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ABSTRACT

Stronger cotton yarns are needed by the textile industry as knit and woven fabric
manufacturing speeds increase, thus placing greater strain on cotton yarns. We compare
fiber properties as selection criteria for the genetic improvement of yarn tenacity in a
breeding population consisting of twenty-five cotton germplasm lines grown for two
years at two locations near Florence, SC. Fiber properties measured with the fibrograph,
Stelometer, fibronaire, and Arealometer are obtained on lint from each experimental
line in this population, along with ring spun yarn with a tenacity of 27 tex (22 Ne).
Among individual fiber properties, selection for 50% fiber span length results in the
greatest gain in yarn tenacity. Simultaneous selection for low Micronaire reading, long
50% fiber span length, and high fiber tenacity improve yarn tenacity more so than
selection for individual fiber properties. Selecting for fiber properties measured with
the Arealometer generally results in lower gains in yarn tenacity. We show individual
and combinations of fiber properties that are useful as selection criteria for yarn tenacity

improvement.

Developing cotton germplasm with higher yarn te-
nacity is a priority of the cooperative USDA/ARS and
Clemson University cotton genetics program. Over its
history, this program has developed numerous high
yielding germplasm lines with improved fiber and yarn
quality [4, 5]. Private breeding firms have used this
publicly developed germplasm to produce commercial
cultivars with better fiber quality [3]. Stronger cotton
yarns are needed to sustain productivity increases in
knit and woven fabric manufacture [6] and also to
counteract the reduction in fabric strength from chem-
ical treatments applied to achieve wrinkle resistant
100% cotton fabric [9].

Yarn tenacity is an expensive trait for breeders to
measure, currently costing about $30 per sample. Be-
cause of the high cost of measurements and the large
populations that breeders generally work with, yarn te-
nacity can be directly selected for only in advanced
stages of breeding. Indirect selection for higher yarn
tenacity by selecting individual fiber properties such as
fiber tenacity is practiced normally in early generations
such as the F, or F; following population synthesis [4,
5]. Selection on the basis of fiber tenacity, however,
may not always result in progeny with better yarn te-
nacity [13]. In contrast to the high cost of yarn tenacity
measurements, standard fiber properties consisting of
Micronaire reading, 2.5 and 50% span length, elonga-
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tion, and fiber tenacity can be obtained for about $2 to
$4 per sample using the high volume instrument, Ste-
lometer, or fibrograph.

Yarn manufacturers use combinations of various fi-
ber properties to assemble cotton bale mixes to predict
yarn performance [17]. The challenge breeders face is
to exploit individual fiber properties in early genera-
tions of breeding, which will result in germplasm with
improved yarn tenacity. A successful breeding scheme
relies on identifying those common fiber properties ge-
netically correlated [2] with yarn tenacity. The exis-
tence of a genetic correlation between two traits such
as fiber tenacity and yarn tenacity implies that selecting
for either trait will result in a corresponding change in
the trait not selected for. No study that we could find
has compared in a breeding population the response of
yarn tenacity to selection for individual or combina-
tions of fiber properties.

The Arealometer is another instrument that breeders
may use to evaluate the fiber properties of their exper-
imental cottons [10]. The Arealometer measures resis-
tance to airflow at low and high compression volumes
of a constant weight of fibers. From these two airflow
measurements, it is possible to calculate other fiber pa-
rameters such as perimeter and maturity. The advan-
tage of the Arealometer over the Micronaire instrument
is that both maturity and fineness can be calculated.
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These properties may be measured for a relatively cost
efficient $5 per sample. In genetic studies, the Areal-
ometer instrument has received little attention as a tool
to select for improved yarn tenacity. Meredith et al.
[15] reported that perimeters measured with an Areal-
ometer explain 50% of the variation in yarn tenacity
for nineteen cotton cultivars, suggesting the use of fiber
perimeter as a possible additional selection criteria for
improved yarn tenacity. Other studies relating fiber
properties to variations in yarn tenacity among cultivars
have found some Arealometer properties associated
with yarn tenacity [7, 18].

Our objective in this study is to compare fiber prop-
erties as selection criteria for genetically improved yarn
tenacity.

Methodology

For two years, we evaluated 25 experimental cotton
lines from the ARS/Clemson cotton breeding program
at two locations on the Pee Dee Research and Educa-
tion Center, Florence, SC. We used a randomized com-
plete block design with four replicates for each test.
Cotton was produced using Clemson University Co-
operative Extension Service recommended cultural
practices.

We determined fiber and yarn properties on each ge-
notype from twenty-five hand-picked bolls from each
replicate. Prior to ginning, boll samples were combined
from two replicates (1 + 2, 3 + 4) to yield sufficient
lint for the desired testing. The boll samples were
ginned on a ten-saw laboratory gin. All fiber and yarn
tests were performed by Starlab, Knoxville, TN. Fiber
length as 2.5% and 50% span lengths was determined
with a fibrograph, along with fiber tenacity (7', 3.2 mm
gauge) and elongation (E,) by the Stelometer. Micron-
aire values were recorded with a fibronaire instrument.
We obtained Arealometer values AH and AL, resistance
to airflow in the Arealometer instrument, from which
we calculated the following fiber properties [19]: D
value, difference between AH and AL values; maturity
% (Mat); weight fineness (FINE), mass per unit length
of fiber; wall thickness (THIC), fiber cell wall thick-
ness in microns; and perimeter (PER), distance around
the outside of the fiber. Finally, we determined the yarn
tenacity of 27 tex (22 Ne) ring spun yarn with yarn
spinning methods appropriate for small fiber samples
(11, 12].

We subjected each fiber property and yarn tenacity
to analysis of variance (ANOVA) across years and lo-
cations. We computed the heritability of each trait from
the genotypic variance divided by the appropriate phe-
notypic variance, where these estimates were derived
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from the ANOvA across years and locations. We as-
sessed the utility of each fiber property as a selection
criterion to improve yarn tenacity as follows: we com-
puted simple correlations between each fiber property
with yarn tenacity from genotypic means calculated
across years and locations. We then used the direction
of the correlation between yarn tenacity and each pu-
tative selection criterion to select the best five (e.g.,
highest or lowest, depending on sign of the correlation)
out of twenty-five genotypes based on location means
in 1992, and observed their yarn tenacity in 1993, also
using means across locations. We then expressed ob-
served improvement in yarn tenacity as the mean of the
selected five genotypes minus the mean of all twenty-
five genotypes.

We accomplished selection for more than one fiber
property by using a selection index [8], which allows
a set of genotypes to be ranked based on combinations
of two or more fiber traits. The index computes a single
value for each experimental genotype based on com-
binations of two or more fiber properties. For example,
to rank the twenty-five genotypes simultaneously for
T, and FINE, assuming that it is desirable to increase
T while simultaneously decreasing FINE so that a gain
in yarn tenacity may be realized in the next generation,
we used the following formula to compute a composite
value for each experimental cotton:

[X; — minimum T, value of 25 lines]
X [(—1 X FINE),
+ maximum FINE value of 25 lines]

where X; and i refer to the T, and FINE data, respec-
tively, for the ith experimental genotype. These
twenty-five index values were then the basis for rank-
ing the genotypes for this combination of traits. We
calculated the index values from 1992 genotypic means
across replicates and locations, and the response of yarn
tenacity to index selection in the same manner as de-
scribed for response to selection for a single fiber prop-
erty. Many of the fiber properties measured by the
Arealometer are highly correlated with each other,
since they are defined in terms of AH, AL, or quantities
derived mathematically from AH and AL [19]. There-
fore, in choosing traits to include in the selection index,
we avoided combinations of highly correlated traits.

Results and Discussion

We observed significant genotypic variation for all
fiber properties except PER, along with yarn tenacity
(Table I). Although there exist some significant (P
<< 0.05) genotype X location X year interactions, the
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TaBLE 1. Variance estimates for genotype and the interactions of genotypes with years and locations for fiber properties and yarn tenacity.

Source Trait*
of

variation ~ MIC  2.5% SL  50% SL E, T YT AH AL D MAT FINE THIC  PER
Genotype 0.021*%* 0.0003** 0.00005** 0.048** 0.115*% 9.36* 139.56%% 92.0** 533%* 3.29%* 0.0094** 0.0081** 0.23
Genotype

X yr o o o 0.002 0.015 024 19.98 75 2.00 1.24 o 0.0020 0.03
Genotype

Xloc O° 0.000031 0.000023  0.001 o 1.65 o° 4.5 o o 0.0018 o° o
Genotype

X yr )

xloc 0.0023 0 o° 0.037*  0.191 225 73.9% 38.7 5.08% 297 o° 0.0058*  0.14

* MIC = Micronaire reading, 2.5% SL = 2.5% span length, 50% SL = 50% span length, E, = elongation, T; = fiber tenacity, YT = yarn
tenacity, AH and AL = Arealometer resistance to airflow at high and low pressures, respectively, D = difference between AH and AL, MAT
= % maturity, FINE = weight fineness, THIC = fiber cell wall thickness, and PER = fiber perimeter. * and ** indicate variance is significantly

greater than zero at 5 and 1% probability levels, respectively.

variation due to genetic differences among the lines
was generally large relative to the interaction compo-
nents. Only for T, was the genotype X location X year
variance larger than genetic variation, though it was not
significant. For these fiber properties, with the excep-
tion of MIC in a few instances, other studies have found
that interactions of genotypes with environments are
generally small relative to genetic variation [ 7, 14, 15].
The high heritability estimates for most of the fiber
properties support this contention (Table II). Herita-
bility is the ratio of genetic variation and observed, or
phenotypic, variation. Phenotypic, or observed, varia-
tion is composed of genetic and environmental varia-
tion along with their interaction. Heritability takes a
value between 0 and 100% and indicates the extent to
which observed variation among a set of genotypes is
due to genetic effects. Heritability values are thus sug-
gestive of the progress expected from selections made
by the breeder. The presence of significant differences
among cotton lines combined with no previous selec-

TaBLE II. Heritability values for fiber properties.

Trait? Heritability
MIC 0.85%*
2.5% SL 0.91%*
50% SL 0.58%*
E, 0.76%*
T 0.57*
Yr 0.91**
AL 0.79%*
AH 0.78%*
D 0.66**
MAT 0.65**
FINE 0.61%*
THIC 0.75%*
PER 0.29

* Abbreviations the same as for Table I. * and ** indicate herita-
bility estimate is greater than zero at 5 and 1% probability levels,
respectively.

" Negative estimate for which most reasonable value is zero.

tion for fiber or yarn properties provides an opportunity
to assess each fiber property as a means to improve yarn
tenacity.

Based on selection for a single fiber property, 50%
span length provided the greatest improvement in yarn
tenacity (Table III), suggesting a strong positive genetic
correlation between these traits. Selecting for long 50%
span length also identified two of the five genotypes in
1993 with the best yarn tenacity. This finding contrasts
with studies reporting that fiber tenacity is the chief fiber
trait associated with yarn tenacity variation [7, 15].

TasLE III. Response of yarn tenacity to selection
for fiber properties.

Response of
yarn tenacity,

Selection criteria® Mn/tex

Low MIC 1.14
Long 2.5% SL 1.84
Long 50% SL 2.39
High E, 0.37
High T, 1.74
High AL 1.14
High AH 1.14
High D 0.50
Low MAT 0.49
Low FINE 0.34
Low THIC 1.44
Low PER® -

Low MIC, long 50% SL, high T, 2.49
Low MIC, long 2.5% SL, high T, 2.24
Low FINE, long 50% SL, high T, 2.49

* Abbreviations the same as for Table I. " Not determined since

genotypic variation was not significant.

The influence of a longer 50% span length on yarn
tenacity is not well defined but could reflect the better
overall length uniformity considered beneficial for ring
spinning performance [4]. After 50% span length, se-
lection for 2.5% span length and fiber tenacity resulted
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in the next largest gain in yarn tenacity (Table IIT). Of
course, the fiber properties are correlated with each
other, particularly 2.5 and 50% span lengths (Table
IV). Consequently, in selecting for a single fiber trait,
we are simultaneously selecting other fiber properties
that are correlated genetically with the primary trait.

Selecting for high F, provided the least improvement
in yarn tenacity, which we did not expect based on a
report that elongation is an important predictor of yarn
tenacity from bale cotton [1]. This finding suggests a
low genetic correlation between E; and yarn tenacity.
Another possible reason we observed little improve-
ment in yarn tenacity with selection for E; could be the
significant genotype X location X year interaction. Ex-
amination of the nature of the interaction indicates it is
due to several complete changes in rank of genotypes
across locations and years (data not shown). Rank
changes confound the response to selection because ge-
notypes selected as the best types at a particular loca-
tion or year may not be superior in the next generation
of testing.

Of the properties measured with Arealometer, selec-
tion for low THIC resulted in the most improved yarn
tenacity. This level of improvement was not as great as
that for 2.5 and 50% span length or T,, but it was
greater than that due to MIC despite the high correlation
between MIC and THIC (Table 1V). These data indi-
cate that individually, the fiber properties measured
with Arealometer are not as valuable as selection cri-
teria for improved yarn tenacity as several of the stan-
dard fiber properties. Generally, the magnitude of im-
provement in yarn tenacity in this population is small
yet consistent with the response to selection for traits
conditioned by a large number of genes [14].

Maximizing genetic progress towards higher yarn te-
nacity may have to include concurrent selection for two
or more fiber properties. Meredith ef al. [15] alluded
to this in a study relating variation in yarn tenacity to
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various fiber properties in a diverse set of advanced
breeding lines and cultivars. In that study, T, was the
chief individual fiber property explaining variation in
yarn tenacity, but the interaction of span length, 7', and
fineness was also important. In our study, we selected
genotypes based on multiple traits using a selection in-
dex [8], which is a statistical tool that allows a breeder
to rank a set of genotypes for multiple traits. From two
or more traits, the index computes a composite value
for each genotype, which the breeder then uses to select
genotypes to advance for the next generation of eval-
uation. This process is analogous to the methods yarn
manufacturers employ in selecting cotton bales to make
yarn based on measures of fiber length, fiber tenacity,
and fineness [17]. In our study, selecting for the com-
bination of low MIC, long 50% span length, and high
T, resulted in more yarn tenacity gain than selecting
for any single fiber property [ Table IV ]. Other studies
have found T, measures of fiber fineness, and 2.5%
fiber length to be important predictors of yarn tenacity
when evaluating advanced generation breeding lines or
cultivars [15]. Simultaneously selecting for low MIC,
long 2.5% span length, and high 7', resulted in slightly
less yarn tenacity improvement than selecting for MIC,
T, and 50% span length [ Table IV].

We wanted to determine if the fiber properties mea-
sured by the Arealometer could be combined with com-
mon fiber traits such as length and strength, thus offer-
ing breeders additional selection criteria for improved
yarn tenacity. Data in Table IV indicate that many of
the Arealometer measured properties are highly cor-
related with the other fiber properties. Since MIC, AH,
and AL are all measures of resistance to airflow, it fol-
lows that these traits are highly correlated and thus
measure similar fiber properties in this cotton popula-
tion. Consequently, in choosing combinations of fiber
traits to include in the selection index, we avoided com-
bining traits with correlations similar in magnitude to

TapLE IV. Simple correlations among fiber properties.*

MIC 50% SL 2.5% SL E, Ty AL AH D MAT FINE  THIC
50% SL. —-0.17
2.5% SL  —0.28 0.83**
E, —0.13 0.01 —0.09
T, 0.12 0.31 0.07 —0.35
YT —0.44%* 0.64** 0.44* 0.09 0.50%
AL —0.94** 0.26 0.37 0.14 —-0.09 0.54%*
AH ~0.93** 0.26 0.39 0.19 -0.13 0.52%* 0.99%%*
D —0.80** 0.24 0.42% 036 ~0.27 0.39 0.88%* 0.92%*
MAT 0.79%*  —0.25 —0.44*  -0.37 027  —040* —0.87*%F —0.92%* —(,99%*
PER —0.21 0.10 0.33 0.53* -0.39 0.01 0.28 0.38 0.71%% -, 72%%
FINE 0.75**  —0.19 —0.15 023 -0.16 —050* —-0.77%¢ —0.70** —0.37 0.36 0.39
THIC 0.91** —-0.29 —0.44* 021 0.13  —=0.53*%*  —0.99%% —0.99%% —(0.93%* 0.93**  —0.41* 0.67%*

“ Abbreviations the same as for Table L. * and ** indicate that correlation is different from zero at 5 and 1% probability levels, respectively.
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those among AH, AL, and MIC. One such combination
is that of FINE, T, and 50% span length. Although
the correlation between MIC and FINE was high [r
= 0.75], it was not of a magnitude to indicate that
FINE and MIC are redundant properties. Simultaneous
selection for low FINE, long 50% span length, and high
T, resulted in more gain in yarn tenacity than selection
for any single trait [ Table IV }. The magnitude of gain
was, however, the same as selecting for low MIC, long
50% span length, and high T,.

Another fiber property measured by the Arealometer
that has been used to explain variation in yarn tenacity
is PER [15]. In our study, there was no significant
genotypic variation in PER, and so we could not assess
it as a selection criterion to improve yarn tenacity. We
would expect cotton fibers with smaller perimeters,
high maturity, and 7', to produce stronger yarns relative
to coarser fibers with similar maturity and 7', {6]. Con-
sidering the cost of obtaining Arealometer measure-
ments in addition to that of the standard fiber proper-
ties, their use as selection criteria to improve yarn
tenacity is not warranted in this cotton population.

While the Arealometer measured fiber properties
were of little value as criteria to improve yarn tenacity,
breeders may soon exploit new instruments to measure
cotton fiber properties. The advanced fiber information
system [AFIS] provides properties not measured by the
Arealometer, Stelometer, Micronaire, or fibrograph in-
struments [16]. Several of the AFiS measured fiber
properties, including fiber area and diameter, explain a
large portion of the variability in yarn tenacity in a set
of cotton germplasm lines and cultivars [16]. An im-
portant finding is that the AFIS properties estimate a
larger genetic component relative to environmental
variation when compared with the Arealometer [16].
These properties deserve further study as selection cri-
teria to improve yarn tenacity. Another recent finding
that may provide breeders and yarn manufacturers with
fiber information to predict yarn tenacity is the contri-
bution of fiber waxes and lubricants. Taylor [20] re-
ported that cotton from bales with the highest amounts
of wax and lubricants processed into the strongest yarns
and fabrics. Additionally, total wax and lubricant was
estimated by a simple near-infrared measurement with-
out costly laboratory analysis. The contribution of ge-
netics to variation in wax content of cultivars has yet
to be investigated.

Conclusions

We have accomplished maximum improvement in
yarn tenacity in a breeding population by selecting for
the combination of low MIC, long 50% span length,
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and high 7. We have found that 50% span length is a
useful single fiber property with which to select for
higher yarn tenacity. The 50% span length is cost-ef-
ficient and easily obtained during all phases of breed-
ing. Compared with fiber tenacity or length measure-
ments, fiber properties measured with the Arealometer
are not as useful as selection criteria to improve yarn
tenacity.
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