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CHAPTER 1
INTRODUCTION

Cotton .technologists ‘have long recognized that the strength of raw
lint cotton plays an important part in the production.of high quality
fabrics. Since there. are varieties, which consistently produce fibers
with relatively high tensile strength, it appears that the strength of
the fiber of commercial cottons can be improved through breeding proper
-stocks.

In order to devise a breeding program for improving fiber strength,
it is necessary to understand the inheritaﬁce, the heritability, and the
nature -of gene action governing this trait. Relatively little pertinent
information concerning these subjects. is .available, hence, results of
many more studies involving different groups of material and different
‘methods of experimentation need to be accumﬁlated to get a clearer pic-
ture of these phenomena.

It is the purpose of this study to provide some. additional informa-
tion that might contribute to a better understanding of the problem.
Specifically, the objectives of this study are to obtain estimates of
the digllel cross components of variance and other ‘estimators derived
therefrom, with respect to fiber strength,.from,é diallel cross of four
commercial varieties of upland cotton grown in Oklahoma. Their breeding

implications -are also discussed.



CHAPTER 1I
REVIEW OF LITERATURE
The Inheritance of Fiber Strength

There is relatively little informatien available on: the inheritance

of fiber strength in upland cotton, Gossypium hirsutum, L. However, it
has been fairly well established by early workers that fiber strength
was . a quantitative character being governed by -a large number of genes.

Ware .and Harrell (49) studied the Fy, Fjp, Fq, and backcross genera-
tions of a cress between, Florida Green Seed x Rowden, two stocks of up-
land cotton, and found that fiber strength was a quantitative character
and there was slight dominance of the weak fiber.

From the data with crosses involving two varieties of .upland cotton,
AHA-50 x Half and Half, Self and Henderson (42) concluded that fiber
strength was a quantitative trait probably governed by 4 or 5 pairs of
gene, They also found that the heritability estimates for this trait
‘were rather high.

In a rather indirect study, Ware (48) found that the X-ray diffrac-
tion patterns and the structure of cotton fiber were quantitative char-
.acters, Since there was.a highly significant linear correlation between
the diffraction angles and the strength of the fiber, fiber strength was

also.a quantitative character.



Tipton et al. (45) found in a recent study of two separate crosses
of upland cotton strains, Cleveland Short Sympodia x Stardell 6-6, and
Cleveland Short Sympodia x AHA-6-1-4, that fiber strength was a quanti-
tative character presumably governed by 12 or 13 pairs of gene. They
also found partial dominance of the low fiber strength and a high heri-

tability estimate.
Heterosis and Combining Ability

Considerable interest exists among cotton breeders and geneticists
on the expression of heterosis in upland cotton. Loden and Richmond
(27) reviewed early works on heterosis in inter- as well as intra-specific
crosses of cotton, pointing out findings ranging from no or little hetero-
tic effects for certain characters in certain crosses to rather substan-
tial in others.

More recent investigations on different characters (25, 32, 44, 46,
47, 50, 51) in crosses involving upland cotton varieties likewise pro-
duced variable results. Generally, in a group of materials, certain
crosses exhibit substantial heterosis for certain characters as measured
by comparing the F; with the average performance of the parental lines.
However, when such Fj's are compared with the best of the parents, there
are very few instances of significantly superior performances of the
hybrids. Heterosis in cotton seems to be of primary importance only
in yield, boll number, and boll size (32). Fiber traits occasionally
showed small heterotic effects, but were generally intermediate between
the parents.

There is rather meager information available on the relative magni-

tude of general and specific combining abilities for fiber characters



in upland cotton. Barnes and Staten (3) studied a diallel cross of
seven western Acala strains, and found that specific combining ability
was more important than general combining ability for fiber traits.
However, from another set of diallel crosses involving south-eastern
varieties, no specific combining ability was apparent. From a diallel
cross among primitive and foreign strains .of upland cotton, White. and
Richmond (51) reported a preponderance of general combining ability
variance for fiber traits as compared to the specific combining ability
variance.

From a diallel cross study of eight inbred lines of upland cotton,
Miller and Marani (32) found a significant general combining ability
variance for fiber strength and a non-significant specific combining
.ability variance.

Matzinger and Kempthorne (31) have shown that the general and speci-
fic combining ability variances are related to the nature of the gene
action of the trait in the population under study. They reported that
significant general combining ability suggests primarily additive gene
.action, whereas significant specific combining ability indicates the
presence of dominant.and epistatic effects of the character in question.

From the results of Miller -and Marani (32) and of White and Richmond
(51), fiber strength appears to be .governed primarily by additive gene
.action, although the presence of heterotic effects (32) indicated. the

presence of dominant and epistatic effects.
Environmental Effects

Environment plays a rather important role in modifying the fiber

‘characters, presumably due to the long maturity period of cotton fiber



(11).

Hancock (10) reported that, in-general, dry and warm-years tend to
produce stronger and shorter fibers than .do cooler .and wetter seasons.,
However, during years of uniform rainfall distribution, the fibers tended
to be both long and strong.

Pope and Ware (41) reported that fiber strength seems to be more
.affected by seasonal variation -than do.other characters of the fiber.
Fiber strength appears to be significantly correlated with almost-all
climatic factors (12). Hesler, Lane, and Young (19) reported that the
fiber development might be retarded if temperature is the limiting factor.

Spooner et al. (43) found that irrigation significantly increased
fiber length, but did not significantly .affect fiber strength, although
there was a tendency toward lowering of strength af relatively high
irrigation level.

Peebles, Den Hartog and Pressley (40) reported that somewhat weaker
fibers were produced by close spacing, but the mean deficiency induced

-was very small and noen-significant.

Limited information is available on the effect of fertilizer treat-
‘ments on fiber ‘traits. MacKenzie and van Schaik (28) found that nitro-
" gen treatment did not-affect significantly the fiber characters. Recently,
Murray, Reed, and Oswalt (37) reported that various nitrogen, phosphorué,
and potasium fertilizer treatments resulted in no significant differences
in fiber traits.

Miller and his co-workers (33, 34, 35) have reported that fiber
traits showed first and second order interactions between variety, loca-
tion and year. However, in many cases the interaction components were

very small relative to the variety variance component, and can be



considered unimportant.

In conclusion, fiber strength appears to be.a quantitatively inher-
ited character, governed by a large number of genes. Weak fiber appears
to be partially dominant, and the heritability estimates .are rather high.
Presumably, the nature of gene action is primarily additive with sTgll
dominant-and epistatic effects. Environment plays a part in modifying
the phenotypic expression.of this trait. The interactions between var-
iety, location and year, in many cases, are small and can be considered

unimportant in comparison to the varietal-source of variation.



CHAPTER III
MATERTALS AND METHODS
Varieties

Four varieties of commercial upland cotton commonly grown in Okla-
homa were included in this study, namely, Acala 4-42, Gregg, Lankart 57,
and Stoneville 62. A short description of these varieties, as given by
Brown and Ware (4), is .as follows.

Acala 4-42 was developed by selection from the same general mater-
ial as Acala 1517, which in turn was originally-selected from Young's
Acala.

Gregg was developed by selection from Macha, the latter was selected
from Half and Half.

Lankart 57 is.the most commonly grown variety in Oklahoma. It was
developed from a Texas stormproof cotton called Lone Star.

Stoneville 62 was developed from Stoneville 2B by the Oklahoma
Agricultural Experimental Station.

Under Oklahoma conditions, Acala 4-42 and Gregg produce relatively
high strength fibers, while Stoneville 62 and Lankart 57 produce rela-

tively weak fibers (36).
Experimental Procedure

All possible crosses of the four varieties were made: during the

summer of 1963 from.a random -sample of plants of each variety grown in



the field. These varieties :can be. considered "pure' ‘and had been bulked
for several years before. The seeds of the reciprocal crosses of any
‘two. parents were mixed together. The parental and F seeds were then
grown in the greenhouse in rows of 10 to 12 plants.each during the win-
‘ter of 1963. The parental plants were-selfed and crossed in .all possi-
ble combinations to obtain selfed parental and F; seeds. The F; plants
were.also selfed and backcrossed to both parents in order to prodﬁce Foy
and backcross seeds.

The experiment consisted of 28 entries, namely 4 parental, 6 Fqp,

6 Fo, 6 By, and 6 By generationms. They were grown in the summer of 1964,

The design of the experiment was a randomized coemplete block with
4 replications. Each entry was grown in a sing1e row plot of 25 feet
length. The spacing between the plants in the row was 24 inches, and
the rows were 40 inches. apart from each other. The plants in replicates
1 and 3 were directly sown from seeds, whereas those in replicates 2 and
4 were transplanted seedlings.

The plants were cultivated in the usual practice; irrigations were
.applied as needed; and ‘the plants were.sprayed for insect contrel.

Due to the differences in maturity among the plants in the popula-
"tions, the plants were harvested twice during the season. Samples of 10
bolls were taken from plants which had 10 or more bolls. The seed cofton
- was ginned with a saw gin, and the lint was analyzed for their fiber
‘properties. The strength of the fiber reported in this study was
measured in Ty unit, namely, the strength of a bundle of fibers measured
on.a Stelometer with two jaws holding the bundle tight1y~appressed. The

strength is expressed in grams/grex.



Statistical Procedure

A, Analysis of Variance. Analysis of variance was conducted to
test the differences in fiber strength among the entries, and to pro=-
‘vide an estimate of error variance, which will be:.used in testing the
presence of heterosis and inbreeding depression.

B. Test of Heterosis and Inbreeding Depression. To test the pre-
sence of significant heterotic effect the mean of the F; of each cross
was compared with the mean of each of its mid-parents (MP) value. By
assuming that the mid-parents values are normally distributed and have
‘equal error variance as the Fj, t-tests were conducted on each of the
mean-of (F] - MP) values.

Inbreeding depression was tested by comparing the mean of Fo and
that of Fy of each cross. Similarily, the-erroruvarianees/of F; and
Fo values are assumed to be équal, and t-tests were conducted on each
of the mean of (Fy - Fl) values.,

In addition, the direction of the average degree of dominance in
the parents was determined from the sign of the mean of (F; - MP) values.
On the assumption that these differences are normally distributed, the
confidence limits of the mean of (F; - MP) were set.

C. Diallel Cross Analysis. The diallel cross analysis employed
in this study is the one developed by Jinks and Hayman (23).and later
elaborated by Hayman (13, 14, 15, 16) and Jinks (20, 21, 22), and
recently used and discussed by Crumpacker .and Allard (6), Johnson (24),
White and Kohel (50), and Whitehouse, Thompson.and Do Valle Ribeiro (52).

Hayman's model is based on several assumptions, each of which must

hold true for the analysis to be valid. These assumptions are (6):
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1. Homozygous parents

2.0 Diploid-segregation

3. No reciprocal differences

4, No genotype - environment interaction
“ Novnon-allelic-gene interaction

6. 'No multiple alleles

-7. Uncorrelated gene distributions

‘The first four assumptions appear to be valid for G. hirsutum,

G. hirsutum can be considered as a mostly-self-pollinated crop.
With controlled pollination, a homezygous .condition can be more assured.
The parental plants used in this study .are samples of rather 'pure" var-
ieties, which had been bulked for several years, and selfed for one
- -generation. Consequently, the parental.plants are considered to. be
fairly homozygpus.

Although G. hirsutum is an amphidiploid, according to Endrizzi (9)
and Kimber (26), it segregates in a diploidal manner.,

"For most characters of cotton, many.authors consider that there
are no differences between reciprocal cro;ses. Recently, White and
Richmond (51) reported no significant differences between reciprocal
crosses for fiber strength and other fiber properties.

The fifth assumption can be tested using the method given by Hayman
(l4), which are presented later in ‘this chapter.

The last ‘two assumptions, in fact all of these assumptions, can
‘be tested by the diallel cross or (Vr, Wr) graph (14, 20, 23). This
test is presented later in this chapter.

When these assumptions are valid, the contfibution of each locus

to the family means in.a diallel cross .can be-described in terms of the
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genetic -parameters u, v, d, and h (23, 29), where:

1

u and v = respectively, frequencies of positive and. negative alleles.
oLy, v, < 1; utv=1

d

l

additive effect. o Ld<cg

—

h

I

dominant effect. '.°2$ h 6335 ¢ £ 0, ¢

\YJ

> ©
c1s ¢y and c3 = constant: values:(for each. gene).

Then a number - of statisfics can be calculated from the pareni:al,'
" F1, Fy, and backcross family means. For. a number -of genes, say k,
the genetic contents of certain s.t~atistic$,v in terms of the genetic

parameters, from the parental and F; family are as follows:(13, 23):

var.l of parents = Vp=Vgo =4 iuividg o (;)
Var. of the rth array? = vr .= Jé ujvi(dy - hi)z + ‘
. L=t
| J%uiVi (45 + by)? (b)

Mean var. of arrays = V;;, = 2[U]~_Vi{d§ + hg_ - - %

2d; hy (y - vi)}] (¢)
Var. of afr»ay,.mea‘,ﬁs =Voy ¢ =& uivi:‘{ dj = ~ . = | ‘

‘hy (uy = vi)}2] (e)
Covar.3 of the rth array = Wr = 2 :2.,' uzvy dy (dy - hy) +

2]% uj vy d; (d; + hy) (£)

Mean covar. of ‘arrays ='W0L01 =22 [ui vy dg {di-' -
(uj - vy) hi}] (8)

i=1, 2,...4,.7k} j -sseheinuitbériofinegativesalleles; j < k

1Var .= variance.

2Array. = All crosses which have a common parent, including the
parent itself. : ‘

th

3Cov-ar. = Covariance of the r'" array and their non-recurrent parents.
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The subscript L refers to the diallel cross mating system, and the sub-
sequent number(s), beginning from O for the parents, refer to the gene--
‘rations under consideratien. In variances of individual measurements,
the number preceding L is the same as the one following, whereas in
. variances of means and in covariances, the number(s).preceding L refers
.to the generation(s) of the common.parents. ‘The summations-are over .all
values of i, except for Vr and Wr,
Jinks and Hayman (23) defined the.diallel crosses . components of var-

"iance or ‘the diallel cross parameters .as:

D 4 £ ujvidl (p)
Hy = 42 ugvih? (q)
Hy = 16:Eu§v§h§ (r)
F =85 [uivi (ug - v4) dyhy (s)

Taking into account the environmental variances, the expectations of the
variances and the covariances of the family means, in terms of the dial-
"lel cross components of variance, are as follows:

For parental and F; families (13, 20):

Voo = D *Eg
Vop, = %D+ % Hp - ¥Hy - ¥F + Eg + (n - 2)E1/n?
Woro1 = %D-- ¥F.+.Eg/n

‘where: Eogand E| are the-environmental variances for the parental and
F1 families.
n is the number of parents in the diallel cross.

For parental and Fy families (14, 22):

Vorg = &+ (1/16)H; - (1/16)H, - (1/8)F + Eg + (n - 2)Ep/n’
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Vip = ¥D+ (1/16)HL - (1/8)F + Eg + (n - 1)Ep/n
Vop = ED + (1/8)Hy + Ep

Worg2 = %D - (1/8)F + Egp/n

‘where: E, is the environmental variance for the F, family, .and Eg»
E1, and n are as defined above.
For ‘the parental and backcross.populations (22):

In the absence -of non-allelic interactions, there exists a relation-
ship between the F, family 'mean and the means of the two reciprocal back-
cross families, namely;F},= %(El + 32). Thus, in :.the absence of non-
.allelic:interactions, the expected statistics for the means of the reci-
‘procal backcross families are identical with. those for ﬁhe»Fz family
‘means (22).

Estimates for each set of these statistics can.be .calculated from
the tables consisting of the means of the parents and Fy's, the -means
of the parents and F,'s, and the means of the parents and the average
.of the reciprocal backcrosses. These three tables.will, respectively,
be called the Lj, Ly, and B; tables.

Since the estimates of envirommental varignces can be obtained from
replicated experiments, the estimates of the diallel cross parameters
can be solved from each set of equations given previously. These equa-
tions can be solved by a method given by Mather (29) and Hayman (13).
The normal equations of the diallel cross parameters are obtained and
their coefficients are set in a squaré;matrix.that.is symmetrical about
. the main diagonal. This matrix is then. inverted to obtain‘the covar-
iance matrix. The latter-is used .to provide -estimates of D, Hy, Hy, and
F. In this solution, VOLO"VOLl’ ViLls and WOLOl are .assumed to be

independent and normally distributed.
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To avoid these assumptions, Nelder (38) and Crumpacker and Allard

(6) suggested that each replication be treated as a separate experiment

.with its own environmental component of variance. Then by assuming that
the estimates of these parameters from each block are samples of normal
population, the standard error of the mean of each of these parameters
can be estimated from the variation of the block values around the over-
all mean. This is considered desirable, since the distribution of the
sample means tends toward normality with increasing size of samples,
eventhough the individual varieties may not be distributed normally.

The estimates of the diallel cross parameters in this study .are made

according to Nelder's suggestion with separate estimates of environmen-

‘tal variances.

A number of important estimators that may be derived from the dial-
lel cross parameters (22) among others are:

1. Hl/D’ an-estimator of the.ayerage degree of dominance, since H}/D =
:E_uivihi/:iuivid%. This quantity is weighted in favor of the genes
which have both alleles represented equally in the parents and have
large h effects (6). With average partial dominance, H;/D is éxpec_

‘ted to have a value between 0 - 1, The square root of Hj/D is a
weighted measure of the average degree of dominance at each locus.

2. (VlLl - E)/(Wgp01 - E/n) is another estimate of the average degree
of dominance. It isa weighted estimator in the same sense as H;/D,
and with partial dominance it will also fall between 0 and 1.

3. The sign of (Fl -'MP), an indicator of the average direction of domi-
‘nance. The variation of the individual (?1 - MP) around the mean

of (Fl - ﬁ?) was. used to estimate the standard error for the mean

Of (F-l - -L,l—P)o
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%Hz/Hl, an:estimator for the average frequency of negative versus

positive alleles in the parents, -since %HZ/HI = (:E_u%vghi)/

(= uivih%) = W. It has a maximum value of % when u.=v =},

If the negative and the positive alleles are not equally distri-

"buted among the parents, uv < %. This estimator is weighted in

-favor of the genes with large h effects. No information is provided

for the genes that have no dominant effects.

The parameter F = 8% uivi(ui - Vi) dihi}' Its sign depends on :the

-sign of (uy - Vi) h;, and the magnitude of each of these parameters.

If no genes exhibit dominant effects, or if the dominant and the

recessive alleles of each gene are distributed equally among the

-parents, F = 0., In the excess of dominant alleles F will be posi-

tive, whereas an excess of recessive alleles will cause F to be

negative. Thus the sign of F is an indicator of the relative fre-

‘quencies of dominant and recessive.alleles in the parents. When

the h effects .of each gene are unequal, the sign of F will be

‘weighted in favor of the genes with'largexh effects.

K, the effective factors = (Fl -'?)/%Hz;

An effective factor has been.defined by Mather (29).as the smallest
unit that is capable of being recognized by the methods of biometri-

cal genetics., It may be a group of cleosely linked genes or, at the

- lower limit, a single gene. The value of K will be underestimated

unless the h effects of all genes are equal in sign and size, and
the distribution of the genes is uncorrelated (20, 29). It also
gives no information on: the genes with no dominant effects.

Most of these estimators are .ratios, and the question: of their

biasness immediately.arises, This problem is a troublesome one. However,
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- the. approximate standard errors.of these ratios can be estimated simi-
lar to Nelder's suggestion in estimating the standard error for the dial-
lel parameters, namely, from the variagtion of the ratios calculated from
‘each block around the over-all mean of the ratios. For example, the
ratio.of Hy/D is determined for each block and the block values are

used to estimate the mean, and the standard error of the mean of Hy/D.

D. Diallel Cross Graph. Consider equations- (b), (f£), (p), and
(q). The quantity Wr - Vr is equal to %(D - Hj) and is expected to be
constant over all arrays, independent of r, if the basic assumptions are
valid and environmental effects are negligible. Thus, Wr = contant +
Vr, under these conditions. By plotting Wr on Vr, the regression of Wr
upon Vr is a straight line with unit slope (7, 23).

Consider equations (a), (b), and (f). Jinks and Hayman (23) have
shown that there is an inequality of Wrzsg.Vp Vr. This means that all
Wr and Vr points on the (Vr, Wr) graph should lie inside the parabola
wr2 = Vp Vr.

Thus, the regression of Wr on Vr in the diallel cross or (Vr, Wr)
graph can be used to test the validity of the basic assumptions, sup-
ported by the fact that all values of Vr and Wr should lie inside the
wr? = Vp Vr parabola.

Furthermore, the (Vr, Wr) graph is also a means to make some gene-
tic analysis. Consider again:the equation Wr .= %(D - Hj) + Vr. When
Vr. = 0, then Wr = %(D:- H1). Thus on the (Vr, Wr) graph, the Wr inter-
cept is an indicator of the average degree of dominance in the experi-
‘mental materials. With partial dominance, Hj £ D, the Wr intercept will

be positive, whereas in overdominance, H1:> D, the Wr intercept will be

negative. With average complete dominance, Hj = D, the regression-line
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will pass through the origin. 1In the case of no dominance, all points
of the (Vr, Wr) graph will estimate one single point, Wr.= 2 Vr (6, 7,
23). Dickerson and Jinks (7). illustrated these situations with certain
values of dominance (Fig. 1).

The positions of the array points along the line of regression of
Wr on Vr depend upon the relative proportion of dominant and recessive
alleles present in the common parent of each array (13, 20). Parents
with a preponderance of dominant effects will have .a low .array variance
and covariance, and will lie near the origin. Highly recessive parents
will have a large array variance and covariance, and will lie on. the
part of the regression line, away from -the origin. If the deminant
effects of the genes are unequal, the positien.of an array poeint will

be weighted in favor of genes with. large dominant effects.

W

Fig. 1. The regression lines: of Wr -on Vr with varying
degrees of dominance. After Dickinson, ,and Jinks (7).
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The analysis. by means- of the/(Vr, Wr) graph can be. applied and

interpreted similarly to the F, family (15, 23). Further, the graph
2 P

- of F1 array variances or covariances on- the F, variances or covariances

should be on a straight line of slope % (15, 23).

Thus, the (Vr, Wr) graph.provides a test of the validity of the
‘basic. assumptions (b; = 1), the presence of dominance, and the average
degree of dominance (the sign.of bo), where by is the slope of the
regression line and by is the Wr intercept.

Failure of any of the basic assumptions will cause deviation of
the (Vr, Wr) points from the regression lifhe with unit:slope. With
increasing proportion of heterozygosity in the parents, there will be
a proportional shifting .ef the.regression:.line upwards and to.the left.
The effect of this shift. is to simulate a2 lower level of dominance.

The deviation:of the regression line from unit slope may be significant

(7, 23). Similar bias may be .due to allele frequencies correlation,

or linkage (7). Non-allelic interaction, particularly complementary

gene action, results in deviation of the points .corresponding to. the

arrays of the interacting parents. from the expected regression: line,

Hence, in-éuch,cases,.the‘actual fegressionaline will usually deviate

from unit.slope. It.may cause extreme deviation of the corresponding

points to the right and below the expected regression line (7, 13, 23).
"E. Test of Non-wallelic Interactions. Oné of the many recent explana-

tions of heterosis is the joint. action of favorable combinations of genes

‘at different loci, that is non-allelic interactions or epistasis. Comstock

and Robinson (5) pointed outfthaf non-allelic interactions could inflate

intra-allelic interactions. .Jinks (21) suggested that apparent over-

dominance may be due to epistasis. Henderson (18) suspected that
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non-allelic interactions might be partly responsible for heterotic effects.

Due to the .Importance of non-allelic-interactions, Hayman (14) intro-
duced a method to test the significance of these interactions in the
diallel cross ex;eriment, when the F5 .is included. It is a kind of Chi-
square test for fit that can be calculated from the 2L, -~ L; table.
This table is similar to the L; or Lj table, and as the name suggests,
it is constructed by subtracting each term of the L; table from twice
the term, in similar-position, of the L2 table.

The Chi-square value for %n{(n - 1) degrees of freedom is (14):
Chi-square = ky [k(n -‘l)(VlLX - VOLX) + n(p - x)/(1 + k) +

(n - D)Wy - &g o0 + 4010/ (2 + k)']

Where: Voro: Vorx» Viixs and Wgpgx are analogous to Vg1, Vgr1s Vipgs

and Wnygp, calculated from-the 2Ly - L; table.

k = nEO/(8E2 + E; = Eg)

ko = n/(8Ey + 2E;)

Egs E1, By, and n are as defined before on page 12.
p = the mean of parents

X = the grand mean (of parents, Fj, and Fj).

A significant Chi-square value indicates the presence of signifi-
cant non-allelic interactions. It can be investigated in detail, whether
it is manifested in the Fy, or F, families. Then the epistatic crosses

can also be classified into duplicate or complementary epistasis (14, 52),



CHAPTER IV
RESULTS AND DISCUSSION

In this experiment, the plants .grown from seedlings survived better
than those grown by direct seeding in the field. Many of the plants in
replication 1 and replication 3 did not grow well, some had no . or less
than 10 open bolls during the harvest time. The number of observations
or subsamples in .replicate 1 varied from O to 13, whereas that in.repli-
cate 3 varied from 3 to 13. The smallest number of subsamples in repli-
cate 2 and replicate 4 -are 6 and 8, respectively. The complete number
-of subsamples for-each entry_iﬁ.each repiicate is given in Table I.

Due to the missing observation of the Gregg population in repli-
cate 1, and the presence of very small (three) subsamples in replicate
3, only the analysis based on . replicate 2 and replicate 4 is presented
in this report. To avoid any effects of unequal subsamples in.the dial-
lel analysis, random samples (except for the entry that has the smallest
number of subsamples) of 6 observations were taken from each population

for statistical analysis.
Analysis of Variance

The analysis of variance based on these two replications is given
in Table II. There are highly significant differences among the popula-
tions. Block effects, experimental and sampling errors.are relatively

-small in:.comparison to the variation of the population. The differences

20



NUMBER OF SUBSAMPLES

TABLE 1

21

Replicate

Generation Entry 1 2 3 4 Total
. Parents A 7 9 - 10 110 36
G 0 212 3 10 - 25
L 10 - 12 5 12 39
S 9 12 8 .12 41
Fq Ax G 6 10 8 9 33
Ax L 12 12 -9 211 44
AxS 9 11 8 12 40
G.xL - 13 112 10 12 47
G.x S 9 8 .5 9 "31
Lxs 9 .9 9 11 38
2 A X G - 10 11 -8 9 38
Ax L 9 11 5 11 36
A xS 9 9 11 12 41
GxL 5 13 8 11 37
G xS 6 13 10 11 40
L' x 8 11 12 5 9 .37
By (A xG) xA 6 12 -5 10 33
(A x L) mA 7 10 .6 11 ~ 34
(A xS) xA 8 12 8 8 36
(G x.L) xG 10 6 7 8 31
(G x8) xG 9 11 5 .9 34
(LxS)xL "9 10 9 "12 40
By (AxG)xG 5 13 5 9 32
e (AxL)xL 6 12 5 -9 32
(A x8) xS 5 13 5 13 36
(G.xL) xL 2 12 8 10 32
(Gx8) xS 6 12 8 -10 36
(LxS) xS 8 12 '3 10 33
Legend: A = Acala 4:42
G = Gregg
- L = Lankart -57
S = Stoneville 62

These abbreviatioens will be used:in many ‘instances. in this report.



22

TABLE II

ANALYSIS OF VARIANCE

Source of variation d.f. Sums of Squares Mean Squares
Total 335 349.6630

.Replicate 1 0.3523 0.3523
Population 27 237.4092 8.7829%%
Experimental error 27 :12.6669 -0.4691
Sampling: error 280 99.2346 0.3544

*#*Significant at 1% probability ievel.

among -the populations are likely to occur, since two of the parents have

high tensile strength, and the other -two have low tensile. strength.
Heterosis and Inbreeding Depression

- The means of parents, mid-parents, ?1, ?}, (?1 - MP), and (FE - ?H)
,are given in Table III. The estimate of the standard error of the dif-
ference between two means is 0.39. None of the calculated t - values
of each of (Fi - MP) and of (F} -»?E) exceeds the tabulated t-value .at
5% probability level. Thus, heterotic effect and inbreeding depression
.are not significant at 5% probability level.

All of the differences of the F; and the mid-parent values have
‘negative signs. The standard error:-of the mean of these differences
is estimated to be 0.015. The 99% éonfidence limits on the mean of the
differences are 0.1l and 0.0l. Thus the sign of the average degree
of dominance in the parents is negative, or the low tensile strength
is dominant over the high tensile strength. This confirmed the findings

of earlier workers (42, 45, 48).
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TABLE III

MEANS OF PARENTS (Pq, P2), MID-PARENTS (MP), Fj
Fy, (Fl - MP) AND (F2 - Fl) OF INDIVIDUAL
CROSSES, IN GRAMS/GREX

Crosses  Pp Py MP F1 Fo  (Fp - MP).(Fp - Fq)
AxG 4.00  .4.10 4.05 4.02 4,04 -0.03 0.02
AxL 4,00 -3.23 3.62 3.54 3.57 ~0.08 0.03
A xS 4,00 3.47 3.75 -3.64 3.50 -0.10 - =0.14
L.x S 3.23 3.47 2335 3.34 3.50 -0.01 0.16

In conclusion, no heterotic effects and inbreeding depression. are
detected, at 5% probability level, in.individual crosses of the materials
studied, although there are highly-significant differences among the
- populations. The direction of the average degree:of dominance in the
parents .is toward the low ‘tensile strength, or on the average there is

dominant effects of low temsile strength over high tensile strength.
Diallel Cross Graph

Before proceding to the estimation of the diallel cross parameters,
it is essential to see that.the basic. assumptions are valid. A method
to. test the validity of these assumptions is by.analyzing the diallel
“cross. or the (Vr, Wr) graph (7, 13, 23).
The means, overall replicates, of the parents, F;, and F, are given
- in Table IV and Table V, which are the L; and the L, tables, respectively.
The means of parents are in the diagonal, and those of the crosses. are

in the off-diagonal positions in the respective table.
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TABLE IV

MEANS OF PARENTS AND F;, IN GRAMS/GREX

Parent -A G 'L S
A 4.00 4,02 3.54 3.64
G 4,10 3.72 . 3.80
L 3.23 - 3.35

TABLE V

MEANS OF PARENTS AND F,, IN GRAMS /GREX

. Parent A G L S
A 4.00 4,04 3.57 3.50
G 4.10 3,72 3.80
L 3.23 3.50
.S .3.47

Estimates-of variance of parenté (Vp), variance of each array, (Vr),
and covafiance~of each array (Wr) were calculated for the F; and F, gene-
rations from the L; and L, tables, respectively. For each of the array
variance or covariance, r was substituted with a, g, 1, and s, which
.stands for Acala 4-42, Gregg, Lankart 57,fand Stoneville 62 -arrays,
respectively. The values.of these estimates are-given in Table VI.

The Vp, Vr, and Wr values calculated from the L; and L, tables were
plotted into the (Vr, Wr) graphs, respectively, in Figure 2 and Figure
3. 1In both graphs, . all points lie inside the theoretical parabola

Wr2 = 0.1746 Vr. The slopes of the regression:lines of Wr~qn'Vr‘(b1)
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TABLE VI

ESTIMATES OF Vp, Vr, AND Wr

Generation
.Statistics Fl Foy
Vp 0.1746 0.1746
Va 0.0605 0.0795
Vg 0.0510 0.0337
- V1 - 0.,0303 0.0420
Vs 0.0342 0.0242
Wa 0.1027 "0,.1110
Wg 0.0941 0.0765
‘W1 0.0725 0.0786
Ws -0.0758 '0.0423

in both graphs are not significantly different from one, and the Wr inter-
cepts (bo) in both graphs.are positive,,but:only-in the F] generation

-is it.significantly different from.zero at 5% probability level. The
complete regression. analyses following the method given by Ostle (39)

are in Appendix A and Appendix B.

From the results of the regression .analysis, it seems likely that
the basic .assumptions are valid. However, the positions of the array
points .along the regression lines in figure 2 and figure 3 are not con-
‘stant. This provides evidence that some of the basic assumptions are
not strictly valid.

The position of the regression lines toward the hypothetical para-
bola in both graphs show that, on the average, the deminance effects
are not complete. As:previously shown, the.direction of the average
degree of dominance is negative; hence, there is partial dominance of the

low over high tensile strength. This was also found by earlier workers



Wr

o.10

o.0f
c.06

.04

3. 3 " 1 3 i3 ] A 1 1 X

L
(o] .0, . . , N o.
0.02 o.o4 .06 c.ok a.lo 12 Vp

Fig. 2. The (Vr, Wr) graph of the Fj family.

o2

0.10
0.08
0.06

0.04

O.02 |

0.02 0.04 0.06 a.08 o.10 oz V
r

Fig. 3. The (Vr, Wr) graph of the F, family.

26



27

(42, 45, 48).

The positions of the . arrays along the regression line in figure 2,
suggest that Lankart 57 -and Stoneville 62 are parents with.a preponder-
-ance of dominant alleles, and Acala 4-42 and Gregg -are highly recessive
parents. However, in.figure 3 Gregg, Lankart 57, and Stoneville 62
do not maintain their positions. The downwards shifting of Gregg .and
Stoneville 62, suggests ‘that these two parent probably contribute non-
allelic interactions (7, 13, 23). The positions of Acala 4-42 and Lank-
-art 57 shift upwards and: to the right; an indication that these two parents
. are probably not quite homozygous, The position of Acala 4-42 in the
F,; and F) generations are always on:the top of all arrays, farthest from
the origin. Therefore Acala 4-42 is the parent that has the least domi-

nant effects.
Test of ‘Non-allelic Interactions

Due to the evidence of the presence of non-allelic interactions,
as shown from Figure 2 and Figure 3, it is necessary to test the signi-
-ficance of these interations. The method .given by Hayman (12): was used

here. Table VII is the 2L2 - Ll table.

TABLE VII

THE 2L, -'L1 TABLE*

Parent A G "L S
A 4,00 4.06 3.60 3.36
G 4,10 3.81 3.83
L 3.23 "3.65
S 3.47

*See text for explanation.
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The calculated Chi-square value for 6 degrees of freedom is 0.94.
The tabulated value at 5% probability level for 6 degrees of freedom is
12.6. Thus, non-allelic interactions exhibited by Gregg .and Stoneville
62 arrays are not significant.at the 5% probability leyel. This is also
supported by the results of the regression analysis that the slopes of
the regression lines in both gene;ations‘do not deviate significantly

from one. Since there are no significant non-allelic interactions, no

further test: was conducted to find the type of interactions,
Diallel Cross Analysis

Evidence from the regression analysis of Wr on Vr, in both F; and
Fo generations and the result of the Chi-square test for non-allelic
interactions .suggests: that the basic .assumptions are, to a certain
extent, valid, Hence, the estimation of the diallel cross parameters
can be- justified,

As suggested by Nelder (38), by Crumpacker and Allard (6), and by
Hayman (17), each replicate was treated as separate experiment, and the
estimates of D, Hy, ﬁz, and F from each replicate are regarded as sam-
ples of the true parameters. In addition, the estimates of these para-
meters calculated from the Fz‘and backcross generations were also
regarded as such samples, since these estimates are .also estimates of
the true parameters in.the parents.

The sets of parent and Fj generation means, of the parent and Fj
generation means, and the parent and the average of reciprocal back-
cross means for each-feplicate.are presented in Table VIII, Table IX,
and Table X. In most cases, the differences between the means of any

generation in the two replicates are not.apparent. This was expected,



TABLE VIII

MEANS OF PARENTS AND Fj IN. REPLICATE 2%
AND REPLICATE 4, IN GRAMS/GREX

Parent A G L S

A 3.90  "4.01  3.54  3.69
4,10 4,02 3.54 3,59

G 4,12 3.54  3.84
4.08  3.67  3.70

L 3.22  3.35
3.24  3.34

s 3.46
3.47

*Upper figures are the means in replicate 2.

TABLE IX

MEANS OF PARENTS AND F, IN REPLICATE 2%
-AND REPLICATE &4, IN GRAMS/GREX

. Parent A G L S

A 3.90 3.88  3.60  3.50
4.10  :4.20 . 3.54  3.49

G 4.12° '3.62  3.83
4.08 3.8l  3.76

L 3,22 3.52
3.24  3.48

S 3.46
3.47

*Upper figures are the means in replicate 2.

29
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TABLE X

" MEANS OF PARENTS AND BY IN REPLICATE 2%*
.AND REPLICATE 4, IN GRAMS/GREX

Parent A G L S
A 3.90 4.09 3.39 3.72
4,10 4,07 3.42 3.56
G 4,12 3.55 3.89
4,08 3.78 3.88
L 3.22 3.44
3.24 3.43
S 3.46
3.47

*The. average of reciprocal backcrosses

~%%Upper. figures:are the means in replicate 2.

since there were no significant differences between replicates, as indi-
cated from the .analysis of variance.

Estimates of variances:and covariances needed to estimate the dial-
lel cross parameters, calculated from each replicate for each generation,
do not differ markedly. The low figures .of the estimates»are‘probably
due to the scale of measurement used in this study.

Estimates :of environmental variances for the parents, Fis and F2
.generations, namely, Eo, El’ and E,, were calculated as the within group
variance of each generation in each replicate. These estimates .and each

-of their. averages can be found in Table XII.
It appears that the estimates in both replicates are homogeneous,
but no statistical test is conducted, since the estimates of each repli-

cate will be used separately in the estimation of the diallel cross



TABLE XI

ESTIMATES QF THE SECOND DEGREE STATISTICS, USED FOR THE ESTIMATION OF
'THE DIALLEL CROSS PARAMETERS, OF F;, F,, and B; GENERATIONS

Fq Fy By

Statistics Rep., 2 Rep. 4 Rep., 2 ‘Rep. 4 Rep. 2 Rep. 4

VorLo 0.1673 0.1923

VoLl 0.0454 0.0475

VlLl 10.0329 - 0.0416

Wor01 0.0845 | 0.0895

VoL2 - 0.0364 - 0.0722 0.0588  0.0589

ViLo 0.0263 0.0462 0.0473 0.0459

Voro -0.0426 . 0.1276 0.1241 0.1153

Wo1.02 0.0662 0.0899 0.0962 0.0881

TABLE XII

ESTIMATES OF ENVIRONMENTAL VARIANCES

Statistics Rep. 2 Rep. 4 Mean
Eq 0.0441 0.0291 0.0366
By +0.0251 ©0.0536 - 0.0396

E, 0.0342 0.0422 0.0382
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parameters. The averages seem to be more uniform, and were used to
determine the values of kvand,k2 for the test of non-allelic interactions.
In general, the estimates of envirommental variances. are rather large, in
comparison to some of the estimates of the second degree statistics given
- in Table XI.

"By -substituting the value of environmental,variaﬁces into the equa-
tions given in the previous chapter, the estimates of D, Hj, Hp, and F
were solved, These estimates, each of their means, and their standard
errors are presented in Table XIII. Each of their standard errors were
estimated from the variation:of each estimate in each replicate in each
generation,  around their respective means.

Of all the estimates, only those of D that are consistently posi-
tive throughout the replicates and generations, and the mean of these
estimates . is significantly different from zero .at the 5% probability
level. The mean of the estimates .of F is also poesitive, but its stan-
dard error ‘is comparatively big. The mean of the estimates of F is signi-
ficantly different from zero at- approximately 20% probability level.

Only by -disregarding the estimates from the F1 generation in the calcula-
tion is the mean of F significantly different from zero .at 5% probability
level. The negative estimates of H; and H, are rather puzzling, since
their true values should be -either zero or positive., Probably the true
- values of each of these parameters,.are very small. It may-also be

due to the large value of the estimates of envireonmental variances.
As is observed from Table XI and Table XII, some of the estimates of
variances that contain these twovpa:ameters, are even smaller than the

environmental variances.



TABLE XIII

ESTIMATES OF THE DIALLEL CROSS PARAMETERS,
THETIR MEANS AND STANDARD ERRORS

F F - B
1 2 1 ,
Parameter Rep. 2 Rep. 4 Rep. 2 Rep. & Rep. 2 Rep. 4 Mean Standard Error
D 0.1232 0.1632 0.1864 0.3144 0.3212 0.2938 0.2337 0.0787
F =0.,0476 -0.0024 0.3040 0.5968 0.6032 0.5288 0.3305 0.2705
Hy =0,1600 = 20.1892 - =0.3056 0.0544 0.0768  -0.0027 =0.0877 0.1399
H2 ~0.1468 «0.1796 -0.6368 =0.9216  =0.6214 =0.7136 «0.5371 0.2438

£e
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It can be concluded that the estimate of D is bigger than that of
Hy, or presumably the genetic variance'of the ﬁarents‘are~primarily
.additive and/or additive by.additive,components. 'The component of var-
iance .due to the deminant effects, Hj, is either zero or:?ery-small;

If it were zero, most probably the dominant effects 6f each locus can-
cel each other.

The positive value of the mean of F suggests’thﬁt.the frequency of
positive. alleles, in this case the'high‘ténsile'strength,vin'the par-
ents is higher than its negative counterparts. It was rather expected,
‘because from the history of these four varieties, they had been sel-
ected for their agronomic characteristics, probably including their
"tensile strength.

Due to the negative estimates of Hy and Hjp, (andvtheyaare also not
significantlyldifferent from zero) some of the estimators that contain
-any or both of these parameters were not estimated. The average deg;ee
of dominance, that can-be-estimated as Hy/D, was estimated by (Vi1; - E)/
(Woro1 = E/n), where E is the:average of Ey plus Ej over-all replicates.
Since. there.are only two estimates éf VlLl and WOLOl,.their means wére
used in:.the calculation. The estimate calculated thusly is 0.09. There-
fore, on the average the dominant effect-among the parents is not com-
plete. No statistical test was conducted on this estimates. This. value
supports the evidence shown from the-(Vr, Wr) graph of partial dominance
of the character.

Estimates of heritability were calculated as the additive .and/or
.additivé by .additive genetic portion of the. variance of pafents (VOLO)’

and as- that of the mean variance of arrays (VlLl)‘ ' These estimates are

79% and 949, respectively, In both cases, the heritability estimates
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are high.
Discussion

Cotton breeder, as many other breeders of self-pollinated crop
plants, realize slow progress has been achieved in breeding quantita-
tive characteristics. This slow progress, in part, may be due to a
slow development of the breeding principles for the. complexly inherited
character.

Two important problems. are. faced by the breeders of self.pollinated
plants. First, to choose the best parents for hybridization, and second,
the selectioniof the best lines from hybrid progenies. The efficiency
of’breeding.se1f+pollinat¢d plants, thus depends on accurate identifi-
' cation of the hybrid combinﬁtiops that have.a good potentiagl of produc-

ing maximum improvement, and on‘identifying"ih early generations super-
ior lines among the progeny of the promising hybrids.

Diallel érosskanalysis‘is probably the most popular design for
;assessing.quantitativeuvariabilitygin-self-pollinated~crops, because

it may be used to.characteriie~crqssing'relationships-among«a group . of
varieties or lines (30). 1In.a way,-this;study was aimed towards  the
assessment of the prqgress\that could pessibly be obtained from: the
diallel croess:study.

In choosing the best parents for hybridization, naturally, the
first thing to see is whether any of the Fj crosses show some signifi-
cant heterotic effect in'the desirable: character. 1In this study, none

. of the crosses. showed significant heterotic effects, as indicatéd from

‘the comparison of the F; of individual crosses and their mid-parents

_value. By comparing the.array peoints along the regression  line, Acala
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4.42 seems to be constantly the variety most removed from the origin.
This suggests that the crosses with Acala 4-42 might be the promising
hybrids, at least.among the crosses in this study. Although the Gregg
array in the F, generation is almost in the same position.as Acala 4-42,
it shifts downwards in the F, generation, an indication of the instabili-
ty of this array, which is probably due to non-allelic interactions.
Thus, based on this study, although Gregg in itself has tensile strength
as high as Acala 4-42, its hybrids are less promising than those of Acala
442,

The (Vr, Wr) graph can also be used to identify which of the parents,
if any, contribute to the significant deviation due to non-allelic inter-
actions. It can be done visually from the graph, or probably more accura-
tely by conducting the regression.analysis, using. all possible combina-
tions of all arrays but one. The results of the regression analysis in
this study do .not indicate that such a test should be conducted, since
in the F; and the F, generations, the slope of the regression line do
-not significantly differ from one, and non-allelic interactions are not
significant in the materials under study.

In the presence of significant non-allelic interactions, further
tests can be conducted to determine in which generation these inter-
ractions are manifested, and whether the interactions .are complementary
or duplicative (14).

The second use of diallel cross is concerning information of the
base population, from which the parents is a sample. Due to the small
number of parents included in this study, none of the components of
variation, either statistical or genetical, can be significant estimates

of the population parameters (17). However, based on Eisenhart's (8)
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suggestion, Hayman (17) stated that the estimates be interpreted, for
-the particular set of parents, as if it would have been. interpreted for
-a population whén derived from a sufficiently large sample of parents.
Thus, as it has been summarized in:the conclusion, presumably ‘the addi-
“tive and/or the additive by .additive components composed primarily the
genetic variance in the parents.

Large estimates of heritability of the trait suggest that improve-
ment can be efficiently made by mass selection within the promising.
hybrids. Thus, mass selection applied to Acala 4-42 array, in parti-
cular to the best cross among this array, is expected to be effective
for improving tensile strength.

One of the important problems in using Hayman's method is to see
~that the basic assumptions can be fulfilled for the analysis to be valid.
It was indicated that certain of these assumptions .are not strictly valid
for these materials. One: of these was that of no.non-allelic interactions,
as indicated from the unstabile position of the array points,.and that
of no linkage. The latter is presumably present because the materials
.are selected varieties. Neverthelesé, since these partial failures of
the assumptions seemed unlikely to produce gross hiases in the genetic
analysis, it was concluded that the application.of the dialel analysis
to the data is justified.

Another problem involves practical difficulty. By accepting the
assumptions of Crumpacker .and Allard (6) that block values be treated
as . samples, which is also justified by Hayman (17) for small diallel
crosses, ample number of blocks: should be provided. This means more
seeds are needed, and more crosses should be made, Thus, creating a

practical problem of tedious hand pollinations, which will inerease with
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. increasing number of parents.

In general, providing that these problems can be overcome, diallel
cross. analysis is a valuable tool, that can guide the breeders in improv-
-ing quantitative characters in self.pollinated crop plants. To test
the stability of the estimates of .the parameters and the interaction of
-any of the»parameterswith.environment, the experiment should be repeated
in: time and space. The inclusion of the backcross generations is not
quite necessary in: this .analysis; the'Flland Fy generations can provide

.ample information.



CHAPTER V
SUMMARY AND CONCLUSIONS

A diallel cross analysis of fiber strength was conducted among
four commercial varieties of upland cotton. The study included the
parents, Fy, Fo, and backcross generations.

The objectives.of the study were to characterize the crosses among
.these varieties, and to obtain information on the genetic system of the
parents, with respect to fiber strength.

The analysis of variance showed that there were differences among
the populations. Comparisons of the means of F; and the mid-parents
values indicated that heterotic effects were not present in. any of the
F) crosses. Inbreeding depression,.as shown from the differences of the
F; and F,, was not apparent.

Regression analysis of Wr on Vr indicated that the basic assump-
tions of the diallel cross analysis were valid, to.a certain extent;
thus, estimations of the diallel. crioss parameters were justified. "The
“(Vr, Wr) graphs revealed, however, that certain of'these.assumptions
are not strictly valid for these materials, as.indicated by;the instabi-
“lity of the positions of some array points-along the regression:lines.

Low tensile strength was a partially dominant character as indicated
by the positive Wr intercept of the regression:line. This is supported

by .an estimate of 0.09 for the average degree of dominance.
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The positive, recessive alleles among the parents were more fre-
quent than their negative, dominant counterparts. Due to the negative
estimates. of H; and Hy, the estimator of the average frequencies of the
positive»versus negative. alleles in the parents were not estimated.

Presumably the genetic variance of the parents was primarily addi-
‘tive. and/or additive by additive in nature; the dominance component was
-probably very small comparatively.

The heritability estimates were high, suggesting that mass selection
should be effective in improving fiber strength in:the materjals being
studied.

Acala 4<42 seemed to be.a promising parent. The position.of this
array along the regression line in the F; and F,.generations were con-
stantly on the top of the rest of the arrays. This indicates that Acala
4-42 has the least dominant effects. The position of Gregg along the
regression line were unstable, suggesting that it was one of the parents -
that contributed to non-allelic interactions. Thus, based on this study,
-although Gregg has virtually the same high tensile strength as Acala
4-42, its progeny is not as promising.as that.of Acala 4-42. Mass selec-
‘tion: of the best among Acala 4<42 hybrids should be an effective method
in improving fiber strength, at least among the hybrids included in.this
study.

The conclusions given above cannot be regarded as decisive,~not.on1y
due to the small number of replicates, but also due to the reiatively
large estimates of environmental variances. The experiment shduld be
repeated over years and locations to see that the estimates of the para-
meters are stable, and to be able to test the magnitudes of the genotype-

environment interactions (2).
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APPENDIX ‘A )

THE REGRESSION ANALYSIS OF Wr ON Vr OF THE F; FAMILY

Array Vr Wr
A 0.0605 0.1023
G 1 0.0510 0.0941
"L 0.0303 0.0725
S " 0.0342 0.0758
Total 0.1760 0.3447
Mean 0.0440 0.0862
£ xz‘ = 0.00060498 % xy .= 0.00061056 s yz = 0.00061747

b, = 0.00061056/0.00060498. = 1.009

bg = 0.0862 - 1.009.x 0.0440 = 0.0418

Analysis of Varidnce

Source. ‘of variation d.f. Sums .of Squares Mean Squares
.Total 4 0.03032199
Due ‘to by 1 - 0.02970452 . 0.02970452
Due to b1/b0 1 0.00061619 0.00061619
Residual 2 0.00000128 0.00000064
s% .= 0,00000064/0,00060498 = 0.00105788 sp .= 0.0325

1 : "1

\s§>,= 0.00000064 (0.25 + 0.00208724/0.00060498) . = 0.000023
8y = 0.000023
0

bos t = (0.0418 - 0)/0.00023 = 18.1 x 102; ©(0.05, 2) = 4.303

: bl; t = (1.009 - 1)/0.0325 = 0.0028
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APPENDIX B

THE. REGRESSION. ANALYSIS OF Wr ON Vr OF THE F

2 FAMILY
Array - Vr Wr
A 0.0795 0.1110
-G --.0.0337 0.0765
L ~0.,0420 0.0785
S 0.0242 0.0423
Total 0.1794 0.3083
Mean 0.0449 ~0.0771
2 5:2 ='0,00175949 < xy = 0.00189596 s yz = 0.00236257
by = 0.000189596/0.00175949. = 1.077
by =0.,0771 - 1.077.x 0.049 = 0.0287¢"
~Analysis- of Variance
Source. of wvariation d.f. Sums of Squares Mean Squares
Total 4 0.02612479
Due -to by 1 0.02376222 0.02376222
" Due to.b 1 -0.00204195 0.00204195
Residual 2 ©0.00032063 - 0.00016032
) - :
Sy = 0.00016032/0.00175949.= 0.0911737 sp .= 0.3018
b4 v 1
.sﬁ = 0.,00016032 (0.25 + 0.00245139/0.00175949) = 0.00026344
0
s, = 0.0162
b0

bgs t = (0.0287 -:0)/0.0162 = 1.770; (0.05, 2) = 4.303

o
—
we
T
|

= (1,077 - 1)/0.3018 = 0,255
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