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ABSTRACT 

This study was conducted to investigate a disorder of unknown 

origin known as flat-square in cotton Gossypium hirsutum L. This disorder 

appeared in an epidemic scale in 1962 in the cotton growing areas of 

Arizona. It was manifested by morphological abnormalities at bloom time. 

A review of literature indicated no pathological or entomological con

dition could be directly attributed to the cause of this abnormality. 

Three inbred lines of cotton G., hirsutum L. of Acala parentage, 

known to exhibit flat-square at bloom time were intercrossed with a syn

thesized double-haploid-sister strain which was free from flat-square. 

Seeds from the F^, ?2, and the reciprocal backcrosses were accumulated. 

They were planted with the parental lines to evaluate the mode of inheri

tance, the number of genes involved and the heritability of the character. 

Simultaneously data were collected on yield components of seed index 

and lint index; and fiber quality factors of fiber length, fiber strength and 

fiber fineness to study the modes of inheritance of these characters and 

the effect flat-square might have on them. The genetic parameters m 

(mean of or mid-parent), d (pooled additive effects), and h (pooled 

dominance effects) and their standard errors were estimated by the Hayman 

xi 
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model (1958) using the weighted least squares. These experiments were 

carried out under irrigation at Tucson and Phoenix (Arizona). 

Flat-square was found to be quantitatively inherited probably 

with a threshold effect. This character was not due to entomological 

conditions and not necessarily associated with other growth abnormal

ities. Frequency of flat-square ranged from 1 to 16 per plant, with maxi

mum frequency at the peak of flowering. Heritability of the character was 

low (9%), and the number of factor pairs involved in the inheritance of 

this character was presumably 28. The estimates of the genetic para

meters, whether using the F2 or the mid-parent as base population indi

cated that the inheritance of flat-square was mostly additive in nature 

and partly dominant with no evidence of epistasis or maternal effect. 

This character was found to probably have an adverse effect on lint index 

and fiber length. 

The data collected for the study of modes of inheritance for fiber 

quantity and quality factors did not show any significant values for d or 

h, except for lint index. Lint index inheritance was found to be additive 

in nature with no epistasis involved. 

In another experiment, data were collected on yield components 

and other agronomic characters such as flower production, lint percentage 

and boll weight to evaluate the relative performance of flat and non-flat-

square plants. It was found that flat-square plants produced more flowers 

than the non-flat-square plants at Tucson, Marana and Phoenix (Arizona). 



CHAPTER 1 

INTRODUCTION 

When a variety of cotton is released for commercial production, 

it is presumably homogenous for certain agronomic properties. A variety 

which contains ample variability will not only be adaptable to environ

mental changes but will be potentially useful for further selection 

programs. This variability whether it is due to additive, dominance, or 

epistatic genetic effects may result, with the pass of time, in new pheno-

types. These phenotypes may be desirable or undesirable. The undesir

able phenotypes may be favored by mechanical or natural selection and 

become prevalent in the variety. Then the economical value of the variety 

will deteriorate if neglected. Such a condition existed in Arizona cotton 

fields and became widespread in the growing season of 1962. 

(3. hirsutum L. is a cultivated plant species of allopolyploid 

origin that physiologically is a perennial plant but agronomically is 

assumed to be annual. Morphologically, cotton plants are erect in 

growth habit with a growing point in their apexes. Each leaf has two buds 

in its axil, one is an axillary bud which gives rise to vegetative monopodial 

branches, and the other is the extra-axillary bud which develops into 

fruiting sympodial branches. On the lower part of the plant the axillary 

1 



2 

buds are characteristically active and the extra-axillary buds are inactive, 

while on the upper part of a cotton plant the reverse occurs and the extra-

axillary buds are active, and thus producing many fruiting branches. The 

number of monopodial branches produced on the lower part of the plant 

varies among varieties, usually from 3-5. Flowers on the sympodial 

branch develop from terminal buds, while lateral buds which appear to 

arise at the internodes, give rise to further growth of the sympodial 

branches. At the time of flower differentiation a normal flower bud of 

cotton is enclosed by three triangular-shaped green structures known as 

bracts, and a small calyx. The entire structure is known as a "square" . 

As the square develops normally giving rise to the bracts and calyx, 

there also develops a conspicuous corolla, androecium and gynoecium. 

After fertilization the mature ovary becomes the capsule (boll) in which 

is produced the fiber and seeds, collectively referred to as "seed cotton" 

when harvested. 

In the cotton growing areas of Arizona an abnormal condition was 

observed in the growing season of 1962; some cotton flower buds failed 

to form complete flowers. The bracts were empty, but continued to grow 

in the absence of other floral parts. The bracts frequently became elon

gated and were flat in appearance. All degrees of partial development of 

flower parts were observed. In most cases, a single elongated flat bract 

was found, but sometimes two bracts became tightly pressed together with 
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or without the rudimentary part of the gynoecium. This phenomenon was 

described by several descriptive terms such as "flat-square", "blind-

square", "empty-square", "sterile-square" and others. The term "flat-

square" has assumed local acceptance in usage, and therefore will be 

used throughout this study. In most plants in which flat-square occurred 

a number of other abnormalities such as stunted terminals, leaf prolifer

ation, shortened internodes, thickened stems and leaf deformity were 

also observed and assumed to be associated with the condition. Flat-

square plants failed to set a normal load of bolls. 

This phenomenon of flat-square was found to be a problem on 

some 20,000 acres of cotton in Maricopa County, and the predominating 

variety which was affected was Delta pine Smooth Leaf. A survey of the 

cotton area was carried out by county agents, plant pathologists and ento

mologists in an attempt to determine the causative agent. The presence 

of other associated abnormalities previously described in plants having 

flat-squares made the causative agent identification more complex. Dif

ferent hypotheses were developed to account for this disorder, such as 

variety, seed lot, chemicals, insect damage, disease, soil conditions 

and others. No experimental evidence was developed to support any of 

these hypotheses to explain the appearance of flat-square. Flat-square 

has occurred only sporadically since the initial observations. The dis

order might be potentially serious and large economic losses may result 



in the future; therefore, a genetic research program may explain the 

disorder flat-square and suggest means of control. 

Therefore, this study was undertaken with the objectives to: 

1. Investigate the possibility that the phenomenon of flat-

square is genetically inherited. 

2. Determine the heritability of the character, if it is geneti

cally controlled. 

3. Postulate the number of genes involved. 

4. Study the inheritance of fiber characteristics in families 

resulting from the cross between flat and non-flat-square plants. 

5. Observe the effect on flowering behavior. 

6. Investigate its effect on quality and quantity of cotton 

fibers. 

7. Propose a practical breeding program for the solution of the 

problem. 



CHAPTER 2 

REVIEW OF LITERATURE 

A search of the literature revealed little about the abnormality 

referred to as "flat-square". This was because flat-square has appeared 

as an epiphytotic only once and if It had occurred previously, it was un

noticed as such. After the epiphytotic, it has appeared only sporad

ically in the cotton growing areas of the state. Since the abnormality was 

new, and apparently had occurred infrequently, it would be doubtful that 

any research investigations would have been made or the literature would 

contain more than observations or opinions by investigators, 

Halvorson (1962) summarized the problem of flat-square in Ari

zona when he said, "It is still a bit too early to say just exactly what 

kind of a cotton year this will be in Arizona, but one thing seems certain. 

Unless the situation changes in a hurry, there is apt to be slim pickin's 

in a number of fields, come harvest time." Shields and Gries (1962) re

corded a full description of flat-square and listed the hypotheses which 

were put forward at that time to account for its occurrence and spread. 

None of these hypotheses was supported by experimental evidence. They 

reported that it appeared in an epidemic proportion in June of 1962 in 

several fields of Delta pine Smooth Leaf northwest of Phoenix. In their 

5 
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description, Shields and Gries mentioned two or three bracts were in the 

usual position of the flower, but flower parts were lacking. There were 

other symptoms apparently associated with the phenomenon in plants 

showing flat-square, such as the development of extra lateral branches, 

i.e., two or three fruiting branches or leaves grew out from each node, 

and some of the plants had shortened internodes, thickened stems and 

distorted leaves. As to the flower deformity, it was observed that in 

many flat-squares no flower parts were formed. Varying degrees of 

partial formation were observed, and some plants produced a larger than 

normal flower. Some plants produced flower buds that were pointed; 

whereas in others the formation of one calyx and petal were arrested, 

probably causing the flower bud to open only on one side. Shields and 

Gries further hypothesized that all of the symptoms associated with flat-

square indicated a persistent growth effect induced early in the develop

ment of the plant and that the nature of the agent which caused the dis

turbed physiological condition to develop was not known. 

A number of hypotheses as to the cause of the disorder that were 

suggested and eliminated were: 

(a) Insect injury: due to the absence of insect feeding punc

tures as well as applications of pesticides or chemicals, this was 

excluded. 

(b) The abnormally cool spring weather occurring during the 

early period of growth might have induced an imbalance in the growth 
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hormones of the plants. This hypothesis was eliminated as a possibility 

because flat-squares were subsequently found in fields planted as late 

as June first. 

(c) In the belief that this disorder might be related to "crazy 

top", several growers applied sprays of urea and choline, which were 

ineffective in curing this disorder. Plants affected by "crazy top" 

developed vegetative branches which were distorted and the fruiting 

branches were smaller and bearing flowers with nondehiscent anthers. 

The squares and bolls of short staple plants usually abscised. 

(d) It was also observed that this phenomenon was not due to a 

minor element deficiency of the soil. Shields and Gries summarized their 

report by saying, "No one knows whether flat-square will be serious 

next year or even whether it will appear at all. Researchers and ex

tension specialists hope they will be ready with some of the answers." 

Wene and Sheets (1964) were the only two researchers who pub

lished some information based on experimentation, and even their inter

pretation of the data was inconclusive. As part of a study on the effect 

of lygus bug. Lygus hesperus. Knight, on cotton plants, Wene and Sheets 

stated that flat-square may result from feeding by lygus bugs on meristem-

atic tissues of presquaring cotton. Research workers, therefore, tried to 

explain the phenomenon on the basis of obvious plant damage, nutrient 
to 

supply, physiological behavior, etc. , and overlooked or avoided the 
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probability that flat-square might be an expression of a quantitatively 

controlled genetic character with a threshold effect. 

Quantitative characters as defined by Smith (1944) usually 

exhibit a continuous range of variation in segregating populations due to 

several similar genes or factors each of which has relatively small effects, 

usually incompletely dominant and act in a cumulative manner. These 

genes are subject to Mendelian laws of inheritance, and the effect of the 

genes are generally inferred from observed phenotypic variation. Since 

the expression of a quantitative genetic character is based on a number 

of factors and interactions between them, a statistical model is neces

sary for their study. There are two statistical methods for studying the 

genetics of a metric character. One method utilizes the genetic variances 

of the populations and the other utilizes the generation means. In both 

cases, data are collected on parents and their progenies in order to esti

mate the different genetic parameters. The assumptions for both approaches, 

such as random choice of individuals mated for production of experimental 

progenies, random distribution of genotypes relative to variations in en

vironment, regular diploid behavior at meiosis and no multiple alleles, 

are more or less the same. The main difference between the variance 

component approach and the generation means approach is that the gener

a t i o n  m e a n s  a p p r o a c h  g i v e s  i n f o r m a t i o n  i n  e a r l i e r  g e n e r a t i o n s  ( P ^ ,  P 2 ,  F ^ ,  

BC^, BC2 and Fg) / while the variance component approach requires genet

ic material to be advanced at least to the F4 generation. In the gener

ation means approach, inferences are limited to the genetic material in 



9 

hand. In the variance components approach the estimations of genetic 

parameters are considered to be representative of some hypothetical or 

real population much larger than the population contained in the experi

ment. In this study, the generation means approach has been utilized. 

Models have been developed by Fisher, Immer and Tedin (1932), 

Mather (1949), Anderson and Kempthorne (1954) and Hayman and Mather 

(1955) to describe the genetic variation present between two inbred lines 

and their succeeding progenies. Hayman (1958) presented a procedure 

indicated by Cavalli (1952) to obtain estimates of additive, dominance 

and epistatic effect from generations means, and to test for nonallelic 

interactions when linkage effects were absent, using the method of 

weighted least squares. The parameters m, d and h and their standard 

errors are estimated based on the assumption of no nonallelic inter

actions. 

Heritability has been described by Lush (1948, p. 271) from two 

aspects. In the broad sense, heritability refers to the functioning of the 

genotype as a unit. In the narrow sense, heritability includes only the 

average effects of genes transmitted additively from parent to progeny. 

If dominance and epistasis are not present, heritability values are the 

same whether estimated in a broad or narrow sense. Moorthy (1950) dis

cussed a method of measuring heritability of a character in which the 

variances of the P , P and F were a function only of environmental 
1 A J. 
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effects (non-heritable), and the variance of F2 population was a function 

of both the genotype and environment. This method provides a heritability 

measurement when it is possible to produce all generations of plants 

under the same environmental conditions. Heritability measured by this 

method is heritability in the broad sense. 

Yield components of lint percentage, lint index and seed index; 

and fiber quality as measured by its length, fineness and strength were 

found to be quantitatively inherited, Stith (1955). Marani (1968b) in 

studying interspecific crosses of cotton found that heterosis in seed in

dex was mainly caused by dominance effects and there was no evidence 

for epistasis. Nakornthap (1954) investigated the inheritance of lint per

centage in the progeny of upland x tri-species hybrids and found it to be 

quantitatively inherited showing partial dominance. Ramey (1963) found 
t 

that dominance was involved in the crosses of cotton involving plants of 

high lint index x high lint index and low lint index x low lint index, but 

in crosses of high lint index x low lint index epistasis as well as domi

nance were involved. 

Harland (1939) stated that fiber length is controlled by a large 

number of genes with small individual effects and that some studies have 

shown long fiber to be completely dominant over short fiber. Stith (1955) 

working with G.. hirsutum L. found that longer fibers showed partial domi

nance in the and Ware, Jenkins and Harrell (1943) reported that 

fiber length was incompletely dominant in the of a cross between two 
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varieties of upland cotton. Marani (19 68a) in studying fiber length 

(U. H. M.) in an intraspecific cross of G.. hirsutum L., concluded that 

the inheritance of fiber length was mostly additive in nature with 

small effects of heterosis which were probably due to dominance 

effects. 

Fiber strength is another important character which is closely 

correlated with the spinning quality of cotton. Ware and Harrell (1944) 

reported an intermediate inheritance of fiber strength with a slight tend

ency toward weak dominance in the in a cross of two varieties of 

upland cottons. Nakornthap (1954) and Stith (1955) working with crosses 

of different genetic bases, found fiber strength to be quantitatively in

herited with a lack of dominance. Laval and Murray (1967) found that the 

variability shown by this character was largely additive or additive x 

additive in nature. Marani (1968a) in the study of intraspecific crosses 

of <3. hirsutum L. suggested that the inheritance of fiber strength was 

probably mostly additive in nature, with no evidence of epistatic effects. 

Ware (1963), while studying the inheritance of fiber fineness 

in some crosses between upland cotton varieties, concluded that this 

character was quantitatively inherited with slight dominance of the coarser 

parent. Marani (1968a) also concluded that inheritance of this trait was 

mostly additive with slight dominance of the coarser parent in an intra

specific cross of G(. hirsutum L. He further stated that he found a strong 

interaction of this character with environmental conditions. 
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The shedding of flower buds and young bolls of cotton has long 

been the subject of investigations which have sought to explain its 

causes from a physiological point of view and with special reference to 

the influence of environmental factors. These physiological investigations 

are reported as early as 1900 by Harland (1916) and continued by Ewing 

(1918), Cook (1921) and others. Kearney and Peebles (1926) attributed 

the differences in the rate of shedding of different types and varieties of 

cotton in part to genetic factors. Kohel and Richmond (1962) studied the 

flowering response in G_. hirsutum L. , and concluded it to be quanti

tatively inherited and partially dominant over non-flowering. Austin 

(1935) found that the structural features of the plant in part determined 

the relationship between vegetative and reproductive activities. In plants 

of determinate habit, the inflorescence utilized all the apical meristem 

and hence arrested elongation, whereas the indeterminate habit pre

sumably permitted stem elongation to continue until the developing fruits 

began to monopolize the food supply. Murneek (1925, 1926, 1932) con

cluded that the inhibitory effects of the fruit as development proceeded in 

the tomato occurred in the following sequence: (a) blossoms could not be 

induced to set fruits; (b) decrease in size of the flower clusters and all 

floral organs; (c) yellowing and abortion of flower buds; (d) decrease and 

cessation of stem elongation; (e) complete exhaustion and eventual death 

of all parts of the plant, except the fruits. Mason (1922) found that re

moval of the flowers or developing fruits permitted a further development 
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of stem elongation, and suggested that this was due to the downward 

movement of carbohydrates to the fruits. Eaton and Rigler (1945) sug

gested that the American Upland cottons have their vegetative and repro

ductive phases of growth proceeded simultaneously from an early stage in 

their development. With the production of fruiting branches, a non-

fruitful condition can exist only as a result of the shedding of floral buds 

and bolls during the course of their development. They also found that 

debudded plants produced more vegetative branches, and had higher con

centration of carbohydrates, nitrogen and hormones. Such debudded 

plants were found to produce more flower buds. Pinkas (1967) studied 

the flowering behavior and seed cotton production in the varieties Pima 

S-3 and Pima S-4 at Phoenix (low altitude, 1100 feet), and Safford (high 

altitude, 2900 feet). He suggested that the lower yield of Pima S-3 as 

compared to Pima S-4 at low altitude was due to differential varietal res

ponses in fertilization and boll set, or boll abscission or both. At high 

altitude, he suggested the yield differences between the two varieties 

were apparently associated with differences in square production and 

square abscission. The environmental conditions at high altitude per

mitted P.lma S-3 plants to retain their developing bolls. 



CHAPTER 3 

MATERIALS AND METHODS 

The plant materials used in this study were selfed seeds of a 

line of Acala that exhibited flat-square, and selfed seeds of a double-

haploid line of the same variety free from flat-square. * In summer 1966 

the selfed seeds were grown in progeny rows in Tucson (University of 

Arizona Campbell Avenue Farm). Some plants in the progeny rows of the 

flat-square lines were protected by nylon net-cages to exclude insects 

from the field progeny rows. Three plants of the flat-square lines, and 

three plants of the flat-square free lines were selected as parents. Re

ciprocal crosses were made on each pair and simultaneously each parent 

plant was selfed. Seeds were collected from the three groups of parent 

plants, each representing a family. Each family consisted of selfed seeds 

of a parent plant not showing flat-square (referred to as Pnf, nf » non-

flat), selfed seeds from flat-square parent (referred to as Pf, f - flat-

square), and seeds of the reciprocal crosses Pnf x P| and ^f x *nf* 

The three lots of seeds representing the families designated as A, B and 

C, were sent in the same year (1966) to Iguala (Mexico) for further 

1. The selfed seeds of these lines were obtained from Dr. W. D. 
Fisher, Cotton Research Center, University of Arizona, Phoenix. 

14 
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crossing and propagation. In Iguala different pollinations and hybrid-
J 

izations were made for each of the families A, B and C. Therefore, ac-
i 

cording to the scheme shown below each family consisted of ten subunits 

of biological development hereafter referred to as generations. Each 
! 

family (A, B or C) was then subdivided into two types of cytoplasms, 
i 

flat-square (f) and non-flat-square (nf) cytoplasms. 

Genetic operation 

pnf © 

pf 0 
pnf x pf 

pf x pnf 

(Pnf x Pf) x Pnf 

(Pnf x Pf) s Pf 

(Pf x Pnf) x p
nf 

(Pf x Pnf) x Pf 

F1 nf © 

F l f  ©  

In summer 19G7, the three families were planted in two evalu

ation trials, one at Phoenix (Cotton Research Center) and the other at 

Tucson (Campbell Avenue Farm). Both experiments were conducted under 

Result Purpose 

pnf Increase Pnf parents 

pf Increase Pf parents 

F1 nf Create and increase F^'s seec*s 

Flf Create and increase F^'s seeds 

BCnf Create backcross population 

BCnf Create backcross population 

i BCj 
i 

Create backcross population 
i 
BCf Create backcross population 

F2 nf Produce segregating population 

F2 f Produce segregating population 

irrigation. The trials were set up in a split-split-plot design, where the 

families A, B and C were assigned to the main plots each of which was 
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subdivided into two parental cytoplasms (f and nf), and in testing, the 

corresponding parental lines were included. The statistical layout in

cluded Pnf, Pf, Fj, F2 and the two reciprocal backcrosses. Each 

generation consisted of ten plants, and the design was replicated three 

times at each location. The number of flat-squares produced by each 

plant in each generation was recorded when maximum flat-squares were 

evident. This occurred at the peak of the flowering period. At the end of 

the maturity period, seed cotton samples were collected from each 

generation separately in all replications. They were ginned on a minia

ture roller-gin and both yield components and fiber characteristics were 

measured in the University of Arizona Cotton Fiber Laboratory. All tests 

were made under controlled temperature (70° F) and humidity (65% R. H.). 

Seeds were bulked from the parental lines for yield and flowering per

formance trials made in 1968, 

Properties Studied 

The properties studied and the description of the methods of 

measurements are: 

1. Flat-square; frequencies of flat-squares for each gener

ation were recorded. 

2. Yield components. 

a. Seed index: the weight of 100 seeds in grams. 

b. Lint index: the weight in grams of lint from 100 seeds. 
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c. Lint percentage: the w.feight of lint expressed as a per

centage of the weight of seed cotton. 

3. Quality components. 

a. Fiber length (upper half mean, U. H. M.): the length 

in inches, measured on the Servo Fibrograph, of half 

of the fibers by number that contains the longer fibers. 

b. Fiber strength: the strength of a fiber bundle measured 

on a Pressley-tester at 1/8" gauge. Pressley index 

used here is expressed in pounds per mgm and not con

verted to pounds per square inch. 

c. Fiber fineness, (Micronaire): the resistance of a given 

weight of lint to air flow as an indication of the fineness 

of the sample. The lower the reading, the finer are the 

fibers. 

Analysis of Data 

The data of flat-square frequency and fiber quantity and quality 

obtained from the different generations were analyzed using the following 

mathematical model: 

Yijklm = u + Pi + Lj +c*jc + (PL) ij + (Is<)jk + + + (fXB)ki + (LB)ji + 

(L<*B)jkl + Eijkl m + <L*)jm + (Le<*)jkm + <B*hm + ^B*>klm + (LB*)jlm + 

C^B^Ojkim + Ejjklm* 
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Where is the observation in the ith replicate at the jth location in 

the kth family in the 1th cytoplasm of the mth generation; u is the overall 

mean, Pi is the effect of the ith replicate, Lj is the effect of the jth 

location,©<k is the performance of the kth family, is the effect of the 

1th flat and non-flat-square parental cytoplasm andtf m measures the 

effect of the mth generation. E^, E^i and E^im are whole plot, sub

plot and sub-sub-plot errors respectively. The different interactions have 

the appropriate meaning designated by the corresponding subscripts. 

Tables showing the form of analysis of variance will be presented under 

Results and Discussions, Chapter 4. 

Genetical and Statistical Theory 

A model to describe genetic variation within two inbred lines and 

their generation progeny was proposed by Hayman and Mather (1955). Hay-

man's model (1958) was utilized to develop a computer program^ to separate 

epistatic variation from additive and dominance variation in generation 

means. Anderson and Kempthorne (1954) showed that the means of two 

inbred lines and their progeny families all contain information about addi

tive, dominance and digenic epistatic variation in six parameters. Hay-

man (1355) described the phenotypic effect of a gene in terms of the 

parameters m, d, h, i, j and 1, where m is the base population mean, d 

2. This computer program was designed by William T. Starmer, 
a graduate student, The University of Arizona. 
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is the pooled additive effects, h the pooled dominance effects. The 

I 
other three parameters measure epJstaUc effects; i measures pooled inter-

i J 
action between additive effects, j measures pooled interaction between 

additive and dominance effects and 1 measures pooled interaction between 
I I 

dominance effects. Haymgn (19S8) suggested that if two inbred lines 
i 

differ by any number of independent genes, the expectations of gener-
I 

ation means of parental lines and their progeny may be expressed by the 

general formula: 

Mg = m + GC
gd + B^h +*|i + 2°^Bgj + Bgl (l) 

where and B are the coefficients obtained from the defined genotypic 

proportions (p, q, r) of the base population and the generation being 

expressed. The°< and B for generation "g" with reference to the base 

population "b" are given by; 
! 

^g ~ (Pg ~ *g+ " Ffe) (2) 
i 

Bg = (<3g ~ Qb) (3) 

"When 72 is used as the base population, the genotypic pro

portions will be (1/4) AA, j 1/2) Aa, (1/4) aa, for the A locus. The expec

tations of generation mean^ of the parental lines and their progeny can be 

expressed as follows: 

Pnf = m + d - 1/2 ji + i -= j + 1/4 1 

Pf = m - d - 1/2 h| + i + j + 1/4 1 

F: = m + 1/2 hj +1/4 1 

F2 =m 
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BCnf = m+1/2d + 1/4 i 

BCf = m - 1/2 d +1/4 1 

where ^nf and are the means of the two parental lines; is the mean 

of their progeny; F2 is the mean of the generation deiscending from this 

cross by selfing; BCn£ and BC^ are the means of the first backcross to Pnf 

and Pf respectively. The expectation equation (1) can be expressed in 

matrix form as follows: 

Y=cx+c1x1 (4) 

where Y is the vector of observed generation means, c and c^ are the 

coefficient matrices of m, d, h and i, j, 1, respectively, and x, x-^ are 

the vectors m, d, h and i, j, 1, respectively {Hayman 1958). If epis-

tatic effects are ignored, equation (4) can be written as: 

X ~ cx 

Using E, the diagonal matrix of error variances of generation means, for 

weighting (variances of generation means not homogeneous), estimates'of 

the three parameter model denoted as x will be: 

x = (C/E-1 C)"1 C/E"1 Y (5) 

A 
The variance-covariance matrix of x can be expressed as: 

. Vx - (c/e-1 C)"1 (6) 

The test of goodness of fit for the three parameter model is: 

%2 = Y/E-l Y - Y/ E-l CX ( 7 )  

When genotypic proportions of (p, q, r) are (1/4, 1/2, 1/4) the following 

vectors and matrices are obtained for three-parameter model m, d and h. 



nf 

rl 
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A X = 

— M 
A 
m 

A 
d 

A 
h 

mmm 

1 1 1 1 1 1  

1 - 1  0  0  1 - 1  
2 7 

-1-1 I 0 0 0 
* 2 2 

X 

I 
E, 

nf 
1 
E, 

Pf 

E„ 

2 I 
E 

X 

BCnf J 

E BCf 

1 -1/2 

-1 -1/2 

0 1/2 

0 0 

1/2 0 

i \
 

to
 

0 

1 1  1 1 1  1  

1-10 0 1/2 -1/2 

•1/2 -1/2 1/2 0 0 0 

FPnf t 

'Pf 

*1 

F2 

BC 

0. 

nf 

BCi 

X 

nf 

BC 

BC, 
nf 
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Therefore, the main step in the examination of generation means 

2 is to fit m, d and h to test for goodness of fit. If the chi-square ) is 

significant then there is epistasis present and the six-parameter model 

n 
is fitted. If the chi-square (X. ) is not significant then epistasis is ab-

A a A 
sent and m, d and h estimate the mean, additive and the dominance 

effects respectively. 

Heritability of Flat-square 

Heritability in the broad sense of the character was estimated 

using the formula presented by Green and Pinnell (1968) and originally 

discussed by Moorthy (1950). 

VF " V£ 
H = —\ x 100 (8) 

2 

where Vpg is the total phenotypic variance of the character in the 

generation, and which is the environmental variance, is estimated 

by the arithmetic mean of the variance of the non-segregating generations, 

the two parental lines (P^ and Pg) and the F^. 

Estimation of the Number of Factors Controlling Flat-square 

For estimating the number of factors involved in the inheritance 

of flat-square, the formula presented by Castle and Wright (1921) is used. 
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where n is the number of factor pairs, D is the difference between the 

means of the parental lines, is the standard deviation of the and 

62 is the standard deviation of the . 

This formula was based on certain assumptions such as: 
i 

1. All genes have equal effects. 

2. Gene effects combine additively. 

1 
3. Parent races are homozygous. 

4. One parent (P^) has all minus genes and parent (Pg) has all 

plus genes. 

5. Genotypes and environment are uncorrelated. 

6. No linkage involved. 

7. Sampling errors negligible. 

It is realized that these conditions are not all fulfilled; specifically, 

knowledge of one parent (Pj) having all the minus genes and (P2) having 
l 
i 

all the plus genes, genotype and environment uncorrelated; therefore, an 

estimate of the number of genes only will be a hypothetical value. 
| 

The question of genotype and environment being uncorrelated is 
! 

a most obvious erroneous assumption because observations suggested 
I 

the expression of a threshold effect. 

Flowering and Yield Trials 

In summer 1968, the two parental lines were grown in two yield 

trials, one at Phoenix (CRC) with 1100 feet elevation, and the other at 
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Marana with 2000 feet elevation. The design used was randomized block, 

replicated ten times for yield testing. The objective of these two experi

ments was to compare the performance of flat and non-flat-square parental 

lines with respect to total flower and seed cotton production. Four repli

cations of each parental line within each of the three families were 

selected at random in each trial for flower counts. The number of flowers 

produced by each parent was recorded at 2-3 day intervals. Another ex

periment was conducted to compare flower production of the two parental 

lines at Tucson (Campbell Avenue Farm) with elevation 2400 feet. In this 

experiment the number of flowers produced by each parent was recorded 

every day. Flowering curves showing the production and distribution of 

flowers throughout the season and statistical analyses of the data will be 

presented under Results and Discussions, Chapter 4. Data for seed 

cotton yield, lint percentage and average boll weight from flat and non-

flat-square plants were also analyzed. 



CHAPTER 4 

RESULTS AND DISCUSSIONS 

Flat-square and Its Mode of Inheritance 

Although the occurrence of flat-square in some cultivated 

varieties of cotton is only sporadic at the present time, it may become 

potentially serious in the future if neglected. The disorder has been 

found to have significant adverse effects on agronomic properties (such 

as lint percentage and boll weight) and fiber quality (such as fiber 

length). As it has not appeared at an epidemic level since the initial 

observation in 19 62 research workers have been relatively uninterested 

in the problem of flat-square. It should also be added that the associ

ation of some disease and insect symptoms with flat-square at the time 

of initial observations made the problem more complex at that time. 

According to the observations made on the plant materials used 

in this soidy, all degrees of partial flower parts formation were observed. 

In most cases, a single elongated flat bract was found, but sometimes 

two bracts became tightly pressed together with or without the rudiment

ary part of the gynoecium. Figure 1 shows the morphological structures 

of most prevalent types of flat-squares. Flat-squares number 1, 2, 3 

and 4 represent two bracts enclosing the rudimentary part of the gynoeciuir 
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Fig. 1. Typical morphological structures of most prevalent types of flat-squares 

to 
VI 



while flat-square number 5 consists of three bracts. Flat-squares 

number 6 and 7 consist of two bracts which were pressed together tightly, 

whereas flat-square number 8 consists of a single bract. In almost all 

affected plants, these flat-squares were found in the flower positions. 

Flat-squares are found on both monopodial and sympodial branches. 

Figure 2 shows two sympodial branches, number 1 was cut from a normal 

plant, and number 2 was cut from a plant showing flat-square. It can be 

observed from the figure that the sympodial branch number 2 carries four 

flat-squares at successive nodal positions, and that these positions 

coincide with the positions occupied by the complete flowers on the nor

mal sympodial branch. This can be interpreted as indicating that flat-

squares and complete flowers have the same origin, and not as a total 

disruption of physiological processes of the plant. Observations in this 

study indicate that most of the plants showing flat-squares did not ex

hibit other growth abnormalities, which contradicts the Shields and Gries 

report (1962). Most of these affected plants expressed this flat-square 

character consistently whether grown under open-field conditions or under 

net-cages which exclude insects. One can, therefore, exclude the pos

sibility that this trait is a manifestation of insect damage such as lygus, 

as mentioned by Wene and Sheets (1964) The plants included in this 

investigation grew normally at first and only showed this flat-square at 

the squaring period. Maximum number of flat-square was found to 
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coincide with the peak of flowering period. Such observations sug

gested that this character was inherent in these plants. 

The results of the statistical analysis of the generation means 

for flat-squares for 1967 experiments conducted at the Tucson and Phoenix 

locations are given in Table 1. These results indicate that the different 

populations perform similarly in the two locations, and there is no cyto

plasmic effect involved in the expression of flat-square. The significant 

differences shown by the families and by the interaction of generations 

and families are probably due to the low germination exhibited by family 

B at the two locations. The important result from this table is the highly 

significant difference that exists between the different generations. 

Table 2 shows flat-square generation means within families, 

averaged over families and family means averaged over generations. In 

the three families Pnf which is the normal parental line is significantly 

different from which is the flat-square parental line. Another result is 

that BCj produced significantly more flat-squares than BCnf in families A 

and C, showing maximum contribution of Pj. The low performance of 

family B is attributed to the low germination percentage at the two lo

cations which seem to be inherent in the family. 

The genetic parameters d (pooled additive effects) and h (pooled 

dominance effects) were estimated by the method described by Hayman 

(1958). These parameters are considered as summations over all genes 
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Table 1. Analysis of variance of flat-square occurring in G.. hirsutum 
L., Tucson and Phoenix, Arizona, 1967 

Source of Variation D. F. Mean squares 

Locations (L) 1 13.505 

Replications (R)/L 4 6.174 

Families (F) 2 48.108 * 

F x L 2 2.512 

R x F / L 8 5.642 

Cytoplasm (C) 1 1.151 

C x F 2 1.400 

C x L 1 0.000 

C x L x F 2 0.074 

R x C / FL 12 0.560 

Generations (G) 5 53.734 ** 

G x F 10 5.767 * 

G x L 5 0.824 

G x C 5 0.477 

G x F x L 10 1.496 

G x F x C 10 1.279 

G x C x L 5 1.390 

G x C x L x F 10 1.961 

R x G / FCL 120 0.926 

* = denote significance at .05 level of probability. 
** = denote significance at .01 level of probability. 
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Table 2. Comparisons of frequencies of flat-square generation means of 
three families, C3. hirsutum L, , Tucson and Phoenix, Arizona, 
1967 

Mean of number of flat-squares produced 
Generations Family A Family B Family C Average 

P./ 0.104 0.098 0.092 0.098b 

3.580 1.416 4.774 3.257b 

p 3 
rl 

0.994 0.416 2.208 1.206b 

F ^ 1.383 0.618 1.684 1.228b 

BCnf
a 0.732 0.342 0.932 0.669b 

BCf
a 2.561 1.346 4.351 2.753b 

Average 1.559° 0.706° 2.340° 

aL. s. D. .05 for generation means within families = 1.112. 
L. s. D. .01 for generation means within families = 1.581. 

bL. s. D. .05 for generation means averaged over families = 0.550. 
L. s. D. .01 for generation means averaged over families = 0.863. 

°L. s. D. .05 for family means averaged over generation means = 
1.136. 

L. s. D. .01 for family means averaged over generation means = 
2 . 6 2 0 .  
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by which the parental lines differ. The assumptions underlying the esti

mation of these parameters are that the parents are inbred lines and there 

is no linkage. The parameters are defined against the and the mid-

parent as base populations. Table 3 shows the test of the generation 

means of flat-square frequency for epistasis using F2 as base population. 

This test for additive and dominance components can only be constructed 

when epistasis is absent, since both components may have epistatic 

effects confounded in their expressions. As seen from Table 3 the chi-

square (X?) values for the three families are not significant (X3 = 2.243, 

1.903, 4.449, P = .250 - .500, P = .250 - .500, P = .750 - .900), 

therefore, the data fit a non-epistatic model. Significant values for £ 

A A 
and h are found for families A and B and only d for family C. In the 

families A and B it is evident that the estimates of the additive gene 

effects are twice those of the dominance effects. In the case of family C, 

the estimate of the additive gene effects is almost five times the domi

nance effects. The genotypic differences among the generation means 

are therefore due mostly to pooled additive effects of genes, and partly 

to pooled dominance effects with no epistasis involved. Table 4 shows 

more or less the same results when the mid-parent is used as a base popu

lation. Tables 1 and 2 of the appendix are presented to show that the 

A A A 
data do not fit an epistatic model. Values for i, j and 1 are non

significant. 



3 4  

Table 3. Testing of flat-square generation means for epistasis, using 
F2 as base population, Tucson and Phoenix, Arizona, 1967 

3-parameter model estimates 
Parameters Family A Family B Family C 

m 1.462 + 0.091 0.645 + 0..073 2.265 + 0. 157 

d -1.777* + 0.178 -0.720* + 0.134 -2.405* + 0. 

c-» •—
i CS
l 

h -0.852* ± 0.219 -0.369* + -.174 -0.456 ±0. 363 

i - - -

J - - -

1 - - -

x2 
3 2.243 1.903 4.449 

m = F2 mean, or mid parent 

d = pooled additive effects 

h = pooled dominance effects 

* = denotes significance difference from zero at the ,05 level 
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Table 4. Testing of flat-square generation means for epistasis, using 
mid-parent as base population, Tucson and Phoenix, Arizona, 
1967 

3-parameter model estimates 
Parameters Family A Family B Family C 

m 1.887 + 0. 177 0.830 + 0.133 2.493 + 0.217 

d -1.777* + 0. 177 -0.720* + 0.134 -2.405* + 0.217 

h 

J 

-0.852* + 0. 219 -0.369* + 0.174 -0.456 + 0.363 

1 

j 

1 — 

CO
 
t
o
 

2.243 1.903 4.449 

m = F2 mean, or mid parent 

d = pooled additive effects 

h = pooled dominance effects 

* = denotes significance difference from zero at the .05 level 
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Heritability and the Number of Factor Pairs 

Involved in the Inheritance of Flat-square 

The estimate of heritability in the broad sense was found to be 

Vp = .003 

Vp = .193 
F2 

V„ = .047 
F1 

Vp = .089 
f 2  

% + \ + Vpi VE = — j2 

= .003 + .193 + .047 = 081 

3 

VF2 " VE 
H = —^ x 100 

VF2 

= -089 " -081 x 100 = 8.99% 
.089 

Lush (1948, p. 271) stated that if dominance and epistasis are not present, 

heritability value is the same whether estimated in a broad or narrow 

sense. It is found that the data fit a non-epistatic model, but with some 

dominance effects. The mathematical estimate indicates that flat-square 

has low heritability. Therefore, the portion of the total variance that can 

be attributed to the average effect of genes is relatively small. This 

character is apparently controlled by about 28 factor pairs. This figure 
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is hypothetical because not all of the assumptions underlying the formula 

are met. The assumptions not met are: no linkage is involved in the in

heritance of the trait, all genes have equal effects, and sampling errors 

are negligible. Some of the assumptions which have probably been met 

are: the parental lines are homozygous, and gene effects combine 

additively. However, the observations indicated that this character 

whether controlled by 28 factors or less did not show clear-cut phenotypic 

expressions. These factors seemed to behave like multiple factors. The 

frequencies of flat-squares ranged from 1 to 16 per plant at the time of 

data recording, and the segregation patterns in the F2 and backcross 

populations did not fit any expected Mendelian ratios involving smaller 

number of genes. The number of genes governing a trait will affect the 

number of extreme types showing that trait. The larger the number of 

genes, the less it is likely that the most extreme types possible will be 

represented in the population. It is essential to use a large population. 

With the additional cycles of selecting the frequency of the alleles 

governing flat-square expression is expected to increase. The result 

will be not only a shift of the mean of the population but also the eventual 

appearance of individuals with more extreme phenotypes than occurred in 

the original population. 

Hypothesizing from the results of the experimental work as to 

how this phenomenon of flat-square might have appeared, it can be 

assumed that the factors controlling flat-square were already present in 
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the germplasm of the parental lines of Acala. The phenotypic 

expression, if manifested, might have been unobserved. Selection may 

have been inadvertently exerted in favor of plants showing flat-square 

because they usually carry more sympodial and monopodial branches. 

During the increase of the breeder's seeds, the different genotypes will 

intercross (10-15%) when grown in an isolated plot. The frequency of 

plants or genotypes showing flat-squares in the succeeding populations 

will therefore increase. The character may, however, have been 

expressed in the early generations but was overlooked, and this would 

be a human error. The fact remains that flat-square appeared in an 

epidemic scale in 1962, and it may be hypothesized as being due to a 

threshold effect when optimum environmental conditions such as 

temperature or other microclimatic conditions were prevailing for the 

expression of flat-square. "When seed stock was changed, as it is done 

with each successive increase, flat-square only appeared sporadically* 

Since flat-square is characterized by quantitative inheritance 

and low heritability, selection to remove the character from a popu

lation probably will not be easy. Judgment must be exercised in the inter

pretation of heritability values, because they are basically ratios. Ratios 

are subject to the limitation that they can be changed by fluctuation in 

either the numerator or denominator of the fraction. Therefore, the inter

action of a trait with the environment must be considered. If a trait has 
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a high response to environmental influence its apparent heritability 

appears low when environmental variation is great. Environmental con

trol would result in a higher estimate of heritability for the same trait. 

Estimates are also subject to sampling errors. It is accepted that the 

permanent improvement from phenotypic. selection is proportional to the 

additively genetic (heritable) fraction of the observed variance. The 

breeder must therefore have an idea regarding the heritability of a trait 

before a decision can be made as to when and how to exert selection 

pressure. 

As flat-square is shown in this study to be due mostly to addi

tive and partly to dominant gene effects, the breeder has to consider both 

aspects in his breeding programs. If all the genetic variability of a 

population is due to additive gene action, improvement should theoreti

cally continue until all the alleles governing flat-square expression have 

been fixed in the population and the genotypes showing flat-square are 

discarded. Recurrent selection in the early generations will enhance the 

concentration of factors controlling flat-square that are randomly distri

buted among the different genotypes of the population. Natural outcrossing 

is about 10-15% in Arizona but this percentage can be increased by hand 

pollination. During the different cycles of recurrent selection, the inter

crossing within selected lines would allow greater chance of recombination 

between genes controlling flat-square. The frequency of plants showing 

flat-square will therefore be increased. Flat-square plants could then 
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be discarded, and selfed seeds from normal plants could be planted in an 

intercross block and all possible intercrosses among the progenies made. 

Subsequently, selfed seeds of selected plants from the intercross block 

will be bulked to form a composite seed from which single plants free 

from flat-square will be selected. One or two cycles of recurrent se

lection may be effective in changing the frequency of genes controlling 

flat-square and elimination of most genotypes showing flat-square, pro

vided that the environmental conditions have provided the threshold 

effect assumed to be essential for the expression of the character. Flat-

square being partly attributed to dominance effects, will express itself 

in the early generations where plants showing flat-squares can be rogued. 

In the latter generations pedigree selection for plants free from flat-square 

can be carried out. During the pedigree selection other quantity and 

quality characteristics should be maintained. The bushy habit may serve 

as a selection tool for the breeder in identifying the genotypes showing 

flat-squares. 

New World Cottons, though amphidiploid in origin, are usually 

considered to function as diploids. It was found that appreciable gene

tic variation may persist in the face of continuous self-fertilization of 

cotton (Hutchinson 1940, Harland 1934 and Manning 1956). Therefore, 

the breeder will be able to carry out pedigree selection under controlled 

conditions (selfing) without losing an appreciable amount of genetic vari

ability. The breeder concerned with the elimination of flat-square will 
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simultaneously be faced with the problem of equating the different factors 

which are related to quantity and quality of a cotton variety, and the 

elimination of flat°square, Therefore, he should have an idea about the 

correlation? existing amen? the different economical and undesirable 

traits, Knowledge ©f correlations or associations are necessary for 

efficient selection program?. If the breeder is exerting selection pres

sure in favor Of a certain desirable character, and this character is 

negatively correlated With another desirable character, then the expected 

result will be a deterioration or a genetic loss of this latter character. 

This research program could simultaneously result in improving 

the lines for various agronomic characters while eliminating flat-square. 

If flat-square is considered to be sufficiently serious in the population 

t© Cause economic losses, then the wise decision might be to discard all 

the genetic stocks possessing the character and start the breeding pro

gram with new stocks, 

Yield and Quality Components of the Different 

Generations and Their Inheritance 

Flat and non-flat^square plants are genetic lines derived from 

the same variety Acala, and are closely related. Between the two lines 

and their progeny generations, no differences would be expected in yield 

and quality components, Table 5 is a summary of an analysis of variance 

of generation means for the different yield and quality components, 
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Table 5. Comparison of the effect of flat-square on some yield and 
quality components, Tucson and Phoenix, Arizona, 1967 

Fiber 
Fiber Strength Fiber 

Source of Seed Lint Length (Press ley- Fineness 
Variation Index Index (U.H.M.) Index) (Micronaire) 

Locations (L) ** ** ** ** ** 

Re plica tions/L 

Families (F) 

F x L 
R x F / L  

Cytoplasm (C) 

C x F 

C x L 

C x L x F 

R x C/FL 

Generations (G) 

G x F * ** 

G x L ** 

G x C 

G x F x L 

G x F x C 

G x C x L 

G x C x L x F 

R x G/FCL 

* and ** denote significance at .05 and .01 levels of probability, res
pectively 
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pointing out the effects that are significant. As is evident from the table, 

there is a highly significant difference between the two locations. This 

difference may be attributed to the fact that at Phoenix (CRC) the experi

mental material was sprayed several times to control pink bollworm in

festation, while at Tucson no control measures were followed and there 

was a heavy pink bollworm infestation. These insect control measures 

resulted in a high yield of lint with superior quality at Phoenix as com

pared to Tucson production. The significant difference shown by the 

family x location interaction indicates that families did not perform 

equally in the two locations. This again could be due to insect control 

at Phoenix and not at Tucson. It is also possible that the families are 

genotypically different. 

The data in the table also indicate that there is no maternal 

effect on the five characters studied. This observation is in agreement 

with the previous result obtained from the flat-square frequency analysis. 

As to the performance of the different generations, there is a highly sig

nificant difference (.01 level) and a significant difference (.05 level) for 

lint index and fiber length respectively. The interactions shown by 

generations x families and generations x locations may be due to differ

ences in control of pink bollworm infestations at the two locations. 

In comparing the means of the different yield and quality com

ponents, the least significant difference (L. S. D.) is used. Table 6 
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shows the mean seed index for families averaged over locations, and 

there is a highly significant difference between the two locations. The 

generation means of lint index are given in Table 7, and it is evident 

that Pnfp>- F^> F2 > BCn£> BCf > Pf at both locations. These data can 

be interpreted as showing the parental flat-square line and its backcross 

progeny produce a distinctly lower lint index than the other generations. 

Table 8 shows the generation means for fiber length (U. H. M.). Al

though the differences between the generation means are small, they are 

significant. Flat-square parental line has the shortest fiber. In Table 9 

the fiber fineness (Micronaire) of families and generations in the two 

locations is given, and it is evident that each family and each gener

ation perform differently in each of the two locations. 

In studying the inheritance of yield and quality components, the 

parameters m, d and h, and their standard errors are estimated using the 

F2 as base population. As shown by Table 5, there is a highly signifi

cant difference between the generations for lint index, and no evidence 

of maternal effect. The estimates of the genetic parameters and the chi-

square test for epistasis for lint index are given in Table 10. Significant 

value of 5* is only shown by family C, while families A and B do not show 

A ^ , 9 
significant values for either d or h. The values for the three families 

are non-significant CK-| = 0.349, 0.055, 0.589; P = 0.025 - 0.050, 

P - 0.010 - 0.025, P = 0.100 - 0.250). These results Indicate lack of 
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Table 6. Seed index of families by locations, Tucson and Phoenix, 
Arizona, 1967 

Families Phoenix Tucson 

A 14.297 11.614 

B 14.529 12.364 

C 14.274 12.472 

Average 14.367 12.955 

L. S. D. .05 for families averaged over locations = 0.961 
L. S. D. .01 for families averaged over locations = 1.085 

Table 7. Comparison of generation means for lint index, Tucson and 
Phoenix, Arizona, 1967 

Observed means 
Generations Phoenix Tucson 

Fnf 7.952 7.074 

Pf 6.322 5.411 

F1 7.530 6.884 

F2 7.469 6.576 

BCnf 7.308 6.204 

BCf 6.790 5.392 

L. S. D. at .05 = 0.236 
L. S. D. at .01 = 0.306 
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Table 8. Comparison of generation means for fiber length (U. H. M.), 
Tucson and Phoenix, Arizona, 1967 

Generations 
Observed means 

Generations Phoenix Tucson 

pnf 1.126 1.018 

. Pf 1.117 1.007 

F1 1.136 1.040 

*2 1.128 1.018 

BCnf 1.129 1.024 

BCf 1.149 1.037 

L. S. D. at .05 = 0.005 

L. S. D. at .01 = 0.011 
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Table 9. Comparison of families and generation means for fiber fine
ness (Micronaire), Tucson and Phoenix, Arizona, 1967 

Observed means 

Phoenix Tucson 
Generations Fam. A Fam. B Fam. C Fam. A Fam, B Fam. C 

pnf 4.200 4.142 4.533 3.591 3.692 3.. 783b 

pf 3.625 3.100 - 3.883 3.500 3.625 3.442b 

F1 4.475 4.100 4.425 3.658 3.258 3.683b 

f2 4.291 4.233 4.300 3.492 3.225 3.350b 

BCnf 4.317 4.250 4.250 3.783 3.542 3.567b 

BCf 4.158 3.925 4.100 3,583 3.150 3.275b 

4.177a 3.958a 4.249a 3.60la 3.415a 3.517a 

a 
L. S. D. .05 for family means over locations » 0.026 
L. S. D. .01 for family means over locations = 0.038 

^L. S. D. .05 for generation means over locations = 0.006 
L. S. D. .01 for generation means over locations = 0.081 
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Table 10. Estimates of the genetic parameters d and h and chi-square 
test for epistasis for lint index of the three families, Tucson 
and Phoenix, Arizona, 1967 

Parameters 
3-parameter model estimates 

Parameters Family A Family B Family C 

m 6. 906 + 0.278 6.938 + 0.374 6.620 + 0.287 

d 0.  437 + 0.401 0.949 + 0.633 0.959* + 0.422 

h 0.  260 + 0.782 0.420 + 1.008 0.333 + 0;925 

i - -

j _ -

1 

0.349 0.055 0.589 

m = F£ mean, or mid parent 

d = pooled additive effects 

h = pooled dominance effects 

* denotes significance from zero at the . 05 level 
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epistasis, and the data fit a 3-parameter model. Therefore, the inheri

tance of lint index is due to additive gene effects, with no evidence of 

epistasis or maternal effect. This result is not in agreement with Ramey 

(1963) who hypothesized that dominance was involved in the inheritance 

of this character. 

Although there are significant differences among the generations 

for fiber length (U. H. M.) the data do not fit the 3-parameter model. In 

case of fiber strength there is an interaction between the generations and 

families, but still the data do not fit the 3-parameter model. Fiber fine

ness shows significant differences in generations x families and gener

ations x locations and yet do not fit the 3-parameter model. Tables 3, 4 

and 5 in the appendix show that the estimates of cl" and^ are all non

significant from zero at .05 level. This may be due mainly to the fact 

that for estimating these genetic parameters the weighted means are used, 

while in the analysis of variance the unweighted means are used. 

Flowers and Seed Cotton Production of Flat 

andNon-Flat-square Parental Lines 

The total number of flowers produced and the number of fertilized 

flowers retained by the plant to maturity are important criteria for selection 

of a high yielding variety of cotton. In comparing the flower production 

of flat and non-flat-square plants within the three families at Tucson, 



50 

Marana and Phoenix, the flat-square plants produced more flowers than 

the non-flat-square plants. 

The flower production of the three families at Tucson is graphi

cally presented in Figure 3 to demonstrate the similarity that exists among 

the three families. From the graph, it is evident that the flat-square 

plants within the three families produced more flowers than the non-flat-

square plants. Studying Figure 3, it can be observed that at Tucson 

(planting date, April 24), flowering starts in the second week of July and 

lasts until the first week of September, reaching a flowering peak during 

the first three weeks of August. 

Table 11 summarizes the statistical analysis of flower pro

duction by flat and non-flat-square plants within the three families during 

1968 season. The analysis indicates a highly significant difference in 

flower production between flat and non-flat-square plants. The analysis 

also verifies the similar performance of the three families. Flower pro

duction means of flat and non-flat-square plants for the three families are 

compared in Table 12. The average number of flowers produced by flat-

square plants significantly exceeded those produced by the non-flat-

square plants, except for family C. 

The production of flowers of flat and non-flat-square plants at 

Marana (planting date, April 23) follows more or less the same trend as 

at the Tucson location. Flowering starts in the second week of July, the 

peak is attained during the last week of July, and is maintained at this 
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Table 11. Significance between flat and non-flat-square parental lines 
as measured by total flower production, Tucson, Arizona, 
1968 

Source of variation D. F. M. S. 

Replications (R) 3 46.726 

Flat vs. non-flat-square plants (G) 1 149.002** 

Families (F) 2 22.125 

G x F 2 15.158 

Error 15 16.279 

Table 12. Comparison of rate of flower production for flat and non-flat-
square plants within the three families, Tucson, Arizona, 
1968 

Observed means 
Non-Flat-square Flat-square 

Families 
Pnf Pf 

Aa 27.175 33.425 

Ba 29.100 35.975 

Ca 28.375 30.200 

Average 28.217k 33.200^ 

A 
L. S. D. for comparison between parental lines within families = 

L. S. D. at 0.05 = 3.510 
L. S. D. at 0.01 = 4.883 

L. S. D. for comparison between parental lines averaged over families = 
L. S. D. at 0.05 = 2.956 
L. S. D. at 0.01 = 4.132 
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level throughout "August (Fig. 4), Flower production extends to the second 

half of September. During this long flowering period, the variety Acala 

produces more flowers in the early part of the season at Marana than at 

Tucson. This flowering behavior may be an advantage in selection of 

early varieties to avoid the damage of early frost. As shown in Figure 4, 

flat-square plants produce more flowers than the non-flat-square plants 

for the three families. 

The statistical analysis for flower production at Marana is sum

marized in Table 13, and it is apparent that there is a highly significant 

difference between the two parental lines. 

Significant differences between flat and non-flat-square plants 

within each of the three families, and also a significant difference be

tween their averages when all families are included are evident from 

means of flower production of the two parental lines (see Table 14). 

Flower production at Phoenix (planting date, April 4) has the 

same pattern as at Tucson and Marana. Figure 5 presents the same trend 

of flowering production for flat and non-flat-square plants within the 

three families even though the planting date is three weeks earlier than 

the other two locations. The flowering should start earlier thus reaching 

an earlier peak; however, as seen in Figure 5, the two parental lines 

show the same trend at all locations. The flat-square plants produce more 

flowers than the non-flat-square plants. This difference in flower pro

duction has been verified statistically as summarized in Table 15. 
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Fig. 4. Flower production (average number per plant) by flat 
and non-flat-square plants within the three families, 
Marana, Arizona , 1968 
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Table 13. Significance between flat and non-flat-square parental lines 
as measured by total flower production, Marana, Arizona, 
1968 

Source of variation D. F. M. S. 

Replications (R) 3 17.658 

Flat vs. non-flat-square plants (G) 1 160.167 

Families 2 0.122 

G x F 2 5,872 

Error 15 6.875 

Table 14. Flower production means for flat and non-flat-square plants 
within the three families, Marana, Arizona, 1968 

Observed means 
Families Non-flat-square Flat-square 

Aa 10.725 17.775 

Ba 12.200 15.900 

Ca 11.650 16.400 

Average 11.525b 16.692b 

G 
L. S. D. for comparison between parental lines within families = 

L. S. D. .05 — 3.923 
L. S. D. .01 = 5.425 

L. S. D. for comparison between parental lines averaged over families = 
L, S. D. .05=2.265 
L. S. D. .01 = 3.133 
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Fig. 5. Flower production (average number per plant) by flat 
and non-flat-square plants within the three families, 
Phoenix, Arizona, 1968 
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Table 15. Significance between flat and non-flat-square parental lines 
as measured by total flower production. (Phoenix, Arizona, 
1968) 

Source of variation D. F. M. S. 

Replications (R) 3 24.034 

Flat vs. non-flat-square plants (G) 1 905.282 

Families (F) 2 16.076 

G x F  2  1 5 . 0 7 0  

Error 15 16.279 
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The flower production means for flat and non-flat-square plants 

shewn in T§J?le 1(5 gggin support the hypothesis that the flat-square plants 

PFO^uee significantly more flowers than the non-flat-square plants. 

An@iygig Of the data relative to flower production at all three 

legations leaveg no doubt as to the ability of flat-square plants to produce 

mgre flQwerg than the non^flat-^square plants. Morphologically the flat-

square plants appear more bushy than the non-flat-square plants, which 

agrees with the observations of Shields and Gries (1962), when they re

ported that there wag development of extra lateral branches from each 

This BFQduoUon Of lateral branches may lead to the development 

of mere §yn?POdlal branches which may explain the increase in flower pro

duction by the flat=§quare plants. 

The amovnt of geed cotton produced by a cotton plant is a direct 

m§a§ure of the number of fertilized flowers retained by the plant to 

maturity. The seed cotton production is the reverse of that of flower 

production, i.e. , non-flat-square plants produce more seed cotton at 

harvest time than the flat'-square plants. 

The analysis of seed cotton production for flat and non-flat-square 

plants within the three families at Marana is summarized in Table 17. 

There is a significant difference at the 1% level between the two parental 

lines. 
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Table 16. Flower production means for flat and non-flat-square plants 
within the three families, Phoenix, Arizona, 1968 

Families 
Observed means 

Families Non-flat-square Flat-square 

Aa 20.750 36.150 

Ba 20.675 30.900 

ca 22.350 33.575 

Average 21.258b 33.542b 

aL. S. D. for comparisons between parental lines within families: 
L. S. D. .05 = 4.603 
L. S. D. .01 = 6,366 

bL. S. D. for comparisons of parental lines averaged over families: 
L. S. D. .05 = 2.664 
L. S. D. .01 = 3.684 
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Table 17. Significance between flat and non-flat-square parental lines 
as measured by total seed cotton yields, Marana, Arizona# 
1968 

Source of variation D. F. M.S. 

Replications (R) 9 1.267 

Flat vs. non-flat-square plants (G) 1 16.918** 

Families (F) 2 0.162 

G x F  2  0 . 3 1 5  

Error 45 0.550 
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Table 18 summarizes the average yields of seed cotton {kgm/ 

plot) produced by flat and non-flat-square plants within each family, and 

their averages over families. Using the L. S. D. , the non-flat-square 

plants produce significantly higher amount of seed cotton than the flat-

square plants In each of the three families. Again referring to Table 18, 

a distinct difference is also shown by their averages over families. 

Similar results are obtained from the experiment at Phoenix. The 

statistical analysis of seed cotton yields (Table 19) for the two parental 

lines indicates a highly significant difference between flat and non-flat-

square plants. The significant difference shown by replications might be 

due to the low germination percentage evident in one replicate on the field. 

The average yields of seed cotton of flat and non -flat-square 

plants are summarized and compared in Table 20. It is evident again from 

the data presented that the non-flat-square plants produce significantly 

more seed cotton than the flat-square plants. 

Although the flat-square plants produce significantly more flowers 

than the non-flat-square plants, the non flat-square plants produce sig

nificantly higher seed cotton yields at harvest time, A possible expla

nation for this discrepancy is that the flat-square plants must have shed 

many, of the deformed flowers, thus retaining only a few of their complete 

fertilized flowers to maturity. 
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Table 18. Average yields of seed cotton for flat and non-flat-square 
parental lines within the three families, Marana, Arizona, 
1968 

Seed Cotton Yields (kqm/plot) 
Families Non-flat-square Flat-square 

A3 5.679 4.571 

Ba 5.374 4.583 

Ca 5.605 3.318 

Average 5.553b 4.491b 

aL, S. D. 
L. S, D. 

,05 for line means within families = 0 
,01 for line means within families = 0 

.665 

.889 

bL. S. D. 
L. S, D, 

,05 for average of lines over families 
,01 for average of lines over families 

= 0.383 
= 0.512 
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Table 19, Significance between flat and non-flat-square parental lines 
as measured by total seed cotton yields, Phoenix, Arizona, 
1968 

Source of Variation D. P. M. S. 

Replications (R) 9 1.203* 

Flat vs. non-flat-square plants (G) 1 36.551** 

Families (F) 2 0.266 

G x F  2  0 . 0 7 2  

Error 45 0.2.14 
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Table 20. Average yields of seed cotton for flat and non-flat-square 
plants within the three families, Phoenix, Arizona, 1968 

Families 
Seed Cotton Yields (kqm/plot) 

Families Non-flat-square Flat-square 

Aa 5.860 4.303 

Ba 5.855 4.172 

Ca 5.960 4.517 

Average 5.892b 4.331b 

aL. S. D. .05 for 
L. S. D. .01 for 

bL. s. D. .05 for 
L. s. D. .01 for 
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Assuming a certain amount of squares and flower buds shedding 

to be inevitable for a given cotton plant or genotype, shedding rate can be 

assumed to be affected by hormones produced by the plant and vary in 

relation to environmental and nutritional conditions that prevail during 

the lifetime of the plant. This physiological adjustment is usually 

genetically controlled {Kearney and Peebles, 1926, and Kohel and Rich

mond, 1962). The idea has been prevalent in the literature for many years 

that the number of bolls retained by a cotton plant is a function of the 

number it can "nourish" or "support". The availability of water and of the 

essential elements being assumed ample, the carbohydrate supply in the 

plant has usually been regarded as a chief limiting factor in boll pro

duction. Eaton and Rigler (1945), found that debudded plants produced 

more vegetative branches and have higher concentration of carbohydrates, 

and were found to produce more flower buds than normal plants. Pinkas 

(1967), on the other hand, attributed the low seed cotton yields of Pima 

S-3 as compared to Pima S-4 when grown at Phoenix to varietal differ

ences in fertilization and boll set or boll abscission or both. When 

grown at Safford, yield differences were attributed to differences in 

square production and square abscission. 

It can therefore be suggested that flat-square plants tend to 

produce a high number of abnormal and incomplete flowers which are 

shed. Consequently, most of their energy will be triggered towards the 
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production of more vegetative and fruiting branches which will result in 

the production of more flowers. Flat-square plants can be considered as 

having an indeterminate habit of growth and have a longer vegetative 

phase. The non-flat-square plants, on the other hand, will tend to keep 

their fertilized flowers to maturity, and therefore most of their energy 

will be utilized in the development of these fertilized flowers to maturity, 

hence producing more seed cotton. The inhibitory effect of fruit develop

ment on vegetative growth in case of non-flat-square plants may proceed 

in the same sequence suggested by Murneek (1925, 1926, 1932). 

The analysis of the data collected from the experiment at 

Marana, to compare the agronomic characters as measured by lint per

centage and boll weight (gm), indicates that non-flat-square plants have 

higher lint percentage and boll weight than the flat-square plants. 

The statistical analysis shown in Table 21 reveals that for lint 

percentage there is a highly significant difference between the two 

parental lines. The data given in Table 22 reveal the average lint per

centages for flat and non-flat-square plants. It is evident, from the 

comparison, that the non-flat-square plants have a significantly higher 

lint percentage than the flat-square plants. These data suggest that lint 

percentage has been adversely affected by the flat-square phenomenon. 

The statistical analysis for average boll weight of the two 

parental lines is shown in Table 23. There is a highly significant 
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Table 21. Analysis of variance of lint percentage for flat and non-flat-
square parental lines, Marana, Arizona, 1968 

Source of variation D. F. M.S. 

Replications (R) 

Flat vs. non-flat-square plants (G) 

Families (F) 

G x F 

Error 

9 

1 

2 

2 

45 

0.779 

117.041 

10.235 

1.958 

1 .060  

** 

** 
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Table 22. Comparison of the average lint percentage for flat and non-
. . . flat-square plants, Marana, Arizona, 1968 . . 

Lint percentage 
Families Non-flat-square Flat-square Average 

Aa 38.410 35.360 36.885° 

Ba 39.270 37.190 38.230° 

Ca 38.760 35.510 37.135° 

Average 38.813b 36.020b 

aL. S. D. .05 for lines within families = 1.002 
L. S. D. .01 for lines within families = 1.338 

bL. S. D. .05 for lines averaged over families = 0.577 
L. S. D. .01 for lines averaged over families ?= 0.770 

CL. S. D. .05 for families averaged over lines = 0.708 
L. S. D. .01 for families averaged over lines = 0.945 
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Table 23. Analysis of variance of boll weight (gm) for flat and non-flat-
square parental lines, Marana, Arizona, 1968 

Source of variation D. F. M. S, 

Replications (R) 9 0.510** 

Flat vs. non-flat-square plants (G) 1 26.800 

Families (F) 2 0. 670** 

G x F  2  0 . 4 3 1 * *  

Error 45 0.123 
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difference between flat and non-flat-square plants. The averages of 

boll weight are presented in Table 24 for the two parental lines. The 

figures confirm that the non-flat-square plants produce bolls having a 

higher average weight than the flat-square plants. This result may also 

suggest that flat-square has an adverse effect on boll weight. A 

general survey of the experimental plant materials confirms that the flat-

square plants bear smaller bolls with poorly-developed seeds. 
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Table 24. Comparison of the average boll weight for flat and non-fiat-
square parental lines, Marana, Arizona, 1968 

Average boll weight fcrm) 
Families Non-flat-square Flat-square Average 

Aa 7.040 6.040 6.540b 

Ba 7.410 5.870 6.640b 

Ca 7.020 5.550 6.285b 

Average 7.157° 5.820° 

aL. S. D. .05 for lines averages within families = 0.317 
L. S. D. .01 for lines averages within families = 0.423 

U 
L. S. D. .05 families averaged over lines = 0.183 
L. S. D. .01 families averaged over lines = 0.245 

CL. S, D. .05 for lines averaged over families = 0.224 
L. S. D. .01 for lines averaged over families = 0.299 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

This study was conducted to investigate an unidentified 

disorder in cotton, G. hirsutum L. , manifested by morphological 

abnormalities at bloom time. Since a review of literature indicated no 

pathological or entomological condition could be directly attributed to the 

cause of this abnormality, this study was designed to verify if the 

abnormality was under genetic control, its heritability and its effect on 

other agronomic or fiber characteristics, considered important in cotton. 

Three inbred lines of cotton G> hirsutum L. , of Acala, 

parentage, known to exhibit flat-square during flowering period were 

intercrossed with a synthesized double-haploid-sister strain which was 

free from flat-square. Seeds from the Fj , F2 and the two backcrosses " 

were accumulated. They were grown with parental lines to statistically 

evaluate the mode of inheritance of flat-square, the number of genes 

involved and the heritability of the character. Simultaneously data were 

collected on the yield components seed index and lint index; and fiber 

quality factors of fiber length, fiber strength and fiber fineness to study 

the inheritance of these characters and the effect flat-square might have 

on them. The genetic parameters m, d and h and their standard errors 

72 
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were estimated by the Hayman model (1958) using the weighted least 

squares. 

Heritability in the broad sense was estimated for flat-square 

using the method presented by Moorthy (1950). The number of genes 

involved in the inheritance of flat-square was postulated by applying 

the formula suggested by Castle and Wright (1921). 

In a second experiment, data were collected on yield 

components and other agronomic characters such as flower production 

and boll size to evaluate the relative performance of flat and non-flat-

square plants. The results obtained led to the following conclusions: 

1. Flat-square is a quantitatively inherited character, and it 

is not caused by entomological conditions. Flat-square plants show this 

character consistently from season to season, and the phenomenon is 

not necessarily associated with other growth abnormalities. 

2. The heritability of flat-square is about 9%, and the number 

of factor pairs involved in the inheritance of this character is presumably 

28. Limitations of the formula used, are also discussed. 

3. There is no maternal effect in the inheritance of flat-square. 

4. The estimates of the genetic parameters, whether using the 

°r mid-parent as a base population indicate that the inheritance of 

flat-square is mostly additive in nature and partly dominant with no 

evidence of epistasis. 
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5. Flat-square apparently has an adverse effect on lint index 

and fiber length (U. H. M.) 

6. The estimates of the genetic parameters for fiber quantity 

and quality factors were nonsignificant except for lint index which was 

found to be mostly due to additive gene effects with no epistasis. 

7. Flat-square plants produce more flowers than the non-flat-

square plants at Tucson, Marana and Phoenix. 

8. Apparently flat-square plants have a high rate of flower 

shedding due to the deformed incomplete flowers, thus creating a longer 

vegetative phase than the non-flat-square plants. 

9. The non-flat-square plants produce less flowers than the 

flat-square plants but apparently most of them develop to maturity. 

10. The non-flat-square plants produce higher yields of seed 

cotton than the flat--square plants at Marana and Phoenix. 

11. At Marana, the non-flat-square parents show high lint 

percentage and larger boll weight than the flat-square plants. This 

indicates that these characters may have been affected by flat-square. 

12. The phenomenon of flat-square is not serious at the 

present time, but since it is genetically inherited, it may become 

serious through seed propagation. The breeder should, therefore, screen 

his breeding material to eliminate plants expressing this character. The 

fact that this character is quantitative in nature and has such low 

heritability, selection against it will probably not be easy once it has 
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been incorporated into a population. Recurrent selection followed by 

pedigree selection for plants free from flat-square may be an effective 

breeding method against this character. 

X" 



APPENDIX A 

TESTING OF FLAT-SQUARE AND FIBER CHARACTERISTICS 

GENERATION MEANS FOR EPISTASIS 
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Table A-l. Testing of flat-square generation means for epistasis, 
using Fg as base population. Tucson and Phoenix, Arizona, 
1967. 

6 - parameter model estimates 

Parameters Fam. A Fam. B Fam. C 

m 1.383 + 0.168 0.618 + 0.168 1.684 + 0.459 

d -1.829 + 0.348 -1.004 + 0.335 -3.419 + 0.638 

h 0.206 +1.007 0.563 + 0.968 3.605 + 2.274 

i 1.054 + 0.968 0.904 + 0.949 3.830 + 2.235 

j -0.091 + 0.432 -0.345 + 0.370 -1.078 + 0.681 

1 -1.968 +1.642 -1.934 + 1.546 -5.114 + 3.254 

m = Fg mean, or mid parent 

d = pooled additive effects 

h = pooled dominance effects 

i = pooled interactions between additive effects 

j = pooled interactions between additive and dominance effects 

1 = pooled interactions between dominance effects 
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Table A-2. Testing of flat-square generation means for epistasis, using 
mid-parent as base population. Tucson and Phoenix, 
Arizona, 1967. 

6 - parameter model estimates 

Parameters Fam. A Fam. B Fam. C 

m 0.788 +1.001 -0.147 ± 0.962 -1. 397 + 2. 248 

d -1.738 ± 0.256 -0.659 + 0.158 -2. 341 + 0. 238 

h 2.174 ±2.602 2.497 ± 2.466 8. 719 ± 5. 362 

i 1.054 + 0.968 0.904 + 0.949 3. 830 + 2. 235 

j -0.091 ± 0.432 -0.345 + 0.370 -1. 078 + 0. 681 

1 -1.968 + 1.642 -1.934 + 1.546 -5. 114 + 3. 254 

m = Fg mean, or mid parent 

d = pooled additive effects 

h = pooled dominance effects 

i = pooled interactions between additive effects 

j = pooled interactions between additive and dominance effects 

1 = pooled interactions between dominance effects 
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Table A-3. Estimates of the genetic parameters d and h and chi-square 
test for epistasis for fiber length (U. H. M.) for the three 
families. Tucson and Phoenix, Arizona, 1967. 

3 - parameter model estimates 

Parameters Fam. A Fam. B Fam. C 

m 

d 

h 

i 

j 

1 

2 
X3 0.137 0.109 0.016 

1.078 ± 0.029 

0.001 + 0.042 

0.001 + 0.084 

1 .077 ±0.029 

0.001 +0.049 

0.002 + 0.079 

1.083 + 0.024 

-0.003 + 0.041 

0.031 + 0.063 

m 

d 

h 

= 1?2 mean, or mid parent 

= pooled additive effects 

= pooled dominance effects 
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Table A-4. Estimates of the genetic parameters d and h and chi-square 
test for eplstasis for fiber strength (Pressley index) of the 
three families. Tucson and Phoenix, Arizona, 1967. 

3 - parameter model estimates 

Parameters Fam. A Fam. B Fam. C 

m ,3.491 + 0.091 3.486 + 0.100 3.449 + 0.112 

d -0.038 + 0.154 -0.137 + 0.176 -0.029 ±0.192 

h -0.007 + 0.319 0.038 + 0.296 0.015 + 0.374 

i _ _ _ 

j 

1 

Til 0.024 0.161 0.018 
3 

m 

d 

h 

= F mean, or mid parent 

= pooled additive effects 

= pooled dominance effects 
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Table A-5. Estimates of the genetic parameters d and h and chi-square 
test for epistasis for fiber fineness (Microaire) of the three 
families. Tucson and Phoenix, Arizona , 1967. 

3 - parameter model estimates 

Parameters Fam. A Fam. B Fam. C 

d 

h 

i 

i 

l 

">63 0.035 0.013 0.194 

m = Fg mean, or mid parent 

d = pooled additive effects 

h — pooled dominance effects 

3.927 + 0.173 3.701 + 0.209 3.899 + 0.201 

0.174 + 0.236 0.326 + 0.299 0.228 + 0.281 

0.367 + 0.501 0.018 + 0.585 0.085 + 0.533 
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