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Abstract

Standardized instrument for testing of cotton (SITC) and advanced fiber information system (AFIS) measurements are
increasingly being utilized as primary and routine means of acquiring fiber quality data by cotton breeders and fiber
processors. A significant amount of information regarding fiber and yarn qualities is present, but little information exists
about the compositional and chemical structure difference of cotton fibers harvested at different locations. Such infor-
mation could prove useful in attempts to understand the variety selection of cotton cultivars. The purpose of this study
was to characterize the fiber SITC and AFIS quality and also yarn skein strength of cottons harvested from various
locations, and also to unravel the near infrared (NIR) spectral response to these differential environments. Moderate
positive or negative relationships among fiber properties were observed. However, these relationships varied across
experimental locations and years. Further, the analysis of variance tests indicated substantial variations among genotypes
for most fiber properties, but less detectable variation among genotypes for yarn tenacity. Interestingly, principal com-
ponent analysis of NIR spectra enhanced the similarity or dissimilarity of cotton fibers harvested at differing locations,
implying the feasibility of the NIR technique for site selection in future cotton variety trials.
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Cotton is one of the most important agricultural com-
modities in the world, and its production is determined
by at least three main factors and interactions among
them. These include genotype, environment, and pro-
duction practices. These three factors and their inter-
actions influence both yield and fiber quality potential
and ultimately determine the growers’ and processors’
profitability.! Thus, the desired cotton cultivars for
both cotton growers and fiber/fabric processors would
be high fiber yield and good fiber quality.

Relating the genotype and environment to fiber
quality could assist cultivar development and selection
for targeted cotton production areas. Over the years,
various techniques and systems, including optical,
physical, and chemical methods, have been developed
to measure a number of cotton fiber properties and also

processed yarn qualities.” 7 Among them, high volume
instrumentation (HVI™) and advanced fiber informa-
tion system (AFIS) measurements are being utilized as
primary and routine tools of acquiring fiber quality
properties by cotton breeders and fiber processors.

'USDA, ARS, Cotton Structure & Quality Research Unit, Southern
Regional Research Center (SRRC), USA

2USDA, ARS, Coastal Plain Soil, Water and Plant Conservation Research,
USA

3Cotton Incorporated, USA

Corresponding author:

Yongliang Liu, USDA, ARS, Cotton Structure & Quality Research Unit,
New Orleans, LA 70124, USA.

Email: yongliang.liu@ars.usda.gov

Downloaded from trj.sagepub.com at NATIONAL AGRICULTURAL LIBRARY on March 3, 2016


http://trj.sagepub.com/

Liu et al.

1475

The United States Department of Agriculture’s
(USDA’s) Agricultural Marketing Service (AMS) has
relied on the automation-based HVI™ procedure, as a
universal testing method and official classification
system, to measure the fiber color, leaf grade, and
such physical properties as micronaire, strength,
length, and uniformity. The International Cotton
Advisory Committee has proposed the HVI™ as a
standardized instrument for testing of cotton (SITC)
that is now used in place of HVI™ . This system
uses automated sampling techniques and evaluates mul-
tiple fiber characteristics at a relatively high speed.
Unlike or complementary to the SITC, the AFIS
reports up to 14 cotton fiber properties from a 0.5g
fiber sliver containing 3000-5000 fibers simultaneously,
including the fiber maturity ratio, fineness, length
distributions, trash content, and neps.

Although the SITC and AFIS methods determine a
number of cotton fiber properties, there is no chem-
ical/molecular structure information on these cottons
available from such physical tests. Hence, it will be of
interest to obtain structural data from additional
measurements. Such measurements include mid-infra-
red (mid-IR),® near infrared (NIR),” and Raman spec-
troscopy,'” as well as x-ray diffraction.!' Due to the
speed, ease of use, minimum sample preparation, and
potential on-line/off-line implementations, NIR spec-
troscopy was performed in this study. Not only has
it been used to characterize the distinctive NIR spec-
tral difference between white and naturally colored
cottons,'? but it can also be used to perform the quali-
tative classification and quantitative prediction of
interested cotton quality properties, such as
micronaire.'?

With unique absorptions in the region from 750 to
2500 nm (or from 13,300 to 4000cm '), NIR spectra
represent the overtones and combination bands of the
fundamental absorbances observed in the mid-IR spec-
tral regions of cotton fiber cellulose.” It is likely that
NIR spectra might detect subtle differences between
two sets of cotton fibers that exhibit similar fiber qua-
lities but were harvested at different locations, with the
aid of multivariate data analysis, namely principal com-
ponent analysis (PCA). PCA is a very effective variable
reduction technique for spectroscopic data from » vari-
ables (2780 in this study) to a fewer number of dimen-
sions.'® It decomposes a set of spectra into
mathematical spectra (called loading vectors, factors,
principal components (PCs), etc.) that represent the
most common variations to all spectral data. The cor-
relations among samples (or spectra) are indicated by
their scores (or projections) on new PCs. Similar sam-
ples tend to group together in the score—score plot and,
in turn, atypical samples could be easily detected by the
simple visualization.

Although genotypic and environmental contribu-
tions to fiber quality have been studied considerably
in the cotton industry for a long period,'” ' little pub-
lished information exists regarding the variation of
both fiber and yarn spinning quality of cottons har-
vested from different locations. The main objectives
of the current study were (1) to compare cotton fiber
and yarn qualities for a range of field evaluation trials
in South and North Carolina over a two-year period,
(2) to relate these parameters with entry lines and grow-
ing environments, and (3) to characterize the NIR spec-
tral response to cotton fibers grown at various
environments. Observation of spectral similarity or dif-
ference among cottons at different environments/loca-
tions might allow for more effective selection of
growing sites in field evaluation trials.

Materials and methods
Cotton samples

In 2011 and 2012, a total of 20 entries (16 elite breeding
lines and 4 commercial cultivars) were evaluated in
replicated field tests at the Clemson University Pee
Dee Research and Education Center near Florence,
South Carolina (Florence), the Clemson University
Edisto Research and Education Center near
Blackville, South Carolina (Blackville), and the North
Carolina State University Sandhills Research Station
near Jackson Springs, North Carolina (Sandhills). In
Florence, trials were evaluated on a Norfolk loamy
sand soil (fine-loamy, kaolinitic, thermic Typic
Kandiudults). In Blackville, trials were evaluated on a
Barnwell loamy sand soil (fine-loamy, kaolinitic, ther-
mic Typic Kanhapludults). In Jackson Springs, trials
were evaluated on a Candor sand soil (sandy, kaolini-
tic, thermic Grossarenic Kandiudults). Each trial was
arranged in a randomized complete block design with
four replications. Each entry was grown in a two-row
plot 10.7m long with 96.5cm spacing between rows.
Plots were managed conventionally and followed the
established local practices.

For each trial, 50 bolls were hand harvested from
each plot. Boll samples were subsequently ginned on
a 10-saw laboratory gin and lint fibers were collected.
Cotton lint fibers were conditioned at a constant rela-
tive humidity of 65+ 2% and temperature of 21 £2 °C
for at least 24 hours, prior to subsequent fiber and yarn
quality measurement as well as visible/NIR spectral
acquisition.

Fiber quality measurement

Average micronaire, upper-half mean length (UHML),
and strength values were obtained from five replicates

Downloaded from trj.sagepub.com at NATIONAL AGRICULTURAL LIBRARY on March 3, 2016


http://trj.sagepub.com/

1476

Textile Research Journal 85(14)

on each sample by a SITC system (Uster® HVI™ 900 A,
Uster Technologies Inc., Knoxville, TN). AFIS fineness
was determined from five repeats by an Uster® AFIS-
Pro (Uster Technologies Inc., Knoxville, TN). All meas-
urements were performed at the Southern Regional
Research Center of USDA’s Agricultural Research
Service (USDA-ARS-SRRC). The same instruments
were used for all samples during experiments. Both
instruments were calibrated throughout the study fol-
lowing the manufacturer’s recommendations.

Yarn quality measurement

With the available sample amount in the range of
70-90 g, a mini-spinning protocol was applied by car-
ding approximately 60 g per sample on a modified Saco
Lowell Model 100 card. The carded web was drawn
into slivers on a modified Saco Lowell DF 11 draw
frame. Two bobbins of ring spun yarn were spun to a
nominal count of Ne 30/1 per sample. A 54.9m (or
109.8 m for the 2012 cottons) mini-skein was produced
from each bobbin and tested on an Instron tensile
tester.?? In addition, each bobbin was tested for 1 min
at 91.4m/min on an Uster Tester 4 (UT4) and 20 single-
end breaks on an Uster Tensorapid 4. The skein
strength was reported in single-end tenacity equivalent
(g/tex), which is a normalization process to account for
yarn size variations.

Fiber and yarn quality data analysis

For each individual growing environment in 2011 and
2012, fiber and yarn quality data were subjected to an
analysis of variance (ANOVA) by SAS to test if differ-
ences exist among the 20 breeding lines (PROC GLM,
Version 9.2, SAS Institute Inc, Cary, NC). Also, homo-
geneity of variance tests was conducted to determine if
data could be combined across environments in a single
year. Data could not be combined across two-crop
years because 2011 and 2012 trials did not contain all
of the same breeding lines. Following validation of
homogeneous variances, data were combined across
environments and subjected to a mixed model
ANOVA. Environments, replicates within environ-
ments, and entry x environment were considered
random effects, while entries were considered fixed
effects. The PROC GLM module of SAS (with the
RANDOM statement) was used to perform the mixed
model ANOVA.

Acquisition of visible/NIR reflectance spectra of
cotton fibers

Visible/NIR reflectance spectra were acquired on a
Foss XDS rapid content analyzer (Foss NIRSystems

Inc., Laurel, MD). Approximately 10g of cotton
fibers were pressed into a Foss coarse granular cell
(3.8-cm wide x 15.2-cm long x 4.8-cm deep).
Background was recorded with the use of an internal
ceramic reference tile before scanning the samples. The
log (1/Reflectance) readings were acquired over the
400-2500 nm wavelength range at 0.5nm interval and
32 scans. Two spectra were collected for each of the
cotton samples by repacking and the mean spectrum
was obtained.

All spectra were imported into GRAMS 1Q applica-
tion in Grams/Al (Version 9.1, Thermo Fisher
Scientific, Waltham, MA), and subsequent PCA char-
acterization was performed in the 1105-2495nm NIR
region with mean centering (MC) and Savitzky—Golay
first-derivative (2 degrees and 13 points) spectral pre-
treatment. The data set was defined by n variables or
data points (in this study, n =2780 wavenumbers in the
1105-2495 nm region with 0.5 nm intervals) and m sam-
ples (in this study, m=99). PCA models the maximum
directions of variations in this spectral set by projecting
the objects (or spectra) as a cluster of points in a space
defined by PCs. Each PC is a linear function of a
number of original variables, resulting in a reduction
of the original number of variables. PCs describe the
most variations among the spectra in a decreasing
order, and each PC can be interpreted independently,
since they are calculated to be orthogonal to one
another. Simply, PCs describing this decomposition
are presented as

PCi=anX\ + anXs + -+ + anXy

where 7 is the PC number used (i < n), a is the loading
vectors or eigenvectors, n is the number of variables,
and X is the original spectral intensity.

In brief, both quality properties and spectral data
were obtained on each plot in each trial (four reps per
entry in each trial) and then the mean in each trial was
used for analysis.

Results and discussion
Fiber and yarn quality characteristics

Quality results from this study included fiber analysis
from routine SITC and AFIS protocols, and yarn char-
acteristics from conventional tensile procedures. The
selected fiber properties were SITC micronaire,
UHML, and strength as well as AFIS fineness. Fiber
spinning performance was determined as yarn tenacity
from the skein test. Table 1 summarizes the range,
mean, and standard deviation (SD) of selected fiber
and yarn qualities for the 20 genotypes in three growing
locations over two consecutive years.
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Table I. Range, mean, and standard deviation of selected fiber and yarn qualities in three growing loca-

tions and two crop years

201 | crop year

2012 crop year

Blackville Florence Sandhills Blackville Sandhills

Micronaire (Units) Range  4.50-4.99 4.74-5.37 4.80-5.61 3.68-4.25 3.94-4.57

Mean 4.71 5.09 5.22 4.00 4.23

SD 0.13 0.18 0.18 0.13 0.18
Strength (gm/tex) Range 30.07-34.13 26.76-33.20 27.97-36.32 29.77-3391 29.80-34.15

Mean  31.78 29.77 31.18 31.41 31.59

SD 0.96 1.80 1.69 .11 1.23
UHML (mm) Range 30.0-31.5 26.4-29.2 26.9-29.7 30.0-335 29.5-32.2

Mean 30.7 27.4 27.9 31.2 305

SD 0.51 0.76 0.76 1.02 1.02
Fineness (mtex) Range 171.4-186.2 173.2-1948 179.2-204.6 165.7-1788 156.2-177.0

Mean 181.4 186.0 192.0 171.4 165.8

SD 3.85 5.48 5.20 3.84 5.93
Tenacity (g/tex) Range 44.32-54.16 39.66-53.23 43.86-54.84 44.30-50.99 43.71-52.00

Mean  49.27 46.36 47.58 47.17 47.22

SD 2.37 4.10 2.89 2.03 2.14

UHML: upper-half mean length.

Among the 2011-year cottons, the mean fiber micro-
naire of 20 entries at Blackville was lower (4.71) than
those from identical entries at Florence and Sandhills
that had respective micronaire values of 5.09 and 5.22.
For the 2012-year cottons from two locations
(Blackville and Sandhills), micronaire values were rela-
tively close (4.00 versus 4.23). Cotton fineness showed
nearly the same pattern as micronaire, which is
expected as micronaire is determined by both maturity
(degree of secondary cell wall development) and fine-
ness (weight per unit length) of the fibers.*!

Cotton fibers were assigned into “Discount Range,”
“Base Range,” and “Premium Range” classes accord-
ing to the established criterion,”® which represent the
micronaire values in the respective range of <3.5 or
>5.0, 3.5-3.6 or 4.3-4.9, and 3.7-4.2. In this regard,
the 2012-year cottons from both Blackville and
Sandhills areas could be considered as high grade or
premium cottons in terms of micronaire.

There were evident differences in UHML among
locations ranging from 27.4 to 30.7mm within 2011-
year cottons and 30.5 to 31.2mm between the 2012-
year cottons.

The 2011-year fibers from two locations (Blackville
and Sandhills) were stronger than those from Florence
(~31.5 versus 29.8 gm/tex), and yarn tenacity suggested
the same trend. In contrast for the 2012-year cottons,
fiber strength and year tenacity did not differ among
two growing locations.

Table 2. Univariate correlation coefficients for five fiber and
yarn qualities®

Micronaire UHML  Strength Fineness  Tenacity
Micronaire ~ -0.76

UHML —0.17 0.60

Strength 0.92 —0.64 —0.12

Fineness 0.0l 0.19 0.46 0.01
Tenacity

?Absolute values greater than 0.50 were objectively considered to have
significant correlation, the values between 0.50-0.20 to have moderate
correlation, and the values less than 0.20 to have insignificant correlation.
UHML: upper-half mean length.

In general, from the 2011-year to 2012-year cottons,
micronaire and fineness decreased, UHML increased,
and fiber strength and yarn tenacity were nearly
unchanged.

Univariate correlation coefficients

The univariate correlation coefficients (or Pearson
correlations) between two of the five fiber and yarn
quality indices are shown in Table 2. As anticipated,
micronaire had positive and significant correlation with
fineness, and negative and strong correlation with
UHML. Also, it showed insignificant correlations
with fiber strength and yarn tenacity. This observation

Downloaded from trj.sagepub.com at NATIONAL AGRICULTURAL LIBRARY on March 3, 2016


http://trj.sagepub.com/

1478

Textile Research Journal 85(14)

agrees well with a previous report that cottons with the
same micronaire values can have different yarn
strengths.”?

UHML had strong correlations with strength and
fineness, positively with strength but negatively with
fineness. Interestingly, UHML did not correlate with
yarn tenacity in the same manner as fiber strength.
Probably, the yarn size and ‘‘relatively high” fiber
length for most of the samples mask the classic fiber
length to yarn tenacity relationship that is normally
observed for ring spun yarns.

Moderate and positive correlation was observed
between fiber strength and yarn tenacity, and both indi-
ces were not found to have clear relationships with fiber
fineness and micronaire.

Correlation of quality indices and growing locations

Although Tables 1 and 2 provide an overall view of
fiber and yarn qualities, they might lack the specific
details of whether environment could influence one or
more quality characteristics. As one example, Figure 1
shows the plot of AFIS fineness against SITC micro-
naire. Within the line of expectation, AFIS fiber fine-
ness increased linearly with SITC micronaire for both
individual and all trial locations generally. Careful

regression (or relationship) between fiber fineness and
micronaire were 24.8, 28.6, and 24.5 for 2011 Blackville
cottons, 2011 Florence cottons, and 2011 Sandhills cot-
tons, and 19.5 and 29.7 for 2012 Blackville cottons and
2012 Sandhills cottons, respectively. As a comparison,
the slope was 19.9 for all fibers in Figure 1. Since either
the 2011-year or 2012-year cottons were processed and
tested simultaneously, such concerns as experimental
and instrumental fluctuation could be excluded from
the consideration when looking into these variations.
Most likely, differences in growing environments (soil,
nutrition, water, and weather) might be attributed to
the varying degree of fiber maturity, as indicated by
fiber micronaire and fineness that varied greatly with
both growing locations and crop years.

Another example is the relationship between SITC
micronaire and strength (Figure 2). Overall, fiber
strength did not change along with fiber micronaire
or environment, but it did increase with micronaire,
apparently within the 2011 Blackville cottons only.
This finding may imply that growing environment
impacts the relationship between fiber strength and
micronaire (or maturity).

Figure 3 relates SITC strength to fiber length.
Although SITC strength increased with SITC UHML
generally among all fibers, as characterized by the posi-

examination revealed that the slopes from the tive slope of 13.8, there were notable distinctions in the
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Figure 1. Plot of advanced fiber information system (AFIS) fineness against standardized instrument for testing of cotton (SITC)
micronaire (2011 Blackville: o; 2011 Florence: X; 201 | Sandhills: A; 2012 Blackville: O; 2012 Sandhills: A).
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Figure 2. Plot of standardized instrument for testing of cotton (SITC) strength against SITC micronaire (201 | Blackville: o; 201 |
Florence: X; 2011 Sandhills: A; 2012 Blackville: O; 2012 Sandhills: A).

SITC Strength (gm/tex)

37
A
35 2011 Blackville
8 (@]
2011 Sandhills Q A
X X [ ]
33 A e o0
Xy A ° A
o % & g
A .C‘ ° A

31 4 ‘ %6 08 A

x o ©r & 4

A L% .

A 0% 2012 Sandhills

29 x x
X X .
X A 2012 Blackville
A X

27 .

2011 Florence
25

25.0 27.5 30.0 32.5

SITC UHML (mm)

35.0

Figure 3. Plot of standardized instrument for testing of cotton (SITC) strength against SITC upper-half mean length (UHML) (2011
Blackville: o; 2011 Florence: X; 2011 Sandhills: A; 2012 Blackville: O; 2012 Sandhills: A).
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Figure 4. Plot of yarn tenacity against standardized instrument for testing of cotton (SITC) upper-half mean length (UHML) (2011
Blackville: e; 2011 Florence: X; 2011 Sandhills: A; 2012 Blackville: O; 2012 Sandhills: A).

slopes between the 2011-year and 2012-year cottons.
The former crops represented the slope range of 45.4—
53.0 (45.4 for Sandhills cottons, 53.0 for Florence cot-
tons, and 46.0 for Blackville cottons), and the latter
crops exhibited the range of 23.2-26.0 for respective
2012 Sandhills and Blackville cottons.

Unlike the tendency in Figure 3, yarn tenacity was
not impacted by fiber UHML index for either individ-
ual or combined growing locations (Figure 4).

The plot of yarn tenacity against fiber strength indi-
cated a reasonable trend but with a scattered pattern
(Figure 5), which is not surprising. This indicates that
likely SITC fiber strength and yarn tenacity measure-
ments represent different fiber breaking mechanisms
and need to be explored further. Meanwhile, the results
could be limited by the fact that only 60 g of fiber was
spun onto only two bobbins and limited reps were
tested.

Variation of quality indices among genotypes

Table 3 summarizes the ANOVA tests performed on
2011 data. For each of the fiber characteristics mea-
sured, highly significant differences were detected
among genotypes or entries. Genotypes displayed sig-
nificant differences in each of the three individual envir-
onments as well as combined across the three

environments. Yarn tenacity was only significant
among genotypes in the Florence environment and
combined across all environments. Among the traits
measured, entry x environment interactions were sig-
nificant for UHML and strength only. This indicated
that for micronaire, fineness, and yarn tenacity, entries
performed similarly across environments.

Table 4 summarizes the ANOVA tests performed on
2012 data. Similar to the results of 2011 data, signifi-
cant differences were detected among genotypes or
entries for fiber quality characteristics in both individ-
ual environments and combined across environments.
Yarn tenacity was not different among genotypes in
each individual environment or combined across the
two environments. Among the traits measured,
entry x environment interactions were significant for
yarn tenacity only. This indicated that for micronaire,
UHML, strength, and fineness, entries performed simi-
larly across environments.

In total, ANOVA tests indicated substantive vari-
ations among genotypes for fiber quality characteris-
tics. However, these tests also indicate less detectable
variation among genotypes for yarn tenacity. ANOVA
tests also indicate more environmental variation among
testing sites in 2011 as compared to 2012. In 2011, sig-
nificant differences among environments were detected
for all traits, while only being detected for micronaire
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Figure 5. Plot of yarn tenacity against fiber standardized instrument for testing of cotton (SITC) strength (201 | Blackville: e; 201 |
Florence: X; 201 | Sandhills: A; 2012 Blackville: O; 2012 Sandhills: A).

Table 3. Analysis of variance for fiber micronaire, upper-half mean length (UHML), strength, fineness, and yarn tenacity for 20 elite

breeding lines evaluated in three field trials conducted during the 2011 year

Mean squares

Environment Source of variation df Micronaire UHML Strength Fineness Tenacity
Blackville Replicate 3 0.069 0.0032 5.4 35 26.1
Entry 19 0.130%* 0.0030%* 8.0%* 107.0%* 248
Error 57 0.026 0.0003 0.9 22.5 16.5
Florence Replicate 3 0.005 0.0029 8.6 77.2 6.5
Entry 19 0.137%* 0.0029** 13.6%* 126.3%* 71.0%*
Error 57 0.03 0.0006 1.5 20.1 33.6
Sandhills Replicate 3 0.005 0.0009 2.1 12.3 10.7
Entry 19 0.132%* 0.003 I 12.0%* 113.7% 36.9
Error 57 0.010 0.0002 0.5 9.5 29.7
Combined Environment 2 5.70%* 0.3749** 82.7%* 2398.2°%* 164.5%
Replicate (environment) 9 0.026 0.0023 54 41.5 14.4
Entry 19 0.344%* 0.0066** 23.4%F 314.6%* 81.6%*
Entry X environment 38 0.029 0.0012%* 5.1 16.2 25.5
Error 171 0.022 0.0004 9.6 17.4 26.6

*Significant at the 0.05 probability level.
**Significant at the 0.01 probability level.
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Table 4. Analysis of variance for fiber micronaire, upper-half mean length (UHML), strength, fineness, and yarn tenacity for 20 elite
breeding lines evaluated in three field trials conducted during the 2012 year

Mean squares

Environment Source of variation df Micronaire UHML Strength Fineness Tenacity
Blackville Replicate 3 0.279 0.0016 1.8 142.9 5.7
Entry 18 0.076* 0.0043** 4.2%¢ 60.5% 13.9
Error 47 0.041 0.0004 0.6 284 9.7
Sandhills Replicate 3 0.203 0.0032 1.1 103.2 5.7
Entry 19 0.133** 0.0055%* 6.4+ 148.0%* 19.2
Error 57 0.026 0.0005 0.5 272 12.2
Combined Environment | 1.357* 0.0101 0.7 1264.2* 0.2
Replicate (Environment) 6 0.241 0.0024 |.4% 123.0 5.7
Entry 19 0.166%* 0.0085%* 8.3%* 164. 1%+ 10.5
Entry x environment 18 0.040 0.0007 |.6%* 422 21.5%
Error 104 0.033 0.0005 0.6 27.7 1.1

*Significant at the 0.05 probability level.
**Significant at the 0.01 probability level.
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Figure 6. Average log (I/R) spectra of cotton fibers with varying locations and crop years.

and fineness in 2012. These results are consistent with

previous studies that suggest greater environmental
influences on micronaire and fineness as compared to
UHML and strength.?* Although the total number of
environments evaluated in this study is limited, the
detection of minimal entry x environment interactions
for fiber quality characteristics is also consistent with
previous studies.?**

NIR spectra of cotton fibers

Figure 6 shows the average log (1/R) spectra in the 400—
2500 nm region of cotton fibers representing three loca-
tions and two crop years. Spectral intensity variations
suggested color, physical, and chemical differences
among these fibers. There are at least five intense and
broad bands with one (<600 nm) in the visible region
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(400-750 nm) and four (1490, 1935, 2105, and 2340 nm)
in the NIR region (750-2500 nm). In this study, cotton
fibers were processed at a small scale; thus, the inter-
ferences from cotton plant parts could be presented. In
general, the visible region of 400-750 nm contains the
color information and represents a mixture of contri-
butions from the pigmentations in cotton fibers, for
example, flavonoids,?® degraded products between a
reducing sugar and an amino acid,”’ and also chloro-
phyll and its degradation derivatives in cotton plants.?®
Whereas the origins of NIR bands differ from those in
the visible region, they are mainly due to the (first and
second) overtones and combinations of OH and CH
stretching vibrations of cotton fiber cellulose.” The
broad absorptions between 1150 and 1300nm are
from the second overtones of CH stretching modes
and their first overtones appear in the 1675-1860 nm
region. Features in the 1300-1400nm region are
ascribed to combination bands of the CH vibrations.
Broad and intense bands in the 1400-1675nm region
are due to the overlap of the first overtones of the OH
stretching modes in hydrogen bonded forms. The
strong bands at 1935 and 2105 are most likely attribu-
ted to the combination of OH stretching and deform-
ation mode and the combination of OH and CO
stretching vibrations in cellulose, respectively.

PCA of NIR spectra

As one approach to interpret the spectral intensity
variation, all spectra were subjected to PCA charac-
terization in the 1105-2495nm region with the full
cross-validation method. The first two PCs accounted
for 95.5% of the total variation, with the first PC
(PC1) and the second PC (PC2) explaining 87.4%
and 8.1% of the spectral variation, respectively. As
shown in Figure 7, the plot of PC2 versus PCl
scores provided a better visualization of separation
among the five environments than such a combination
as PC1 versus other PCs. It reveals that the fibers
could be distinguished at some degree by the magni-
tude of fiber micronaire with the use of a sole PCl
score (horizontal axis), which is in good agreement
with Table 1. This finding is expected, as NIR spectral
intensity fluctuations reflect the chemical, physical,
and structural variations among cottons and are asso-
ciated with the fiber’s fineness and maturity.”’
Further, NIR models have been demonstrated to be
successful in predicting micronaire quality with high
and promising accuracy.'*!?

PC2 scores along the vertical axis differentiated the
Sandhills cottons from the Blackville (and Florence)
cottons in respective crop years. The separation
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Figure 7. PCI versus PC2 score—score plot of cotton fibers from three growing locations and two crop years (2011 Blackville: e;
201 | Florence: X; 201 | Sandhills: A; 2012 Blackville: O; 2012 Sandhills: A).
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between the Sandhills cottons and the Blackville (and
Florence) cottons might address the significance of
growing environments in cotton fiber physical and
chemical development. This separation is not surpris-
ing, as Sandhills contains a uniformly deep, Candor soil
that has less water holding capacity than Florence and
Blackville soils. Hence, the difference in soil type
between these locations likely contributes to this separ-
ation. Such a subtle difference could not be detected or
measured by routine SITC and AFIS tests. On the
other hand, close distribution between the 2011
Blackville and Florence cottons might imply whether
only one of two locations should be chosen for the
trials, despite there being differences in fiber and yarn
qualities between the two locations, as given in Table 1.
Clearly, more fiber samples from additional crop years
are desired to validate the findings.

Conclusions

Analysis of both fiber/yarn qualities and NIR spectral
characteristics of cotton fibers was performed on 20
cotton genotypes evaluated in three growing locations
over two crop years. Comparison of fiber and yarn
qualities revealed several significant/moderate correl-
ations. For example, fiber micronaire had much greater
correlations with fiber UHML and fineness than fiber
strength and yarn tenacity, and fiber strength had mod-
erate correlation with yarn tenacity. Apparently, the
relations between two qualities were influenced by
growing locations and years. For instance, SITC
strength was found to increase with micronaire only
for the 2011 Blackville cottons, and a large discrepancy
in slopes of relating SITC strength to fiber length was
observed between the 2011 and 2012-year cottons. The
ANOVA results also suggested substantive variations
among genotypes for fiber quality characteristics, but
insignificant variation among genotypes for yarn ten-
acity. Complementary to these physical parameters,
compositional and chemical structural information
from PCA on corresponding NIR spectra suggested
the similarity of the 2011 cotton fibers harvested at
two locations (Florence and Blackville), and also dis-
similarity of cotton fibers between these locations. This
suggested the potential of the NIR technique as a
screening tool in the site selection of future cotton var-
iety trials. Future research should examine the possibil-
ity of improving cotton breeding for improved fiber
quality by combining NIR results in addition to or in
combination with AFIS, SITC, spinning, and yarn test
results.

Funding
This work was supported by Cotton Incorporated (11-873).

Acknowledgments

The authors would like to acknowledge all technical sup-
porters at both ARS locations (New Orleans, LA and
Florence, SC) for their diligent work in field, mill, and labora-
tory operations.

Mention of a product or specific equipment does not con-
stitute a guarantee or warranty by the US Department of
Agriculture and does not imply its approval to the exclusion
of other products that may also be suitable.

References

1. Bradow J and Davidonis G. Quantitation of fiber quality
and the cotton production-processing interface: a physi-
ologist’s perspective. J Cotton Sci 2000; 4: 34—64.

2. American Society for Testing and Materials (ASTM).
Standard test method for maturity of cotton fibers (sodium
hydroxide swelling and polarized light procedures (D1442).
West Conshohocken, PA: ASTM International, 2012.

3. Foulk J, Meredith W, McAlister D, et al. Fiber and yarn
properties improve with new cotton cultivar. J Cotton Sci
2009; 13: 212-220.

4. Frydrych I and Thibodeaux D. Fiber quality evaluation-
current and future trends/intrinsic value of fiber quality
in cotton. In: Wakelyn P and Chaudhry M (eds) Cotton:
Technology for the 2Ist century. Washington DC:
International Cotton Advisory Committee, 2010.

5. Gordon S. Cotton fiber quality. In: Gordon S and Hsieh
Y-L (eds) Cotton: Science and technology. Cambridge:
Woodhead Publishing Limited, 2007.

6. Kelly C, Hequet E and Dever J. Interpretation of AFIS
and HVI fiber property measurements in breeding for
cotton fiber quality improvement. J Cotton Sci 2012;
16: 1-16.

7. Thibodeaux D and Evans J. Cotton fiber maturity by
image analysis. Textil Res J 1986; 56: 130—139.

8. Griffiths P and De Haseth J. Fourier transform infrared
spectroscopy. New York: Wiley, 1986.

9. Burns D and Ciurczak E (eds). Handbook of near-infrared
analysis. New York: Marcel Dekker, 2001.

10. Park F. Applications of infrared, Raman, and resonance
Raman spectroscopy in biochemistry. New York: Plenum
Press, 1983.

11. Jenkins R and Snyder R. Introduction to X-ray powder
diffractometry. In: Winefordner JD (ed.) In: Chemical
analysis. Volume 138, New York: John Wiley and Sons
Inc., 1996.

12. Liu Y, Kokot S and Sambi T. Vibrational spectroscopy
investigation of Australian cotton cellulose fibres. Part 2.
A Fourier transform near-infrared preliminary study.
Analyst 1998; 123: 1725-1728.

13. Montalvo J Jr, Buco S and Ramey H Jr. Studies to meas-
ure cotton fiber length, strength. Micronaire and color by
vis/NIR reflectance spectroscopy. Part II: Principal com-
ponents regression. J Near Infrared Spectrosc 1994; 2:
185-198.

14. Liu Y and Foulk J. Potential of visible and near infrared
spectroscopy in the determination of instrumental leaf
grade in lint cottons. Textil Res J 2013; 83: 928-936.

Downloaded from trj.sagepub.com at NATIONAL AGRICULTURAL LIBRARY on March 3, 2016


http://trj.sagepub.com/

Liu

et al.

1485

15.

16.

17.

18.

19.

20.

21.

22.

Liu Y, Gamble G and Thibodeaux D. UV/visible/near-
infrared reflectance models for the rapid and non-
destructive prediction and classification of cotton color
and physical indices. Tran. ASABE 2010; 53: 1341-1348.
Sanguansat P (ed.) Principal component analysis — engin-
eering applications. Rijeka, Croatia: Intech, 2012.
Meredith W Jr, Boykin D, Bourland F, et al. Genotype X
environment interactions over seven years for yield, yield
components, fiber quality, and gossypol traits in the
regional high quality tests. J Cotton Sci 2012; 16:
160-169.

Snider J, Collins G, Whitaker J, et al. Quantifying geno-
typic and environmental contributions to yield and fiber
quality in Georgia: data from seven commercial cultivars
and 33 yield environments. J Cotton Sci 2013; 17:
285-292.

Wakelyn P and Chaudhry M (eds). Technology for the
2I°" century. Washington DC: International Cotton
Advisory Committee, 2010.

American Society for Testing and Materials (ASTM).
Standard test method for breaking strength of yarn in
skein form (D1578). West Conshohocken, PA: ASTM
International, 2012.

Lord E. Air flow through plugs of textile fibers part II.
The micronaire test for cotton. J. Textil Inst 1956; 47:
T16-T47.

USDA Agricultural Marketing Service (AMS). The clas-
sification of cotton. Agricultural Handbook 566.
Washington DC, 2001.

23.

24.

25.

26.

27.

28.

29.

Abbot A, Higgerson G, Long R, et al. An instrument for
determining the average fiber linear density (fineness) of
cotton lint samples. Textil Res J 2009; 80: 822-833.
Campbell B and Jones M. Assessment of genotype X
environment interactions for yield and fiber quality in
cotton performance trials. Euphytica 2005; 144: 69-78.
Campbell B, Chee PW, Lubbers E, et al. Dissecting geno-
type x environment interactions and trait correlations
present in the Pee Dee cotton germplasm collection fol-
lowing seventy years of plant breeding. Crop Sci 2012; 52:
690-699.

Hua S, Wang X, Yuan S, et al. Characterization of pig-
mentation and cellulose synthesis in colored cotton fibers.
Crop Sci 2007; 47: 1540-1546.

Gamble G. Method for the prediction of the rate of +b
color change in upland cotton (Gossypium hirsutum L.) as
a function of storage temperatures. J Cotton Sci 2008; 12:
171-177.

Croce R, Cinque G, Holzwarth A, et al. The soret
absorption properties of carotenoids and chlorophylls
in antenna complexes of higher plants. Photosynth Res
2000; 64: 221-231.

Montalvo J Jr and Von Hoven T. Relationships between
micronaire, fineness, and maturity: Part II. Experimental.
J Cotton Sci 2005; 9: 89-96.

Downloaded from trj.sagepub.com at NATIONAL AGRICULTURAL LIBRARY on March 3, 2016


http://trj.sagepub.com/

