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CHAPTER I
INTRODUCTION

Since no variety has the ideal combination of characters and since
some varieties are inherently better than others in one or more traits,
the task of the plant breeder should be obvious, iogf’ to incorporate
more desirable combinations of'characters into new coﬁmer@ial-varietiesa

With increasing demands being made by textile mills for a cotton

(Gossypium hirsutum L.) fiber of higher quality, yield and lint percent

can no longer be the only objectives of the breeder ahd of the indivi-
dual producer. In Oklahoma where growing seasons may be extremely
short because of ccol temperatures and excessive rainfall in the spring
or of cool temperatureé and early frosts in the fall or both, earliness
of maturity must also be given close consideraﬁion by the breeder.
Therefore, a cotton variety to be bred for commércial production under
such circumstances should cbmbine high fiber quality ﬁith acceptable
levels of yield, earliness, and lint percent. |

A knowledge of the inheritance of the traits to be selected
greatly benefits thé breeder in formulating a program to most effici=
ently and effectively meet his objectives per unit of time. Although
genotype is important in determining the performance of all traits of
economic importance in cottdns environment also has a significant
effect upon the dégree to which genetic potentials are expressed.

Genotype by environment interactions are also highly important for



traits in cotton.

The purpose of this experiment was to investigate the nature of
inheritance of yield,learliness, lint percent, and ﬁiber quality within
an F2 population‘derived from two ﬁarents whose desired qualities, if
combined, should more néarly approximate thgb"ideal" variety. for cotton
production in Oklahomas. Genbtypic, phenotypic,‘environmental, and
genotype by environment interaction parameters; narrow-sense herita=
bilities and expected genetic advénces; phenotypic correlations; and
population méans Wére estimatéd and used to make appropriate breeding

implications within this material.



CHAPTER 11
- REVIEW OF LITERATURE -

For convenience and tovenhénce the readér's comprehension, the
literature on each character studied in this experiment will be
reviewed separately., Within each character the topics that will be
discussed include the inheritance of the trait, correlated responses
with other traits, and genotypé by environment interactions. Unless
otherﬁise stated, estiﬁates described as being significant were so at

the 0.01 probability level,
Lint Yield

Miller aﬁd Maraﬁi (1963) indicated that the major portion of the
genetic variance for &ield.émong eighﬁ inbred lines stﬁdied in a
diallel cross was additive genetic variance as‘éuggésted by very large
and highly significant general combining ability (GCA) variances in the
’ Fl and F2 generationsav On the other hand, théypresence of small but

signifiéaht, at the 0.05 probability level, estimateé of specific

9 suggestédbthat at least

combining ability (SCA) variance in the F
some of the genetic variamnce iﬂ the population was non-additive (due to
dominance or epistasis or both). Hayman (1958), in illustrating a
method ofkanaifsié for the detection of epistasis, found significant

épistasis of the complementary type for lint yield in a diallel cross

among seven Upland lines. White and Kohel (1964) in a five-parent



- diallel studyihg parents and Fl's concluded that yield had an overall de-
gree of dominance of 0.91, i;é., partial dominance, with the direction
‘0f dominance béiﬁg toward the‘higher parent. Significant additive and
and dominance genetic (0.05 probability level) variation was élso detec~
‘ted in this matériai., White and Riéhmond;(1963) had ea;ligr found sig-
nifiéaﬁt GCA énd SCA for lint yield; White (1966) in thé'sémeédialiél,

but including Fz's, parents, and F.'s, detected significant dominance

1
and additive genétic'vériaﬁce aﬁ‘thétO.OSIIeJel for lint yielq ﬁith,an
average degree of dominance being calculated as 1.32, i;s., ovérdomiﬁancé
He detected no epistasis nor multiple allelism in this material. Millgr
and Rawlings (1967) using reburrentmseléctibn for incgeased lint yield'
in a cross involving two inbredllineé, 'G-4' and "H—l'; defived from
'Coker 100' and 'Acala 1517°', resgecfively, con¢1uded that édditive gene
effecté.predéminated in this materialtalthough additive.by additive ef-
fects couldinot be excluded. They obtained a linéar‘selection respbnse
over three éycles of?éelection. . As sglection increased lint yielé;
simultangous increases wefe bbsefvea for earlinesé, lint percentage, and
fiber coarseness while decreaséé were noted for fiber léngth and |
strength.: Al-Raﬁi and Kohel (1969), eﬁploying a nine-péfent.diallel
Cross, found no epistasis for lint yieid but did find multiple aileiism)
to be present. The additive genetic‘component was significant and
greater than the dominance céméoﬁent which was also. significant. They

also pointed out that lint yield exhibited partial dominance (0.64) and

that it was polygenically inherited. They estimated a narrow-sense

H
P

heritability on a plot-mean basis of 0.41 for this cbaraétér.
Fryxell (1956) studied heritabilities of yield and the components

of yield, in an F, population derived from a cross between strains of



the varietie§ 'Hartsville' and 'Acala'. Heritabilities progressively
increased at successive levels of subdivision of the trait, yield, into
its componenté. He interpreted these results to éuggest compliance
with an additive genetic model. Murray and Verhalen (1969) calculated

a broad-sense heritability estimate in the Bc generation of a cross

_ , 24
between 'Acala 44! and 'OK-86' of 0.45 for lint yield on a plot-mean
basis with an expected genetic advance of 6.2%bof the mean. They also
found lint yield to be negatively correlated with earliness (r = -0.38).
This genotypic coFrelation was significant. |

Barnes and Staten (1961) secured estimatesvdf GCA and SCA for
yield,”in seven closely related Acala strains, thch by their relative
magnitudes suggested that SCA was more importént than GCA in six of
those parents. Lee et al, (1967) detected a signifi;ant GCA x location
interaction ét the 0.05€IeVef fér liﬂf Yield. !They did not obtain
significant estimates of GCA or SCA for this trait.

Manning'(1955) calculated a selection response of 35% for yield
over six generationévéf selectién in the Upland variety 'BP52' using a
selection index based on yield components. He estimated a narrow-sense
heritability of 0.10 td 0.15 on a single plant basis in this material. -
Manning (1955) investigating the response to selection for yield in
several Upland crosses through the Fg determ;ned that  the performance
did not correspond very‘closely to the performance

of the F, and the F

1 2

of futurebgenegationslfor yield and that selection on a single plant
 basis for this character was highly ineffective.,

of three popula-

Miller et al, (1958) in a study of the F, or Fg

tions derived from crosses of Upland varieties noticed that environmen-

tal variances for lint yield estimated by plot error were generally



large. In one of the populations, a significant second-order inter=-
action of genotypes with years and locations was obtained. Within the
three populations they found phenotypic correlations of yield with lint
percent ranging from 0.59 to 0.64, with fiber length from -0.28 to
-0.35, fiber strength from -0.03 to -0.25, and with fiber fineness from
-0.10 to -0.49. They found genotypic correlations of yield with lint
percent ranging from 0.74 to 0.87, with fiber length from -0.33 to
-0.47, with fiber strength from -0.01 to -0.34, and with fiber fineness
from -0.25 to.-0;71; lMiller et al. (1959) evaluated fifteen cotton
varieties at nine locations in North Carolina over a three year period.
They ascertained that varieties yielded quite differently when grown
under different environments but that there were no consistent location
or year effects on differential varietal response over the test period,
Again, sigﬁificant second-order but not first-order interactions were
obtained.

Abou-El-Fittouh et ai. (1969) computed the genotype by ‘environment
interactions among four varieties over 10l environments distributed
over three years. They observed that the genotype by location and geno-
type by year by location compoﬁents for lint yield were very large with
the first order component being substantially larger than the second-
order one. Significance levels were not attached to these estimates.
Study;ng additional varieties within five subsets of the 101 environ-
ments, they found that the genetic component was generally the largest
lin magnitude followed in order by the second-order component, the
genotype by location component, and the genotype by‘year component.
Bfidge et gl. (1969) obtained a substantial and significant variety

by year by location interaction for lint yield but nonsignificant



variety by location and variety by year interactions when eight varie-
ties were studied at three locations in Mississippi over three years.
Miller et al. (1962) investigated the genotype by environment inter-
actions>éﬁong 16 varieties tested over three years at 1l locations from
North Carolina to Texas. When all locations were considered, a signifi-
cant variety by location and a large and significant second-order inter-
action were obtained for yield.  When the three Texas locations were
omitted, the variety by location component was no longer significant.
Murray and Verhalen (1970) evaluated interactions of eleQen varieties
over threé yeérs and three locations in Oklahoma. They obtained a

large and significant genotype by location interaction mean square, at
the 0.05 probability level, and a large and significant second-order

interaction mean square for lint yield,
Earliness

Al-Réwi and Kohel (1969) in the diallel described in the previous
section reported no epistasis for earliness. However, multiple
allelism for this trait was present. They found the additive genetic
component significant and greafer than the dominance component which
was also significant. They concluded that earliness exhibited partial
dominance approaching complete dominance (0.955 and was polygenically
inherited., A narrow-sense heritability estimate :on a plot mean basis
was calculated to be 0.41,

Murray and Verhalen (1969) obtained ‘a Broad-sense ﬁeritability

estimate of 0.73 on a plot mean basis in the Bc F, of the cross

2

described earlier. Their predicted genetic advance selecting the upper

10% of the population was 9.1% while actual progress was only 4.8%.



Genotypic correlationc were calculated between earliness and fiber
length, fiber coarseness, Ty (é measure of fiber strength), and T,
(another strength measurement) .as -0.55, 0.37, 0.%?, and -0.28,
respectively. The correlations with fiber strength were significant

at the 0.05 probébility level. The others were also significant. The
correlation between earliness and lint yield was described in the
previous section.

White and Richmond (1963) detected significant GCA effects for
earliness in their material but obtained nonsignificant estimates of
SCA. White and Kchel (1964) in the same material obfained very large
and significant estimates of additive genetic variance and very small
and nonsignificant estimates of dominance Vafiaﬁce@ White (1966) also
in the same material détec&ed significant multiple allelism but no
significant epistasis for this trait. |

Barnes and Staten (1961) calculated estimates which showed SCA to
be more important than GCA for earliness in six out of seven closely
related Acala strains. Miller and Marani (1963) in the diallel
described earlier obtained significant GCA in the'F1 and F2 for earli-
ness bdﬁ did not find significanﬁ SCA in either generation. Al-Rawi
(1970) in a 10-parent diallel cross.obtained nérrow-gense heritabilities
which ranged from

on a plot mean basis for this trait in the F, and F

1 2

0.12 to 0.29. The degree of dominance appeared to be in the over-
dominance range and to be in the direction of earlier maturity. 1In a
heterozygous population derived from a cross between OK-86 and Acala 44,‘
he obtained a realized heritability of 0.35 for earliness in the first
cycle of mass sele;tion. Results from the second cycle were contra-

dictory.



Lint Percent

Al-Rawi and Kohei (1969) caléulated no epistasis for lint percent
in the diallel cross they studied. However, multiple alleiism and |
possibly correlated gene distribution Was present for this character.
They detected significance for the additive genetié Qariance but not
for the dominance variance. Stith (1955) found partial dominance for
highefhlint percent., Broad-sense heritability estimates iﬁ his maferial

were 0.45 in the F, and 0.79 in the F3 using variance components.

2

Lee et al. (1967) obtained a signifiéant estimate of GCA and a
nonsignificant estimate of SCA for lint percent. The interactions of
GCA Qith environment were not significant for this character. White
and Richmond (1963) in a five-parent diallel cross also observed
significant GCA but nonsignificant SCA for this trait. White and
Kohel (1964) in the same material obtained a significant estimate of
additive genetic variancevbut a nénsignificant estimate of dominance
variance. Whitev(1966) again in the same material found no significant
dominance“for lint percent., No epistasis was evident for this traiﬁ,
but multiple allelism was present.

Barﬁes and Staten (1961) secured estimafe;”of SCA 1arger than GCA
for six of seven clasely felated Acala strains. I; the diallel
described previously, Miller and Marani (1963) calculated significant
Miller

estimates of GCA in the F, and F, but of SCA only in the F

1 2°
et al. (1958) found a single significant genotype by enviromment inter-
action component for lint percent among three populations and that
estimate was a confounded one based on two years at a different

location each year. Within the three populatiéns they found phenotypic

correlations of lint percentage with fiber length ranging from -0.48 to
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-0.57, with fiber strength from 0.07 to ~0.24, and with fiber coarseness
|

i

from -0.09 to -0.43. Genétypic correlations of lint percentage with
fiber 1engtn;‘strength, and coarseness were estimated frém -0.46 to
-0.50, frnm 0.07 to -0.17, and from -0.09 to ~0.34, respectively.
Correlations of lint yield with these traits were described ea;iiér.
Miller et ai. (1962) in their evaluation of 16 cotton varieties
at 11 locaiinns over three years traced significance at the 0.05 level
for the varieties BQIyears inteféction as well a; significance for the
varieties by locations and varieties by locations by years interactions
for lint percent.i All the interactions, however, were small in compar-
ison to the varietal component. Miller et alé (1959) invthe Nnrth
Carolina sfudy previously described obtained significant first- and
second-order interactions‘of environment winn lint perc%nt. Again,
these estimates, though significant, were extremely‘sﬁall in comparison
to the Varietalrcomponent; Abou-El-Fittouh et al. (1969) in the study
described earlier computed first-order interactions one-sixtn as large
as the varietal conponent ana a second-order interaction two-thirds as
large. Significance levels were not attached to those estimates.
Bridge et al. (1969) in Mississippi secured a substantial and signifi-
cant second-order interaction for lint peicenf and nonsignificant

P2

first-order interactions for eight varieties over three years and
i

three locations. oy
Fiber Length

Richmond (1949) evaluated 'Lintless', 'High-Smooth', 'Missdeland!',
-and 'Half and Half' and their six possible crosses to investigate the

genetics of factors responsible for lint quality in Upland cotton. He
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reported two genetic systems controlling this character, i.e., one
system is a single major gene for presence versus absence of lint which
also controls the presence (fuzzy) versus absence (glabrous) of seed
fuzz; the other system involves modifiers which function in the
presence of the major gene and can be detected directly on a homozygous
seedcoat background. Dark (1960) identified the gene, H2, that
controls pubescence in 'T 611' and concluded that it is independent of
lint shortening effects when transferred into a G. barbadense back-
ground.

In a cross between 'Florida Green Seed' and 'Rowden', Ware et al.
(1943) pointed out that long fiber was partially dominant over short

fiber in the F, and that it showed monopodial distribution in segrega-

1
ting generations. Sloan (1955) indicated that the inheritance of fiber
length in the F2 and F3 of a cross involving 'Wilds' and Half and Half
was highly heritable and conditioned by at least three pairs of genes.
Stith (1955) employing an Acala x 'Hopi' cross concluded that staple
length is quantitatively inherited with no evidence of transgressive
segregation. Parfial dominance for longer fibers was exhibited, and
estimates indicated that fiber length was controlled by a relatively
large number of genes. He calculated a broad-sense heritability of

22.2 and 70.0 from F2 plants and F, lines, respectively. Marani (1968)

3
in tests of all possible crosses among three to four varieties over six
years found that the inheritance of fiber length was mostly additive
with some heterosis probably due to dominance effects. Degree of
dominance was partial and toward the higher parent. Al-Rawi (1970)

calculated realized heritabilities of 0.78 and 0.23 from the first and

second cycles of mass selection, respectively, in a heterozygous
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population derived from OK-86 and Acala 44. One cycle of mass selec-
tion after intermating gave a narrow-sense heritability of 0.37 on an
individual plant basis.

Ramey (1960) in a éross of Half énd Half and 'Delfos 9252!
suggested the possibility of allelic and nonallelic interactions being
involved in the inheritance of this trait. Lee ét al. (1967) concluded
that length is inherited enti?ely in an additi?e fashion and that
hybridization can only partially obscﬁ;e.the deficiencies of a poor
pafent. .They obtained a significant estimate of GCA and nonsignificant
estimates of the interaction between éCA and environments and of SCA
for this charééter. Miller and ﬁarani (1963) aiso found significant
GCA and nonsignificant SCA in the material they studied. Verhalen
and Murray (196?, 1969) in a study including parents, Fl's, and Fz's
among 10 varieties using the diallel analysis concluded that the
average degree of dominance for fiber length was partial dominance
since the nine estimates célculated ranged from 0.36 to 0.79. The
direction of dominance was toward greater length of fiber. Nérrow-
sense heritabilities on a plot-mean basis of 0.49'and 0.61 were esti-

mated in the F

, in 1965 and 1966, respectively, and of 0.49 in the F,

in 1966. A genotype by year analysis of the berformance of the 10
parents ovér two years at one location did not reveal a significant
interaction mean squafe for this trait.

Murray and Verhalen (1969) obtained a broad-sense heritability
estimate of 0.85 on a plot mean basis and calculated an expected
geﬁetic adﬁéncevof 0.039 which agreed rather closely with the observed

‘respbnse of OiOS;;.”garnes”and Statén (1961) concluded that GCA was

more important than SCA for fiber length among five out 6f seven



closely related s;rains.

Al-Rawi and Kohel (1970) in a nine-parent diallel including fl's
and Ez's showed fiber lehgth to be polygenically inherited and to show
partial dominance (0.77) toward the longer fibered parents. Estimates !
of additive and dominance genetic variance were of the relative
proportion 1.0:0.6 and both were significant. A narfow-sensg heritaBil-
ity of 0.56 on a plot mean basis was calculated.

Miller et al. (1958) in one of two populations found significant
genotype by location and génotype by location by year interactions at
the 0.05 probability level for this trait. They also calculated pheno-
typic correlations in the three populations between fiber length and
strength which ranged from -0.23 to +0.33 and between fiber length and
fineness which rénged from 0.16 to 0.70. Genotypic correlations for
those same two combinations ranged from -0.23 to 0.25v5nd from 0,12 to
0.57, respectively., Correlations of fiber length with yield and lint
percent were described previously in this paper.

Green (1950) observed a phenotypic correlation of 0.71 between
fiber length and fineness in five locally aaapted Upland cotton varie-
ties., Brown and Waré (1958) stated thét Qithin species éoarseness is
correlated in general with length but that it véries with variety and
species., Velez-Fortuno (1954) in the Fl and F2 of a cross between
'Florida 1377' and 'Deltapine 45-867' found that long fibers would be
very difficult to combine with fiﬁer coarseness but that it would be
relatively easy to retain parental combinations. Stith (1955) observed
significant phenbtypic correiati§ns in the F3 population between fiber
length and strength and betweenllength aﬁd fiber fineness,

Soebiapradja (1963) in identifying genetically superior individuals for
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lint length in two strains of cotton indicated that genetically super-
ior individuals could be identified aﬁd that gains could therefore be
made from selecting single plants within those populations. bEaton and
Engle (1952) concluded that significant increases in tensile strength
are accompanied by éignificant decreases in fiber length. However,
Miletello (1967) found most fiber properties were either independently
inherited or had desirable associations.

Miller et al. (1959) studied 15 varieties at nine locations in
North Carolina over three years. Their findings on fiber length
included signif&cant estimateé of the genotype by year and the second-
order iﬁtéractions. ‘Again, thése were small in comparison to the geno-
typic component of variance. In an analysis of 16 varieties evaluated |
at 11 locations from North Carolina to Texas over a three-year period,
Miller et al., (1962) obtained significant variety by year and variety
by year by location interactions for fiber length. However, all inter-
actions were small in comparison to the varietal éomponent° Bridge
et al. (1969) cénducted a test of eight varieties Sver three years at
three locations in the Delta of Mississippi and obtaiﬁed no significant
genotype by environment interactions for this trait. Abou-El-Fittouh
(1969) investigating four varieties over 101 environments found the
interaction components to‘be relatively small cbmpared to the genotypic
component though‘thé three-factor interaction was the larger of the
three interactions. Significance levels were not attached to these
estimates. Murray and Verhalen (1970) in the experiment descriBed
earlier found a variéty by year interaction which was significant at
the 0.05 levgl for fiber length., 1It, as were the other interaction

components, was relatively small in comparison to the genetic component.
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' Fiber Length Uniformity

An extensive search of the literature failed to uncover any
previous research on this fiber character. This was rather surprising
considering the economic importance of this character to the fiber

mills.
Fiber Strength

‘Ware and Harrell (1944) in a cross between Floiidé Green Seed aﬁd
Rowden summarized the inheritance 'of strength as being intermediate
with a slight tendency toward weaker fiber and stated that environment
contributed considerably toward the expression of this trait. Self énd
Henderson (1954) in a cross of 'AHA' and Half and Half indicated that
four to five pairs of genes are involved in the determination of fiber
strength. El-Sharkawy (1962) estimated thét the differenée of 10.9

: .
grams/tex differentiating the strengths of 'CleVeland Short Syﬁpodia'
and 'AHA 6-1-4' was controlled by as many as 12-13 pairs of genes.
Soebiapradja (1965) found strength to be a partially dominant character
in his four-parent diallél cross study. This, he maintains, was
supported by an estimate ova°O9 for the average degree of doﬁinance.
However, it is rather doubtful that this estimage was significantly

different from zero. He calculated narrow-sense heritabilities on a

plot mean basis of 0,79 and 0,94 for the F. and F

1 27 respectively.

Abdel-Nabi (1965) in determiﬁing the inheritance of fiber strength in

the F3 of a cross between Cleveland Short Sympodia and AHA 6-1-4 by

partitioning variances among F, lines revealed that most of the geno-

3

typic variance for fiber strength is attributable to additive effects

of genes. Verhalen and Murray (1967, 1969) in a lO-parent diallel



16

obtained partial dominance estimates in the F, and F2 ranging from 0.47'

1
to 0.81 in the direction éf the stronger parent. Narrow-sense herita-
bilities.on a plot mean basis.ranged from 0.52 to 0.68. In a genotype
by environﬁent inferaétion analysis o?ér two years aﬁ one location, a
nonsignificént interaétion‘mean'Square was obtained.

Self and Henderson (1954) calculated a broad-sense heritability

estimate on an individual plant basis of 0.86 for fiber strength in the

F2 of a cross between 'AHA 50' and Half and Half. They concluded that

selection on an individual plant basis in the F, and later segregating
generations Should prove effective in obtaining lines with high fiber
strength. It should be noted, however, that this conclusion was based
on a broad-sense estimate father than a narrow-sense one.

Barnes and Staten (1961)'concluded that SCA was more important
than GCA fér fiber strehgth among five of the seven strains tested.
Lee et al., (1967) in a lO-parené diallel obtained éignificant estimates
of GGA,‘nonsignificant estimates of SCA, and nonsignificant inter-
' actions between GCA énd environments. Miller Qnd Marani (1963) also
calculated a significant estimate of GCA and a nonsignificant estimate
of SCA in their material. However, Al-Rawi and Kbhel (1970) obtained
significant estimates of both GCA and SCA, éignificant ectimates of
radditive and dominance genetic variance, a partial ddminance estimate
of 0.80 toward stronger fiber, and a narrow-sense heritability of 6.86
on a plot meaﬁ basis in Eheir material. MurrayAéndiVerhalen (1969) in
the BC2F4 gener;tion of a cross between OK-86 and AFéla 44 obtained
broad-sense heritability estimates on a plot mean b;sis of 0.39 or
0.56 depending upon the particular stréngth measurement studied.

Marani (1968) found in general that the Fl performance for fiber
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strength corresponded closely to that of the midparent. However, the
performances of some crosses were closer to that of their stronger
pafents.

Miller et al. (1958) obtained no significant genétype by environ-
ment interactions for fiber strength in the two poéulations in which
strength could be studied. They calculated phenotyp?c correlations of
fiber strength with fineness in three populations ranging from -0.31
to 0.06 and genotypic corfélations ranging from -0.23 to 0.04. Corre-
lations of strength with lint yield, lint percent, and fiber length
were listed in previous sections of this report. Miller et al. (1959)
in North Carelina obtained.é significant second-order genotype by
environment interaction for this trait. Bridge et al. (1969) in
Mississippi did not obtain any significant interaétions for this trait.
Abou~El-Fittouh et al. (1969) over 10l environments calculated esti-
mates of interactions which were relatively small compared to the
varietal component. Significance levels were not attached to thoée
estimates. Murray and Verhalen (1970) calculated a significant variety
by year interaction at the 0.05 level fbr one measure of fiber.strength
but not for the other strengfh“ﬁeasurement studied. All interaction

components were very small in .comparison:to the varietal . component.
Fiber Coarseness: -

Stith (1955) employing an Acala x Hopi cross inferred that fiber
fineness is quantitatively inherited. Bilbro (1961) investigating the
compérative effectiveness of three breeding methods in modifying the
coarseness of fiber in the Fl’ F2, and backcross populations of 'CR-Z'

X '4-24" (breeding strains derived from 'Acala 5' and 'Stormmaster’',
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respectively) concluded that fiber coarseness is quantitatively inheri-
ted, that it has a relatively high narrow-sense heritability (30.4%,
73.6%, and 60.7% for the years 1955, 1956, and the combined data,
respectively), and that recurrent sélection, selection while inbreeding,
and mass selection were effective in increasing the genes for fiber
coarseness. Ffom the standpoint of time and labor required, mass
selection was the most efficient breeding method for this trait
followed by selection-while~-inbreeding and lastly By recurrent
selection. Genotype by environment interactions were suggested as
being presént because of changes in rank among entries from environment
to environment. Ware and Harrell (1963) employing fourchime's Fine'
lines as fine—iint pafents and Half and Half and Fiorida Green Seed

as coarse-lint pareﬁts indicated that coarseness tended to show

partial dominance over fineness but that the influence was not great
enough to prevent shifting of the mean toward the finer parent when

it was used as the recufrent parent in backcrossing. IMar#ni (1968)
found the performance of varieties for lint fineness to be inconsistent
sﬁggesting,large interactions with environment. In one trial Fl fibers

were significantly coarser than the midparent. Overall, F, and F2

1
performance were Very similar to midparent values. Barnes and Staten
(1961) recognized that fineness is an estimate of fiber weight per inch
and that the measurement does not distinguish between inherent fineness
and fineness due to immaturity of thé fiber. They found SCA to be more
important than GCA in six of the seven strains studied. Soebiapradja
(1963) stated that gains in fibef coarseness within his populations

could be made by selecting individual plants for coarseness, Verhalen

and Murray (1967, 1969) in their 10-parent diallel stated that some
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‘dominant'geneé appeared to increase fiber coarseness while others
appeared to decrease it., They concluded that fiber éqarseness was in
the overdominance range and that pedigree, sib, and/or progeny tests
would be necessary to improve it. They calculated narrow-sense
heritabilities for the trait on a plot mean basis which ranged from
0.19 to 0.40. A genotype by environment analysis of the 10 parents
over two years at one location revealed a mean quare significant ét
the 0.05 level.

Murray and Verhalen (1969) calculated a broad-sense heritability
estimate on a plot mean basis for the Bc2F4 of Acala 44 by OK-86 of
0.37. Correlations in this experiment between coérseness and yield,
earliness, fiber length, and fiber strength were reported earlier.

Lee et al. (1967) calculated a significant estimate of GCA aﬁa a nonr .
significant estiméte of SCA for coarseness. No éignificant combining
ability by enviromment interactions were obtained for this trait.
Al-Rawi and Kohel (1970) estimated significant GCA and SCA for this
trait in their material. Significant estimates of additive and
dominance genetic variance were also calculated. Degree of dominahce
was estimated as 1.08, i.e., overdominance,eand héritébility gnarrow-
sense, plot mean basis) was calculated as 0;08.

Miller et al. (1958) found no significant génotype by envirornment
interactions for this character in two populations in North Carolina.
Correlations of fineness with yield, lint pefcent, fiber length, and
fiber strength in this experiment were deécribed earLier. Miller et al.
(1959) obtained sigpificant first-order but not second-order genotype
by environﬁénéyiﬁtefgctions for fineness among 15 varieties at nine

locations over three years. Bridge et al. (1969) found a significant
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second-order interaction at the 0.05 level for fiber fineness'in
Mississippi. Abou-El-Fittouh et al. (1969) showed the three-factor
interaction to be the predominantvone.for %iBer finéhess oéégwiaiwﬂ
environments. It was almost 50% larger than the genotypic component.
Significance levels were not inclﬁded in this analysis. Murray and
Verhalen (1970) obtained a significant sch@d;order‘intefaction for
coarseness in Oklahoma for 11 varieties dver three years and three
locations, !

Moosberg (1956) in bréeding for increased fiber coarseness found
that variations in environmental conditions from year to year tended
to nullify gains made toward desired coarseness especially as genera-
tions became more adﬁancéd. Fourteen different cross combinations'
were studied; a family was .developed from eaéh cross; and the desired

end points in fiber coarseness and maturity were obtained to a satis-

factory degree in all families.



CHAPTER III
MATERIALS AND METHODS

The experiment reported herein was conducted, under irrigation in ;
1968 andjbn drylani iﬁ 1969 on the Agronomy Research Station at Pérkiﬁé;
IOklahoma, on a Vanoss loam soil.

Backcross progeny of 48 (Acala 44 X OK-86) F, plants to both
parents supplied the 96 entries tested in this study. The experimentai
design was a split-plot with two replications. Main plots were tﬁe
backcross parents, i;g., Acala 44 and OK-86, hereafter designated as
lines; the subplots consisted of the 48 backctoss p%ogenies within
each line, the F2 parents of those pfogeny éfe here;fter designated as
males. The test was conducted‘inv1968 at one‘locat%on under two dates,
June 3 and June 17, of planting épaced two.we;ks apért. In 1969 the
test was planted on May 26 and June' 25; the second &ate‘was replantéd

because excessive rains shortly after this planting reduced stands

- o
| (
{

considerably, The replanting of this second date fesﬁltgd once again
in very poor stands. By that time; the season was so‘far advanced
that another repianting wag ad judged useless.

Plots were.single rows, 12 feet long'wifh plaﬁts of 'De Ridder

Red', a variety with the dominant marker gene, R

15 planted at the ends

of each row. Rows were forty inches apart, while plants within rows
were spaced one foot apart and thinned to one plant per hill. Blank

hills were replénted to De Ridder Red to reduce border effects within

21
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plots as much as possible.

All cultural practices such as cultivation, weeding, and spraying
for insectsvwere applied as needed. Single plants on the end of each
row on both dates were heavily selfed in 1968 to supply seed for the
1969 planting.‘ The tests were hand harvested by rows each yeaf._ The
first date of planting in 1968 was harvested on October 12 and December
17 while the second date:of planting was harvested on Octobef 29 and
January 7. In 1969 the first date of planting was harvested on
October 1 and November 21.

The total seedcoston yield of each row from each harvest, apart
from the selfed plants, was weighed, then ginned on a saw gin, and lint
weighed to determine lint yield per plot which was divided by the
number of plants per plet to put yield on a pledt mean basis, to
determine lint percentage by dividing the weight of lint by the weight
of seedcotten, end to obtain the lint required for measuremnt of fiber
propertles,m‘Earliness was estimated on the basis ef weight of lint of
the first harvest expressed as a percentage of the totalllintvyield.
Fiber lengthb(2.5%Aspen lehgth expressed in inches), fiber length
uniformity (50% span 1ength/2.5%ﬁspan length expressed as a percentage),
strength (1/8- inch gauge stelometer and O-inch gauge stelometer
expressed in grams/grex), and coarseness (m1crona1re expressed in
miCronalre units) were obtained using the digital fibregraph, the
stelometer, and the micronaire, respectively.

The prel1m1nary analyses. of the data followed bes1gn III as
descrlbed by Comstock and Rob1nson (1952) and Gardner (1963) To
avoid needless repetltlon, the analysis and its interpretations and

implications will be described with the results in the next chapter.
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Narrow-sense heritabilities on a plot basié were constructed using the
components derived from the analysis in individual environments and in
various combinations of énvironments. Those heritabilities were then
inserted in the formula for expected advance assuming the upper ten
percent of the population were selected. Phenotypic correlation
coefficients were calcuiated in individual en?iroﬁments and in combined
environments to give a rough approkimation‘of genotypié correlations
and to thereby give some indicatien of how selection'for one trait
might inadvertently affect the performance of another trait. Relative
heritabilities, genetic advances, phenotypic correlations, and popula-
tion means were then used to make appropriate implications as to the
correct breeding‘pfocedures to follow in order to maximize progress

per unit of time in this population,



CHAPTER IV
' RESULTS AND DISGUSSION

An individual phenotype is the total sum of that individual's
genes and of the interactions.of those genes with the environment.
Some genes expfess themselves in a simple qualitative manner whiie
others are expressed quantitatively. The characters in this study are
of the latter typéa The genetic componént of an individual quantita=
tive trait may be made up of additive, dominance, and epistatic effects.
The"additive‘effectvfor a given trait is the.sum of thF average effects
of thé genes conditioning that trait, the sum being made for the alle-
lic pafr at each locus and over all loci (Falconer, 1960). The
dominance effect results from the intra-allelic interactions of genes,
i.e., interactions between alleles at the same locus. The epistatic
effect of inter-allelic interaction results from interactions between
alleles at different loci. The inconsistent behavior of genotypes
relative to one another from environment to environment is termed
genotype by enviroﬁmént interaction.

Genetic parameters were estimated in this étudy using the Design
I1Y anmalysis of variance described by Gomstock and Robinson (1952) and
Gardner (1@63)o The form of the analysis and expected mean squareg in
a single environment are prééented in Table‘l. The assumptions in-
volved in deriving mean squére expectations and genetic interpretations

for this design are listed by Comstock and Robinson (1952). Those

24
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TABLE T

FORM OF THE ANALYSIS AND EXPECTED
MEAN SQUARES FOR DESIGN III
IN A SINGLE ENVIRONMENT

Source “d.f. Mean Square Expected Mean Square*
Replications (r-1)
Lines 1 Ml

2 ., 2 2
Males (m-1) M2 g, + ZrQIME +cM)

L ' 2 2 2

Males X lines (m-1) My o, + r(GMLE +GML)

9 : 4
Error (2m-1)(r-1) M4 g,

*ci is the genetic variance among males, qiﬁ the male genotype by

, . . . 2 ' .
environment interaction variance, I, the male genotype by line

genotype interaction variance, the male genotype by line genotype

c2
MLE
' . . . . 2 .

by. environment interaction variance, and o, the variance among plots

within replications.
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assumptions are as follows:

1. Random choice of individuals mated for production of experi- :
mental progenies;

2. Random distribution of genotypes relative to variations in
environments.

3. No non-genetic maternal effect{

4, iRegular diploid behavior at meiosis.

5. No multiple alleles.

6. No correlation of genotypes at separate loci. This impligs
no linkage among genes affecting thé character stﬁdied of
that, if 1inkages exist, the distribution of genotypes is at
equilibrium with respect to coupling and repdlsion phases.

7. No epistasisp i.e., the gffecﬁ on varia?ion in genotypevat
any single locus is not moéified by génés»at other loci.

This design is particularly well suited for parameter estimation

in cross-fertilized plants. Since cotfdn,'Gossypium hirsutum'L., is

classified as an often cross-fertilized plant, this analysis should

yield useful information. However, Gardner (1963) cadtions that : the

4

genotypic component cannot be estimated by the aﬁalysis independently
of the genotype by environment interaction component when only a single

test is conducted. Estimates based on experiments conducted in two or
1

more emvironments are much more realistic, although these may be biased
upwards as well because they may be estimated from experiments at only

one location over years or in only one year over locations. Only by
testing over locations and years can unbiased estimates be obtained.
. i

i
Even then, not all interactions with environment are usually separated
from genetic effects. The analysis in Table I can easily be extended
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to include multiple experiments over environments to reduce or elimi-
nate the genotype by environment interactions confounded within geno-

typic estimates.
Estimates of Variances and Variance Components

Estimates of the additive, dominance, genotypic, environmentél,
and phenotypié variances and variance components; as the case may be,
for lint yield, earliness, lint percent, an& fiber length for 1968,
date dne; 1968, date twoj; 1969, date one; £968; over dates; date one,
over years;‘and 6ver all three environments are preseﬁted in Table I1I.
The same information for fiber length uniformity, fiber strength (0%
and 1/8" gauge); and fiber coarsemess is presented in Table III.

These estimates were obtained by setting observed mean squares from the
reSpective analyses of variance equal to expected mean squares and
solving for the components. The components‘were then manipulated as

follows in obtaining the estimates for the single environment énalyses:

Additive variance = 4¢

M’
3 . 2
Dominance varlance = UML’
Genotypic varia =4 02 + 02
ypic nce M ML
Environmental variance = czgr, and
Phenotypic varianee =4 62 + 02 + 02/r.
: : M ML e

Symbols are defined in the footnote of Table I. From the analyses of
variance of combinations of two or more envifonments, estimates were
obtained as follows:
o . . 2
Additive variance = 4 GM’

] ‘ . 2
Dominance variance = GML’

2 2
Genotypic variance = 4 Oy 10,
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TABLE II ,
ESTIMATES OF VARTANCES AND VARIANCE COMPONENTS
FOR LINT YIELD, EARLINESS, LINT PERCENT, AND
FIBER LENGTH. IN EACH SUBSET OF ENVIRONMENTS

Variances and Variance Componenté
Characters v Additive Dominance Genotypic EnvironmentaluPhgnotypic

Lint Yield = ‘ : ‘ :
1968, Date One - 1.38 0.00%* 1.38 7.89 9,27

1968, Date Two- -~ . 0.91 0,00%  0.91 14.60 15.51
1969, Date One 3.04 0.68 3.72 '20.15 23.87
1968, Over Dates 5.86 0.78 6.64 5.73 12.37
Date One, Over Years -0,00% - 1,08 - 1.08 - 8.17 9.25
Three Environments 0,00% - 1.43 1,43 . 4,99 6.42
Earliness ] v . o ) :
1968, Date One 95.27 . 0.00%* ‘ 95.27 73.81 169.08
1968, Date Two 20.67 : 0.00%* . 20,67 133.46 154.13
1969, Date One 55.12 6.66 61,78 39,89 101.67
1968, Over Dates 54.88 1.07 55.95 65.31 121.26
Date One, Over Years 5.42 - 0.00% 5.42 44,00 49.42
Three Environments 5.11 0.00% 5.11 37.25 42.36

Lint Percent

1968, Date One 2.87 - 0.52 - 3.39 0.62 4,01
1968, Date Two 2,67 0.49 3.16 0.51 3.67
1969, Date One 0.00% "1.71 : 1.71 1.21 2,92
1968, Over Dates 2.12 0.21 ) 2,33 0.43 2.76
Date One, Over Years 0.00% 0.13 . 0.13 0.95 1.08

9 1.79 . 0.47 2.26

Three Environments 1.50 0.2

Fiber Leng;h

1968, Date One 0.001936 0.000235 0.002171 0.000212 - 0.002383
1968, Date Two 0.002000 0.000204 0.002204 0.000187 0.002391
1969, Date One . 0.000232 0.000086 0.000318 0.000427 0.000745
1968, Over Dates - 0.001480 0.000246 .0.001726 0.000113 0.001839
Date One, Over Years 0.000040  0.000000 0.000040 0.000341 0.000381

Three. Environments 0.000597 - 0.000075 0.000672 . 0.000165 0.000837

*Negétive estimates for which the most reasonable value 1s zero.



TABLE III
ESTIMATES OF VARTANCES -AND VARIANCE COMPONENTS '
FOR FIBER LENGTH UNIFORMITY, FIBER STRENGTH -
(0" AND 1/8" GAUGE), AND FIBER COARSENESS
IN EACH SUBSET OF ENVIRONMENTS .

: ~ : N Variance and Variance Camponents
Characters . Additive Dominance Genotypic Environmental Phenotxpic

Fiber Léngth Uniformity : :
1968, Date One -~ 0.00% 0.00% 0.00% . . 2.29 2.29

1968, Date Two 10429 0.00* 0.29 - . 0.59 0.88
1969, Date Ope ©0.00% -~ - 0.00% 0.00% ' 0.70 . 0.70
1968, Over Dates 0.00%* : 0.19 0.19 0.87° 1.06
Date One, Over Years 0.07 0.00%* : 0.07. 0.80 0.87
6 0.57 -

Three Environments 0.00%* = . 0,11 - 0.11 0.4

| Fiber Strength (0" Gauge) N | | o
1968, Date One - 0.0212 - 0,0000% 0.0212 0.0184 - 0.0396

1968, Date Two - 0.0228 . 0,0000% ~  0,0228 0.0131 0.0359
1969, Date One ©0,0144 . 0.0000% - 0,0144 0.0127 0.0271 :
1968, Over Dates . 0.0281° -  0,0004 . . 0.0285 0,0079 0.0364
Date One, Over Years 0.0124 . 0,0000 ~  0.0124 0.0093 0.0217:

Three Environments 0.0123. - . 0.0007 '~ 0.0130  ,  0.0059. - 0.0189

Fiber Strength (1/8" Gauge) C »
- 1968, Date One 0.0152 0.0014 0.0166 0.0056 0.0222

1968, Date Two . 0.0176 0,0022 0.0198 0.0077 - 0.0275
1969, Date One = 0.0068 ~  0.0037 0.0105 0.0057 0.0162 |
1968, Over Dates 0.0120 0.0010 - 0.0130 0.0038 0.0168
‘Date One, Over Years 0.0002 . 0.0000 0.0002 0.0057 . 0.0059 .
. Three Environments 0.0010 0.0005 0.0015 0.0034 0.0049

Fiber Coarseness .
1968, Date One 0.14 0.03 0.17 © 0.02 0.19

1968, Date Two 0,06 .0.00 . 0,06 0.03 : 0.09
1969, Date One 0.03 © 0.01 v "0.:04 0.03 0.07
1968, Over Dates 0.04 0.02 o 0.06 0.02 0.08
Date One, Over Years 0.02 0.00%* 0.02 0.03 0.05

Three Environments 0.02. 0.00 . . 0.03 , 0.01 0.04

*Negative estimates for which the most reasonable value is zero.
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MLE/e + ge/re, and

, . 2
Environmental variance = oME/e + 0

Phenotjpic variance = 4 6; + G;L + O;E/e + U;LE/e + gi/re.
The number of enviromments is designated by e, and the other symbois
are as previously defined. Negative estimates where they did occur
were assumed to be estimates of zero quantities. |

A knowlédge of the relative magnitudes of the above parameters is
of prime importance to the plant bfeeder. While selection is based on
the phenotypié differences among”piénfs or progenies, it is obvious
that not all those differences are transmitted to the next generation.
What is actually transmitted are the additive effects which may
comprise only a pbrtion of the genotypic differences among individuals
or progenies. The other measurable portion of geﬁotypic differences,
namely dominance, if present, is not transmitted as such; but.only part
of it is pasSed on to thgvnext generation. Epistasis, the third
component whiéh ;ay‘comprise a part of the génotype, will ﬁot be
discussed since it is assumed in the analysis that epistasis is not
present (Comstock and Robinson, 1952). Therefore, a knowledge of the
'general magnitudé of the additive and dominance genetic variances
relative to the phenotypic variance for each character is requiréd
before accurate predictions can be made of heritabilities and génetic
~advances under selection. Their sum, the gehotypic variance, is also
shown in the tabies. The relative magnitude of therenvironmental
variance to the phenotypic variance is also of considerable interest to
the plant breeder, although it varies, sometimes widely, from year to
year and from location to location.

The estimates of additiﬁe énd.dominahée variance are expected to

be biased upwards, especially so in the single date analyses. The



estimates from analyses over increasingly greater numbers of environ-
ments are still expected to be inflated but progressively less so than

are the single environment estimates.
Lint Yield

The analyses of single enviromments for lint yield detected oﬁly a
very small proportion of the phenotypic variance as being due to
additive Qariance, the highest proportioﬁ being 15%. The majority of
the phenotypic variances in these analyses were overwhelmingly
environmental. The dominance variances were estimated.as zero for
both environments in 1968. 1In 1969, However, the ddminance variance
was :about Qne fifth the genotypic variance, although its proportion to
phenotypic variance was still quiﬁg.small.;

The combined analysis over dates one and two in 1968 for lint
yield revealed an additive genetic variance of slightly 1éss thankone
half the phenotypic variance, and it coﬁstituted fhe ma jority of the
genotypic variance. However, the combined analysis of date one over
years and the combined analysis over three environments resulted in
zero estimates of additive genetic variance and suggestedchat the
majority of the phenotjpié variance was environmental. These results
suggest that the relative behavior of the ﬁaies for this trait was
inconsistent over environments and that in'thésévtwofanalyses what
differences there actually were for this trait améﬁg males ténded to

i

cancel each other over environments.

i
i

Earliness

The additive genetic variance for earliness in the single and



combined dates analyses also varied over a rather wide range in
relation to the phenotypic vériance. "The highest estimate was 56% of
the phenotypic variance for 1968 date one, and the lowest was about one
ninth the phenotypic variance for date one ové;vyears. The estimates
for 1968 date two, date one ovef years, and the three combined:environ-
ments were about the éame in magnitude, i.e., about!one ninth the
phenotypic variance. The dominance variance was very small in propor-
tion to the phenotypic variance in all caées. The,ehvironmental vari-
ance was over half of the phenotypic variance in most analyses and well

over. half in some of them.

Lint Percent

The additive geﬁetic variance for lint percent constituted over
half of the phenotypic variance estimates in thg single environment
analyses in 1968. Estimates in the combined analyses over dates in
1968 and over the three environments were aisd Quite large compared to
the phenotypic variance. However, the estimates from the 1969 environ-
ment and the analysis of date one over years were zero. The estimates
of dominance variance ranged from eight to 59% .of the phenotypic:
variance. Except for the date one-over years analysis, environmental

variance was 41% or less, often much less.

Fiber Length

Estimates of additive genetic variance for fiber length were very
large relative to the phenotypic variance in four out of six cases.
In the other two instances the estimate was approximately one tenth

of the phenotypic variance in the date one over years analysistand one
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third in the single environment>ana1ysis in 1969;M Estimates of

dominance variance varied from zero to 13% of the phenotypic variance
: 1

|
while estimates of environmental variance varied from six to 90% of the

phenotypic-variance.

Fiber Length Uniformity

Negative values for additive variance, interpreted as zero, were
obtained in four of the six analyses. In the two cases where positive
estimates were obtained, their magnitudes relative to the phenot;pic‘
variance were approximately one third and one twelfth for the analyses
of date two in 1968 and date one over years, respectively. Similar
findings were obtained for dominance variance. There were two
instances, over dates in 1968 and over all three environments, in
which positive dominance variances were detected; and they made up
about one fifth of the phenotypic variance estimates. As expected from

the foregoing results, environmental variance made up the majority of

the phenotypic variance for this trait in all analyses.

Fiber Strength

The magnitude of the additive variances for the fiber strength
measurements in proportion to the phenotypic variances was 42% or
above in all cases except for 1/8" gauge stelometer in the three
environment‘analysis'whichbexhibited a ratio of about one fifth and
from the analysisvof date one over years that was extremely 10wi
compared to the phenotypic variance. Thé dominance variénce estimates
were either zero.or comparatively very sﬁall for both measurements.

The greatest ratio of dominance to phenotypic variance being on the



34

order of one foﬁrth. In every instance when compared to their respec-
tive phenotypic variénces, the 1/8" gaugé measurement had larger
dominance vari#nces than did 0 gauge. On the average for both
measurements, environmental variance accounted for 36% of the pheno-

typic variance.

Fiber Coarseness

Ihe relative proportion of additive to phenotypic variance was
high for all the single and combined environment énalyses for this
trait, and additive variance was at least twice as large as dominance
variance in every instance. The proportion of environmental variation

to phenotypic variation ranged from 11 to 60%.

Estimates of Heritability and Expected

Genetic Advance

The variance estimates obtained in the previous section were used
herein to calculétg heritabilities and genetic advaﬁces for each trait
that would be expected.if selection were practiced for that trait.

Heritability refers to the ratio of thg@genotYPic variation to
the total phenotypic variation, Estimates of heritability are of
primary importance to the plaﬁt’breeder.because progress from selection
cannot be predicted without them. Two typeé of estimates are recog-
nized, i.e., broad- and narrow-sense. Broad-sense refers to the ratio
of the total genotypiec variance to the phendtjpic variance while narrow-
sense refers to the ratio of only the additive gehétic variance to the

phenotypic variance. There are many techniques in estimating

heritability; however, Warner (1952) grouped them into three
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categories: (a) parent-offspring regressions, (b) variance components
from analyses of variance, and (c) épprdximations of non-heritable
variance from genetically uniform populations to estimate total genetic
variance.

In this study; narrow-sense heritabilities were derived using the
variance Component method. As such, the formulas used to obtain those
estimates were ratios of additive variance to phenotypic variance.
~This ratio has been recommended by Falconer (1960) aﬁd Allard (1960).

Formulas were constructed following a pattern given by Gardner
(1963). The formulas used for single and combined environments,

respectively, are as follows:

Z,. o‘M + O'ML + Ue/r
2
hz _ 2’» — 24 OM > 5
b oy T oy, Foyple toygle tog/re

Heritabilities and expected genetic advances expressed in the
actual units‘of measurement and as percentS'of‘fhe mean for lint yield, .
earliness, liﬁt percent, and fiber length are presented in Table 1IV.
The same information for fiber length uniformity, fiber strength (O"
and 1/8'" gauge), and fiber coarseness is presentéd in Table V.
Expected genetic advances were calcu@éted using the formula listed for
that purpose by Allard (1960) and Falconer (1960), assuming that the

upper 10%bof the population was selected.
Lint Yield

Heritability estimates in the single date analyses for lint yield

were low but were of the general magnitudes usually calculated for
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TABLE IV
ESTIMATES OF HERITARILITY AND EXPECTED GENFTIC
ADVANCE FOR LINT YIELD, EARLINESS, LINT PERCENT,
AND FIBER LENFTH N EACH SUBSET OP ENVIPONMENTS

" : . S Expected Genetic Advances
,Gharaccers L Heritabilities In Actual Units '1 As Percent of Mean

Lint Yield .
- 1968, Date One . , " 0.15

1968, Date Two : 0.06
1969, Date One : - 0413
:1968, - Over Dates K 0.47 -
Date One, Over Years 0.00%
Three Environments . 0.00%
Larliness .
1968, Date One - 0.56
1968, Date Two 0.13
1969, Date One 0.50
1968, Over Dates 0.45
Date One, Over Years 0.11

Three Environments 0.12

Lint Perpent )
1968, Date One 0.72

1968, Date Two 0.73
1969, Date One. © 0.00%
1968, Over Dates 0477
Date One, (ver Years 0.00%

Three Environments - '0.66

Fiber Length i . L
: 1968, Date One . 0.8 - -0 . .0.070

6.9

1968, Date Two ©0.84 0,074 7.4 .

- 1969, Date One ©0.31- 0 : .10.015 : 1.5
1968, Over Dates 0.80 Sl 0,061 6.1

. Date One, Over Years" 0.10- ‘.. 0.003 0.3
- Three Environments ' 0.71 . o ©.0.036 3.6

*Caused by negative estimates of additive variance, assumed to be zero, in the
numerator of the heritability formula.
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. TABLE 'V s
ESTIMATES OF HERITABILITY AND EXPECTED GENETIC
ADVANCE FOR FIBER LENGTH UNIFORMITY, FIBER
STRENGTH (0" AND 1/8" GAUGE), AND FIBER COARSENESS
- IN EACH SUBSET OF ENVIRONMENTS '

. : . . : "Expected Genetic Advanceé
Characters i Heritabilities. . - In Actqal Units:. - As Percent of Mean

'Fiber Length Uniformity
11968, Date One - 0.00%

1968, Date Two _ ‘ ) 0.33 1.1
1969, Date One - -+ 0,00% ———
1968, Over Dates » . 0.00% . —
Date One, Over Years 0.08 . 0.3
Three Environments \ - 0.00% .. ———
" Fiber Strength (0" Gauge)
1968, Date One 0.54. 4.3
1968, Date Two’ ’ : 0.63 - 4,8
1969, Date One . 0.53" " 3.4
1968, Over Dates 0.77 5,9
Date One, Over Years - 0.57 3.3
Three Environments 0.65 3.5

Fiber Strength (1/8" Gauge)

1968, Date One 0.69 . .0.18"
1968, Date Two 0.64 70419
1969, Date One - 0.42 0 009
1968, Over Dates 0.71- .. 0416,
Date One, Over Years . .0.03 0,01
Three Environments © 0.20 /0,02

Fiber Coarseness ﬁﬁ
1968, Date One 0.72 '6i6v‘ ~11.7
1968, Date Two . 0.66 :  0_4 8.1
1969, Date One : 0.41 L 0.2 4,0
1968, Over Dates : 0.50. ©0.2 5.3
Date One, Over Years © O 0.40 0.2 3.2
Three Environments 0.50. 0,2 3.5

*Caused by negative estimates of additive vériance, assumed to be zero, in the
numerator of the heritability formula. -- )
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yield. Values were about the same in magnitude for date one in 1968
and in 1969. However, the estimate for date two in 1968 was about half
that of the ones mentioned above. Possibly, this lower éstimate could
have been due to the fact that the second date had a shorter season to
express the genetic potential of the population than did the date one
tests. The genetic advance estimates were also‘réther low as weould be
expected if one considers the low heritabilities which correspond to
them. In the combined analysis for 1968 over dates the heritability
estimate was quite high (0.47). The combined analyses of date one
over years and of the three environments combined exhibited zero
heritabilities and corresponding expected genetic advances. Tﬁése
results in general suggest that lint yield, as a low heritable charac-
ter, would show little, if any, selégtion response based on the

phenotype of the plants involved.
Earliness

Estimates of heritability for earliness from date one in 1968,
date one in 1969, and the combined analysis of 1968 over dates were
0.56, 0,50, and 0.45, respectively. Their expected genetic advance
estimates were also high, being 23.46, 13.52, and 15.94, respectively.
Apparently, early:father than late planting allows one to differienti;
ate more accurately among degrees of earliness. The estimates from the
other three analyses were low; but even so, some progress could still

be made in those instamnces.

Lint Percent

Lint percent heritability and ekpected genetic advance estimates
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for dates one and two in 1968, 1968 over dates, and the three combined
dates were very high. On the other hand, the estimates were zero for
the other two analyses. 1In most cases this trait appeared to be highly

heritable and quite amenable to selection.

Fiber Length

Fiber length revealed very high heritabilities and expected
advances in four out of six analyses, a moderate estimate in the fifth
analysis, and a low estimate in the last case (date one over years).
Fiber length along with fiber strength and coanseness (as will be
seen shortiy) appear to be the highest heritable charactgrs in this
study. As such, selection for them should be highly effective in this

population.

Fiber Length Uniformity

Fiber length uniformity estimétes of heritability were largely
zero. One estimate was low while another was moderate in size. It is
rather doubtful if selection for this trait would be effective to any
appreciable extent. Probably selection effort should be expended on

other characters where progress would more likely be obtained.

Fiber Strength

Fibér strength measurea as either 0" or 1/8" gauge.ételometer'
provided relatively high heritability and genetic advance estimates in
all cases except for the date one over years and three environments
analyses for 1/8” gauge strength which were low and low to medium,

respectively. Either measurement should be easily modified by
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selectior. .

Fiber Coarseness

All heritabilities for fiber coarseness were high to very high.
As a éonsequence, one would expect selection for this trait to be

highly effective in. this population.
Estimates--of Phenotypic Correlation Coefficients

Simple linear correlation coefficients for all possible
combinations among the eight characters in this study #re presented
in Table VI. These.coefficients were estimated using the 48 male
overall means in each subsetvof enQironments. ‘'The 46 degrees of
freedom required for testing.the significance of those correlations
from zero were obtained by subtracting one, to account for the
covariable, from the 47 degrees of freedom among the male means.,

Although phenotypic correlation coefficients are admittedly only
approximations of genotypic correlations (what the breeder is really
interested in), Miller et al. (1958) %ound them to be of comparable
magnitude with a géneréi tendency for the genotypic correlation to be
slightly larger than its phehotypic counterparg. As a consequence,
phenotypic correlations giveia fairly good indication about the
direction of change in a giveﬁ trait indirectly broﬁght about when
selection is actually being practiced on another trait., Where esti-
ﬁates were largely consistent in éigh and at least 'some of those
estimates were Significdqtly;different froﬁ Zero, éonsiderable
confidence could be plaéed on the implication that the correlatioﬁv

described a real situation in the population rather than a temporary
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ESTIMATES OF PHENOTYPIC CORRELATION i
COEFFICIENTS FOR ALL POSSIBLE COMBINATIONS
OF CHARACTERS IN EACH SUBSET OF ENVIRONMENTS
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Combination of 1968 1968 1969 1968 Date One Three
Characters Date 1 Date 2 Date 1  Over Dates Over Years Environments
Lint Yield with:
Earliness -0.01 0.08 " =0,420% 0.15 =0,47%% -0.16
Lint Percent 0.09 0.21 0.52%% 0.22 0.28 0.27
Fiber Length -0.31% -0,33% -0.03 ~0,43%% -0.22 =0.40%%
Fiber Length Uniformity ~0.07 0.12 0.01 0.11 =-0.21 0.12
Fiber Strength (0" Gauge) -0.13 ~0.01 ~0.19 =-0.16 ~0.25 -0.29%
Fiber Strength (1/8" Gauge) 0.05 -0.10 =«0.05 -0.09 0.01 ~-0.22
Fiber Coarseness -0.14 0.04 0.23 . 0.07 0.18 0.2%
Earliness with:
Lint Percent 0.27 -0.04 ~0.43%% = 0.13 0.03 0.14
Fiber Length -0.22 ~0.17 ~-0.31% . -0.34% -0.08 -0,21
¥iber Length Uniformity 0.17 0.13 ~0.24 . 0.25 0.13 0.16
Fiber Strength (0" Gauge) 0.06 0.02 0.32% 0.07 0.18 0.05
Fiber Strength (1/8" Gauge) 0.04 0.02 0.04 -0.12 0.11 -0.03
Fiber Coarseness 0.18 0.18 ~0.09 0.22 0.03 0.02
Lint Percent with: -
Fiber Length -0, 418% ~0.43%% 0.21 =0, 464% -0.19 -0.38%%
Fiber Length Uniformity 0.17 -0.33% -0.23 ~0.09 0.02 -0.05
Fiber Strength (0" Gauge) -0.39%% -0, 39%% -0,22 ~-0,49%% . ~0,47%% -0.56%%
Fiber Strength (1/8" Gauge)-0.41%* ~0.51%% ~-0.33% -0.58%% ~0.45%% ~0.66%*
Fiber Coarseness 0.22 0.14 0.30% 0.16 0.29% 0.27
Fiber Length with:
Fiber Length Uniformity -0.26 0.07 =0, 46%* -0.28 -0.35% =0.b4x%
Fiber Strength (0" Gauge) 0.19 0.18 0.02 0.26 0.13 0.28
Fiber Strength (1/8" Gauge) 0.36% 0.,50%% -0.01 0.47%% 0.18 0.44%%
Fiber Coarseness : -0.58%% -0.38%% -0.26 ~0,55%% ~0.60%* -0.58%%
Fiber Length Uniformity with:
Fiber Strength (0" Gauge) -0.15 0.07 ~0.19 ~-0.03 -0.16 -0.04
" Fiber Strength (1/8" Gauge) 0.13 0.21 0.02 0.22 -0.25 , -0.05
Fiber Coarseness 0.26 0.20 0.34% 0.26 0.42%% 0.38%%
Fiber Strength (0" Gaugd with:
Fiber Strength (1/8" Gauge) 0.42%* 0.33% 0.21 0.51%% 0.36% 0.58%%
Fiber Coarseness 0.00 0.02 -0.14 -0.01 -0.11 -0.04
Fiber Strength (1/8" Gauge) with:
Fiber Coarseness -0.22 -0.22 -0.26 -0,32% ~0.31* ~0,42%%

* *%Significant at the 0.05 and 0.0l levels of probability, respectively.
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or accidental condition.
Lint Yield

Correlations ihvblving lint yieid'were consistently positive or
negative for only those combinations with lint percent, fiber lenth,
~and 0" gauge fiber strength, the first being positive with the last two
being negative. Of the six correlations with lint percent, one was
éignificaﬁt‘at the 0.0l probability level, two approached significance
at the 0.05 level, and two others were above 0,2, Four of the six
correlations with fiber length were significant while another was
moderatgly high. Only one of the correlations with 0" gauge was
significant although another did approacﬁ significancé at the 0.05
level. Should selection be practiced for increased lint yield, omne
could reaéonably expect lint percént to increase and fiber length and
0" gauge strength to decrease. All except one of the correlations
with fiber coarseness were positive though none were significant.
Perhaps, ;ﬁé would expect coarser fiber were he to select for increased
lint yield in this population, but it would not be with the relative
degree d% certainty as in the cases of the three characters discussed

above.
Earliness

All six earliness correlatidns with fiber length were consistent
in sign, being negative in every case; and two of those correlations
were‘significant, The correlations with OV gauge fiber strength were
uniformily positive, and one was significant; but most were extremely

low, being less than 0.10. Five out of six correlations with fiber
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length uniformity and fiber coarseness were positive; but mnone were
significant, most were moderate to small in magnitude. Selecting for
more earliness of maturity should decrease fiber length and, perhaps,

increase 0" gauge strength, fiber length uniformity, and coarseness.

Lint Percent

Correlations of lint percent with lint yigld were discussed in the
section on lint yield. Correlations with 0" and 1/8" géuge strengths
were highly negative, and eleven out of twélve estimates were
significant. There can be no question that selections in this
material for higher lint percent will probably result in large fiber
strength losses. Correlations with fiber coarseness were all positive,
and two were significant. Five out of the six corrélatidns with fibei
length were negative, and four of the‘fiVe were highly significant.
Selection for higher lint percent would probably decrease fiber
strength and increase coarseness and would possibly decrease fiber

length and increase lint yield.

Fiber Length

Correlations of fiber length with lint yield, earliness, and lint
percent were described in the respective sections above. Correlations
with fiber coarseness were uniformly negative, generally quite large in
magnitude, and significant in five nut of six cases. Correlations with
0" gauge strength were positive and nonsignificant though two did
approach significance. Five out of six correlations with fiber length
uniformity were negative, and five out of six with 1/8" gauge nere

positive., Three were significant and two approached significanée in
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the former case while four were significant in the latter. Selection
for increased fiber length should cause decreases in lint yield,
earliness, and fiber coarseness with'possible decreases in lint percent
and fiber length uniformity and possible increases in 0" and 1/8"

gauge strength.

Fiber Length Uniformity

Correlations of fiber length unifOrmitf with earliness and fiber
length were presented ébové.' Positive estimates Qere'obtained in all
six correlations with fiber coarseness with'three‘of those being
significant. Five out nf six estimates Qith'o" gauge were negative
though none were significant. Seléctions for higher fiber length
uniformity‘shoula increase fiber‘coarseness and, perhaps, increase

earliness and decrease fiber length and 0' gauge stelometer strength.

Fiber Strength

Cnrtelatibné of fiber strength (0" or 1/8" gauge or both) with
lint yield,Aeérliness, lint percent, fiber length, and fiber length
uniformity were analyzed above.ijbnsistently positive estimates were
obtained between 0" gauge and 1/8" gauge with five out of six being
significanto Correlations between 1/8” gauge and fiber coarseness were
consistently negative with three significant estimates and one
approaching significance. fSelections for higher 0" gauge strength
should increase 1/8” gauge stelometer and decrease yield and lint
percent and may increase earliness'énd fiber length but decrease
fiber length uniformity. Selections for high 1/8" gauge stréngth

should increase 0" gauge strength, should decrease lint percent and
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fiber coarseness, and may increase fiber length.

Fiber Coarseness

Correlations involving fiber coarseness were discussed in the
respective sections above. To summarize those conciusiens, selectieg
for increased fiber coarseness would cause an increase in fiber length
uniformity and decreases in fiber length and 0" gauge strength and may

result in increases in lint yield, earliness, and lint percent.



CHAPTER V
SUMMARY AND CONCLUSIONS

In sections of the previous chapter variances and variance compon=
ents, heritabilities and expected genetic advances, and phenotypic
correlation coefficients were discussed. Relative magnitddes among
different variances and components of variance are of interest to the
geneticist in an academic way. Their practical significance, however;
is in the estimation of narrow-sense heritability, i.e., the proportion
cf total variance that ié transmittible from generation to generation.
An examination of the magnitudes of heritabilities will show whether
selection will be effective or nbt for a given trait, and an inspgction
of genetic advances shows the appro#imate extent to which selection is
expected to be effect%ve for that trait. Correlation coefficients show
the effect, if any, selecting for one character will have on other
traits. In this chapter the author has attempted to bring all of the
information in previous sectibns together with some additional data to
decide what breeding steps should be taken in this population.

Based on their variances and variance components, their narrow-
sense heritabilities, and ultimately on their expected genetic advance&
yield and fiber length uniformity indicate little, if any; progress
could b; éx?éétéd wefe.selection to be practiced for them.. Earliness
and lint percent.ﬁill‘show some progress, b?t that prégress will vary

widely from year to year. Fiber length, fiber strength (0" and 1/8"

46
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gauge), and fiber coarseness are expected to respond quite readily to
selection. i |

One coﬁsideration in deciding what characteffor characters to
select for is the current level of perfprmance of the population fqr
the characters which are candidates for selection. This information is
presented in Table VII for each character in each subset of environ-
ments. Fiber strength in this;population is already at a very high
level. Converted into thousands of'pdundsvper square inch, its
strengths fall in the 94,000r973000 pounds per square inch rénge. The
fiber coarseness values are within the currently acgeptablé micronéire
range (3.5 tb 4?9), These levels df performance imp}y that selection
is not nécésséry for those two charécters.

Earliness; lint percent, and fiber length means indicate that
these characﬁers are medium early, medium to low, and avefage,
respectively, and that they should be actively considered for selec-
tion. All three characters are of prime economic importance to the
individual producer while lint length is important to the fiber mills
as well. Based on heritability estimates, fiber length indicatés the
most probable response to selection in this populétion; and therefore,
it should receive primary emphasis in selection. . While selecting for
fiber length, some préséufe should be exerted in approximately equal
proportions on”éarlineés”ahd.oﬁ lint péréént..‘in'doing so, some of
the ugdésirable trendsvin other characters,likelyvto be obtained when
selecfing for fiber length alone,'aé indicated by the phenotypic

correlations, would partially be nullified.



TABLE VII

MEANS FOR EACH CHARACTER IN EACH
SUBSET OF ENVIRONMENTS

1968 1968 1969 1968 Date One Three

Charactef : Date 1 Date 2 Date 1 Over Dates Qver Years Environments
Lint Yield ' 15.6 13.0 23.5 4.3 19.5 17.4
Earliness 55.0 55.1 68.2 55.0 61.6 59.4

Lint Percent 33.1 32.7 33,3 32,9 33.2 33.0
Fiber Length 1.005 1.003 1.012 1.004 1.009 1.007
Fiber Length Uni formi ty " 54,2 51.6 5.1 52,9  52.6 | 52.3
Fiber Strength.(O" Gauge) 4,39 4,36 4,51 4.37 74.45 4.42
Fiber Strength (1/8" Gauge) 2.29 2.2 2.36 2.27 2.32 2.30

Fiber Coarseness 4.7 4.5 4,8 4.6 4.8 4,7

~ L
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