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The development of cotton production and quality is always challenging due to the narrow genetic base of present cotton
germplasm, which highlights the urgent need to fully utilize the available germplasm resources to address the problems with
food security. Therefore, the present study was intended to evaluate genetic diversity in fifty genotypes for yield and quality
related traits at the experimental field of the University of Agriculture, Faisalabad, Pakistan. The trial was conducted using a
randomized complete block design (RCBD) with three replications. The genetic diversity of 50 cotton genotypes was evaluated
using multivariate analysis. The results revealed that genotypes were genetically different from each other for all characters
under study. In the factor analysis, the first 5 factors from 14 factors showed eigen value >1 and contributed 72.13 % to the
total variability among 50 genotypes. The first factor contributed 24.72% towards total variability which is the highest value
by a single factor. The outcome of factor analysis suggested that CRS-456 (36.55%), VH-282 (6.8%), VH-235 (4.3%) and FH-
113 contributed maximum to the variability in germplasm. In cluster analysis using K-mean clustering and Ward’s method,
genotypes present in Cluster-11 and cluster-111 showed the greatest diversity for traits such as plant height, sympodial branches,
bolls per plant, seeds per boll, seed cotton yield, lint index, and GOT%, genotypes from different groups could be selected for
improvement in breeding for yield, quality, and other economic attributes in cotton crops. The genetic diversity, heritability,
and moderate to high genetic advance suggest that the germplasm has potential for use in future breeding to produce high-
yielding cotton varieties.
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INTRODUCTION

Upland cotton (Gossypium hirsutum L.) is widely cultivated
and is a profitable fiber crop cultivated in over 80 countries
globally (Shahzad et al., 2019). Cotton is considered as the
backbone of Pakistan’s economy being a major source for
earning of foreign exchange (Rashid et al., 2016). It
contributes 1.0 % to GDP and 5.1% to the value addition in
agriculture. However, Bt-cotton was introduced in Pakistan in
2010 to control Lepidopteron pests. Bt-cotton has been
developed through transfer of a gene CrylAC from soil
bacterium Bacillus thuringiensis. It produces Cry proteins
which are toxic to Lepidopteron pests (Sanahuja et al., 2011).
Bt cotton is very popular among farmers because it has the
potential to increase productivity, savings on pesticides and

labor as compared to non-Bt-cotton (Malik and Ahsan, 2016).
Accordingly, Pakistan is holding 5™ biggest producer of
cotton regarding good quality of fiber after China, USA, India
and Brazil (Arshad et al., 2022). The area under cotton
cultivation during 2020-21 decreased by 17.4% compared to
the previous year, from 2,517 million hectares to 2,079
million hectares. The yield of cotton crop also decreased by
22.8% to 7.064 million bales, compared to 9.148 million bales
from the previous year (Pakistan Economic Survey 2020-21).
In 2015, the production was 10.074 million bales, which is a
decrease of 27.8% compared to the previous year's production
of 13.960 million bales. The decrease in cotton production
was primarily caused by an infestation of pink bollworm, high
levels of rainfall, and to a lesser extent, losses from leaf curl
virus (CLCuV) (Rajani et al., 2019).
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To achieve sustainable cotton production with better tolerance
against various environmental and biotic stresses, it is
necessary to develop higher yielding varieties with superior
fiber quality (Khan et al., 2017). The selection procedure for
yield is complicated due to the interaction between genetic
and climatic factors. Yield is controlled by multiple genes that
are significantly impacted by various climatic attributes.
Information about the relationship between yield and its
related components enables breeders to select desirable
genotypes (Abbas et al., 2013; Farooq et al., 2015; Igbal et
al., 2023). In comparison to the average productivity of other
cotton-growing nations, Pakistan's cotton production is low
down. This is because of biotic and abiotic conditions
including high temperatures, the disease cotton leaf curl virus
(CLCuV), pest attacks, and insufficient production methods
(Nawaz et al., 2019). Hence, several strategies, including
boosting inputs, using pesticides, and genetically enhancing
best cultivars, can be used to resolve this issue (Ahmad et al.,
2012). Diversity in germplasm not only provides
opportunities for selecting desirable combinations of
genotypes but also increases resistance against various biotic
and abiotic stresses. Evaluation of cotton germplasm
divergence is crucial for initiating breeding programs,
characterizing genotypes, identification of outstanding
breeding material, and envisaging the inheritance patterns and
heterosis level necessary for achieving breeding goals (Riaz
et al., 2019). In the literature, different approaches are used
for assessment of diversity like multivariate analysis D?
statistics, principal component analysis, cluster analysis,
factor analysis and principal coordinate analysis
(Arifuzzaman et al., 2020; Jabran et al., 2021). Similarly,
factor analysis is also widely used in the cereal crop
improvement and considered as a most satisfactory statistical
method for the assessment of genetic diversity and character
associations simultaneously among cotton accessions. In
addition, it is helpful in clustering of germplasm accession
based on deviations in morphological characteristics instead
of the geographic origin of the genotypes (Khan et al., 2017).
Cluster analysis is a technique that categorizes similar
genotypes into the same groups based on different yield and
fiber traits under study (Khan et al., 2015).

Therefore, to improve vyield, fiber quality, and insect
resistance, it is essential to have a comprehensive
understanding of the breeding potential of Bt and the genetic
diversity of cotton genotypes. The aim of the present research
was to determine the nature and significance of genetic
diversity present in Bt-cotton germplasm for morphological
and quantitative yield and fiber attributes using multivariate
analysis based on factor and cluster analysis approaches. The
outcomes could be applied to the production of new cultivars
and to the enhancement of current cotton genotypes.

MATERIALS AND METHODS

Experimental Materials: The study was carried out to assess
the genetic diversity in 50 Bt-cotton genotypes for yield and
quality related traits. The genotypes were collected from
different cotton research institutes of Punjab, during 2015-
2016 given in (Table 1).

Research methods: The field trial was conducted in three
replications using a randomized complete block design
(RCBD) in a field setting at the Department of Plant Breeding
and Genetics, University of Agriculture, Faisalabad (UAF).
Each of the 50 plots in the replications was randomly assigned
a genotype. The spacing between plants and rows was
maintained at 75 cm and 30 cm, respectively. All
recommended cultural and field practices were followed,
including the application of fertilizer, irrigation, and plant
protection.

Data recording for different yield and fiber quality traits: At
maturity, data were recorded for different morphological
characters including plant height (cm), number of monopodial
branches, number of sympodial branches, number of bolls per
plant, boll weight (g), number of seeds per boll, seed cotton
yield per plant (g), ginning out turn (GOT%), fiber length
(mm), fiber fineness, fiber strength and uniformity ratio from
five plants from each genotype per replication. The height of
individual plant was recorded in ‘cm’ from the first node of
cotyledon to apical bud.

Monopodial or indirect fruit bearing branches were situated at
the bottom of the main stem. Sympodial or direct fruit bearing
branches appeared as small from top and large towards
bottom of stem. Bolls was picked from five plants of each
genotype per replication. The total seed cotton yield of a plant
was divided by bolls of that plant to obtain boll weight for
individual plant.

The harvested bolls were weighed in grams with the help of
electronic balance to obtained seed cotton yield. The seed
cotton was ginned to obtain lint. Lint weight was recorded
with the help of electronic balance and then GOT% was
calculated according to Ali and Khan (2007). The seed index
was determined in grams by weighing 100 seeds. Lint index
was obtained as lint weight obtained from 100 seeds. Fiber
characteristics like fiber length, fiber fineness, uniformity
ratio and fiber strength were recorded according to Ali et al.
(2008).

Statistical analysis: The data were subjected to analysis of
variance using software Statistix version 8.1. Genotypes mean
for each character were further compared by using the Tukey
test at 5% probability level (Steel et al., 1997). The Factor
analysis was performed using XLSTAT. From cluster
analysis, the genotypes were grouped based on Euclidean
distance matrix. A relative dendrogram was constructed using
Ward’s method to find the similarity among the genotypes in
each group (Neyman and Pearson, 1928).
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Table 1. List of genotypes used in experiment from
various research institutes in Punjab, Pakistan.

Sr. Genotypes

Institutes

1 FH171 Cotton Research Institute, AARI, Faisalabad
2 FH159 Cotton Research Institute, AARI, Faisalabad
3  VH324 Cotton Research Station, Vehari

4  VH325 Cotton Research Station, Vehari

5 VH333 Cotton Research Station, VVehari

6 VH339 Cotton Research Station, VVehari

7 VH228 Cotton Research Station, Vehari

8 FH182 Cotton research Institute, AARI, Faisalabad
9 MNH586 Cotton Research Station, Multan

10 MG6 Private seed company

11 CIM598 Central Cotton Research institute, Multan
12 CIM602 Central Cotton Research institute, Multan
13 CIM599 Central Cotton Research institute, Multan
14 FH177 Cotton Research Station, AARI, Faisalabad
15 FH187 Cotton Research Station, AARI, Faisalabad
16 VH283 Cotton Research Station, Vehari

17 VH295 Cotton Research Station, Vehari

18 AS01 Private seed company

19 NS131 Neelum Seed Corporation, Multan

20 SB149 Private seed company

21 FH113 Cotton Research Station, AARI, Faisalabad
22 CRS2007  Cotton Research Station, Multan

23 IR3701 NIBGE, Faisalabad

24 C26 Private seed company

25 VH282 Cotton Research Station, VVehari

26 VH329 Cotton Research Station, Vehari

27 FH175 Cotton Research Station, AARI, Faisalabad
28 IR901 NIBGE, Faisalabad

29 1IR3 NIBGE, Faisalabad

30 NIAB820 NIAB, Faisalabad

31 FH114 Cotton Research Station, AARI, Faisalabad
32 NSi121 Neelum Seed Corporation, Multan

33 FH118 Cotton research Station, AARI, Faisalabad
34 CRS456 Cotton Research Station, Multan

35 Kz191 Private seed company

36 FH169 Cotton Research Station, AARI, Faisalabad
37 FH172 Cotton Research Station, AARI, Faisalabad
38 FH154 Cotton Research Station, AARI, Faisalabad
39 FH142 Cotton Research Station, AARI, Faisalabad
40 FH170 Cotton Research Station, AARI, Faisalabad
41 VH148 Cotton Research Station, Vehari

42 KZ189 Private seed company

43 Kz181 Private seed company

44 VH259 Cotton Research Station, VVehari

45 AA703 Private seed company

46 AA802 Private seed company

47 MNH888 Cotton Research Station, Multan

48 FH4243 Cotton Research Station, AARI, Faisalabad
49 FH941 Cotton Research Station, AARI, Faisalabad
50 MNH886 Cotton Research Station, Multan

RESULTS AND DISCUSSION

The statistical parameters were determined in 50 Bt-cotton
accessions for yield and quality related traits. The results
demonstrated that seed cotton yield has maximum variance
followed by plant height and bolls per plant, suggesting
maximum variation for these traits among cotton genotypes
(Table 2).

Table 2. Estimation of basic statistics for seed cotton yield
and fiber quality characters in 50 genotypes of G.

hirsutum.
Variables Min Max Mean SD CV% Variance
PH 108,50 173.18 140.72 15.16 10.77 229.97
NM 0.90 6.30 3.02 1.18 39.16 1.40
NS 11.70 27.00 18.65 3.32 17.83 11.07
NB 7.90 48.40 20.30 743 36.57 55.31
BW 1.96 4.69 2.63 0.51 19.47 0.26
SD/BL 3.97 2550 9.89 3.83 38.72 14.69
SCY 17.60 162.87 5195 2287 44.02 523.27
Si 4.39 6.62 5.59 0.56 10.18 0.32
LI 2.39 7.22 412 0.90 21.88 0.81
GOT% 30.23 56.61 42.08 5.11 12.15 26.15
FL 2495 3110 27.37 1.30 4.75 1.69
FF 3.70 5.40 4,55 0.39 8.71 0.15
UR 4430 51.75 47.80 1.90 3.97 3.62
FS 2250 30.65 26.62 1.64 6.19 2.72

PH=Plant height (cm), NM= Number of monopodial branches, NS=
Number of sympodial branches, NB= Bolls per plant, BW=Boll
weight (g), SD/BL= Seed per boll, SCY=Seed cotton yield (g),
LI=Lint index, Sl= Seed index, GOT% = Ginning out turn, FL =
Fiber length (mm), FF = Fiber fineness (pg/inch), UR=Uniformity
ratio, FS = Fiber strength (g/tex)

Several researchers reported similar findings for all these
attributes (Baloch et al., 2014). Similarly, the number of bolls
contributed affirmatively to the yield along with plant height.
These results revealed that a great amount of genetic
variability was present between genotypes for studied
characters and selection pressure could be performed on these
traits to separate desirable genotypes. The presence of
variation is important for selection and improvement of seed
cotton yield for cotton breeders (Abdullah et al., 2016). Boll
weight, seed weight, lint index, fiber fineness, fiber strength
and uniformity ratio showed minimum variance which
indicates that these traits have less amount of variation among
genotypes. These results suggested that there was a need to
create a wider spectrum of variability for efficient selection
and improvement in these attributes. Breeders are aided in
their selection processes by heritability estimation. Though
Johnson et al. (1955) noted that heritability estimates alone
do not provide a clear indication of predicted growth in the
following generation. Rather, they only do so when combined
with genetic advancement. Genetic progress provides the
magnitude of projected genetic gain achieved by one cycle of
selection (ldahosa et al., 2010). Coefficient of variation
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provided a good estimate for comparing extent of variation in
available germplasm. Seed cotton yield showed a maximum
coefficient of variation (44%) followed by monopodial
branches, seed per boll and number of bolls. The lowest
values of CV% were found for uniformity ratio, fiber length
and fiber strength (Table 2).

Analysis of variance: Analysis of variance for each parameter
indicated that Mean squares for the genotypes under study
were all significant in each parameter using analysis of
variance, indicating differences across all 50 genotypes for
each character (Table 3). The cotton genotypes exhibited
significant differences in various characteristics. Plant height,
number of sympodial branches, number of bolls, seed per
boll, and seed cotton yield had highly significant differences
at (P<0.01). Additionally, the number of monopodial
branches, boll weight, seed index, lint index, GOT%, fiber
length, fiber fineness, fiber strength, and uniformity ratio
showed significant differences at (P<0.05) (Table 3). Mean
performance of all genotypes showed that the highest yield
was recorded for CRS-456 (162.3 g) followed by 82.46 g for
FH-187. The genotype VH-282 produced lowest yield (17.0
g) hence showing a decrease of about 80.41 from top yielding
variety CRS-456.

Table 3. Mean squares for seed cotton yield and fiber
quality related traits in 50 genotypes of G.

hirsutum.
SoVv Replication Genotype  Error
Degree of Freedom 1.00 49.00 49.00
Plant height (cm) 26.48 459.90** 83.77
Monopodial branches 1.29 2.80* 1.29
Sympodial branches 2.13 22.14** 4.80
Bolls per plant 113.97 110.62* 47.72
Boll weight (g) 0.45 0.52* 0.19
Seeds per boll 7.12 29.38** 2.98
Seed cotton yield (g) 367.80 1044.87**  276.39
Seed index 0.12 0.64* 0.23
Lint index 2.51 1.62* 0.72
Ginning out turn (%) 41.10 48.57* 26.16
Fiber length (mm) 5.06 3.38* 1.47
Fiber fineness (ug/inch) 9.06 0.31* 0.19
Fiber strength (g/tex) 2.19 7.24* 4.16
Uniformity ratio% 5.90 5.44* 2.99

** Highly Significant = (P<0.001); *Significant = (P<0.005)

Factor analysis (FA): To classify important components that
contribute to total variation, factor analysis was conducted.
Factor 1 and Factor 2 were important as they contributed
maximum towards the total variance. Hence, the contribution
of each character as compared to other characters was
achieved (Soomro et al., 2017). Our results revealed that
mean data of 14 traits in 50 Bt varieties was arranged and
subjected in factor analyses to study genetic diversity for
various yield and quality related attributes. The factor
loadings and contribution of each character to total variance

was estimated (Table 4). Out of 14 factors, the first five had
Eigen values greater than 1 and these five factors contributed
maximum to total diversity. F1 and F2 exhibited 24.72% and
16.56% variance respectively and were extracted for a two-
dimensional representation of cotton genotypes. While F3 to
F5 exhibited 12.797%, 9.682% and 8.36% variability
respectively. These 5 FAs contributed 72.135 % of total
variability but remaining nine FA showed >1 eigen values
therefore could not be considered for further explanation
(Table 4). Factor 1 contributing maximum (24.72%) towards
total variability (72.13%) with positive factor loadings of
yield attributing traits include number of bolls, seed cotton
yield and fiber length. So, this factor could be designated as
the yield factor. Factor2 contributed 16.56 % to variability
with positive values for number of sympodial branches, lint
index and GOT %. Shakeel et al. (2015) concluded similar
results that F1 and F2 showed higher positive effects for seed
cotton yield per plant, number of bolls, lint index and GOT %
respectively. However, F3 and F4 had higher positive effects
for monopodial branches, boll weight and negative effect for
fiber length, respectively.

Table 4. Eigen values and factor analysis for yield and
fiber traits in 50 genotypes of G. hirsutum.

Variables Eigenvalue  Variability (%) Cumulative %
F1 3.46 24.7 24.7
F2 2.31 16.5 41.2
F3 1.79 12.7 54.0
F4 1.35 9.68 63.7
F5 1.17 8.36 72.1
F6 0.94 6.72 78.8
F7 0.9 6.42 85.2
F8 0.69 4.93 90.2
F9 0.62 4.48 94.7
F10 0.37 2.69 97.4
F11 0.28 2.01 99.4
F12 0.04 0.34 99.7
F13 0.02 0.16 99.9
F14 0.009 0.06 100

Eigen vectors indicated the direction of the relationship
between factors and variables. Factor 1 had high diversity of
genotypes with positive values for seed cotton yield per plant,
bolls number, seed /boll but plant height and GOT% while
fiber length showed negative effects. Factor 2 with higher
positive values related to GOT%, lint index, plant height and
sympodial branches whereas monopodial branches, boll
weight and seed cotton yield showed negative values The
highest positive value in Factor 3 were observed for fiber
strength and fiber uniformity and plant height, number of
sympodial branches, bolls per plant showed negative values.
Similarly, Factor 4 showed the highest positive values for
monopodial branches, plant height, whereas seed index, lint
index, fiber length and fineness exhibited negative effects.
Whereas Factor 5 indicated maximum positive values for
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plant height, fiber length and fiber strength and negative
values for monopodial branches, lintindex and GOT%. These
traits provide strong evidence of differences as characteristics
of variability among genotypes suggesting that selection for
the traits with higher positive values are effective (Table 5).

Table 5. Eigen vectors for fourteen characters in 50
genotypes of G. hirsutum.

Variables F1 F2 F3 F4 F5

PH -0.081 0.352 -0.154 0.320 0.363
NM 0.018 -0.108 0.239 0.582 -0.189
NS 0.174 0.283 -0.420 -0.080 0.335
NB 0.507 0.099 -0.049 0.123 0.050
BW 0.109 -0.357 0.134 -0.230 0.184
SD/BL 0.501 0.112 0.006 0.154 0.029
SCY 0.513 -0.039 0.042 0.091 0.118
Sl 0.292 0.052 0.051 -0.370 -0.396
LI -0.021 0.548 0.276 -0.143 -0.231
GOT% -0.149 0.554 0.251 0.025 -0.070
FL -0.036 0.049 0.276 -0.474 0.492
FF 0.205 0.105 -0.179 -0.253 -0.308
UR% 0.091 -0.094 0.418 0.022 -0.119
FS 0.143 0.007 0.544 0.068 0.322

PH= Plant height (cm), NM= Number of monopodial branches, NS=
Number of sympodial branches, NB= Bolls per plant, BW=Boll
weight (g), SD/BL= Seed per boll, SCY=Seed cotton yield (g),
LI=Lint index, SI= Seed index, GOT% = Ginning out turn, FL =
Fiber length (mm), FF = Fiber fineness (pg/inch), UR=Uniformity
ratio, FS = Fiber strength (g/tex)

Scatter plot: The scatter plot showed that genotypes CIM-
599, IR3, FH-177, MNH-888, CRS-2007, NS-131, SB-149,
AS01, MG-6, MNH-886, FH-175, VH-259, VH-295, FH-169
and VH-228 were not much diverse from each other due to
narrow genetic base as they were crowded to the same area
(Figure 1). While genotypes CRS-456, NIAB-820, NS-121,
VH-329, VH-148, FH-114, CIM-598, VH-282 covered
maximum distance from origin with respect to F1 and F2 and
existed at peak of graph and were found more diverse as
compared to other genotypes (Figure 1). Scatter plot analysis
based on the first two factors confirmed diverse genotypes as
the pattern of scattering demonstrates. The distribution of all
genotypes in scatter plot discovered presence of broad genetic
variation. Genotypes which were presented at the edge of plot
due to greater distance from the origin are considered more
diverse as compared to other genotypes. Likewise, the great
distance between the base of graph and traits discussed
diverse nature of studied genotypes and provided significant
information about the genotypic performance (Saeed et al.,
2013).

Observations (axes F1and F2: 40.87 %)
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Figure 1. Two-dimensional orientation of 50 cotton
genotypes of Faxis | and I1.

Biplot analysis: In a biplot presentation, the arrangement of
morphological traits around the vectors and the angles of the
vectors allows for the selection of many variables that are
related to yield. In breeding efforts to create high yielding
cotton cultivars, genotype evaluation is essential for further
improving cotton seed yield and its related components
(McCarty et al., 2005). A factor biplot analysis (Figure 2)
showed that genotypes and variables were loaded on plot as
vectors. The range of each variable with respect to F1 and F2
presented with contribution of these variables in the diversity
of genotypes. Based on F1 and F2 together, plant height,
sympodial branches, seed cotton yield, seed per bolls, bolls
per plant, boll weight, ginning out turn, lint index highly
showed differences in the plot, but monopodial branches,
staple length, micronaire value, fiber strength and UR%, and
seed index exhibited minimum differences on the basis F1 and
F 2 (Figure 2, 3). Correlation through biplot graph showed
positive correlation between sympodial branches, bolls, boll
number, boll weight and vyield because these attributes
showed less than 90° angle with cotton yield. In the literature,
researchers have also shown the genetic variations between
cotton genotypes for sympodial and monopodial branches,
bolls per plant, seed cotton output per plant, boll weight, and
lint percentage (Khan et al., 2017).
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Variables (axes Fland F2:41.29 %)
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Figure 2. Factor biplot for contribution of trait.
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Figure 3. Two-dimensional ordination for different traits
on factor biplot axis | and II.

Cluster analysis: Cluster analysis is used to classify similar
or dissimilar objects into several different groups based on
measured variables in such a way that similar genotypes are
placed in the same group. It is the simplest method to

differentiate the entries using measurement that describe
similarity or distance among the genotypes (Igbal et al.,
2015). In the current study, the cluster analysis indicated that
50 genotypes of cotton were grouped into 3 clusters based on
various morphological attributes (Table 6). Cluster 1 is
composed of 29 genotypes while cluster 2 and 3 contain 21
and 1 genotypes respectively. The genotypes of cluster 1
performed best in some of characters like sympodial
branches, seed cotton yield, ginning out turn and fiber length.
Cluster 2 has 20 genotypes with highest mean values of lint
index and ginning out turn. It showed the lowest value for
these characters includes number of sympodial branches,
bolls per plant, boll weight, seed per boll and seed index
among all three clusters. The 3™ cluster with one genotype
CRS-456 has higher mean values for plant height, seed cotton
yield and number of bolls per plant. Genotype CRS-456
performed excellent for all characters under studied except for
lint index and GOT%, suggesting that cluster 3 contained
genotype that was more diverse for yield and quality related
traits (Table 6 and 7). Similarly, the study of genetic data
collections and the use of statistical tools was the main
emphasis of Mohammadi and Prasannas (2003) work. They
discovered that PCA and cluster analysis are most frequently
used and appear to be mostly beneficial. The outcomes of
cluster analysis based on factor analysis were showed in
scatter plot which indicated relationship between different
clusters because genotypes showing similarity or dissimilarity
between them. The genotypes falling in the same cluster were
presented close to each other in a scattered plot. It can be
viewed through dendrogram which classified genotypes into
different clusters based on their genetic variability
(Chandrashekar et al., 2015). Moreover, low D? values
reflected genetic similarity while high values of D? indicated
genetic dissimilarity among cotton genotypes. The existence
of this wide variation between clusters is of great genetic
value in providing genotypes aimed at cotton selection for
seed cotton yield and fiber quality traits (Udaya and Patil,
2019).

Dendrogram was obtained from cluster analysis which
classified 50 genotypes into three clusters (Fig. 4). Each
cluster in  dendrogram represented  morphological
characteristics. The member of cluster 3 showed the
maximum intra cluster distance while cluster 2 indicating
larger variability. The inter cluster distances between clusters
2 and cluster 3 was 136.077 indicated that genotypes in these
cluster were highly different for the characters under studied.
However, cluster 1 and cluster 3 exhibited 108.213 Euclidean
distance and could be considered for heterosis breeding
(Table 8). As the study conducted by Liagat et al., (2015)
indicated that the proportion of contribution was largest for
plant height, number of bolls, seed cotton yield and
uniformity ratio toward genetic variance.

Cluster 1 and cluster 2 showed the minimum distance
indicating genotypes in these cluster were less diverse for the
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characters. It is concluded that cluster 2 and cluster 3
genotypes can be combined to obtained high yielding
genotypes with better fiber quality. Cluster 3 contained
genotypes with higher seed cotton yield and number of bolls
while cluster 2 with high GOT% and uniformity ratio. FA and
cluster analysis gave useful information which can be utilized
to obtain valuable results. Accordingly, Saeed et al. (2013)
observed higher mean values for plant height in cluster-1 and
cluster-11 and ginning out turn in cluster-1. Further, Farooq et
al (2015) grouped 18 genotypes into three clusters which
indicated that genotypes in cluster-1 and cluster-I111 might be
selected for higher yield potential.

Table 6. Cluster wise distribution of 50 upland cotton
genotypes into three clusters.

Cluster Frequency Genotypes

1 29 FH 171, FH159, VH324, VH333, VH339,

VH228, FH182, MNH586, MG6,

CIM598, CIM602, FH177, FH187,

VH283, VH295, AS01, VH329,

NIAB820, FH114, NS121, FH118,

KZz191, FH169, FH172, FH154, FH113,

AA703, FH4243, FH941

FH-175, IR-901, IR-3, VH325, CIM599,

FH175, IR901, IR3, FH142, FH170,

VH148, KZ189, KZ181, NS131, SB149,

CRS2007, IR3701, C26, VH282, VH259,

AA802, MNH888, MNH886.

CRS-456

3 1

Table 7. Cluster means for fourteen traits in Bt cotton

genotypes.
Clusters 1 2 3
Plant height 135.20 148.10 152.20
Monopodial branches 2.96 3.04 4.30
Sympodial branches 19.20 17.75 20.80
Bolls per plant 23.47 14.37 48.40
Boll weight 2.76 2.43 3.36
Seeds per boll 11.24 7.17 25.50
Seed cotton yield 60.68 33.76 162.87
Seed index 5.74 5.25 5.99
Lint index 3.95 431 3.60
Ginning out turn 40.45 44.66 37.57
Fiber length 27.64 27.05 26.05
Fiber fineness 4.54 4.52 5.30
Uniformity ratio% 47.53 48.05 51.75
Fiber strength 26.83 26.17 29.55
Table 8. Intra and inter cluster D? distances.
Class Cluster 1 Cluster 2 Cluster 3
Cluster 1 0 33.935 108.213
Cluster 2 0 136.077
Cluster 3 0

Dendrogram

16000

12000 1l

10000

Dissimilarity
2
2

=

4000

three clusters.

Conclusion: The variance components and factor analysis
have highlighted the significant variations between cotton
accessions for all yield-related parameters. The outcome of
factor analysis suggested that CRS-456 (36.55%), VH-282
(6.8%), VH-235 (4.3%) and FH-113 were the greatest
variability in germplasm. The members in Cluster-I1l1 and
cluster-111 genotypes can be crossed to obtained high yielding
genotypes with better fiber quality. The germplasm used in
the current study also confirmed strong broad-sense
heritability and moderate to high hereditary progress. The
results showed that germplasm has the potential to be used in
breeding developments in the future to increase the
production of seed cotton by choosing genotypes with
favorable features.
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