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ABSTRACT

Two hundred and fourty seven genotypes of upland cotton were grown a Maroua and
Garoua (Cameroon), and Samaru (Nigeria), in 1994 to (i) investigate the nature and extent of
their genetic diversity using Principa Component and Cluster Analyses, (ii) assess the relative
contribution of different traits to their tota variation, and (iii) determine the relation between
the clustering patterns and the geographic distribution of these accessions.

A 16 x 16 partially balanced lattice experimental design, with four replicates, was used
for this study. Plots consisted of single rows 5m long, spaced 1m apart a Maroua and Garoua,
and 0.91m at Samaru with a plant to plant spacing of 0.40m. Data were collected on five
competitive plants, wherever possible, for 25 agronomic and fibre technology traits. Analysis
of variance for each trait was performed on plot mean basis.

In the combined analysis of variance across locations, al the upland cotton genotypes
were significantly different for al the traits evaluated. The location x genotype effects were
highly significant for dl the traits measured and their patterns varied appreciably over
environments, indicating differential response of different traits in varying environments.

At each location, significant variability for dl the traits observed was aso found among
the genotypes of upland cotton selected. The seed cotton per plant on average was low at Samaru
(43.5g), presumably due to late planting period, medium at Maroua (70.6g), and high at Garoua
(199g).

Simple linear correlations, principal component and cluster analyses were performed on
adjusted treatment means. At Samaru, seed cotton per plant was positively associated with

reproductive traits, boll number, number of flowers per plant, but negatively correlated with
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(lays to first and 50% flowers opening (presumably due to an important shedding of young
capsules), and fibre length. At Maroua coefficients of correlation were moderate.

At Garoua strong associations were observed between seed cotton yield, plant height,
number of monopodia and sympodia, flower and boll number, percent fibre and 2.5% Span
Length.

Two-dimensional scatter diagrammes displayed results of the principal component
analyses. There was a poor resolution of individuals into groups due to the fact that the two
principal components captured only about 30% of the total variation. Two large groups were
formed. All genetic materias originating from African countries grouped together and showed
good adaptation to the environments at the test sites.

The cluster arrangements delineated more precisely the individuals into 8, 7, and 6
groups a Samaru. Maroua, and Garoua, respectively. Despite some discrepancies, in general.
cluster patterns were in agreement with pedigree information

The intercluster divergence measured by the Mahalanobis' D distance varied from 18
to .3.8, indicating a moderate to low degree of diversity within the genetic materials studied at

each location.
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CHAPTER ONE-

INTRODUCTION

Cotton is harvested from about 35.2 million hectares, thus, occupying 25 per cent of
the world's arable land, and 34 per cent of this area Jay within the tropics. Of the 45 million
tonnes of seed cotton produced (about 19-20 million tonnes of fibre) only 20 per cent come
from the tropics (Lee, 1984; ICAC, 1996). Although most cotton is produced outside the
tropics | >70% of the production by China (23.2%), U.S.A. (20.1%), India and Pakistan
(21.8%), and former USSR (9.4%)}. cotton is of greater economic significance to tropical
countries than the temperate ones, frequently being the major or sole source of foreign
exchange (Hearn and Constable, 1984; Echekwu, 1991 La‘nc;un. 1995). Although cotton is
grown mostly for fibre, the seeds are also important. Cotton seed oil is used for culinary
purposes, and o1l cake residue is a protemn-rich feed for ruminant livestock (Lee, 1984),

The cotton of commerce belongs to the order Malvales, family of Mafvaceae, tribe
ot Gossypiceae, and the genus of Gossypiwm. The genus Gossvpiunr  consists of about 40
diploid species with 2n = 2x = 26 chromosomes, subdivided themselves into 7 genomes (A
10 G): and 4 allotetraploid species with 2n = 4x = 52 chromosomes (genome AD) (Fryxell.
1984: Fryxell er al., 1992: Wendel and Albert, 1992: Stewart. [994: Dessauw and Hau.
1997y, Saunders (19€ 1) speculated that the centre of origin of the genus Gossypium is in
Central Africa because four of the seven diploid genome groups occur in the African
conpnent,

There are four domesticated species of cotton. Gossypium arboreum L. and 6.
herbacenm L., both diplowds are native of the Old World. Gossypium arborewm remains an

important crop in India. whereas G, herbacenm, important in earlier times, is today grown



mostly for local use in the drier areas of Africa and Asia. Gossypium barbadense L. and G,
hirswrum L. evolved in the New World. Both are allotetraploids, or rather amphiploids in
origin. Gossypium barbadense, commonly known as extra-long-staple, Egyptian, and Pima
Cotton, and other names, supplies about 8% of the current world production of fibre. The
fibre is used mostly for the production of luxury fabrics and sewing thread. G. hirsurum
known maost widely as Upland Cotton, contributes about 90 % of the current world
production (Lee, 1984). Upland cotton fibres are used in manufacture of a variety of textile
products, cordage, and other non woven products (Lee, 1984).

Cotton 1s considered 1o be a normally self-pollinated crop, although natural crossing
may range from zero to more than 50% (Niles er al., 1984; Lancon, 1995). Cotion pollen
i heavy and sticky and as a result, its transfer is effected by insects (Niles er w/.. 1984),
Control of pollination is relatively simple and hybridization is also relatively easy to
accomplish. Intervarietal hybridizations, crosses between varieties or strains, have been used
to develop many varieties (Demol ¢r al.. 1992).

Selection of desirable forms from a wide array of available plant types and attributes
IS an important practice in plant breeding. For selection to be effective, useful germplasm
with broad genetic base must be available (Hallaver, 1981; Mumm and Dudley, 1994: Bisht
cral.. T995) In osell pollinated plant species such as cotton, germplasm is available in the
torm of homozygous iines which had been released as cultivars in specific ecological areas,
and hybridization between these aimed at combining their best traits that are coded for by
cenes has been used 10 develop many of the improved varieties. The limitations resulting
from normal pollination concerning biparental heredity necessitate a verv careful selection
of parent materials for the realization of success in hybridization programmes, especially

when polygenic traits are involved. Selection of parents which are not closely related helps
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m the creation of a population with a wide genetic base in which the increased amount of
vanabiiity will make selection more efficient (Bhatt, 1970; Agarkova er al., 1980,
Arunachalam, [980; Ariyo. 1987, 1990).

Assessment of genetic diversity or similarity among populations or species of plants
may be based on analysis of pedigree and heterosis data (Cox er al., 1985), biochemical and
genetic markers like isozymes (Smith ez al., 1985a,b; Smith and Smith, 1987; Smith, 1984,
1988 Bernardo, 1983) and Restriction Fragment Length PD[ymomhisnm (RLFPs) (Godshalk
ef wl.. 1990) or quantitative traits (Gallais ¢r al., 1986; Onyilagha, 1986; Peeters and
Martimelli. 1989; Brown, 1991 Souza and Sorrels, 1991a.b; Casler, 1995 Quendeba er uf.,
1995).

It is generally assumed by the plant breeders that cultivars originating from widely
separated parts of the world are more likely to be genetically different. On this basis such
cultivars are included in hybridization progranmmes in the hope that their presumed genetic
diversity would provige a greater likelihood of promising genetic rearrangements (Bainiwal

and Jatasra, 1980; Ziuauddin er af.. 1980).

This study has been undertaken to:

I - investigate the nature and extent of genetic diversity between Upland cotton
senotypes from 42 countries across the world cotton producing regions. using
Multivariate Analysis,

- assess the relative contribution of ditferent characters 10 the total divergence.

A - determine the relation between clustering patterns and geographic distribtuion of the

genotypes.
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CHAPTER TWO
LI TERATURE REVIEW
2.1. Genetic Diversity in Crop Plants,

Genetic diversity can be considered as genetic difference or unlikeness, especially in
related idividuals or lines. It 1s a terminology utilized by the breeder to explain the extent
of unrelatedness when evaluating crosses developed from different varieties; the progeny
from such crosses are sometimes superior to progeny from crosses of inbred lines developed
from a single variety.

N. 1. Vavilov the Russian geneticist and plant breeder was the first, in 1926, to
realise the essential need for a really broad genetic base ‘fur crop improvement although
Smith ez al. (1990), reported early inbreeding studies with maize (Zea mays L.) by Beal
( 1880) and Shull (1908) which had shown that there was a relationship existing between grain
vield or grain yield heterosis and genetic diversity. Empirical studies by Moll er v/, (1962,
1965) and Paterniani and Lonnguist (1963) showed a positive relationship between genetic
distance, as measured by geographical distance, and both F, grain yield and grain yield
heterosis in maize.  Moll and Stuber (1974) reported that the comparison of inter- and
mtraspectiic hybrids of alfalfa and cotton showed greater heterosis to be associated with
areater diversity.

Maize breeders were the first 1o recognize the importance of genetic diversity in
hvbrid development programmes and routinely exploit this in the use of lines from different
heterotic groups (Haltauer and Miranda, 1988).

The importance of genetic diversity existing in the parental material for enhancing the
organization of breeding programmes has been emphasized by the works of several biologists

ol various farm crops (Murty and Arunachalam, 1966; Ziauddin er /., 1980; Hawkes, 1981



Gallais er af., 1986; Melchinger ef al., 1991, Souza and Sorrels, 1991a,b). A great
restricdon in genetic base appeared to be accompanied by an increasing risk of genetic
vulnerability (Duvick, 1984: Anonymous, 1997). Duvick (1984) recognized several sources
of diversity available to today’s tarmers and plant breeders, (1) released cultivars and
advanced elite lines. (i) breeding pools, and (iii) gene banks. Thus, genetic diversity in crop
plants is provided in other and less obvious ways.

2.2, Measurement of Genetic Diversity.

The genus Gossypitm has a wide geographical distribution and shows large
morphological and cyiogenetical variations since it is made up of diploid and allotetraploid
species, The events at the origin of the amphidiploid species generated a wealth of genetic
diversity that exists pramartly in Gossypiwm hirsurum (Duvick, 1984; Endrizzi er al.. 1984;
Fryxell, 1984). However, the efficient use of this large genetic heterogeneity can only be
optimized i1 this diversity is evaluated. gquantified and classified in some way (Vanderborght
andl Depiereux, 1987: Amurnio ¢7 al.. 1995). Liu (1979), considered genetic distance as a
measure of genetic divergence. The objective measurement of similarity (or distance) between
populations has concerned zeneticists. taxonomists, anthropologists, and plant and animal
breeders tor the last century (Goodman, 1972; 1973; Brown, 1991; Souza and Sorrels,
199 1a.h).

Assessment of genetic diversity (or distance) between lines. populations, or races may
be based on (i) analysis of pedigree and heterosis data, (ii) biochemical or genetic markers
such as asozymes. and RELPs. or (1) quantitative traits based upon biometrical criteria
(Pochlman and Borthakor, 1969: Hallauer and Miranda, 1988: Jensen. 1988). However,

Melchinger ¢ al., 1991, recognized that although all three types of estimates may be used
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1o infer genetic relationships. the correspondence among them is sometimes low and never
perfect, primarily because of sampling deviations and the failure of phenotypes to
differentiate genotypes precisely.

Assessiment ot genetic diversity for the first type of estimates is based on the
knowledge of the pedigree of the individuals considered {Lefort-Buson, 1985). This type
stems from the concept of genes identity (Coefficient of Identity and Parentage Coefficient).
The usefulness of this type of estimates lies upon the good ‘knowledge of pedigree data. but
is limitzd by the complexity of computation.

The second type of estimates is based on proteins and DNA analysis (Goodman, 1973,
Vienne {De) and Damervai, 1985). This method of estimating genetic diversity might be of
little practical value 1 the breeder because of the complex interaction and pleiotropic etfects
of genes expressed in qu.:tantitativc characters he is greatly dealing with,

The third type of estim-tes is based on the collection of multiple measurements or. one

or several samples of individuals, followed by assessments of statistical distances between

these samples.

2.3, Use of Moltivariate Analysis.

According to Kendall and Buckland as cited by Dagnélie (1975), the expression
"Multivariate analysis” is used rather losely to denote the analysis of data which are in the
sense that each member bears the value of p variates.

Morrison (1967) considered multivariate statistics as consisting of statistical methods
which have the objectve of studying the relationships between several dependent or
ndependent variables, The methods make it possible to, (i) obtain a synthetic description

of the overall variability, (if) assess the relative contribution of each trait to the differences



among  populations and, (i) group similar populations together on the basis of information
that can be directly used in a breeding programme (Goodman and McBird, 1977; Hussain
er al.. 1977; Camussi. 1979; Camussi and Ottaviano, 1981). Edye (1976) advocated
multivariate analyses of agronomic databases in a manner similar to those used commonly
in numerical taxonomy. Such an analysis was shown to elucidate patterns of variation in
those attributes which are of economic importance, irrespective of taxonomic or genetic
distance measured by molecular, chemical, or other means. Such classifications were shown
to be useful supplements to other classifications.

Multivariate swtistics in the field of Genetics can be divided into two man
components. The 1irst one is concerned with techniques wh'lL:h analyse patterns of covariation
tound within a single sample (multiple correlation and regression, principal components,
canonical correlation. factors analyses, etc) and the second is concerned with analysis of
variation between samples (canonical ve-iate, cluster, multidimensional scaling and network
analyses. et¢) (Brvant and Atchley, 1975).

Although there is paucity of information on the use of multivariate analyses of
dgronomic paramerers in cotton, such analyses are also common in other disciplines and crop
plants. A multivanate analvsis scheme of quantitative characters has been used to measure
senetic diversity within cereal species. and was found to be one approach in identifying
parent potential in wheats (Bhatt, 1970, 1973), rice (Kanwal ¢7 «/., 1983). and oats (Souza
anid Sorrels, 1991a).

Using database consisting of qualitative or both quantitative and qualitative characters,
Hamman (1972), Bhatt (1976), and Amurrio et al. (1995) illustrated the utility of
multivariate methods for discriminating among tobacco (Nicotiana rabacum 1..), wheat

cultivars, and pea landraces, respectively. Subtle differences and relationships were shown



which would otherwise go undetected with standard univariate ana'yses. Hamman (1972)
fouad that multivariate techniques resolved several phenotypic measurements into fewer,

maore interpretable and more easily visualized dimensions. -

2.3.1. Use of Principal Component Analysis (PCA) and Cluster Analysis (CLA) in plant
breeding.

PCA is a multivariate technique for examining relationships among several
quantitative variables. It 1s used tor summarizing data and detecting linear relationships. Plots
of principal components are especially valuable tools in exploratory data analysis. Principal
components can be used to reduce the number of variables in regression, clustering, and so
on (Onyilagha, 1986: SAS. 1988). Given a data set with p numeric variables, p principal
components can be computed. Each principal component is a linear combination of the
orgmal vartables, with coefhicien'; equal to the eigen vecmr:s of the correlation or covarianc.
matrix. The eigen vectors are customarily taken with unit-norm. The principal components
are sorted in descending order of eigen values, which are equal to the variances of the
components,

The purpose of cluster analysis is 10 place objects into groups or clusters suggested
by the data, not defined « priori. such that objects in a given cluster tend to be similar to
aich other in some sease, and objects in different clusters tend to be dissimilar.

Principal component and cluster analyses techniques are usually applied together, and
have been found to b complementary, each technique providing informations not evident
from the other (Rhodes and Martin, 1972). Principal component analysis can be used for
summarizing data and detecting linear relationships, and the components produced can be

used 10 reduce the number of traits in clustering.



Brown (1991), used PC & CL analyses on agronomic trial data to give graphical
presentation of relative cultivar performance, and to show interrelationships of cotton
cultivars across the U.S. Cotton Belt, based on agronomic performance and fibre quality
measurements. Cultivars in the Mississipt Delta, Central, and Texas High Plains regions did
not cluster tightly, whereas cultivars in the Eastern, New Mexico, and San Joaquin Valley
regions clustered comparatively tightly. This implied greater intercultivar differences in the
first three regions than in the latter three, which showed the genetic base of the first three
10 be broader.

Except for Upland cotton, the use of the two techniques is seen increasingly in plant
hreeding literature. Goodman and Mck.Bird (1977), using principal component and cluster
analyses of 20 ear characters for 219 Latin American races and subraces of maize, delineated
I4 groups of races. The relatonships among these groups were also indicated, and some
subdivisions of the 14 racic’ groups were also described.

In order to identity the major characters which account for variation among Dioscored
rotidara in Nigeria, nyilagha (1986), subjected 40 characters recorded on 14 high vielding
accessions to Single Linkage Cluster Analysis (SLCA) and Principal Component Analysis
(PCA) and tound the vesults of SLOA to agree with that of PCA ordmation on the first three
axes. The PCA showed S main distinguishing characters between the yam accessions. The
author found the discrimation between groups and description of differences between groups
o be more strongly marked from the PCA than in the SLCA.

Peeters and Martinelli (1989), assessed the potential of using hierarchical cluster
analysis 1o classity entries from a germplasm collection according to their degree of
simtlarity. Results suggested that similarity was greatest among individual entries by country

ot ongm and that hierarchical cluster analysis could be used as a ool to classify entries from



germplasm collections according to their respective pedigree, even when no passport data are
available. Based on this technique, it was also shown that the segregative potential of entries

could be estimated.

Hloh and Olarede (199 1), studied the major characters which account for the variation
among mango varieties in Nigeria, using PCA and Single Linkage Cluster Analysis (SLCA).
The results from both methods divided the thirty one varieties collected in all ecological
zones of the country into two or four groups.

Factor, principal component and canonical analyses were used by Ariyo (1993) to
study the extent of genetic diversity among 30 accessions of West African okra (Ahelmoschny
cailiely (A, Chev.). Genetic variability among. the accessions proved to be large. Factor
analysis and principal component analysis produced similar results which were substantially
different from those produced by canonical analysis.

Mumm and Dodley (1994), 0w study aimed at ciassilying 148 U.S. naize inbreds
with respect to heterotic grouping by RLFPs resulting trom 46 probe-¢nzyme combinations,
used cluster analysis to reveal associations among inbreds and assign  them to groups by the
average linkage method. In the cluster analysis, inbreds were ordered into two major groups
senerally coincding with distinetions hetween breeding groups derived from "Lancaster Sure
Crop” open pollinated variety and from lowa Stift Stalk Synthetic. The classification was
fonnd 1o generally wgree with pedigree information and was supported by principal
component andd cluster analyses,

Casler (1995), using C and CL analyses, studied patterns of variation in a collection
ol [_;ercnni;nl ryegrass accessions aimed at (i) estimating and describing quantitative genetic
variation i the UJSDA perennial ryegrass collection, (ii) using this information to develop

recommendations for future germplasm exploration, and (iii) initiating development of a core
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collection.  Cluster analysis wa.;; useful in identifying groups of accessions with superior
performance for four traits and in classifying accessions to identify a core collection which
preserved most of the phenotypic variation found within the entire collection.

Ouendeba er al. (1995), used Ward's cluster and principal component analyses to
mvestigate the nature and degree of divergence among African Pearl Millet [Penniserm
elancym (L) R. Br.} Landrace populations. The cluster analyses revealed similarities between
Nigerien and Senegalese and between Nigerien and Nigerian landrace populations. Four
principal components were found to explain 92% of the total variation. It was advocated that
these results could be useful in choosing potentially heterotic pearl millet populations for
mtercrossing to develop improved cultivars, synthetics, and hybrids for use in Africa.
2820 Classification

Two early meesures of similarity between taxa were Pearson’s Coefficient of Ricial
Fakeness (C.R.L.) and Mahalanobis™ (1936) generalized distance (D? Statistic) (Goodman,
1968,

Generalized D- statistic has been commonly used Tor grouping diverse genetic stochs
in various types of breeding materials. This statistical technique is recognized by many
authors as a powertal tool i quantifying the degree of divergence among biological
populations at the geretic level (Katiyar, 1978).

In Upland Cotton. Singh and Bains (1968) studied the genetic divergence for ginning
outturn and its components using D? statistic. Significant differences were revealed between
the varieties considering the 6 characters (ginning outturn, lint- index, seed- index, mean

tibre weight, seed surface area. and fibre density) collectively. Seed surface area and lint-
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mdex contributed maximaly towards the total divergence. The clustering pattern was found
not to follow the pattern of the geographical distribution.

Lefort and Schwendiman (1974) used D? statistics analysis recapitulated by a
dendrogram to set the distribution of cotton strains into three groups: one of a balanced type,
the two others of extreme and opposed types. In another application of D? analysis to the
study of genetic divergence in Upland Cotton under different environments, Singh and Gill
(1984), also found genetic diversity not to be related to geographical diversity of the
genotypes evaluated. No two strains were grouped together in all environments. Ekbote and
Khorgade (1986) estimated the magnitude of divergence present in 33 genotypes of Upland
cotton from different parts of India. using the D? statistic, which grouped the genotypes into
clusters. Geographical origin also was found to have limited influence on the genetic
diversity.

Carvalho er f. (1995), on Brazilian cotton, Gossypitm hirsutum var. la:jolivn
Hutch.. used D?* stanstic and canonical variables coupled with the grouping methods of
locher and nearest neighbour 1o study divergence in seven cultivars grown at Vigosa in
199, The seven cultivars were divided into four groups, and. in this case, there was an
apparent association between genetic and geographic origin. Selection for disease resistance,
espectlly agamst ramalose Jeausal agent Colletotricum gossypii var calosporioides), was an
niportant tactor i the divergence among the materials. The most divergent traits were plant
height. fibre percentage and earliness.

Kalsy er al. (1995), evaluated 15 cotton (Gossypium hirsutim) parents along with their
105 F1 hybrids for seven related traits and subjected the data to D statistic. The 120
cenotvpes were groupad into 10 clusters. Three of four crosses exhibited positive heterosis

tor seed cotton yield’plant. But unexpectedly, there was no correspondence between the
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divergence of the parents as measured by the generalized distance between them and the
extent of heterosis. The existence of ample genetic diversity among the genotypes, as seen

from the inter-cluster distances, was found adequate for improvement by hybridization and

selection for different combinations of characters.

In a particular study concerning the use of multivariate analysis to derive a system of
classification for 15 races of maize from the region encompassed by southern Brazil, Bolivia,
Paraguay, Uruguay, md northern Argentina, Goodman (1968) found the distances obtained

to be relatively similar ﬁw the distances obtained from the commonly employed Mahalanobis”
generalized distance (=chnique. |

With the objective 10 investigate the usefulness of various measures of statistical
distance between races of maize, relative to their F; generations, and thereby providing an
estimite of genetic divergence between the pairs of races involved in the crosses, Martinez
ef al. 11983) subjectec five morphological characters to six statistical procedures: Euclidean

distance. Mahalanobis™ distance, generalized  distance, modified generalized distance,

approximate Dempster‘-s distance. and Dempster’s distance. The degrees of relationship
estimated were In gencral agreement with previous studics based on classical taxonomic
methods and multivariate analyses. The utility and use of generalized distance as a measure
ol genetie divergence are well illustrated in several other crop plants as reported by Murty
and Arunachalam (1966}, on sorghum: Rao e af. (1980), on saftlower: Devi et «f. (1991),
on kenals Tagadev and Samal (1991, on niger (Guiratia abyssinica Cass.); Ziauddin er af,
(1980). on Trticales; Gupta and Malik (1991), on wheat Triticum sp.: Bainiwal and Jatasra
{1980}, on pigeon pea, Dharmalingaim and Kadambavanasundaram (1989), on cowpea (Vigna
ungnicataia (L) Walpy, Khan ef af. (1990), and Katiyar (1978), on chikpea (Cicer wrierinum

)
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2.4, Traits selected and inter-relations.

Selection prog-ess for traits of interest can easily an;I rapidely be achieved if reliable
heritability estimates are established. A measure of the the genetic associations among various
traits is also important when planning breeding programmes (Dudley and Moll, 1969;
Meredith, 1984),

Traits routinely studied by cotton breeders can be subdivided into highly heritable
tnumber of vegetative branches, number of fruiting branch, internode length, lint percentage,
limer percentage, boll weignt. fibre length, fibre strength, fibre fineness, and maturity date),
moderately heritable (node ot the first fruiting branch, plant height, maturity ratio.
micronaire reading, seed-index), and lowly heritable (yield per plant, number of bolls on
fruiting branch) (Meredith, 1984: Lancon, 1987: 1995; Lancon er wl., 1993a).

Relationships among traits of economic importance is valuable in making decisions
m breeding programmes. especially for selection purposes (Lukhele, 1981). Some of the
principal correlations useful 1o a cotton breeder are listed below:

(1) positive favourable correlations between average boll weight and yield. seed-index
and fibre elongation, ribre length and resistance of the yarn, fibre strength, maturity of the
fibre and seed-index (Gutknecht and Fournier, 1982; Meredith, 1984: Dessauw and Hau.
1997);

(1) posttive un'avourable correlations between micronaire index and lint yield, ginning
percent and fineness. maturity and micronaire index, elongation and tineness (Gutknecht and
Fourmer, [U82: Meredith, 1984 Lancon er wl., 1993b; Dc‘ssuuw and Hau, 1997);

(i) negative tavourable correlations between node of the first fruiting branch and

carliness. fineness and fibre strength, maturity and seed index (Langon er al., 1993b:

Dessauw and Hau, 1W97);
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{iv) negative un 1:"av0urah]e correlations between lint yield and seed-index and stréngth.
namber of vegetative branches and earliness, fibre perceniage and fibre length, seed-index
and average boll weigiht, elongation and strength, maturity and fineness (Gutknecht and
Fournier, 1982; Meredith, 1984; Langon er ¢f., 1993b; Dessavw and Hau, 1997).

Though most of the phenotypic correlations foll(;w the same trends as genetic
correlations described above, Lancon ¢ al. (1993h) found a small number to appreciably
differ from them. These are flowering earliness and the production of vegetative branches,
fibre percentage and elongation or standard fineness, 50% S.L. and strength or standard

hineness, stelometre strength and elongation, standard fineness or sced index, elongation and

standard fineness, and fineness and seed index.

Also, yield related traits and/or plant height are strongly influenced by environment
i

and are much more complex to be improved than those related to fibre-quality (Langon ¢r

al., 1993,



CHAPTER THREE
MATERIALS AND METHODS .,
3.1, Experimental materials.

The materials used in this study are all, upland cotton (Gossypium hirsutum 1..)
genotypes with diverse genetic background originating from 42 different countries in five
continents (Appendices | and 2). Seeds of the different genotypes were provided by the
Montpellier (France) ;zene bank. in November 1993 and multiplied during the off-season at
the Maroua research station of the Institute of Agronomic Research (IRA), Cameroon. Two
hundred and seventy tive genotypes randomly chosen from the "Cultivar Catalogue" (Banque
de Genes, Montpellier, July, 1993), were planted on the 29th of November 1993 under
irrtgation and strict selfing and were carried out on ridges of 5m long in order 1o get enough
seeds for further evaluation of these materials during the planting season 1994/1993,

Only 200 genctypes produced sufficient quantities of cottonseed. Fc arty-seven
cenotypes were then added from elite breeding materials and cultivars of IRA Maroua
Research Statnon and the Insutute for Agricultural Research (IAR), Samaru, Nigeria. Nine
cenotypes from the laiter group were repeated and randomized as different entities so as to

meet the requirement of 256 entries for a 16x16 lattice square experimental design.

.20 Experimental Technigue.

In the 1994/95 growing season, the 256 entries were sown in a 16x16 partially
halanced lattice, four replicates obtained by duplicating the simple lattice (Cochran and Cox,
1957: Steel and Torrie, 1960: Gomez and Gomez, 1984), in three locations, Samaru in
Nigeria  (latitude 11711'N:longitude, 7°35'E), Maroua (latitude, 10°35°N:

longitude. 147 18°E) and Garoua (latitude, 9°20°N; longitude, I3°23'E) in Cameroon.
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Plots consisted of single rows which were Sm long, spaced lm apart at Maroua and
Garoua, and  0.91m at Samaru with a plant to plant spacing of 0.40m. Four to six cofton

1
seeds were hand sown per hill on the 1%, 3" and 12 of July at Garoua, Maroua and

Samaru, respectively, in 1994, After seedling emergence, the plants were thinned to two per
mll, then o one at the beginning of square initiation. Missing hills were replaced for in most
plots by replanting betore thinning. At the three locations, multinutrient fertilizer (44kg N/ha,
20kg P,Os/ha, 30kg K,O/ha, 10kg S/ha, 2kg B/ha at sowing in Maroua; 30Kg N/ha, 40kg
P,Os/ha. 30kg K,O/ha. [0kg S/ha. 2kg B/ha at sowing and 23kg N as urea on 40th day in
Garoua; and S0kg N/na. 25kg P,Os/ha and 0.7kg B/ha in Samaru} were applied. The plots
were kept weed-free 't‘lylimnd-hucing as nccessﬁry and the crops were protected against msect
pusts by insecticide treatments {eight weekly sprays of karate - 10 E.C.- starting at 40 days

atter sowing at the vate of 1.0 litre per hectare).
3.3, Observations |

Data were taken from five randomly selected plants on morphological and agrmoinic
trants /o xiere. AU maturity, samples of 200g of seed cotton were taken from each plot, ginned,

and the lint produced was subjected to fibre quality tests at the Fibre Technology Laboratory
of the Institute for Agricultural Research,  Samaru. Nigeria.

|

Observations vere recorded on the traits listed m Table 1.

[
|
i
!
L
|
i
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Table 1 Traus ohserved for the evaluation of 247 Upland cotton genotypes and measurement

Lode

Trans

Mcasurement

i

H

INPP
FB

HFFB

DSOBO

INFFB

LFFB

BOLT

BODIA

DFBO

DFFO

TPh
DS0FO

FLPY
SCFP

YLPP
GIN'

5.1

IS%S.L.

50% S.L

FRST

MIC

BBVB( «)

Plam height tem)

Number of internodes per plant

Number of {ruiting branches

Number of vegetative branches

Height of the first fruiting branch

Diiys 1o 505 boll opening

Number of internodes of the first

Truting hranch

Length of the first (ruiting branch

Number of bolls per plant

Bodl length

Boll dinmeter

Davs 1o Girst hotl opening

[avs 1o first ower opening

Number of teeth per bract

Davs o 50% Nower opening

Number of flowers per plant

Earliness

Yield per plam

Guming pervent

Sved index

2.5% span length

50 span length

Fibre hundle strength

Mivromire mdex

Percent bolls privduced by
veevlalive branches

The height in ¢m from the base of the plant to the base of the
terminal bud

Total number of internodes counted in the main stem per plant

Total number of fruit bearing branches regardless of whether or
not the holls in them mature and eventually open

Total number of vegetative branches counted per plant

Distance in em from ground level to the insertion in main stem
of the first fruiting branch

Number of days after planting when 50% bolls have open
(derived from daily count of bolls open in the basic plot)

Total number of internodes counted on the first fruiting branch

Total length wm em of the first fruning branch
Total number of holls produced by the plant counted at harvest

Half circumference in mm of the mature and still green capsule
along the peduncle axis (mature captules per plant taken at the
different stages)

Circumference in mim at the largest enlargement of the capsule
{same as above for measurement )

Total number of davs after planting when the cumulative
number of open bolls is the same as the number of plants per
P]ol

Toal number of days . 1er planting when the cumulative
number of apen flowers is the same as the number of holl

Total number of tecth counted on the bract covering the bolls

Numher of days after planting when 50% of flowers have
opened (derived from datly count of flowers)

Totai number of owers produced per plant

Weight of seed cotton at first picking expressed as a percentage
of the total seed cotton yicld

Seed cotton in g harvested per plant

Weight of lint divided by the weight of seed cotton expressed as
a percentage

Weight in g of 100 sceds

The fibre length in mm measured by the Digital fibrograph in

the test specimen spanned by 2.5% of the fibres scanned at the
initial starting point.

The length in mm in the test specimen spanned hy S0% of the
fibres scanned at the witial starting pot.

The strength of a bundle of cotton fihres measured on the
stelometer with the low jaws holding the fibre bundle separated
hy 1/8inch spacer (178 gauge leagth T,)

The resistance of a given weight of ginned cotton lint to air low
as an indication of the fineness of the sample

Proportion of bolls coumed on vegeinive branches om of the
total holls produced per plant,




3.4.  Statistical analysis. o ‘ o ) ' e
Plot means were used in all analyses for the 247 genotypes. The data were sorted out
and entered under MS'T|‘ATC (1993) software and the analysis were conducted at the "Centre
de Coopération Internationale en Recherche Agronomique pour le Développement -
Département des Cultures Annuelles” (CIRAD-CA}, Montpellier, France.
'n :
|
3.4.1. Analysis of V.riance
The data reconded were careiully examined in order to fulfii the requirements for the
vartance and multivariance analyses using appropriate statistical procedures, The frequency
distrihution of the (‘ublservations were crossc}.wcked with their expected values. Some

suspecied gross errors, from which no type of experimentation seems (0 be enurely free,
| _
were omitted and seme data transformations performed (square root and logarithmic

lranst’urquttions of records on number of tflowers and *olls per plant, respectively) so as to
minimize and stabilize the experimental errors wherever necessary. The observations with
umit normal deviates exceeding 4.5 in absolute value were also considered outliers and
excluded from the final analysis (Rodgers ¢7 af., 1983).
.

IFirst, an analysis of variance was conducted for all the traits using the General Linear

Model (GLM) procedures of SAS (19388), which are appropriate in analyzing data arranged
|

in non-orthogonal incomplete design with missing cells (omitted data) of our type, for each
location and across lecations, In the analyses, locations, which were actually experimental
research stations were considered fixed effects.  The genotypes selected for testing were
'e.ith‘er those which had the most promise as potential parental materials for hybridization

schemes or the most readity available. The genotypes were also thus considered fixed effects

in the analyses,
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The statistical model used for the analysis in each location was:
Yik = st oap Ty G+ e
y;« = Observation for the i® treatment in the k% block within the j®

replication;
|

woa,y; and &, o represent the effects of mean treatment, replication and the
incomplete block, respectively., |

¢ 1 represents the experimental error.

The form of analysis of variance for each location is presented in Tﬁhle 2.

The statistical analysts model used for the combined analysis was:
| ' .
Vi =+ o + 8+ (aff)y + 3 + ajkl + €

Yiu = Observed mean for the i* treatment at the I* place

in the kK™ block within the j™ replication;
poc, B (el vy and &y o orepresent the effects of mean, treatment, location,

interaction, replication (nested in location), and block (nested in replication within location),

1
respectively’ |

g TEPTRSENES the experimental error,
The form of eombined analysts of variance is shown in Table 3. The block variance

wias used to test locations and replication sources of variation, while the error variance was
|

the appropriate term jur testing hypothesis about other sources of variation in the analysis

of vartance (Shultz, 1953; Cochran and Cox, 1957; Mclntosh, [983).
‘|

The treatment adjusted means obtained from the analysis of variance were subjected
o |
to further analyses: i
i

- Correlation and Principal component analysis,

- Classification, ll
i
i
|
|
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Table 2: Form 2f analysis of variance with expected mean
squareg (EMS) for each trait in one location.

Source of variation d.f M5 EMS
Replicaticons | r - 1
|
BLOCK (REP) “g rik -1)
|
Genotypes | t* - 1 M2 o2, + rel;
|
Error | rkik - 1) - (£ - 1) M1 a?,
Corrected Total rk? - 1
|
r = number of replication (r = 4)
k = block size {k = 18&)
t = number of treatments (genotypes) (t = 247)
0§ = error variance
8°, = Total genetic variance among entries
M subscript = The observed mean square of the subscripted
effect
g? = Denotes variance for fixed effect

t* = k' - a where a = 9.
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Table 3: Form of analysis of variance with expected mean (EMS)

for each trait across the three locations in 1994.

Source of variation G E. MS EMS
Location (LOC) 1 -1
Replication (LOC) l1(r - 1)
BLOCK (LOCxXREP) rl(k -1)
Genotype (GENO) t" -1 M3 ¢ + rle%
LOCxGENO (1-1) (t-1) M2 d° + reiy
Eror l(rk(k-1)-(t-1)] M1 &3
Corrected Total rlik?-1

1l = number of location (fixed effect)

r = number of replications

k = bloc size

t = number of treatment (fixed effect)

M subscript = observed mean of the subscripted effect

o€’ Error variance

02

Genotype x location interaction variance
Total genetic variance among entries
Denotes variance for fixed effect

G

&)
lﬂl

"oy

k? - a where a = 9 (duplicated genotypes).

T
»
Y



3.4.2. Correlation among traits and Principal Components Analysis (PCA).

Data were standardized to compute the correlation matrix of traits of eacn trial
thereby removing the effects of scale (Souza and Sorrels, 1991). Principal components
analyses were performed on the correlation matrix of traits of each trial using the
"WINSTAT i.c. Procedure”, a software developed by the "Centre de Coopération
Internationale en Recherche Agronomique pour le Développement” (CIRAD). Montpellier,

France,

3.4.3. Classification

A hierarchical clustering was carried out on each data set (i.e; for each location) using
Ward's minimum variance method (SAS, 1988), which minimizes within clusters sums of
squares. The sum of the first 10 principal component scores, representing more than 74 %
of the total variation, was used in each case for the clustering procedure, making the results
equivalent to those from initially standardized data as the correlation matrix was used for
principal component wnalysis (Brown, 1991). This method is a stepwise clustering process
whereby each accession initially comprises its own clusier. Two clusters are combined in
cach step, minimizing the pooled within-cluster vaiance at each step. The last step creates
a single all-inclusive cluster (Milligan, 1980; Casler, 1995). Hierarchical clusters are
organized so that one cluster may be entirely contained within another cluster, but no other
Kind of overfap between clusters is allowed (SAS, 1988). Finally, one must take the decision
ot where to cut the tree so as to produce groups that are maximally related to each other for
selected traits. [t is less sensitive to error when one knows in some sense the biological
material with which one is dealing (Amurrio ef al., 1995). Mumm and Dudley (1994)
partinoned the dendrogram at the .90 level of dissimilarity 1o form sets of genotypes
exhibiting <0.90 dissimilarity.

The distance between clusters was measured using the D? statistic. This was estimated
using the STATICTCF, version 5, "Option Analyse Factorielle Discriminante” of the

CIRAD. Montpellier. France.



CHAPTER IV
RESULTS
4.1 Mean performance

The means, stindard errors, ranges and coefficients of variation for the 25 traits
evaluated at each of the three locations, Samaru, Maroua, and Garoua is presented in Table
4. The means, ranges and coefticients of variation varied widely in values.

In Samaru, wide class ranges were observed on the percentage boll produced by
vegetative branches (0 - 301, number of vegetative branches (0.0 - 2.5), eatliness (10 - 70g),
vield per plant (30 - 70g). and length of the first fruiting branch (15 - 40cm). High C.V. %
of 7.2, 51.4, 37.3. 34.8, and 28.5, respectively, were thus observed. The lowest C.V. %
(3.7) was observed on days 10 S0% flower opening.

In Maroua, wide class ranges were also observed on vegetative branches per plant,
vield per plant (40 - 120g). and lerth of first fruiting branch (15 - 45¢m), with C.V. % of
414, 316, and 23,3, respectively. Low values of coefficient of variation were observed on
days 1o fiest boll (2.557) and hirst flower (3.5%) opening, and days to 50% boll (2.4%) and
Tower (3.4%) opening. indicating an efficiency of the field design in the evaluation of the
el of genotypes or an intra-genotype homogeneity for these traits.

In Garouva, wide ranges of records occured for vegetative branches per plant (1 - 6),
vield per plant (100 - 300g), and length of first fruiting branch (30 - 70¢m); the C.V. % were
WA A2 and 24.2, respectively. The lowest C.V. % (2.7%) was observed for days to 50%

Hower opening.



Fabho & Noan Standand cons of man iy 1 S Ragig. s wned Coc ot of a0\

Bl 247 Gt pos ul upland odton grown o0 Samae Mosoua amd Ciaroms. 1994

SAMAKRE

MAROUA GARO'A
Traits Man # SET  Range CVs MoansS E X Rangs (R Mants EX Range CV(F)
Plant height (om) 102963 413,750 75125 (TR LIS 826412807 o140 129 125941 £17.777 #0-160 124
No. of intemodos per plunt 13 7904 1.246 117 10.3
No. of fruiting branches 15 33841141 1318 87 15 72841 333 1419 1.y 14.506+1 571 12.5.17.5 154
No. ol segetativ e brunches 116640 527 0025 514 1 52340 480 10:35 414 229240859 1-6 93
Heghi of first tnuing boanch (cm) 16971 42 A40) 100-25.0 165 1922543 184 12.5.25.0 st 1891244087 1530 206
Days 10 30% boll opening 117.288 £4.326 1130 24 122.10245.547 110-140 27
No. of intemodos of the first fruiting bran. b 119640 467 2545 2.1 373640503 2050 214 5.68440.718 3.7 198
Lenght of the first fruiting branch (vm) 22406 4 5 451 1540 288 3140645 45 1545 233 44051 £8.546 30-70 4.2
No. of bolls per plant 160640 246 2.00-3.25 152 2.707+0.212 2.1-32 133 139040242 2.754.00 9.2
Boll lenght (mun) 5.38040.216 4.75:5.75 6.4 406740323 3.504.78 13.2 547840.265 4.8-6.0 59
Boll dimmeter (mm) JA272002) 3231 55 2705407 2.75-3.00 1.3 J14340.149 1836 6.2
Days 1o first boll opening 111,550 43 848 105-125 2.5 . -
Days 10 first flower opening (DAP) N1 Ba3 43 101 750-87 5 40 #6.785 42426 60-75 3.5 69.876+5.395 640-50 4.5
No. of tecth per bract 1056740 774 7-12 9.8 L 190 £0.659 10-13 101 12.25740.681 1-14 5.9
Days 10 50% flower opening (DAP) 101 69042343 9781075 37 57.686+4.080 75-100 34 9241547 641 70-120 35
No. of flowers per plant J 9N £0 463 3055 4.5 6. 901 +£0 449 6.0-8.0 _o.“u 5.97940.650 4.5-7.5 14.1
Earliness (%) wo......uaﬂ_ 1.700 10-70 3.3 - -
Yick! per plant (g) 43 51649 631 30-70 348 T05T1£16.487 40120 36 198893444915 100-300 31.2
Ginming percent 37.996+3 084 Jo.045.0 46 3352843378 2540 6.0 37.00243.055 30-45 53
Seed index (g) 982940823 812 64 K. 724+0.770 7-1 85 9.285+0.769 71 97
2.5% span lenght (mm) 2610141 486 22.5-30.0 41 25.38141.627 20.0-30.0 44 261864 1.598 22.5-30.0 43
50% span lenght (mm) 1 H6£0 704 10-13 55 1H19240.798 10-13 59 11.782£0.787 10-14 55
Fibre bundle strength (g/tex) I8 72641 582 15.0-22.5 126 17603+ 1.491 1520 122 19.280 4+ 1,426 16-20 s
Micronaire ind.x 3934 40 368 3.5.5.0 101 1.21240.308 3.040 140 372940 368 3.04.5 116
Bolls (%) produced by monopodial brunches 11 81345 507 0-30 57.2 712545.225 10-30 9.0

* Days after planting

- Truits discardod ot that particular louution showmg anamalous helerogenous obserations



!

The seed cottmL per plant was highest in Garoua (199gj, medium in Maroua (70.5g),
and {owest in Samaru (43.5g). The ginning percentages were higher in Samaru and Garoua
(38 and 37, respec[ivel!y), but low at Maroua (33.5). The plant beight did not vary much over
the three locations, Samaru., Maroua, and Garoua and had values of 103cm, 119%m, and
124cm, respectively. |

The mean squares from the individual locations analyses are presented in Appendices
3 10 5, while the results of the combined analysis are presented in Table 5. At each of the

three locations iighty significant differences were obtained between genoiypes for all traits.

Flighly significant ditferences were also observed among the genotypes for the 20 traits

measured in the combined analysis.  The mean squares due to locations were highly
signeficant.  The Genotype x Location interaction mean square was not significant for fibre
bundle strength. For el other traits apart from number of teeth per bract and days to 50%
Howers opentng which recorded ignificant mean squares, highly signicant values were
obtained for the Genotypes x Location interaction effects,

Estimates of ti*eigcnorypic and phenotypic variances and heritability for the 25 traits
measured n the three locations are presented in Table 6.

At Samaru, the |m:1j0r partion of the phenotypic vﬁriance was attributed to Genotypic
components for ginming percent (91.7%), 2.5 percent span length (87.1%) and seed index

!

(85.2%) and plant height (80.1%). The proportion of the phenotypic variance that was due
to the genotypic variance was low for nunmber of boils per plant (33.3%) boll length (33.3%)
and seed cotton yietd 135.8%) al this site.

At Maroua. genotypic components that contributed most to the total variation observed

were as at Samaru, gining percent (91.2%), 2.5% span length, but also days to 50% bolls

|
|
i
|
‘.
| 26
i

i
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. Table 5: Mean squares for the combined analysis of variance for agrowmic amd libre technology teits from 247 genotypes of upland cotton growen in the three locations in 1994,

Mean squares of the raits measured

Source of variation DF “Hicm} FB VB HFFB{cm)  INFFBiem) LFTFBiem) Log[BOPP]  BOLT(mm) BODIAImm  DFFO Tkh
Location 3 125586.48** 129197+« 345 40+ 1582 63%+ L 759 . 46%* 12]135].05*# 184 S4** Hi35.1(** 135.56%* 64946 81+ T47 66+
Replication(Location) 9 6978 Bh** 125.25%¢ 21.51%* 220 4yT*+ J5.16%* 1258 14%+* la7* 4.07*¢ 171t 49 g9+ 4072+
Block(Location*Replication) 180 1415 27%* 16.48%* 1.11%* 34, 18** 2074+ 186.59++ Q.30%* 1.1G%** (1.25%% 17.07+* 323
Genotypes . 246 1796.29*+ 12.59%* 3.00%* 95.34%* 1.67++ 284 49+* 0 27%% 0.41%% 011+ R0.96+% 3.1+
Location*Genotype 492 382 34%+ 4.44** 0.RO** 16.96+* 0,95+ 101 3] %+ 1.17%* .21+ 0.07** 44364+ 1.20*
Error £2142°F 0 20516 a3 0.53 11.87 0.7% 69.63 13 0.17 0.06 870 1.03

* and ** indicate significance at the 0.05 and 0.U1 levels of pobability. respectively

+ Trai abbreviated as defined in Table 1,
++ Error degree of freedom varied from one trait to another because of omited data for these traits st each location




_ Table 5 (cont.)

Mean sguares of the raits measered

Source of variation DF DSOFO [FLPP]" YLPP(g) GIN% Sy 25% 8 L. 0% S.L. FBSTig/tex) MIC
Location 2 5694 27 227302+ 7149109.46%% 5557 79+* 310.50+* 194 34+ 8H.58%* ELERIPAL) 141 B*=
Replication{Location} 9 T6H.6T** 6.30% 10642 66%+ 41,944 21 635 J2.12%x 39.41%% 383 1o 4.06%+
Block(i ocation*Replication) 180 20.39+¢ 1.71%* 3470.63** 14.25%=* 1 85+ 3.99%+ 2.26%* 2D R1** 1,124
Genotypes | 246 112 67+ 1.15%* J511.a]1%* 108.50** 5.52%= 15 55¢¢ 5,92 16.4R** .94 4=
Location*Genotype 492 85.65* 1.01%* 2803.65%* 5 S4** Q.83%* 1.48%* 0.52%* 4.69 0.23%+
Error < 2142* 1112 0.53 1541.89 376 0.58 1.23 0.42 5.13 .18

* and ** indicate significance at the 0.05 and 0.01 levels of pobability, respectively

+ + Emor degree of freedom varied from one trait to another because of omined data for these maits at each location




i
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| 29
Table 6: Estimates of genotypic variance (6°;), phenotypic variance (#ph) and heritatbility (h?) for the traitsnensl
at each location, |

Samaru Maroua Garoua

Trais 8%; i h? # &ph h? 6%, &, h?

H{cm) 1445  180.46 0.80 92.5 151.38 0.61 249.4 308.40 0.80
INPP 1.03 1.54 0.67 - - - - - -

FB 0.82 1.27 0.64 0.84 .66 0.51 1.17  2.43 0.48
VB 0.16 0.25 0.64 0.12 0.22 054 049 070 0.71
HFFB(cm) 4.70 6.66 0.70 6.45 9.57 0.67 1226 16.08 0.76
D5S0BO - - - 13.88 15.80 0.388 27.09 2976 0351l
INFFB 0.08 0.20 0.38 0.07 0.23 032 0.3 0.46 0.32
LFFE 17.97 28.17 0.64 9.71 2314 042 4187 7048 0.59
BOPP 0.02 0.06 0.33 0.01 (04 023 003 005 0.52
BOLT 01 0.04 0.33 0.02 0.10 0.24 0.4 0.07 0.63
BODIA 0.0) 0.12 0.50 0.00 4.03 022 001 0.02 0.50
DFBO - .- | - 10.76 12.71 0.85 - - -

DFFO 6.00 873 0.69 5.58 7.36 0.81 23 B8 26.34 0.91
TPb 0.28 .35 0.52 0.08 0.40 0.2 025 043 0.58
D50FO .80 5.30 0.341 10.81 1308 083 5005 52.62 0.95
FLPP" 0.4 0.22 0.062 006 0.20 031  0.19 037 0.52
SCEP #3.6 130.64 0.64 - - - 0.76 - .

YLPP 319 89.10 0.36 125.8 25182 050 9639 193876 0.50
GIN% §.50 9.28 0.92 10,44 1146 0.9] §.12 9.16 0.89
S.IL (.56 0.66 0.85 0.43 0.57 76.0 038 0.57 0.64
2.5% S.L. l.8 2,13 0.87 2.25 2.57 0.87  2.11 2.43 0.87
50% S.L. 0.39 0.49 0.80 0.54 .65 083 050 0.60 0.83
FBST 1.0 2.36 0.42 0.99 .16 046  0.62 1.81 0.32
MIC 0.09 1.14 0.70 0.44 0.09 047  0.070 0.12 0.61
BBVB( %) 16.7 28.25 0.59 - - - 225 22.45 0.99

+ Trait abbreviations as defined in Table 2.
- Trait discarded ar that particular location showing anomalous heterogenous observations



apening (87.8%), 50% span length (87.5%), days to first boll opening (84.8%). days to 50%
(R2.7%) and first (81.4%) owers opening.  The genotypic contribution to the phenotypic
observed variance was moderate for number of internodes (31.9%) and length of the first
fruiting branch (42.0'%). boll length (23.7%) and diameter (22..2%), number of teeth per
hract (20.7%). number of flowers per plant (31.2%), fibre bundle strength (46.0%) and
microniare (47.4%) and seed cotton yield (49.9%).

At Garoua, the phenotypic variance observed was most attributable to genotypic
vartance for boll perceni on vegetative branches (99.6%), days to 50% flowers (95.1%) and
bolls (91.0%) opening. days to first flower opening (90.7%), ginning percent (88.6%). and
25 and S0% span lerzth (86.9% and 82.6%. respectively).

The portion of the phenotypic variance attributable [t; environmental components was

sizeable for number o) internodes of the first fruiting branch (67.8%), fibre bundle strength

(67.8%%), and number of fruiting branches (51.9%).

1.2 Simple Linear Corrvelations

All possible linear correlations among the traits considered were computed based upon
adiusted mean values omong the 247 genotypes at each location, and the results are presented
m Tables 7wy 9,

In Samaru, correlation coefficients (r) were computed between 23 traits and the results
are shown in Table 7. Many patrs of traits were correlated. Height of the first fruiting branch
vas significantly (P = 0.01) correlated with 16 out of the 22 other traits measured, followed
OV SO% span length, days to first flower opening, and number of vegetative branches that
were associated with 4. 13, and 12 other traits, respectively. Number of teeth per bract was

correhted (P = 0.05) with the fewest traits (three traits).

30
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The magnitude of the correlation coefficients were, in general, low. The strongest positive
conelations {(r > O.Sj were recorded between plant height and either number of internodes
per plant (0.63) or number of sympodia (0.65), number of‘ internode per plant and number
of sympodia (0.86). number of monopodia and either height of the first fruiting branch (0.57)
or number of boiis produced by monopodia (0.64), length and number of internodes of the
first fruiting branch (C.71), sced cotton yield and number of bolls per plant (0.65), 2.5% and
50% S.L. (0.82), and fibre bundle strength and 50% S.L.. The strongest negative strong
correlations were recorcded between earliness and either days to first or 50% flower opening
(-0.54 and -0.60, respectively). Many pairs of traits were correlated in haight of the first
fruiting branch was significantly (P<0.01) corré]ated with 15 out of the 23 traits measured,
followed by 5Q% span length, days to first flower opening and number of vegetative branches
that were associated with 13, 13 and 12 other traits, respecvtively. Number of teeth per
hract was correlated (P<0.05) o the fewest traits (three tiaits).

In Maroua, all possible linear correlation coefficients were computed between the 22
traits considered and the results are presented in Table 8. Fibre bundle strength, plant height,
height of first fruiting branch, 2.5% and 50% span lengths, days to first flowering, and
gining % were significantly (P < 0.01) correlated with at Teast six other traits. 2.5% span
length was correlated (P <0.05) 10 the largest number of traits (1) while boll diameter was
~correlated (P<0.05) with only one trait, The magnitude of correlation coefficients here were
lower compared to those observed in Samaru. High positive coefficients were recorded
between plant height and number of frushng branches (0.50), length and number of
ihteﬁmdex of the first fruiting branch (0.357), days to first and 50% boll opening (0.88),2.5%

"

and 30% S.L. (0.88). and fibre bundle strength and 2.5% S.L. (0.53).
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In Garoua, all possible linear correlations were computed between the 22 traits
considered, many of them displaying significant correlations between themselves (Table 9);
sixteen traits were significantly (P <= 0.01) correlated with at least five other traits. 2.5%
span length was correlated (P < 0.05) with the highest number of traits (14), and number
of teeth per bract and davs to SO% flowers opening with the fewest (4 traits each). The
strongest positive correlations were obtained between plant height and either number of
fruiting branches (0.63) and node of the first fruiting branch (0.52), number of vegetative
branches and node of the first fruiting branch (0.65), length and number of internodes of the
first frinting branch ((.68). number of flowers and bolls per plant (0.82), length and diameter
of the boll (0.67), days to first and 50% flower opening (0.58), and 2.5 and 50% S.L.
(01.86). Here again, 2.5% span length was correlated (P < 0.01) the highest number of traits
(14). and number of teeth per bract and days to 50% flowers opening with the fewest (4

trants cach).

L8 Principal Components Analysis
Principal component analvses were performed on the correlation matrix of traits of

cach tral and the results tor the three locations are presented in Tables 10, 11 and 12,

LT Samarn location

When the data for the 23 traits were subjected to principal component analysis, 20
components were produced with eigenvalues lying between 0,196 and 4.3 (Table 10). The
first two principal components axes accounted for [8.7, and [5.8%. respectively, of the total
variation and together accounted for 34.5% of this variation. The first five principal

components axes acceunted tor S9.87% of the total variation.

‘'
n
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Table 10: Principal component () analysis of (eaits associated with 247 upland eotton genotypes grown in Samuarn
i 1994, showing vigen values wnd proportion of variation associated with the first five PC oaxes and eigen
veetors af traies.

Pl P2 POy MCd Prs
Eigen values 4,301 1.631 2.264 2.001 1.504
Cimmmaulative praportion of variition 18.701 34488 44,329 53.029 59.827
PPlant height{em) -0,273 0.266 0194 {1075 0,083
No, of internodes per plant =L 095 0,249 Ih.306 -(1.0A1 0,225
No. of fruiting branches 0113 0.J6Y L1y EINIET) -1
No. of vegetative branehes L3N 0.134 -.233 0112 0.200
Height of the first feuiting hranch IR EK ).058 <116 0.051 0.126
Nooof intenods of the tiest brageh o] G012 0.304 -0.292 0.145 U131
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Fourteen principal components were necessary to explain more than 90% of the total
vitriation.

The coefficients for the first five principal compon'enls are presented in Table 10,
Height of the first fruiting branch was a primary source of variation with the largest
coefficient (-0.353) in the first principal component axis. The 50% span length had the
second largest coefficient (-0.329), followed by earliness (0.314), number of vegetative
branches (-0.310), da /s to first flower opening (-0.296), and 2.5% span length (-0.282). The
holl length (-0.007), and diameter (0.07), seed-index (-0.064), and number of internodes of
the first fruiting branch ((.012) had the smallest absolute value coefficients of the first
principal component wxis. Number of fruiting branches (0.369). number of bolls per plant
(0. 3641, number of flower per plant (0.361), number of internodes per plant (0.349), seed
cotton vield per plant (0.313), and number of internodes of the first fruiting branch (0.304)
hadd the Targest coetficients in the second pri=cipal component axis. Traits that loaded the
principal component three (.87 of the total variation) were number of internodes per plant
(1. 366). SO% span lergth (0.313), number of frutting branches (0.309). and length of first
trinting hranch (-0.307). Principal component four explained 8.7% of the total variation and
was loaded by boll length (0.521) and diameter (0.482) and seed-index (0.445). Principal
component five acconated tor 6.8% of the tolal variation and consisted of days to 50% (-
0.015) and days to tirst flower opening (-0.313) and earliness (0.370) and ginning % (0.310).

The contiguration of the traits that described the 247 genotypes of Upland cotton and
the placement of these materials are presented in Figures [ and 2. By viewing these figures
simultancously. one could observe that the traits were a bit far off the origin of the circle.
mplving a tairly high degree of correlation of these traits with the principal component axes.

In general there was an association between genetic divergence and geographic origin. The
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cotton genotypes from Samaru appeared well grouped at the top of the second axis associated
with good seed cotton yield, number of flowers and bolls per plant, and the length of the first
fruiting branch. This iniplied a good agronomic adaptation of the local cultivars. The
genotypes from the other countries of Africa appeared at the lett (Figure 2), associated with
goud fibre guality traits (Figure 1). The genotypes from Europe were well differenciated and

appeared  at the right (Figure 2}, associated with earliness (Figure 1),

4.3.2. Maroua location

The principal component analysis grouped the 22 traits into 20 components axes with
eigen values lying between 0,312 and 3.59 (Table [1). The first two components accounted
for 16.31 and 10.644% of the total variation, respectively, representing a lotal proportion of
variation of only 277, The first five principal component axes eigen values accounted for
0% of the .otal variation, while the first fifteen accounting for - 90%, indicating a
relatively low degree of correlation among characters for the genatypes at Maroua, in 1994,

Also presented in Table (1 are the scores for the major traits describing the first five
axes. The First principal component axis had its largest coetficients for 30% span length (-
0.417), 2.5% span length (-0..390), fibre bundle strength (-0.35D). plant height (-0.318),
height of the first fruiting hr;_mch (-0.315), ginning % (-0.228), and number of vegetative
branches (-0.228). Inrernodes ot tirst fruiting branch (-0.004), number of bolls per plant
{0.Q17), length of the Frst fruiting branch (-0.047), number of flowers per plant {(-0.065) and
duys 0 30% flowers pening (-0.058), and bract's teeth {(-0.082) had the smallest absolute
;-’ethltt‘. ot coetticient ot the (Trsi principal component axis. Days to first boll opening (0,429},
ditys (0 30% bolls opening (0.424), ginning % (-0.311), length of first fruiting branch

(0.258).2.5% span leagth (-0.2553, and 50% span length (-0.249) had the largest

I
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Figure 2: Scatter diagram for 247 genotypes grown at Samaru in 1994,
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coefficient (in absolute values) in the second axis. The third principal component axis
explained 5. 1% of the total vanation and was mainly associated with the length (-0.459) and
internodes {-0.455) of the first fruiting branch, number of flowers per plant (-0.348}, number
of fruiting branches (-0.318), and number of bolls per plant (-0.310). Traits that loaded the
fourth principal component axis (7.2% of the total variation) were length (0.421) and
diameter of boll (0.374). days to 50% bolls opening (-00.348}, days to first boll openmg
(-0.348) and number of tlowers per plant (-0.302). The principal component axis five that
accounted for 7.0% of the total variation had its highest loadings with boll length (00.453) and
diameter (0.433), and secd-index (0.374).

The cunt’ugura.liun of the 247 upland cotlton genotypes and the traits used to describe
them under the tirst two principal components are presented in Figures 3 and 4. [n general,
the genotypes from the African countries were found at the left (Figure 4) and were
assoctiated with fibre quality trasts and «'ays to first and 50% bolis opening and days 1o first
tlower opening (Figure 3). The genotypes from Cameroon (IRMA)} were well differenciated
and appeired 1o be associated with fibre length and earliness thus, Indicating an agronomical
superiority of local cultivars in their region of adaptation to cultivars from other regions, The
genotypes from Cote ' voire appeared to be associated with plant height and late maturity
period. The genotypes from UK. appeared more scattered compared to those from other
regions, indicating the presence of more genetic diversity in that upland cotton population,

The genotypes from Durepe. unlike at Samaru appeared o be late maturing as genotypes

from other regions,
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Figure 3: Scatter diagram for the major traits of the first two PC axes described the
variation of 22 triats of 22 traits measured on 247 Upland Cotton genotypes grown at

Maroua in 1994.
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Figures 4: Scatter diagram for the 247 genotypes of Upland Cotton grown at Maroua

in 1994,
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434 Garona Location

The principal component analysis grouped the 22 traits measured on the 247 Upland
cotton genotypes into 20 components with eigenvalues lying between 0.169 and 4.285 (Table
[2). The first two principal components accounted for 19.5 and 11.8%, respectively, thus,
accounting for 31.3% of the total variance. The first five components accounted for more
than 54% of the tota! vartaton while the first fourteen for more than 90% of the total
variaton, ‘

Ao presented in Table 12 are the scores for the major traits describing the first five
axes. The first principal component axis had the highest loading on 50% span length (-
0.356), 2.5% span length (-0.333) and height of the first fruiting branch (-0.341). Plamt
heteht (<L 3R). number of vegetative branches (-0.285). and seed cotton vield (-0.283). also
accounted for the varation. The largest coefficients in the second axis were determined by
holl length (0.438), boll diaeter (0.393), seed index (0.387), number of internodes « 1 the
first fruiting branch (-0.309). and length of the first fruiting branch (-0.303). Traits that
loaded principal component axis three (9.7% of the total variation) were number of flowers
(AT 1y and bolls (0.391) per plant, davs 1o first flower opening (-0.339). and days to 50%
Howers opemng (-0.332). Principal component axis four (7.4% of the total variation)
consisted mamly of morphological parameters [internodes of the first fruiting branch (0.440),
holl diameter (0.380). length of the first fruiting branch (0.371). boll length (0.322), and
hract’s teeth (0.344)] while principal component axis five accounted for 6.2% of the total
varance and consisted mostly ot days 10 50% (0.518) and days to tirst flower (0.476)
openmg and bolls (% v on vegetative branches (-0.305).

Fhe contiguration of the traits that described the 247 Upland cotton genotypes under

the first two principal components are presented in Figures 5 and 6. Though there was a poor
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resolution for individual groups, the genotypes could be sorted into two large groups,
associated with the good fibre lengths and higher yield at the left side including genotypes
from African countries: Cameroon, Chad, Cdte d'lvoire, Burkina Faso, and Togo. This
indicates that the local cultivars from these African countries were well adapted with

improved fibre quality traits.

4.4, Hierarchical clustering.

Hierarchical clustering carried out on each data set using Ward’s minimum variance
method delineated more clearly the groups of individuals and the results of the analyses are
presented mo the form of dendrograms of Figures 7, 8 and 9 (for purpose of good
visualization, the values of semi-partial R-squared were multiplied by 1,000).

A fairly good resolution of individuals groups was expected with results from Samaru
due to the fact that & maximal amourt of variance was shown on the first two principal
component axes, Thus cluster arrangements using Samaru data set served to determine
where to cut the "tree”, Following the methodology described by Mumm and Dudley (1994)
and with the help of the knowledge gathered on the genetic material under study, the "tree”
was cut at the semi partial R-squared =100 level which corresponded to about 0.90
disstnilarity level. The semi-partial R-squared distance is a ratio of the variance between two
clusters just joined divided by the total variance. It varies from 0 to 1. The same procedure
was tollowed and applied to cluster arrangements of the two other locations. In general, the
erouping agreed with pedigree mformation on the materials used.

The magnitude of intercluster distances 1s low, indicating a low degree of divergence

hetween these clusters. thus a narrow genetic base of the upland cotton genotypes studies.
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4.4.1. Clustering at Samaru

Following the methodology described hitherto, ciustering genotypes based on
dissimilarity of quantitative traits produced eight groups (Figure 7):

Cluster I (Appendix 6): It is a heterogeneous group comprised of 43 genotypes
involving many stocks (Lone Star, Acala, Deltapine, Nkourala), and materials from Europe,
and China. Samcot 9 from Nigeria was also assigned to this group (Allen type).

Cluster I1 (Appendix 7): Comprises 14 genotypes from Europe and America.

Cluster HT (Appendix 8): Comprises 29 genotypes, designated as European material
but actually they are not known precisely,

Cluster IV (Appendix 9): Comprises 41 genotypes all having in their genetic
hackground an Allen iype.

Cluster 'V (Appendix 10): Comprises 21 genotypes, half of which are of unknown
venetic background. Here agair we have matenal derived tfrom crosses between Allen « ¢
Acala types and Lone Star types.

Cluster VI (Appendix 11): Comprises 56 genotypes derived from Lone Star stock
(30%). a mixture of  Allen*NKourala with other US materials, some ATH
(Arboreum*Thurberi*Hirsutum) derived types. Most of the materials are of complex genetic
hackground: and 32% of them were of unknown genetic origin.

Cluster VII{Appendix 12): Comprises 27 materials from 6 different countries (French
speaking African Couairies) developed by, or with the collaboration of, the French Institute
of Cotton Research (!RCT) and derived trom HAR type.

Cluster VI (Appendix 13): Comprises 16 genotypes from S different countries
(3 continents). originating mainly from the old Allen*Nkourala*Triumph stock: sometimes

one type is replaced by another US material. In this group, four discrepancies
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Figure 7: Dendrogram for 247 genotypes of Upland Cotton grown at Samaru in 1994.
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were noted with the inclusion of an Acala type, one Deltapine type and two HAR

(Hirsurum™Arboreum®Raimondi).

4.4.2. Clustering at Maroua.

Figure B presents the results of cluster arrangements for Maroua. Compared to
Samaru results, the resolution of individuals into  groups was poor as shown by principal
component analysis. Seven population clusters were formed:

Cluster I: Comprises 20 genotypes mainly developed in Cameroon, thus from Allen
(IRCO) 5028 type).

Cluster [I: Comprises 48 genotvpes involving Allen*Nkourala*Triumph old stock.

Cluster 111: Comprises 28 genotypes of diverse genetic and geographic sources,

Cluster 1V: Comprises 24 genotypes (Acala, Coker, Lone Star, Tanguis, Chinese
matenal. .. ).

Cluster Vi Comprises 53 genotypes involving material from Europe, Texas
programme. Lone Star stock.

Cluster VI: Comprises 35 genotypes including Lone Star, HAR. Acala types...

Uluster VII: Comprises 39 genotypes belonging to Allen and HAR stocks mainly.,
Fleven cenatypes are of unknown background, and two are of Deltapine and Acala types.

he last two groups are relatively uniform and place materials from the same country
side by side.

However the compositions of the individual clusters is not here-in presented because

the print-out do not irclude all the genotypes.



'Figure 8: Dendogram derived from cluster analysis for 247 genotypes of Upland Cotton
grown at Maroua in 1994, )
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4.4.3. Clustering at Garoua.

Figure 9 presents the results of cluster arrangements for Garoua. From the results of
principal component analysis, the portion of variation explained by the first two axes was
fairly good compared 1o Maroua even though it was still below average. The 247 genotypes
under study were classified into & different groups (Appendixes 14 - 19):

Cluster [ (Appendix 14): This group includes 18 genetic materials developed by, or
with the collaboraticn of, the French Institute of Cotton Research (IRCT) in Chad,
Cameroon, Cote d'Ivoire and Togo (Allen types predominantly).

Cluster I (Appendix 18): This group comprises 40 genetic materials derived tfrom
HAR and devetoped in Cameroon and Cote d’lvoire,

Cluster T {(Appendix 16): This group comprises 33 genetic materials from Europe
{former USSR and  Central Europe). Some Lone Star (Empire and Coker types) and other
materials of urinowa origin are also present, This group 1s a litt". bit genetically
heterogencons,

Cluster [V (Appendix 17} In this group of I 57 genotypes, we  have the
AllenNkowrala®Trisimphr old stock, some Lone Star, Acala and Deltapine derived types.

Cluster 'V (Appendix 18): This group is comprised of 35 genotypes from diverse
origins both genetic and geographic such as ATH types from Zaire, Lone star types from
LS. AL and HAR and Allen types from Cdte d’Ivoire, Cameroon, and Nigeria. Many
materials of unknown genetic background are included in this cluster,

Cluster VI (Appendix 19}.: This group is comprised of 69 individuals. predontinantly

Lone Star stock,some Aflen and ATH material, and also European materials.
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i
Figure 9; Dendrogra'm derived from cluster analysis for 247 genotypes of Upland Cotton
grown at Garoua in 1994,

|
| : ed {0/oo)
i gppi-Partial R-Squar

0 0a
o 100 200 o :
! s
1
I
|
LRt o :
i
|
+
]
o
)
[ad
T
: -
' =
' 2
i

55



4.5 Imer-cluster distances,

Since the first ten principal component scores were used in each case for clustering
procedures, and owing to the relationship between generalized distances and principal
components, the same transformed sets of data were used to compute Mahalanobis D?
distance between clusters.

The calculated D distances (v D?) between clusters vary from 1.84 between groups
3 and 8 to 3.49 between clusters | and 4, at Samaru (Table 12). At Maroua location
distances vary from 1 88 between groups 3 and 6 to 3.25 between groups 8 and 7 but were
smaller compared to those separating different groups obtained at Maroua location (Table 13)
while at Garoua the distances (Table 14) between population groups were medium compared

to the other two locatons. The smallest DO1.2) was found between clusters | and 2. and the

highest (3.8) between clusters 2 and 6.
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Table 13:Inter-cluster average values of D (Mahalanobis distance) for 247 genotypes of Upland cotton grown

al Semaru in 1994

Cluster

No 1 2 3 4 5 f 7 8

| (L0000

2 2.5022 00000

3 21170 17748 0.0000

4 2.2495 31033 2.2165 0.0000

5 2.5332 3.0252 J.20658 2.6285 0.0000

6 1.8374 2.6908 1.9100 2.2140 2.1207 0.0000

7 2.5717 1.3827 3.1025 2.1427 2.7618 21084 0.0000

8 31631 26606 2.6296 2.9096 3.4876 2.3297 2.4042 0.0000
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Table 14: Inter-cluster average values of D (Mahalanobis distance) for 247 genotypes of Upland cotton grown
at Maroua in 1994

Cluster

No 1 2 3 4 5 6 7

I 00000

2 2.4277 (LR THIT]

3 2.5491 2.2513 0.0000

4 2.9179 21537 2.3332 0.0000

s 2.4602 1.8779 1.9874 1.9420 0.0000

f 3.253] J. 3002 2.7017 2.7158 2.1328 0.0000

7 24451 2.0654 2.5648 2.9585 2.1234  2.2178 0.0000
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Tuhle 15: Inter-cluster average values of D (Mahalanobis distance) for 247 genotypes of Upland cotton grown at
Gurous in 1994

Cluster

No 1 2 3 4 5 6

l 10,0000

2 2.5124 0.0000

3 3.5014 2.46088 0.0000

4 2.7390 2.3073 1.8499 0.0000

3 37516 2.5384 2.3059 2.1749 0.0000

t 13852 20011 2.0600 L.8631, 1.8170 0.0000




CHAPTER V

DISCJYSSTON

A review by Meredith (1984) has shown that a considerable amount of useful
variability 1s present ‘n cotton, In this study, the presence of varability in the populations
of upland cotton evaluated with respect to the 25 traits measured is confirmed by the values
of ranges and means of these traits and also by the significant mean squares that were
obtained among the cotton genotypes.  Similar results have been reported in different
collections of upland cotton by Lefort and Schwendiman (1974), Meredith (1984), Singh and
Gull (1984). Brown ¢1991) and Lancon ef al. (1992). The low values of coefficient of
variation (2.5% to 22.1%) obtained for most of the traits is indicative of intra-genotypic
homogeneity for these traits.

Fhe rel dve magnitudes among different variances and compone .ts of variance are
of interest 1o the geneticist i an academic way. Their practical significance, however. is in
the estmation of heritability, 1.e. the proportion of phenotypic variance that is transmissible
from generation to generation.  In this study, the high magnitudes of genotypic variances
ohtaimed as a component of the phenotypic variances even though inflated by genotypes x
location effects that could be subtracted indicates that selection for these traits is likely to be
elffective,

The correlation coetficients determined for the combinations among the 25 rtraits in
this study are estimates of phenotypic correlations.  Although phenotypic correlations are
admittedly only approximations of genotypic correlations, Miller er a/. (1958) found them
o be of comparable magnitude with a general tendency for the genotypic correlation to be

shightly Targer than it phenotypic counterpart.  As @ consequence, phenotypic correlations
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sive a fairly good indication about the direction of change in a given trait indirectly brought
about when selection 1s actually being practiced on another trait.

The examination of the correlation coefficients between combinations of traits showed
their interdependence and revealed the antagonism of expression between agronomic and fibre
technology properties. In cotton both yield (seed cotton and lint) and fibre properties atfect
the economic net worth of the crop. Thus, many quantitative inheritance studies are directed
mainly towards yield. the components of yield (lint per cc;11, bolls per plant and boll size.
and seed-index) and fibre properties (fibre length, stiength and fineness) (Meredith, 1984).
T'he significant correlation obtained between seed cotton yield and number of bolls per plant,
holl fength and diameter, and seed-index compared fairly well with those reported elsewhere
(Lefort and Schwandiman, 1974: Alabi, 1982; Meredith, 1984) and are interesting for future
breeding programmes aimed at improving seed cotton yield. As stated by Robinson ¢r al.
(1932), the de.ree of phenotypic and genotypic correlations of traits i+ important in plant
breeding particularly for quantitatively inherited traits because it genetic correlations are
positively significant. selection for one trait will simultaneously result in changes (progress)
of other trants Gndirect selection). Lint yield was not measured but lint percentage (ginning
percent) is one of its important component.  The significant and positive associations of
ainnmg %o owiath fibre length and micronaire index over the three locations, and with seed
cotton vield and fibre bundle strength over two locations are contrary to what is reported
trom other studies buy could also be the result of genetic selection progress for these traits
due to selection pressure that has been put on since the 1980s to improve lint yield, length,
strength and fineness along with acceptable seed cotton yield. Similar results in different

population of upland cotton were reported by Butany er al. (1966). Another evidence of
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selection progress is Lrought about by the significant and positive association between fibre
length and fibre bundie strength (Meredith and Bridge, 1971).

Earliness of c!rap maturity is also of interest to breeders. Days to first flower opening
and days to 50% flower opening were negatively (P<0.01) associated with earliness. This
clearly suggests that in future breeding programme selection of strains early in days to first
flower opening or days to 50% tlower opening will help to improve earliness of upland
cotton maturity,

The numerous phenotypic  measurements could be resolved into tewer, more
mterpretable, and more easily visualized dimensions by the results of two multivariate
leehniques. namely, principal components and hierarchical ‘Clusrcr analyses.

The aim of principal component analysis 15 to resoive the total variation of a set of
traits into linear independent composite traits which successively account for the maximal
vartahility in the data.  Sample 1raits are generally intercor clated to varying degree, and
hence not all principal components are needed to summarize the data adequately. Deciding
upon the number of axes to retain in a reduced solution is subjective. In this study the first
fwo principal component axes were retained,  Less than 37% of the combined variance of
alb traits could be captured in them to summarize differences among samples of genotypes
at cach docanon. I this case the reduction in dimensionality was accompanied by a
considerable loss of isformation, The ﬁrst two components that explained 26.94. 31.29, and
34,497% o1 the total vanaton at Maroua. Garoua and Samaru, respectively, permit to cquatly
ascribe the vartability observed to agronomic and fibre technology traits. The first axis gives
an EI‘L'COLII’.I of an assceiation between fibre technology traits (2.3% and 50% span lengths)

o one hand and hetght of the first fruiting branch and/or plant height on the other hand, all

opposed to cartiness (in Samaru), The second one gives an account of the number and length
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of fruiting branches, and size of bolls and seeds. In distinguishing among the genotypes
therctore. fibre length, height of the first fruiting branch ana/or plant height, and earliness
would be most effective. Siddiqui er. al. (1976, 1977) found height and number of fruiting
branches to be most important in contributing to divergence in different collections of upland
cotton.  Carvalho er. «/. (1995), also found plant height, fibre percentage and earliness to
be the most divergent traits.

The grouping of these accessions based upon principal component analysis showed
that local caltivars tend to be agronomically superior in their region of agaptation to cultivars
from other regions.  African accessions distinguished themselves with yield and good fibre
quality properties while upland cotton genotypes from Europe were carly maturing crops.
Fhe differential response of the genotypes observed in the three locations indicated that
environment plays a great role in determining the sample of traits for the trend of genotypes
onder stidy. Thus. there is a ne.d for developing cullivur; for each specific location,

The resuits of principal component analyses were not very discriminating, but one
would have an overview of the relationships among the upland cotton genotypes and relate
the placement of diffrrent groups or families to the traits accounting for that variability.
Upland cotton genotypes from African countries showed superiority in the fibre quality traits.,
fibre length. bundle strength and micronaire index and could be potential sources of parental
material in a breeding programme aimed at improving fibre quality properties. Specifically,
senotvpes from Nigeria generally had good yields and could therefore be used as parental
materials o improve seed cotton yield in developing new varieties.  Genotypes from
Furopean countries that were associated with earliness could be promising materials in

developmg early maturing varieties,
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The traits measured were not very discriminating because they showed great
mterdependence amorg themselves, Selection of traits o calculate the genetic distance is the
base of whatever classification (Arunachalam, 1981; Sanchez er a/., 1993; Amurrio er al.,
1995). The quantitative traits affected by environmental factors and interactions and showing
high degrees of independence among themselves must be considered as criteria for
classification (Goodman and Paterniani, 1969)New parameters that are now increasingly used
to describe cotton crops such as "plant mapping” traits could be trully-descriptive and should
be considered in further genetic diversity studies using multivariate analysis of biometrical
data.  Morphological traits determining yield can be readily described in such a study, and
this would be very beneficial to cotton breeders.

Results from tie cluster analysis also suggested that the hierarchical cluster method
could be useful for determining the diversity among numerous genetic materials or the
similarity of an entry rela”.ve to other entries (Souza and Sorrels, 1991a; Quendeb ¢r l..
1995), It can be used 1o assign entries 1o their specific group of similarity, even when origin
i unknown.  Eight. seven and six distinet clusters were formed at Samaru, Maroua and
Craronan, respectively. '

I'he varnation observed in the clustering in different environments could be due to
differential response of different traits in the different environments.  Considering the
placements of the difierent genotypes on the scatter diagrams resulting from the principal
component analyses. the first agglommerations (minimum variance) formed were among
senotypes with more extreme scores. It is noteworthy that very divergent genotypes by
seographic origin could fall into the same cluster: cluster I in Samaru and Cluster VI in
Garoua contained uplond cotton genotypes from the five continents.  Some genotypes of the

sime genetie background but representing different selections could be distributed into
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difterent clusters as observed in IRMA 1243 and IRMA (96 + 97) trom Cameroon and the
SAMCOT cuiivars from Nigeria which have been placed into differeat clusters. Some
genotypes of unknown pedigree but from the same ecogeographic origin could be distributed
m different clusters.  All these findings tend to show that hierarchical cluster analysis is a
sensitive tool for measuring diversity among accessions. Conversely, genotypes of the same
genetic origin could be distributed into different clusters as observed with the IRMA from
Cameroon that are of [RCO type and SAMCOT 9 and SAMCOT 10 of Nigeria which fell
into different clusters boih at Samaryu and Garoua.,

Free clustering ot the genotypes indicated dependante upon the directional selection
pressure applied for realizing acceptable yield (lint and seed cotton) and fibre quality
patentials in ditferent countries and thus the well-evolved homeostatic devices will tavour
constancy of the associated traits and will thus show indiscriminate clustering.  Substantial
variability among the genotypes evolved 17 the same habitat could be due to genetically
diverse nature of the parents used in developing genotypes, or genetic drift and selection
torces under diverse environments (Katiyar, 1978).

With very few exceptions, the grouping patterns of the upland cotton genotypes as
observed in the prese;‘l study indicated thar the genetic diversity was not directly related to
geographic diversity. These results compare very well with those obtained in previous studies
by Ningh and RBains (1968), Ekbote and Khorgade (1986). Singh and Gill {1984), Gulin er
af . (1990) and Browsr (1991).  Arunachalam and Ram (1967), on sorghum also reported
sunilar results,  Quite often. the guantitative traits like the ones measured in this study are
écunnmicuﬂy imporiant in the development of varieties. In order 10 bring together varieties

with generally similar characteristics, quantitative traits are used for grouping. Nevertheless,



gualttative traits are often used for separating varieties when a limited range for quantitative
traits is found within certain groups (Sneedon, 1970).

Despite the descrepancies observed in clustering, clusters broadly agreed with
pedigree informations. Mumm and Dudley (1994) explained that discrepancies can result
hecause of the methodoiogy in the clustering process. First, since the clusters obtained with
Ward's minimum variance method are non-overlapping, a genotype resulting from the cross
ot two inbreds could be grouped with only one of the parents. So, the grouping in the
Jdendrogram is somewhat artificial in that group assignments indicate the group with which
the ling is similar. The dendrogram serves to portray the relative estimated relationships in
the proximity matrix as closely as possible and in a manner that is easy to interpret, but it
> ol a perfect representation of those relationships.

The low estimates of inter-cluster distances (D) obtained in this study indicate that the
247 genatypes display a narrow range of diversity e each specific environment. An
explanation for this fow range of genetic diversity in the sampled population of upland cotton
could be given. The development of the World upland cotton varieties are to a large extent
dependent on the United States germplasm pool (Dessauw and Hau, 1997) which have been
found to display a narrow genetic diversity (Richmond, 1951; Anonymous, 1997), These
varieties are therefore expected to display only a limited amount of diversity despite their
diverse geographic otigin. But due to the interspecific origin of Upland cotton and search
tor a lairly broad genetic base o cotton in recenl years by breeders, genetic diversty is still
represented in cotton germplasm for breeders to work with.,

The practical sigmificance of grouping genotypes into difterent clusters and computing
e statistical distance between them has been emphasized by Bhatt (1970) and Kanwal er al.

(1983). Genotypes grouped into the same cluster presumably diverge very little from one
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another as regards the aggregate of the traits measured. A crossing of genotypes belonging
tes the same cluster would not be expected to yield desirable segregates, Consequently
crossing programme should be formulated such that the spectative parents belong to different
clusters., The statistical distances (D), thus computed. represent the index of genetic diversity
among clusters. [t would appear logical to effect crosses genotypes belonging to the clusters
seperated by high estimated statistical distances, and mean statistical distance at each location
may be considered arbitrary as a guide line. But in choosing among the genotypes of a

cluster, other practical considerations should be taken into account (Bhatt, 1970).



CHAPTER SIX
SUMMARY AND CONCLUSION

With the large increases of processing power of micro-computers and corresponding
software developments, grounds are believed to exist at present for geneticians and plant
breeders to evaluate high numbers of accessions when considering many traits simultenously
(Peeters and Martinetli, 1989; Brown, 1991; Amurrio er al., 1995). In this study, the
treatment i multivaniate of the data relative to twenty five traits, measured in two hundred
and tourty seven genotypes of upland cotton (Gossympium hirsutum L.) grown in three
different environments brought information about the genetic diversity present in this set of
senotypes and gave the descriptive elements of the total variation observed as revealed by
the umivanate approach.

The examination of simple hnear correlation between pairs of traits revealed their
areat terdependance, though in general they did not show high mutual correlations.,
Significant correlations were observed among yield components.  Highest of these were the

E 3
association between seed cotton yield and number of bolls per plant (r=0.65 , and
04117 ). and seed index and boll length (r=0.424" , and 0.4%#*) at Samaru and Garoua,
respectively. An indirect selection for yield could be effective through the improvement of
either boll number or seed-index.

The first two principal component axes that explained less than 36% of the total
varation (great interdependence of traats) suggested equal contribution of agronomic and fibre
rechnology traits to the total vanation of the traits considered in the sample of genotypes
stuchied. Herght of the first fruiting branch and/or plant height, fibre length and earliness in
Samaru were imporatnt components of variability and contributed significantly to the total
variation observed. The representation of the genotypes on these two axes provides elements
ol information in view of future breeding programmes aiming at improving seed cotton yield.

fibre technology properties and earliness. Genotypes originating from African countries were

68



well adapted to their region and agronomically superior to other genotypes. Samaru
materials (Nigeria) were well associated with seed cotton yield while materials from African
French speaking countries (Cameroon, Chad, Cote d'Ivoire and Togo) were associated with
coad tibre technology properties.  Materials developed in Europe distinguished themselves
with earliness in maturity. These could be recommended as potential sources of parental
material it one wishes to improve these traits in a breeding programme.

Hierarchical cluster analysis using ward's minimum variance grouped the two hundred
and fourty seven genotypes ol upland cotton into 8, 7 and 6 clusters at Samaru, Maroua and
Garoua. respectively.  The grouping pattern of the genotypes indicated that the genetic
diversity was not direcily related to the geographic diversity. There was also variation in the
clustering in different environments presumably due to differential response of different traits
m varying environments. It is obvious for the genetic relationship of genotypes to be
obscurred by adaptation traits related to genotype x location variances.

Results from this study suggest that hierarchical cluster analysis could become a useful
wal tor the evaluvation of a high number of genetic materials in several environments.
Considering some agronomic and fibre technology traits, different genetic groups could be
more or less clearly delineated, and clusters formed could provide a structure for sampling
cultivars for genetic, breeding, or agronomic studies. There was correspondance between the
ceographic origin of the genotypes and their inclusion in particular clusters. Genotypes
crouped into the same cluster presumably diverge very little from one another as regards the
aggregate of the traits measured. Crossing of genotypes belonging to the same cluster is not
hkely to vield desirable segregantes. Consequently a crossing programme should be
tormulated such that the putative parents belong to different clusters (Bhatt, 1969; Ouendeba
eral., 1995), The categorisation of the diversity of many "entries” into groups with similar
characteriies can also be used in building "Core” col lections or as a prescreening programme
for plant breeders (Herbert and Vincourt, 1985: Lefort-Buson, 1985: Ariyo, 1993; Casler,

[995).
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APPENDIX

Appendix 1:Upland cotton genotypes studied, ahbreviations used in the figures, and sources country

§/No GENOTYPES Abbreviation Country
1 (539%1298) *gl 14 1069 (539°1298)°g IRA
P’ | 1 10 B 110B USA
3 101 102 B 101 102B USA
4 108 F okra 108F okra USR
5 153 F 153 F USR
6 26 J A 125 26 J A 125 NIR
7 410 49 (A333 57+HR 21 - (A 333 57+HR) BDI
B 73460 8 (SINDOS B80) -8 (SINDOS 80) GRE
9 . A 637 A 637 UGA
i0 . A SMO A SMO UGA
11 . A66 36 A66 36 UGA
12 . ACALA 1517 BR1 ACA 1517 BR1 USA
13 . ACALA 44 ACALA 44 USA
14 . ACALA 531 71046 ACA 531 7104 GRE
18 . ACALA ANCIEN ACA ANCIEN USA
16 . ACALA DEL CERRO ACA DL CRO USA
17 . ADD1 ADD1 ELS
18 . ALA 73 2M ALA 73-M ZAM
19 . ALBAR 72B ALBAR 72B ZIM
20 . ALEP 3 ALEP 3 SYR
2% % ALEP 4 ALEP 4 SYR
22 . ALEPPO 1 ALEPPO 1 SYR
23 ALLEN 333 57 ALN 333 57 CMR
24 . ALLEN ANCIEN ALN ANCIEN CHD
25 . hNDALUCIA ANDALUCIA SPA
26 AUBURN 56 AUBURN 56 USA
27 B 761 B 761 CAF
28 BJA 592 ckra JA 592 okra CHD
29 BJA B2 BJA B2 CAF
10 . BJA gl BJA gl CHD
31 . BLANK 1 15 BLANK 1 75 UsA
32 BOU 1724 6 BOU 1724 6 TOG
33 BOU 74 BOU 74 TOG
14 BOU 75 BOU 75 TOG
35 BOU 76 BOU 76 TOG
36 BOU 77 BOU 77 TOG
37 BOU 78 BOU 78 TOG
38 BOUAKE frego BUAKE frego cIv
39 o 3123 C 1211 USR
40 C 3137 C 3137 USR
41 C 433 81 C 433 81 FRA
42 c3210 c3210 USR
43 c4727 c4727 USR
44 CAMD H 75 cAaMD H 75 USA
45 caMD H 75 C caAMD H 75 C USA
46 CB 2472 3 CB 2472 3 BGD
47 CHILALA 84 CHILALA 84 ZAM
48 CHILALA 85 CHILALA B5 ZEM
49 CHINE 204 CHN 204 CPR
50 CHINE 401 CHN 401 CPR
51 . CHINE 7 o/ CHN 7 0/1 CPR
52 . CHIRPAN 173 CHIRPA 173 BUL
53 CHIRPAN 996 CHIRPA 996 BUL
54 CHRIPAN 433 CHRIPA 433 BUL
55 CHUAN JIAN 3 sup CHN J3 sprok CPR
56 CHUREZA B85 CHUREZA 85 ZAM
57 CIRRITO CERRITO ECU
58 CNPA 2 H CNPA 2 H BRA
59 CNPA 6H CNPA 6H BRA
60 . CNPA PRECOCE 1 CNPA PREC 1 BRA
61 . CcOo 417 co 417 IND
§2 . COKER 100/2 COKER 100/2 USA
63 . COKER 100A gl CKER 100A gl USA
64 COKER 201 COKER 201 SPA



104

107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128

~4129
130
131
132
133

COKER 312

COKER 315

COKER 413 E
CONAL SN

COPAL 117

COPAL 68

COPAL 70
CUKUROVA 1518

D 202 14
DELTAPINE L61
DELTAPINE SL GL
DELTAPINE SR1
DELTAPINE SR2
DES 119
DETAPINE SL FREG
DIXIE KING III
DP*P4

DPL 15/21

DUNN 119

DZA 74 M

EMPIRE B4
EMPIRE WR (B2 Bé
EMPIRE WR (B2 B3
EXD 71 438

EZA 7A MM

F 281 G 694 gl
F 281 G 696 gl

. G 319 16

GAMBIA Ra 8 2
GREGG
GUAZUNCHO

. GUMBO

H 10

H23

HAMPEI

HAR 444 2 66
HAR 444 2 65

. HAR 444 2 69
. HAR 444 2 70

HAR*COKER 4 75
HC B4 75

HG 9

HIGH MARTURITY
HR1 71(HR1 F71)
IAC 17

IAC 20

IL 66

INIAP 601

IPEACO SL 23 6 680

IPEACO SL 2361
IPEACO SL 7 1
IPEACO SL 7 8Mé
IRCT CR10

IRCT CRS8O

IRMA (96+97)
IRMA 1042

IRMA 1110 okra
IRMA 1145 gl
IRMA 1243

IRMA 1327

IRMA 1480

IRMA 1657

IRMA 197 gl
IRMA 323

IRMA 772

IRMA A 215 GL
IRMA A1200
IRMA Al51 gl
IRMA B209 okra

COKER 312
COKER 1315
COKER 413 E
CONAL SN
COPAL 117
COPAL 68
COPAL 70
CKURVA 1518
D 202 14
DLTPNE L61
DLTPNE slGL
DLTPNE SR1
DLTPNE SR2
DES 119
DTPNE slfrg.
DIXIE KING II
DP*P4

DPL 15/21
DUNN 115
DZA 74 M
EMPIRE B4
EM.WR (B26)
EM.WR (B236)
EXD-71 438
EZA-7A-M
F281-G694gl
F2B1-G&96gl
G319-16
GMBIA Ra-8-2
GREGG
GUAZUNCHO
GUMBO okra
H 10

H23

HAMPEI
HAR-444-2-66
HAR-444-2-65
HAR-444-2-69
HAR-444-2-70
HAR*COK 4-75
HC-B4-75

HG 9
HI.MARTURITY
HR. (HR1 F71)
IAC 17

IAC 20

IL 66

INIAP 601
IPsl 23-6-68
IPCOs]l 2361
IPCOsl 7-1
IPCO smé
IRCT CR10
IRCT CRBO
IRMA (96+97)
IRMA Al042
IRMA 1110 ok
IRMA 1145gl
IRMA 1243
IRMA 1327
IRMA 1480
IRMA 1657
IRMA 197gl
IRMA 323
IRMA 772
IRMA A215gl
IRMA Al1200
IRMA Al51gl
IRMA B209%ck

USA

USA
NIC
ELS
ESL
ESL

CIV
UsA
USA
USA
USA
USA
USA
UsA
usha

USA

BKF
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135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172

IRMA BLT

IRMA BLT PF
IRMA BOKA
IRMA W 855
IRMA Z101 gl
IRMA Z122 gl
IRMA Z129 gl
IRMA 2332 okra

L142 9
L231 24 70
LEBC 1 75
LH 62

.~ M1 gl

MAKOKA 72
MAKOKA 78

. MAR 17 30 76
. MATACO (SP 347)
. MEBANE

MEX 68
N’'KOURALA 14 E 4

. N'KOURALA 44 10
. N’KOURALA K1 C2
. NAZILLI 87

. NTA 88 7

. NTA 88-11gl

. ORS LP 1 Okra

P14 T128
pP279

PAN 575

PAN F3 52
PAN F575
PAVLIKENI 73
PEE DEE 0111

IRMA BLT
IRMA BLT PF
IRMA BOKA
IRMA WB55
IRMA Z101
IRMA Z122gl
IRMA Z129gl
IrRMA 23320k
J 119

J 205

JEREZ
JIANSU N1
KAKENE
KRISHNA
L142-9
L231-24-70C
LEBO 1-75
LH 62

M1l gl
MAKOKA 72
MAKOKA 78
MAR 17-30-76
MTCO (SP347)
MEBANE

MEX 68
N'KRL14-E-4-3
N'KRL 44-10
N’KRL K1-C2
NAZILLI 87
NTA 88-7
NTA 88-11gl
ORS LPck
P14-T128
pP279

PAN 575

PAN F3-52
PAN F3-75
PAVLIKENI 73
PEEDEE 0111

82

USA



173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
19%
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

PEXA
PRONTO

BS 10

PS5 9
QUEBRACHC
REBA B 236
REBA B.50
REBA BTK12

REBA W256

g 188 okra

g 4727

51622 JENDOUBA
gh 66 51

SAHEL 50
SAMARU 26 C 54
SAMARU 26C
SAMARU 59 11
SAMARU 68
SAMARY €8 PAO NG
SAMBRU &2
SAMARU 70
SAMARU 71
SAMARU 72
aaMCOT 10
SAMCOT 6
SAMCCT 8
SAMCOT 9

apMIR 730

SCG 465...97
sSCG 465...51
SCG 471...57
sSCG 1572..528
SENBEZPENA TABA
Sl QKRA 1 4

ST OKRA L 22
SICALA 3 2
gROTOUSSA

SMB 86

sP 510

sp 59

SP 726

sp 81110

3P B6

SR1 F4

STAM B2

sSTAM F

STONEVILLE 2B 59
§TONEVILLE 506
STONEVILLE 731 ne

PEXA

PRONTC

ps 10

PS 2
QUEBRACHO
REBA R296
REBA B.S0
gEpa BTK12
REBA W296

g 188 okra
s 4727
81622 JNDBA
sn 66-51
saHEL 50
SAaM 26C-54
sam 260

ShM 55-11
snM 68

5aM 68 P NGL
SAM 69

sAM 70

SAM 71

SAM 72
gAMCOT 10
SAMCQT &
SAMCOT 8
SsaMCC: 9
SAMIR 730
s5CG 465. .57
sCG 465. .51
gca 471, .57
sSCG 1572.528
SNZPNA TABA
51 OKRA 1-4
g1 CKRAL 1,22
sICALA 3-2
aKQTOUSSA
aMB 86

sp 510

SE b9

sp 726

=3 81110

Sp B6

SR1 F4

STAM 82
gTAM F
STONE 2BS2
aTONE 500
STONE 731 ne

83



222

224
225
226
227
228
229
230
231
232
233
234
235
236
237
218
239
240
241
242
243
244
245
246
247

STONEVILLE 7A
STONEVILLE 7A OK
STONEVILLE 7A gl
STONEVILLE OKRA LEAF
STONEVILLE frego
STRUMICA 5086
TABLADILLA 100
TABLADILLA 16

TAKJA

TAMCOT SP 21

. TH 1100

U 280

U 563 19

V 145

U 563

Vil

V294 gl

X 239

X 2086

X 260

XAB S5*TANGUIS 126 5
XING TAI 68 71
Y 1422 SM 71
Y 1422 okra

Y 1638 624 GL
Z 407 1156

STONE 7A
STONE 7R OKR
STONE 7A gl
STONE CKRA L
STONE frego
STRMCA 5088
TBLDILLA 100
TBLDILLA 16
TAKJA

TMCOT SP21
TH 1100

U 280

U 563-19

V 145

V 563

Vil

V294

X 239

X206

X 260
XBS5*TNGS 126
XING TAI 68
Y 14225M71

Y 1422 okra
Y 1638 624GL
Z 407 1156
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UsA
usa
USA
UsA

SPA
SPA

USA
NIC
cIV
NIC

CHD
CHD

BGD
CPR

BDI



Appendin 2: List of source countries, codes (FAQ), and number of genotypes

of upland cotton evaluated ,
S/No Country Cocde Genotype No
1 Argentina ARG 8
2 Australia AUL 3
3 Bangladesh BGD 5
4 Brazil BRA 9
5 Bulgaria BUL RS
6 Burundi BDI 2
T Burkina Faso BKF 3
8 Camerocon CMR 25
9 Central African

Republic CAF 6
10 Chad CHD 21
11 China People's

Republic CPR 6
12 Costa Rica cos 3
13 Ecuador ECU 2
14 El Salvador ELS 4
1§ France FRA 1
16 Greece GRE 4
17 India IND 7
18 Iran IRA 2
19 Israel ISR 2
20 Ivory Coast IVC 11
21 Madagascar MAG 1
22 Malawi MLW 2
2 Mali ML1I 6
24 Mexico MEX 1
25 Nicaragua NIC 5
26 Nigeria NIR 13
27 Pakistan PAK 2
28 Paraguay PAR 1
29 South Africa ZAF 1
30 Spain SPA 5
i1 Syria SYR 3
32 Tanzania URT 1
13 Thailand THA 1
i4 Togo TOG 7
35 Turkey TUR 4
36 Uganda UGA 5
27 USA USA 42
i8 Union SSR USR 7
19 Yugoslavia YUG 1
40 Zaire ZAI 4
11 Zambia ZAM )
42 Zimbabwe ZIM 1
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Appaadin 3o Analysis of variance Gr agranomis and fibee oinelogy i nom 247 g2t pes of opland cotton grown ot Ssnaro in 1994,

Mean sguares uf the icails measured

Surez of DF ‘H{cm) INPP FB \VE HFFB{xm INFER LFFB logl BUPE) BOLT(cr) RODIA(mm) DFBO TPt DSOFO
variatinn

Replication 3 9304 .87+ 169 09%* 3934 AT (8. 65,17+ 58,29 1983 .79+ T 3G+ T 4%+ .23 121.69% 15.65+* 4210+

Bluck{Repheation) 60 527.61%=* S5+ 6. 5% g2+ .72 IR ) RR .15 0.170 1.7 3% O.11** EER-FLL LI BT Ll 21.684%
Genoiype 246 2] B 6,15+ L L 1.0+ 6.6 R[> 11267+ 0244+ 0. 18 0.06+* 34.90++ 2] 21.20%*
Evror =714 143.76 2.03 1.1 0.36 THE 0.50 4080 s 0.12 0.03 i0.83 1.07 14.01

* and “* indivate significance at the 0.05 and .01 levels of pobability. respestivels

Appendix 3 {zont.)

Source of DF [FLPP]" SCPP(g) YLPPig) GIN% S.1Lig 25% S.L. 0% SL. FBST Y}l BBVB%
varalion

Replication 3 10 39w 3520,43%% 4444 0+ 165.88%* B 18w 61.56%* I8.01** J42 520 28w 177 40w+
Block(Replication) ~ 66 050 3240 ** 379 .42+ T.RRe 0.69 %+ 4.45+* 2.79%+ 23.01** 0.13=* T0.63% .
Genulype 46 1.1 0 522 544> 356,41+ LR N LR A RS0+ 194+ Q.57e Q.53*r 112.98%+

Ertor <74 0.33 157.92 228 .69 308 0.39 1 0.39 5.56 0.16 wrn S

* and ** indicate signiticanse at the 0.05 and 0.01 levels of probability. respestively
+ Trait abbreviations as defined in Fahle 1.
++ Error degree of freedom varied front one trait te anather because of emitied dava for these trais prior 10 the analysis of variance



Apgrendiy b Analysis of

Wi (s g

a7

ivand fthre Lechned gy 1eaits from 247 genoty pes of apleid Zotion grows ab Maroua in 1994,

hMean squares of the Dranis measured

Source ol sariation

DF

FB

"H{vm) VB HEFB(xm) D50BO INFFB LFFB(cm) LuzfBOPP| BOLT (num} BODIA{mn; DFBOP DFFO

Replication 3 PR VRN L 28.20%~ 3 3= TE2T+# 178 43%¢ LN o 151279+ EN RS F.03++ FRRAL B304 T.86

Block(Repli:ation) 60U IIRG 145 21 DI= .95+ 4211+ 24,79+ LR 333,574« (.52+* L4+ Q.45 27 .68+ 16 464+

Ganaty pe 26 FOSSIW 666 0.88% 38 260 63.19%=  0.94re g2 54w Q17w 0.3+ 0.1+ 5087 2942+

Ertor 704 2388 3.28 .40 12.44 7.68 .64 53.69 013 0.29 0.09 7.81 5.48
Appendix 4 (vom.)

Suurce of variation DF TPy DOFO |FLEP" YLFP(2) GIN% Slig A SL 0% 5.L. FBST{g/exy  MIC

Replication 3 99 (5w 107 . 42»= 6. J2ex S149 44> 45 464+ £3 697+ 16,304 3T7.96%+ 126 .24+ 167

Block({Replicatron)} &0 4 65+ 32 80+ 3 55+ 1369 G2 10.3g+= 3 44 4.3 2. 86+ 17.27++ 2.65%=

Genotypa 246 L.61* 32.30 0.80* 1007 28%+ 45 82+ 2,194 10,28+ 160+ 865w 03§+

Error T4 1.28 9.06 0.55 317 4.04 0.55 1.28 ) 0.4 4.67 0.20

* and ** indicale significance at the 0.05 and 0.01 levels of pobability, respectively
- - + Trait abbreviztions as Jefined in Table 1.
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Appomliv

vails Froge 247 gonodepan of wpland

TR T

Taiy v ab

M syuores of the Uads measurod

Souwce of varestion DI *Hivm) I Vig Hi-jlgem; 123000 INFFR LFIT(om Log| 201717 BOLT{oum) BCHY A{mn)  DEFFO Thh
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Appendix 20: Pedigree Scheme of Upland Cotton varie

ieties Created by or with the collaboration of the French Institute of Cotton Research

(IRCT) Montpellier. France.
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Appendix 21: Pedigree Scheme of some LS. A, Upland Cotton varieties.
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Appendix 23: Pedigree scheme of some upland cotton varieties developed in Nigeria.
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