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Abstract
Genetic diversity plays a vital role in the improvement of cotton yield and fiber quality traits through effective breeding programs. The present study was conducted to evaluate the extent of genetic variability, heritability, and association among important agronomic and fiber quality traits in upland cotton genotypes. Thirty-nine cotton genotypes were assessed during 2013–2014 at Cotton Research Central, Multan, Punjab, Pakistan, using a randomized complete block design (RCBD) with three replications. Data were recorded for oil content, protein content, cellulose content, fiber length, fiber strength, fineness, ginning out turn percentage (G.O.T%), seed index, and seed density. Analysis of variance revealed significant differences among the genotypes for all studied traits, indicating the presence of substantial genetic variability. Genetic parameters including genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV), environmental coefficient of variation (ECV), broad-sense heritability (h²), and genetic advance (GA) were estimated to assess the inheritance pattern of the traits. Multivariate analysis through principal component analysis (PCA) demonstrated considerable genetic divergence among the cotton genotypes and identified promising genotypes for future breeding programs. Correlation analysis revealed the degree of association among yield, seed, and fiber quality traits. The findings suggested that traits with high heritability coupled with high genetic advance could be effectively improved through selection, and the identified diverse genotypes may serve as valuable genetic resources for cotton improvement programs.
Introduction
Cotton (Gossypium hirsutum L.) is one of the most important fiber crops worldwide and plays a significant role in the economy of many agricultural countries, including Pakistan. Besides providing natural fiber for the textile industry, cottonseed is also an important source of edible oil, protein, and livestock feed. Improvement in fiber quality, seed traits, and biochemical characteristics has become a major objective of cotton breeding programs to meet the increasing demands of the textile industry and enhance crop productivity.
Genetic variability is the fundamental requirement for crop improvement because it provides opportunities for selection and development of superior cultivars. The evaluation of genetic diversity among cotton genotypes helps plant breeders identify desirable parents for hybridization and develop high-yielding cultivars with improved fiber and seed quality traits. Estimation of genetic parameters such as genotypic and phenotypic coefficients of variation, heritability, and genetic advance provides valuable information regarding the inheritance pattern and effectiveness of selection for different traits.
Fiber characteristics including fiber length, strength, and fineness are major determinants of spinning quality and market value of cotton. Similarly, seed-related traits such as oil content, protein content, seed index, and seed density contribute significantly to the economic importance of cottonseed. Understanding the relationships among these traits through correlation analysis can assist breeders in indirect selection and simultaneous improvement of multiple characters.
Multivariate statistical techniques, particularly principal component analysis (PCA), are widely used to assess genetic divergence and classify genotypes based on multiple traits. PCA reduces complex data into principal components and facilitates the identification of genetically diverse and superior genotypes suitable for breeding programs.
Therefore, the present study was undertaken to assess the genetic variability, heritability, genetic advance, and correlation among important fiber, seed, and biochemical traits in 39 cotton genotypes. The study also aimed to evaluate the genetic diversity among the genotypes using principal component analysis to identify promising material for future cotton breeding strategies.

MATERIAL AND METHODS
Thirty nine cotton genotypes were utilized to explore genetic diversity for diverse cotton breeding programs. For this purpose present investigation was supervised at Cotton Research Central Multan, Punjab, PAKISTAN, during 2013-2014. All cotton genotypes were sown with P×P distance 30 cm and R×R distance 75 cm following randomized complete block design (RCBD) with three replications. All agronomic cultural practices like spraying, weeding, timely irrigation, fertilization application and hoeing were adopted similar for all genotypes. Ten matured plants were selected from each replication of each genotypes and data was documented for oil content, protein content, cellulose content, fiber length, fiber strength, fineness, G.O.T%, seed index and seed density. 
The data each investigated attribute was subjected to analysis of variance (Steel, et al. 1997) using Statistix 8.1. Broad sense heritability (h2), genetic advance (G.A)and genotypic & phenotypic variance like Genetic coefficient of variance (GCV), phenotypic coefficient of variance (PCV) and environmental coefficient of variance (ECV) was also computed by formula according to (Rehman, et al. 2015). To explore the genetic variation and notify best genotype present among the 39 cotton genotypes mean data was analyzed using principle component analysis (PCA) through PAST software (Bilal, et al. 2015). The correlation analysis was carried out using xlstat software to find out the degree of association of attributes. The formulas of CV%,GCV, PCV, h2 B.S and GA% are given below.
CV% = Standard deviation × 100/ X
GCV= (Genotypic variance / mean values of attribute) × 100
PCV= (Phenotypic variance / mean values of attribute) × 100
h2 BS= Genotypic variance/ Phenotypic variance×100
GA% = K × (Phenotypic variance)0.5 × h2 B.S 
‘k’ stand for selection intensity at 5% level (value = 2.06)


TABLE 1: MEAN VALUES OF NINE STUDIED ATTRIBUTES 
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RESULTS AND DISCUSSION
Table 2: Analysis of variance (ANOVA) on mean square values, broad sense heritability, and genetic advance percent for investigated characters of G. hirsutum. 
	SOV
	Df
	oil content
	protien contents
	cellulose content
	fiber length
	fiber 
strength
	fineness
	got %
	seed index
	seed density

	Replication
	2
	5.97
	2.64
	0.37
	5.97
	2.29
	0.18
	9.58
	3.27
	0.04

	Genotypes
	38
	49.27**
	14.15**
	22.50**
	49.27**
	55.70**
	1.67**
	88.10**
	2.50**
	0.08*

	Error
	76
	0.92
	1.42
	0.94
	0.92
	0.80
	0.14
	0.79
	1.77
	0.05

	CV
	
	5.19
	7.19
	1.49
	4.72
	3.71
	7.32
	2.75
	19.2
	32.3

	EC%
	 
	4.05
	7.01
	1.02
	4.05
	3.61
	6.20
	2.70
	19.42
	31.22

	GC%
	 
	16.97
	12.11
	2.82
	16.97
	17.29
	11.80
	16.45
	7.22
	12.04

	PCV
	 
	17.45
	13.99
	3.00
	17.45
	17.67
	13.33
	16.67
	20.72
	33.46

	H2(b.s)
	 
	17.35
	74.91
	88.46
	94.60
	95.83
	13.24
	97.37
	12.16
	12.94

	G.A 5%
	 
	34.01
	21.59
	5.46
	34.01
	34.87
	21.51
	33.43
	5.19
	8.92



ECV = environmental coefficient variance, GCV = genotypic coefficient variance, PCV = phenotypic coefficient variance, h2 (b.s) = broad sense heritability, G.A = genetic advance, *, = significant and **= highly significant. 



Table1: Eigen values, variability, cumulative, physiological and fiber attributes that contributed to the principal components.

	Statistical characters
	F1
	F2
	F3

	Eigenvalue
	3.43
	1.53
	1.09

	Variability (%)
	38.08
	17.00
	12.09

	Cumulative %
	38.08
	55.08
	67.17

	Characters
	 
	 
	 

	oil content
	0.014
	0.491
	0.013

	protien contents
	0.154
	0.215
	0.016

	cellulose content
	0.019
	0.156
	0.693

	fiber length
	0.830
	0.001
	0.002

	fiber strength
	0.693
	0.034
	0.001

	Fineness
	0.589
	0.035
	0.061

	got %
	0.322
	0.296
	0.004

	seed index
	0.755
	0.002
	0.010

	seed density
	0.051
	0.300
	0.288














	Variables
	 
	 
	 
	 
	 
	 
	 
	 
	 

	oil content
	oil content
	 
	 
	 
	 
	 
	 
	 
	 

	protien contents
	-0.045
	protien contents
	 
	 
	 
	 
	 
	 
	 

	cellulose content
	0.093
	-0.188
	cellulose content
	 
	 
	 
	 
	 
	 

	fiber length(mm)
	0.006
	0.174
	-0.210
	fiber length(mm)
	 
	 
	 
	 
	 

	fiber strength(g/tax
	-0.032
	0.365
	-0.176
	0.708
	fiber strength(g/tax
	 
	 
	 
	 

	fineness(ug/inches)
	0.048
	-0.330
	-0.029
	-0.719
	-0.470
	fineness(ug/inches)
	 
	 
	 

	got %
	0.318
	0.017
	0.125
	0.472
	0.463
	-0.225
	got %
	 
	 

	seed index
	0.163
	0.250
	-0.007
	0.755
	0.684
	-0.641
	0.348
	seed index
	 

	seed density
	0.216
	-0.051
	-0.078
	0.217
	-0.028
	-0.048
	0.269
	0.195
	seed density






RESULTS OF INVESTIGATED STUDY
Analysis of variance: 
The means performance of 39 cotton genotypes is presented graphically in Table 1. The results of analysis of variance (ANOAV) shown in Table 2 given the clear evidence for existence of significant pattern of genetic diversity (P<0.01) among all investigated attributes except seed density. 
COEFFICIENT OF VARIATION, BROAD SENSE HERITABILITY AND GENETIC ADVANCE OF TRAITS:
The genetic parameters i.e. coefficient of variability (CV), environmental coefficient of variation (ECV), genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV), broad sense heritability (h2 B.S) and genetic advance percentage (G.A%) are presented in Table 2. All the attributes depicted maximum values for phenotypic coefficient of variation (PCV) was followed by environmental coefficient of variation (ECV), genotypic coefficient of variation (GCV). Seed density, fiber strength, fiber length and oil contents depicted maximum PCV and GCV, whereas cellulose contents showed minimum PCV and GCV. G.O.T % depicted maximum broad sense heritability (h2 b.s) and genetic advance (G.A) followed by fiber strength, fiber length and cellulose contents. Whereas seed index and seed density showed minimum broad sense heritability (h2 b.s) and genetic advance (G.A). 
PRINCIPAL COMPONENT ANALYSIS (PCA):
In order to discern pattern of genetic variability among 39 cotton genotypes principal component analysis (PCA) was executed on all attributes. Three principal components (PCs) showed eigen value more than one among nine principal components (PCs), and accounted for 67.17% variation of the total variation among 39 cotton genotypes for all studied attributes. Remaining six PCs with less than 1 eigen values were ignored for further explanation (Table ). Fiber length, fiber strength, fineness and seed index were observed as attributes for maximum variation in 1st PC. In 2st PC positively weighted traits were oil contents, seed density and protein contents. 
SCATTER PLOT:
Furthermore, all the cotton genotypes were placed in the principle component scattered diagrams generated from PC1 and PC2 to observe similarity and divergence amongst all the genotypes related to nine attributes Table .  Vertex of polygon in scatter plot illustrates the variation in genotypes used in study and help out in selection of superior and promising genotypes that could be used as parental lines in the improvement of genetic base of cotton through hybridization. Genotypes situated far away from origin of the scatter graph to vertex indicating greater diversity and breeding importance in contrast to other genotypes placed near the origin. Therefore genotypes PB-899, Neelam-121, FVH-53, TD-1, PBG-3, FH-113, FH-341 and CRIS-09 were present at the vertex of polygon depicted greater variation. Among these genotypes PB-899 depicted maximum diversity. 
SCREE PLOT:
Scree plot achieved by sketch graph between eigen values and principal component (PC) numbers, interpreted the variation % correlated with each principal component (PC). 1st PC illustrated 38.08 % variation followed by 2nd PC with 17.00 % variability carrying eigen values 3.43 and 1.53 respectively. Bend line graph resemblance to human elbow attained which after PC4 tend to go straight and ends 1.29 % at 9th PC with eigen value 0.12. 
FACTOR LOADING METHOD: 
Factor loading method in principle component analysis used to find out most diversified genotype. According to this method genotype with maximum value in PC1 and minimum value in PC2 show higher diversity. Therefore outcome of this investigation indicated that genotype PB-889 has maximum PC1 value (2.98) and minimum PC2 value (0.04). 

DISCUSSIONS
The notability of genetic variation occur in research material is the basic source of fruitful plant breeding and efficacious selection in the improvement of cotton crop Therefore, outcome of analysis of variance (ANOVA) regarding descriptive statistics for nine quantitative attributes pointed out highly significant pattern of genetic divergence for these investigated attributes in the research material. 
The coefficient of variability (CV %) is productive tool for estimation of investigated attributes. Attributes with lower CV% values might be more repeatable in contrast to those characters with higher CV% values and these attributes with lower CV% values could be reliable markers for successful hybridization programs (Bilgin et al., 2011).
Genotypic coefficient of variation (GCV), phenotypic coefficient of variation (PCV) and environmental coefficient of variation (ECV) values have momentous impact in successful hybridization programs (Gulnaz, et al. 2012). All the traits except seed density and seed index showed lower values of environmental coefficient of variation (ECV) as compared to Genotypic coefficient of variation (GCV) and phenotypic coefficient of variation (PCV) values depicted evidence that environmental factors less influenced these attributes (Rehman, et al. 2015). 
Heritability (h2 B.S) values of attributes has superior importance in breeding because it ascertain the selection of traits and greater the heritability simpler will be selection process (Jinbao, et al. 2014).Estimation of higher Heritability (h2) lead to higher expected selection for all the investigated attributes (Mehri, et al. 2009). Heritability (h2 B.S) determines the selection process of attributes, more than 80% heritability allows selection in earlier generation. Average heritability (60-79%) suggest delay selection of traits of interest for few generation and heritability with less 59% will lead to unreliable selection of traits (Singh 1983). However, computation of heritability (h2) alone cannot give clear picture about expected outcome of next progeny so heritability (h2) should be conjunction with genetic advance. The attributes which indicated higher heritability (h2) and high genetic advance utilized as a handy tool in selection process of traits of interest. Traits having higher broad sense heritability (h2 B.S) along with higher genetic advance depicted that they are controlled by additive gene action and less influenced by environment, hence these attributes can play vital role in cotton improvement programs (Gulnaz, et al. 2012). (Saleem 2015) reported high heritability along with genetic advance for fiber length and G.O.T%. In this study fiber strength showed high heritability accomplished with genetic advance. Similar results were supported by (Malagouda, et al. 2014) who also reported higher values of heritability and genetic advance for fiber strength. 
Comprehensive knowledge about genetic divergence in studied material is prerequisite for utilization and initiation of any breeding program. Therefore, principal component analysis (PCA) was executed to declare elite genotypes having diversity for cotton improvement in future. This statistical approach is very fruitful tool as it gave reliable information about the selection of parental lines for specific hybridization program (Malik, et al. 2014). Geographical distribution is not only the single source on which genetic diversity depends, but various other aspects like environmental fluctuations, genetic drift or exchange of breeding material are the source of genetic variation (Bates, et al. 1973). Scatter plot ( Fig 2) in PCA depicted genetically dissimilar genotypes through scattering pattern. All the scattered genotypes in scatter plot illustrated existence of significant amount of genetic divergence. Genotypes closer to base of the scatter plot showed no or litter amount of genetic difference and genotypes far from base depicted more genetic difference, therefore, these genotypes could be considered as source of broadening the genetic base of cotton through breeding scheme(Sakhi, et al. 2014). 
Factor loading method or cosine values in PCA also determines the extraordinary performance of attributes and genotypes. Genotypes or characters with higher scores of 1st principle component (PC) and lower scores of 2nd principle component (PC) called as elite and extraordinary performing genotypes or attributes. Whereas, genotypes or traits containing minimum values of 1st Principle component (PC) and maximum values of 2nd Principle component (PC) cannot be regarded as diversified and important in breeding programs (Khodarahmpour, et al. 2010). 
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