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Abstract

Correlations of data provided by AFIS and HVI were performed under a multi-location
evaluation of cotton fiber characteristics in the Greek environment. Four main
cotton-production Greek regions were selected and the five most cultivated commercial
upland cotton (Gossypium hirsutum L.) cultivars were used for evaluation of fiber length and
short fiber characteristics by AFIS and HVI instruments. Each cultivar was sown in 16 fields
and 80 fields in total were used for all cultivars. Both HVI and AFIS gave reliable data
concerning fiber length and short fiber estimations. High positive and statistically significant
correlations between the two instruments were found indicating the similarity of final
measurements. Fiber length estimations can be performed with higher accuracy than short
fiber estimations, because CV values were lower for both instruments. HVI and AFIS showed
different advantages in estimating fiber length and short fiber characteristics. Measurements
of AFIS on fiber length had a smaller range between maximum and minimum values, but
HVI showed lower CV% which is more useful for breeders, since it may indicate gene
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fixation that ensures easier breeding procedure. For short fibers, AFIS also showed a smaller
range between maximum and minimum values and HVI showed lower CV%. Graphical
comparisons between HVI and AFIS measurements for fiber length and short fibers showed
that HVI had a more pattern with lower fluctuations than AFIS.
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1. Introduction

Upland cotton (Gossypium hirsutum L.), is one of the main cultivations in Greece, with four
main regions consisting a mega-environment (Baxevanos et al., 2006; 2013; Greveniotis and
Sioki, 2017). Improvement in fiber quality is the primary objective for cotton breeders,
coping with the lack of reliable methods to measure fiber characteristics. Technical support
came by High Volume Instrument-HVI in the late 1960s and Advanced Fiber Information
System-AFIS in the early 1980s. Both commercially recognized for cotton fiber
measurements (Kelly et al., 2012; Wu and Wang, 2015). Many characteristics may define
fiber quality in cotton with fiber length, short fibers and fiber strength being essential
(Baxevanos et al., 2013). Previous research recognized the need for additional information
about AFIS properties and data accumulation on its usefulness (Meredith et al., 1996). These
two instruments are fully automated and measure many fiber characteristics in a very short
time, with different use in textile industry (Nair et al., 2009). Based on the different technical
specifications of these instruments a few researchers tried to compare measurements of fiber
characteristics in order to provide more data for cotton breeders (Cheng and Cheng, 2002).
Cotton fiber length and fiber content are the main factors studied by researchers because of
the usefulness in textile industry and the techniques used during ginning (Ebaido, 2014). In
our days fiber length is the main characteristic that cotton breeders are trying to improve
(Karademir, 2010). In general, many breeders simply ignore fiber measurements because the
lack of calibration for HVI. Additionally, data presented by various researchers are not
correlated to processing needs of ginners and textile industry, plus the fact that this kind of
measurements has never been formally analyzed by a certain statistical model (Munro, 1987,
Behery, 1993).

Fiber quality is depended on various traits, such as fiber length, strength, uniformity etc.
(Poehlman and Sleper, 1995) and thus it depends on both genetic and environmental factors
(Bradow and Davidonis, 2000) and also on cultivation techniques and textile processing
(Anthony, 1999). In our study, correlations of data provided by AFIS and HVI were
performed under a multi-location evaluation of cotton fiber characteristics in the Greek
environment.

2. Materials and Methods

Four main cotton-production Greek regions were selected as different environments
(Greveniotis and Sioki, 2017), i.e. Thessaly, Sterea Ellas, Macedonia and Thrace. The five
most cultivated commercial upland cotton (Gossypium hirsutum L.) cultivars were used for
evaluation, i.e. DP332 and DP377 proprietary of Monsanto Co, ST402 proprietary of Pioneer
Hi-Bred, CELIA and ELSA proprietary of Bayer Crop Science. These cultivars are varying in
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origin and maturity class. Four fields in each of four regions were chosen for sowing each
cultivar separately, in order to evaluate different soil types and environmental conditions.
Thus, each cultivar was sown in 16 fields and 80 fields in total were used for all cultivars.
Each plot area was greater than 1 ha. Rows spaced 96 cm apart and plant density was on
average 15 plants per m?. Crop management practices for each location were consistent with
typical agronomic practices in the region and included full irrigation applied with sprinklers
from mid-June until 20 days prior to harvest, spraying for pests as required and weed control
by pre-planting herbicides.

Four samples from each field were collected to analyze fiber quality traits at the accredited
laboratory of National Center of Cotton, in Karditsa, Greece. Before testing cotton samples
were conditioned for at least 24 hours at 65 2% RH and 21 £1 <€ (ASTM, 2015). Fiber
traits involved: mean length by weight (L-w) in mm, upper quartile length by weight (UQL-w)
in mm, mean length by number (L-n) in mm, short fiber content by weight % (SFC-w), short
fiber content by number % (SFC-n), upper half mean length (UHML) in mm and short fiber
index % (SFI). The instruments and methods used to measure cotton fiber characteristics
included High Volume Instrument — HVI by Uster Technologies AG, Uster, Switzerland (for
the two last fiber characteristics) and Advanced Fiber Information System — AFIS also by the
same manufacturer Uster Technologies AG, Uster, Switzerland (for all the rest
characteristics).

UHML.: Upper Half Mean Length: mean length by weight of the longer 50% of fibers (HVI).
L-w: Average fiber length by weight of all the cotton fibers in the sample (AFIS). UQL-w:
Upper Quartile Length by weight: length exceeded by 25% of the fibers (AFIS). L-n: Average
fiber length by number of all cotton fibers in the sample (AFIS). SFI: Short fiber index:
percentage of fibers shorter than 2 inch or 12.7 mm (HVI). SFC-w: Percent of all fibers in a
cotton sample that are shorter than 12.7 mm (0.5 in.) by weight (AFIS). SFC-n: Percent of all
fibers in a cotton sample that are shorter than 12.7 mm (0.5 in.) by number (AFIS).

General statistics (MIN: minimum, MAX: maximum, Mean: the mean value, Std. Dev. is the
standard deviation and CVV% is the coefficient of variation) were calculated and correlations
between fiber traits were performed according to Pearson r- coefficient (Steel and Torrie,
1980).

3. Results

Correlations between fiber characteristics provided using the two methods were computed
and presented in Tables 1 and 2. Comparing HVI and AFIS, the most significant positive
correlation was between upper half mean length (UHML) and upper quartile length by weight
(UQL-w) and found 0.86. Also comparing HVI and AFIS, short fiber index (SFI) was
positively correlated to short fiber content by weight (SFC-w) and found 0.52. All
correlations were found statistically significant at level 0.01 and some of them were very high
(from 0.88 to 0.98).
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Table 1. Correlation coefficients between the UHML, L-w, UQL-w and L-n

UHML L-w UQL-w
L-w 0.82 **
UQL-w 0.86 ** 0.97 **
L-n 0.72 ** 0.96 ** 0.88 **

** Correlation is significant at the 0.01 level

Table 2. Correlation coefficients between the SF, SFC-w and SFC-n

SFI SFC-w
SFC-w 0.52 **
SFC-n 0.42 ** 0.98 **

** Correlation is significant at the 0.01 level

For general statistics presented in Table 3, measurements of AFIS on fiber length showed a
smaller range between maximum and minimum values (within a range of 4.2), but HVI
showed the lower CV% at 3.68. For short fibers, AFIS also showed a smaller range between
maximum and minimum values, but HVI showed the lower CV% at 13.67 (Table 4). SFI
mean found 7.9, while SFC-w and SFC-n were 3.5 and 12.2 respectively.

Table 3. General statistics (MIN: minimum, MAX: maximum, Mean: the mean value, Std.
Dev. is the standard deviation and CV% is the coefficient of variation) per characteristic
(UHML, L-w, UQL-w and L-n)

HVI AFIS
UHML L-w UQL-w L-n
MIN 25.6 24.0 28.3 20.8
MAX 30.4 27.5 32.5 23.7
MEAN 28.5 26.8 31.2 23.5
Std. Dev. 1.05 1.17 1.29 1.25
CV% 3.68 4.37 4.13 5.32
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Table 4. General statistics (MIN: minimum, MAX: maximum, Mean: the mean value, Std.
Dev. is the standard deviation and CV% is the coefficient of variation) per characteristic (SFI,
SFC-w, SFC-n)

HVI AFIS

SFI SFC-w SFC-n
MIN 6.3 2.3 8.8
MAX 13.3 5.2 5.2
MEAN 7.9 3.5 12.2
Std. Dev. 1.08 0.83 2.30
CV% 13.67 23.71 18.85

From Figures 1 and 2, it is obvious that HVI measurements for fiber length and short fibers
showed minimum fluctuations, while AFIS showed intense fluctuations.
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Figure 1. A comparison of the mean length measurements (UHML, L-w, UQL-w and L-n)
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Figure 2. A comparison of the mean short fiber measurements (SFI, SFC-w, SFC-n)

4. Discussion

HVI and AFIS estimations on fiber length and short fibers are essential for the textile industry.
These two fiber characteristics are the main factors of fiber quality for industrial use
(Karademir, 2010). Thus, a comparison between these two instruments is needed in order to
decode their measurements for breeding and practical purposes (Ebaido, 2014).

Carrying out tests in different instruments for measurement of fiber length distributions may
result in the most accurate and reproducible results for breeding purposes. In our study,
UHML length measurements from HVI were highly correlated to UQL-w, L-w and L-n
measurements from AFIS. Even higher and statistically significant were correlations between
all AFIS measurements. Statistically significant were also correlations between HVI
measurements of short fibers (SFI) and AFIS measurements (SFC-w and SFC-n), but
r-coefficients were relatively. High and positive correlations are also mentioned by other
researchers (Ebaido, 2014), indicating that indeed the two instruments are capable to read
similar results for fiber length and short fibers. We found that AFIS readings are almost the
same for the three different fiber length estimations (UQL-w, L-w and L-n) and positively
correlated to HVI measurements (UHML). For short fibers, AFIS readings reached a
correlation near 1, but between AFIS and HVI correlations were low indicating a departure
from linearity.

General (descriptive) statistics showed that measurements of AFIS on fiber length had a
smaller range between maximum and minimum values, but HVI showed lower CV%. For
short fibers, AFIS also showed a smaller range between maximum and minimum values, but
HVI showed lower CV%. Graphical comparisons between HVI and AFIS measurements for
fiber length and short fibers showed that HVI had a more pattern with lower fluctuations than
AFIS. Similar results were reported by Thibodeaux et al. (2008), Kelly et al. (2012), Ebaido
(2014) indicating a stability (and reliability) of estimations from the two different instruments.
Thibodeaux et al. (2008) found some poor correlations between HVI and AFIS estimations on
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short fibers and they concluded that a quadratic model might describe better their relationship
than a linear one. Cui et al. (2003) showed a higher correlation between HVI and AFIS
estimations on short fibers, but they also added that there must be a better uniformity of the
samples used. From our findings, fiber length estimations can be performed with higher
accuracy than short fiber estimations, because Coefficient of variation (CV%) values were
lower for both instruments. HVI showed the lowest CV values and the lower fluctuations,
revealing a high reliability in estimating fiber characteristics. CV is considered a useful
parameter for cotton breeders. Fasoulas (1988) presented the main factors affecting selection
progress and depicted the role of CV. Under a breeding program the reduction of CV values
through selection reveals gene fixation and lack of segregation in selected lines which tend to
be more uniform (Fasoulas, 1988; Greveniotis and Fasoula, 2016). Low CV values, are
indicating stability of performance and low environmental effects and under intense breeding
accumulation of favorable additive genes (Fasoulas, 1988). AFIS showed more “tight”
measurements and revealed a fluctuating graphical model of data similar to Ebaido (2014)
findings who also reported fluctuations for AFIS measurements in comparison to HVI.

5. Conclusions

The main conclusion is that both HVI and AFIS gave reliable data concerning fiber length
and short fiber estimations. High positive and statistically significant correlations between the
two instruments were found indicating the similarity of final measurements. Fiber length
estimations can be performed with higher accuracy than short fiber estimations, because CV
values were lower for both instruments. HVI and AFIS showed different advantages in
estimating fiber length and short fiber characteristics. Descriptive statistics showed that
measurements of AFIS on fiber length had a smaller range between maximum and minimum
values, but HVI showed lower CV% which is more useful for breeders, since it may indicate
gene fixation that ensures easier breeding procedure. For short fibers, AFIS also showed a
smaller range between maximum and minimum values, but HVI showed lower CV%.
Graphical comparisons between HVI and AFIS measurements for fiber length and short
fibers showed that HVI had a more pattern with lower fluctuations than AFIS.
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