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ABSTRACT 

Cotton containing immature fibers is a major concern in the dyeing and finishing 

of textile products. In an un-dyed state, entangled fiber clusters are generically classified 

as neps.  It is only after the application of dye, when some neps remain un-dyed, that the 

more specific classification of “white speck” is used. The High Volume Instrument (HVI) 

fiber property measurement system is important in marketing and general quality 

assessment of the cotton crop; however, HVI is not precise enough to address immature 

fiber content. The purpose of this research was to examine the relationship of Advanced 

Fiber Information System (AFIS) fiber properties to white speck counts of dyed yarn. 

This research looks at three sequential studies. First study looked at the within and 

between bale differences while establishing a regression model for white speck count and 

AFIS fiber properties of bale cotton and sliver cotton. Ten bales of cotton with a range of 

micronaire were sampled (10 samples per bale) and analyzed using AFIS with 3 

replications of each counting 3,000 fibers. Each sample was then processed into yarn and 

dyed using the same procedure. White specks were quantified on dyed yarn using a white 

speck yarn counting method. Regression results indicated that fiber fineness, nep per 

gram, and immature fiber content found to be the influential indicators of white speck 

count in dyed yarn. However, small sample size and possible AFIS bias in the fineness 

and maturity measurements requires a larger sample size for further investigation. 

Second study analyzed the relationship between AFIS fiber properties and yarn 

white speck count by using statistical analysis. The treatments of harvest-aid chemical 

termination with varied harvest dates and two levels of field cleaning were included. 

Cotton samples of two crop years were sampled and analyzed using the AFIS with 3 

replications, each counting 3,000 fibers. Each sample was processed into yarn and dyed 

with the same procedure. White speck counts on the yarn for each sample were 

conducted utilizing a white speck yarn methodology. The harvest date treatment 

influenced white speck count more than other fiber properties. The nep count by weight 

fiber property was also found to be one of the predictors of white speck count. However, 

the prediction model was not found to be as strong as the first study. 

Third study is the application of Taguchi method on the second study. Taguchi 

method is used to investigate the minimum white speck count in dyed yarn through fiber 
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properties of varied harvest techniques. Signal-to-noise ratio (S/N ratio) was used to 

represent a response variable of white speck count. The smallest S/N ratio was chosen for 

this study. Among the control factors, harvest date, defoliation and field cleaner, the 

harvest date was found to be the significant effect on the S/N ratio of white speck count. 

The desirable outcome for white speck response was found to be early season harvesting 

and application of field cleaning and defoliation. By removing smaller, less mature bolls 

at early harvest date with field cleaner reduced the white speck count. 
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CHAPTER 1 

INTRODUCTION TO RESEARCH 

 

1.1 History and Background 

White specks are defined as knots of dead or immature cotton fibers in dyed 

fabrics. In an undyed state these knots of fibers are identified as neps. Neps are small 

entanglements of cotton fibers containing immature fibers and nonfiberous material. 

More than 90% of neps studied contained immature fibers. Not all neps are white specks, 

but most likely all white specks are neps (Hebert et al., 1988). 

White speck neps contain immature fibers which do not take dye and appear as 

light or white spots on the dyed fabric. The fabric quality is diminished by the presence 

of white specks since they interrupt the desirable uniform surface color of the fabric. The 

loss of these defects has resulted in an estimated annual loss of $200 million to the U.S. 

Textile Industry (Von Hoven, 2000). 

Many factors contribute to the occurrence of white specks in fabric. These factors 

are variety (genotype), growing conditions, harvesting, ginning and textile processing 

consecutively. The effect of environmental components such as temperature, rainfall, and 

isolation on maturity differences is higher than genetics (Bradow and Davidonis, 2000). 

The mechanical processes from harvesting to textile milling influence the occurrence of 

white speck on fabric significantly (Bel-Berger and Hoven, 1997). Increased drying and 

cleaning during ginning and opening processes lead to fiber breakage, more neps, 

decreased spinning efficiency, and at the end poor yarn and fabric quality. The influence 

and variability of both biological and mechanical factors on white speck occurrence 

creates a complex phenomenon. 

Current commercial fiber testing, High Volume Instrument (USTER-HVI, 2006), 

is important in marketing cotton production; however, it does not directly measure the 

immature/dead fiber content. HVI measures fiber properties such as micronaire, length, 

strength, color, uniformity, and trash content. Micronaire is an index that is the resultant 

of fiber fineness and maturity. Since micronaire is related to the inverse of the specific 

surface of cotton, coarse immature cotton and fine mature cotton could have the same 
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micronaire value but result in different yarn white speck counts. Therefore, HVI 

micronaire may not be a good candidate for assessing immature/dead fiber content. 

The Advanced Fiber Information System (USTER-AFIS-Pro, 2007) can measure 

length, fineness, and maturity distributions as well as trash content. From these four main 

measurements 20 different cotton fiber parameters can be obtained by AFIS-Pro. AFIS 

measures individualized fibers by using air stream that the fibers go through a set of 

optical sensors to be counted and characterized (Frydrych and Matusiak, 2002). Accurate 

and repeatable dyed yarn white speck system (Simonton, 2004) made it possible to 

explore causal factors of white speck occurrence related to AFIS fiber property 

measurement system. 

The current white speck detection efforts have been after the fact detection by the 

use of different treatments and finishing techniques on cloth and/or garments. By the time 

of finishing treatment it is likely too late or too costly to address the white speck problem 

(Simonton, 2001; Simonton, 2004). Therefore, it is important to understand the factors 

associated with white specks before fiber processing. With the dyed yarn white speck 

system, it may be possible to predict white speck content before fiber processing and to 

examine relationship between fiber properties and agricultural harvest practices. 

 

1.2 Problem Statement 

White speck defects are detrimental to the textile industry. However, there is no 

existing method to predict white speck content before fiber processing. Current 

commercial fiber testing with HVI is important in cotton marketing but it does not 

directly measure the immature fiber content which is the main cause to white speck neps. 

There is a need for a pre fiber processing method to predict white speck content by 

analyzing the relationship between AFIS fiber properties and yarn white speck content. 

1.3 Research Question 

 What effect AFIS fiber properties do have on yarn white speck content? What 

effect would harvesting protocols such as harvest date, the use of field cleaning and 

utilization of harvest aids have on the yarn white speck content? Could a yarn white 

speck prediction model be built through the relationship between AFIS fiber properties 
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and yarn white speck content? This research investigated these questions in the following 

specific sub-questions. 

 

1.3.1 Research 1  

What effect does AFIS fiber properties have on white speck count in dyed yarn? 

 

1.3.2 Research 2  

What are the significant AFIS fiber properties affecting white speck count in dyed 

yarn? 

 

1.3.3 Research 3 

Can a prediction model for white speck be developed using AFIS fiber properties 

related to varied harvesting protocols? 

 

1.4 General Hypotheses 

The general hypothesis for this study is that a prediction model for white speck 

count in dyed yarn can be developed with the relationship of AFIS fiber properties. 

H1: AFIS fiber properties influence the white speck occurrence. 

 

1.4.1 Research 1 

H1.1: AFIS fiber properties have an effect on yarn white speck count. 

 

1.4.2 Research 2 

H2: AFIS fiber immature fiber content and fiber fineness have significant effect 

on yarn white speck count. 

 

1.4.3 Research 3 

H3: Harvest protocols affect yarn white speck occurrence. 
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1.5 Research Format 

This research is structured in three sequential studies to explore the cause of white 

speck occurrence in dyed yarn. The first study examined the relationship between the 

AFIS fiber properties and white speck occurrence in dyed yarn. Relationships between 

key fiber properties, such as length, nep count, and maturity, and the occurrence of white 

specks were investigated. The second study explores the relationship between the AFIS 

fiber properties and white speck occurrence in dyed yarn through different harvesting 

protocols. The third investigation looks at the harvesting protocols related to the yarn 

white speck occurrence with Taguchi method. 

 

1.6 Research Purpose and Objectives 

The purpose of this research is to examine the relationship of AFIS fiber 

properties to white speck counts of dyed yarn. The effect of different harvest protocols is 

studied through the relationship between AFIS fiber properties and white speck 

occurrence. Also, Taguchi method is utilized to optimize single response problems. 

The objective of this research is to examine the relationship between AFIS fiber 

properties and white speck counts in dyed yarn, examine the effect of varied harvest 

protocols, and develop a predictive model for white speck content. 

 

1.7 Limitations 

This study is limited to the quantification of white specks in dyed ring spun cotton 

yarn. The textile processing machinery was limited to the location at the Fiber 

Biopolymer Research Institute. As part of the cotton fiber processing certain influences 

like harvesting techniques, cotton varieties, environmental effects, crop management 

issues, and ginning practices were not addressed. 

 

1.8 Relevance of This Study 

White speck defect is a problem for both cotton and textile industries. A 

prediction model for white speck content can be helpful for both industries. Examining 

the cotton fiber property behavior throughout the fiber processing by utilizing the existing 
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fiber testing methods and studying the relationship with white speck occurrence in dyed 

yarn can be used as essential information to minimize the detrimental white speck defect 

in the end product. 

 

1.9 Need for This Research 

This research is conducted because it is important to understand the causal factors 

that influences white speck occurrence in dyed yarn for the benefit of both cotton and 

textile industries. The dyed yarn white speck methodology makes it possible to explore in 

depth study of the fiber properties’ influences on white speck occurrence. 

There is a need to utilizing existing fiber property testing methods in the cotton 

market to minimize white speck defects. The textile industry needs to find a way to 

prevent buying cotton containing excessive amounts of immature fibers. Also, the cotton 

industry needs to address the immature fiber content for better pricing strategies in the 

cotton market. Traditionally the white speck occurrence was tested on fabric, the end 

product. With the utilization of the dyed yarn white speck methodology and existing fiber 

property testing methods it may be possible to eliminate cost in the cotton processing 

industry. 

 

1.10 Benefits of This Research 

Utilizing existing fiber testing methods to predict white speck content will help 

industries save from the detrimental effect of white speck defect on their products. This 

research provides detail analysis of possible casual factors and preventive measures 

related to the occurrence of white specks in cotton. Theoretically, utilizing both existing 

fiber testing methods and dyed yarn white speck detection method served as an initial 

investigation to finding the casual factors of white speck occurrence from a systems 

perspective. A prediction model based on the possible causal factors can foster a practical 

solution to the cotton and textile industries where both industries would be able to benefit 

by cutting cost in the cotton process. 
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1.11 Research Outputs and Outcomes 

The information from this research could be used by the cotton and textile 

industries to avoid white speck defect on their end products. A prediction model utilizing 

existing fiber testing related to a yarn white speck detection system would be useful to 

the textile industry. The possible causal factors influencing white speck occurrence will 

make it possible to analyze further relationships within the cotton process utilizing the 

Taguchi method. 
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CHAPTER 2 

REVIEW OF THE LITERATURE 

 

2.1 Introduction 

A nep is defined as “a tightly tangled knot-like mass of unorganized fibers” 

(ASTM D-123-96, 1999, p.43). After the dye application some neps remain un-dyed and 

defined as “white specks”. There are two main factors affecting nep formation. First is 

fiber characteristic. Immature or dead fibers tend to form neps more than mature fibers 

because of their lack of secondary cell wall development (Hebert et al., 1988). Fiber 

characteristic is related to variety (genetics) and growing conditions. Second is the 

mechanical processing such as harvesting, ginning and textile (Harrison and Bargeron, 

1986). 

The mechanical processes from harvesting to textile milling alter the quality of 

the fiber substantially. Short fibers enormously reduce textile processing efficiency and 

product quality. Maturity and fineness are the two factors that determine the fibers’ 

propensity to break during mechanical processing. Immature fibers are weaker than 

mature fibers; therefore, they tend to break more easily than mature fibers. Fiber 

breakage and resulting entanglements are very important in yarn formation. Fiber length, 

fineness, and strength and their respective distributions are even more crucial in the 

effectiveness of the textile processing and product quality (Zeidman and Sawhney, 2002). 

The Advanced Fiber Information System (USTER-AFIS-Pro, 2007) can measure 

length, fineness, and maturity distributions as well as trash content. From these four main 

measurements 21 different cotton parameters including immature fiber content, neps, 

short fiber content, trash content can be obtained by AFIS. AFIS measures individualized 

fibers by using an air stream directs the fibers through a set of optical sensors to be 

counted and characterized (Frydrych and Matusiak, 2002). Accurate and repeatable dyed 

yarn white speck system (Simonton et al., 2005) makes it possible to explore causal 

factors of white speck occurrence. This research aims to examine the relationship 

between the fiber properties and yarn white speck count and to develop a predictive 

model for future applications to help both cotton and textile industries. 
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2.2 History and Background 

Han et al. (1998) stated that since the late 1930s, white specks have been counted 

manually using a black light or black background. Manual visual inspection has been 

mostly used to count neps (Saco-Lowell, 1942; Harrison and Bargeron, 1986; Cheek et 

al., 1990). Since visual inspection rely on the operator’s skill of detection and 

quantification at the same time. White specks may appear in different shapes, sizes, and 

color shade levels (Simonton, 2004). The operator’s detection and quantification ability 

does create operator error or bias (Drury, 1992).  

The current fiber property measurement system (HVI) is important in the 

marketing and general quality assessment of the cotton crop.  However, the 

measurements are not detailed enough to address immature/dead fiber content.  HVI 

measurement is actually a comparison of a sample to a known standard for basic fiber 

properties such as micronaire, length, strength, color, uniformity, and trash content 

(USDA, 2001).  In order to perform research into the causal factors of white specks, a 

measurement system is required that is sensitive to the small quantities of dead and 

immature fiber that were known to be problematic (Watson, 1989). Without accurate 

measurements, it would be impossible to determine which factors are the most significant 

in the prevention and prediction of white specks. 

 

2.2.1 White Speck Detection 

There are two basic approaches to white speck quantification. One is manual 

visual inspection based on human’s perception and the other one is image analysis 

techniques. Also, white speck detection can be quantified on fabric or yarn. Manual 

visual inspection of white specks on fabric is considered to be tedious and time 

consuming (Han et al., 1998). The image analysis methodology replaced manual visual 

inspection in white speck research by the mid of 1990s. This method analyzed the 

number and area of the white specks observed on dyed fabric (Han et al., 1998). 

However, the yarn approach is found to be less variable reading-to-reading and operator-

to-operator than the knit cloth tubes (Simonton, 2002). 

This study utilizes the image analysis techniques and protocols obtained by using 

the operational definition of a white speck that was confirmed by expert human 
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observations. The detail of the methodology can be found in dissertation written by 

Simonton (2004) “Image analysis techniques and protocols designed to examine the 

effect of agricultural harvest practices and textile processing on the white speck 

phenomenon in dyed cotton yarn” and an explanation of this methodology is published in 

the paper1 “Expert and novice operator comparison with scanner-based image analysis 

for white speck detection on dyed yarn” by Simonton et al. (2005). 

 

2.2.2 Cause of White Speck Defect 

Fiber neps are generated under mechanical treatment of the cotton fibers such as 

harvesting, ginning, and opening and cleaning of the fibers. The amount of neps in cotton 

depends on the cotton variety and harvesting method (USTER-AFIS-Pro, 2006). White 

specks are neps; therefore, all these factors contribute to the occurrence of white specks 

on yarn/fabric. These factors are variety (genotype), growing conditions, harvesting, 

ginning and textile processing consecutively. The effect of environmental components 

such as temperature, rainfall, and isolation on maturity differences is higher than genetics 

(Bradow and Davidonis, 2000). Delayed cotton defoliation and harvest indicated 

improved fiber quality (Larson et al., 2002). The mechanical processes from harvesting to 

textile milling influence the occurrence of white speck on yarn or fabric significantly 

(Bel-Berger and Hoven, 1997). Increased drying and cleaning during ginning and 

opening processes lead to fiber breakage, more neps, decreased spinning efficiency, and 

at the end poor yarn and fabric quality. The influence and variability of both biological 

and mechanical factors on white speck occurrence creates a complex phenomenon. 

 

2.2.3 Fiber Testing 

All cotton produced in the world is tested at one stage or another before fiber 

processing. There are two reasons for testing: assessing the true value of cotton to price it 

correctly and producing a quality yarn/fabric from the tested fiber quality (International 

Cotton Advisory Committee, 2001). On the same cotton plant you can see open bolls, 

                                                 

1 A copy of this paper can be found in Appendix A. 
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green bolls, and flowers at the same time. This means that two bolls at different locations 

on the plant are subjected to different growing conditions. Therefore, fiber characteristics 

will vary from one boll to another. Kothari (2007) has shown that for the tested plants, 

the quality of the fibers declines from the bottom of the plant to the top. Adding this level 

of variability to the fiber variability in one seed, variability between plants within a field, 

and more, it becomes a difficult goal to do a true evaluation of the cotton fiber quality. 

 

2.2.3.1 HVI Fiber Testing 

Textile processing begins with bales of cotton. HVI fiber property measurement 

system is important in the marketing and general quality assessment of the cotton crop. 

Cotton bales are purchased depending on the HVI (High Volume Instrument) Data 

provided by the USDA (United States Department of Agriculture). HVI Data provides 

information on the physical properties of cotton such as fiber length, length uniformity 

index, fiber strength, micronaire, and color grade (USTER-HVI, 2006). 

Fiber length is one of the most important characteristics of raw cotton for 

spinners.  The longer cotton fibers lead to greater strength than shorter fibers and finer 

yarn can be spun from the longer cotton fibers. Fiber length is the upper half mean length 

of the fibers.  The length is reported in both 100ths and 32nds of an inch. Fiber length is 

mostly determined by variety. However, the environmental changes such as extreme 

temperature, water stress, or nutrient deficiencies may also influence the length. Then, 

excessive cleaning at the gin may also influence the length of the fiber (USDA, 2001). 

Length uniformity index is the ratio between the mean length and the upper half mean 

length of the fibers. Cotton with a low uniformity index is likely to have high short fiber 

content (USDA, 2001). 

Fiber strength is the measurement of strength in terms of grams per tex. A tex unit 

is the weight in grams of 1000 meters of fiber. Here the strength is the force in grams 

required to break a bundle of fibers one tex unit in size (USDA, 2001). 

Micronaire is a measure of both fiber fineness and maturity. Air permeability of a 

constant mass of cotton fibers compressed to a fixed volume is measured by an airflow 

instrument. Micronaire can be influenced by environmental conditions such as moisture, 

temperature, nutrients, and sunlight. The dye uptake varies with the maturity of the fibers. 
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The higher the maturity, the better the dye absorbency (USDA, 2001). It is difficult to 

predict white speck potential of cotton unless the cotton contains extreme amounts of 

immature fibers. When the cotton does not contain extreme amounts of immature fibers, 

the probability of white speck detection is very small. As it is also seen in the first 

research (Chapter 3, page 33) cotton bales with similar fiber properties (maturity) would 

end up with either low white speck count or high white speck count. This is a result of 

contribution of other factors along the cotton process beside fiber properties. The 

interaction of factors contribute to white speck occurrence is unknown and this makes it 

harder to detect white speck count. The prediction of rare events is a formidable task; 

however, it is important when there is an estimated annual loss of $200 million to the 

U.S. Textile Industry (Von Hoven, 2000). 

 

2.2.3.2 AFIS Fiber Testing 

 The Advanced Fiber Information System (AFIS-Pro, USTER) is designed to do 

single fiber measurements and it is becoming a valuable measurement system for 

selecting superior cotton cultivars (Ethridge and Hequet, 1999). The AFIS utilizes small 

samples (from 3000 to 5000 fibers) and provides comprehensive information on fiber 

length, fineness, and maturity distributions as well as trash content. From these four main 

measurements 20 different cotton fiber parameters can be obtained (as seen in Table 2.1) 

by AFIS-Pro. AFIS measures individualized fibers by using air stream that directs fibers 

through a set of optical sensors to be counted and characterized (Frydrych and Matusiak, 

2002). 

 The fiber length by number distribution shows the true measurement of fiber 

length distribution in the sample. The single fiber measuring system is able to measure 

each individual fiber. Fiber length is one of the most important cotton fiber properties in 

both marketing and processing (Bragg and Shofner, 1993). Fiber length is related to fiber 

strength, fineness, maturity, and uniformity. Longer staple cottons are generally finer and 

stronger than shorter staple cottons. Fiber length influences the efficiency of the spinning 

process, amount of waste created during the process. Yarn quality is highly correlated 

with the cotton fiber length (Perkins et al., 1984; El Mogahzy, 2001). The following 

parameters are reported on the AFIS: 
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L(n) the mean length by number is the average fiber length of all the cotton fibers in the 

sample. 

L(n) CV% is the variation of the fiber length around the average which is expressed as 

length variation by number or CV%. 

L(n) 5% is the length of the longer 5% of all fibers in the cotton sample. 

SFC(n) is the short fiber content by number is the percent of all fibers in the cotton 

sample that are shorter than 0.5 inches or 12.7 mm. 

 

Table 2.1. AFIS fiber properties’ definitions 

AFIS fiber 

properties 
Definitions 

Nepum Nep size in micrometer 
Nepgm Nep by weight 
Ln Fiber length 
Lw Fiber length by weight 
Lncv Fiber length by number coefficient of 
Lwcv Fiber length by weight coefficient of variance 
Uqlw Upper quantile fiber length by weight 
Sfcn Short fiber content by number 
Sfcw Short fiber content by weight 
pc50 Fiber length percentile 50 
Tshsz Trash size 
Tshgm Trash count by weight 
Dust Dust 
Vfm Visible fiber matter 
Total Total trash count 
Scnum Seed coat nep size in micrometer 
Scngm Seed coat nep by weight 
Fine Fiber fineness 
Mat Fiber maturity 
Ifc Immature fiber content 

  

In addition, the AFIS uses an average fiber weight to calculate a fiber length 

distribution by weight. The fiber length by weight distribution is considered biased 

towards the longer fibers. The longer fiber weigh more than shorter fibers, thus the 

measurement results look better than the fiber length by number measurement. Short 
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fiber content is expressed as a percentage of all fibers shorter than 0.5 inches 

(USTERAFIS-Pro, 2007). During fiber processing the short fiber content needs to be 

controlled. Combing process reduces the number of short fibers. For better spinning 

performance and yarn quality it is important to control the short fiber content. 

Length distribution is influenced by fiber maturity. Cotton fiber maturity has a 

direct relationship to fiber quality. Immature fibers reduce the spinnability performance 

and dyeability of the yarn (Smith, 1991; Hughs et al., 1988; Deussen, 1993). The 

maturity of the fiber is an important cotton fiber quality parameter. AFIS produces two 

light beams to measure the wall thickness of the fibers. Immature fiber content is the 

percentage of all fibers that have a cell wall thickness covering less than 25% of the full 

area. Immature fibers cause shade variations in woven or knitted fabrics (USTER-AFIS-

Pro, 2007). The AFIS measures maturity indirectly by measuring the fiber shape. The 

shape of the fiber is directly related to the maturity of the fibers or in other words the cell 

wall thickness “Theta”. Fiber fineness is determined optically on the AFIS PRO by 

analyzing the fiber shape passing the sensors. An algorithm determines fiber fineness 

based on the shape and form of the fibers (USTER-AFIS-Pro, 2007). 

Trash and dust particles are not related to any physical properties of cotton fibers 

and need to be extracted during the ginning and spinning processes. Trash is the general 

term used for larger impurities containing particles from the plants. Dust represents 

smaller particles from the plant and simply dirt from the cotton field that sticks with the 

plant during harvesting. The amount of both trash and dust depends highly on the origin 

of the cotton and harvesting method. The visible foreign matter includes the content and 

size of both trash and dust. 

 

2.2.3.3 HVI and AFIS Fiber Testing 

The commercial fiber testing HVI is not able to detect the white speck content 

(Hughs et al., 1988; Goynes et al., 1996). In severe white speck contamination (in fabric), 

the white speck fibers were estimated to be at less than 0.10% of total fibers (Watson, 

1989). These amounts would be too small to be measured by HVI (Goynes et al., 1996). 

Micronaire is the only measurement of fiber maturity in the HVI system. Air permeability 

of a constant mass of cotton fibers compressed to a fixed volume is measured by an 
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airflow instrument. The dye uptake varies with the maturity of the fibers. The higher the 

maturity, the better the dye absorbency (USDA, 2001). Only extreme amounts of 

immature fibers (micronaire levels in discount range; micronaire 34 and less) can be 

detected by the HVI. HVI is a faster measurement system of basic fiber properties. 

However, it is not detailed enough to address the white speck problem when micronaire 

levels are in base range (micronaire 35-36 and micronaire 43-49). 

AFIS is designed to do single fiber measurements and it is becoming a valuable 

measurement system for selecting superior cotton cultivars (Ethridge and Hequet, 1999). 

The AFIS utilizes small samples (from 3000 to 5000 fibers) and provides comprehensive 

information on fiber length, fineness, and maturity distributions as well as trash content. 

The maturity of the fiber measured by AFIS is the measure of the fiber wall thickness. 

Immature fiber content is the percentage of all fibers that have a cell wall thickness 

covering less than 25% of the full area (USTER-AFIS-Pro, 2007). Bel-Berger and Xu 

(2006) found that AFIS fiber properties, such as neps and maturity, influence fabric white 

speck levels. Therefore, in this research AFIS fiber measurement system is used to 

explore the relationship between AFIS fiber properties and dyed yarn white speck count. 

 

2.2.4 Relationship Between White Speck Defect and Fiber Properties 

Cotton fiber maturity is regarded as the important factor influencing the nep 

formation (Hebert et al., 1986; Frydrych et al., 2001). Cotton fiber first elongates and 

then its cell wall thickens during fiber development. Coarse fibers (fibers with thick 

secondary wall) are less prone to forming mechanical neps. Immature fibers are very fine 

and flat because they have very little secondary wall thickening. Fine fibers tend to form 

neps more than coarse fibers. The increase in immature fiber content will increase the 

number of white speck neps in yarns since immature fibers can only absorb a reduced 

amount of dyestuff (Simonton, 2004). Neps are first created when the cotton is harvested 

mechanically. Additional neps are formed during ginning depending on the amount of 

lint cleaners being used. 

The nep formation and elimination does happen during the entire fiber processing. 

The opening and cleaning process produces additional neps. Depending on the card 

maintenance during the carding process 70 to 90% of the neps can be eliminated. 
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Additional combing process can reduce the remaining neps by 50 to 60% (USTER-AFIS-

Pro, 2007). 

 

2.3 Statistical Concepts 

 

2.3.1 Normal Distribution 

In normal distribution the data points are typically distributed symmetrically 

about the mean. The mathematical equation for Gaussian distribution is as follows 

(Taylor, 1990, p.25). 
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2.3.2 Regression Analysis 

Regression analysis studies the relationship between a dependent variable (also 

called a response variable) and of one or more independent variables (also known as 

explanatory variables or predictors). The dependent variable is modeled as a function of 

the independent variables. Parameters are estimated to give a "best fit" of the data. Most 

commonly the best fit is evaluated by using the least squares method, but other criteria 

have also been used (Sheskin, 2004, p. 946). 

Regression equation is a function of variables X and β. 

 Y = ƒ ( X, β )      (2.2) 

Where: 

  β : The unknown parameters 

X : The independent variables 

Y : The dependent variable. 

 

With stepwise regression the choice of predictive variables is carried out by a 

sequence of F-tests. Forward stepwise regression starts with no variables in the model, 

and then tries out the variables one by one. If they are 'statistically significant' then they 
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are included in the model. Backward stepwise regression starts with all candidate 

variables and tests them one by one for statistical significance and it deletes any that are 

not significant. Also there is the combination method that tests each variable to be 

included or excluded (Sheskin, 2004, p. 1001). 

 

2.3.3 Signal-to-Noise Ratio 

The data analysis for variability has been studied by decomposing data into 

deviation and variation. This approach is applicable only when one object is measured 

(Taguchi et al., 2004). In a measurement system when the input-to-output relationship is 

studied, the result of measurement must be proportional to the true value, in other words 

the input/output relationship must be linear. 
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2.4 Theoretical Model 

Utilizing existing fiber measurement systems could be used to establish a 

predictive model through analyzing the relationship between measured fiber 

characteristics and white speck counts in dyed yarn. The HVI fiber property measurement 

system is important in the marketing and general quality assessment of the cotton crop. 

Cotton bales are purchased depending on the HVI (High Volume Instrument) Data 

provided by the USDA (United States Department of Agriculture). HVI Data provides 

information on the physical properties of cotton such as fiber length, length uniformity 

index, fiber strength, micronaire, and color grade (USTER-HVI, 2006). None of these 

fiber property measurements addresses directly immature or dead fibers in cotton bales 

that influence the white speck nep in yarn. 

The Advanced Fiber Information System (AFIS-Pro, USTER) is designed to do 

single fiber measurements and it is becoming a valuable measurement system for 

selecting superior cotton cultivars (Ethridge and Hequet, 1999). The AFIS utilizes small 

samples (from 3000 to 5000 fibers) and provides comprehensive information on fiber 

length, fineness, and maturity distributions as well as trash content. From these four main 
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measurements 20 different cotton fiber parameters can be obtained by AFIS-Pro. As an 

example, the relationship between AFIS fiber neps per gram in card sliver and white 

specks per unit of length dyed yarn might seems to suggest that as fiber neps per gram of 

card sliver increases so do white specks per 200 yards of yarn (Simonton, 2003). Other 

parameters such as neps per gram in raw cotton fiber, AFIS immature fiber content, 

maturity ratio, and nep size could also indicate white speck neps in yarn. However, even 

though this does exhibit the potential predictive independent variable, the interactions of 

these independent variables along with the relationship with white speck neps in yarn 

should be investigated in detail statistically. 
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CHAPTER 3 

RESEARCH 1 

 

THE RELATIONSHIP BETWEEN AFIS FIBER PROPERTIES AND WHITE SPECK 

OCCURRENCE 

In this research the cause of white speck occurrence in dyed yarn was explored. 

The current fiber property measurement system, High Volume Instrument (HVI), is 

important in marketing and general quality assessment of the cotton crop.  However, the 

measurement is not precise enough to address immature/dead fiber content. The objective 

of this pilot study was to examine the relationship between the AFIS (Uster’s Advanced 

Fiber Information System) fiber properties and white speck occurrence on dyed yarn. 

Relationships between key fiber properties such as length, nep count, maturity 

and the occurrence of white specks were investigated. This study resulted in a promising 

strong relationship between the AFIS fiber properties and the white speck occurrence. As 

the result of this study, fiber fineness and fiber nep per gram show high correlation to 

white speck occurrence in dyed yarn. 

The Appendix B includes the original paper which was published in the Journal of 

Cotton Science, Volume 11, Issue 3, pages: 159-167, 2007. http://journal.cotton.org, © 

The Cotton Foundation 2007. The reproduction of this paper is as follows: 
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Pilot Study to Examine the Relationship Between AFIS Fiber Properties and White Speck 

Occurrence 

P. Z. Altintas2, J. L. Simonton, and M. G. Beruvides 

 

Abstract 

Cotton containing dead and/or immature fibers is a major concern in the dyeing 

and finishing of textile products. In an un-dyed state, entangled fiber clusters are 

generically classified as neps.  It is only after the application of dye, when some neps 

remain un-dyed, that the more specific classification of “white speck” is used. The high 

volume instrument (HVI) fiber property measurement system is important in marketing 

and general quality assessment of the cotton crop; however, HVI is not precise enough to 

address immature/dead fiber content. The objective of this pilot study was to examine the 

relationship between the AFIS (Uster’s Advanced Fiber Information System) fiber 

properties and white speck occurrence on dyed yarn. Relationships between key fiber 

properties, such as length, nep count, and maturity, and the occurrence of white specks 

were investigated. Ten bales of cotton with a range of micronaire were sampled (10 

samples per bale) and analyzed using AFIS with 3 replications of each counting 3,000 

fibers. Each sample was then processed into yarn and dyed using the same procedure. 

White specks were quantified on dyed yarn using a white speck yarn counting method. 

This preliminary study demonstrated a promising relationship between the AFIS fiber 

properties and the white speck occurrence. Fiber fineness and fiber nep per gram were 

highly correlated with white speck occurrence on the dyed yarn. 

 

Introduction 

The American Society for Testing and Materials (ASTM, 1999, p. 43) defines a 

fiber nep as “a tightly tangled knot-like mass of unorganized fibers”. In most cases, fiber 

neps consist of at least five or more fibers with the average number 16 or more (Hebert et 
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al., 1988). Immature fibers are finer and have a higher propensity to form neps than more 

mature fibers (Hebert et al., 1988). In an un-dyed state, entangled fiber clusters could be 

generically classified as neps.  It is only after the application of dye, when some of the 

neps remain un-dyed, that the more specific operational definition of “white speck” is 

used. 

Many factors, including cultivar (genotype), growing conditions, harvesting, 

ginning, and textile processing, contribute to the occurrence of white specks on 

yarn/fabric. The effect of environmental components, such as temperature and rainfall, 

leads to high maturity differences. The maturity and variability of each fiber determine 

the fiber processing characteristics (Bradow and Davidonis, 2000). The mechanical 

processes from harvesting to textile construction significantly influence the occurrence of 

white specks on yarn or fabric (Bel-Berger and Von Hoven, 1997). Increased drying and 

cleaning during ginning and opening processes lead to fiber breakage, more neps, and 

decreased spinning efficiency, which consequently results in poor yarn and fabric quality. 

The influence and variability of both biological and mechanical factors on white speck 

occurrence creates a complex phenomenon. 

Current commercial fiber testing with High Volume Instrument (HVI 900-A, 

Uster Technologies; Knoxville, TN) is important in cotton marketing; however, it does 

not directly measure the immature fiber content. HVI measures fiber properties, such as 

micronaire, length, strength, color, uniformity, and trash content. Micronaire is an index 

that is the result of fiber fineness and maturity. Since micronaire is related to the inverse 

of the specific surface of cotton, coarse immature cotton and fine mature cotton could 

have the same micronaire but result in different yarn white speck counts. Therefore, HVI 

micronaire may not be a good candidate for assessing immature fiber content. 

Conversely, the Advanced Fiber Information System (AFIS-Pro, Uster; Knoxville, TN) 

can measure length, fineness, maturity distributions, and trash content. From these four 

main measurements, 20 different cotton fiber parameters can be obtained by AFIS-PRO. 

AFIS measures individualized fibers by using an air stream that moves the fibers through 

a set of optical sensors to be counted and characterized (Frydrych and Matusiak, 2002). 

There have been few studies that examined the relationship of white specks to fiber 

properties on dyed fabric. Bel-Berger and Xu (2006) found that fiber properties, such as 
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neps and maturity, influence fabric white speck levels. Once the white speck in on the 

yarn, it is highly likely to appear on the fabric. An accurate and repeatable system to 

quantify white specks on dyed yarn (Simonton et al., 2005) has made it possible to 

explore causal factors of white speck occurrence. This study investigated the use of AFIS 

fiber measurements as indicators of white speck occurrence on the finished dyed yarn. 

  

Materials and Methods 

Ten bales of cotton were selected for this study. All the bales were commercial 

bales of Texas cotton picked with a stripper. The cotton cultivar(s) is unknown. The 

micronaire values measured by HVI of these bales are provided in Table 3.1. Each bale 

was separated into approximately 10 equal layers. A sample was taken by collecting from 

multiple locations in each layer. Before textile processing, the physical characteristics of 

the cotton samples were measured with AFIS-PRO (Table 3.2). Three AFIS replications 

of 3,000 fibers were performed for each sample. Each bale layer was blended one at a 

time by laying out each sample in front of the four Hunter feed hoppers (James Hunter 

Machine Co.; Mauldin, SC) starting with hopper 1 and moving to hopper 4. After 

reaching hopper 4, the process was repeated until the sample was totally allocated to all 

four hoppers. From the Hunter hoppers the sample passed through a Rieter mono-

cylinder beater type cleaner (Rieter Textile Systems; Spartanburg, SC), then through a 

Rieter ERM saw tooth cleaner (Rieter Textile Systems), and collected in an AMH 

blending hopper (Automatic Material Handling; Charlotte, NC). All samples were 

opened, cleaned, and blended using the same protocol. After blending, the cotton was 

carded with a Trutzschler 903a card (American Trutzschler; Charlotte, NC). Card settings 

and parameters were as follows: production rate, 40 kg/h; flat setting (0.001 mm), 11-10-

10-9-9-9; flat speed, 180 mm/min; cylinder speed 500 rpm; linker-in speed, 97%. At the 

end of carding process 50 g of card sliver was collected from each sample for AFIS 

testing (Table 3.3). 
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Table 3.1 Micronaire for cotton by layers from each bale 

Layersz 

Bales 

1 2 3 4 5 6 7 8 9 10 

1 4.35 3.30 5.05 4.10 4.70 3.35 4.00 4.00 3.85 5.05 

2 4.30 3.30 5.00 4.10 4.65 3.40 4.00 4.00 3.90 5.05 

3 4.35 3.30 5.00 4.15 4.60 3.35 3.95 4.00 3.90 5.10 

4 4.30 3.25 5.05 4.10 4.60 3.30 3.90 3.95 3.95 5.05 

5 4.30 3.30 5.00 4.10 4.60 3.30 3.75 3.90 4.05 5.10 

6 4.35 3.30 5.00 4.10 4.60 3.30 3.55 4.00 4.00 5.05 

7 4.50 3.30 5.10 4.15 4.60 3.30 3.55 3.95 4.05 5.10 

8 4.40 3.30 5.05 4.15 4.60 3.30 3.60 4.00 4.05 5.10 

9 4.40 3.25 5.10 4.10 4.60 3.30 3.50 3.95 4.05 5.10 

10 4.30 3.30 5.05 4.00 4.50 3.35 3.55 4.00 4.00 5.10 

Avg. 4.36 3.29 5.04 4.11 4.61 3.33 3.74 3.98 3.98 5.08 

Std. Dev. 0.06 0.02 0.04 0.04 0.05 0.03 0.20 0.03 0.07 0.02 
z Each bale was separated into approximately 10 equal layers. A sample was taken by 

collecting from multiple locations in each layer. 

 

 After carding, the processes were performed as follows: breaker drawing 

(Rieter RSB 851 Drawframe; Rieter Textile Systems; Spartanburg, SC), finisher drawing 

(American Trutzschler HSR 1000; Charlotte, NC), roving using Saco Lowell Rovematic 

SF-3H (Saco Lowell; Greenville, SC) with Suessen HP-A410 Drafting (Suessen; Süssen, 

Germany), and finally ring spinning a 24.6/1 tex yarn on a Suessen Fiomax 1000 

(Suessen). The winding process took place after spinning for package dyeing using a 

Morton Package Dye Machine Model 77-132-1 (Gaston County Dyeing Machine Co.; 

Gastonia, NC). The dye used for the yarn was a mixture of three reactive dyes: (1) 

0.016% Drimarine Yellow K-2R Reactive Yellow 125 (Clariant Corp,; Charlotte, NC), 

(2) 3.6% Intracon Brilliant Blue VS-RW Reactive Blue 19 (Crompton and Knowles; 

Reading, PA), and (3) 2.7% Intracon Navy Blue VS-HR Reactive Blue 89 (Crompton and 

Knowles). The resulting color was a dark shade of Navy blue (Simonton et al., 2001). 



Texas Tech University, Pelin Züleyha Altıntaş-de Leon, December 2010 

23 

 

After the dyeing process, an Alfred Sutter yarn board winder (Alfred Sutter; New 

York, NY) was used to wind samples onto 178 mm wide by 279 mm long by 3.2-mm 

thick, black, rigid paper yarn boards. Each sample was used to fabricate yarn boards 

containing a minimum of 200 meters per board. Each board was labeled with an “A” and 

“B” side. Five yarn boards were created for each layer of every bale. Total sampling for 

each bale was 50 yarn boards. Each sample board was digitized with a 118 dots per 

centimeter (300 dpi) resolution in gray scale (256) with a Hewlett Packard Scan Jet 

model 7400c flat bed scanner (Palo Alto, CA) connected to a Dell model 530 computer 

(Round Rock, TX) equipped with a 1.7 GHz Xeon processor. The scanner parameters 

were set to minimize or totally disable several automatic features contained in the scanner 

software that were designed to optimize images. Images were examined by the software 

package, Counting Apparatus for Trash and Impurities (CATI; version 6, CIRAD 

Laboratories; Montpellier, France) to count white specks on dyed yarn. Using the 

protocol previously developed by Simonton et al. (2005), the number of white specks on 

the yarn were counted. 

The relationship between AFIS fiber properties and white speck count was 

analyzed. The coefficients of determination (R²) of white speck counts versus AFIS fiber 

properties for each bale were examined. First, white speck count and cotton sliver AFIS 

fiber properties were investigated. Since carding process influences fiber properties (such 

as neps), the correlation of sliver fiber properties and white speck count would be 

expected to be higher than bale fiber properties and white speck count. Second, white 

speck count and bale fiber properties were analyzed. Third, all bales were tested for 

differences in means for white speck count, maturity, fineness, nep per gram, and 

immature fiber content. Finally, stepwise multiple regression analyses performed on both 

bale and sliver fiber to identify fiber properties that might predict the white speck count 

on dyed yarn. 

 

Results and Discussion 

Fiber properties among the bales are presented in Tables 3.2 and 3.3. Fiber 

properties of bales 8 and 9 and bales 3 and 10 were similar. The rest of the bales were 

different in one or more fiber properties, such as maturity, nep per gram, immature fiber 
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content, fineness, and total trash. White speck count is discrete in nature and was derived 

using a counting technique, so it was assumed that the distribution would be non-normal 

and at best Poisson in nature (Hayter, 1996). With an assumption of non-normal 

distribution, it was necessary to transformation the analysis to conduct an analysis of 

variance. Since the counting variances are not homogenous, the data was stabilized using 

a square root transformation. The square root transformation is commonly used to 

stabilize variance and improve the normal approximation of the distribution (Box et al., 

1978; Krifa et al., 2002). Square root transformation is adequate when the variance is 

proportional to the mean, which is the case for Poisson distributions (Box et al., 1978). 

The square root of white speck count for bales 1 through 10 (not including 7) are 5.72, 

16.17, 5.18, 7.24, 5.39, 15.23, 12.11, 12.90, 5.05, respectively. 

Variability in fiber properties among and within all bales was tested. Between 

bales variability was tested by a t-test for independent samples and was significant at      

P = 0.05. Within bale variability was tested by a t-test, and layers for each bale were not 

significantly different for AFIS fiber properties. Bale 7 had high within bale variation on 

white speck count (Fig. 3.1) and micronaire (Table 3.1); therefore, it was considered an 

outlier and not included in the data analyses. 

 

  



Texas Tech University, Pelin Züleyha Altıntaş-de Leon, December 2010 

25 

 

Table 3.2 AFIS fiber properties for each bale of cotton 

  
AFIS fiber property 

Bales 
1 2 3 4 5 6 8 9 10 

Nep size (µm) 719 719 701 720 692 715 708 708 708 
Nep by weight (g) 362 564 236 412 299 528 488 458 354 
Fiber length by weight (mm) 0.838 0.933 0.950 0.880 0.930 0.962 0.925 0.898 0.903 
Fiber length by weight coefficient 
of variance (%) 38.00 37.25 30.31 35.13 31.55 35.41 35.82 35.63 34.60 
Upper quantile fiber length by 
weight (mm) 26.458 29.443 28.283 27.157 27.915 29.879 28.677 27.724 27.788 
Short fiber content by weight %) 15 12 6 11 7 10 10 11 10 
Fiber length (mm) 0.648 0.728 0.823 0.715 0.787 0.774 0.742 0.724 0.739 
Fiber length by number 
coefficient of variance (%) 54.14 53.14 39.40 48.09 42.58 49.24 49.79 49.32 47.52 
Short fiber content by number %) 36 31 17 28 20 26 28 28 27 
Fiber length 50% (mm) 1.194 1.317 1.272 1.228 1.254 1.340 1.295 1.252 1.249 
Total trash (count/g) 632 352 431 772 346 399 504 511 504 
Trash size (µm) 368.80 376.25 403.82 367.75 376.67 368.68 365.55 365.40 393.90 
Dust (counts/g) 491 277 323 604 267 315 398 404 383 
Trash count by weight 140 75 108 168 79 84 105 107 121 
Visible fiber matter (%) 2.183 1.374 2.068 2.689 1.340 1.610 1.823 1.812 2.241 
Seed coat nep size (µm) 1054 1085 1135 1064 1099 1047 1089 1120 1096 
Seed coat nep by weight 34 35 28 38 22 39 27 27 29 
Fiber fineness (millitex) 177 157 187 174 179 159 162 164 176 
Immature fiber content (%) 7.572 8.470 5.588 7.600 7.050 8.735 7.793 7.585 7.338 
Fiber maturity 0.865 0.843 0.936 0.885 0.899 0.861 0.882 0.884 0.899 
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Table 3.3 AFIS fiber properties for each sliver of cotton 

  
AFIS fiber property 

Bales 
1 2 3 4 5 6 8 9 10 

Nep size (µm) 620 601 622 614 601 611 599 603 633 
Nep by weight (g) 68 130 59 80 65 137 100 93 70 
Fiber length by weight (mm) 20.963 22.538 22.784 21.505 22.835 23.106 21.886 21.480 23.233 
Fiber length by weight coefficient 
of variance (%) 38.30 40.87 34.24 37.61 34.21 39.17 37.87 39.18 33.89 
Upper quantile fiber length by 
weight (mm) 26.120 28.677 27.644 26.662 27.576 29.151 27.085 26.780 28.075 
Short fiber content by weight %) 16 16 10 14 10 13 14 15 9 
Fiber length (mm) 16.620 17.196 18.948 17.230 19.008 18.076 17.475 16.891 19.448 
Fiber length by number 
coefficient of variance (%) 51.05 55.67 45.36 49.82 44.80 52.84 50.35 52.25 44.26 
Short fiber content by number %) 35 37 25 32 25 32 32 35 23 
Fiber length 50% (mm) 30.201 32.961 31.589 30.776 31.581 33.460 31.352 31.031 32.080 
Total trash (count/g) 26 46 23 36 17 29 36 33 28 
Trash size (µm) 281.10 214.27 304.67 256.50 208.10 245.97 233.30 246.00 317.07 
Dust (counts/g) 23 44 19 32 16 27 34 30 23 
Trash count by weight 3 2 4 4 1 2 2 2 5 
Visible fiber matter (%) 0.044 0.045 0.054 0.056 0.018 0.040 0.042 0.056 0.063 
Seed coat nep size (µm) 756 712 833 798 555 777 528 661 825 
Seed coat nep by weight 8 6 9 8 3 8 3 4 15 
Fiber fineness (millitex) 179 159 186 176 181 161 167 166 186 
Immature fiber content (%) 8.400 10.240 7.453 9.010 8.090 9.607 8.567 9.060 7.253 
Fiber maturity 0.864 0.815 0.896 0.859 0.883 0.836 0.869 0.856 0.902 
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Fiber properties and white specks 

The results of the regression analysis for the nine remaining bales are presented in 

Tables 3.4 and 3.5. Six variables for the bale fiber (neps per gram, upper quartile length, 

fiber length 50%, fineness, immature fiber content, and maturity) were significantly 

correlated with white speck count (Table 3.4). Nine variables for the sliver fiber (neps per 

gram, length by weight CV%, length by number CV%, short fiber count by number, total 

trash, dust, fineness, immature fiber content, and maturity) that were significantly 

correlated with white speck count (Table 3.5). Only neps per gram, fineness, immature 

fiber content, and maturity were significantly correlated for both bale and sliver fiber. Of 

the four variables, fineness had the highest F-values for bale fiber (71.2) and sliver fiber 

(169.8). This was followed by neps per gram with an F-value for bale fiber of 43.1 and 

for sliver fiber of 72.9. 

 

 

Figure 3.1 Percentage coefficient of variation (%CV) of white speck counts for all bales 

 

Upper quartile length was significant for bale fiber but not for the sliver. 

Percentage coefficient of variation for both length categories was significant in sliver 

fiber but not bale fiber. This would indicate that fiber breakage occurred during the 
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processing of the fibers in the top 25% of the length distribution. This is further supported 

by short fiber content by number being significant in the sliver fiber but not in bale fiber. 

The broken fibers after the carding process influenced the fineness and maturity 

ration values. Bale 1 had the least change in maturity ratio, and bale 2 and 6 showed a 

decrease in maturity ratio. It appears that short fiber content increased in bales 2 and 6 

but did not change in bale 1. Fiber breakage was significant for bales 2 and 6 but not bale 

1. Examining the significant variables that are common in both bale and sliver fiber (neps 

per gram, fineness, immature fiber content, and maturity) made it easy to highlight the 

importance of their individual differences and influences over white speck count. 

The coefficient of determination (R2) for fiber neps per gram on white specks was 

0.86 for the bale and 0.91 for the sliver (Fig. 3.2). It appears that in this sample set of 

bales, neps per gram in both bale and sliver fiber have the greatest effect on white speck 

count on dyed yarn. The relationship between fiber fineness and white specks had 

coefficients of determination (R2) of 0.91 in the bale and 0.96 in the sliver (Fig.3.3). As 

seen in the regression graphs, fiber fineness in this data set also played a role in the 

occurrence of white specks in dyed yarn. 
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Table 3.4 Results of regression analysis of fiber properties for bale cotton with white 

speck count 

Bale fiber property Adjusted R² df Residual F p 

Nep size (µm) -0.052 1 0.606 0.462 

Nep by weight (g) 0.840 1 43.143 0.000 

Fiber length by weight (mm) 0.042 1 1.352 0.283 

Fiber length by weight coefficient 
of variance (%) 

0.146 1 2.372 0.167 

Upper quantile fiber length by 
weight mm) 

0.477 1 8.282 0.024 

Short fiber content by weight (%) -0.094 1 0.315 0.592 

Fiber length (mm) -0.141 1 0.013 0.913 

Fiber length by number 
coefficient of variance (%) 

0.160 1 2.522 0.156 

Short fiber content by number 
(%) 

-0.023 1 0.822 0.395 

Fiber length 50% (mm) 0.499 1 8.975 0.020 

Total trash (count/g) -0.012 1 0.905 0.373 

Trash size (µm) 0.162 1 2.542 0.155 

Dust (counts/g) -0.047 1 0.640 0.450 

Trash count by weight 0.147 1 2.378 0.167 

Visible fiber matter (%) 0.170 1 2.641 0.148 

Seed coat nep size (µm) -0.087 1 0.359 0.568 

Seed coat nep by weight 0.038 1 1.316 0.289 

Fiber fineness (millitex) 0.898 1 71.216 0.000 

Immature fiber content (%) 0.503 1 9.109 0.019 

Fiber maturity 0.416 1 6.695 0.036 
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Table 3.5 Results of regression analysis of fiber properties for sliver cotton with white 

speck count 

Bale fiber property Adjusted R² 

df 

Residual F 

p 

Nep size (µm) 0.306 1 4.525 0.071 

Nep by weight (g) 0.900 1 72.954 0.000 

Fiber length by weight (mm) -0.142 1 0.004 0.951 

Fiber length by weight coefficient of 
variance (%) 

0.666 1 16.937 0.004 

Upper quantile fiber length by 
weight (mm) 

0.119 1 2.083 0.192 

Short fiber content by weight (%) 0.291 1 4.279 0.077 

Fiber length (mm) 0.108 1 1.964 0.204 

Fiber length by number coefficient 
of variance (%) 

0.696 1 19.322 0.003 

Short fiber content by number (%) 0.425 1 6.913 0.034 

Fiber length 50% (mm) 0.246 1 3.617 0.099 

Total trash (count/g) 0.438 1 7.245 0.031 

Trash size (µm) 0.240 1 3.530 0.102 

Dust (counts/g) 0.535 1 10.202 0.015 

Trash count by weight 0.043 1 1.363 0.281 

Visible fiber matter (%) -0.138 1 0.031 0.865 

Seed coat nep size (µm) -0.075 1 0.445 0.526 

Seed coat nep by weight 0.050 1 1.417 0.273 

Fiber fineness (millitex) 0.955 1 169.828 0.000 

Immature fiber content (%) 0.720 1 21.540 0.002 

Fiber maturity 0.691 1 18.923 0.003 

 

The coefficient of determination (R2) for immature fiber content cotton on white 

specks were 0.57 for the bale and 0.75 for the sliver (Fig.3.4). The predictive value of 

immature fiber content appears to rise when taken in sliver form. AFIS nep size through 
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the mechanical process illustrated an increase in the immature fiber clusters that turn into 

white specks on the carded fabric (Bel-Berger et al., 1997). Large neps through carding 

process were either removed or divided into a number of small neps, which had a more 

significant effect on white speck content in dyed yarn. It also indicates that even though 

immature fiber content was statistically significant, high variability of immature fiber 

content eliminates its use as the sole variable for predicting white specks in dyed yarn. 

The relationship between fiber maturity and white specks had coefficients of 

determination (R2) of 0.49 in the bale and 0.73 in the sliver (Fig. 3.5). The increase in R2 

of immature fiber content from bale fiber to the sliver suggests that the card influenced 

maturity by removing some part of the fiber distribution, which affects maturity readings 

in the sliver. It could be easy to remove large nep clusters when you have mature cotton; 

however, with the immature cotton it would be easy to break these large neps into smaller 

ones instead of removing them. 

 

 

Figure 3.2 Regression analysis of the square root of white speck counts and fiber neps g-1 

in the sliver by bales 
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Figure 3.3 Regression analysis of the square root of white speck counts and cotton 

fineness in the sliver by bales 

 

 

Figure 3.4 Regression analysis of the square root of white speck counts and cotton 

immature fiber content in the sliver by bales 
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Figure 3.5 Regression analysis of the square root of white speck counts and cotton 

maturity in the sliver by bales 

 

Stepwise Multiple Regression 

Multiple regression analysis revealed a relationship between fiber properties and 

white speck counts. Using the regression model, it was possible to determine if more than 

one predictor for white speck occurrence, using stepwise multiple regression analysis, the 

number of predictors was reduced, but the outcome was efficiently predicted. Bale cotton 

fiber fineness and immature fiber content were the main predictors for white speck count 

on dyed yarn. The correlation between the observed white speck values and calculated 

white speck values from the equation obtained from the stepwise multiple regression 

analysis of bale fiber had an R2 of 0.93 (Table 3.6). There seems a very clear relationship 

between white speck count and fiber fineness and immature fiber content (Fig. 3.6). The 

coarser fiber with less immature fiber content had a reduced number of white speck 

counts on dyed yarn. For the sliver, stepwise multiple regression analysis identified 

fineness, nep per gram, and immature fiber content as the predictors for white speck 

count (Table 3.6). As a result of this analysis, coefficient of determination (R2) between 

the observed and calculated white speck values was 0.97 (Fig. 3.7). These high 
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was a very small sample set and limited variability in maturity between some bales. This 

low level of variability may have not been enough to estimate the residuals in the 

stepwise regression model, so the high coefficients of determination may be related to 

very small sample size. 

 

Table 3.6 Predictive equations for number of white specks from multiple regression 

analysis 

Regression Equations 

Adjusted 

R2 F p 

Bale cotton 
White specks = 126.4 – 0.6 fiber 

fineness – 2.15immature fiber content 
0.93 55.497 0.00013 

Sliver 

cotton 

White specks = 82.2 – 0.4 fiber fineness 

+ 0.1neps/gram – 0.9 immature fiber 

content 

0.96 71.06 0.0279 

 

For this study, AFIS fiber properties, fineness, nep per gram, and immature fiber 

content seem to have the most promise as influential indicators that could be used in the 

formulation of a predictor model or algorithm for white speck occurrence in yarn. 

Depending on these fiber properties the opening and carding process both removed or 

generated short fibers. Bale 1 showed no increase in percentage short fiber content by 

number when immature fiber content went from 7.5 to 8.4%, while bale 9 has increase in 

percentage short fiber content by number and immature fiber content went from 7 to 9%. 

AFIS testing may be indicating a bias, since during AFIS testing there is fiber breakage. 

Bales 4 and 9 have the same maturity ratio, but different fineness values and the more 

breakage in bale 9 than in bale 4. Bale 9 shows higher nep per gram than bale 4 and this 

may be the explanation of higher white speck count in bale 9. 

 

 

 



Texas Tech University, Pelin Züleyha Altıntaş-de Leon, December 2010 

35 

 

 

Figure 3.6 Regression analysis of the square root of white speck counts and cotton 

maturity in the sliver by bales 
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Figure 3.7 Regression analysis of predicted white speck count and observed white speck 

count based on cotton fiber properties in the sliver 

 

Conclusions 

It is important to estimate potential white speck occurrence in bale before the yarn 

and fabric formation processes. It seems that fineness, nep/gm, and immature fiber 

content could be used as variables to form the basis for a model used to predict the white 

speck potential from a bale of cotton based on AFIS test results. There were some 

problems with this pilot study that will have to be addressed in the future. These 

problems were small sample size and possible bias in the AFIS fineness and maturity 

results. Future research with a much larger data set could be used to create a model or 

algorithm for the prediction of white specks based on AFIS test results. It would be worth 

including other test measurements, such as maturity and length distributions, since mean 

values derived from distributions could be leading to bias. 
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CHAPTER 4 

RESEARCH 2 

 

EXAMINING THE RELATIONSHIP BETWEEN AFIS FIBER PROPERTIES AND 

YARN WHITE SPECK OCCURRENCE 

This study analyzed the relationship between AFIS fiber properties and yarn 

white speck count by using statistical analysis. The treatments of harvest-aid chemical 

termination with varied harvest dates and two levels of field cleaning were included. 

Cotton samples of two crop years were sampled and analyzed using the AFIS with 3 

replications, each counting 3,000 fibers. Each sample was processed into yarn and dyed 

with the same procedure. White speck counts on the yarn for each sample were 

conducted utilizing a white speck yarn methodology. The harvest date treatment 

influenced white speck count more than other fiber properties. The nep count by weight 

fiber property was also found to be one of the predictors of white speck count. However, 

the prediction model was not found be as strong as the first study. 

 

This paper will be submitted to the journal: Fibres & Textiles in Eastern Europe. 

The description of this research is as follows: 
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Examining The Relationship Between AFIS Fiber Properties and Yarn White Speck 

Occurrence 

P. Z. Altintas, J. L. Simonton, and M. G. Beruvides 

 

Abstract 

Cotton containing dead and/or immature fibers is a major concern in dyeing and 

finishing of textile products. In an un-dyed state, entangled fiber clusters are generically 

classified as neps.  It is only after the application of dye, when some neps remain un-

dyed, that the more specific classification of “white speck” is used. Delayed harvest date 

can result in fiber quality reductions. Reductions in fiber quality can subsequently result 

in yarn and fabric defects. The objective of this study was to analyze the effects of 

harvest timing and field cleaning on yarn white speck content. The treatments of harvest-

aid chemical termination with varied harvest dates and two levels of field cleaning were 

included. Cotton samples of crop years 2001 (66 bales) and 2002 (63 bales) were 

sampled and analyzed using the AFIS with 3 replications, each counting 3,000 fibers. 

Each sample was processed into yarn and dyed with the same procedure. White speck 

counts on the yarn for each sample were conducted utilizing a white speck yarn 

methodology. 

  

Introduction 

Cotton produced on the Texas High Plains can be characterized as short season 

and stripper harvested type. The use of harvest aids helps to terminate plant growth to 

facilitate harvesting and reduce leaf trash in the seed cotton and to improve yield by 

facilitating the opening of unopened bolls so that their lint can be included in the harvest 

(Simonton, 2004). The use of harvest aids on the upland cotton allow for early crop 

termination and timely harvesting. The harvest aid chosen may affect the response of 

defoliation at different dates because of possible temperature differences during 

application (Gwathmey and Hayes, 1997). However, the results of the study done by 

Kelley (2002) showed no significant reductions in yield and fiber quality due to harvest 
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aids application under ideal weather conditions (no heavy rain and humid weather at the 

last stage of cotton cultivation). It is concluded that harvest aids application could be 

beneficial if the usage is limited to early harvest dates since delayed harvest timing can 

have adverse effects on both yield and fiber quality. Bednarz et al. (2002) found that 

harvest aid application caused lower mean length, higher short fiber content and lowest 

fiber fineness and maturity. 

Many studies have investigated the impact of early and late harvest on fiber 

quality (Barker et al., 1976; Brown and Hyer, 1956; Columbus et al., 1990; Snipes and 

Baskin, 1994; Williford, 1992; Williford et al., 1995). The study by Kelley (2006) 

indicated reductions in fiber quality when harvesting was delayed as the result of High 

Volume Instrument (HVI) analyses. Kelley (2002) concluded that weathering had no 

effect on micronaire measured with HVI; however it had a slight negative effect on both 

maturity and fineness measured by AFIS. It also negatively influenced the mean length, 

upper quartile length, and short fiber content measurements. It seems that the results also 

increased the AFIS neps in the lint. 

In this research, the relationship between fiber properties and yarn white speck 

occurrence was investigated using principle component analysis. The influence of harvest 

techniques was explored. It is hypothesized that different harvest dates may generate 

different white speck quantity. Field cleaning and harvest aids applications may also 

indicate other factors to increase/decrease the number of white speck occurrence in dyed 

yarn. With this in mind, several questions need to be addressed. What effect would 

varying fiber properties, associated with harvest date, the use of field cleaning and 

application of harvest aids, have on white speck count in dyed yarn? Among the fiber 

properties, does fiber fineness and fiber nep per gram have the strong relationship with 

yarn white speck count? By investigating these research questions the following 

hypothesis are addressed: 

 

Hypothesis 1 – Null (H0): There will be no effect on dyed yarn white speck count 
depending on varied fiber properties. 
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Hypothesis 1 – Alternate (H1): There will be an effect on dyed yarn white speck count 
depending on varied fiber properties. 
Hypothesis 2 – Null (H0): Fiber fineness with the interaction of early harvest dates does 
not have affect on dyed yarn white speck count. 
Hypothesis 2 – Alternate (H1): Fiber fineness with the interaction of early harvest dates 
does have effect on dyed yarn white speck count. 
Hypothesis 3 – Null (H0): Fiber nep per gram with the interaction of early harvest dates 
does not have effect on dyed yarn white speck count.  
Hypothesis 3 – Alternate (H1): Fiber nep per gram with the interaction of early harvest 
dates does have effect on dyed yarn white speck count. 
Hypothesis 4 – Null (H0): The interaction of field cleaning and early harvest date does 
not increase dyed yarn white speck count. 
Hypothesis 4 – Alternate (H1): The interaction of field cleaning and early harvest date 
does increase dyed yarn white speck count. 
Hypothesis 5 – Null (H0): The usage of harvest aids does not have effect on dyed yarn 
white speck count. 
Hypothesis 5 – Alternate (H1): The usage of harvest aids does have effect on dyed yarn 
white speck count. 
 

The summary of all the hypotheses is shown in the following table. 

 
Table 4.1 Summary of Hypotheses 

1. Fiber properties 
affect white speck 
count. 

µFC = µNFC µFC > µNFC 

2. Fiber fineness with 
the interaction of 
early harvest dates 
affect white speck 
count. 

µFineEHD = µFineLHD µFineEHD > µFineLHD 

3. Fiber nep per gram 
with the interaction 
of early harvest 
dates affect white 
speck.  

µNepEHD = µNepLHD µNepEHD > µNepLHD 

4. The interaction of 
field cleaning and 
early harvest date 
affect white speck 
count. 

µFC_EHD = µFC_LHD 
 

µFC_EHD > µFC_LHD 
 

5. Harvest aids affect 
white speck count. 

µHA = µNHA 
 

µHA > µNHA 
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Where: 

FC – Field cleaning 

NFC – No field cleaning 

FineEHD – Fineness and early harvest date 

FineLHD – Fineness and late harvest date 

NepEHD – Fiber Nep and early harvest date 

NepLHD – Fiber Nep and late harvest date 

FC_EHD – Field cleaning and early harvest date 

FC_LHD – Field cleaning and late harvest date 

HA – Harvest aid 

NHA – No harvest aid 

 

Materials and Methods 

Cotton (Gossypium hirsutum L.) chosen for this study is grown in the Texas High 

Plains near Lubbock. A field planted with a single cotton variety (widely planted, 

medium maturity cultivar, producing medium to large storm-proof bolls in the Texas 

High Plains) and treated with harvest-aid chemical termination, varied harvest dates and 

two levels of field cleaning (Kelley, 2006, p.2). There are four levels included in this 

study to analyze the effect and interactions that key production factors have on white 

speck content in dyed yarn. A single cotton variety with two production years was 

analyzed by harvest year, multiple harvest dates in each year, field cleaned and non-field 

cleaned, and including with and without harvest aid. Harvest samples include crop year 1 

(66 samples) and year 2 (63 samples). 

Before textile processing, the physical characteristics of the cotton samples were 

measured with AFIS-PRO (Table 4.2 and Table 4.3). Three AFIS replications of 3,000 

fibers each were performed for all samples. Each bale layer was blended one at a time by 

laying   
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Table 4.2 AFIS fiber properties for crop year 1 

Sample 

Length 
by 

weight 

Length 
by 

weight 
CV% 

Short fiber 
content by 

weight 

Upper 
quantile 
length by 

weight 

Length 
by 

number 

Length 
by 

number 
CV% 

Short 
fiber 

content by 
number 

Total 
trash 

Standard 
Fineness Maturity 

1 0.936 31.49 7 1.108 0.764 47.59 24 446 195 0.899 
2 0.940 31.45 7 1.105 0.776 45.97 22 274 197 0.902 
3 0.943 30.84 7 1.104 0.784 45.04 21 299 198 0.916 
4 0.936 30.26 7 1.101 0.784 43.97 21 195 198 0.920 
5 0.912 32.26 8 1.081 0.749 46.68 24 459 196 0.905 
6 0.920 31.91 8 1.088 0.756 46.58 24 491 195 0.909 
7 0.920 30.99 7 1.081 0.773 43.66 21 336 196 0.913 
8 0.923 31.55 8 1.091 0.763 45.77 23 393 196 0.905 
9 0.910 32.06 8 1.081 0.742 47.67 25 472 196 0.890 
10 0.941 31.38 7 1.107 0.772 46.70 23 546 195 0.904 
11 0.915 32.05 8 1.083 0.753 46.40 24 341 196 0.896 
12 0.945 30.93 7 1.114 0.786 44.94 21 451 196 0.905 
13 0.920 31.86 8 1.091 0.756 46.63 24 344 197 0.898 
14 0.914 30.97 8 1.080 0.758 45.35 23 309 197 0.903 
15 0.925 31.10 7 1.090 0.767 45.48 22 368 197 0.912 
16 0.919 31.94 8 1.088 0.753 46.99 24 306 197 0.905 
17 0.923 31.71 8 1.090 0.759 46.58 24 440 195 0.900 
18 0.930 31.15 7 1.097 0.772 45.32 22 319 195 0.905 
19 0.933 30.92 7 1.094 0.773 45.57 22 393 193 0.914 
20 0.938 31.18 7 1.097 0.783 44.59 21 301 194 0.911 
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Table 4.2 Continued 

Sample 

Visible 
fiber 

matter 
Trash count 

by weight 
Dust count 
by weight 

Trash 
size 

Nep count 
by weight 

Nep 
size 

Seed coat 
nep by 
weight 

Seed 
coat 

nepsize 

SQRT 
White 

speck count 
1 1.463 81 364 337.00 269 702 24 936 8.618 
2 0.995 54 220 349.33 269 694 18 963 7.404 
3 1.088 55 244 311.67 288 701 24 918 9.535 
4 0.617 31 163 313.67 250 691 23 877 8.651 
5 1.836 102 356 381.67 297 698 25 895 9.941 
6 1.783 109 381 376.33 270 689 25 818 10.567 
7 1.372 68 268 371.33 257 689 25 873 8.493 
8 1.719 88 304 391.67 276 693 25 915 9.558 
9 1.749 103 369 373.67 303 712 26 907 10.820 
10 2.438 132 414 398.33 280 698 30 850 11.885 
11 1.256 68 272 369.00 290 701 24 881 9.555 
12 1.900 104 346 395.00 271 709 32 868 11.505 
13 1.332 75 268 377.00 311 700 27 858 11.532 
14 1.107 64 245 367.67 272 697 22 891 9.309 
15 1.455 83 284 384.67 281 700 26 965 11.672 
16 1.138 69 238 375.00 284 699 21 916 10.612 
17 1.441 77 362 339.67 279 692 24 860 10.528 
18 1.188 62 256 354.33 305 713 28 939 11.031 
19 1.521 92 301 387.67 276 702 29 881 11.579 
20 1.331 71 229 393.33 273 695 25 860 11.296 
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Table 4.3 AFIS fiber properties of crop year 2 

Sample 

Nep count 
 by 

weight Nep size 

Seed coat 
Nep by 
weight 

Seed coat 
nep size Trash size 

Total 
trash 

Dust count 
by weight 

Trash 
count by 
weight 

Visible 
fiber 

matter 

Length 
by 

number 
1 293 690 24 935 388.33 418 320 96 1.733 0.793 
2 307 703 22 1010 391.67 353 271 81 1.470 0.803 
3 288 701 35 868 383.67 663 511 152 2.653 0.790 
4 298 697 26 972 376.67 488 381 106 1.913 0.793 
5 342 711 34 1038 368.67 667 519 147 2.370 0.797 
6 332 706 39 955 380.67 698 542 156 2.753 0.793 
7 329 713 33 970 384.33 678 527 151 2.790 0.803 
8 313 706 30 962 369.33 629 497 131 2.327 0.810 
9 310 696 26 911 384.33 464 362 101 1.807 0.743 
10 327 705 34 955 384.00 576 439 137 2.250 0.783 
11 327 705 34 955 384.00 576 439 137 2.250 0.783 
12 260 688 26 924 367.33 388 305 82 1.340 0.773 
13 306 704 34 903 382.33 534 410 124 2.113 0.803 
14 314 716 40 941 386.00 689 533 156 2.797 0.797 
15 314 716 40 941 386.00 689 533 156 2.797 0.797 
16 273 684 23 902 381.00 467 362 105 1.783 0.797 
17 272 696 32 895 404.00 542 406 136 2.317 0.807 
18 315 705 37 944 389.67 575 441 133 2.320 0.777 
19 315 707 35 886 371.00 615 481 134 2.140 0.787 
20 278 703 31 922 375.67 565 443 122 2.173 0.783 
21 311 712 35 895 380.00 621 485 136 2.473 0.790 
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Table 4.3 Continued 

Sample 

Length by 
number 
CV% 

Short fiber 
Content by 

number 
Length by 

weight 
Length by 

weight CV% 

Short fiber 
content by 

weight 

Upper 
quantile 
length Maturity 

Immature 
fiber 

content 
Standard 
Fineness 

SQRT 
White 

speck count 
1 44.53 21 0.950 30.70 7 1.117 0.897 6.300 175 10.319 
2 43.70 20 0.950 30.53 7 1.120 0.893 6.133 174 10.546 
3 44.90 21 0.947 31.17 7 1.113 0.900 6.033 173 13.824 
4 43.77 20 0.947 30.60 7 1.110 0.903 6.000 175 18.090 
5 43.97 21 0.950 30.70 7 1.113 0.897 5.867 176 16.368 
6 43.87 21 0.947 30.67 7 1.107 0.900 5.967 177 20.220 
7 42.77 19 0.953 30.23 6 1.113 0.910 5.500 177 12.652 
8 42.27 18 0.957 30.07 6 1.113 0.907 5.300 176 13.306 
9 47.27 25 0.913 32.20 9 1.090 0.887 6.733 174 27.082 
10 44.80 22 0.940 30.77 7 1.107 0.913 5.600 176 21.969 
11 44.80 22 0.940 30.77 7 1.107 0.913 5.600 176 21.969 
12 45.03 22 0.927 31.03 7 1.097 0.900 6.100 177 20.307 
13 42.87 20 0.950 30.23 6 1.110 0.913 5.333 176 16.622 
14 43.87 20 0.957 30.23 6 1.117 0.907 5.633 176 20.798 
15 43.87 20 0.957 30.23 6 1.117 0.907 5.633 176 20.798 
16 43.60 20 0.943 30.23 7 1.110 0.903 6.033 174 23.652 
17 42.83 19 0.957 30.17 6 1.113 0.917 5.033 176 17.181 
18 45.53 22 0.943 31.10 7 1.110 0.897 6.200 173 26.855 
19 45.00 22 0.950 30.67 7 1.117 0.913 5.367 174 25.129 
20 45.03 22 0.940 30.97 7 1.107 0.900 6.067 175 28.154 
21 44.47 21 0.950 30.60 7 1.120 0.910 5.300 174 25.686 
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each sample in front of four Hunter feed hoppers (James Hunter Machine Co.; Mauldin, 

SC) starting with hopper 1 and moving to hopper 4. After reaching hopper 4, the process 

was repeated until the sample is totally allocated to all four hoppers. From the Hunter 

hoppers the sample passed through a Rieter mono-cylinder beater type cleaner (Rieter 

Textile Systems; Spartanburg, SC), then through a Rieter ERM saw tooth cleaner (Rieter 

Textile Systems), and was collected in an AMH blending hopper (Automatic Material 

Handling; Charlotte, NC). All samples were opened, cleaned, and blended using the same 

protocol. After blending, the cotton was carded with a Trutzschler 903a card (American 

Trutzschler; Charlotte, NC). Card settings and parameters were as follows: production 

rate, 75 pounds (34 kg/h); flat setting (0.001 mm), 11-10-10-9-9-9; flat speed, 180 

mm/min; cylinder speed 500 rpm. 

 After carding, the following processes were performed: breaker drawing (Rieter 

RSB 851 Drawframe; Rieter Textile Systems; Spartanburg, SC), finisher drawing 

(American Trutzschler HSR 1000; Charlotte, NC), roving using Saco Lowell Rovematic 

SF-3H (Saco Lowell; Greenville, SC) with Suessen HP-A410 Drafting (Suessen; Süssen, 

Germany), and finally ring spinning a 24.6/1 tex yarn on a Suessen Fiomax 1000 

(Suessen). The package dyeing was applied using a Morton Package Dye Machine Model 

77-132-1 (Gaston County Dyeing Machine Co.; Gastonia, NC). The dye used for the yarn 

was a mixture of three reactive dyes: (1) 0.016% Drimarine Yellow K-2R Reactive 

Yellow 125 (Clariant Corp,; Charlotte, NC), (2) 3.6% Intracon Brilliant Blue VS-RW 

Reactive Blue 19 (Crompton and Knowles; Reading, PA), and (3) 2.7% Intracon Navy 

Blue VS-HR Reactive Blue 89 (Crompton and Knowles). The resulting color was a dark 

shade of Navy blue (Simonton et al., 2001; Simonton, 2004). 

 After the dyeing process, an Alfred Sutter yarn board winder (Alfred Sutter; New 

York, NY) was used to wind samples onto 178 mm wide by 279 mm long by 3.2-mm 

thick, black, rigid paper yarn boards. Each sample was used to fabricate yarn boards 

containing a minimum of 200 meters per board. Each board was labeled with an “A” and 

“B” side. Each sample board was digitized with a 118 dots per centimeter (300 dpi) 

resolution in gray scale (256) with a Hewlett Packard Scan Jet model 7400c flat bed 
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scanner (Palo Alto, CA) connected to a Dell model 530 computer (Round Rock, TX) 

equipped with a 1.7 GHz Xeon processor. The scanner parameters were set to minimize 

or totally disable several automatic features contained in the scanner software that are 

designed to optimize images. Images were examined by the software package, Counting 

Apparatus for Trash and Impurities (CATI; version 6, CIRAD Laboratories; Montpellier, 

France) to count white specks on dyed yarn. Using the protocol previously developed by 

Simonton et al. (2005), the number of white specks on the yarn were counted. All 

procedures were designed to ensure the replicability of the experiment. Each equipment 

and statistical tools were documented. 

 

Results and Discussion 

The crop year 1 had 60 lots when crop year 2 had 63 samples in the field. 

Variability in fiber properties among samples was tested by a t-test for independent 

samples by groups and was significant at p = 0.05. However, within sample variability 

did not show significance for maturity, length, immature fiber content, and fineness. The 

variability among samples came from fiber properties trash and nep. For example, the 

standard deviation among samples for total trash varied from 4.93 to 158.29 in crop year 

1. The same trend was also seen in crop year 2. 

White speck count is discrete in nature and was derived using a counting 

technique. Therefore, the distribution was expected to be non-normal and Poisson in 

nature (Hayter, 1996). The normality test result revealed a value of 0.83 at p<0.05 which 

indicated a non-normal distribution. The square root transformation is applied to stabilize 

variance for each crop year individually. 

 The relationship between AFIS fiber properties and white speck count was 

analyzed. The coefficients of determination (R2) of white speck counts versus AFIS fiber 

properties for each sample were examined. First, each year was analyzed individually due 

to possibility of higher environmental effect than other treatments. Nep by weight, seed 

coat nep by weight, and trash count by weight were significant along with harvest date 

and defoliation methods. Neither fiber length nor maturity was found to be significant. 
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The standard deviation of maturity and fiber length was 0.01 for crop year 1. The 

standard deviation of maturity for crop year 2 stayed the same when the standard 

deviation of fiber length increased slightly to 0.02. Table 4.4 lists the result of regression 

analysis of white speck count for crop year 1. The highest coefficient of determination is 

found between nep count by weight and white speck count. On the other hand, for crop 

year 2 fiber length CV% and short fiber content were found to be significant (Table 4.5). 

 The coefficient of determination (R2) for fiber neps per gram on white speck 

count was 0.19 for crop year 2001 (Figure 4.1). In crop year 2, fiber length showed 

significant relationship with white speck count. The coefficient of determination (R2) for 

fiber length on white speck count was 0.20 (Figure 4.2). It appears that what might be 

influencing on white speck count for year 1 did not show the same relationship with crop 

year 2. 

Each crop year revealed a different multiple regression analysis result. Stepwise 

multiple regression analysis was used to determine the minimum number of predictors for 

white speck count. For crop year 1, predictive variables were found to be harvest date, 

upper quantile length by weight, trash count, nep count by weight, defoliation, and field 

cleaner. Adjusted R2 for this regression was 0.59 at p<0.01. For crop year 2, predictive 

variables were found to be harvest date, fineness, short fiber content by number, and nep 

by weight. Adjusted R2 for year 2 was 0.58 at p<0.01. 
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Table 4.4 Results of regression analysis of fiber properties for crop year 1 with white 

speck count 

Bale fiber property Adjusted R² 

df 

Residual F 

p 

Harvest date 0.25 1 102.68 0.00 

Field cleaner 0.07 1 22.24 0.00 

Defoliation 0.16 1 59.79 0.00 

Nep size (µm) 0.05 1 17.44 0.00 

Nep by weight (g) 0.19 1 71.61 0.00 

Fiber length by weight (inch) 0.05 1 15.59 0.00 

Fiber length by weight coefficient of 
variance (%) 

0.01 1 3.69 0.06 

Upper quantile fiber length by 
weight (inch) 

0.09 1 30.97 0.00 

Short fiber content by weight (%) -0.00 1 0.72 0.40 

Fiber length (mm) -0.00 1 0.29 0.59 

Fiber length by number coefficient 
of variance (%) 

0.06 1 21.54 0.00 

Short fiber content by number (%) 0.02 1 8.38 0.00 

Fiber length 50% (inch) 0.08 1 25.36 0.00 

Total trash (count/g) 0.09 1 30.10 0.00 

Trash size (µm) 0.11 1 37.42 0.00 

Dust (counts/g) 0.07 1 22.01 0.00 

Trash count by weight 0.15 1 55.14 0.00 

Visible fiber matter (%) 0.12 1 42.99 0.00 

Seed coat nep size (µm) 0.03 1 9.55 0.00 

Seed coat nep by weight 0.18 1 65.15 0.00 

Fiber fineness (millitex) 0.14 1 50.15 0.00 

Immature fiber content (%) 0.03 1 10.43 0.00 

Fiber maturity 0.07 1 24.64 0.00 
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Table 4.5 Results of regression analysis of fiber properties for crop year 2 with white 

speck count 

Bale fiber property Adjusted R² 

df 

Residual F 

p 

Harvest date 0.37 1 182.26 0.00 

Field cleaner 0.00 1 1.21 0.27 

Defoliation 0.01 1 3.03 0.08 

Nep size (µm) 0.01 1 5.10 0.02 

Nep by weight (g) 0.04 1 15.49 0.00 

Fiber length by weight (inch) 0.01 1 4.75 0.03 

Fiber length by weight coefficient of 
variance (%) 

0.14 1 52.95 0.00 

Upper quantile fiber length by 
weight (inch) 

-0.00 1 0.00 0.98 

Short fiber content by weight (%) 0.15 1 54.93 0.00 

Fiber length (inch) 0.14 1 50.17 0.00 

Fiber length by number coefficient 
of variance (%) 

0.25 1 103.15 0.00 

Short fiber content by number (%) 0.20 1 81.60 0.00 

Total trash (count/g) 0.04 1 15.66 0.00 

Trash size (µm) 0.00 1 1.50 0.22 

Dust (counts/g) 0.04 1 15.69 0.00 

Visible fiber matter (%) 0.03 1 9.94 0.00 

Trash count by weight 0.04 1 13.81 0.00 

Seed coat nep size (µm) -0.00 1 0.55 0.46 

Seed coat nep by weight 0.07 1 26.13 0.00 

Fiber fineness (millitex) 0.23 1 92.38 0.00 

Immature fiber content (%) 0.06 1 20.76 0.00 

Fiber maturity 0.08 1 26.67 0.00 
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Figure 4.1 Regression analysis of the square root of white speck counts and nep count by 

weight in year 1 

 

 

 

Figure 4.2 Regression analysis of the square root of white speck counts and short fiber 

content by number in year 2 
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Conclusions 

 In this study, harvest date treatment influenced white speck count more than other 

fiber properties. We still see the nep count by weight fiber property as one of the 

predictors of white speck count. However, prediction model was not found be as strong 

as the previous study. Within sample variability for some fiber properties was found to be 

significantly high. This prevented us using average values of fiber properties for each 

sample. The both year results showed increase in white speck count as the fiber 

properties nep count by weight and short fiber content increased. 
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CHAPTER 5 

RESEARCH 3 

 

THE USE OF TAGUCHI METHOD TO EXAMINE THE RELATIONSHIP BETWEEN 

FIBER PROPERTIES AND YARN WHITE SPECK OCCURRENCE 

 

The objective of this research was to utilize the Taguchi Method to investigate the 

best combination of variables which produces a minimum white speck count in dyed 

yarn. The most important characteristic of the Taguchi method is to minimize variance of 

the characteristic of interest. The treatments of harvest-aid chemical termination with 

varied harvest dates and two levels of field cleaning were included. This research 

included two years of cotton crops, for year 1 (60 samples) and year 2 (63 samples). Each 

sample was analyzed using AFIS with 3 replications of each counting 3,000 fibers. All 

samples were processed into yarn and dyed with the same procedures. White specks 

counts, on the dyed yarn, were obtained utilizing a white speck yarn counting 

methodology. Among the control factors, harvest date, defoliation and field cleaner, the 

harvest date was found to be the significant effect on the S/N ratio of white speck count. 

The desirable outcome for white speck response was found to be early season harvesting 

and application of field cleaning and defoliation. By removing smaller, less mature bolls 

at early harvest date with field cleaner reduced the white speck count. 

 

This paper will be submitted to the Journal of Cotton Science. 

The description of this research is as follows: 
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The Use of Taguchi Method to Examine The Relationship Between Fiber Properties and 

Yarn White Speck Occurrence 

P. Z. Altintas, J. L. Simonton, and M. G. Beruvides 

 

Abstract 

White speck occurrence is a serious concern when dyeing and finishing textile 

products. The cause of white speck is the dead or immature fibers in cotton. In an un-

dyed state, entangled fiber clusters are classified as neps.  After the application of dye, 

some neps remain un-dyed and are then classified as white specks. The Taguchi method 

is one of the conventional approaches used in quality control. The most important 

characteristic of the Taguchi method is to minimize variance of the characteristic of 

interest. In this research the characteristic of interest is the minimization of white speck 

count in dyed yarn. The objective of this study is to analyze the effects of harvest timing, 

use of defoliation, and field cleaning on yarn white speck content. The treatments of 

harvest-aid chemical termination with varied harvest dates and two levels of field 

cleaning will be included. The goal is to utilize the Taguchi Method to investigate the 

best combination of variables which produces a minimum white speck count in dyed 

yarn. This research included two years of cotton crops, for year 1 (60 samples) and year 2 

(63 samples). Each sample was analyzed using AFIS with 3 replications of each counting 

3,000 fibers. All samples were processed into yarn and dyed with the same procedures. 

White specks counts, on the dyed yarn, were obtained utilizing a white speck yarn 

counting methodology. 

  

Introduction 

The Taguchi method looks at traditional approaches that seek to obtain the best 

combination of factors with the lowest combined outcome (in this case minimum yarn 

white specks). The Taguchi method can only be used to optimize single response 

problems. Principal component analysis was used to address multi-response problems. 

Principal component analysis is suitable for data in multiple dimensions that it reduces 
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data dimensionality by a covariance analysis between factors. PCA is an exploratory tool 

used identify trends in the data. However, it has shortcomings (Liao and Chen, 2002). 

First, when more than one principal component is selected it is difficult to select a 

feasible solution with more than one eigenvalue greater than 1. Secondly, a principal 

component is not able to explain the total variation with chosen less variation. 

The use of harvest aids on short season and stripper harvested type cotton allowed 

early crop termination and timely harvesting. Kelley (2002) showed that no significant 

reductions in yield and fiber quality resulted due to harvest aids application under ideal 

weather conditions. The harvest aids application could be beneficial if the usage is 

limited to early harvest dates on short season and stripper harvested type cotton. This 

leads to the possibility that temperature differences during harvest aid application may 

affect the response of defoliation at different dates and thus effect fiber quality or white 

speck count (Gwathmey and Hayes, 1997). 

Prior work has investigated the impact of early and late harvest on fiber quality 

(Barker et al., 1976; Brown and Hyer, 1956; Columbus et al., 1990; Snipes and Baskin, 

1994; Williford, 1992; Williford et al., 1995). One recent study by Kelley (2006), 

indicated that fiber quality reduction occurred when harvest was delayed as the result of 

High Volume Instrument (HVI) analyses. Kelley (2002) concluded that weathering had 

no effect on micronaire measured with HVI. However, weathering had a slight negative 

effect on both maturity and fineness as measured by AFIS. In addition weathering was 

found to negatively influence the mean length, upper quartile length, short fiber content 

measurements, and neps content. 

In this research, the Taguchi method was used to investigate, the minimum white 

speck count in dyed yarn for the fiber properties for varied harvest techniques. The effect 

of harvest techniques on fiber quality may also influence the white speck quantity in 

yarn. In this study, signal-to-noise (S/N) ratio was used to represent a response (in this 

case the quality characteristic) for white speck count. The goal of the Taguchi Method is 

to identify the combination of factors that will yield the lowest white speck yarn content. 

Equation 5.1 will be utilized to calculate the Signal to Noise ratio. 
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Where S is the standard deviation, 23 is the measured property (white speck count), and n 

corresponds to the number of samples in each test trial. 

 

Procedures and Methods 

A single cotton variety (Gossypium hirsutum L.) with two production years is 

included in this study. Cotton variety in this study is a widely planted, medium maturity 

cultivar, producing medium to large storm-proof bolls in the Texas High Plains. Each 

field was treated with harvest-aid chemical termination, varied harvest dates and two 

levels of field cleaning. Each harvested trailer was subsequently ginned same way at one 

location (Kelley, 2006, p.2). The effect and interactions of key production factors on 

white speck count in dyed yarn was analyzed. These production factors are multiple 

harvest dates for each year, field cleaned and non-field cleaned, and with and without 

harvest aid. Harvest samples include crop year 1 (60 samples) and year 2 (63 samples). 

 

Sampling and Textile Processing 

The physical characteristics of the cotton samples were measured with AFIS-PRO 

before the textile processing. Three AFIS replications of 3,000 fibers was performed for 

each sample. Each bale layer was blended one at a time by laying each sample in front of 

four Hunter feed hoppers starting with hopper 1 and moving to hopper 4. This process 

was repeated until the sample was totally allocated to all four hoppers. From the Hunter 

hoppers the sample was passed through the following processes; a Rieter mono-cylinder 

beater type cleaner, a Rieter ERM saw tooth cleaner, an AMH blending hopper, a 

Trutzschler 903a card. Card settings and parameters was as follows: production rate, 75 

pounds (34 kg/h); flat setting (0.001 mm), 11-10-10-9-9-9; flat speed, 180 mm/min; 

cylinder speed 500 rpm. 

After carding, the cotton samples went through breaker drawing, finisher drawing, 

roving using Saco Lowell Rovematic SF-3H, Suessen HP-A410 drafting, and finally ring 
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spinning a 24.6/1 tex yarn on a Suessen Fiomax 1000. The winding process took place 

after spinning for package dyeing using a Morton Package Dye Machine Model 77-132-

1. The dye used for the yarn was a mixture of three reactive dyes: (1) 0.016% Drimarine 

Yellow K-2R Reactive Yellow 125 (Clariant Corp,; Charlotte, NC), (2) 3.6% Intracon 

Brilliant Blue VS-RW Reactive Blue 19 (Crompton and Knowles; Reading, PA), and (3) 

2.7% Intracon Navy Blue VS-HR Reactive Blue 89 (Crompton and Knowles). The 

resulting color was a dark shade of Navy blue (Simonton et al., 2001; Simonton, 2004). 

 

White Speck Measurement 

An Alfred Sutter yarn board winder was used to wind samples onto 178 mm wide 

by 279 mm long by 3.2-mm thick, black, rigid paper yarn boards. Each sample contained 

a minimum of 200 meters yarn per board. Each board was labeled with an “A” and “B” 

side. Each sample board was digitized with a 118 dots per centimeter (300 dpi) resolution 

in gray scale (256) with a Hewlett Packard Scan Jet model 7400c flat bed scanner 

connected to a computer equipped with a 1.7 GHz Xeon processor. Images were 

examined by the software package, Counting Apparatus for Trash and Impurities (CATI; 

version 6) to count white specks on dyed yarn. The number of white specks on the yarn 

was counted using the protocol previously developed by Simonton et al. (2005). 

 

Analysis 

The relationship between AFIS fiber properties and white speck count was 

analyzed utilizing the Taguchi Method. The Taguchi Method was used to determine the 

factors which have a significant effect on the S/N Ratio through an analysis of variance 

(ANOVA) of these Ratios. These significant factors are called “control factors”. The 

factors which have the smallest effect on the S/N Ratio among all the factors are called a 

“signal factor”. By definition a signal factor should have no effect on the S/N Ratio. The 

objective is to determine which factors are control factors and which are signal factors.  
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Results and Discussion 

Two crop years were analyzed separately to prevent noise factors like temperature 

and rain fall which were not included in this study. Temperature and rain fall may 

substantially differ from one crop year to another. Each crop year included 8 harvest 

dates with the application of defoliation or no defoliation and field cleaner or no field 

cleaner (Table 5.1). The mean temperature and total precipitation data is taken from the 

webpage “http://www.almanac.com”. The whole design is not orthogonal, in other words 

the design is not balanced and mixed. Each level should have equal number of 

observations within each column. The orthogonal array is very efficient in obtaining only 

a relatively small amount of data and this enables easy translation of meaningful and 

verifiable conclusions. Therefore, for crop year 1, only harvest dates 330 JD (Julian day) 

and 341 JD were included in the study. For crop year 2, harvest dates 350 JD, 3 JD, and 

17 JD were analyzed.  

 

Table 5.1 Harvest dates for each crop year 

Harvest 
number 

(Julian day) 

Mean 
Temperature 

(˚F) 

Total 
Precipitation 

(inch) 

Year 1 Field 
cleaner 

Defoliation 

1 (277) 73 0 4 October Yes/No Yes 

2 (310) 60.8 0.01 06 November Yes/No Yes 

3 (330) 48.7 0 26 November Yes/No Yes/No 

4 (341) 49.4 0 07 December Yes/No Yes/No 

5 (353) 39.8 0 19 December Yes/No Yes 

6 (354) 43.8 0 20 December Yes/No No 

7 (7) 37.4 0 07 January Yes/No Yes 

8 (8) 45.5 0 08 January Yes/No No 
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Table 5.1 Continued 

Harvest 
number 

(Julian day) 

Mean 
Temperature 

(˚F) 

Total 
Precipitation 

(inch) 

Year 2 Field 
cleaner 

Defoliation 

1 (293) 52.7 0 20 October Yes/No Yes 

2 (322) 54.1 0 18 November Yes/No Yes 

3 (323) 46.8 0 19 November Yes/No No 

4 (324) 48.8 0 20 November Yes/No Yes 

5 (337) 43 0.23 03 December Yes/No Yes 

6 (350) 51.7 0 16 December Yes/No Yes/No 

7 (3) 40.1 0 03 January Yes/No Yes/No 

8 (17) 29.7 0 17 January Yes/No Yes/No 

 

Fiber properties can be considered as signal factor if independence from control 

factors is obtained. In this study, control factors defined as harvest date, field cleaner, and 

defoliation. These control factors have effect on fiber quality. Fiber quality is not 

independent from process variables and fiber quality determines yarn quality. There are 

two response variables in this research. The objective is to determine which fiber 

property response variable has high correlation with white speck response variable. 

 

Crop Year 1 

Taguchi Orthogonal Array design was L4(23). For S/N ratios, harvest date was 

found to be statistically significant at the 0.10 ά-level when field cleaner and defoliation 

were statistically significant at the 0.15 ά-level. The dependence of confidence is high if 

the noise is low and the sample size is large. Tolerances can be tightened based on the 

tradeoff between the cost of material and process variation (Peace, 1993, p.9). The small 

effect sizes in Agricultural studies could be considered significant due to natural wide 

variations in fiber quality and high cotton prices. Including high ά-levels in Agricultural 

studies is not uncommon (Sawan et. al., 2010). Figure 5.1 shows the main effects of 

control factors on white speck response variable. The 0 value indicates no field cleaning 

and no defoliation when value 1 indicates field cleaning and defoliation is applied. We 
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have two harvest dates 3 (330 JD) and 4 (341 JD) on the third column of the graph. All of 

the factors affect the response variable. Harvest date demonstrated a higher affect than 

field cleaner and defoliation for crop year 1. 
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Figure 5.1 Crop year 1 main effects plot for white speck count SN ratios 

  

Figure 5.2 demonstrates interactions among factors. There are two factors with 

two levels each, four points were plotted representing the four possible combinations. 

The levels of one factor are indicated on the horizontal axis. The levels of the other factor 

are indicated by different colored lines and symbols. All of the lines are parallel to each 

other, which mean there is no interaction between the two factors for crop year 1. 

The data set on the basis of minimum variation is selected. The lower deviation is 

indicated by a higher value of S/N ratio. Field cleaning and defoliation indicated a higher 

SN ratio for both harvest dates. Cotton strippers include onboard field cleaners to help 

remove foreign material from stripped seed cotton. This field cleaner is similar to two-

saw stick machines used in cotton ginning. Field cleaners can remove around 50 to 60 % 

of the foreign matter content at harvesting (Wanjura et. al., 2010). The goal of harvesting 



Texas Tech University, Pelin Züleyha Altıntaş-de Leon, December 2010 

64 

 

is to collect least amount of foreign material and least amount of cotton seed losses. 

Therefore, for earlier harvest date, the field cleaning is more effective.  
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Figure 5.2 Crop year 1 interaction plot for white speck count SN ratios 

 

Defoliation was more effective on harvest date 3 (330 JD) than harvest date 4 

(341 JD). Defoliation is a process applied after the cotton balls mature and helps to 

remove the leaves and open the cotton bolls. It is important to have correct timing for 

defoliation otherwise once it is applied the fiber and seed development stops. At this 

time, if too many cotton bolls are left immature, than there can be a reduction in yield and 

quality. 

Analysis of variance for S/N ratios of trash count by weight demonstrated similar 

trend with white speck count. The main effects of harvest date, field cleaner, and 

defoliation were found to be significant at the 0.05 ά-level. For trash count by weight 

response variable the smaller-the-better S/N ratio was chosen. For both harvest dates, 
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field cleaning and defoliation indicated a higher SN ratio (Figure 5.3). However, there is 

an interaction between defoliation and harvest date. When there is an interaction present, 

then the main effects no longer reflect the actual effects of the factor. Both defoliation 

and field cleaner indicated a higher SN ratio for trash count by weight. 
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Figure 5.3 Crop year 1 interaction plot for Trash count by weight SN ratios 

 

Crop Year 2 

Taguchi Orthogonal Array design was L9(33). For white speck count S/N ratios, 

the main effects of all the control factors were found to be significant at the 0.05 ά-level. 

Field cleaning and no defoliation indicated a higher white speck SN ratio (Figure 5.4). 

White speck SN ratio is the same for harvest dates 6 (350 JD) and 7 (3 JD). Compared to 

harvest date 8 (17 JD), harvest dates 6 (350 JD) and 7 (3 JD) indicated a higher SN ratio.  
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Figure 5.4 Crop year 2 main effects plot for white speck count SN ratios 

 

There is interaction between field cleaning and harvest date and defoliation versus 

harvest date (Figure 5.5).  Harvest date 8 has the smallest white speck SN ratio. No 

defoliation for both harvest dates 6 (350 JD) and 7 (3 JD) indicated a high white speck 

SN ratio. Defoliation was not effective for both harvest dates. Field cleaning indicated a 

high white speck ratio. Slightly field cleaning was more effective for harvest date 6 (350 

JD) than harvest date 7 (3 JD). 
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Figure 5.5 Crop year 2 interaction plot for white speck count SN ratios 

 

Another significant response variable was found to be seed coat nep for crop year 

2. All of the control factors were found to be significant at the 0.05 ά-level for seed coat 

nep S/N ratios. Figure 5.6 contains the interaction plot for seed coat nep S/N ratios. The 

smaller-the-better S/N ration was chosen. The interaction of harvest date and field 

cleaning at the 0.10 ά-level, and defoliation versus harvest date at the 0.05 ά-level were 

also found to be significant. Field cleaning indicated a higher seed coat nep SN ratio 

when compared to no field cleaning. However, harvest date 6 (350 JD) was not affected 

by the field cleaning. Defoliation also indicated a higher seed coat nep SN ratio and 

specifically for harvest dates 6 (350 JD) and 7 (3 JD). Defoliation increased the S/N ratio 

of seed coat nep when decreased the S/N ratio of white speck count.   
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Figure 5.6 Crop year 2 S/N ratios for seed coat nep 

 

Crop Year 1 Without Orthogonal Array 

When the whole data was included in the analysis, significant effect on the white 

speck S/N ratios came from harvest date, defoliation and field cleaner. Analysis of 

variance for SN ratios was found to be significant at the 0.05 ά-level. The Figure 5.7 

demonstrated that the main effects for white speck S/N ratios showed a decline from 

early harvest date to late harvest date. Field cleaner and defoliation indicated a higher 

white speck SN ratio. Interaction between field cleaner and harvest dates demonstrated 

that for late harvest dates field cleaner and no field cleaner affected the white speck SN 

ratio at the same level (Figure 5.8). No interaction was found between field cleaner and 

defoliation. Early harvest date indicated higher S/N ratios for seed coat nep per weight 

and nep count per weight too for crop year 1(Figure 5.9). 
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Figure 5.7 Crop year 1 main effects on white speck S/N ratio 
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Figure 5.8 Crop year 1 interaction plot of white speck S/N ratios 
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Figure 5.9 Crop year 1 seed coat nep and nep count S/N ratios 

 

Crop Year 2 Without Orthogonal Array 

The only control factor that was found to be significant for crop year 2 was 

harvest date. Analysis of variance for S/N ratio is significant at the 0.05 ά-level. The 

harvest dates 1 (293 JD) and 5 (337 JD) indicated a higher white speck SN ratio (Figure 

5.10). The effect of field cleaner and defoliation did not exist. The only interaction was 

found between field cleaner and defoliation (Figure 5.11). No field cleaner and 

defoliation indicated a higher white speck SN ratio. 
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Figure 5.10 Crop year 2 main effects on white speck SN ratios 

 

Field cleanerField cleaner

S
N
 r
a
ti
o
s

10

-50

-51

-52

-53

-54

-55

Defoliation

0

1

Interaction Plot (data means) for SN ratios

Signal-to-noise: Smaller is better
 

Figure 5.11 Crop year 2 interaction between field cleaning and defoliation 
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Loss Function 

Cotton quality is determined by its variety, growing conditions, harvesting, and 

ginning. Growing conditions is highly influenced by weather and soil condition. USTER® 

HVI instruments are used to classify the entire US cotton crop. Cotton classing results 

include measurements of fiber length, length uniformity index, fiber strength, micronaire, 

and color grade and trash content. Premium/discount table is first determined by leaf 

grade and staple length. Once the base is determined the other fiber measurements are 

added. 

The cotton crop used in this study was stated as medium maturity cultivar. For 

both crop years, micronaire range was in the base range (43-49) and premium range (37-

42). Fiber strength was 27 and above (strong/very strong). Uniformity was intermediate 

(80-82). Discounted bale number was minimum and only depended on color grade and 

fiber length (range was 0.99-1.07 inches). There was minimum or no effect of fiber 

length and color grade on white speck count. Therefore, it is not possible to develop a 

loss function depending on the Upland Cotton Premium and Discount Schedule chart 

developed by the Plains Cotton Growers for white speck occurrence. 

As James Simonton (2004, p. 4) stated in his dissertation that textile mills will try 

to discount the cotton market price to offset the risk and avoid purchasing cotton from 

certain regions if their product lines are sensitive to white specks. This discount would go 

up to 10% of the cotton market price. Experts believe that almost all cotton plants contain 

a certain amount of immature or dead fibers (Han et al., 1998). 

Using Upland Cotton Premium and Discount Schedule did not help to determine 

the risk of purchasing cotton with high white speck content. The reason was that Upland 

Cotton Premium and Discount Schedule is determined on HVI data, and fiber properties 

of HVI data did not have a correlation with white speck count. However, results of this 

study suggested that USTER statistics could be used to determine the losses due to white 

speck counts. The USTER Statistics are quality reference figures of fibers, slivers, 

rovings, and yarns classification with regard to world production. USTER Statistics of 

AFIS fibers quality parameters could be used for white speck classification. AFIS neps, 
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seed coat neps, immature fiber content, trash content, and visible foreign matter 

classifications could be used for white speck classification (Appendix C). Table 5.2 

shows mean fiber values of crop year 1 for each application. These values reveal fiber 

quality levels indicated in Table 5.3. The 5% falls into high good quality and as the 

percentage increases the quality level declines. For crop year 1, as the seed coat neps 

increases with the combination of trash and visible foreign matters, the number of white 

specks goes over 100. 

 

Table 5.2 Crop year 1 AFIS fiber properties 

Harvest 
date 

Field 
cleaner 

Defoliation UQL Neps SCNeps IFC Trash VFM WS 

3 no yes 1.1 297 25 6.7 102 1.8 100 
3 no no 1.1 270 25 6.3 109 1.8 117 
3 yes yes 1.1 257 25 6.4 68 1.4 73 
3 yes no 1.1 276 25 6.6 88 1.7 92 
4 no yes 1.1 303 26 7.2 103 1.7 121 
4 no no 1.1 280 30 6.8 132 2.4 142 
4 yes yes 1.1 290 24 7.2 68 1.3 95 
4 yes no 1.1 271 32 6.6 104 1.9 133 

 

Table 5.3 Crop year 1 USTER fiber classification 

Harvest 
date 

Field 
cleaner 

Defoliation UQL Neps SCNeps IFC Trash VFM WS 

3 no yes 1.1 54% 56% 21% 51% 52% 100 
3 no no 1.1 45% 56% 20% 54% 52% 117 
3 yes yes 1.1 42% 56% 20% 28% 35% 73 
3 yes no 1.1 48% 56% 21% 41% 48% 92 
4 no yes 1.1 56% 58% 37% 51% 48% 121 
4 no no 1.1 49% 73% 21% 67% 70% 142 
4 yes yes 1.1 52% 51% 37% 28% 31% 95 
4 yes no 1.1 47% 80% 21% 52% 55% 133 

 

Table 5.4 shows mean fiber values of crop year 2 for each application. These 

values reveal fiber quality levels indicated in Table 5.5. For crop year 2, the cotton 

contains more seed coat neps, trash, and visible foreign matters compared to crop year 1. 
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Field cleaner and defoliation was effective on white speck SN ratios for crop year 1 when 

it was not effective for crop year 2. 

Several factors may have affected the performance of field cleaners and two of 

these would be seed cotton moisture content and initial foreign matter content. Under 

high moisture conditions, field cleaners can influence the quality of the seed cotton which 

will not be cleaned efficiently at the ginning later. Excessive fiber breakage may occur at 

the gin stand. In addition, low temperature makes defoliation very difficult. High 

humidity at the application is required for better results. The unknown weather conditions 

at the application of field cleaner and defoliation is a noise factor which can not be 

analyzed in this study. 

Calendar year average of Upland spot cotton price in 2010 is 76.09 cents/pound 

(www.cotton.org). Suppose that the loss encountered at values outside the customer’s 

tolerance is up to 10% discount of the cotton price. Also, assume that the cotton bale 

buyer set maximum tolerance of white speck count to 150 and this usually occurs with 

the USTER quality levels of 80% and above for AFIS fiber properties neps, seed coat 

nep, trash per gram, and visible foreign matter. Sometime less quality levels may result in 

high white speck content as we seen in crop year 2. Therefore, we could create an 

incremental discount after 50% quality level. The quality level 80% and above will get 

full 10% discount. In this case, the loss function would be, 

 

5 � 62	     (5.2) 

5 � 67�2 + 8�	   

   

Where L is loss in dollars, y is the output value (quality level), and m is the target value 

(in this study 50%). In the formula smaller the better characteristic is chosen for the 

deviation. When y quality level is 0.80, the customer asks for 10% discount of the cotton 

price ($7.609 discount). The calculated k constant value is, 

 

k �
$;.=>?

>.@�  = 47.56     (5.3) 
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The loss function for this study would be, 

 

 5 � 47.567�21 + 8�	  and   5 � 47.567�22 + 8�	  (5.4) 

 

Where y1 and y2 are the quality levels of seed coat neps (Table 5.6). The plot of loss in 

dollars for this study is shown in Figure 5.11. 

    

Table 5.4 Crop year 2 AFIS fiber classification 

Harvest 

date 

Field 

cleaner 

Defoliation UQL Neps SCNeps IFC Trash VFM WS 

6 no yes 1.1 327 34 5.6 137 2.3 506 

6 no no 1.1 327 34 5.6 137 2.3 506 

6 yes yes 1.1 260 26 6.1 82 1.3 426 

6 yes no 1.1 306 34 5.3 124 2.1 284 

7 no yes 1.1 314 40 5.6 156 2.8 435 

7 no no 1.1 314 40 5.6 156 2.8 435 

7 yes yes 1.1 273 23 6.0 105 1.8 564 

7 yes no 1.1 272 32 5.0 136 2.3 306 

8 no yes 1.1 315 37 6.2 133 2.3 852 

8 no no 1.1 315 35 5.4 134 2.1 674 

8 yes yes 1.1 278 31 6.1 122 2.2 812 

8 yes no 1.1 311 35 5.3 136 2.5 698 
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Table 5.5 Crop year 2 USTER fiber classification 

Harvest 

date 

Field 

cleaner 

Defoliation UQL Neps SCNeps IFC Trash VFM WS 

6 no yes 1.1 62% 84% 13% 69% 67% 506 

6 no no 1.1 62% 84% 13% 69% 67% 506 

6 yes yes 1.1 44% 58% 22% 37% 31% 426 

6 yes no 1.1 56% 84% 8% 63% 61% 284 

7 no yes 1.1 58% 95% 13% 78% 80% 435 

7 no no 1.1 58% 95% 13% 78% 80% 435 

7 yes yes 1.1 47% 48% 20% 52% 52% 564 

7 yes no 1.1 47% 79% 5% 69% 67% 306 

8 no yes 1.1 58% 92% 23% 67% 67% 852 

8 no no 1.1 58% 87% 10% 68% 61% 674 

8 yes yes 1.1 48% 77% 22% 61% 64% 812 

8 yes no 1.1 57% 87% 8% 69% 73% 698 

 

  



Texas Tech University, Pelin Züleyha Altıntaş-de Leon, December 2010 

77 

 

Table 5.6 USTER quality levels for seed coat neps 

y1 y2 y1-m y2-m 
0.51 0.48 -0.01 0.02 
0.56 0.58 -0.06 -0.08 
0.56 0.77 -0.06 -0.27 
0.56 0.79 -0.06 -0.29 
0.56 0.84 -0.06 -0.34 
0.58 0.84 -0.08 -0.34 
0.73 0.84 -0.23 -0.34 
0.8 0.87 -0.3 -0.37 

 0.87  -0.37 
 0.92  -0.42 
 0.95  -0.45 
 0.95  -0.45 

 

 

 

Figure 5.12 Loss in dollars for this study 
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Conclusions 

Taguchi method is preferred over standard analysis (use average of results) when 

a design of experiment involves multiple runs. In standard analysis, the mean and the 

variation around the mean are treated separately by a main effect study. Taguchi method 

analysis using S/N ratio measures and controls the combined influence of deviation of the 

population mean from the target and the variation around the mean. This way Taguchi 

Method has advantages such as it provides guidance to a selection of the optimum level 

based on least variation around the target. Also, it offers objective comparison of two sets 

of data with respect to variation. Therefore, Taguchi method made it easier to see the 

hidden relationships between the white speck count and fiber properties. 

The goal of the Taguchi analysis is always to determine the highest possible S/N 

ratio for the result. High S/N value implies that the signal is much higher than the random 

effect of the noise factor. For both crop years, harvest date shows a decrease slope. As the 

harvest date is delayed there is an increase of random effect of noise factors. This 

decrease slope is also seen with seed coat nep and nep count for crop year 1. This trend is 

not clear with crop year 2 as much as crop year 1. This may be due to temperature 

differences between crop years. Second year was a wet and cold year compared to first 

year. Defoliation efficiency is greater when leaf moisture content is high and when both 

temperature and humidity are elevated (Smith and Cothren, 1999, p.246). For this reason 

the minimum white speck content is obtained with first harvest date (277 JD) when the 

defoliation and field cleaner are applied. Second year the fifth harvest date (337 JD) with 

defoliation and field cleaner led to minimum white speck content for this study. 

For both crop years, high number of seed coat neps, trash count per gram, and 

visible foreign matter fiber properties were indication for high white speck count. Both 

years had shown that delaying harvest date is risky for white speck occurrence. By 

removing smaller, less mature bolls at early harvest date with field cleaner reduces the 

risk of white speck occurrence. However, this study included limited data to be analyzed 

effectively. The benefit of early harvesting for white speck occurrence should be 

confirmed with more data points. In addition, the future study should include temperature 
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and humidity values at the application of field cleaner and defoliation besides monitoring 

these variables throughout the cotton growth and development. Once the results of this 

research are confirmed with future study, a risk modeling analysis could be done on 

harvest date. 
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CHAPTER 6 

RESEARCH CONCLUSIONS 

6.1 Conclusions 

The main objective of this research was to investigate the relationships between 

the yarn white speck count and AFIS cotton fiber properties. It is important to estimate 

potential white speck occurrence in cotton bale before the yarn and fabric are processed.  

 

Research 1: The first study looked at the within and between bale differences 

while establishing a regression model for white speck count and AFIS fiber properties of 

bale cotton and sliver cotton. Sliver cotton variation was found to be slightly better than 

bale cotton; however, both regression results indicated that fiber fineness, nep per gram, 

and immature fiber content had the most promise as influential indicators of white speck 

count in dyed yarn. 

USDA fiber samples are taken from opposite sides of each cotton bale (USDA, 

1993).  Variability within bale would be misleading when USDA side samples are used. 

It was possible to predict the white speck count from a bale of cotton based on AFIS test 

results. However, small sample size and possible AFIS bias in the fineness and maturity 

measurements required a larger sample size and other test measurement systems to 

explore. 

 

Research 2: In this research, the relationship between AFIS fiber properties and 

yarn white speck count was investigated by using statistical analysis. A larger sample size 

was included in addition to varied harvest techniques. The effects of harvesting date, 

defoliation and field cleaning applications were analyzed. As a result, harvest date 

treatment influenced white speck count more than other fiber properties. The nep count 

by weight fiber property was also found to be one of the predictors of white speck count. 

However, the prediction model was not found be as strong as the first study. Within 

sample variability for some fiber properties was found to be significantly high. Both crop 
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years’ results showed an increase in white speck count as the fiber properties nep count 

by weight and short fiber content increased. 

Early harvest dates expected to produce more immature cotton bolls which in turn 

would increase white speck count. However, field cleaning application helped to reduce 

white speck counts by removing immature cotton bolls at early harvesting time. The 

influences of harvest date and harvest techniques on white speck count were high and 

regression model between the AFIS fiber properties and white speck count was not as 

strong as the first research. 

 

Research 3: Taguchi method was used to investigate the minimum white speck 

count in dyed yarn through fiber properties of varied harvest techniques. Signal-to-noise 

ratio was used to represent a response variable of white speck count. The smallest S/N 

ratio was chosen for this study. 

Among the control factors, harvest date, defoliation and field cleaner, the harvest 

date was found to be the significant effect on the S/N ratio of white speck count. The 

desirable outcome for white speck response was found to be early season harvesting and 

application of field cleaning and defoliation. AFIS fiber properties were also found to be 

affected by the harvest techniques. Since AFIS fiber properties were not independent 

from the harvest techniques, fiber nep per gram and fiber fineness could not be treated as 

signal factors. Therefore, fiber properties were also treated as response variables. 

First year field cleaning application in general helped reduce white speck count 

until the late harvesting season. At the end of the harvesting season, there was no 

difference on white speck count between the applications of field cleaning and no field 

cleaning. In general, defoliation helped reducing the white speck count in the first year. 

Second year control factor harvest date was found to be statistically significant effect on 

white speck count. Field cleaning and defoliation effects were not as strong as harvest 

date on white speck count. The results failed to support the hypothesis that early harvest 

would have the highest white speck count and later ones the lowest. By removing 
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smaller, less mature bolls at early harvest date with field cleaner reduced the white speck 

count. 

For both crop years, high number of seed coat neps, trash count per gram, and 

visible foreign matter fiber properties were indication for high white speck count. Both 

years had shown that delaying harvest date is risky for white speck occurrence. However, 

this study included limited data to be analyzed effectively. The benefit of early harvesting 

for white speck occurrence should be confirmed with more data points.  

This study suggested that USTER statistics could be used to determine the losses 

due to white speck counts. The USTER Statistics are quality reference figures of fibers, 

slivers, rovings, and yarns classification with regard to world production. AFIS fiber 

properties such as neps, seed coat neps, immature fiber content, trash content, and visible 

foreign matter classifications could be used for white speck classification. However, the 

use of USTER statistics related to white speck count should be further investigated. 

In addition, the future study should include temperature and humidity values at 

the application of field cleaner and defoliation besides monitoring these variables 

throughout the cotton growth and development. Cotton farmers would like to harvest 

their crops early to get their cotton into the market as early as possible. This may be 

desirable for white speck occurrence but the risk of facing yield and fiber quality 

(strength and length) losses is highly related to weather conditions. The timing of 

defoliation is significantly important. Defoliation efficiency is greater when leaf moisture 

content is high and when both temperature and humidity are elevated. Cold and dry 

seasons would not reduce white speck count at early harvest date. Once the results of this 

research are confirmed with future study, a risk modeling analysis could be done on 

harvest date. 

Overall, as a result of this research the amount of mass parameters and complex 

relationship among these parameters could not allow to develop a predictive model for 

white speck count. Taguchi method could be used to analyze the hidden cause and effect 

relationships for further evaluation of white speck occurrence. 
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6.2 Theoretical Implications 

This research provided different measurement systems to identify the factors that 

contribute to the occurrence of white specks in cotton. The results of this research have 

indicated that the Taguchi method may be the solution to analyze white speck count in 

dyed yarn and provide a in depth evaluation of the hidden cause and effect relationships 

among the process parameters. The Taguchi method made it easier to see the hidden 

relationships between the white speck count and fiber properties. In addition, USTER 

statistics could be used to develop a Taguchi loss function for white speck count. 

 

6.3 Future Research 

 Future work should focus on balanced experimental designs with the Taguchi 

method. The benefit of early harvesting for white speck occurrence should be confirmed 

with more data points. In addition, the future study should include temperature and 

humidity values at the application of field cleaner and defoliation besides monitoring 

these variables throughout the cotton growth and development. Once the results of this 

research are confirmed with future study, a risk modeling analysis could be done on 

harvest date. Subsequently, Other processes of yarn formation and yarn dyeing should be 

analyzed separately to see how process factors influence white speck count. 
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APPENDIX A: WHITE SPECK COUNTING METHODOLOGY IN DYED YARN BY 
USING IMAGE ANALYSIS 

 

The methodology is published in the following resource: 

Simonton, James L., M. G. Beruvides, P. Z. Altintas, and K. Kang. 2005. Expert and 

novice operator comparison with scanner-based image analysis for white speck detection 

on dyed yarn [Online]. Journal of Cotton Science. Volume 9:215-222. Available at 

http://www.cotton.org/journal/2005-09/4/215.cfm. 
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APPENDIX B: THE RELATIONSHIP BETWEEN AFIS FIBER PROPERTIES AND 
WHITE SPECK OCCURRENCE 

(The original paper) 
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APPENDIX C: USTER STATISTICS 

This information can be found on the webpage of Uster Technologies 

(http://www.uster.com/UI/Statistics.aspx). 
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