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ABSTRACT 

Studies were carried out to evaluate the nature and magnitude 

of associations between agronomic and fiber properties and yarn 

strength in Upland cotton. 

In the simple correlation studies, the present work utilized 

four widely divergent varieties grown to the extremes of the Cotton 

Belt environments to ascertain the full expression of the developmental 

associations among characters. The study of such associations within 

each variety provided insight into the interrelated responses as a re

sult of the effect of environment and the interaction between each vari

ety and the environment. The results indicated that varieties showed 

different patterns of association among characters presumably due to 

their interactions with the environments. The results also suggested 

that the type and magnitude of association vary according to the sources 

of variation in the population under study. The varietal source of 

variation gave the highest magnitude of correlations. 

Study of the type of curve fitting among certain fiber and yarn 

properties indicated the presence of a curvilinear pattern of relation

ship between certain pairs of characters. A deflation in simple corre

lation estimates may be introduced if such curvilinearity was ignored. 

The relative contributions of fiber properties in predicting 

yarn strength were found to be influenced by the type of variability in 

the population under study. Whenever the sources of variation in a 

viii 



population are genetic, environmental, and genotype x environment 

interactions, the descending order of importance of fiber properties 

in affecting yarn strength was found to be: fiber strength (T^), 

fiber length, and fiber fineness. For such population, 507. SL, M, and 

M-DS, as they reflect the fiber length distribution, were found to 

contribute more than the longer length measurements 2.5% SL, UHM, or 

UHM-DS in affecting yarn strength. However, in the absence of the 

genetic source of variation, the contributions of fiber properties to 

yarn strength were found to be different from one variety to another 

due to the interactions between each variety and the environment. 

Estimates of the variety x environment interactions for 14 

agronomic, fiber, and yarn properties showed that most of the interac

tion components were statistically significant with the variety x year 

x location component as the predominant interaction. For yield, in 

most cases, the variety x location component was of substantial mag

nitude and slightly smaller than the second order interaction, whereas 

the variety x year interaction component was of minor importance. For 

the other traits, however, the variety x year and variety x location 

interactions were of minor importance and varied in magnitude according 

to region. In most of the cases, excepting yield, the magnitudes of 
i 

the three interaction components were very small as compared with the 

varietal source of variation, which is of substantial importance to the 

breeder. It was concluded that varieties respond differently when 

grown in different environments, but there was no consistent year ef

fect or location effect on the differential varietal response. 



The relative stability of the varieties as a tool in providing 

insight into the interrelationships among characters was estimated as 

the ratio of the varietal to the error components of variance. Such 

estimates were found to be higher for fiber elongation (E^) than fiber 

strength (Tq), higher for fiber strength (Tq) than fiber strength (T^), 

and higher for fiber strength (T^) than yarn strength. As for fiber 

length measurements, the varietal stability was higher for UHM-DS than 

M-DS and higher for 2.57. SL than 507. SL. However, the ranges of the 

varietal differences for Arealometer A and D were found to be the same 

for three regions and higher for A than D for another three regions. 



CHAPTER 1 

INTRODUCTION 

The interrelationships between agronomic, fiber, and yarn prop

erties are very complex. Such complexity stems from the difficulty to 

delineate the components of the different variables. Although most of 

these complex interrelationships have been explained on the basis of 

genetic linkage, epistatic effects, or physical dependency, it is well 

known that such interrelationships could be modified by the environ

ments, and undergo changes in various directions and magnitudes as long 

as there are changes in the genetic materials or the environments. The 

study of these interrelationships is of extreme importance to both the 

plant breeder and the cotton manufacturer since it reflects the total 

outcome of a certain cotton variety which might be a subject of either 

favorable or unfavorable associations. Since some of these associations 

cannot be altered or modified, depending on the nature of relationship, 

it becomes increasingly important to understand the nature of the inter

related developmental patterns and the effect of different sources of 

variation, genetic or environmental, on them. 

Although these relationships have been extensively studied in 

populations subject to genetic variability, very little attention has 

been directed toward the environmental and the genotype x environment 

interaction effects on influencing such associations. However, in this 

investigation the study of the effect of different sources of variation 

1 
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on the type and magnitude of these associations was made feasible using 

the regional cotton variety data. These data provide for a large num

ber of samples so comparable estimates of the influence of growing con

ditions and the genetics of the varieties can be estimated with 

predictable reliability. Although the inherent capacities of each 

variety, especially with respect to fiber properties, are well known to 

fall within a certain range, these tests show also that the inherited 

differences among varieties could be associated very distinctly with 

their areas of production. 

Furthermore, since the varieties do not always respond alike 

when grown in different environments, it was necessary to have a meas

ure of the stability of the genotypes under wide ranges of environ

mental conditions, by estimating their genetic variances. In addition, 

the genotype by environment interactions are of special interest to 

the plant breeder since they reflect fluctuations in environments which 

for the most part cannot be predicted in advance. The regional cotton 

variety tests, also, provided the data for such studies. 

Therefore, the present work was carried out in order to fulfill 

the following objectives: 

.1. To study the nature and magnitude of association between 

agronomic properties, fiber properties, and yarn strength. 

2. To study the type of curve fitting between characters in 

order to estimate any inaccuracies which nonlinearity of relationship 

may introduce into the simple correlation coefficients. 
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3. To compare between different sources of variation in af

fecting the relative contributions of fiber properties to variations in 

yarn strength, 

4. To estimate the magnitudes of the genotype x environment 

interaction components in cotton variety tests and to evaluate the 

relative stability of such varieties with respect to certain fiber and 

yarn properties. 



CHAPTER 2 

REVIEW OF LITERATURE 

The Interrelationships Between Agronomic 
and Fiber Properties 

The interrelationships between lint yield, agronomic proper

ties, and fiber properties are chiefly through the boll and its compon

ents as described by the geometric model suggested by Kerr (1966). In 

his analysis of yield components, he equated seed cotton yield with the 

volume of a rectangular parallelepiped having edges x, y, and z equal to 

the number of bolls per unit area, number of seeds per boll, and weight 

of seed cotton per seed, respectively. The weight of seed cotton per 

seed, z, may be divided into two fractions: lint weight per seed (1) 

and seed weight per seed (s). By the same token lint yield may be ex

pressed by the rectangular parallelepiped x y 1. Thus, the major lint 

yield components are number of bolls per unit area, number of seeds per 

boll, and lint weight per seed. However, lint weight per seed could be 

resolved into its secondary yield components since it equals number of 

hairs/seed x fiber mean length x weight/unit length (linear density). 

Fiber strength is not a component of yield. Therefore, strength 

should be related to yield through one or more of the primary or second

ary yield components. Furthermore, the inverse relation frequently 

found between strength and yield must rest on the relationship between 

the structural components responsible for strength and the components 

of yield (Kerr, 1967). 

4 
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The correlated responses to selection for both yield and fiber 

strength in Upland cotton were studied by Miller (1965) and Miller and 

Rawlings (1967). They placed selection pressure separately on lint yield 

and fiber strength and observed the subsequent behavior of the remaining 

traits which were not subject to selection. They obtained an increase 

in lint yield of 29.77. after three cycles of recurrent selection. Re

sponse to selection was found to be linear and was predicted to con

tinue at approximately the same rate of gain for an additional cycle. 

As selection increased yield, simultaneous increases were observed for 

lint percentage, number of seed per boll, earliness, fiber elongation, 

and fiber coarseness. Boll size, seed size, and fiber length and 

strength decreased with little change in weight of lint per seed. 

However, in a parallel population five cycles of selection in

creased fiber strength by 11.37.. As strength was increased, yield, 

lint percentage, earliness, fiber elasticity, and Micronaire reading 

decreased. Increases were noted for boll size, seed index, and fiber 

length. 

Shepherd (1965) studied the effect of the second cycle of re

current selection for fiber strength and lint percentage in an inter

specific hybrid between Upland and Sea Island cottons. A moderate 

negative correlation between lint percentage and fiber strength occurred 

in several but not all of the intercross combinations. 

The segregating generations of interspecific and intraspecific 

crosses were also used to introduce the genetic diversity required for 

the interrelationship studies between agronomic and fiber properties. 



Al-Jibouri, Miller, and Robinson (1958) studied such interrela

tionships in an experiment designed to introduce genotypic, environ

mental, and genotypic-environmental interaction variations to their 

population. They used randomly chosen progenies from a cross be

tween a high lint strength but low yielding strain extracted from the 

tri-species hybrid arboreum-thurberi-hirsutum and an adapted strain of 

Upland cotton. These chosen progenies were grown in three replicates 

in two environments. A major proportion of the observed phenotypic var

iance among progeny means was attributed to genotypic effects. Geno

typic correlations indicated a positive relationship between lint yield 

and lint percentage, and a negative relationship of fiber strength with 

both lint yield and lint percentage. Neither fiber length nor fiber 

fineness were substantially correlated with yield, lint percentage, or 

fiber strength. 

An experiment concerned primarily with genotypic and genotypic-

environmental interaction variations was conducted by Constantine (1958) 

In this experiment, he used the segregating generations from an inter

specific hybrid between Upland and Sea Island cottons. Constantine 

found that fiber length was positively correlated with seed index and 

fiber strength and negatively correlated with lint percentage and lint 

density index but was not associated with lint index, wall thickness, 

and fiber perimeter. 

Worley (1958) studied the F^ and F^ populations of an inter

specific cross between Upland and Sea Island cottons. There was no re

lationship between fiber strength and seed index, lint index, lint 
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percentage and immaturity or shape factor. In the population, fiber 

strength showed a highly significant negative correlation with wall 

thickness and perimeter and a highly significant positive correlation 

with weight fineness. 

Ten characters in each of three populations of F^ and F^ lines 

of Upland cotton were studied by Miller et al. (1958). In all popula

tions, lint yield was highly positively correlated with lint percentage 

and bolls per plant and negatively correlated with seed index and 

weight per boll. Lint yield was also negatively correlated with fiber 

length, strength, and Arealometer fineness. Lint percentage showed 

negative correlations with length and Arealometer fineness. 

Abdel-Nabi, Jones, and Tipton (1965) studied the inheritance of 

fiber strength and fiber elongation in the F^ of a cross between two 

varieties of Upland cotton. They found that strength was negatively 

correlated with elongation and lint percentage and positively correlated 

with fiber length. Elongation was not associated with either lint per

centage or fiber length. 

The relationships of fiber properties, yield, and yield compon

ents were studied among F^ lines of Upland cotton by Miletello (1967). 

He found that the only yield component significantly correlated with 

yield was number of bolls per plot. It was a highly significant posi

tive association. The only fiber property significantly correlated 

with yield was fiber length at 2.57. span length; it was a negative as

sociation. 
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In an experiment designed to study the relationship between 

lint color and agronomic and fiber properties, Feaster and Turcotte 

(1968)' used progenies of experimental Pima cotton, strain 17, in a two-

year evaluation period* P 17 originated as a mass cross of the 30 

plants included in a progeny row from an selection. The progenies 

from the 30 plants comprising P 17 were observed to differ in lint 

color and productivity. Whitish fibers were found to be associated 

with higher yield, longer fiber, coarser fiber, stronger yarn, and pos

sibly stronger and less elastic fiber. In this Pima strain, yield was 

not correlated with percent lint or its components (seed index and lint 

index), but it was highly significant positively correlated with fiber 

length in one of the two years. Percent lint was negatively correlated 

with fiber length for both years. Since the yield and percent lint re

lationship was independent, they concluded that the negative association 

of percent lint and fiber length was no barrier in obtaining a combina

tion of high yield and high quality. 

Commercial varieties of cotton were also used to study the ap

parent relationships between fiber strength and length by Landstreet, 

Hertel, and Lawson (1966). They reported that whenever a series of 

groups of different lengths were separated out of a sample in a 

Suter-Webb array, the longer fibers are always stronger within a cotton 

variety. The curve is a straight line and the slope of this line is 

not related to the common fiber properties. The slope of these curves 

varied from 4.8 to 17.A for the 21 samples studied. Kerr (1967) in his 

analysis of these results pointed out that this is not the case when 
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length is increased genetically. When length varies within a sample or 

on different fibers from a single seed, the structural factors that 

vary also affect strength. When length varies genetically, the struc

tural factors that vary may or may not affect strength. 

Landstreet et al, (1966) also found that weight fineness does 

not necessarily decrease as fiber length increases. Some longer vari

eties show a slight but significant increase in weight fineness as 

fiber length increases. They concluded that this relationship cannot 

yet be predicted and precise methods are required in measuring this 

property. 

The Relationships Between Fiber 
Properties and Yarn Strength 

The cotton fiber may be considered a basic structural element 

from which complex configurations such as yarns and fabrics are con

structed. As is the case for all structural elements, the cotton fiber 

possesses characteristic geometric properties such as length, cross 

sectional area (fineness), cross sectional shape, and a three-dimen

sional spatial configuration which may be described as fiber crimp or 

kinkiness. In addition to these geometric properties, the cotton fiber 

must be characterized by fundamental mechanical properties of matter 

such as strength, extensibility, stiffness, and resilience (Rebenfeld, 

1961). 

It is well known that such geometric and mechanical properties, 

especially strength, length, fineness, and extensibility, contribute 

with different degrees to the processing performance as well as to the 
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quality of the yarn and fabric products. Yarn strength is considered 

to be the major requirement for many materials since it contributes to 

both the strength of the finished material and to the efficiency of the 

processing procedures. 

Tensile strength of cotton fibers was found to be strongly re

lated to the strength of the yarn and final fabric. Hertel and Craven 

(1956) used a large number of samples of long and medium staple cottons 

to investigate the relationships between Stelometer readings and other 

properties of cotton fiber and yarn. Skein strength was highly corre

lated with tenacity measured at 1/8-inch gauge length. Skein strength-

fiber strength correlations were always higher at the nominal gauge 

length of 1/8 inch more than that at the nominal zero gauge length. 

Fiber bundle elongation was correlated with yarn elongation, X-ray 

angle, and less strongly with tenacity measured at zero gauge length. 

Simple correlation analysis was not the only procedure used to 

investigate such relationships. The use of the multiple correlation 

analysis became increasingly important since fiber properties are 

interrelated with each other to the extent that they might mask their 

true relationships with yarn strength. Therefore, multiple correlation 

analysis was used to estimate the relative net effect of fiber proper

ties on yarn strength. 

Webb and Richardson (1950) used multiple correlation analysis 

to demonstrate the relations and the relative importance of six factors 

of raw cotton quality to skein strength of each 22's and 50's carded, 

long draft yarn. The samples used represented 828 lots of cotton for 



the three crop years 1945-1947. The relative contributions of the six 

cotton-quality elements to the strength of 22's yarn were found to rank 

in descending order of importance as follows: Fiber strength, fiber 

fineness (wt./in.), UHM length, length uniformity ratio, percentage of 

mature fibers, and grade index. As for the strength of 50's yarn, the 

rank of importance changed only for the first three factors, with fiber 

fineness, UHM length, and fiber strength being first, second, and 

third, respectively, while the rest of the factors were the same as in 

22's yarn. 

Webb (1965) studied the interrelationships among five cotton-

quality factors, as related to skein strength of 22's carded yarn, at 

three staple length levels. These five factors of raw cotton quality 

were the alternative fiber strength measures of 1/8-inch gauge and zero 

gauge as determined by the Press ley flat bundle strength tester, UHM 

length, length uniformity ratio, Micronaire value, and grade index. 

The cotton samples used were obtained from commercial Upland varieties 

grown across the U. S. Cotton Belt in the crop years of 1954-1957. 

These cotton lots were classified as short, medium, and long with an 

average UHM length of .910, 1.038, and 1.108 inch, respectively. He 

evaluated the Beta coefficients as a measure of the relative net impor

tance of each of the five fiber measures toward skein strength. When 

fiber strength at 1/8-inch gauge was used along with the other four 

non-strength factors, fiber strength was found to be the most important • 

single property contributing to yarn strength. The descending orders of 

importance of these factors to yarn strength in the three length groups 
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were as follows: a) for short cotton: fiber strength, UHM length, 

grade index, Micronaire value, and length uniformity ratio; b) for 

medium cotton: fiber strength, UHM length, grade index, Micronaire 

value, and length uniformity ratio; c) for long cotton: fiber 

strength, UHM length, Micronaire value, grade index, and length uni

formity ratio. 

UHM length was found to be the most important single factor 

contributing to yarn strength when fiber strength at zero gauge was 

included in the analyses with the other non-strength parameters. The 

descending order of importance of these factors to yarn strength was as 

follows: UHM length, fiber strength, Micronaire value, grade index, 

and length uniformity ratio for short cotton; UHM length, grade index, 

fiber strength, Micronaire value, and length uniformity ratio for 

medium cotton; and UHM length, fiber strength, Micronaire value, grade 

index, and length uniformity ratio for long cotton. 

Louis and Fiori (1966) and Louis, Fiori, and Leitz (1968) inter

related fiber and yarn properties of medium staple cotton in terms of 

simple and multiple correlation coefficients. Also, using multiple cor

relation analysis, they ranked fiber properties in their order of im

portance relative to yarn properties and end breakage. Fiber strength 

was found to be the most important factor to affect yarn strength, 

while fiber fineness ranked second. The three fiber properties, length, 

strength, and fineness, used in the investigation affected yarn 

strength, elongation, and imperfections more than yarn uniformity or 

strength variation which are affected mainly by processing variables. 



Also, they found that 817. of the variation in yarn strength may be ex

plained or attributed to the fiber properties used. The 507. span 

length appeared to be a better basis than 2.57. span length to explain 

the effects of fiber length on yarn strength. No advantage was gained 

using fiber strength measured by 1/8-inch gauge method as compared with 

fiber strength measured by the zero gauge method to explain the collec

tive effects of fiber properties on yarn properties. 

T1 x E1 
Use of fiber toughness ^2 x 100^' w*t'1 ̂ 1 = t>reakinS tenacity 

and Ej = breaking elongation, and average stiffness (T^/E^x 100) did not 

offer any advantage over conventional fiber strength and elongation data 

to explain the contribution of fiber properties to yarn properties. Sim

ilarly, single strand yam strength offered no advantage over the skein 

yarn strength to explain the effect of fiber properties on yarn strength. 

Genotype x Environment Interactions 

In higher plants, genetic materials do not always respond alike 

when grown in different environments. This pattern of response is dif-

ferent in every stage of the life cycle of the plant from germination 

to maturity. In addition, it is predominant in a wide variety of crops 

whether the measured factors were yield, its components, or different 

quality factors. Simpson and Hertel (1946) found that factors involv

ing change of environment, such as location, date of opening, or year of 

growth, caused wide variation in the physical properties of the fiber of 

several varieties of Upland cotton. They reported that the variation 

within a variety due to environment frequently exceeded the differences 

between varieties due to hereditary influence. 
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Thus, it becomes necessary for the plant breeder to have a 

measure of the stability of the genotype under a wide range of environ

mental conditions. Variety tests repeated over years and locations 

help in determining efficient allocation of experimental material to 

evaluate varieties over a range of environmental conditions, and esti

mation of genetic variances became an important tool in determining the 

stability of such varieties. Moreover, the estimates of genotype x 

environment interaction give some idea of the magnitude of the bias 

from estimating' genotypic components in single experiments (Matzinger, 

1963). 

Allard and Bradshaw (1964) emphasized the importance of geno

type x environment interactions to applied plant breeders because they 

reflect fluctuations in environment which for the most part cannot be 

predicted in advance and hence can be countered only by developing 

varieties in which developmental sequences are canalized along path

ways that lead to high performance. This demonstrates the significance 

of learning more about the basic developmental causes of such interac

tions. 

A study was designed By Miller, Williams, and Robinson (1959) 

to obtain estimates of the relative magnitudes of the various types of 

variety x environment interactions in cotton variety tests and to con

sider the implications of such interactions on variety evaluation pro

cedures. They evaluated 15 varieties of cotton at nine locations in 

North Carolina for a three-year period. 
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For yield, the variety x location and variety x year interac

tions were both very small and statistically nonsignificant. The 

second order interaction of variety x location x year, however, was of 

substantial magnitude and highly significant. Their observations on the 

individual tests suggested that the patterns of rainfall distribution 

and insect infestation were the important factors determining differen

tial varietal response. Differences in soil type in the area sampled 

appeared to have little effect per se on the relative performance of 

the varieties. 

Lint percentage, weight per boll, fiber length, and fiber 

strength showed the same general pattern of the second order interac

tion being larger than either of the first order interactions. Only 

fiber fineness exhibited a higher magnitude of variety x location and 

variety x year interactions than the second order interaction. In all 

cases, however, the interaction components were very small relative to 

the variety variance components. 

Miller, Robinson, and Pope (1962) published more information on 

the nature and magnitude of variety x environment interaction. They con

ducted their experiment using 16 varieties of cotton grown at 11 loca

tions in the North Carolina-to-Texas growing region for a three-year 

period. In regard to yield, they obtained a large variety x location 

x year interaction. The variety x location interaction, although sta

tistically significant, was considerably smaller than the above second 

order interaction. The variety x year interaction was of minor impor

tance and nonsignificant. Most of the three interaction sources of 



variance were statistically significant for lint percentage, boll size, 

and fiber length. The magnitude of these interactions was very small 

as compared to the varietal source of variation. Miller et al. (1962) 

concluded from the above results that it is essential for cotton breed

ing testing procedures to test varieties over an adequate sample of 

environments likely to be encountered in the breeding area. Also, 

neither locations nor years, per se, had consistent effects on differen

tial varietal response because of the relatively small variety x loca

tion and variety x year interactions. 

Abou-El-Fittouh, Rawlings, and Miller (1968) used four varieties 

of Upland cotton grown in 39 locations for three years, 1960-1962, to 

study genotype x environment interactions in nine agronomic and quality 

characters. They also identified some of the environmental factors as

sociated with such interactions. However, the scoring of most of these 

factors was either subjective or not completely accurate. The factors 

scored were elevation for the test site, moisture availability, insect 

infestation, disease condition, fertility level, and temperature. 

In regard to yield, the error component and the interaction com

ponents excepting genotype by year were from 1 1/4 to 3 times as large 

as the component due to genotypic differences. The genotype by location 

component was the largest of the interaction components. For boll size 

and yarn strength, the genotypic component was many times larger than 

the error and interaction components, and the second order interaction 

was the predominant interaction. For the rest of the traits, the 
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genotype by location interaction was much larger than the genotype by 

year interaction. 

As for yield, the environmental variables studied accounted for 

497. of the total environmental effects and 367. of the total interactions 

sums of squares where temperature effect was found to be the most im

portant factor among the environmental variables studied. Moisture 

availability and disease conditions accounted for a significant but a 

relatively minor proportion of the interaction sums of squares. 

For boll size, fertility level and temperature are seen to be 

the most important factors among those studied, insofar as environmental 

differences are concerned, and elevation and temperature insofar as in

teractions are concerned. The temperature accounted for the most im

portant single environmental variable associated with the interactions. 

Results concerning yarn strength showed that elevations, mois

ture availability, and temperature are the important factors related to 

differences among environments, and temperature is the major environ

mental variable associated with the interaction. For the other six 

traits studied, the general pattern was similar to those previously men

tioned with respect to the proportions of the sums of squares for envi

ronmental differences and interactions associated with all of the var

iables combined. 

In their study of temperature effect, Abou-El-Fittouh et al. 

(1968) divided the crop season for each environment into four periods of 

equal length, and the average maximum and minimum temperatures for each 

period were included in the analysis. The average maximum temperatures 



in the second and third periods were important for all the three 

traits. For the average minimum temperatures, period one was the most 

important for lint yield and boll size, and period three for yarn 

strength. 

Similar results concerning the type and magnitude of genotype x 

environment interactions were also obtained from other self-fertilized 

crops such as soybeans, tobacco, and barley. In soybeans, Schutz and 

Bernard (1967) obtained estimates of genotype x environment interac

tions on eight characters from seven regional Uniform Soybean Tests 

grown in 1954-1956. All of the second order and nearly all of the 

first order interactions were significantly different from zero at the 

.05 level of probability. Estimates of the genotype x year interac

tions were generally smaller than estimates of genotype x location in

teractions. 

Jones, Matzinger, and Collins (1960) evaluated seven varieties 

of tobacco at the same five locations for three years in North Caro

lina. Nine agronomic and chemical characters were evaluated. Only one 

significant estimate of variety x year and one of variety x location 

variances were obtained. Significant estimates of variety x year x 

location variances were obtained for seven of the characters. However, 

in most cases this component was a small fraction of the varietal vari

ance. 

On the other hand, Rasmusson and Lambert (1961) used data ob

tained from eight locations for a four-year period involving six vari

eties of barley to estimate the variety x environment interactions for 



yield. They obtained a highly significant variety x year x location 

interaction. The variety x year component was substantially smaller, 

but was significant at the .05 level whereas the variety x location 

interaction was not significant. 



CHAPTER 3 

MATERIALS AND METHODS 

The data used in this investigation were obtained from the re

gional cotton variety testing program. This program is a result of the 

cooperative efforts of 15 state agricultural experiment stations and 

the Agricultural Research Service, U. S. Department of Agriculture. 

The participating 15 states are Alabama, Arizona, Arkansas, California, 

Georgia, Louisiana, Mississippi, Missouri, Nevada, New Mexico, North 

Carolina, Oklahoma, South Carolina, Tennessee, and Texas. The results 

from the second three-year cycle of testing for the years 1963, 1964, 

and 1965, and for the first year of the third cycle, 1966, were pro

vided by the Crops Research Division, Agricultural Research Service, 

U.S.D.A. The summaries of such data were reported annually in the 

Agricultural Research Service publications ARS 34-68, ARS 34-81, ARS 

34-82, and ARS 34-96 for the years 1963, 1964, 1965, and 1966, respec

tively. 

The locations used in the second cycle for the years 1963-1965 

were arranged in five regions for testing Upland cotton across the U. S. 

Cotton Belt. Figure 1 shows the distribution of such locations and re

gions. Within each region, the specified locations were chosen because 

they included the same varieties each year and because of their presence 

in the testing program each year of the cycle. Such regions and loca

tions included in the analysis of variance over time and space were:-
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The Plains region, with the following locations: Lubbock, Tex.; 

Halfway, Tex.; Altus, Okla.j Mangum, Okla.; Chickasha, Okla. 

The Eastern region, with the following locations: Jackson, Tenn.; 

State College, Miss.; Sand Mountain, Ala.; Auburn, Ala.; Ex

periment, Ga.; Florence, S.C.; Rocky Mount, N.C. 

The Central region, with the following locations: Stillwater, Okla 

College Station, Tex.; Hope, Ark.; Bossier City, La. 

The Delta region, with the following locations: St. Joseph, La.; 

Stoneville, Miss.; Tunica, Miss.; Clarkedale, Ark.; Fort Pil

low, Tenn.; Portageville, Mo. 

The Western region, with the following locations: Shafter, Calif.; 

Brawley, Calif.; Marana, Ariz.; University Park, New Mex.; El 

Paso, Tex,; Artesia, New Mex. 

The Upland varieties used in the second cycle of testing were 

either national or regional standards. The national standards are the 

varieties common to all locations in each year of the cycle, whereas 

the regional standards are those varieties common to all of the tests 

within the region for a particular year. However, in the variance anal 

ysis over time and space, the national standards were included in addi

tion to the regional standards common to all of the three-year period 

of the second cycle. The national standards were Auburn 56, Deltapine 

Smooth Leaf and Stoneville 7A. The regional standards common to each 

region were: 

Plains: Blight Master, Gregg 35, Lankart 57, Parrott, Paymaster 

101A, Lockett 4789, Northern Star 5. 
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Eastern: Coker 100A, Dixie King II, Empire WR-61, Coker 201, 

Stoneville 213. 

Central: Delfos 9169, Stardel, Tideland TPSA 69, Rex Smoothleaf. 

Delta: Coker 100A, Dixie King II, Empire WR-61, Stardel, Rex 

Smoothleaf, Auburn M, Stoneville 213. 

Western: Acala 4-42, Acala 1517-D, Hopicala, Acala Imperial. 

For the first year of the third cycle, 1966, the interrelation

ships among agronomic and fiber properties and yarn strength were in

vestigated. The four national standards used in this cycle, namely, 

Acala 1517-D, Paymaster 54-B, Stoneville 7A, and Coker 201, were common 

to 32 locations. These four national standards were chosen due to the 

wide range of behavior patterns pertaining to their yielding and quality 

performances and their presence in a wide range of locations to demon

strate the effect of different environments on the magnitude of their 

genetic expressions. The distribution of the locations common to these 

varieties are: 

Plains: Chillicothe, Tex. (irrigated); Chillicothe, Tex, (dryland); 

Altus, Okla.; Chickasha, Okla. (dryland); Chickasha, Okla. (ir

rigated), McGregor, Tex. 

Eastern: Jackson, Tenn.; Sand Mountain, Ala.; Auburn, Ala.; Exper

iment, Ga.; Tifton, Ga.; Florence, S.C.; Rocky Mount, N.C. 

Central: Stillwater, Okla.; College Station, Tex.; Weslaco, Tex.; 

Hope, Ark.; Bossier City, La.; McGregor, Tex. 

Delta: St. Joseph, La.; Stoneville, Miss.; Tunica, Miss.; Clarke-

dale, Ark.; Fort Pillow, Tenn.; Portageville, Mo. 
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Western; Shafter, Calif.; Brawley, Calif.; Phoenix, Ariz.; Marana, 

Ariz.; University Park, New Mex.; El Paso, Tex.; Logandale, 

Nev. 

Figure 1 also shows the distribution of such locations. Among 

these locations, the experimental design, plot size, cultural practices, 

and sampling methods were not rigidly standardized, and there were dif

ferences from one station to another. The experimental design was 

mainly randomized block design although some tests were planted in lat

tice designs. Plot size varied widely from 139 to 1333 square feet. 

The number of replications for yield data ranged from four to eight. 

Other agronomic, fiber, and spinning data were based on two replica

tions from each variety at all stations. The operations and measure

ments required for the development of data on yield, boll weight, seed 

index, and lint percent were performed in the cooperating stations. 

Fiber samples were sent to the U. S. Cotton Fiber and Spinning Labora

tories, Knoxville, Tennessee, where fiber and spinning tests were made. 

Properties Studied 

The properties used in this study are either measured variables 

or computed variables. These properties are: 

2 Lint yield/(foot) : The production of the experimental unit area 

of seed cotton, in grams, multiplied by the average lint per

cent of the variety within the location. 

Boll weight: The average weight, in grams, per boll of seed cotton. 

Lint percent: The weight of lint ginned from a sample of seed 

cotton, expressed as a percentage of the weight of seed cotton. 
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Seed index: The weight of 100 seed, in grams. 

Lint weight/seed: A computed value from both seed index and lint 

seed index x lint percent , . , 
percent and equals 100(100 - lint percent) Khlch «lves 

the average weight of lint, in grams, per seed. 

Span length: The fiber length measured on the Digital Fibrograph. 

The distance spanned by a specific percentage of the fibers in 

the test specimen where the initial starting point of the scan

ning in the test is considered 100 percent. 

2.57. SL (2.5 percent span length): The length in inches in the 

test specimen spanned by 2.5 percent of the fibers scanned at 

the initial starting point. 

507. SL (50 percent span length): The length in inches in the test 

specimen spanned by 50 percent of the fibers scanned at the in

itial starting point. 

UHM (Upper half mean): The length in inches, measured on the Servo 

Fibrograph, of half of the fibers by weight that contains the 

longer fibers. Values of UHM approximate the classer's staple 

and also 2.57. span length. 

M (Mean): The average length in inches, of all fibers longer than 

1/4 inch. Also measured on the Servo Fibrograph. 
u 

UR (Uniformity ratio): x 100 . 

UHM-DS, M-DS: Estimates of UHM and M measured on the Servo Fibro

graph from samples taken from the second drawing sliver. 

Micronaire index: The resistance of a given weight of ginned cotton 

lint to air flow as an indication of the fineness of the sample. 

The smaller the index, the finer is the sample. 
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Tex: A unit of expressing linear density, equal to the weight in 

grams of 1000 meters of yarn of fibers. 

Tq (Fiber strength at 0" gauge length): The strength of a bundle 

of cotton fibers measured on the Stelometer with the two jaws 

holding the fiber bundle tightly appressed. This strength 

corresponding to the breaking load is expressed in terms of 

grams per tex. 

T^ (Fiber strength at 1/8" gauge length): The strength of a bundle 

of cotton fibers measured on the Stelometer with the two jaws 

holding the fiber bundle separated by a 1/8 inch (0.3175 cm.) 

spacer. Strength is expressed in grams per tex. 

E^ (Elongation): The percentage increase in length at break of the 

center 1/8 inch of the fiber bundle measured for T^ strength on 

the Stelometer. 

Arealometer A: Measure of the external surface area of the fibers 

of a given volume of fibrous material, expressed in terms of 

square millimeters per cubic millimeter of fibrous material 

(mm"*). 

Arealometer D: Difference between the value of the specific area 

determined at high pressure (A^) and the value of the specific 

area determined at standard pressure ("A"measured above). D is 

presumably a measure of the flatness of the fiber ribbon; i.e., 

the higher the D value, the more ribbon-like are the fibers. 

The computed values from Arealometer A and D are: 

I (Immaturity ratio) = /0.07 D + 1 
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p (The average perimeter in microns, u) = 12,566 I/A 

t (The average wall thickness in microns, u) = 1000 T/A where 

T = 2/(1 + YI - 1/1) 

W (The average weight per inch, in micrograms per inch) = 

485,000 I/A2. 

Colorimeter measurements: As determined by the Nickerson-Hunter 

colorimeter. 

Rd (Reflectance): Measure of the percentage reflectance, the 

higher the value, the lighter is the cotton. 

+b (Yellowness): Hunter's +b is a measure of increasing yellow

ness of the cotton. 

Ys at 22's (Yarn strength at 22rs): The force, in pounds, required 

to rupture a skein of yarn at count 22's (27 tex) as determined 

from a small scale (50 g.) test. 

Statistical Analyses 

In the studies pertaining to the interrelationships between 

agronomic and fiber properties and yarn strength, the four national 

standards for 1966, namely, Acala 1517-D, Paymaster 54-B, Stoneville 7A, 

and Coker 201, were used individually and collectively. For each vari

ety, the data means collected over 32 locations were used to calculate 

simple correlation coefficients for character pairs. The variations 

here are expected to demonstrate both environmental and genotype x en

vironment interaction variations within each variety. In addition, the 

correlation coefficients for the means of the four varieties combined 



over the 32 locations were calculated, adding genetic variations to our 

measurements. 

The data of the 1966 four national varieties grown across 32 

locations with two replicates were used to study the effect of differ

ent sources of variation on correlations. The form of the analysis of 

variance is presented in Table 1. 

Table 1. The form of analysis of variance for 1966 tests. 

Source of variation D.F. M.S.* 

Replicates in Location p(r-l) 

Locations (p-1) M.S. 
P 

Varieties (v-1) M.S. 
v 

Location x Variety (p-l)(v-l) M.S. 
vp 

Error p(v-l)(r-l) M.S. 
e 

* M.S. , M.S. , M.S. , and M.S. are the values of the appro-
e vp v p 

priate mean squares, and r, p, and v are the numbers of replicates, lo

cations, and varieties, respectively. 

Covariance analysis between yarn strength and six fiber proper

ties followed the same form as the analysis of variance presented in 

Table 1. 

The mean square of the analysis of variance and the mean cross 

product of the covariance analysis are substituted in the following 

formulae to calculate the correlations corresponding to different 

sources of variation. 
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location r = 
M'C'P'p(1.2) 

variety r = 

/M*S-p(l) * M'%(2) 

M*C*P*v(1.2) 

/ M , S ,v(l) ' M,S*V(2) 

M.C.P._ /i 2^ 
location x variety r = ° * — 

/MtSi /.t * M.S. /o\ pv(l) pv(2) 

error r = 
M * c * p * e (1 .2) 

/M,S*e(l) ' M,S*e(2) 

The data means for the 1966 national varieties combined were 

also used to investigate the type of curve fitting between certain pairs 

of characters. Scatter diagrams indicated that the type of relation

ships between such pairs are either linear or quadratic. However, a 

curvilinear regression analysis was used to study the type of curve 

fitting between pairs of characters and to estimate the inaccuracies 

which nonlinearity of relationships may introduce into the simple cor

relation coefficients. 

Also, the data obtained for the 1966 national varieties were 

used individually and collectively along with the second cycle national 

varieties data in multiple regression analyses to predict the 22's yarn 

strength from fiber properties. Either nine or fifteen fiber proper

ties were used in such prediction equations to measure their 



contributions in predicting yarn strength and their ranks of impor

tance. To achieve this purpose, a program was used to compute a se

quence of multiple linear regression equations in a stepwise manner. 

^.At each step one variable is added to the regression equation. The 

variable added is the one which makes the greatest reduction in the er

ror sum of squares. Equivalently, it is the variable which has the 

highest partial correlation with the dependent variable on the varia

bles which have already been added; and equivalently, it is the vari

able which, if it were added, would have the highest F value. In 

addition, variables can be forced into the regression equation and 

automatically removed when their F values become too low. 

The information on the importance of variety x environment in

teraction effects was obtained by performing an analysis of variance 

with a randomized complete block design. The combined data for each 

character for the three-year period of 1963-1965 in the five separate 

regions, Plains, Eastern, Central, Delta, and Western, were used in an 

analysis of variance over time and space. Also, the data for the na

tional standards using 28 locations across the five regions for the 

three-year period were used in a similar kind of analysis. The number 

of replicates were four for yield, and two for every other character. 

The mathematical model for this analysis is 

xijki = u + vi + *j + 'k* (>,1)jk+ (vy)ij + <Tl)ik + 

'vyl'ljk + rijkl + eijkl 
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vhere *-s observation on the ith variety in the 1th replicate at 

the kch location in the jth year; u is a common mean of all varieties 

over all replicates, locations, and years, v^ is a measure of the aver

age genotypic effect of the ith variety, y^ is the average effect of the 

jth year, 1^ is the average effect of the kth location; (y 1)is the 

average interaction of the jth year with the kth location; and the other 

interactions have the appropriate meaning designated by the correspond

ing subscripts. In these experiments, the varieties, years, and loca

tions are considered random variables, and the effects are assumed to 

be uncorrelated. Tests of significance of mean squares due to various 

sources of variations are made. The form of the analysis of variance 

and the expected composition of the mean squares of interest are pre

sented in Table 2, as outlined by Miller, Williams, and Robinson (1959). 

In order to evaluate the relative magnitude of these different 

effects, it was necessary to obtain separate estimates of the components 

of variance shown in each mean square expectations. Such estimates were 

obtained from the mean squares of the analysis of variance by use of the 

following formulae: 

, M. + M. - M_ - M. 
Varieties (<r 2 ) = 1 2 ± 

v rpy 

2 ^4 " ̂ 2 Varieties x years (<x ) = 
J vy rp 

M - M 
2 3 2 Varieties x locations (<J ) = 
vp ry 

2 M2 ' M1 Varieties x locations x years (<T ) = 
vpy r 

2 
Plot error (<r ) = M, 

e i 
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Table 2. The form of analysis of variance and mean square expectations 
for the second cycle tests 

Source of variation D.F. 
Mean 
square 

Mean square 
expectations 

Years 

Locations 

Locs. x Yrs. 

Reps, in Locs. 
and Yrs. 

Varieties 

Var. x Yrs. 

Var, x Locs, 

y-i 

P-l 

(p-l)(y-l) 

py(r-l) 

(v-1) 

(v-l)(y-l) 

(v-l)(p-l) 

M. 

M, 

M-

2 2 2 
<T + rcr + ry<3" C 

e vpy 3 vp 
2 2 + rptf + rpycJ" 
vy CJ v 

, . 2 , 2  ,  2  
C + x<5 + rp<T 

e vpy r vy 

2 2 2 tf + r<T + ry<? 
e vpy J vp 

Var. x Locs, x Yrs. (v-l)(p-l)(y-l) M„ 
2 2 <3- + rtf z 
e vpy 

Error py(r-l)(v-l) M. 
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M^, M^, M^, M^, and M,. are the values of the appropriate mean 

squares as indicated in Table 2, and r, p, and y are the numbers of 

replicates, locations, and years, respectively, in which the varieites 

were tested. However, since different regions differed widely in the 

magnitude of their error components of variance, the comparisons among 

regions of the relative magnitudes of different sources of variation 

for each character were made possible by using the ratios of the perti

nent variance components to the error variance of that character. 



CHAPTER 4 

RESULTS AND DISCUSSION 

The Interrelationships Between Lint Yield, Agronomic 
and Fiber Properties, and Yarn Strength 

In their continuous efforts to improve both yield and quality, 

cotton breeders realized the presence of either favorable or unfavorable 

associations between such major requirements. The magnitude and type 

of these associations depend mainly on which yield components and qual

ity factors were taken into consideration and the kind of population 

under study* However, the developmental pathways of a certain charac

ter which might enhance or suppress the expression of another character 

could be explained on the basis of genetic linkage or epistasis. Kerr 

(1966) reported that while genetic linkages could sometimes be broken, 

there is no such way to modify or control epistatic effects. Therefore, 

the more we understand about the interrelated developmental patterns, 

the more progress could be made to improve quality and yield. In addi

tion, the association between a given pair of characters might stem 

from their physical dependency on each other, i.e., part or all of 

their components being partially or completely similar. 

Although the role that genetics play on the expression of such 

characters and the associations among them were well demonstrated in 

previous works, there remains the relatively obscure effect of the en

vironment and its interaction with the genetic make-up on the type and 

magnitude of such associations. In this study an attempt was made to 

34 
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demonstrate the effect of environmental, genetic, and environmental-

genetic interactions on the interrelationships among several agronomic 

properties, fiber properties, and yarn strength. 

To achieve this purpose, four varieties of Upland cotton repre

sentative of all its major groups were chosen to show such effects. 

Table 3 shows the means of different agronomic, fiber, and yarn proper

ties for such varieties when grown in 1966 in 32 locations distributed 

across the U. S. Cotton Belt. These locations were known to be differ

ent in elevation, soil type, cultural practices, fertility level, soil 

water availability, maximum and minimum temperatures, insect infesta

tion, disease infection, photoperiod, length of the growing season, and 

several other growth limiting factors. 

Acala 1517-D and Paymaster 54-B are representative of the high 

elevation Upland cottons with the biggest bolls among the four varie

ties studied. However, these varieties are different from each other 

in every other respect. While Acala 1517-D has a heavier seed index 

and a lower lint percent, its fibers are longer, finer, and stronger, 

and its yarn is stronger than Paymaster 54-B. The other two varieties, 

namely, Stoneville 7A and Coker 201, are representative of the continen

tal Upland varieties with the smallest bolls among the group. Of these 

last two varieties, Coker 201 has a slightly higher lint percentage and 

seed index, but otherwise, these varieties are almost similar as far as 

fiber length, strength, and fineness are concerned. However, Stone

ville 7A has a slightly higher yarn strength than Coker 201. As far as 

quality is concerned, Acala 1517-D ranks first representing the long 



Table 3« Average lint yield, agronomic and fiber properties, and yarn 
strength for the four national varieties grown in 32 loca
tions in 1966. 

Property 

Variety 
Combined 

Acala Paymaster Stoneville Coker varieties 
1517-D 54-B 7A 201 

Agronomic; 

Lint yield/ft.2 (gm.) 8.25 8.60 9.73 10.00 9.15 

Boll weight (gm.) 6.75 6.57 5.70 6.22 6.31 

Lint percent 33.86 36.63 36.26 37.11 35.97 

Seed index (gm.) 14.05 11.83 11.43 11.69 12.25 

Lint weight/seed (gm.) .072 .069 .065 .069 .069 

Fiber: 

2.57. span length (in.) 1.21 .98 1.13 1.12 1.11 

507. span length (in.) .59 .48 .52 .52 .53 

Micronaire index 4.15 4.34 4.42 4.49 4.35 

Arealometer A (mm *) 465.26 455.22 442.41 449.03 452.98 

Arealometer D (mm *) 32.37 32.63 32.44 33.44 32.72 

Fiber strength, Tjgm./tex)40.26 32.19 37.70 36.18 36.59 

Fiber strength, T^gm./tex)21.95 16.83 18.11 18.10 18.75 

Fiber elongation, (7») 8.22 10.38 7.31 7.79 8.42 

Reflectance, Rd 74.94 75.19 75.13 74.97 75.05 

Yellowness, +b 7.89 7.94 8.02 8.25 8.02 

Yarn: 

Yarn strength (lb.) 149.50 106.19 118.44 112.25 122.59 
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staple cotton, Stoneville 7A and Coker 201 rank second representing the 

medium staple cotton, and Paymaster 54-B ranks last representing the 

short staple cotton. 

Table 4 includes the coefficients of variation for different 

agronomic, fiber, and yarn properties for each variety and for the 

varieties combined. Both lint yield and Arealometer D have the high

est coefficients of variation among the other variables. Combining 

varieties for the 32 locations increased the coefficients of variation 

drastically for 2.57. span length, 507. span length, fiber strength (T^), 

fiber elongation (E^), and yarn strength. The rest of the variables 

seem not to be influenced much with such combining. 

The data collected from each variety over the 32 locations were 

used to demonstrate the effect of environmental and environmental-

genetic interaction variations for each variety on the type and magni

tude of association between characters. The data obtained from the 

four varieties combined over the 32 locations are expected to demon

strate the effect of the genetic, environmental, and genetic-environ-

mental interaction variations on the obtained correlation coefficients. 

The correlation coefficients between lint yield, boll weight, 

lint percent, seed index, and lint weight per seed for each variety 

and for the varieties combined are given in Table 5. Paymaster 54-B is 

the only variety to show a significant positive correlation between 

lint yield and boll weight. None of the varieties either individually 

or combined showed any significant relationship between lint yield and 

lint percent, seed index or lint weight per seed. These results are in 
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Table 4. Coefficients of variation for lint yield, agronomic and fiber 
properties, and yarn strength for the four national varieties 
grown in 32 locations in 1966. 

Variety 
• Combined 

Acala Paymaster Stoneville Coker varieties 
1517-D 54-B 7A 201 

Agronomic: 

Lint yield/ft. 40.60 34.41 39.83 39.90 39.34 

Boll weight 15.55 11.57 12.98 10.29 14.10 

Lint percent 4.43 4.86 6.04 5.17 6.20 

Seed index 10.68 10.48 12.07 8.73 13.55 

Lint weight/seed 10.55 11.88 12.15 12.17 12.03 

Fiber: 

2.57. span length 3.64 4.69 4.96 4.73 8.65 

507. span length 5.76 5.83 7.11 7.50 9.81 

Micronaire index 8.39 11.22 11.20 12.34 10;30 

Arealometer A 5.54 8.63 8.44 9.26 8.12 

Arealometer D 28.70 41.52 41.86 35.34 36.82 

Fiber strength, Tq 10.98 13.68 7.48 8.49 12.71 

Fiber strength, 7.79 6.54 5.30 4.70 12.05 

Fiber elongation, Ej 14.11 13.87 14.09 13.60 19.71 

Reflectance, Rd 5.94 4.32 5.23 5.48 5.22 

Yellowness, +b 9.38 7.43 9.10 8.40 11.79 

Yarn: 

Yarn strength 6.17 7.13 6.53 5.48 14.67 



39 

Table 5. Correlations among lint yield and agronomic properties for 
the four 1966 national varieties. 

Property Variety 
Boll 
weight 

Lint 
percent 

Seed 
index 

Lint 
wt./seed 

Lint yield/(foot)^ Acala 1517-D .24 .14 .19 .29 

Paymaster 54-B .40* -.10 .29 .17 

Stoneville 7 A .23 .00 .13 .15 

Coker 201 .28 .16 .19 .22 

Combined var. .16 .13 .04 .15 

Boll weight Acala 1517-D .06 .44* .50** 

Paymaster 54-B .14 .55** .54** 

Stoneville 7A -.06 .65** .62** 

Coker 201 .30 .58** .59** 

Combined var. -.07 .58** . 58** 

Lint percent Acala 1517-D -.37* .27 

Paymaster 54-B -.11 .54** 

Stoneville 7-A -.42* .37* 

Coker 201 .08 .73** 

Combined var. .48** . 29** 

Seed index Acala 1517-D .79** 

Paymaster 54-B .77** 

Stoneville 7A .69** 

Coker 201 .73** 

Combined var. .70** 

* Significant at the 57, level of probability. 
** Significant at the 1% level of probability. 
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general agreement with those reported by Feaster and Turcotte (1968). 

However, contradictory results were reported by Miller (1965), Miller 

and Rawlings (1967) in a recurrent selection population, and Al-Jibouri 

Si (1958) in a segregating generation. They found that lint yield 

was negatively correlated with both seed index and boll weight, and 

positively correlated with lint percent. 

No association was found between boll weight and lint percent. 

However, Boll weight was found to have highly significant positive cor

relations with both seed index and lint weight per seed. Such rela

tionship is expected since seed index and lint weight per seed are 

among the major components of boll weight. 

Seed index and lint weight per seed are the components of lint 

percent. Acala 1517-D and Stoneville 7A showed a significant negative 

correlation between lint percent and seed index, whereas the correla

tions for the other two varieties were not significant. Similar re

sults were reported by Feaster and Turcotte (1968). However, when the 

four varieties were combined, lint percent and seed index had a highly 

significant positive correlation. This reverse in sign demonstrates 

that in the case of introducing genetic variability into a population, 

both lint percent and seed index might correlate differently, and an 

increase in seed index does not necessarily imply a decrease in lint 

percent. Similarly, lint percent showed a highly significant positive 

correlation with lint weight per seed either for the individual varie

ties or when they were combined. Only the correlation coefficient for 



Acala 1517-D did not reach the level of significance. These results 

were in agreement with those reported by Feaster and Turcotte (1968). 

Seed index was found to have a highly significant correlation 

with lint weight per seed. However, this result might be in bias since 

seed index was used to calculate lint weight per seed. 

The correlation coefficients between lint yield and 2.57» span 

length, 50% span length, Micronaire index, Arealometer A and D, fiber 

strength (T and T^), fiber elongation (E^), yarn strength,and color

imeter reflectance (Rd) and yellowness (+b) are given in Table 6. 

Significant positive correlations were found between lint yield and 

both 2.57. and 507. span length for three of the four varieties and for 

all of the varieties combined. A negative correlation was found be

tween lint yield and fiber strength (Tq), for the varieties combined, 

but did not reach the level of significance for the individual varie

ties. Neither fiber strength (T^), yarn strength, nor any other fiber 

properties were correlated significantly with yield. The positive 

correlation between lint yield and fiber length is in agreement with 

the findings by Feaster and Turcotte (1968), and contradictory to those 

reported by Miller (1965), Miller and Rawlings (1967), Miller ejt al. 

(1958), and Miletello (1967). Similarly, a negative correlation be

tween lint yield and fiber strength was reported by Miller (1965), 

Miller and Rawlings (1967), Miller et ad. (1958), and Al-Jibouri et al. 

(1958). 

Table 7 shows the correlation coefficients between boll weight 

and 2.57. and 507. span length, Micronaire index, Arealometer A and D, 
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Table 6, Correlations between lint yield and fiber properties and yarn 
strength for the four 1966 national varieties. 

Variety 
Combined 

Acala Paymaster Stoneville Coker varieties 
1517-D 54-B 7A 201 

2.57. SL .44* .37* .34 .40* .19* 

507. SL .39* .41* .35* .32 .18* 

Micronaire index .06 .14 .05 .16 .15 

Arealoraeter A .05 

0
 

I—1 •
 

1 -.01 -.11 -.09 

Arealometer D .02 -.11 1 •
 
o
 

00
 

-.07 -.06 

Fiber strength, Tq -.19 -.24 -.31 -.15 -.17* 

Fiber strength, -.11 .21 

cr» 0
 •
 

1 .14 

00 0
 •
 

1 

Fiber elongation, 1 •
 
o
 

OO
 

-.08 .05 -.06 -.11 

Yarn strength .01 .27 .23 .33 -.01 

Reflectance, Rd .05 .16 .07 .15 .11 

Yellowness, +b -.02 -.19 -.12 .05 -.03 

* Significant at the 57. level of probability. 
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Table 7. Correlations between boll weight and fiber properties and 
yarn strength for the four 1966 national varieties. 

Variety 

Property 
Acala 
1517-D 

Paymaster 
54-B 

Stoneville 
7A 

Coker 
201 

LOIHD MEA 
varieties 

2.57. SL .37* .41* .59** .69** .22** 

507. SL .39* .51** .61** .57** .39** 

Micronaire index .02 .05 .17 .19 .00 

Arealometer A .00 -.08 -.16 -.20 .01 

Arealometer D .10 -.16 -.16 -.13 -.08 

Fiber strength, Tq -.64** -.56** -.49** -.49** -.40** 

Fiber strength, -.64** -.51** .28 -.15 -.01 

Fiber elongation, .57** .49** .42* .42* .50** 

Yarn strength -.47** -.17 .37* .23 .13 

Reflectance, Rd .10 .22 .30 .17 .16 

Yellowness, +b -.06 -.05 .23 .13 .00 

* Significant at the 57. level of probability. 

** Significant at the 17. level of probability. 
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fiber strength (T and Tj)» fiber elongation (E^), yarn strength, and 

colorimeter reflectance (Rd), and yellowness (+b). Boll weight was 

positively correlated with both 2.57. and 507. span length. This could 

be attributed to the fact that during the period of enlargement of the 

cotton boll, both fiber elongation and boll si2e attain their maximum 

limits at approximately the same time (Barre, 1947). Thus, within a 

given variety, the environmental conditions that affect the growth of 

one factor might affect the other. 

Fiber strength (Tq) was negatively correlated with boll weight 

for the individual varieties and for the varieties combined. However, 

fiber elongation was positively correlated with boll weight. Fiber 

strength (T^) was negatively correlated with boll weight for two vari

eties, namely, Acala 1517-D and Paymaster 54-B, while the rest of the 

varieties and the varieties combined did not show such association. 

However, yarn strength and boll weight were negatively correlated for 

Acala 1517-D and positively correlated for Stoneville 7A. Neither the 

rest of the varieties nor the varieties combined showed any significant 

association between yarn strength and boll weight. Boll weight was 

neither correlated with fiber fineness nor color. 

Table 8 includes the correlation coefficients between lint per

cent and 2.57. and 507. span length, Micronaire index, Arealometer A and 

D, fiber strength (Tq and T^), fiber elongation (E^), yarn strength, 

and colorimeter reflectance (Rd) and yellowness (+b). In such rela

tionships, the individual varieties failed to demonstrate any consist

ent or significant trend. However, the combined varieties, providing 
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Table 8. Correlations between lint percent and fiber properties and 
yarn strength for the four 1966 national varieties. 

Variety 

Property 
Acala 
1517-D 

Paymaster 
54-B 

Stoneville 
7A 

Coker 
201 

^OHID NIEA 
varieties 

2.57. SL -.12 .15 -.40* .09 -.37** 

507. SL 

CO 0
 •
 

1 -.05 -.25 .12 -.40** 

Micronaire index -.15 .16 .30 .43* .33** 

Arealometer A .18 -.22 -.24 -.36* -.27** 

Arealometer D .00 -.11 -A2 -.39* -.12 

Fiber strength, Tq -.04 .06 .27 .02 -.22* 

Fiber strength, -.24 .01 -.19 .16 -.48** 

Fiber elongation, .03 -.05 -.26 .04 .01 

Yarn strength -.13 -.01 -.36* .02 -.52** 

Reflectance, Rd .03 .26 -.04 .37* .13 

Yellowness, +b -.10 .21 .28 .24 .22* 

* Significant at the 5% level of probability. 

** Significant at the 17. level of probability. 



wider diversity in both lint percent and fiber properties showed con

siderable magnitudes of associations. Span lengths of 2.5% and 50% 

were negatively correlated with lint percent for the combined varie

ties. Only Stoneville 7A showed such association with respect to the 

2.57. span length. Similarly, both Micronaire and Arealometer A read

ings demonstrated that fiber fineness is negatively correlated with 

lint percent for the varieties combined. Coker 201 was the only vari

ety to show such association. Fiber strength (Tq and T^) and yarn 

strength were negatively correlated with lint percent for the varieties 

combined. None of the individual varieties showed such association ex

cept Stoneville 7A which demonstrated a negative association between 

lint percent and yarn strength. The negative associations between lint 

percent and fiber length, fineness, and strength and yarn strength were 

also previously reported by Feaster and Turcotte (1968), Miller (1965), 

Miller and Rawlings (1967), Miller et al. (1958), Abdel-Nabi, Jones and 

Tipton (1965), Shepherd (1965), and Constantine (1958). Colorimeter 

reflectance (Rd) was positively correlated with lint percent for Coker 

201. Neither the rest of the varieties nor the varieties combined 

showed such relationship. Similarly, yellowness (+b) was positively 

correlated with lint percent for the combined varieties, but no appar

ent relationship was found for the individual varieties. 

The correlation coefficients between seed index and 2.5% and 

507. span lengths, Micronaire index, Arealometer A and D, fiber strength 

(T^ and T^), fiber elongation (E^), yarn strength, and colorimeter re

flectance (Rd) and yellowness (+b) are given in Table 9. Fiber length 
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Table 9. Correlations between seed index and fiber properties and yarn 
strength for the four 1966 national varieties. 

Variety 

Property 
Acala 
1517-D 

Paymaster 
54-B 

Stoneville 
7A 

Coker 
201 

\jomu iueu 
varieties 

2.57. SL .64** .53** .66** .66** .58** 

507. SL .64** .66** . 64** .76** .74** 

Micronaire index .50** .44* •
 ro
 

Ui
 

.49** .14 

Arealometer A -.51** -.36* -.21 i . •e
- o
 
*
 

-.13 

Arealometer D 

a* o
 •
 

i -.49** -.10 -.46* -.22* 

Fiber strength, Tq -.48** -.29 -.45** -.35* .02 

Fiber strength, Tq -.27 -.28 .49** .15 .48** 

Fiber elongation, .36* .43* .47** .34 .22* 

Yarn strength -.02 .17 .55** .40* .61** 

Reflectance, Rd .40* .47** .45** .22 .29** 

Yellowness, +b .14 

00 o
 •
 •

 
o
 
o
 

.19 -.03 

* Significant at the 57. level of probability. 

** Significant at the 17. level of probability. 



(2.57. and 50% span lengths) was positively correlated with seed index. 

Such association was highly significant either for the individual vari

eties or for the varieties combined. From a developmental standpoint, 

this relationship could be explained on the basis that during the period 

of enlargement of the boll, the seed is increasing in volume while the 

fibers are elongating. Thus, any change in the rate of fiber growth, 

or in the duration of fiber enlargement, is usually accompanied by a 

concomitant change of seed volume. In other words, developmentally, 

longer fibers are associated with a higher seed index (Kerr, 1966). 

For individual varieties, seed index was found also to be associated 

with fiber coarseness as indicated by Micronaire index and Arealometer 

A. This association could be attributed to the fact that when the sec

ondary walls of the fibers are being deposited, secondary walls are 

also being laid down in the seed coats. At the same time, the embryo 

of the seed is growing at the expense of the endosperm (Kerr, 1966). 

Apparently, there is a kind of correlated response to environmental 

conditions between fiber coarseness and seed index. However, Stone-

ville 7A and the combined varieties failed to show such relationship. 

Fiber strength (Tq) was negatively correlated with seed index 

for the individual varieties. However, Paymaster 54-B and the combined 

varieties failed to show such relationship. On the contrary, a posi

tive correlation was obtained between fiber strength (T^) and seed in

dex for Stoneville 7A and for the varieties combined. One more variety 

was added to this group, namely, Coker 201, when yarn strength and seed 

index were correlated. Fiber elongation was positively correlated with 



seed index for the individual varieties and for the varieties combined. 

Colorimeter reflectance (Rd), i.e., fiber whiteness, showed a positive 

association with seed index for the individual varieties and for the 

varieties combined. Only Coker 201 failed to show such relationship. 

Yellowness (+b) was not associated with seed index. 

Table 10 shows the correlation coefficients between lint weight 

per seed and 2,57. and 507. span lengths, Micronaire index, Arealometer A 

and D, fiber strength (T and T^), fiber elongation (E^), yarn strength, 

and colorimeter reflectance (Rd) and yellowness (+b). 

Lint weight per seed was positively correlated with both fiber 

length (2.57. and 507. span lengths) and fiber coarseness as shown by 

Micronaire index and Arealometer A. These results demonstrate the role 

that both fiber length and linear density (fiber coarseness) play as 

major components of lint weight per seed as described by Kerr (1966). 

The positive association between fiber length and lint weight per seed 

(lint index) has been demonstrated previously by Constantine (1958), 

Miller (1965), and Miller and Rawlings (1967). 

Arealometer D (shape factor) is an expression of the maturity 

and wall thickness of a given variety. The lower the value, the more 

mature are the fibers. Arealometer D for Paymaster 54-B, Coker 201, 

and the varieties combined was negatively correlated with lint weight 

per seed. Immaturity ratio (I) and wall thickness (t) correlations 

with lint weight per seed confirm such relationship. Fiber strength 

(Tq and T^) was negatively correlated with lint weight per seed for 

Acala 1517-D. For the same variety, elongation showed a positive as

sociation with lint weight per seed. Neither the rest of the 
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Table 10. Correlations between lint weight per seed and fiber proper
ties and yarn strength for the four 1966 national varieties. 

Variety 

Property 
Acala 
1517-D 

Paymaster 
54-B 

Stoneville 
7A 

Coker 
201 

VJOIRDINEA 
varieties 

2.57. SL .60** .54** .36* .51** .33** 

507. SL .65** .53** .45** . 60** . 48** 

Micronaire index .43* • 48** .50** .63** .42** 

Arealometer A -.42* -.45** -.41* -.50** -.35** 

Arealometer D -.11 -.49** -.20 -.59** -.35** 

Fiber strength, Tq -.52** -.19 -.26 -.19 -.16 

Fiber strength, -.43** -.22 .34 

o
 

CM • .12 

Fiber elongation, .38* .31 .29 .23 . 25** 

Yarn strength -.10 .15 .28 .30 . 23** 

Reflectance, Rd .43* .55** .45** .39* .42** 

Yellowness, +b .07 .08 .23 .33 .15 

* Significant at the 57. level of probability. 

** Significant at the 17o level of probability. 



individual varieties nor the varieties combined showed any significant 

relationship between lint weight per seed and fiber strength (T and 

T^). A positive correlation between lint weight per seed and fiber 

elongation was observed for the varieties combined. Similarly, yarn 

strength showed a positive correlation with lint weight per seed for 

the combined varieties, but not for the individual varieties. 

Colorimeter reflectance (Rd) was positively correlated with 

lint weight per seed for the individual varieties and for the varieties 

combined. Yellowness (+b) failed to show any relationship with lint 

weight per seed. 

The correlation coefficients among different fiber properties 

and yarn strength are presented in Table 11. The fiber properties 

which were used in this analysis are 2.57, and 507. span lengths, Micro-

naire index, Arealometer A and D, fiber strength (T and T^), and 

colorimeter reflectance (Rd) and yellowness (+b). 

There was a highly significant positive correlation between 

2.57. and 507. span lengths both for the individual varieties and for the 

varieties combined. The magnitude of such relationship has increased 

slightly combining all of the varieties. No significant association 

was observed between 2.57. span length and either Micronaire index, 

Arealometer A, or Arealometer D. However, 507. span length was posi

tively correlated with Micronaire index for the varieties Acala 1517-D, 

Stoneville 7A, and Coker 201. Neither the short staple cotton, Pay

master 54-B, nor the varieties combined showed such relationship. This 

result has been confirmed when 507. span length and Arealometer A were 



Table 11. Correlations among fiber properties and yarn strength for the 1966 national varieties. 

Property Variety 507.SL Mic. Ys Rd +b 

2.5% SL Acala 
1517-D 

Paymaster 
54-B 

Stonevilie 
7A 

Coker 201 

Combined 
varieties 

.82** .19 -.06 .07 -.43* -.23 .25 .11 .41* -.10 

.71** -.05 .03 -.10 -.05 -.15 .20 .39* .35* .00 

.86** .05 .05 .18 -.68** .42* .59** .77** .39* -.11 

.84** .12 -.12 -.06 -.59** -.20 .56** .44* .21 .05 
/ 

.88** -.06 .04 .01 .37** .62** -.33** .78** .15 -.03 

507. SL Acala 
1517-D 

Paymaster 
54-B 

Stoneville 
7A 

Coker 201 

Combined 

varieties 

.43* -.36* -.17 -.47** -.30 .32 .08 .52** .15 

.04 .03 -.14 -.36* -.36* .37* .28 .43* -.06 

.35* -.22 -.08 -.51** .47** .44* .77** .35* .00 

.45* -.36* -.33 -.40* .04 .41* .64** .39* .32 

.07 -.05 -.12 .23** .62** -.10 .79** .26** .03 

UI 
TO 



Table 11. Correlations among fiber properties and yarn strength,—Continued 

Property Variety 50%SL Mic. Ys Rd +b 

Micronaire index Acala 
1517-D 

Paymaster 
54-B 

Stoneville 
7A 

Coker 201 

Combined 
varieties 

-.78** -.74** .05 .12 -.11 .20 .20 .28 

-.95** -.89** .05 .03 .04 .06 .26 .21 

-.93** -.69** .31 .49* -.22 .27 .26 .21 

-.83** -.83** .17 .56* -.17 .47** .12. .37* 

-.88** -.76** .00 -.05 -.13 -.10 .27** .32** 

Arealometer A Acala 
1517-D 

Paymaster 
54-B 

Stoneville 
7A 

Coker 201 

Combined 
varieties 

,67** .00 -.05 -.06 -.16 -.31 -.34 

.91** .01 .00 .07 .11 -.24 -.23 

.83** -.42* -.53** .25 -.23 -.27 •.17 

,73** -.08 -.49** .11 -.36* -.26 -.29 

,78** -.03 .02 .13 .08 -.26** -.26** 



Table 11. Correlations among fiber properties and yarn strength,—Continued 

Property Variety 507.SL Mic. 

Arealometer D Acala 
1517-D 

Paymaster 
54-B 

Stonevilie 
7A 

Coket 201 

Combined 
varieties 

Fiber strength, 
T 

Acala 
1517-D 

Paymaster 
54-B 

Stoneville 
7A 

Coker 201 

Combined 
varieties 

T T, 
O 1 

Ys Rd +b 

-.26 -.19 .19 -.19 -.09 -.28 

-.07 -.01 .19 -.09 -.29 -.32 

-.51** -.42* .40* -.14 -.08 -.21 

-.35* -.55* .30 -.34 -.18 -.36* 

-.21* -.14 .18* -.09 -.15 -.27** 

.89** -.88** .71** -.27 .13 

,81** -.80** .68** -.29 .36 

.11 -.83** -.35* -.26 .15 

,57** -.92** .10 -.16 .11 

.74** -.80** .64** -.16 .12 



Table 11. Correlations among fiber properties and yarn strength,--Continued 

Property Variety 507.SL Mic. 

Fiber strength, 
T, 

Acala 
1517-D 

Paymaster 
54-B 

Stoneville 
7A 

Coker 201 

Combined 
varieties 

Fiber 
elongation, 

Acala 
1517-D 

Paymaster 
54-B 

Stoneville 
7A 

Coker 201 

Combined 
varieties 

T T. 
O 1 Ys Rd +b 

..80** .86** -.08 .19 

•.71** .70** -.33 .15 

.25 .65** .32 -.01 

..60** .44* .30 .12 

•.42** .93** -.01 -.01 

-.68** .26 -.09 

-.56** .39* -.37* 

.39* .36* -.14 

-.14 .13 -.10 

-.34** .20* -.18* 

IN 



Table 11. Correlations among fiber properties and yarn strength,--Continued 

Property Variety 507.SL Mic. A D TQ YS Rd +b 

Yarn strength, Ys Acala .17 .21 
1517-D 

Paymaster -.01 .13 
54-B 

Stonevilie .48** .01 
7A 

Coker 201 .51** .35* 

Combined .10 -.01 
varieties 

Reflectance, Rd Acala .49** 
1517-D 

Paymaster .20 
54-B 

Stoneville .26 
7A 

Coker 201 .48** 

Combined .36** 
varieties 

* Significant at the 57. level of probability. 

** Significant at the 17. level of probability. 
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correlated. The positive association between 507. span length and fiber 

coarseness within long and medium staple varieties indicates that si

multaneous increases in both length and coarseness might occur as a 

result of environmental stimulation. Landstreet e_t al. (1966) observed 

that some longer varieties of cotton show a slight but significant in

crease in weight fineness as fiber length increases. However, no re

lationship was observed between 507. span length and Arealometer D. 

Both 2.57. and 507. span lengths were negatively correlated with 

fiber strength (Tq) for the individual varieties. The short staple 

cotton, Paymaster 54-B, failed to show such relationship when 2.57. span 

length and fiber strength (Tq) were correlated. However, for all of 

the varieties combined, both 2.57. and 507. span lengths and fiber 

strength (Tq) were found to be positively correlated. When both 507. 

and 2.57. span lengths were correlated with fiber strength (T^) positive 

correlations were obtained only for Stoneville 7A and the varieties 

combined. The short staple cotton, Paymaster 54-B, showed a negative 

correlation between 507. span length and fiber strength (T^). Such re

sults indicate that the type and magnitude of fiber length-strength 

relationships depend mainly on whether the source of variation in the 

population is genetic or environmental and the type of genetic-

environmental interactions involved. The negative correlation between 

length and fiber strength (Tq) for the individual varieties, where the 

variation is induced by environment and environmental-genetic inter

actions, changed completely to a positive correlation when genetic var

iations were confounded into the calculations. Such results are in 
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agreement with those reported by Barre (1947) in Better Cottons. He 

has seen that fiber strength increases as length increases in geneti

cally different populations. Where the differences in length and 

strength are induced by environment, strength tends to decrease as 

length increases. 

Fiber strength (Tq) is an expression of the strength of cotton 

fibers that is affected mainly by the molecular structure and orienta

tion of the cellulose fibrils. The strong relationship between (TQ) 

and X-ray angle, which determines the angle of the spiral structure of 

the cellulose fibrils (Berkley and others, 1948), is in favor of such 

conclusion. On the other hand, fiber strength (T^),whose values range 

between 467. and 557. of (Tq) values in Upland cotton, is an expression 

of fiber strength which is affected mainly by the fiber physical struc

ture, fiber crimp (Wakeham, 1954), the slippage of the fibers, and the 

weak places along the length of the fibers, which were attributed in 

part to the structural reversals that characterize cotton fibers (Wake-

ham and Spicer, 1951). 

The type of relationship between fiber length and strength de

pends mainly on whether (Tq) or (T^) was taken into consideration. Un

like fiber strength (T^), (T^) did not show any significant negative 

association with fiber length for the individual varieties except for 

the short staple cotton, Paymaster 54-B. However, the medium staple 

cotton Stoneville 7A showed a complete reversal of sign of the correla

tion coefficient when fiber length was correlated with (T^) instead of 

(T^). Moreover, the magnitude of length-strength positive association 
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for the combined varieties was found to be greater when fiber strength 

was correlated with (T.) than when it was correlated with (T ). 
I O 

Fiber elongation (E^) was found to have positive correlations 

with 2.57. span length for the individual varieties, although Acala 

1517-D and Paymaster 54-B did not reach the level of significance. The 

varieties combined showed a negative association between 2.57. span 

length and (E^). The individual varieties, except Acala 1517-D, showed 

also a positive association between 507. span length and fiber elonga

tion (E^). However, the varieties combined failed to show any signifi

cant relationship between such characters. 

Yarn strength was positively correlated with 2.57. and 507. span 

lengths for the individual varieties and the varieties combined. Only 

the long staple variety Acala 1517-D did not reach the level of signifi

cance for such relationship. In addition, the short staple variety, 

Paymaster 54-B, showed a significant correlation when 2.57. span length 

was correlated to yarn strength, whereas 507. span length and yarn 

strength were not significantly correlated for the same variety. 

Colorimeter reflectance (Rd) and 2.57. span length were positively 

correlated for three of the individual varieties. Only Coker 201 and 

the varieties combined failed to show such association. However, 507. 

span length and reflectance were positively correlated for the individ

ual varieties and the varieties combined. Such findings are in general 

agreement with those reported by Feaster and Turcotte (1968). 

No relationship between fiber length and colorimeter yellowness 

(+b) was obtained. 
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Micronaire index, a measure of the resistance of a plug of 

cotton fibers to air flow, and Arealometer A, a measure of the specific 

area of loose cotton fibers utilizing the same concept of fiber resist

ance to air flow, are physically dependent on each other. The individ

ual varieties and the varieties combined showed highly significant 

negative correlations between both characters where low Micronaire in

dex and high Arealometer A are indicators of finer cotton. Similarly, 

Micronaire index was found to have strong negative correlations with 

Arealometer D. Also, both characters are known to be physically de

pendent since D, the increase in apparent specific area produced by 

compression in the Arealometer, and Micronaire index, are functions of 

wall thickness of the fibers. In addition, both Arealometer A and D 

were found to have strong positive correlations for each variety and 

for the varieties combined. Such relationship has been demonstrated 

previously by Hertel and Craven (1951). 

Micronaire index was not correlated with either fiber strength 

(Tq) or fiber elongation (E^). However, the medium staple varieties 

Stoneville 7A and Coker 201 were the only individual varieties to show 

a positive correlation between Micronaire index and fiber strength 

(T^). Coker 201 only gave a positive association between Micronaire 

index and yarn strength. Both fiber strength (T^) and yarn strength 

did not correlate significantly with Micronaire index for the combined 

varieties. Both colorimeter (Rd) and (+b) were positively correlated 

with Micronaire index for the varieties combined. Coker 201 was the 

only variety to have a positive association between Micronaire index 
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and (+b). However, Feaster and Turcotte (1968), using a strain of Pima 

cotton, found that Micronaire index was positively correlated with 

colorimeter (Rd) and negatively correlated with (+b). 

Arealometer A was almost similar to Micronaire index with re

spect to their magnitude of association with (Tq), (E^), yarn strength, 

(Rd) and (+b), but different in the sign of the correlation coeffi

cients . 

Arealometer D was negatively correlated with both fiber strength 

(Tq) and (T^) for the medium staple varieties Stoneville 7A and Coker 

201. Similarly, the varieties combined showed a negative association 

between Arealometer D and fiber strength (Tq). Arealometer D was nega

tively correlated with colorimeter yellowness (+b) for the individual 

variety Coker 201 and the varieties combined. The other individual 

varieties failed to show such association. 

Fiber strength (Tq) and (T^) were found to be positively corre

lated for the individual varieties and the varieties combined. Only 

the medium staple variety Stoneville 7A failed to show such associa

tion. Similarly, yarn strength and (Tq) were found to be positively 

associated for the long and short staple varieties Acala 1517-D and 

Paymaster 54-B. However, the medium staple varieties either showed a 

negative association between yarn strength and (Tq) or failed to show 

any association between them. Yarn strength was highly correlated with 

fiber strength (T^). Yarn strength-fiber strength correlations were 

found to be always higher for (T^) more than for (Tq). Such results 

are in agreement with the findings reported by Hertel (1953) and Hertel 



and Craven (1956). However, the highest correlation coefficient be

tween yarn strength and (T^) was obtained for the long staple cotton 

Acala 1517-D, The varieties combined, confounding genetic variability 

into the calculations, gave a higher correlation coefficient between 

yarn strength and (T^) than any of the individual varieties. 

Fiber strength (Tq) was negatively correlated with elongation 

(Ej). However, the negative correlations between (T^) and (E^), de

spite their significance, were found to be considerably weaker than 

that between (Tq) and (E^). Moreover, the medium staple variety Stone-

ville 7A failed to show any significant association between (T^) and 

(Ej). However, a much weaker association was obtained between yarn 

strength and (E^), than those between (Tq) or (T^) and (E^). The long 

staple variety, Acala 1517-D, the short staple variety, Paymaster 54-B, 

and the varieties combined showed highly significant negative associa

tions between yarn strength and (E^). However, yarn strength and (E^) 

for the medium staple varieties were either positively correlated or 

not associated at all. 

Colorimeter (Rd) and (+b) failed to show any association with 

both fiber strength (Tq) and (T^). Fiber elongation (E^) was posi

tively correlated with reflectance (Rd) and negatively correlated with 

yellowness (+b) for the short staple cotton Paymaster 54-B and for the 

varieties combined. Stoneville 7A had a positive correlation between 

(Ej-) and reflectance (Rd). Feaster and Turcotte (1968), using a strain 

of Pima cotton, found that fiber elongation (E^) was positively corre

lated with (Rd) and negatively correlated with (+b). Yarn strength 



was found to have positive correlations with reflectance (Rd) for the 

medium staple varieties, Stoneville 7A and Coker 201. Such finding is 

in agreement with that reported by Feaster and Turcotte (1968). How

ever, a positive correlation was also obtained between yarn strength 

and yellowness (+b) for the variety Coker 201. Reflectance (Rd) and 

yellowness (+b) were found to be positively correlated for the individ

ual varieties and for the varieties combined. Paymaster 54-B and 

Stoneville 7A were the only varieties to fail in showing such rela

tionship. 

In a more detailed study, different sources of variation were 

compared as to affecting the correlations between yarn strength and 

fiber properties. The fiber properties chosen are those known to con

tribute either to the geometry of the yarn such as the fiber length 

measurements 507. SL and 2.57. SL, and fineness (Micronaire index), or to 

the mechanical properties of the yarn such as fiber strength (T and T^) 

and fiber elongation (E^). The correlation coefficients of different 

sources of variation for yarn strength and 507. SL, 2.57. SL, Micronaire 

index, (Tq), (T^), and (E^) are presented in Table 12. 

In regard to the relationship between yarn strength and fiber 

length (507. SL and 2.57. SL), positive correlations were obtained for 

all sources of variation. However, the magnitude of such correlations 

was higher for the varietal source than any other source of variation 

with an almost perfect relationship between 507, SL and yarn strength. 

This indicates that the genotypic performance is the major source of 

variation affecting such relationship. Varieties possessing longer 
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Table 12. Correlations between yarn strength and fiber properties for 
different sources of variation. 

Fiber property 
Total 
r 

Varietal 
r 

Location 
r 

Variety x 
location r 

Error 
r 

507. SL .79 .988 .464 .374 .259 

2.57. SL •
 

00
 

.879 .337 .584 .332 

Micronaire index -.10 -.787 .338 -.128 .030 

T 
o 

.64 .891 .315 .764 .300 

Ti 
.93 .999 .613 .816 .270 

Ei 
-.34 -.380 -.346 -.298 .021 

fibers appear to be characterized with stronger yarn. On the other 

hand, the magnitudes of the correlation coefficients between fiber 

length and yarn strength for the other sources of variation differed in 

both 507. SL and 2.57, SL, As correlation for location source was higher 

for 507. SL than 2.57.SL, the interaction source showed a higher correla

tion for 2.57. SL than 507. SL. The error correlations were generally of 

minor magnitudes. The increase in fiber length either originating from 

varietal, location, or interaction sources contributes in increasing 

yarn strength. 

Insofar as the relationship between Micronaire index and yarn 

strength is concerned, the varietal correlation was of sizable magni

tude. The negative association indicates that varietal fiber fineness 

is strongly associated with yarn strength. However, Micronaire index 



is an expression of both fineness and maturity of the fibers. As fine

ness contributes to the production of high yarn strength, fiber matur

ity contributes to the production of stronger yarns and fabrics with 

good appearance and results in lower picker and card waste. The matur

ity of the fibers is influenced mainly by the growing conditions and 

cultural practices. Thus, the effect of location on the relationship 

between Micronaire index and yarn strength is expected to demonstrate 

the effect of fiber maturity on yarn strength. A positive correlation 

of .338 was obtained between yarn strength and Micronaire index for lo

cation effect. The correlation coefficients for both the interaction 

and the error components were of minor magnitudes. 

The varietal source of variation was the most important source 

with respect to the correlations between yarn strength and fiber 

strength (Tq and T^). Sizable magnitudes of correlations were obtained, 

with an almost perfect relationship between (T^) and yarn strength. In 

addition, the interaction source of variation indicated a strong rela

tionship between yarn strength and fiber strength (T and T^). Much 

weaker associations were obtained with respect to location and error 

sources of variation. In this case, the varietal and interaction ef

fects seem to be the major factors affecting the relationship between 

fiber strength and yarn strength. 

The effect of varietal, location, and interaction sources of 

variation on correlations between yarn strength and fiber elongation 

appear to be of comparable magnitude. Negative associations were ob

tained for all such sources of variation. Any increase in fiber 
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elongation appear to decrease yarn strength. The error source of vari

ation correlation was found to be of a very small magnitude. 

Curve Fitting Between Certain Fiber 
Properties and Yarn Strength 

Webb (1965) reported that no suggestion of a curvilinear rela

tionship was observed with any of 15 pairs of fiber measures when the 

data for each pair were plotted in scatter diagrams. Although the 

graphic charts revealed a relatively wide scatter for the data repre

senting each pair of fiber measures, a linear trend for the 16 combined 

varieties of Upland cotton was observed. 

In this study, the data for certain pairs of fiber properties 

and yarn strength were plotted in similar scatter diagrams. The data 

for the 1966 national varieties were used in such plots. However, 

scatter diagrams were found to be an inadequate tool for describing the 

true relationship between such pairs, especially when the data are 

widely scattered. Therefore, linear and curvilinear regression anal

yses were used in comparison to reveal the nature of the relationship 

between such pairs. 

For the linear regression model, it is assumed that Y = a + bX, 

where Y is the dependent variable, X is the independent variable, a is 

a constant (the intercept), and b is the linear regression coefficient 

(the slope). For such relationship, the correlation coefficient, the 

analysis of variance, and the standard error of estimate have been 

calculated. 
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Examination of the scatter diagrams indicated that for the 

cases which deviated from the linear pattern, a second degree polyno

mial (quadratic) equation might fit the data. Such equation could be 

2 
presented as Y = a + bX + cX , where Y is the dependent variable, X is 

the independent variable, a is a constant, and b and c are the partial 

regression coefficients. For such relationship, the multiple correla

tion coefficient, the analysis of variance, and the standard error of 

estimate have been calculated. The relationship between a given pair 

could be considered quadratic, if the F value for the quadratic regres

sion source of variation was statistically significant. Usually, for 

such cases, a considerable change in the multiple correlation coeffi

cient and standard error of estimate for the quadratic over the linear 

relationship takes place. 

On such bases, the type of curve fitting between yarn strength 

and fiber length measurements are presented in Table 13. The length 

characters used in this study are the Servo Fibrograph raw stock meas

urements UHM and M, and the second drawing sliver measurements UHM-DS 

and M-DS, and the Digital Fibrograph measurements 2.57. and 507. SL. 

Table 13 shows that insofar as the linear relationship is con

cerned, M, M-DS, and 507. SL gave higher correlations with yarn strength 

as compared with UHM, UHM-DS, and 2.57. SL. Standard errors of estimate 

for M, M-DS, and 507. SL were lower than those for UHM, UHM-DS, and 2.57. 

SL. Although the quadratic source of variation was statistically sig

nificant for all length measurements in relation to yarn strength, UHM, 

UHM-DS, and 2.57. SL were found to have more curvilinearity than either 
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Table 13. Curve fitting between yarn strength and fiber length. 

Independent 
variable 

Type of 
relationship 

R R2 
Increase 
in R2 

F value 
to enter 

Standard error 
of estimate 

UHM linear .757 .573 186.99** 11.80 

quadratic .799 .638 .065 22.34** 10.91 

M linear .793 .629 213.43** 11.00 

quadratic .807 .651 .022 7.83** 10.71 

UHM-DS linear .756 .572 186.54** 11.81 

quadratic .805 .648 .076 26.74** 10.76 

M-DS linear .763 .582 175.32** 11.67 

quadratic .786 .617 .035 11.49** 11.22 

2.57. SL linear .775 .600 189.34** 11.41 

quadratic .820 .672 .072 27.35** 10.38 

507. SL linear .794 .630 214.17** 10.99 

quadratic .804 .646 .016 5.94* 10.78 

* Significant at the 57. level of probability. 

** Significant at the 17. level of probability. 
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M, M-DS, or 507o SL. It could be concluded from the above results that 

due to the nonlinear patterns concerning the relationships between yarn 

strength and UHM, UHM-DS, and 2.57. SL, a deviation from the true asso

ciation between such properties might introduce inaccuracies of the 

simple correlation coefficients involved. However, for the relation

ships between yarn strength and M, M-DS, and 507. SL where the magnitude 

of curvilinearity is less prominent, simple correlations might give a 

closer approximation. 

The types of curve fitting between yarn strength and fiber 

strength (T and T^) and fiber elongation (E^) are given in Table 14. 

Such table indicates the presence of a linear relationship between yarn 

strength and both fiber strength (T and T^). However, the magnitude 

of association was found to be higher for (T,) than for (T ) in rela-
I o 

tion to yarn strength. Fiber elongation (E^) and yarn strength, al

though showing poor correlation, were found to have a quadratic pattern 

of relationship. Correction for curvilinearity increased the magnitude 

of their association. Examination of the scatter diagrams indicated 

the presence of a similar curvilinear pattern of relationship between 

fiber strength (T^) and (E^), which might be the basis for the quad

ratic association found between yarn strength and (E^). 

The same procedures of curve fitting were also used to compare 

between Arealometer measurements and Micronaire index for the four com

bined varieties as indicated in Table 15. Such comparisons were aimed 

to eliminate the inaccuracies that might stem from curvilinearity and 

to help predict Arealometer readings from Micronaire index. The 
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Table 14. Curve fitting for yarn strength vs. fiber strength (T ) and 
(Tj) and fiber elongation (E^). 

Independent Type of ^2 Increase F value Standard error 
variable relationship in to enter of estimate 

T 
o 

linear .637 .406 86.08** 13.91 

quadratic .639 .408 .002 .43 13.95 

T1 
linear .929 .862 787.66** 6.70 

quadratic .929 .862 .000 .15 6.73 

E1 
linear -.336 .113 16.05*'" 17.00 

quadratic -.435 .190 .077 11.80** 16.32 

** Significant at the VL level of probability. 
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Table 15. Curve fitting for Arealometer measurements A, D, I, t, W, 
and p vs. Micronaire index. 

Independent 
variable 

Type of 
relationship 

R 
_2 Increase 
R in R2 

F value 
to enter 

Standard error 
of estimate 

Arealometer A 

Micronaire linear -.883 .779 443.47** 17.50 
index 

quadratic -.893 .797 .018 11.16** 16.84 

Arealometer D 

Micronaire linear -.756 .572 168,30** 7.92 
index 

quadratic -.796 .734 .062 21,05** 7.35 

I (Immaturity ratio) 

Micronaire linear -.752 .565 163.51** .147 
index 

quadratic -.776 .602 .037 11.50** .141 

t (Wall thickness) 

Micronaire linear .881 .775 434.88** .130 
index 

quadratic .881 .775 .000 .05 .130 

W (Weight fineness) 

Micronaire linear .498 .248 41.57** .402 
index 

quadratic .504 .254 .006 1.00 .402 

P (Perimeter) 

Micronaire linear -.225 .051 6.708* 3.91 
index 

quadratic -.266 .071 .020 2.714 3.88 

* Significant at the 57. level of probability. 

** Significant at the 17. level of probability. 



importance of such prediction arises from the fact that Arealometer 

operation is very tedious and time consuming in comparison with the 

Micronaire. However, due to the curvilinear scale used on the Mi

cronaire, a curvilinear relationship was observed between Micronaire 

index and both Arealometer A and D. The curvilinearity was found to 

be greater as far as the relationship between Micronaire index and 

Arealometer D is concerned. Correction for such curvilinearity in

creased the magnitude of the negative correlation between Micronaire 

index and Arealometer D more than that between Micronaire index and 

Arealometer A. 

Similarly, a comparison was made between the properties com

puted from Arealometer A and D and Micronaire index. Immaturity ratio 

(I) was the only computed property to show a curvilinear relationship 

with Micronaire index. However, wall thickness (t), weight fineness 

(V/), and perimeter (p) showed a linear relationship with Micronaire in

dex. Wall thickness (t) and immaturity ratio (I) showed the strongest 

correlations with Micronaire index. It could be concluded from the 

above results that wall thickness comprises the major component of 

Micronaire index. 

Since the early 1940's, the Fibrograph has been the standard 

laboratory instrument for fiber length measurements. Such instrument 

started first as a hand operated instrument and was converted later to 

servo-operation and digital and high speed operating models. The Servo 

Fibrograph makes use of the fibrogram in obtaining the upper half mean 

length (UHM) and mean length (M) (Am. Soc. for Testing and Materials, 
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1964); however, this is a time consuming process. The Digital Fibro-

graph made feasible the use of the concept of span length previously 

described by Hertel and Craven (1960). This concept is valuable to the 

textile industry since it involved the proportional amount of fibers 

which would span this distance between drafting rolls in a textile 

mill. In this instrument, the length measurements could be read di

rectly from the instrument instead of from the curves. It also adapted 

readily to the automatic data acquisition systems. 

Table 16 describes the type of relationship between the Servo 

Fibrograph measurements UHM, M, UHM-DS, and M-DS versus the Digital Fi-

brograph measurements 2.57» and 507. span lengths. The length measure

ment 2.57, SL, which approximates UHM, showed linear relationships with 

both UHM and UHM-DS, with strong correlation coefficients involved. 

However, 507. span length showed a quadratic relationship with both UHM 

and UHM-DS, Span length-UHM correlation coefficients were higher for 

2.57. SL than for 507» SL. Similarly, the relationship between 2.57. SL 

and M was found to be quadratic. However, the regression analysis be

tween 2.57, SL and M-DS failed to show such curvilinearity. The 507. SL, 

as compared with 2.57. SL, was better correlated with M and M-DS, with 

a linear pattern of relationship. Such linearity could be attributed 

to the geometry of the double integral of the fiber length distribution 

(R curve), where mean length (M) could be closely approximated by the 

linear relationship 2(507. SL) - .15. 
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Table 16. Curve fitting for length measurements UHM, M, UHM-DS, and 
M-DS vs. 2.5% and 507. SL. 

Independent 
variable 

Type of 
relationship 

R R2 
Increase 
in R2 

F value 
to enter 

Standard error 
of estimate 

UHM 

2.57. SL linear .966 .933 1754.29** .029 

quadratic .967 .935 .002 3.29 .029 

507. SL linear .867 .751 380.90** .057 

quadratic .877 .770 

M 

.019 9.95** .055 

2.57. SL linear .903 

RL 

.816 557.36* * .045 

quadratic .908 .825 .009 6.70* .044 

507, SL linear .920 .847 698.57** .041 

quadratic .922 .851 .004 2.85 .041 

UHM-DS 

2.57. SL linear .958 .918 1416.68** .031 

quadratic .959 .920 .002 2.14 .031 

507. SL linear .858 .736 350.42** .056 

quadratic .868 .754 .018 9.10** .055 

M-DS 

2.57. SL linear .859 .739 356.00** .052 

quadratic .864 .746 .007 3.69 .052 

507» SL linear .888 .789 471.86** .047 

quadratic .890 .792 .003 1.51 .047 

^Significant at the 5% level of probability. 

**Significant at the 17„ level of probability. 



The Relative Contributions of Fiber 
Properties to Yarn Strength 

The relationship between the measured geometric and mechanical 

fiber properties and yarn strength is a very complex one. Cotton re

search and technology have demonstrated that many variations in spin

ning performance or in yarn quality may be traced to variations in 

geometric or mechanical properties of the cotton fibers. In certain 

cases, the relationship between a fiber property such as fineness, 

strength, or extensibility and the performance of that cotton in a mill 

has been established. In other cases, such relationships are obscured 

by the complex interrelationships of fiber geometric and mechanical 

properties, and the isolation of the particular fiber characteristic 

responsible for a certain mill performance pattern is not possible 

(Rebenfeld, 1961). . 

In addition, the measured geometric and mechanical fiber prop

erties may or may not be related directly to spinning performances or 

yarn quality. Yarn quality may be affected directly by some fiber 

properties, whereas the others may be only related to unknown or diffi

cult to measure real fiber properties which contribute directly to yarn 

strength. 

There are three general approaches which have been used to at

tack the problem of the relationship between fiber properties and yarn 

strength. The first of these approaches is the empirical method which 

simply uses yarn made from fibers possessing different properties and 

relates the fiber properties to their yarn products. The main diffi

culty which faces this approach is the complexities that are 



encountered in yarn structure in relation to changes in fiber proper

ties to the extent that no simple answer can be offered. The second 

approach is the analytical or the theoretical approach which is con

cerned with the analysis of the factors that might contribute to yarn 

behavior such as single fiber properties, the behavior of fibers in 

bundles, yarn geometry, and the performance of fiber individuals in the 

complicated assembly of fibers known as twisted yarn (Wakeham, 1953). 

Such an approach could offer models which are sound in theory but may 

not fit in the observed facts. The third approach, known as the sta

tistical approach, uses the multiple regression analysis in estimating 

the relative contributions of fiber properties in yarn strength. Such 

an approach may also have some limitations relative to its inability to 

show how such fiber properties contribute in yarn strength and its 

use of fiber factors which may or may not relate directly to yarn 

strength. 

The statistical approach was used in this study to compare be

tween different sources of variations in affecting the relative contri

butions of different fiber properties in yarn strength. The national 

varieties combined for the 1966 season were used to demonstrate the 

genetic, environmental, and genetic-environmental interaction varia

tions on such contributions. In addition, such results are compared 

with those of the national varieties of the second cycle which provide 

more environmental (over years) variations, although their sources of 

variation are still the same. Furthermore, the effect of the environ

mental along with the environmental-genetic interaction variations 
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within each variety on the net effect of fiber properties on yarn 

strength were also studied. The four 1966 national varieties were used 

individually for such purpose. 

The relative contributions of 15 fiber properties in predicting 

yarn strength for the 1966 national varieties combined are given in 

Table 17. The 15 fiber properties are: the mechanical properties 

(T^), (T^), and (E^); the geometric properties, the length measurements 

UHM, M, UR, UHM-DS, M-DS, 2.5% SL, and 50% SL, and the fineness measure

ments Micronaire index, A and D; and the colorimeter measurements (Rd) 

and (+b). 

Table 17 indicates that insofar as the fiber properties used 

are concerned, 977. of the total variation in yarn strength could be 

linearly related to variations in fiber properties. Fiber strength 

(T^) was found to be the most important single fiber property to con

tribute to yarn strength. Of the total yarn strength variation, 867* 

could be attributed to (T^). The relative importance of the fiber 

properties that contributed to yarn strength could be placed in the 

following descending order: (T^), 507. SL, Micronaire index, M, (TQ), 

(E^, M-DS, and UR. The rest of the fiber properties, although their 

addition to the prediction equation makes a reduction in the error sum 

of squares, have been excluded due to the lack of significance of their 

partial regression coefficients. However, incorporating such variables 

into the equation did not increase the multiple correlation coefficient 

between yarn strength and fiber properties. 



78 

Table 17. The relative contributions of 15 fiber properties in pre
dicting yarn strength for the 1966 national varieties. 

No. of 
independent 
variables 
included 

Variable 
entered removed 

R R2 
Increase 
in R2 

F value 
to enter 
or remove 

Standard 
error of 
estimate 

1 T1 
.929 .862 787.66** 6.70 

2 50%SL .970 .941 .079 169.38** 4.39 

3 Mic. .975 .950 .009 21,63** 4.06 

4 M .978 .956 .006 16.75** 3.83 

5 T o 
.979 .958 .002 6.54* 3.74 

6 E1 
.981 .962 .004 12.97** 3.57 

7 M-DS .982 .964 .002 5.19* 3.51 

8 UR .983 .966 .002 6.34* 3.44 

9 UHM-DS .983 .966 .000 .90 3.44 

10 A .983 .966 .000 .55 3.44 

11 +b .983 .966 .000 .51 3.45 

12 Rd .983 .967 .001 1.11 3.45 

11 M .983 .967 .000 .00 3.44 

12 2.57.SL .983 .967 .000 .10 3.45 

13 UHM .983 .967 .000 .08 3.46 

14 M .983 .967 .000 .41 3.47 

15 D .983 .967 .000 .04 3.49 

* Significant at the 57<, level of probability. 

** Significant at the 1% level of probability. 
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From the above results, it could be concluded that the fiber 

length measurements 507. SL, M, and M-DS are more important than 2.5% 

SL, UHM, or UHM-DS in demonstrating the contribution of fiber length 

into yarn strength. This result could be attributed to the less prom

inent curvilinear pattern found between yarn strength and 507,, SL, M, 

and M-DS as shown in Table 13. 

In comparison with the above results, the relative contribu

tions of nine fiber properties in predicting yarn strength for the com

bined national varieties of the second cycle were estimated and pre

sented in Table 18. The nine fiber properties used in this study are 

the mechanical fiber properties (T^), (Tq), and (E^); and the geometric 

properties, the length measurements UHM-DS, M-DS, 2.57, SL, and 507, SL, 

and the fineness measurements A and D. 

In this group of varieties, only 487, of the variation in yarn 

strength could be attributed to the variations in the fiber properties 

involved. This low association may be due to the combining of the 

three-year period of the cycle in the analysis because, in some areas, 

severe weather conditions at the time of harvest prevailed. 

Another factor responsible for this low association is that in 

this cycle, fiber and yarn properties of the national varieties differed 

little from each other. The coefficient of variation for most fiber 

properties and yarn strength did not exceed 107. of the experimental 

mean. It appears that the national varieties chosen did not provide 

enough range in the properties used for the expression of such associ

ation. However, (T^) was still the most important single fiber 
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Table 18. The relative contributions of 9 fiber properties in predict-
- ing yarn strength for the second cycle national varieties, 
1963-1965. 

No. of 
independent 
variables 
included 

Variable 
entered removed 

R R2 
Increase 
in R2 

F value 
to enter 
or remove 

Standard 
error of 
estimate 

1 T1 
.550 .302 217.29** 8.13 

2 507.SL .599 .359 .057 44.35** 7.80 

3 D .644 .415 .056 47.67** 7.46 

4 T 
0 

.692 .479 .064 61.29** 7.04 

5 UHM-DS .693 .481 .002 1.98 7.04 

6 
E1 

.695 .483 .002 1.87 7.03 

7 A .697 .485 .002 2.29 7.02 

8 M-DS .697 .485 .000 .10 7.03 

9 2.5%SL .697 .485 .000 .15 7.04 

** Significant at the 1% level of probability. 



property to contribute to yarn strength. The relative importance of 

the fiber properties contributing to yarn strength is in the following 

descending order: (T^), 507. SL, D, and (To). The similarity between 

such results and the results of the 1966 national varieties is in the 

presence of (T^) and 507. SL in the first and second orders of importance 

to yarn strength, respectively. However, due to the absence of Micro-

naire index in the determinations of the second cycle varieties, Areal-

ometer D took the third position among the fiber properties that 

contributed to yarn strength. In such a cycle, Arealometer D was more 

important than Arealometer A in affecting yarn strength. Apparently 

this may be attributed to the susceptibility of D to any changes in the 

surface properties of the fibers due to environmental conditions. Al

though both A and D values were decreased as a result of increase in 

surface roughness (Krowicki, 1960), the relative magnitude for the de

crease in D was more remarkable. Fiber strength (T ) ranked fifth and 
o 

fourth in affecting yarn strength in the 1966 national varieties and 

the second cycle varieties, respectively. 

The above results are in agreement with the findings reported 

by Webb (1965). He showed that the fiber properties strength (T^), 

length,and fineness rank first, second, and third, respectively, in 

their contribution to yarn strength, despite the differences between 

the length and fineness measurements used. In addition, 507. SL was 

also reported by Louis and Fiori (1966) and Louis, Fiori, and Leitz 

(1968) to be a better basis than 2.57, SL to explain the effect of fiber 

length on yarn strength. 



The relative contributions of 15 fiber properties in predicting 

yarn strength of the four 1966 national varieties are presented in 

Tables 19, 20, 21, and 22. The fiber properties used in these varie

ties are the same as those listed with respect to the 1966 national 

varieties combined. In the long staple variety Acala 1517-D and the 

short staple variety Paymaster 54-B as indicated in Tables 19 and 20, 

respectively, 967. of the variation found in yarn strength could be at

tributed directly to variations in fiber properties. In both varieties, 

(T^) was the most important single fiber property to contribute to 

yarn strength. However, (T^) contributed 74% and 497. of the variations 

in yarn strength in Acala 1517-D and Paymaster 54-B, respectively. 

Fiber length measurements M and 507. SL ranked second in importance to 

(T^) for Acala 1517-D and Paymaster 54-B, respectively. The other 

fiber properties which contributed to the variation in yarn strength 

were different in both varieties. While UHM, UHM-DS, and Micronaire 

index ranked third, fourth, and fifth, respectively, with respect to 

Acala 1517-D, Paymaster 54-B showed that (Tq), M, A, and Micronaire in

dex ranked third, fourth, fifth, and sixth in the respective order of 

importance to yarn strength. Although both varieties have been grown 

under the same environmental conditions, such variations could be at

tributed to the interactions between each variety and the environment 

to the extent that the interrelated responses in both varieties with 

respect to yarn strength and fiber properties are no longer the same. 

The effect of the genetic-envirorimental interactions within a 

given variety on the relative contributions of fiber properties on yarn 
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Table 19. The relative contributions of 15 fiber properties in pre
dicting yarn strength for Acala 1517-D in 1966. 

No. of 
Independent 
variables 
included 

Variable 
entered removed 

R R2 
Increase 
in 

F value 
to enter 
or remove 

Standard 
error of 
estimate 

1 T1 
.860 .739 84.95** 4.79 

2 M .947 .897 .158 44.37** 3.07 

3 UHM .952 .907 .010 3.11 2.96 

4 UHM-DS .962 .926 .019 6.77* 2.69 

5 Mic. .968 .937 .011 4.73* 2.53 

6 +b .970 .940 .003 1.25 2.51 

7 507.SL .971 .943 .003 1.35 2.50 

8 M-DS .973 .947 .004 1.46 2.47 

9 T 
o 

.975 .951 .004 2.08 2.42 

10 2.57.SL .977 .954 .003 1.19 2.41 

11 D .978 .956 .002 .98 2.41 

12 A .978 .957 .001 .39 2.45 

13 E1 
.978 .957 .000 .01 2.51 

* Significant at the 57. level of probability. 

** Significant at the 17. level of probability. 



84 

Table 20. The relative contributions of 15 fiber properties in pre
dicting yarn strength for Paymaster 54-B in 1966. 

No. of 
independent 
variables 
included 

Variable 
entered removed 

R R2 
Increase 
in R2 

F value 
to enter 
or remove 

Standard 
error of 
estimate 

1 T1 
.697 .486 28.31** 5.52 

2 507.SL .895 .802 .316 46.15** 3.49 

3 T o .933 .870 .068 14.70** 2.87 

4 M .949 .902 .032 8.69** 2.55 

5 A .951 .905 .003 .92 2.55 

6 Mic. .960 .921 .016 5.21* 2.37 

7 UR .963 .927 .006 1.74 2.33 

8 E1 
.968 .938 .011 3.99 2.20 

9 D .970 .941 .003 1.38 2.18 

10 +b .972 .945 .004 1.32 2.16 

11 Rd .974 .948 .003 1.46 2.14 

12 M-DS .977 .955 .007 2.72 2.05 

13 UHM .979 .958 .003 1.23 2.04 

14 UHM-DS .980 .959 .001 .68 2.06 

15 2.57.SL .980 .960 .001 .32 2.10 

* Significant at the 57, level of probability. 

** Significant at the VL level of probability. 
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Table 21. The relative contributions of 15 fiber properties in pre
dicting yarn strength for Stoneville 7A in 1966. 

No. of 
independent Variable 
variables entered removed 
included 

R R2 
Increase 
in R2 

F value 
to enter 
or remove 

Standard 
error of 
estimate 

1 M .883 .779 105.70** 3.69 

2 M-DS .912 .831 .052 8.99** 3.28 

3 2.57.SL .925 .855 .024 4.58* 3.10 

4 T1 
.934 .873 .018 3.78 2.95 

5 Mic. .942 .887 .014 3.33 2.83 

6 T o 
.956 .915 .028 7.99** 2.52 

7 A .958 .918 .003 .92 2.52 

8 UHM-DS .959 .919 .001 .31 2.56 

7 Mic. .959 .919 .000 .00 2.50 

8 507.SL .959 .920 .001 .38 2.54 

9 E1 
.960 .921 .001 .10 2.59 

10 UR .960 .921 .000 .05 2.65 

11 Mic. .960 .921 .000 .06 2.70 

10 2.57.SL .960 .921 .000 .00 2.64 

11 UHM .960 .921 .000 .05 2.70 

12 Rd .960 .921 .000 .02 2.77 

* Significant at the 

** Significant at the 

57. level 

1% level 

of probability 

of probability 

• 

• 
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Table 22. The relative contributions of 15 fiber properties in pre
dicting yarn strength for Coker 201 in 1966. 

No. of 
independent 
variables 
included 

Variable 
entered removed 

R R2 
Increase 
in R^ 

F value 
to enter 
or remove 

Standard 
error of 
estimate 

1 UR .746 .557 37.70** 4.16 

2 UHM-DS .775 .601 .044 3.23 4.01 

3 E1 
.851 .723 .122 12.35** 3.40 

4 D .872 .761 .038 4.26* 3.22 

5 T 
o 

.889 .791 .030 3.70 3.07 

6 UHM .905 .819 .028 3.97 2.91 

7 507.SL .916 .839 .020 2.92 2.80 

8 2.57.SL .922 .850 .011 1.69 2.76 

9 M-DS .924 .853 .003 .43 2.80 

10 
Ti 

.926 .857 .004 .64 2.82 

11 A .927 .860 .003 .32 2.87 

12 Mic. .928 .862 .002 .34 2.92 

13 +b .931 .867 .005 .74 2.94 

12 2. 57a SL .931 .867 .000 .00 2.86 

13 Rd .932 .869 .002 .20 2.92 

14 M .933 .870 .001 .11 3.00 

15 2.57.SL .933 .871 .001 .10 3.08 

* Significant at the 57.. level of probability. 

** Significant at the 17. level of probability. 



87 

strength is more profound with respect to the medium staple varieties 

Stoneville 7A and Coker 201 as presented in Tables 21 and 22, respec

tively. In such varieties, (T^) ceased to be the most important single 

fiber property to affect yarn strength. In Stoneville 7Af fiber length 

measurement M contributed 78% of the variations in yarn strength, 

whereas UR contributed 577. of such variations in Coker 201. However, 

927. of the variation in Stoneville 7A could be traced back to variations 

in fiber properties with M, M-DS, 2.5% SL, (T^), Micronaire index, and 

(Tq) ranking in descending order as the most important fiber properties 

to affect yarn strength. Similarly, 8773 of the variations in yarn 

strength in Coker 201 could be explained on the basis of variations due 

to fiber properties, with UR, UHM-DS, (E^, D, (Tq), UHM, 50% SL, and 

2.5% SL in descending order as the most important fiber properties to 

contribute to yarn strength. 

Genotype x Environment Interactions for Lint Yield, 
Agronomic and Fiber Properties, and Yarn Strength 

Comstock and Moll (1963) defined genotype x environment inter

actions as the interplay in effect of the genetic and non-genetic in

fluences on the development of a phenotype. Variety tests repeated 

over years and locations were used intensively to define and estimate 

the relative magnitudes of the different components of such genotype x 

environment interactions. The estimates of their relative magnitudes 

are important in obtaining measures of the stability of the genotypic 

effects. 



This study was designed to obtain estimates of the magnitudes 

of the genotypic-environmental interaction components in cotton variety 

tests grown in five regions of the U. S. Cotton Belt, and to estimate 

the relative stability of such varieties with respect to certain fiber 

and yarn properties. Whereas both the national and regional varieties 

were used for the separate regions, the three national varieties alone 

were used for the combined locations over regions. 

Ratios of the pertinent components of variance to the error 

variance for lint yield, boll weight, lint percent, and seed index are 

presented in Tables 23, 24, 25, and 26, respectively. For such traits 

practically all of the interaction components were statistically sig

nificant. The variety x year x location component was found to have 

the highest magnitude among the other interaction components. However, 

there were some exceptions in each case. The variety x location com

ponent was the largest for lint yield in the Plains region, for boll 

weight in the Western region, for lint percent in the Central region, 

and for seed index in the Western region. In most of the cases, with 

respect to yield, the variety x location component was of substantial 

magnitude and slightly smaller than the second order interaction, 

whereas the variety x year interaction component was of minor impor

tance. However, for the other three agronomic traits, the magnitude of 

the variety x location and the variety x year interactions varied 

widely from one region to the other. 

For yield, the varietal and the interaction components of vari

ance were only fractions of the error components of variance. On the 
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Table 23. Ratios of the pertinent components of variance to the error 
variance of lint yield. 

Component Plains Eastern Central Delta Western 
National 
varieties 

A 2  

V  
.305 .176 .090 .187 .018 .173 

vy 
.024 .033 -.049@ .004 .042 -.095@ 

o2 
vp 

.208 .156 .051 .226 .278 .117 

0 *  2  
vyp 

.096 .167 .299 .269 .403 .121 

<T 2 
e 

1.000 1.000 1.000 1.000 1.000 1.000 

@ Nonsignificant mean square at the 5% level of probability. 

Table 24. Ratios of the pertinent components of variance to the error 
variance of boll weight. 

Component Plains Eastern Central Delta Western 
National 
varieties 

>
 

CM 
O

 3.921 13.684 2.143 5.761 7.413 .993 

A 2  
vy 

.066 -.135 .012 .022 .120 .036 

<T 2 

vp 
.107 -.239 -.047® .254 .320 .178 

<r 2 
vyp 

.669 .475 .307 .664 .189@ 1.997 

ff 2 
e 

1.000 1.000 1.000 1.000 1.000 1.000 

@ Nonsignificant mean square at the 5% level of probability. 
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Table 25. Ratios of the pertinent components of variance to the error 
variance of lint percent. 

Component Plains Eastern Central Delta Western 
National 
varieties 

« 2  
v 

2.775 2.527 5.736 2.415 3.225 .969 

a2 
vy 

-.035 .054 .054*5 .263 .162 -.013 

2 
a 

vp 
.249 - .337*5 .269 .100 .099 .140 

2 
a 

vyp 
2 

a 
e 

.695 1.234 .110@ .393 .407 .175 
2 

a 
vyp 
2 

a 
e 

1.000 1.000 1.000 1.000 1.000 1.000 

@ Nonsignificant mean square at the 57. level of probability. 

Table 26. Ratios of the pertinent components of variance to the error 
variance of seed index. 

Component Plains Eastern Central Delta Western 
National 
varieties 

2 
C 

V 
1.630 6.317 3.309 8.282 12.464 2.985 

2 
0 

vy 
.053 .265 .108 .398 .237 .035 

2 
° vp .046 .069 .235 -.041 .363 .119 „2 

vyp 

« 2  
e 

.351 .320 .655 .587 -.029@ .320 „2 
vyp 

« 2  
e 

1.000 1.000 1.000 1.000 1.000 1.000 

@ Nonsignificant mean square at the 5% level of probability. 
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contrary, for boll weight, lint percent, and seed index, the varietal 

component of variance was of sizable magnitude, and in most of the cases 

it exceeded the error and the interaction components by wide margins. 

The sizable magnitudes of variety x year x location interaction 

for the four traits indicated that the varieties responded differently 

when grown under different environments (locations over years). How

ever, there was also a differential response to locations with respect 

to yield as indicated by the substantial variety x location interac

tion, The relatively small values of the variety x year interaction 

with respect to all traits and the variety x location interaction with 

all traits excepting yield indicated that there was no consistent year 

effect, and in most of the traits, location effect on the differential 

varietal responses. Such findings are in general agreement with those 

reported in cotton by Miller, Williams, and Robinson (1959), Miller, 

Robinson, and Pope (1962), and Abou-El-Fittouh, Rawlings, and Miller 

(1968). Abou-El-Fittouh j^t al. (1968) attributed the interaction vari

ation with respect to yield to temperature effects, and less strongly 

to moisture availability and disease conditions. In addition, they 

found that elevation and temperature effects accounted for most of the 

interaction obtained with respect to boll weight. 

Ratios of the pertinent components of variance to the error 

variance for yarn strength and the fiber mechanical properties (T^), 

(Tq), and (E^) are given in Tables 27, 28, 29, and 30, respectively. 

Most of the interaction components of variance for such properties were 

statistically significant. However, none of the interaction components 
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Table 27. Ratios of the pertinent components of variance to the error 
variance of yarn strength. 

Component Plains Eastern Central Delta Western 
National 
varieties 

O 2 
V 

3,676 .138 .908 .507 8.585 .159 

0 
2 
vy 

.094 .039 .015 .022 .122 -.028® 

0 2 
vp 

.188 -.005® .067® .216 .073 .111 

e
2  
vyp 

.331 .205 .085® .310 .124® .358 

(5 2 
e 

1.000 1.000 1.000 1.000 1.000 1.000 

<a Nonsignificant mean square at the 5% level of probability. 

Table 28. Ratios of 
variance 

the pertinent components of 
of fiber strength (T^). 

variance to the error 

Component Plains Eastern Central Delta We stern 
National 
varieties 

« 2  
v 

3.017 .204 2.774 1.348 12.300 .498 

. 2  
vy 

-.016® .161 .208 -.043 .118 -.006® 

0 
2 

vp 
.196 -.019® .036 .186 .303 .057 

a 2 

vyp 

tf2 
e 

.335 .295 .684 .807 

<B
) 

04 CO i—
4 

•
 .302 a 2 

vyp 

tf2 
e 

1.000 1.000 1.000 1.000 1.000 1.000 

® Nonsignificant mean square at the 57„ level of probability. 
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Table 29. Ratios of 
variance 

the pertinent components of variance to 
of fiber strength (T ). 

o 

the error 

Component Plains Eastern Central Delta Western 
National 
varieties 

c2 
V 

4.449 1.619 5.158 2.717 9.361 1.016 

c,2 
vy 

.008 .201 .126 .037® .136 .047 

6 2 
vp 

.385 .075 .171 .053® -.011 .120 

a 2 
vyp 

.674 .412 .451 .034® .488 .274 

* 2 e 
1.000 1.000 1.000 1.000 1.000 1.000 

@ Nonsignificant mean square at the 57„ level of probability. 

Table 30. Ratios of the pertinent components of variance to the error 
variance of fiber elongation (E^). 

Component Plains Eastern Central Delta Western . r varieties 

a 
2 
V 

5.858 5.834 5.630 3.038 3.987 5.949 

a 
2 
vy 

.038 .180 -.395 -.063 .557 .150 

o 
2 
vp 

.428 .036 .607 -.048 .087 .327 

a 
2 
vyp 

.696 .703 2.552 1.251 .663 1.600 

c 
2 
e 

1.000 1.000 1.000 1.000 1.000 1.000 



were statistically significant with respect to yarn strength and (T ) 

for the Central and Delta regions, respectively. Similarly, variety x 

year x location component lacked the significance for both yarn 

strength and (T^) in the Western region. Also, some of the first order 

interactions were nonsignificant for yarn strength and (T^). In most 

cases, the magnitude of the variety x year x location component was 

higher than any of the first order interaction components. However, 

the variety x location was the largest with respect to (T^) in the 

Western region. The magnitudes of variety x location and variety x 

year interactions for such properties varied widely from one region to 

the other. As the varietal components of variance for yarn strength 

and (T^) ranged from a fraction to several times larger than the error 

and the second order interaction components, its magnitude was consid

erably higher than any of the first order interactions. However, for 

(Tq) and (E^, the varietal component of variance was many times larger 

than any of the error or interaction components. Abou-El-Fittouh e_t 

al. (1968) found that temperature was the major environmental variable 

associated with the interaction obtained for yarn strength. 

The ratios of the varietal to the error components of variance 

were used to obtain a measure of the relative stability of the varieties 

with respect to yarn strength, (T^), (Tq), and (E^). The comparison be

tween the ratios of the corresponding characters within each region in

dicated that, excepting the Western region, the magnitudes of such 

ratios with respect to these four properties could be placed in the 

following descending order: (E^), (T0)» (T^), and yarn strength. 



However, for the Plains region, the magnitude of yarn strength variance 

ratio was found to be higher than that of (T^). It could be concluded 

from the above results that the stability of the varieties expressed as 

the ratio of the varietal to the error components of variance is higher 

for (E^) than (Tq), higher for (Tq) than (T^), and higher for (T^) than 

yarn strength. In other words, the magnitude to which the varietal ex

pression is modified due to environmental factors is greater for yarn 

strength that it is for (T^), (Tq), or (E^). Such results could be ex

plained by discussing the factors that might influence the measurements 

of these characters. Yarn strength is a complex property in which yarn 

geometry and the behavior of single fibers, bundles of fibers, and the 

assembly of fibers known as the twisted yarn construct the basis for 

such determination. With so many factors involved, the varietal ex

pression could be modified more than any other comparable mechanical 

fiber property. By the same token, fiber strength (T^), measured by 

using a 1/8-inch spacer which causes a drop of 457, to 557„ of the value 

of (Tq) in Upland cotton, is influenced by several factors. While the 

physical structure of the fibers exhibits a major role in (T^) deter

minations, it is also affected by fiber crimp (Wakeham, 1954), and the 

weak places along the length of the fibers attributed in part to the 

structural reversals (Wakeham and Spicer, 1951). At shorter gauge 

length, especially with respect to (Tq), the effect was minimized be

cause fewer weak points and less crimp are included in the shorter test 

length. In other words, the basic component of the varietal effect, 

i.e., the physical structure of the cellulose fibrils, plays a stronger 
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role with respect to (Tq) than with respect to (T^). Although fiber 

elongation (E^) is measured using the same 1/8-inch spacer as (T^), it 

is not affected the same way by the structural reversals. Orr et al. 

(1961) interpreted the reversals as a boon to elongation, allowing the 

fibers to untwist as load is applied and permitting independent move

ment of growth layers within the fibers for short spans. He found that 

fibers,mercerized under extremely high tension, had many areas in addi

tion to the reversals that showed parallel extension. The present data 

showed a much stronger association between (Tq) and (E^) than between 

(T^ and (Ej), 

Ratios of the pertinent components of variance to the error 

variance of the drawing sliver length measurements UHM and M are given 

in Tables 31 and 32, respectively. For such characters, it is noted 

that most of the interaction components of variance were statistically 

significant. The variety x year x location component was found to have 

the highest magnitude of the interaction components. However, the 

variety x year source was the highest for the Central region. The 

varietal component varied according to regions from a fraction to sev-

- eral times as big as the error component. 

The ratios of the varietal to the error components of variance 

within each region were used to compare between the relative stability 

of the varieties with respect to UHM-DS and M-DS length measurements. 

It is noted that the magnitudes of such ratios are always higher for 

UHM-DS that it is for M-DS within a given region. It is concluded from 

the above results that UHM-DS is a more stable length measurement in 
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Table 31. Ratios of 
variance 

the pertinent components of 
of UHM-DS length. 

variance to the error 

Component Plains Eastern Central Delta Western 
National 
varieties 

V 
5.337 .958 1.776 1.019 5.740 .871 

<r 2 

vy 
.069 .095 .131 .031 .149 .052 

or 2 
vp 

.207 -.045® .Oil0 .046 .683 .047 

cr 2 
vyp 

.296 .371 .040® .515 1.070 .221 

cr 2 
e 

1.000 1.000 1.000 1.000 1.000 1,000 

Nonsignificant mean square at the 57. level of probability. 

Table 32. Ratios of the pertinent components of variance to the error 
variance of M-DS length. 

Component Plains Eastern Central De 1 ta Western 
National 
varieties 

0 2 
v 

1.553 .238 .591 .348 2.353 .192 

<r 2 
vy 

-.047® .040 .202 -.008 .051 .032 

6 2 

vp 

<5 2 

vyp 

.072 -.040® .006® .015 .128 -.054® 6 2 

vp 

<5 2 

vyp 
.413 .260 -.131® .502 .535 .198 

(T 2 
e 

1.000 1.000 1.000 1.000 1.000 1.000 

@ Nonsignificant mean square at the 57. level of probability. 



reflecting the varietal contribution to length variations. The M-DS, 

as it reflects the average length of all fibers longer than 1/4 inch, 

could approximate the length distribution in the test specimen. On 

the other hand, UHM-DS is a more strict measurement to the length of 

one-half of the fibers by weight that contains the longer fibers. From 

the above results, it appears that the length distribution as reflected 

in M-DS is subject to more environmental changes than the length of the 

longer half of the fibers (UHM-DS). 

Ratios of the pertinent components of variance to the error 

variance of the raw stock length measurements 2.57. and 50% SL are pre

sented in Tables 33 and 34, respectively. For each measurement, it is 

noted that, from 18 interaction estimates obtained, six estimates for 

2.57= SL and 10 estimates for 507. SL were nonsignificant. The variety x 

year x location component was the predominant interaction for the Cen

tral and Western regions. However, the magnitude of the variety x year 

or the variety x location components varied from one region to another. 

The magnitude of the varietal component of variance varied according to 

region from a fraction to many times larger than the error component of 

variance. 

The ratios of the varietal to the error components of variance 

for each region were used to compare between the relative stability of 

the varieties with respect to 2.57, and 507. span lengths. It is noted 

that the range of the varietal differences with respect to 2.57o span 

length is always higher than that of 507„ span length, within a given 

region. It could be concluded from the above results that 2.5°L SL is a 
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Table 33. Ratios of the pertinent components of variance to the error 
variance of 2.57. span length. 

Component Plains Eastern Central Delta Western 
National 
varieties 

v 
3.069 .666 2.175 .545 3.849 .527 

a 2 
vy 

.124 .088 .022 .088 .156 .037 

* 2  
vp 

.085® -.025® .082 .081 .242 .064 

0 2 
vyp 

.037® .116® .'391 .052® .524 .029® 

* 2 
e 

1.000 1.000 1.000 1.000 1.000 1.000 

® Nonsignificant mean square at the 57. level of probability. 

Table 34. Ratios of the pertinent components of variance to the error 
variance of 507. span length. 

Component Plains Eastern Central Delta Western 
National 
varieties 

* 2 
V 

.623 .225 .283 .112 3.385 .091 

vy 
.072® -.030® -.184® .037® .012® .012 

a 2 

vp 
.083® -.090® .081 .101 .045 .003 

C 2 

vyp 
-.017® .107® .512 .028® .263 

CM o
 •
 

* 2 e 
1.000 1.000 1.000 1.000 1.000 1.000 

® Nonsignificant mean square at the 57. level of probability. 



100 

more stable length measurement in reflecting the varietal contribution 

to length variation. The 507. SL is the distance from the clamp on a 

fiber beard to a point where only 507. of the fibers extend. The 2.57. 

SL is the distance where the longest 2.57. SL of the fibers extend. 

The above results indicate that 507. SL, as it reflects the length dis

tribution closer than 2.57. SL, is a more sensitive measurement to en

vironmental modifications on length. 

Ratios of the pertinent components of variance to the error 

variance for Arealometer A and D are given in Tables 35 and 36, respec

tively. It is noted that for the Eastern and Central regions, most of 

the interaction components are statistically nonsignificant. The vari

ety x year x location component was the predominant interaction. How

ever, for D in the Central region, the variety x location component was 

the most important. The first order interaction components were of 

minor importance and their magnitudes varied widely according to regions. 

Whereas the varietal component for Arealometer A ranged from one-third 

to two times larger than the error component, the varietal component 

for D was about half the error component for all regions. 

The ratios of varietal to error components of variance were 

used to compare between the relative stability of the varieties with 

respect to A and D. The ranges of the varietal differences for A and 

D were almost similar for the Plains, Eastern, and Western regions. 

However, for the Central and Delta regions, and the national varieties, 

the magnitude of this ratio was found to be higher for A than it was for 

D. It is concluded, that for such regions, the varietal stability was 
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Table 35. Ratios of the pertinent components of variance to the error 
variance of Arealometer A. 

Component Plains Eastern Central Delta Western 
National 
varieties 

a 2 
v 

.450 .463 1.445 1.981 .434 .774 

,2 
vy 

.067 -. 040(? .027(? .025 -.068 .0010 

a2 
vp 

.289 -.1080 .0350 .016 .274 .247 

a 2 
vyp 

.706 .383 .1100 .364 1.162 .413 

o2 
e 

1.000 1.000 1.000 1.000 1.000 1.000 

0 Nonsignificant mean square at the 57. level of probability. 

Table 36. Ratios of 
variance 

the pertinent components of variance to 
of Arealometer D. 

the error 

Component Plains Eastern Central Delta Western 
National 
varieties 

* 2 v 
.471 .474 .479 .532 .369 .489 

« 2 
vy 

.033 -.027@ .0250 .0070 -.006 .024 

c 2 
vp 

.056 -.0770 .177 .031 -.075 .052 

6 2 
vyp 

6 2 
e 

.687 .168® -.118® .182 .620 .185 6 2 
vyp 

6 2 
e 

1.000 1.000 1.000 1.000 1.000 1.000 

@ Nonsignificant mean square at the 57., level of probability. 
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relatively higher for Arealometer fineness A than it was for shape 

factor D. 

Fiber and yarn properties are similar to the agronomic traits 

in the presence of a large variety x year x location interaction com

ponent. This demonstrates that insofar as fiber and yarn properties 

are concerned, varieties respond differently in different environments. 

However, the differences observed between regions indicate that varie

ties and environments taken into consideration affect remarkably the 

magnitudes of their interaction components. In most of the fiber and 

yarn properties studied, it was found that variety x year and variety 

x location interactions are of minor importance, and their magnitudes 

varied widely according to regions. In most of the cases, however, the 

magnitude of the three interaction components was very small as com

pared with the varietal source of variation. The above results are in 

general agreement with the findings of similar studies in cotton by 

Miller, Williams, and Robinson (1959), Miller, Robinson, and Pope 

(1962), and Abou-El-Fittouh, Rawlings, and Miller (1968). 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Studies were carried out to evaluate the nature and magnitude 

of associations between agronomic and fiber properties and yarn 

strength in Upland cotton. The 1966 national varieties, namely, the 

long staple variety Acala 1517-D, the short staple variety Paymaster 

54-B, and the medium staple varieties Stoneville 7A and Coker 201, were 

utilized for such purpose. The data collected over 32 locations for 

each variety were used to calculate simple correlation coefficients 

between characters, where the sources of variation are environmental 

and the interactions between each variety and the environments. The 

correlation coefficients for the four varieties combined were calcu

lated, thereby adding genetic variation to the estimates. The data for 

the same combined varieties were used in a curvilinear regression anal

ysis to study the type of curve fitting between characters and to esti

mate the inaccuracies which nonlinearity of relationship may introduce 

into the simple correlation coefficients. 

Furthermore, a multiple regression analysis was used to estimate 

the relative contributions of fiber properties to variations in yarn 

strength. Both the 1966 national varieties and the second cycle na

tional varieties were compared in demonstrating the effect of genetic, 

environmental, and genetic-environmental interaction variations in such 

contributions. In addition, the effects of environmental along with 
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104 

environmental-genetic interaction variations within each of the 1966 

national varieties on the net effect of fiber properties on yarn 

strength were studied. 

The information on the type and magnitude of variety by environ

ment interaction effects was obtained, utilizing Upland cotton varie

ties grown in five regions across the U. S. Cotton Belt. The ratios of 

the varietal to the error components of variance were used as an indi

cator of the relative stability of such varieties with respect to cer

tain fiber and yarn properties. 

The results led to the following conclusions pertaining to the 

association and curve fitting between characters, the relative contri

butions of fiber properties to variations in yarn strength, and the 

type and magnitude of genotype x environment interactions: 

1. Lint yield was not associated with either boll weight, lint 

percent, seed index, or lint weight per seed. Paymaster 54-B was the 

only variety to demonstrate a positive correlation between lint yield 

and boll weight. Boll weight was not associated with lint percent, but 

showed positive correlations with its major components seed index and 

lint weight per seed. Lint percent was negatively correlated with its 

component seed index, for two individual varieties. The remaining 

varieties failed to show such association, and the combined varieties 

demonstrated a positive association between lint percent and seed in

dex. Such results indicated that the type and magnitude of association 

between lint percent and seed index depend mainly on the sources of 

variation in the population under study. However, lint weight per 
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seed, a major component of lint percent, was positively correlated with 

lint percent and seed index. 

2* Lint yield was positively correlated with fiber length 

(2.57. and 507. SL). Such result demonstrates the role fiber length 

plays as an important component of lint yield. Although fiber strength 

(Tq) is not a component of lint yield, they were negatively correlated 

for the varieties combined. However, lint yield failed to show any 

relationship with any other fiber or yarn property. 

3. Boll weight was positively correlated with fiber length 

(2.57. and 507. SL). This was attributed to the concomitance observed in 

their patterns of growth and to fiber length being an important compon

ent of boll weight. However, boll weight was negatively correlated 

with fiber strength (T ) and positively correlated with fiber elonga

tion (Ej). A positive association was obtained between boll weight and 

fiber strength (T^) for two individual varieties. The remaining varie

ties and the varieties combined failed to show such association. Boll 

weight and yarn strength were negatively correlated for Acala 1517-D, 

positively correlated for Stoneville 7A, and not correlated for the 

rest of the varieties or the varieties combined. Boll weight was 

neither correlated with fiber fineness nor fiber color. 

4. Lint percent failed to show any significant or consistent 

trend of association with fiber properties or yarn strength for the in

dividual varieties. On the contrary, the combined varieties, including 

sources of genetic variation, showed that lint percent was negatively 

correlated with fiber length, fineness, and strength and yarn strength. 
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However, few individual varieties demonstrated such associations. 

Fiber reflectance and yellowness were found to be positively correlated 

with lint percent for Coker 201 and the combined varieties, respec

tively. 

5. Seed index was positively correlated with both fiber length 

(2.57. and 507. SL) and fiber coarseness. This was explained on the 

basis of the concomitance of elongation and secondary wall deposition 

of the fibers, with the enlargement of the seed and the secondary wall 

deposition in the seed coats, respectively. Fiber strength (Tq) was 

negatively correlated with seed index for most of the individual vari

eties, but not for the varieties combined. On the contrary, both fiber 

strength (T^) and yarn strength were positively correlated with seed 

index for some of the individual varieties and the varieties combined. 

Fiber elongation (E^) was positively correlated with seed index. 

Whereas seed index showed a positive association with fiber reflec

tance, it failed to show any association with fiber yellowness. 

6. Lint weight per seed was positively associated with its 

major components, fiber length and fiber coarseness (linear density). 

Arealometer D, an indicator of immaturity, was negatively correlated 

with lint weight per seed for two individual varieties and the varie

ties combined. Only for Acala 1517-D, lint weight per seed was nega

tively associated with fiber strength (Tq and T^) and positively 

associated with fiber elongation (E^). Yarn strength and fiber elonga

tion (Ej) were positively correlated with lint weight per seed for the 

combined varieties. 
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7. Fiber length (507, SL) was positively associated with fiber 

coarseness within the long and medium staple varieties. This was at

tributed to correlated responses in both length and coarseness due to 

environmental stimulation. Fiber length-strength relationships were 

found to depend mainly on whether (Tq) or (T^) was taken into consider

ation and the type of population under study. Whereas the individual 

varieties showed a negative association between length and (Tq), a 

positive association was obtained for the combined varieties. Unlike 

(TQ), <Tl) did not show any significant negative association with fiber 

length for the individual varieties except for the short staple cotton 

Paymaster 54-B. Moreover, fiber length was positively correlated with 

(T^) for the medium staple variety Stoneville 7A. The magnitude of 

length-strength correlations for the combined varieties was higher for 

(T^) than for (Tq). Fiber length was positively correlated with both 

fiber elongation (E^) and yarn strength. However, the combined varie

ties failed to show such relationship with respect to (E^). Whereas 

fiber length was positively correlated with fiber reflectance, it 

failed to show any association with fiber yellowness. 

8. Both Micronaire index and Arealometer A were not correlated 

with either fiber strength (Tq) or fiber elongation (E^). The medium 

staple varieties demonstrated a positive association between fiber 

coarseness and both fiber strength (T^) and yarn strength. Also, the 

medium staple varieties showed a negative association between Areal

ometer D and both fiber strength (T ) and (T-). 
O 1 
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9. Fiber strength (Tq) was positively correlated with both 

fiber strength (T^) and yarn strength. However, one medium staple 

variety failed to show this association with respect to (T^), and both 

medium staple varieties either showed a negative association or failed 

to show any association with respect to yarn strength. Yarn strength-

fiber strength correlations were always higher for (T^) than for (Tq), 

with the highest associations obtained for the combined varieties. 

Fiber strength (Tq) and (T^) and yarn strength were negatively corre

lated with fiber elongation (E^). The magnitude of association with 

(EJ) was always higher for (Tq) than (T^) and higher for (T^) than yarn 

strength. Fiber strength (T and T^) failed to show any association 

with reflectance (Rd) and negatively correlated with yellowness (+b) 

for the short staple variety and the varieties combined. Yarn strength 

had positive associations with both (Rd) and (+b) for the medium staple 

varieties. However, (Rd) and (+b) were positively correlated. 

10. Different sources of variation were compared as to affect

ing the correlations between yarn strength and fiber properties. In 

regard to the relationship between yarn strength and fiber length (507. 

SL and 2.57. SL) and fiber strength (T^ and T^), positive correlations 

were obtained for all sources of variation. However, the magnitude 

of such correlations was higher for the varietal source than any other 

source of variation. This demonstrated that either longer or stronger 

fibers contribute in increasing yarn strength. Micronaire index was 

negatively correlated with yarn strength for the varietal source and 

positively correlated with yarn strength for the location source. 
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Negative but weak associations were obtained for all sources of varia

tion when yarn strength was correlated with fiber elongation (E^). The 

error source of variation for all fiber properties in relationship 

with yarn strength was found to be of small magnitudes. 

11. The shorter length measurements M, M-DS, and 507. SL gave 

higher correlations with yarn strength as compared with UHM, UHM-DS, 

and 2.57. SL. Although a curvilinear pattern of relationship was found 

between all of these length measurements and yarn strength, the magni

tude of curvilinearity was always higher for UHM, UHM-DS, and 2.57. SL. 

However, fiber strength (Tq) and (T^) were found to have a linear pat

tern of association with yarn strength. Fiber elongation (E^) and yarn 

strength, although having a weak association, showed a quadratic pat

tern of relationship. 

12. A curvilinear relationship was observed between Micronaire 

index and both Arealometer A and D, with a more prominent magnitude of 

curvilinearity with respect to D. Micronaire index and immaturity 

ratio (I) were also found to have a quadratic type of relationship. 

However, wall thickness (t)f weight fineness (W), and perimeter (p) 

were found to be linearly related with Micronaire index. The highest 

correlation coefficients obtained were between Micronaire index and 

both immaturity ratio and wall thickness. 

13. Span length character 2.57., which approximates UHM, showed 

strong linear relationships with both UHM and UHM-DS. However, 507. SL 

showed a quadratic pattern of relationship with both UHM and UHM-DS. 

Similarly, the relationship between 2.57. SL and M was found to be 
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quadratic. The 507o SL, as compared with 2.57. SL, was better correlated 

with M and M-DS with a linear pattern of relationship. 

14. The relative contributions of fiber properties in predict

ing yarn strength were found to be influenced mainly by the type of 

variability in the population under study. Whenever the sources of 

variation in a population are genetic, environmental, and genotype x 

environment interactions, the descending order of importance of fiber 

properties in affecting yarn strength was found to be: fiber strength 

(T^), fiber length, and fiber fineness. For such population, the fiber 

length distribution as reflected in 507. SL, M, and M-DS was found to 

contribute more than the longer length measurements 2.57. SL, UHM, or 

UHM-DS in affecting yarn strength. However, in the absence of the 

genetic source of variation the contributions of fiber properties to 

yarn strength were found to be different from one variety to another, 

depending mainly on the interaction between the variety and the en

vironments. 

15. Estimates of the variety x environment interactions for 14 

agronomic, fiber, and yarn properties showed that most of the interac

tion components were statistically significant, with the variety x year 

x location component as the predominant interaction. For yield, in 

most of the cases, the variety x location component was of substantial 

magnitude and slightly smaller than the second order interaction, 

whereas the variety x year interaction component was of minor impor

tance. For the other traits, however, the variety x year and variety 

x location interactions were of minor importance and varied in magnitude 



according to region. In most of the cases, excepting yield, the magni

tudes of the three interaction components were very small as compared 

with the varietal source of variation, which is of major interest to 

the plant breeder. It was concluded from the sizable magnitude of the 

second order interaction that varieties respond differently when grown 

in different environments. The small values obtained for the first 

order interaction components in most of the traits indicated that there 

was no consistent year effect or location effect on the differential 

varietal response. 

16. The relative stability of the varieties as a tool in pro

viding insight into the interrelationships among characters, was esti

mated as the ratio of the varietal to the error components of variance. 

Such estimates were found to be higher for fiber elongation (E^) than 

fiber strength (Tq), higher for fiber strength (T^) than fiber strength 

(T^), and higher for fiber strength (T^) than yarn strength. As for 

fiber length measurements, the varietal stability was higher for UHM-DS 

than M-DS, and higher for 2.57. SL than 507. SL. However, the ranges of 

the varietal differences for Arealometer A and D were found to be the 

same for three regions and higher for A than D for another three re

gions. 

The significance of the above findings could be summarized as 

follows: 

1. In regard to correlations among characters, varieties 

showed different patterns of associations, mainly through their inter

actions with the environments. 
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2. As for the relative contributions of fiber properties to 

variations in yarn strength, such contributions were found to be af

fected by the type of variability within a given population, whether 

they are environmental or genotypic in nature. 

3. The interrelationships among characters undergo changes as 

long as there are changes in the genetic material or the environment. 

4. Any variety must be evaluated over a wide range of environ

ments to assess potential yield. Fiber and yarn properties respond 

similarly. 

5. There was no consistent year effect or location effect on 

the differential varietal response. However, obtaining a sizable mag

nitude of the variety x year x location component indicated that vari

eties respond differently when grown in different environments. 

6. Statistical measurement of the genetic variance is of ex

treme importance in providing insight into the interrelationships among 

certain fiber and yarn properties. 

7. The estimation of genetic variance is an important tool in 

determining the varietal stability of certain fiber and yarn properties. 

However, the reliability of such estimates depends mainly on the inter

action between the varieties and the environment. 
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