Actual response was deter-

mined by subtacting the character mean of the progeny of the
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selected F, individuals from the character mean of the total
F, population. The level of inbreeding is the same for the
progeny and for the total F, population. Thus,; the above
comparison should result in the actual response being free
of inbreeding depression. Actual gains under the pedigree
procedure were compared with those obtained using the top-
cross procedure after one cycle of selection. For the top-
cross method to be more effective per unif of time thamn the
pedigree procedure, it must result in actual gains that are
more than twice as large as the actual gains obtained from

pedigree selection since the topcross requires two years per

cycle compared to only one per cycle for the pedigree.



CHAPTER IV
RESULTS AND DISCUSSTION

" Selection programs employed for the purpose of crop
improvement musf utilize variability existing witkin the
available plant populations. If insuffiéient variability
exists in the populations at the breeder!s disposal, then it
must be introduced. Introduction may be accomplished in a
populétion by'@utation, migrationg(Nf plant introduction,
or hybridization. The material used in this investigation
resulted from the cross of the two lines previously de-
scribed, Varioﬁs eétimateé of the population parameters
~ were made to determine fhe iikelihood and extent of success
should selection for particular plant characters be con-
ducted in the population. vSeleCtions were actually prac-
ticed on all charactérs to measure the reliability of the
various estimates that were calculafed and used to predict
gainshthrough selection.

Character means over the test perioed for the parents
and“Fi are presented in’TableIIV. For plant height, head
length, peduncle length, flagleaf height9 vegetative height,
weight per kerhﬁl and vigor dominance in the direction of
the high parentgwas indicated in £he chplete or oVer-—

dominant range. Flower date and node number were near the

51



TABLE IV

PARENTAL AND F, CHARACTER MEANS

Vigor

3.7

3.7

Character Combine Kafir 60 Brown Kaolian

' Mean Mean Mean
Flower Date ~—71;6 65.9 66.0
Node Number - 19.4 17.7 18.3
Plant Height (cm) 99.7 224, 2 237.2
Head Length (cm) 23,2 15.3 23.9
Peduncle Length (cm) 39.7 39;1 4.1
Flagleaf Height (c¢m) 72.6 198.3 204.8
Vegeéative Height (cm) 36.4 169.7- 167.8
Plant Yield (gm) L L 53.3 Lo. L4
Head Weight (gm) 63.7 66.7 60.7
Weight Per Kernel (gm) 0.027 0.025 0.031
Kernels Per Head 1674.6 2124, 3 1283.6
Fertility (%) 68.9 79.6 61.8

3.6

-



53

imidparent value indicating little or noe dominance. Plant
yvield, kérnels per head, head weight, and fertility had
lower mean values than the low parent, i.e.;, indicating
overdominance in the direction of the low parent.

Estimates of the phenotypic, genotypic, and environ-
mental variances were determined for the F,. The estimates
are presented in Table V. The environmental estimates ob-
tained were relatively small éompared fo their respective
phenotypic variapce estimates except for peduncle length,
plant yield, head weight, and kermels per head. The envi-
ronmental variance estimates for these letter characters
were approximately one-half the magnitude of their respec-
tive phenotypic variance estimates., Except for the four
characters just mentioned the genotypic variance estimates
 were relatively high, i.e., almost of the same magnitude as
their respective phenotypic variance estimates. Gen&typic
variance estimates obtained from the F, indicated that cbn—
siderable amounts of genetic differénces existed among in-
dividuals in the population. Consequentiy9 significant
selection progress could be expected for most of the charac-
ters in this popqlation.' It must be emphasized; however,
that the genotypic variance estimates obtained included, if
presentsﬂaAditive, dominance, and epistatic variance compo-
nents. In addition, the estimates of genotypic and pheno-
typic variance were inflated to an undetérmined degree by
inclusion of a genotype—-location effect. The relative mag-

nitude of the environmental variance estimate for kernels



TABLE V

ESTIMATES OF VARIANCE FOR THE F,

~Characters : o Estimate
B A o - 5%

_Flower Date . 12.49 9.12 . 3.37
Node Number 2,88 2.35 0.53
Plant Height ' 1893.12 1783.38 109.74
‘Head Length  14.98 | 12.27 2.71
Peduncle Length 54.19 32.91 21.28
Flagleaf Height 1969.37 1864.61 104,76
Vegetative Height 1947.27 1833.72 113.55
Plant Yield ' 542,94 309.51 233.43
Head Weight 729.75 411.67 318.08
Weight Per Kermel 0.0001 0.0001 0.00001%
Kernels Per Head 718995.27 - 435801.07 283194.20
Fertility 0.08 0.07 - 0.01

Vigor _ 0.05 0.03 . » 0.02

xr
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per head compared te the phenotypic variance estimate for
that character suggested that environmental factors account-
ed for much of the phenotypic differences among individuals
for that character. This also seemed to be true for plant
yield and head weight.

Phenotypic differences among F, individuals would be
the basis for practicing seleétiono However, not all the
phenotypic differences are transmitted to the next genera-
tion. In fact, only a fraction of the genotypic differ-
ences would be transmitted to the next generation. The
portion of genotypic differences tramsmitted to the next
generation would be the additive effects and one-half of the
dominance deviations. Therefore, estimates of the compo-
nents of genotypic variance, additive and dominance genetic
variance, were obtained to more accurately predict progress
under selection.

Estimates of additive, dominancegvgenotypic, environ-—
mental, and phenotypic variances were obtained from aﬁalyses
of the Fy, F, | and parents. The estimates are presented in
Table VI. Estimates of between rows and within rows vari-
ance from the analyses of variance of the parents and F,
were pooled and sﬁbtracted from the between and within F,
families variance estimates to obtain estimates free of row-
to-roew and plant-to-plant variation.

F; phenotypic variance estimates followed the same
trend, character-by-character, set by the F, estimates

except for plant yield, head weight, and kernels per head.



TABLE VI

ESTIMATES OF THE VARIANCE COMPONENTS FOR THE Esa

Characters_

. ;Estimaﬁes ]
5. . 88 5% 5 5"
Flower Date 0.00° 9.49 9.49 bo.77 50.31
Node Number 0.12 3.59 3.71 0.69 4. 49
Plant Height 587.72 1476, 44 2064,16 250,02 2326.99.
Head Length 10.82 0.00° 10,82 5.03 15.90
Peduncle Length 6.57 30.20 36.77 27.83 68.09
Flagleaf Height 789. 45 1136.25 1925. 70 216,73 2149,21
Vegetafive Height 831.53 i041.70 1873.23 244 41 2123.48
Plant Yield 67.15 94 .27 161,42 255.74 42k 90
Head Weight 110.76 73.61 184,37 351,77 545.64
Weight Per Kernel ’OOOOb' 0.00 0.00 0.00 0.00
Kernels Per Head 8810k.62 238432.05 326536.67 343283.89 648383.58
Fertility 0.00 0.07 0.07 0.01 0.08
Vigor 0.01 ) 0.04 0.05 0.14 0.19
Estimates were determined on a per plant basis. Differences between 82 and

Az

bEstimates actually obtained were negative.

og * Uﬁ are due to genetic-—-environmental interaction variance.

no
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The only difference was the larger magnitudes of the F,
phenotypic variance estimates compared with the respective
F, phenotypic variance estimates. The estimate of pheno-
typic variance for weight per kernel was zero. This was
true for all estimates of variance for this character.
Differences did exist in this trait, but the instrument used
to make the determinations could not‘be read accurately
enough to detect them. When this was considered, it was
thought practical to consider the various estimates of vari-
ance for this character to be zero.

The estimate of the environmental variance for each
character was made by the procedure discussed previously.
Estimates of envirommental variance for the F; were larger
than in the F,; for all characters. In general, the trend
set by the F, environmmental variance estimates was followed
in the F, .

Knowledge of the magnitude of the additive genetic
variance relative to the phenotypic variance for each char-
acter is required before accurate predictions can be made of
genetic advance through selection. Although in some cases
the estimates of additive genetic variance were rather small
or zero, it was thought that some progress under selection
should be expected for most of the characters. The estimate
of dominance variance for head length was zero indicating
that gene action for this character was entirely additive.
For the other characters,vthe estimates of dominance vari-

ance exceeded the estimates of additive variance except for
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head weight.

Estimates of genetic variance were determined by adding
the estimates of the additive and dominance variance for
each character. Significant is the fact that the estimates
of genetic variance for all the vegetative characters except
head length, the first seven listed in Table VI and vigor,
increased in magnitude compared with the estimatesuof
genetic variance for the same characters in the F,. This
would be expected if additive effects were more important
for these characters, However; when compared to the F,
estimates of genotypic variance, the estimates of genetic
variance fqr yield and the yield compdnents decreased in
magnitude. Again this would be expected if dominance
effects were more important for these characters. Dominance
effects: are reduced by one-half with each generation of in-
breeding. Based on the above comparisons, it was concluded
that progress could be realized when selection was prac-
~ticed for the Vggetative characters and vigor even though
all these characters, except head iength, exhibited domi-
nance.variance, Similariy;vprogress could not be realized
to theé same extent for yield and its components.

Heritability estimates for all characters were deter-
mined for the F, and F,. Three differenf estimates were
made in the F, except for weight per kermel, and two esti-
mates were made for each in the Fgo All estimates are pre-
sented in Table VII. The F, broad sense heritability

estimates were determined from the F, populatien used in the



TABLE VII

ESTIMATES OF HERITABILITY PERCENTAGE DETERMINED FROM THE F, AND F,

Characters Eaé EJP
(BS) b,  SD 2b,, SD (IPB) (FMB)
Flower Date | _ 73 | 33 6 43 7 92
Node Number 81 - kb 5 48 .7 3 92
. Plant Height Y 55 4 A 9 25 97
Head Length _82 62 4 72 .7 68 98
Peduncle Length 61 45 6 42 9 10 85
Flagleaf Height 95 53 5 87 8 37 g8
Vegetative Height 94 56 4. 86 8 39 98
Plant Yield 57 21 7 3 16 16 :
Head Weight 56 25 6 8 ik 20 g2
Weight Per Kermnel 91 - - - - o
Kernels Per Head 61 23 7 5 i2 ik 93
Fertility 87 61 7 55 57 0 " 95
Vigor - 56 46 6 39 8 3 90
8BS, b1, 2b,, and SD: Estimates of heritability in the broad sense, regression of F,

family means on F, parent, regression of topcross family means on F, parent and standard
deviation, respectively.

bIPB and FMB Estimates of heritability on an individual plant basis and on a family

mean basis, respectively.

o C
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analysis of variance of the F,, F, , and parents. For the
vegetative characters, broad sense estimates were high, the
lowest estimate being 61 per cent for peduncle length.
These characters would be expected to show significant prog-
ress under selection. The broad sense heritability esti-
mates for yield, yield components, and vigor were lower,
except for weight per kernel and fertility, than the esti-
mates for the vegetative characters. However, they were
still high enough to indicate that some progress could be
made by selection.

Estimates of heritability were made by regressing the
F, family means on their respective F_, parents and by re-
gressing topcross family means on their respective F, paré
ents. Assuming no epistasis, the expectation of Cov(F,, F,)
is 3@® + 2d® where %ag is the variance of breeding values and
4d2 is the variance of dominance deviations. Since gene
frequency was one-half, the expectation of Cov(F,, Fa) be-
comes gﬁ-k%gﬁa The expectation of Cov(F,,TO) was demon-
strated previously. With gene frequency of ome-half and no
epistasis, the expectation of Cov(F, ,TO) would be 203
Consideration of these facts helps explain the differences
between the two regression estimates for each character.
Heritability estimates détermined by‘bFSQF2 followed the
same trend set by the broad sense estimates of heritability
but were of considerably lower magnitude., The estimates for
plant yield, head weight, and kermels per head Were more in

line with estimates of heritability for reproductive
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characters in other organisms. Heritability estimates
determined by the regression of topcross family means on

their respective F, parents, 2b varied erratically for

TO,F,°
vegetative characters. A rather large significant difference
was obtained between the estimates of heritability for yield

and its components using this method compared with their

respective estimates using the broad sense and bg

FS ’FE

methods. The estimates for these characters were very low,
and their standard deviations exceeaed the estimates in
every case. The estimate obtained for fertility was rela-
tively high, but its standard deviation also exceeded the
estimate. When a comparison of the two breeding procedures
is presented ldter, the estimates of heritability obtained
by the régression technigques will be considered further.

Two estimates of heritability for each character were
made in the F;. A narrow sense estimate of heritability was
calculated on an individual plant basis by dividing the
estimate of additive genetic variance by the estimate of
phenetypic variance. Only one estimate, head length, was
higher than 50 per cent. Estimates of narrow sense herita-
bility for the other characters were less than or equal to
40 per cent. Three of the estimates, flower date, weight
per kernel and fertility, were zero, Heritability estimates
were also determined on the family mean basis using the
variance component method, a method used extemnsively in
cultivated plants. All estimates obtaimed were above 80

per cent except for weight per kermnel. These estimates



62

appeared to over estimate the differences between families
due to heredity. A possible reason for this may be that all
of the row-to-row and plant-to-plant variation was not
removed from the estimates of heritability. Both estimates
indicated that significant progress for most of the charac-
ters would result under selection.

Estimates of heritability apply, strictly speaking, to
the population, generation, and set of environmental condi-
tions from which the estimafes were obtained., If selection
is to be practiced in the F,, then the three procedures
previously mentioned may be employed. Cére should be
exercised, however, in their use. Broad sense heritability
estimates contain all of the domimance deviations, which are
not fixable, in addition to all the additive variance. The
estimates obtained by regression of the F; family means on
their F, parents must also be used with caution because they
contain a fraction of the dominance variance. The regres-—
sion estimates of topcross family means on their F, parents
contain no dominance and are narrow sense estimates when it
is assumed that epistatic effects are ébSenﬁo Both regres-—-
sion procedures have one serious limitation, i.e., that of
having the progeny grown in a different year than are the
parents.

Selection in the F; is frequently om the family mean
basis, Therefore, the heritability estimates employed
should be on the same basis. These estimates include both

dominance and additive genetic variamce as well as
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row-to-row énd plant-to-plant variation. They should be
used with these facts clearly in mind. If F; individuals
are selected, then the narrow sense heritability estimates
should be employed for predictive purposes,

Expected genetic advances for each character for each
estimate of heritability expressed in the origimal units of
measurement and as a per cent of the mean are presented in
Table VIII. The means used for the broad sense F; herita-
bility estimates were the character means of the F, popula-
tion from which the analyses of variance were made. The
means used when the regression estimates were employed were
the character means forvthe F; 's used as parents for the F,
and topcroess families. Character means were the same for
both estimates in the F;.

Expected response expressed as a per cent of the mean
based on broad sense estimates of heritability in the Fj
were generally high. The highest was 100 per cent for
kernels per head§ and the lowest were six and seven per cent
for vigor and flower dates, respectively. Expected response
based on the regression of F; family means on their F,
parents estimates expressed as a per cent of the mean were
considerably lower than those based omn broad sense esti-
mates. However, only three of these were lower than 10 per
cent. Expected progress based on these estimates would be
acceptable for most of the characters. Expected genetic
advances expressed as a per cent of the mean based on

heritability estimates determined by twice the regression of



TABLE VIII

EXPECTED GENETIC ADVANCE AND ITS PER CENT OF THE MEAN FOR THE F, AND F,

Characters

Vigor

Fa

BS % - ba % 2b, % IPB % FMB %

Flower Date Lh,5h4 7 2.24 3 2.87 4 0.00 0 3.16 5
Node Number 2.43 13 1,74 9 i.70 8 0.10 1 1.75 3
Plant Height 72.14 37 19,59 22 77.33 35 21.45 12 53.83 30
Head Length 5.58 26 5.05 22 5.57 24 4,78 23 5.69 28
Peduncle Length 7.87 18 5.63 1k 5.56 13 1.40 3 6.22 15
Flagleaf Height 73.95 45 50.00 26 83.24 4k 29.97 20 57.22 38
Vegetative Height 73.1h 56 53.38 34 83.51 54 31.76 27 57.74 Lo
Plant Yield 23.38 94 7.49 412 1.07 2 5.73 23 17.12 &3
Head Weight 26,82 64 10.81 i 3.81 8.35 21 20.11% by
Weight Pér Kernel 0.02 84 - - ~ - 0.00 O 0.0037 153
Kernels Per Head 904,57 100 330.0% 15 70.27 3 192.60 20 676.99 69
Fertility 43,00 93 7.-%9 10 6.87 9 .00 O 22.44 Ly
0.23 6 0.20 6 0.17 5 0.03 1 0.27 7

28BS, b, , and
sense, regression
means on their F,

2b, are estimates of expected genetic advance calculated using broad
of Fé'family means on their ¥, parent, and regression of topcross family

parent heritability estimates; respectively.

C oy

brpp and FMB are expected genetic advance calculated using heritability estimates
determined on an individual plant and the family mean basis,

respectively. -

!
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topcross family wmeans on their F, parents were low for
yield and its components., For the vegetative characters
the expected responses were lower than those based on broad
sense estimates, but high enough to indicate satisfactory
progress except for flower date and vigor,

Narrow sense heritability estimates in the F; were also
used to calculate expected genetic advance. The expected
genetic advances for flower date, node number, peduncle
length, weight per kernel, and vigor were low. The values
for the other characters indicated that significant selec-
tion progress for them would be expected. Expected genetic
advances determined by using heritability estimates based on
Fg family means were relatively high for most characters.
“Flower date, node number, and Qigor were less than ten per
cent. The expected genetic advances for the other charac-
ters were in most cases fairly high imdicating significant
progress would be expected,

"Plant height, plant yield, weight per kernel, kernels
per head, and vigor were used to obtain estimates of the
phenotypic, genetic, and envirommental correlation coeffi-
cients in the F, and F, . In the F, the correlations were
estimated on a per plant basis and in the ¥; oan the family
mean basis. The correlation coefficients obtained for the
five characters taken two at a time in both generations are
presented in Table IX. For the F, and F,; phenotypic and
environmental correlation coefficients tests of significance

wére made at the 0.05 and 0.01 1eve1s of probability. The



TABLE IX

PHENOTYPIC (P), GENETIC (G), AND ENVIRONMENTAL (E) CORRELATIONS

DETERMINED ON THE F,, Fg

9

PARENTS, AND ON THE F, FAMILY MEANS

for 47 degrees of freedom.

dSignificant values are 0.141 and 0.185 for the 0,05

for 194 degrees of freedom.

and 0.01 levels,

and 0.01 levels,

Correlation of F, F,
p2 G EP p¢ G g4
Plant Height and
Plant Yield 0.21** 0.26 0.14**: 0.38** 0. 39 0.26**
Weight Per Kernel 0.24** 0.23 U 0.56%* 0.62 -0.05
Kernels Per Head 0.17%** 0.20 0.13*% 0.31* 0.32 0.26**
Vigor -0.35*%* -0.41 -0,35*%* -0.05 -0.0k ~0.14*
Plant Yield and ] : .
Weight Per Kernel 0. b47*=* 0.55 U 0.58%* 0.61 0.30%* .
Kernels Per Head 0.98#** 1.00 0.95*%* 0.98** 0.98 0.97**
Vigor 0.10 -0.07 -0,13** -0.21 -0.21 ~0,16*
. Weight Per Kermel and
Kernels Per Head 0, 43%* 0.53 U 0.46** 0,48 0.17*
Vigor 0.08 -0.06 U =0, 34* -0.26 0.00
Kernels Per Head and
Vigor —Q.O9 -0.07 -0,12% -0,17 =-0,17 -0,14
*Significant at the 0.05 level.
**Sjegnificant at the 0.01 level.
Undefined mathematical operation, i.e., denominator was zero.
aSignificant values are 0.098 and 0.128 for the 0.05 and 0.01 levels, respectively,
for 335 degrees of freedom. ‘
'bSignificant values are 0.099 and 0.129 for the 0.05 and 0.01 levels, respectively,
for 395 degrees of freedom. -
CSignificant values are 0.277 and 0.359 for the 0.05 respectively,

respectively,

feYe}



67

degrees of ffeedom for tesfimg the non-existence of the
phenbtypic correlatioﬁ coefficient in the F, were obtained
by subtracting one, for the covariable, from the degrees of
freedom for the plants in rows in replications in years
entry.. The degrees of freedom for testing the significance
of the envirommental correlation coefficients in the F; were
determined by subtracting one from the pooled F, and parents
degrees of freedom from the same entry. To test the signif-
icance of the phenotypic and environmental correlation coef-
ficients in the F,, one was subtracted from each of the
families and experimentél error degrees of freedom, respec-
tively. No test of significance exists for the genetic
correlation coefficients,

Phenotypic correlation,coefficiehts in the F, varied
considerably in magnitude. Two of the correlation coeffi-
cients, plant height and vigor and kernels per head and
vigor, were mnegative. The iérgest correlation coefficient
was for plant yigld and kermnels per head. The environmental
correlation coefficients which could be determimed followed
the same trend as the phenotypic correlation coefficients
except that the environmental correlation coefficient for
plant yield and vigor wés negafivec ‘The largest environ-—
mental correlatioh coefficient was again for plant yield and
kernels per head. The trend set by the phemnotypic correla-
tion coefficients was also followed by the gemetic correla-
tion coefficienfsg ‘The highest genetic correlation

coefficient was again for plant yield and kermels per head.
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This is in agreement with results veported by other investi-
gators in sorghum (6, 38, 39, .43, 50). Genetic correlation
coefficients for plant yield and weight per kernel and
kernels per head and weight per kernéi were high and posi-
tive. Another significant aspect of the F, gemnetic correla-
tion coefficients was that each one involving vigor was
negative, This indicated that selection for an increase in .
this character would result in a decrease in the others and
vice versa. With respect to plant height, this would be
desirable under most conditions, but not for the other char-
acters., However, the low genetic correlation coefficients
of vigor with each of the other traits seemed to indicate
that selecting for increased vigor would have a negligible
effect on those characters.

Phenotypic correlation coefficients in the F; tended to
be higher than the respective F, pheunotypic correlation
coefficients. The 6nly exceptions were the correlation
coefficients for plant height and vigor amnd for plant yield
and kernels per head. The phenotypic correlation coeffi-
cients involving'vigor were again all negative. This was
also true for the genetic correlation coefficients in the
F, . The F, genetic correlation coefficients followed the
same trend as the phenotypic correlation coefficients and in
every case but one equaled or exceeded the corresponding
phenotypic correlation coefficients. The genetic correla-
tion coefficients that were high in the F, were repeated in

the F; .
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It appeared that kerneis per head and plant height were
influenced by genes common to each or by linked genes. The
same appeared to be true for plant yieldvand kernels per
head, plant yield and weight per kernel, and weight per
kernel and kernels per head. Therefore, selection for an
increase in any one character of the ones mentioned above
should result in an increase of its correlated character.
Environmental corrélation coefficients fluctuated widely.
'The lowest was zero for weight per kermnel and vigor and the
highest was for plant yield and kermnels per head.

Characters used in the determinations of the phenotypic,
genetic, and environmental correlatiomn coefficients above
were used to calculate correlation coefficients between the
 breeding values of those characters. These coefficients are
presented in Table X, .The'correlation coefficients involv-
ing weight per kernel could hot be determined because the
estimate of additive genetic variance for that character was
zero. All of thé correlation coefficients involving vigor
were negative. The absolute values of all the breeding
value correlations were above 0.5 and were considered to be
significant. Consequently, it was thought pleiotropic gene
action existed for thesé characters. The positive correla-
tions indicated that some genes increased both characters.
The negative cor;elations indicated that some genes in-
creased one character and at thé same time reduced another
character.

All possible selection indexes between plant height,
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CORRELATIONS OF BREEDING VALUES DETERMINED FROM THE F,

tor was zero.

~ Correlation of r,
Plarit Height and:

i Plant Yield 1.23
Weight Per Kernel U2
Kernels Per Head 1.04
Vigor -0.53

Plant Yield and
Weight Per Kermel: U
" Kernels Per Head 3.08
Vigor -0.62

Weight Per Kernel and

Kernels Per Head U

- Vigor U
Kernels Per Head and

Vigor ' -0.65

8U: Undefined mathematical operation, denomina-
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plant vield, kermels per head, and vigor were determined and
compared by the magnitudes of correlation coefficients for
the index and aggregate breeding value. The indexes and
correlation coefficients are presented in Table XI. Prop-
erly constructed indexes have proven superior to other
selection methods (30). Objections raised against their use
are that new estimates of the phenotypic and additive
genetic variances and covariances shouid be obtained for
each new generation and that solutions for the normal equa-
tions required to obtain the weights to be given each char—
acter aré difficult to sblve, especially when several char-
acters are included,.,i Theoretically; the best index would be
one utilizing all characters included in the definition of
Worth; However, by comparing the index-aggregate breeding
value correlation coefficients, amn index containing a subset
of the characters defining worth may be as satisfactory as
the index containing all the characters. The index-
aggregate breeding value correlation coefficient for the
index considering all characters was 0.40. Two indexes that
included only one character, the index for plant height and
the one for plant yield, had correlation coefficients as
large or larger than the index for all characters., It was
thought that these correlations were in error although, no
computational errors could be‘fétndm They were not used to
select F, individuals. Two indexes involvimg only two char-
acters had correlation coefficients as large or larger than

the index for all characters. The first of these, the index



TABLE . XI

POSSIBLE SELECTION INDEXES CONSIDERING FOUR
CHARACTERS AND THE CORRELATIONS BETWEEN
EACH INDEX AND AGGREGATE
BREEDING VALUE

Indéxesv ' ' r,,
(-0.253)PH® ” | | 0.50
(0.790)PY 0. 40
(0.272)K/H : 0.37
(-0.068)V - - . 0.18
 (-0.152)PH+(0.689)PY . 0.37
(1.131)PH+(0.252)K/H 0.38
(-0.253)PH+(1.081)V . 0.50
(20.450)PY-(0.223)K/H 0.39
(0.788)PY-(0.882)V . 0.40
(0.272)K/H+(3.010)V 0.35
(-0.151)PH+(0,.687)PY-(1.023)V : . 0.37
(0.947)PH+(17.542)PY-(0.167)K/H 0.40
(1.140)PH+(0.251)K/H-(16.360)V 0.38
(19.761)PY-(0.195)K/H+ (144, 442)V 0.40
(0.960)PH+(17.603)PY-(0.170)K/H~-(17.434)V 0.40

8pH, PY, K/H, and V represent plant height,
plant yield, kermnels per head, and vigor,
respectively.

72
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for plant height and vigor,.would be the easier of the two
to employ because the values for the characters involved are
more easily determined than are those in the seéond index.
Both plant yield and kernels per head are relatively diffi-
cult to determine. Two indexes involving three characters;
had index-aggregate breeding value correlation coefficients
equal to the four-character index. However, considering the
time and expense involved, either of the indexés involving
only two characters would be preferred.

Two breeding procedures were compared to determine
whether one procedure would give greater response than the
other. One méthod was the regular pedigree method,bi.e., F,
individuals were selected on the basis of their phenotypic
differences and advanced to the next generation., The |
response due to selection was measured as the mean deviation
of the F; family means, progeny of the selected F, individ-
uals, from the total F; population mean for a given charac-
ter. The other procedure, a topcross, was a progeny test
-method, i.e., F; individuals were selected on the basié of
their progenies'! performance. The selected F, individuals
were then advanced to the F, and response due to selectidn
measured as stated above. To Be as ‘effective as the pedi-
gree method per unit of time the toﬁcrOSs procedure would
have to give twice the.respoﬁse'of the pedigree since it
requifes two yearsvper cycle compéred_to one yéar per cycle
for the pedigree,

Actual responses from selecting the most desirable ten
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per cent for each character under each breeding proceduré
are presented in Table XII. The values in this table are in
actual units of measure, j.e., centimeters for plant height,
head length, peduncle length, flagleaf height, and vegeta-
tive height ahd grams for plant yieid? head weight, and
weight per kernel. Progress was made under both procedures
for all characters in the desired direction. Significant
response, five per cent or greater9 was realized for all
characters under the pedigree procedure except for flower
date. For the topcross procedure significant response was
not realized for flower date, node number, and vigor. All
of the characters exceﬁt head length exhibited cénsiderable
amounts of dominance variance when compared to the magni-
tudes of the additive Variances, However, the actual re-
sponses demonstrated that for practically all of the
characters additive effects Werevimportanto

In no case were responses for any character using the
topcross twi;e as large as for the same character under the
pedigree procedure except for fertility. In fact, only
plant height, flagleaf height, Vegetafive height, plant
vield,; kernels per head, and fertility showed greater
responses‘under the topcross procedure in the deisred
direction. Considering the additional time and expense in-
- volved, the topcross procedure was not as effective per unit
of time in this material as was the pedigree procedure.

Inbreedingvdepression for each character from the F,

to the F; , is presented in Table XI1I1l. Inbreeding



ACTUAL RESPONSE

TO SELECTION UNDER TWO BREEDING PROCEDURES

TABLE XII

Characters:

p2 %X. .. %X P %X IT %X
Flower Date 1.85 2.7 2.05 3.0 - - - -
Node Number 1.614 8.7 0.83 4.5 - - - -
Plant Height ho.34 23,7 52.65 29.5 -19.55 -11.0 -35.52 -19.9
Head Length 6.24 30.L4 5.56 27.1 - - - -
Peduncle Length 6.01 14.7 k.93 12.0 - - - ~
Flagleaf Height 52.45 35.3 57.03 38.3 - - - -
Vegetative Height 45,43 38.8 56.89 48.6 - - - -
Plant Yield 7.85 31.0 9.90 39.0 9.82 38.7 9.90 39.0
Head Weight 10.87 26.7 8§.88 21.8 - - - -
Weight Per Kernel - - - - - - - -
Kernels Per Head 275.5 28.3 358.4 36.8 357.6 36.7 350. 4 36.0
Fertility 5.79 11.2 17.69 34.3 - - - -
Vigor 0.58 0.16 4.3 0.07 1.9 -0.06 -1.6

aP, T, IP, and IT are response due to selection under the pedigree, topcross,
and selection index in topcross procedures,

selection index in pedigree,

respectively.

al



TABLE XITI

INBREEDING DEPRESSTION (I) FROM
THE F, TO THE F,

Characters I

Flower Date -1.48
Node Number 0.26
Plant Height 15.66
Head Length i.22
Peduncle Length 1.74
Flagleaf Height 14,06
Vegetative Height 12.95
Plant Yield -0.43
Head Weight 0.97
Weight Per Kernel -

Kernels Per Head -70.89
Fertility ' -5, 44

Vigor -0.04
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depression was determined by subtracting the total F; char-
acter means from the corresponding F; character means.
Negative values indicated that no inbreeding depression from
the F, te the F, occurred, i.e., the F, character mean was
larger than the F, character mean. Both the F, and the I
populations were grown during the same two years so that
year‘effects should be at a minimum. The positive values
indicated that inbreeding depression did occur feor thaose
characters exhibiting them.

Differences between expected genetic advance and actual
response in the original units of measurements for each
character under each breeding procedure are presented in
Table XIV. A comparison of differences for each character
gives an indication which heritability estimate was more
accurate for predictive purposes. The two herifability
estimates compared‘were the regression of F; family means on
their respective F, parents and twice the regression of top-
cross family means on their respective F, parents. Absolute
differences were smaller for all characters for the F,
“family mean method of estimation thah for topcross method of
estimating heritability., This was true probably because the
expectation of Cov(F,, F,) is gi4—%q% and one-half the
dominance deviations in the F, are:passed to the F; . There-
fore, the estimate of heritabili£y that includes dominance
would more accurately predict the change}expected in the
means of the progeny from the selectedeparentsg These con-—

siderations led to the conclusion that the regression of the
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TABLE XIV

DIFFERENCES BETWEEN EXPECTED AND ACTUAL GENETIC ADVANCE
FOR TWO BREEDING PROCEDURES

Characters ‘ ‘ ___Advance Determined
' by using b;2 ° by using 2b,
Flower Date 0.39 0.82
Node Number . 0.13 0.87
Plant Height ‘ 7.25 24,68
Head Length : -1.19 0.01
Peduncle Length -0.38 0.63
Flagleaf Height -2.45 26.21
Vegetative Height , 7.95 26.62
Plant Yield : -0.36 -8.83
Head Weight -0,06 -5.07
Weight Per Kernel - | ) -
Kernels Per Head t 54,49 -288.16
Fertility 1.74 -10.82
Vigor ' -0.38 0.01
- :

b; and 2b, Estimates of heritability determined by
regression of F, family means on F; parents and by twice the
regression of topcross family means on F, parents,
respectively.
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F, family means on their respective F, parents was the best
estimate of heritability to use for predictive purposes in
the F, .

Application of the method proposed. by Mather (47) in-
volving the F, and both first backcross generations of the
F, to the parents would also have allowed a narrow sense
estimate of heritability to be made in the F,. His proce-
dure would require less time and ‘expense than would either
of the two above procedures. In addition, all material
could be grown the same year. Therefore, environmental
differences would be very similar for the F, and
backcrosses.,

The average degree of dominance, h, was calculated by
Mather's (47) formula given below, The formula has been
applied by various investigators (12, 26, 42, 51). The
values for each character arevpfesented in Table XV. The

formula used to determine the average degree of dominance,

h, is:
h = &/8
where
:32 = estimate of dominance genetic variance.
33 = estimate of additive gemetic variance.

All characters for which the determination could be made
exhibited some degree of dominance except head length. As
demonstrated previously, this character is determined almost

entirely by additive gene action. The average degree of



TABLE XV

AVERAGE DEGREE OF DOMINANCE (h) OF LOCI
CONTRIBUTING TO EACH CHARACTER

1

Characters h
Flower Date U
Node Number 5.58
Plant Height | 1.58
Head Length 0.002
Peduncle Length ; 2.14
Flagleaf Height ' 1.20
Vegetative Height 1.12
Plant Yield ' i.18
Head Weight 0.82
Weight Per Kernel yP
Kernels Per Head ' 1,65
Fertility 8)
Vigor / 2.50

a , . .

Estimate of dominance genetic
variance was zero.

bg: Undefined mathematical operation,
i.e., o‘f = 0.
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dominance for flower date, weight per kernel, and fertility
could not be calculated because the estimate of additive
genetic variance for these characters was zero. The highest
average degree of dominance was for node number, followed by
vigor and peduncle length, respectively. The values for
average degree of dominance agreed with the conclusions
drawn when the means of each characf?% were compared in the
:FI and parents. These revealed thatlfor the vegetative
characters except head length doﬁinance existed in the
direction of and in some cases exceeded the tall parent.

For plant yield and the yield components dominance appeared
to exist largely in the direction of the lower parent; even
exceeding the lower parent in some cases. Dominance was
important for all characters considered in the investiga-

tion, except head length.



CHAPTER V .
SUMMARY - -AND--CONCLUSTIONS

Estimates of phenotypic, genotypic, and environmental
variance were obtained for thirteen matufe plant characters
in the F, of a cross between two inbred lines. Estimates of
environmental variance were relatively small compared to
their respective phenotypic variance estimates except for
peduncle length, plant yield, head weight, and kermnels per
head. The estimates of environmentai variance for those

characters were approximately one-half the magnitude of

i
BN

their reépectiﬁe pheﬁbtypic variance estimates. The geno-
typic variance estimates were relati;ély high for all char-
acters when comparédzfo their phenotypic variance estimates
except for peduncle length, plant yield, head weight, and
kernels per head. With the exception of weight per kernél,
all characters exhibited. sufficient genotypic variance to
indicate that progress under selection could be expected if
seiection were practiced on this population.

Additive, dominance, gt‘enetic(J enviroﬁméntal, and
phenotypic variance estimates were obtained in the Fa’ The
phenotypic variance estimates of the F; followed the trend
set by the F, except for plant yield, head weight, weight

per kernel, and kernels per head. The magnitude of the F3
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phenetypic variance estimate Was larger for each character
than in the F, except f;rvthe characters previously men-
tioned. Due to roundipg error and the lack of refinement of
the balance used to measure weight per kefnel, the estimates
of variance for thls character in the Fé were zero. Addi-
tive variance was demonstrafed for all'charéctefs except
flower date, weighf per kernel, and fertility. Estimates of
additive genetic variance for the other characters indicated
that considerable progress on anfindividual plant basis
would be expected should selection be practiced for them.
Estimates of the dominance genetic variance for head length
and weight per kernel were zero. Assuming no epistasis,
gene action for head length appeared éntirely additive.
Estimates of dominance genetic variénce exceeded their
respective estimates of additive génétic variance for all
characters except head weight. However, since additive
variance may exist when any degree of dominance is present,
progress under selection for those characters would be
realized to some extent.

Estimates of genetic variance were obtained by adding
the estimates of additive and ééminance variance for each
character. The most obvious fact was the increase of the
estimates of genetic variance in fhé Fy, for tﬁe vegetative
characters and vigor as compared to the estimates of geno-
typic variance for these characters in the F,. 1If the major
contribution to these characters is additive effects, then

these increases would be expected. Another interesting fact



84

was the decrease in magnitude of the estimates of genetic
variance for yield, head weight, and kernels per head in the

S

Fj compared to their magnitudes in the F_. These decreases
would be expected if the major contribution to the genetic
differences of each of these charactefs was due to dominance
gene action. E

Estimates of heritability were obﬁained in the F; and

Fg.

In the F?, herifabilitj was estimated in the broad
sense, as the regression of the FS family means on their
respective F, parents, and as twice the regression of the
topcross family @eans on their respective F, parents. In
the F;, a narrow sense estimate of heritability on an indi-
vidual plant basis, and an estimate of heritability deter-
mined on'thé family mean basis were made. All estimatesvof
broad‘sense heritability:ih the F, weré high, indicating
rapid progress under seiection. However, since these esti-
mates contain all of the genetic variance, little confidence
couid be placed in them as estimates. of additive variance.
The estimates of herifability determined by the other two
methods in the F, corresponded more cleosely with heritabili-
ties reported for other organisms, especially for characters
connected with reproeduction. The covariances for the esti-
mates of heritability obtained by regressing F, f;mily means
on their F, parents contained a fractiom of the dominance
variance and, therefore, were not strictly narrow sense
estimates. However, the estimates of heritability obtained

by doubling the regression of topcross family means on their
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F, parents contained no dominance variance and were narrow
sehse heritability estimates. For this reason, it was con-
cluded that the estimates obtained by this method were the
best estimates of heritability in the F,;, and should be used
for predictive purposes.

The narrow sense estimates of heritability in the F,
were relatively low, yet for mqst of the characters they
indicated that some progress uﬁder seleétion would be ex-
pected. . The estimates for flower date, fertility and weight
per kernel were zero While the estimates for vigor and node
number were very low. The estimates of heritability on the
family mean basis were high compared with either the narrow
sense estimates in the F, or F,. They were of approximately
the same magnitude as the broad sense estimates in the Fj,.
Estimates of heritability on the family mean basis contained
a fraction of the dominance variance and were not heavily
relied upon as indicaters of progress to be expected under
selection.

Expected progress under selection was determined using
each estimate of heritability obtained im the F, and Fg.

The expected response was reported in the actual units of
measurement and as a per cent of the mean. When the broad
sense estiméte of heritability from the F, was used, the
values obtained were relatively highé Except for flower
date and vigor, expected genetic advance for all characters

was greater than ten per cent. Expected genetic advance
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determined by both regression estimaltes of heritability in
the F, was in gemeral lower for each character. Expected
advance based on twice the regression of topcross family
means on their F, parents was lower for all characters,
except for plant heigﬁt, head length, flagleaf height, and
vegetative height, than expected advance based on the re-
gression of F, family means on their F, parents. The char-
acters whose expected advances were greater when determined
on the topcross heritabilities than on the other regression
estimate of heritability were characters whose ratios of
additive to dominance variance estimates were high. A sig-
nificant fact about the expected advances determined using
the topcross heritabilities is that the values for most of
the vegetative characters were high but that the values for
yield and its components were low.

Expected genetic advance determined in the F; from the
narrow sense estimates of heritability were lower for the
vegetative characters than any of the estimates in the F,.
However, for plant yield, head weight, and kernels per head,
the estimates were higher than those of the topcross herita-
bilities in the F,. From these estimates, it was concluded
that little or no progress could be expected for flower
date, node number, peduncle length, weight per kernel,
fertility, and vigor. Except for flower date, node number,
and vigor expected genetic advances determined on the family
mean estimate of heritability were relatively high indi-

cating adequate progress would be expected.
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Phenotypic, genetic, and envirommental correlation
coefficients were determined for each possible pair of five
characters. The characters considered were plant height,
plant yield, weight per kernel, kernels per head, and vigor.
The correlation coefficient estimates in the F, were deter-
mined on an individual plant basis and in the F, on a family
mean basis. Phenotypic correlation coefficients in the F2
were quite variable. Except for two, plant height and vigor
and kernels per head and vigor, all estimates were positive.
All estimates of F, phenotypic correlation coefficient were
significant at the 0.01 level of significance except for
plant yield and vigor. All F, envirommental correlation
coefficients were significant at the 0.05 level of signifi-
cance, and most were significant at the 0.0%1 level. The
highest F, genetic correlation coefficient was for plant
yield and kernels ber head. All genétiC'corfelations in-
volving vigor were negative indicating that selection for
fhis character would result in negative responses for the
other characters. For plant height, this association would
be desirable.

Except for plant height anq vigor, the F; phenotypic
correlation coefficients were oé greater magnitude than the
respective estimates in the Fz.é All F, correlation coeffi-
cients involving vigor were negative except for the environ-
mental correlation coefficient, weight per kernel and vigor.
The F, genetic correlation poefficients followed the trend

set by the phenotypic correlation coefficients and equaled
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or exceeded their reSPeétive phenotypic correlations except
for plant height and vigof. The large magnitudes of the F,
genetic correlation coefficients indicated that genes
affecting one character also are linked to genes influencing
other characters or directly exert infiuence on those other
characters through pleiotrophy. Therefore, it was assumed
that selection for any one of the five characters would
result in some response being exhibited by the other four.
Breeding value correlation coefficients were determined
for the same five characters considered for the above corre-
lation coefficients. Those involving weight per kernel
could not be determined because the estimate of additive
genetic variance was zero. Allyof the correlations were
considered éignificant. Theée correlations indicated that
genes influencing one character affect others to some extent
Min the same manner or are linked to genes which do.
Selection indexes were constructed for all possible
combinations of plant height, plant yield, kernels per head,
and vigor. Correlation coefficients between aggregate
breeding value and the index for each combination were
determined and their magnitudes compared to determine the
most efficient index. Theoretically, the index that consid-
ers all characters included in the defimition of worth would
be the most efficient index. However, an index composed of
a subset of those characters may be as efficient as one that
considers all characters, especially when time and expense

of data collection are consideredo It was found that two



89

separate indexes invelving only two characters were as effi-
cient as the index composed of all four characters. Those
indexes were b; plant height + byvigor and b,plant yield +
bykernels per head. When the ease‘of data collection was
considered, the first index would be the more efficient.

The indexes for plant height and for plant yield had coeffi-
cients as large or larger than the index for all characters.
However, it was decided not to rely on them.

Selection was practiced under the pedigree and the top-
cross breeding methods. The topcroess method is a progeny
test procedure and takes twice as much time per cycle as the
pedigree method. Therefore, to be cousidered more efficient
the topcross method must result in more than twice the
actual response of the pedigree method. The response to
selection was reported in actual units of measure for each
character. Progress was made for all the characters under
both breeding procedures. In no case was response for any
character under the topcross procedure more than twice as
great as the pedigree method except for fertility. Thus,
the pedigree method was the more desiréble breeding proce-
dure under which selection should be practiced in this
material.,

For each breeding procedure compared, a different esti-
ﬁate of heritability was used. For the pedigree procedure,
the regression of F; family means on their respective F,
parent was used as the estimate; and for the topcress pro-

cedure, twice the regression of the topcross family means
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on their respective ¥, parents was used., Differences be-
tween the expected and actual gemnetic response for each
character under each breeding procedure were compared in an
effort to determine which estimate of heritability was more
accurate for prediptive purposes., The absolute differences
were smaller for each character under the F, family mean
method. These results were expected because the expecta-
~tion of the Cov(F,,;F;) includes in addition to additive
variance a fractien of the dominance variance. Both the
additive and a fraction of the dominance effects would be
transmitted to the F,. Therefore, it was concluded that
this estimate of heritability was the better of the two for
predictive purposes. When the time and expense were consid-
ered to obtain both estimates of heritability, the addi-
tional precision if any gained by the topcross estimate did
not appear to be worthwhile from‘a practical standpoint.
The average degree of dominance was determined for the
genes influencing each character by using Mather's (47)
formula, Except for head length, all characters exhibited
some degree of dominance. The average degree of dominance
for flower date, weight per kernel, and fertiiity could not
be determined because their estimates of additive variance
were zero. The highest average degree of dominance was for
node number followed by vigor and peduncle length. These
results agreed with the conclusions reéched when the means
of each character were compared for the F; and parents. A

comparison of means revealed that in gemneral the vegetative
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characters exhibited dominance in the direction of the highe£
parent while yield and its components exhibited dominance in
the direction of the lower pafentg Dominance was iﬁportant
for each character except head length.

The estimates of populatién‘paramefers reported and the
conclusions obtained concerning ﬁhéir implications apply
strictly to the material used in this investigation and the
set of environmental conditions sampled. Caution should be
exercised before attempting to apply these results and the
conclusions drawn from them to other sorghum material under

other environmental conditions.



9.

10.

A SELECTED BIBLIOGRAPHY

Allard, R. W. 1960. Principles of plant breeding.
John Wiley and Sons, New York.

, and A, D. Bradshaw. 1964. TImplications

“of genotype-environmental interactions in applied
plant breeding. Crop Sci. 4: 503-508.

Anand, S. C., and J. H. Torrie. 1963. Heritability of
yield and other traits and interrelations among
traits in the F; and F, generations of three soy-
bean crosses. Crop Sci. 3: 508-511.

Atkins, R. E., V. H, Reich, G. M, Beil, and J. S,
Kirby. 1968. Interrelationships among dry weight
of panicles, threshimng percentage, and grain yield
in sorghum. Agron. J. 60: 219-222,

Beil, G, M., and R. E. Atkins. 4965. Inheritance of
quantitative characters in grain sorghum. Iowa

State J. Sci. 39: 345-358.

, and _ . 1967. Estimates of

general and specific combining ability in F,
hybrids for grain yield and its components in
grain sorghum, Sorghum vulgare Pers., = Crop Sci.
7: 225-228, R

Bilbro, J. D., Jr. 1961, Comparative effectiveness of
three breeding methods in modifying coarseness of
cotton fiber. Crop Sci. 1: 313-316.

Brim, C. A., and C, C, Cockerham. 1961. Inheritance
of quantitative characters in soybeans. Crop Sci.

1: 187-190.

, H. W, Johnson, and C. C. Cockerham. 1958,

Multiple selection criteria in soybeans. Agron.

J. 51: L42-46,

Burton, G. W, 1951. Quantitative inheritance in pearl
millet (Pennisetum glaucum). Agren. J. 43: 409-
4iv. '




11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

93

Chiang, M. S., and J. D, Smith. 1967. Diallel analy-
sis of the ipheritance of gquantitative characters
in grain sorghum. I. Heterosis and inbreeding
depression. Can. J. Gemet, Cytol. 9:44-51,

, and . 1967. Diallel analy-

sis of the inheritance of guantitative characters
in grain sorghum. II. Gene actiomn, the number of
effective factors, and heritability, Can. J.
Genet., Cytol. 9: 823-830,

Cockerham, C. C. 1961. Implications of genetic vari-
ances in a hybrid breeding program. Crop Sci.

1: 47-52,

. 1963. Estimation of genetic vari-—

arice's,> In statistical genetics and plant breed-
ing. W. D. Hanson and H. F., Robinson (ed.),
NAS-NRC Publ. 982. Washington, D. C., pp. 53—
94, . -

Comstock, R. E., and R, H. Molli. 1963. Genotypic-
environmental interactions., 1In statistical
genetics and plant breeding. W, D. Hanson and
H. F. Robinson (ed.), NAS-NRC Publi. 982,
Washington, D. C., pp. 164-196.

, and H, F. Robinson. 1952. Genetic

parameters, their estimation and significance.
Proc. 6th Intermational Grassland Congress.
1: 284-291,

H. F. Robinson, and P. H., Harvey.

1949, A breeding procedure designed to make maxi-
mum use of both general and specific combining
ability. J. Amer. Soc. Agrom. 41: 360-367.

Cunningham, P. J., 1969, An investigation of selection
indexes in swine populations. (unpub. Ph.D.
dissertation, Oklahoma State University).

Duclos, L., A., and P. L. Crane. 1968, Comparative
performance of top crosses and S; progeny for
improving populations of coran (Zea mays L.). Crop
Sci. 8: 191-195, —

Dudley, J. W., and R. H. Moll. 1969. Interpretation .
and use of estimates of heritability and genetic
variances in plant breeding. Crop Sci. 9: 257-
262. z

Falconer, D. S. 1967. Introduction to gquantitative
genetics. The Ronald Press Company, New York.



22.

23.

24,

25.

26.

27.

28.

29,

30.

31Q

32.

33.

34,

35.

94

Fanous, M. A. 1969. Imheritance of head shape and
seed size in sorghum. {(unpub. Ph.D. dissertation,
Oklahoma State University).

Frey, K. J. 1968. Expected genetic advances from
three simulated selection schemes. Crop Sci.

8: 235-238.

, and T, Horner. 1957. Heritability in
standard units. Agron. J. 49: 59-62,

Griffing, B. 1969. Selectiom in reference to bio-
logical groups. IV. Application of selection
index theory. Aust. J. Biol. Sci. 22: 131-142,

Hadley, H. H. 1957. An analysis of variation in »
height in sorghum. Agrom. J. 49: 144-147.

s J. E. Freeman, and E. Q. Javier. 1965,
Effects of height mutants on graimn yield in
sorghum. Crop Sci. 5: 1i-ik4,

Hanson, W. D, 1963, Heritability. In statistical
genetics and plant breeding. W. D. Hanson and
H, F. Robimson (ed.), NAS~-NRC Publ. 982.
Washington, D. C., pp. 125-140.

Hazel, L. N. 1943, The genetic basis for constructing
selection indexes. Genetics. 28: 476-490.

, and J. L. Lush. 1942, The efficiency of

" "three methods of selection. J. Heredity. 33:
393-399.

Ireland, J. C. 1938. Sorghum characters grouped by
multiple correlations. J. Agr. Res. 56: 707-710.

Johnson, G. R., and K. J. Frey. 1967. Heritabilities
of quantitative attributes of oats (Avena ER') at
varying levels of envirommental stress. Crop Sci.
7: 43-47.

Johnson, H. W., H. F. Robinson, and R. E. Comstock.
1955. Estimates of genetic and environmental

variability in soybeams. Agrom. J. 47: 314-318.

, and .

9 :
" 1955. Genotypic and phemnotypic correlations in
soybeans and their implications in selection.

Agron. J., 47: L77-483.

Jowett, D. 1968, Inheritance of glume size and awn
length in sorghum. Crop Sci. 8: 342-345,



36.

37'-‘ i

38.

39.

bo.

b1,

42,

bl

4s.

L6,

L7,

95

Kambal, A. E., and 0. J. Webster. 1965. Estimates of

general and specific combining ability in grain
sorghum, Sorghum vulgare Pers, Crop Sci. 5:

521-523.

Khadr, F. H., and K. J. Frey. 1965, Effectiveness of

recurrent selection in cat breeding (Avena sativa

L.). Crop Sci. 5: 349-355.

Khan, S. T. A. 1956. A study of quantitative charac-

ters of two crosses of sorghum. (unpub. M.S.
thesis, Oklahoma State University).

" Kirby, J. S., and R. E. Atkins. 1968. Heterotic

response for vegetative and mature plant charac-
ters in grain sorghum, Sorghum bicolor (L.)
"Moench. Crop Sci. 8: 335-339.

Leonard, W. H., and J. H. Martin. 1968. Cereal crops.
The Macmillan Company, New York. pp. 679-739.

Liang, G. H. 1967. Diallel analysis of agronomic
characters in grain sorghum, Sorghum vulgare.
Pers. Can. J. Genet. Cytol. 9: 269-276.

Liang, G. H. L., G. E. Heyne, J. H. Chung, and Y. O.
~ Koh. 1968. The analysis of heritable variation
for three agronomic traits in a 6-variety diallel
of grain sorghum, Sorghum vulgare Pers. . Can. J.
Genet. Cytol. 10: 460-469.

, C. B. Overley, and A, J. Casady.

1969. Interrelatiens among agronomic characters
in grain sorghum (Sorghum bicolor Moench). Crop
Sci. 9: 299-302, ’ ’

, and T. L. Walter. 1968, Heritability

“estimates and gene effects for agromomic traits in
grain sorghum, Sorghum vulgare Pers, . Crop Sci.

8: 77-81.

Malm, N. R. 1968. Exotic germplasm use in grain sor-
ghum -improvement. Crop Sci. 8: 295-298,

Manning, H. L. 1956. Yield improvement from a selec-
tion index technique with cotton. Heredity.
10: 303-322.

Mather, K. 1949, Biometrical gemetics. Dover
Publications, Inc., New York.



48.

49.

50.
51.

52.

53.

54,

55-

56.
57-

58.

59.

96

~Matzinger, D. F. 1963. Experimental estimates of

genetic parameters and their application in self-
fertilizing plants. Im statistical genetics and
plant breeding. W. D. Hanson and H. F. Robinson
(ed.), NAS-NRC Publ. 982. Washington, D. C.,

pp. 253-279.

Miller, P, A., J. C. Williams, Jr., H. F. Robinson,
and R. E. Comstock. 1958. Estimates of genotypic
and environmental variances and covariances in
upland cotton and their implications in selection.
Agron. J. 50: 126-131,

Niehaus, M. H., and R. C. Pickett. 1966. Heterosis
and combining ability in a diallel cross in
Sorghum vulgare. Pers. Crop Sci. 6: 33-136. .

Petr, F. C,, and K. J. Frey. 1966. Genotypic correla-
tions, dominance, and heritability of quantitative
characters in oats. Crop Sci. 6:. 259-262,

Ramey, H. H., and P. A, Miller. 1966, Partitioned
genetic variances for several characters in a
cotton population of interspecific origin. Crop
Sci. 6::123=125,

Rasmusson, D. C., and R, L. Glass. 1967. Estimates of
genetic and environmental variability in barley.
Crop Sci. 7::185+<188.

Robinson, H. F., R. E. Comstock, and P. H. Harvey.
1949.- Estimates of heritability and the degree of
dominance in corn. Agrom. J. 4i: 353-359.

;

, and .

[ 9 '
1951, Genotypic and phenotypic correlations in
corn and their implications in selection. Agron.

J. 43: 282-287.

, and .

; 9 :
1954, Genetic variances in open pollinated
varieties of corn. Genetics. 40: 45-60.

Robinson, R. G., and L. A, Bernat. 1963. Dry weight
of panicles as an estimate of yield in grain
sorghum. Crop Sci. 3: 22-23.

Smith, H. F. 1936. A discriminant function for plant
selection. Ann. Eugenics. 7: 240-250.

Smith, J. D., and M. L. Kinman. 1965. The use:of
parent-offspring regression as an estimator of
heritability. Crop Sci. 5: 595-596.



60.

61.

62,

63.

6h.

65.

66.

67.

97

Sprague, G. F., P. A, Miller, and B, Brimhall. 1952,
Additional studies of the relative effectiveness
of two systems of selection for eil content of the
corn kernel. ' Agron. J. 44: 329-331,

Swarup, V., and D. S. Chaugale. 1962. Studies of
genetic variability in sorghum. I. Phenotypic
variation and its heritable component in some
important quantitative characters contributing

towards yield. Indian J. Genet. and Plant Breed.
22: 31-36. '

.. and | - . 1962, Studies of

genetic variability in sorghum. II. Correlation
of some important quantitative characters con-
tributing toward yield and application of some
selection indices for varietal selection. Indian
J. Genet., and Plant Breed. 22: 37-4k.

Voigt, R. L., C. 0. Gardner, and 0. J. Webster. 1966.
Inheritance of seed size in sorghum, Sorghum

vulgare Pers. . Crop Sci. 6: 582-586.

Wallace, A. T., G. K. Middleton, R. E. Comstock, and
H. F. Robinson. 1954. Genotypic variances and

covariances of six quantitative characters in
oats. Agron. J. 46: 484-488.

Warner, J. N. 1952, A method for estimating herita-
bility. Agron. J. L44: 427-430.

Weber, C. R. 1950, Inheritance and interrelation of
some agronomic and. chemical characters in an
interspecific cross in soybeans, Glycine max X

Glycine ussuriensis. Iowa Agric. Expt, Sta. Bull.
374:’v' DR :

s and B, R, Moorthy. 1652, Heritable and

" nonheritable relationships and variability of oil
and agronomic characters in the F, generation of
soybean crosses. Agron. J. 44: 202-209.




APPENDIX

98



CHARACTER MEANS AND MEAN SQUARES FOR THE PARENTS, F;, F

TABLE XVI

2

B Ps B s
Character Mean af MS Mean MS Mean MS Mean df MS
Flower Date 71.6 65.9 66.0 67.1
Yrs 1 42240 1899.5 2970.3 1 7452.9
Reps + Reps X Yrs it 15.4 9.3 19,4 L b,
Rows in Reps in Yrs 6 16.2 14,9 21.3 18 27.2
Plts %n Rows in Reps 4in Yrs 122 2.9 k1 3.1 236 12.5
Node Number 19.4 17.7 18.3 18.2
Yrs 1l - 19.5 Lo.1 0.4 1 L L
Reps + Reps x Irs L 0.9 1.8 2.8 4 0.3
Rows 1in Reps in Yrs 6 2.2 1.2 0.5 18 b b
Plts in Rows in Reps in Yrs 122 0.5 C.6 0.5 336 2,8
Plant Height 99.7 224 ,2 237.2 © 194.2
Yrs 1 95,1 oy b £778.8 1 7802.7
Reps + Reps X Yrs L 292.9 7hk .5 1927.5 L 209%.5
Rows in Reps in Yrs 6 15.32 276.0 290.1 18  3235.0
Plts in Rows in Reps in Yrs 132 40,1 152,20 145.9 3Z6 18921
Head Length 23,2 15.2 22,9 21.7 C
Yrs : 1 297.6 b3 2 57.5 1 265,2
Reps + RepsX Yrs 4 6.7 8.6 6.1 L 18.6
Rows 1in Reps in Yrs 6 5.9 1.6 6.5 - 18 17.0
Plts in Rows 1in Reps in Yrs 132 2.6 2.0 2.6 326 15.0

66



TABLE XVI (Continued)

P Py R F, ,

Character Mean az MS Mean MS Mean MS Mean  df Ms
Psduncle Length 29.7 29.1 bs.1 ko, 3

Yrs 1 184.5 283,5 . 58.8 1 525,6

Reps + Reps X Yrs b 68.8 41.32 L8,z L 82.5

Rows in Reps in Yrs & 11.7 26.8 3L,5 1.8 97.9

Plts in Rows in Reps in Trs 122 k.4 22.6 26.8 326 54,2
Flagleaf Height 72.6 198, 204.8 - 162.8

Yrs 1 0.8 .0 6958.3 1 4876.7

Reps + RepsX Irs L 464 102%,8 2282.,0 i 0625,.%

Rows in Reps in Yrs 6 21.5 zhz,5 2%20.1 18 2187.3

Plts 4n Rows in Reps in Yrs 132 2k.9 126.6 152.7 236 1969.4%
Vegetative Helght 26k 165.7 167.8 130,0

Yrs 1 65,0 8.3 £2h€ .3 1

Reps + Reps X ¥rs b 59,9 826.5 188L L Iy

Rows in Reps in Yrs S ik ,2 307 4 25, o 18

Plis in Rows iz Reps in Yrs iz k.2 123,3 192.0 235
Plant ¥ield L & 52,3 40,4 24.9

Yrs 1 45349 9220.8 6£21%.6 1 6834

Reps + Reps X Ivs i 112.9 829.1 511.% L 293.8

Rows in Reps in Yrs 6 28,1 200.5 722.3 18 501.8

Plts in Rows 1n Reps in Yrs 132 119.4 162.0 417.9 326 542,9
Head Weight 63.7 66.7 60.7 k1,7

Irs 1 4s5.6 17038.9 2906,3 1 210.8

Reps + Reps X Yrs b 129.1 1101.0 718.2 L 52%,%

Rows in Reps in Yrs 6 220,k 265.1 812.3 18 681.4

Plts in Rows In Reps in Yrs 122 181.9 ohz.6 528, 26 729.8



TABLE XVI (Continued)

Character Mezn  4f MS Mean MS Mean MS Magn af MS

Weight Per Kernel 0.0265 ' 0.025% G.0307 0.0038

Yrs 1 G.00000L 0,.00001L% 0.0004 2k 1 0.,000049
Reps + Reps x Yrs L (,00001% C. 000005 G.0C001% L D,000024
Rows *n Reps ian Yrs & 0.0000L7 0,00C014% G, 0000C7 18 0,00007C
Plis in Rows ir Reps in Yrs i%Z2  0.000008 0.0C000k 0,000012 25 0,000091
Kernels Per Head 1671.6 2124.3 128%.6 20%,6
Yrs 1 6174825,5 12018524 4 2602621.1 1 449814,0
Reps + Reps X Yrs L zhehof 7 1570450 & 3065037 4 b 4314199.5
Rows in Reps in Yrs 6 157491,8 zLzho0,% 782702 .1 18 692318.8
Plts in Rows in Reps in Yrs 132 1%5511,5 w1 50h5,1 298826.0 %25 718995.3
52,9 79,6 51.8 b46.1
3 1252.2 120.0
L 177.8 92.2
17 .0 2L.7
28,72 8.2
3.7 .7 2,6 2.7
x 6.6 8.3 i 18.5
sps A 0.1 o1 I 0.0
! Reps ir 6 0.0 0.1 18 0.1
Plts in Rows in Reps in Yrs 132 0.0 0.0 226 0.1
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TABLE XVII

CHARACTER MEAN PRODUCTS FOR THE PARENTS

Character df MP MP MP df MP
PH,PY

Rows in Reps in Yrs 6 31.3 200.7 -156.4 - -

Plts in Rows in Reps in Yrs 132 29.3 69.3 -33.7 336 274.5
PH,K/H

Rows in Reps in Yrs 6 516.5 5938.1 -4188.8 - -

Plts in Rows in Reps in Yrs 132 716.4 2619,2 -1141.2 336 62kt | 3
PH,Vig

Rows in Reps in Yrs 6 -0.41560 -2.5995 1.0133 - -

Plts in Rows in Reps in Yrs 132 -0.0596 -4.3192 -0.3435 336 ~3,6358
PY ,K/H

Rows in Reps in Yrs 6 5314 .7 7075.2 23598, 3 - -

Plts in Rows imn Reps in Yrs 132 3606.,2 6836, 1 12826.2 336 19434 8
PY ,Vig

Rows in Reps in Yrs 6 ~-2.,1062 -3.9297 2.8546 - -

Pits in Rows in Reps in Yrs 132 -0.2085 ~-1.0242 0.2808 336 ~-0.5308
K/H,Vig

Rows in Reps in Yrs 6 -55.7 160.9 125.9 - -

Plts in Rows in Reps in Yrs 132 0.9 -42.6 11.3 336 -17.8
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CHARACTER MEANS AND MEAN SQUARES FOR THE F,

TABLE XVIIT

103

Character Mean df 3 MS
Flower Date 68.5 v L
Yrs 1 61918. 48
Reps 2 32.55
Fams 48 276.82
Yrs x Fams &8 23.53
Exp Error 194 21.67
Within Fams 32 34 8.09
Node Number 18.5
Yrs 1 0.57
Reps 2 4,92
Fams 4§ 84,47
Yrs x Fams 48 6.93
Exp Error 194 3.51
Within Fams 3234 2.39
Plant Height 178.6
Yrs 4 146250. 35
Reps 2 13514.95
Fams 48 71496 .95
Yrs x Fams 48 2100.91
Exp Error 194 1639. 34
Within Fams 3214 1141.82
Head Length 20.5
Yrs i 3029.01
Reps 2 2k .67
Fams 48 782, 36
Yrs ¥ Fams 48 14,29
Exp. Error 104 12.79
Within Fams 3234 7.49
Peduncle Length k1.0
Yrs : 1 2202.86
Reps 2 542, 4L
Fams 4y 1240.17
Yrs x Fams L& 184.95
Exp. Error 104 59.12
Within Fams 3234 39.67



TABLE XVIITI (Continued)

104‘

Y

Character Mean MS
Flagleaf Height i48.7
Yrs 1 98705.48
Reps 2 12345.58
Fams 48 79646, 88
Yrs X Fams 48 1792.03
Exp Error 194 1548.15
Within Fams 32134 1067.61
Vegetative Height 117.1
Yrs 1 118086. 43
Reps 2 12132.71
Fams 48 81097.09
Yrs x Fams L3 1823, 84
. Exp Error . 194 1613.55
Within Fams 3234 1050.16
Plant Yield 25.4
Yrs o 1600.43
Reps 2 620.68
Fams 48 8151.47
Yrs X Fams 48 698.67
Exp Error 1G94 420.17
Within Fams 3234 314,14
Head Weight Lo.7
Yrs 1 18647.48
Reps 2 337.61
Fams" L& 11097.74
Yrs X Fams 48 884,79
Exp Error 194 542,75
Within Fams 32134 410,15
- Vigor 3.7
Yrs 1 186.02
Reps 2 0.07
Fams Lg 1.71
Yrs x Fams L8 0.17
Exp Error 194 0.07
Within Fams 3234 0.05



TABLE XVITIT (Contimued)

105

]

Character " Mean ar MS

Kernels Per Head 974,5
Yrs i 6106717.88
Reps 2 2049404, 34
Fams 48 12426233,.62
Yrs x Fams 48 920820.54
Exp Error 194 612552, 14
Within Fams 3234 L46L465,22

Fertility 541.6
Yrs 1 7633.00
Reps 2 1061.00
Fams 48 13112.00
Yrs x Fams 48 726.00
Exp Error 194 715.00
Within Fams 3234 467.00




TABLE

XIX

CHARACTER MEAN PRODUCTS FOR THE F,

L
Characters df ) MP
PH,PY
Fams L8 9062,03
Yrs x Fams 48 179,19
Exp Error 194 217,04
Within Fams 32354 143,64
PH,K/Hd
Fams 48 288779.60
Yrs x Fams 48 6846.,98
Exp Error 194 8277.32
Within Fams 3234 L4458 .,04
PH,Vigor
Fams 48 ~18.48
Yrs x Fams 48 =5,11
Exp Error 194 -1.53
Within Fams 3234 =1,140
PY ,K/Hd
Fams 48 312954, 36
Yrs X Fams Lg 24853,.5%
Exp Error 194 15525,77
Within Fams 3234 11505.69
PY ,Vigor
Fams 48 =24 ,95
Yrs x Fams L83 -2,01
Exp Error 194 -G, 84
Within Fams 3294 -0.50
K/Hd,Vigor :
Fams 48 =795.,13
Yrs XFams 48 =61, 41
Exp Exrror 104 -29,05
- Within Fams 3234

=18.37
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