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ABSTRACT
Cotton crop in Pakistan has faced many threats including CLCuV disease, late sowing risks, 
low yield and poor quality of fiber. Thirty three genotypes from F4 were assessed for earliness, 
CLCuV disease tolerance, high yield and good quality of fiber at Cotton Research Station, AARI, 
Faisalabad, Pakistan during 2018-19. For evaluation of these genotypes Principal Component 
analysis (PCA) and cluster analysis were performed to select suitable genetic material to utilize 
them in further breeding programs. The Principal Component Analysis showed first six Principal 
components having eigen value >1 showing 81. 6 % of total variation with bolls count, weight 
of bolls, sympodial branches count and yield as being most related to PC I.  Cluster Analysis 
divided 33 genotypes into four divergent groups. Cluster 2 showed least value for CLCuV %, 
Cluster 3 showed good values for bolls characters, fiber quality and yield and cluster 4 showed 
good values for earliness. The genotypes in cluster 2, 3 and 4 can be combined to get desired 
traits combination. The biplot and the dendrogram highlighted significant variation in studied 
cotton cultivars for different traits and it is assessed that the variation in these genotypes can be 
exploited to develop early, CLCuV disease  resistant lines along with the increased seed cotton 
yield having good fiber quality.
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INTRODUCTION
Pakistan’s national economy as majorly depends on 
cotton so it is an important crop of our country from 
income point of view. The cotton is the crop which is 
only grown in 70 countries of the world (Khokhar et 
al., 2017)and is leading fibre crop of the world. Upland 
cotton only contributes almost 90% of world fibre 
production (Ullah et al., 2015). Out of total cultivated 
area of Pakistan it covers 12% (Abbas et al., 2013)  
and considered an important industrial and cash crop 
in Pakistan because it is called white gold of Pakistan 
(Makhdoom et al., 2010). The Pakistanis ranked 
as 4thin largest production and 3rdin consumption of 
cotton in the world (Anonymous, 2016). Cotton was 
grown over 2699 thousand hectares area in Pakistan 
and achieved 11935 thousand bales production 
(Anonymous, 2017). Textile industry also gets as an 
export item raw material of cotton lint with production 
of seed cake and crude oil which goes to livestock and 
oil industry, respectively (Ali et al., 2009). Besides that, 
cotton as largest source for vegetable oil production is 
ranked at sixth position in world (Alisha et al., 2008). Its 
share in GDP is 1.0 percent and 5.5 percent share in 
agriculture value addition (Anonymous, 2017).
Four cotton types are cultivated at global level out of 
which G. arboreum and G. herbaceum, are diploid and 

G. barbadense and G. hirsutumare tetraploid types. As 
genotypes of cultivated cotton have a narrow genetic 
base (Abdukarimov et al., 2003; McCarty et al., 2005) 
and there is a need of using hybrid breeding program 
to broaden this genetic base. Genetic diversity is 
represented as the heritable variation among plant 
species (Rao and Hodgkin, 2002) and this information 
on genetic diversity in related genotypes is necessary 
for an efficient  use of germplasm (Govindaraj et al., 
2015).
The actual knowledge about the nature and genetic 
potential of the existing germplasm is a pre-requisit 
before initiating any breeding program for cotton 
improvement (Makhdoom et al., 2010). The available 
germplasm needs proper exploitation through 
hybridization and introduction of new germplasm 
for maximum genetic variation (Li et al., 2008) and 
success of a breeding program relies on selection 
of potential lines used for hybridization followed by a 
series of re-selection for desired gene combinations 
(Ahmad et al., 2011). Breeders used only a fraction of 
the available genetic material for cultivar breeding in 
few of past decades because a bit attention is always 
given to broaden cotton germplasm genetic base and 
during hybrid breeding of modern cotton cultivars 
subsequent re-selections may result in narrow genetic 
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base (Bowman et al., 1996). In Pakistan seed cotton 
yield production is less in comparison to other cotton 
grown countries. Seed cotton yield as complex trait 
is product relationship between yield components 
fixed according to unstable environmental conditions 
(Abbas et al., 2013). This relationship among various 
yield components might be helping to improve seed 
cotton yield. Seed cotton yield along with various fiber 
quality traits are considered to be good characters in 
identification of superior genotypes. For improvement 
in seed cotton yield several yield contributed traits such 
as plant height, monopodia branches count, sympodial 
branches count, bolls count, and fruiting points per 
plant count are responsible (Anil and Abhay, 2017).  
The initialvariability among yield and its components 
is of prime importance to be exploited through different 
statistical tools.In our study, Principal component 
analysis (PCA) and Cluster analysis therefore were 
performed to evaluate and compare the genetic 
variation among cultivars which may be helpful in 
choosing elite lines for a successful breeding program.

MATERIALS AND METHODS

Plant material and characteristics
The total of 33 lines of F4 generation including one 
check was studied during the cropping season 2018-
19. The experiment was conducted at Cotton Research 
Station, AARI, Faisalabad, Pakistan. The material 
studied through this experiment has an ample amount 
of variability related to CLCuV %, earliness and fibre 
quality characters.

Experimental design and size
Plot size was 20 f × 5 ft for each entry, comprising 
of two row sat 60 cm distance. Distance between 
two plants in rows was 36 cm. Normal cultural and 
agronomic practices (weeding, hoeing, irrigation and 
fertilizer application) were followed.

Measurement of traits studied
Ten representative, healthy undamaged plants were 
selected for measuring the traits in a line and marking 
was done. The data to appear first square, first flower 
and first boll open was taken by number of days 
counting from planting to first square, first flower and 
first boll open, respectively. The weight of bolls was 
measured by picking 20 bolls from each guarded and 
marked plant, weighing them and taking average, 
and then averaging the ten plants to calculate the boll 
weight of each line. 
Measurement of morphological traits: Plant height 
was taken from base of stem to the top of stem (cm). 
Number of monopodia and number of sympodia were 
considered by simply counting the number of branches 

on the main stem. No. of nodes to 1st fruiting branch 
were taken simply by counting the nodes from base to 
1st monopodial branch. No. of bolls were taken by simply 
counting the number of bolls on whole plant. Yield from 
whole plot of each line was taken and converted to 
kg/ha. Data of all morphological traits was taken from 
each plant and then averaging the ten plants.
After cleaning and drying samples, the weight of seed 
cotton was done and with the help of single roller 
electric ginning machine ginning was done separately. 
The lint of each sample was weighed and calculation of 
ginning out turn (GOT) was done with formula:

Ginning out turn (%) = Weight of lint/Weight of seed cotton × 100

Fiber characters
Quality characters as staple length, fiber strength and 
fiber fineness of each healthy guarded plant was taken 
by HVI machine. The HVI machine gives a complete 
information of the raw fiber with measuring the 
above mentioned important traits in accordance with 
international standards in a short time.

CLCuV disease incidence (%) calculation
CLCuV disease incidence (%) was taken in accordance 
with disease scale (Table 1) given by Saeed et al. 
(2014). The calculation of percentage of CLCuV 
disease incidence was done by the formula:

CLCuV disease incidence (%) = 
Sum of all disease ratings/Total number of plants ×100/4

Statistical analysis
The data were subject to basic statistics (Steel et 
al., 1997) cluster analysis and principal component 
analysis (PCA) with softwares Statistix 8.1 and minitab 
17.

RESULTS AND DISCUSSION

Principal component analysis
The basic statistics for different traits of F4 genotypes 

Table 1.  Scale for CLCuV disease symptom ratings

Symptoms Disease 
ratings

Disease 
incidence 

(%)

Disease 
reaction

No symptom of 
CLCuD 0 0 Immune

Swelling of only 
secondary and 
tertiary veins

1 0.1-10 Highly 
Tolerant

Swelling of primary 
veins, secondary 
and tertiary veins

2 10-3 0 Tolerant

Vein swelling, 
enation or leaf curl 
oror both

3 30-50 Susceptible

Stunting alone with 
vein swelling leaf 
curl/enation

4 >50 Highly 
Susceptible
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are mentioned i.e.  days to first square varies from 36 
to 46, CLCuV % ranges from 1.0 % to 44.2 %, fiber 
length from 26.7 mm to 30.5 mm and yield 2380 kg/ha 
to 3916 kg/ha (Table 2).
In this study out of 14 PCs, 6 principal components 
were selected with Eigen value > 1 (Table 3). The 
contribution of these 6 PCs is 81. 6 % towards total 
diversity among the cotton genotypes evaluated for 
CLCuV tolerance, earliness, fiber and yield traits (Table 
3) while contribution of remaining PCs is only 18.4% 
towards the total variability. The PC I contributed 
maximum (22.7 %), PC II contributed (16.7 %), PC III 
contributed (16.0%), PC IV contributed (10.3%), PC 
V contributed (8.2%) and PC VI contributed (7.7 %) 
towards total variability. There is maximum positive 
factor loading of boll weight, bolls count in a plant, 
sympodial branches and yield in PC I. Isong et al. 
(2017) also confirmed that PC I is most related to boll 
weight, sympodial branches count in a plant, bolls 
count in a plant and yield. The number of bolls and 
yield positive contribution in PC I is further confirmed 
by Shakeel et al. (2015). In PC II there is maximum 
positive factor loadings of plant heightand fiber length 
while CLCuD % depicted negative factor loadings. 
The CLCuV % negative contribution in PC II is also 
confirmed by Nazir et al. (2013). Days to first square 
and first flower showed maximum negative factor 
loading while CLCuD % and fiber length showed 
positive factor loading in PC III. Farooq et al. (2017) also 
exhibited positive contribution of sympodial branches 
in a plant, bolls count in a plant and yield in PC I, 
positive contribution of plant height in PC II and fiber 
length positive and fiber fineness negative contribution 
in PC III. Monopodial branches count and fineness of 
fiber exhibited maximum positive contribution while 
fiber strength showed negative contribution in principal 
component IV. The maximum positive factor loadings 
of CLCuV in PC III and monopodial branches count in 
a plant in PC IV is confirmed by Javed et al. (2017). 
Further, positive contribution of plant height, sympodial 
branches count and boll weight in PC I, negative factor 

loading of CLCuV in PC II and staple length positive 
and fiber fineness negative contribution in PC III, 
positive contribution of monopodial branches count 
in a plant in PC IV is confirmed with (Saeed et al., 
2014). In principal component V maximum negative 
contribution was shown by nodes to first fruiting branch, 
fiber fineness and fiber strength. Monopodial branches 
count in a plant and fineness of fiber showed positive 
contribution while days to first boll opening and plant 
height exhibited negative contribution in PC VI. A biplot 
(Fig. 1) was designed between principal component 
I and principal component II to show the contribution 
of different variables towards variability. Distance of 
variables with respect to principal component I and 
principal component II gave contribution of variables 
in the diversity of different cultivars studied. The 
biplot (Fig. 1) exhibited that boll weight, bolls count, 
monopodial branches count, fiber length and yield 
contributed maximum towards diversity among the 
studied genotypes.

The principal component analysis is the powerful 
method to get parental lines for a successful program 
of breeding as it partitions total variance into its different 
components. In this study the Principal component 
analysis divides the total variance into 6 principal 

Table 2. Basic statistics for different traits of F4 genoytpes
Traits Minimum Maximum Mean±S.E. Std. deviation Variance
Days to 1st square 36 46 42.12±0.35 2.01 4.04
Days to 1st flower 55 63 58.60±0.29 1.71 2.93
Days to 1st boll opening 93 109 99.63±0.72 4.18 17.55
CLCuV % 1.0 44.2 15.97±1.74 9.98 99.69
Boll weight (g) 2.9 4.1 3.39±0.05 0.31 0.09
Plant height ( cm) 126 167 150.70±1.93 11.11 123.41
Monopodial branches per plant 1 4 2.69±0.14 0.81 0.65
Sympodial branches per plant 24 35 29.87±0.48 2.79 7.79
Nodes to 1st fruiting branch 5 9 6.69±0.15 0.88 0.78
No. of bolls 26 40 32.84±0.65 3.77 14.25
Fiber fineness (µg/inch) 3.6 5.3 4.52±0.059 0.34 0.11
Fiber length (mm) 26.7 30.5 28.77±0.16 0.93 0.86
Fiber Strength (g/tex) 27.0 33.8 29.94±0.29 1.70 2.90
Yield kg/ha 2380 3916 3175.10±73.60 423.00 178960.30
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components contributing maximum towards total 
variability especially contribution of PC I towards total 
variability. The PC I is also important as it is related 
to most important economic traits as bolls count in a 
plant, boll weight, sympodial branches count in a plant 
and yield. Mujaju and Chakuya (2008) and Ali et al. 
(2011) also discussed important contribution of first 
principal component towards total variability when 
studyingdifferent characters. According to Nazir et al. 
2013) Principal component analysis confirmed the 
variation extent for the traits in the studied material 
which can be utilized to design a successful program 
of breeding aiming at improving boll weight, bolls count 
in a plant, sympodial branches count in a plant and 
ultimately yield. According to Shakeel et al. (2015) the 
Principal Component Analysis and Cluster Analysis 
exhibited that the suitable genotypes identification 
with high yield and good fiber quality would help us in 
designing an efficient breeding program and Principal 
Component Analysis is more appropriate among 
these techniques because it shows largest contributor 
importance towards the total variation at each axis of 
differentiation (Sharma, 2006).

Cluster analysis: Cluster analysis is considered a 
good technique to classify and distinguish an objects 
sample into different clusters while keeping similar 

objects in the same group.A total of 33 genotypes were 
grouped in four clusters.  Cluster 1, cluster 3 and cluster 
4 comprise of 8 genotypes while cluster 2 comprise of 
9 genotypes (Table 5). 
Cluster 1 expressed reasonable values for earliness, 
CLCuV % and fiber qualities as fiber fineness while 
boll weight expressed good value and yield showed 
maximum value among the four clusters. Cluster 2 
showed reasonable value for earliness, fiber qualities, 
yield and least values for CLCuV % and boll weight.

Cluster 3 showed maximum CLCuV % value among 
the four clusters, reasonable value for earliness, good 
values for boll weight, bolls count, fiber traits and 
yield. Jarwar et al. (2019) also confirms the existence 
of genotypes in Cluster III with higher values for bolls 
count and yield. Cluster 4 showed good values for 
earliness and staple length and reasonable values for 

Table 3. Principle component analysis of earliness, CLCuV, morphological and quality traits of F4 genotypes
n/n PC  I PC  II PC  III PC  IV PC  V PC  VI
Eigen value 3.1835 2.3369 2.2400 1.4417 1.1456 1.0776
% of total variance 22.7 16.7 16.0 10.3 8.2 7.7
Cumulative variance % 22.7 39.4 55.4 65.7 73.9 81.6

Factor loadings by various traits
Days to 1st square 0.061 -0.003 -0.528 -0.359 0.113 -0.063
Days to 1st flower 0.125 0.080 -0.574 -0.066 -0.039 -0.066
Days to 1st boll open 0.154 -0.165 0.035 0.351 -0.362 -0.575
CLCuV % 0.030 -0.427 0.361 -0.249 0.045 0.101
Boll weight (g) 0.505 -0.088 -0.012 -0.151 0.047 0.212
Plant height (cm) 0.281 0.385 -0.106 0.171 -0.030 -0.355
Monopodial per plant 0.146 0.127 -0.188 0.444 0.389 0.428
Sympodial per plant 0.350 0.142 0.183 0.202 -0.198 0.168
Nodes to 1st fruiting branch -0.054 -0.346 -0.259 -0.019 0-.428 0.068
Number of bolls 0.457 -0.214 0.001 0.006 0.128 -0.043
Fiber fineness (µg/inch) -0.020 -0.248 -0.193 0.403 -0.415 0.426
Fiber length (mm) 0.062 0.503 0.254 -0.021 -0.246 0.146
Fiber strength (g/tex) 0.075 0.291 -0.019 -0.447 -0.476 0.238
Yield kg/ha 0.508 -0.163 0.106 -0.166 0.022 -0.050

Table 4.  Cluster Analysis of Earliness, CLCuV, Morphological and Quality Traits of F4 Genotypes
Traits Cluster 1 Cluster 2 Cluster 3 Cluster 4
Days to firstsquare 41.00 41.00 42.00 40.00
Days to firstflower 59.00 57.00 57.00 57.00
Days to first boll open 98.00 100.00 103.00 99.00
CLCuV % 17.00 8.30 20.80 14.30
Boll weight (g) 4.00 3.20 3.70 3.00
Plant height ( cm) 162.00 148.00 131.00 135.00
Monopodial per plant 4.00 2.00 3.00 2.00
Sympodial per plant 31.00 30.00 30.00 27.00
Nodes to 1st fruiting branch 6.00 6.00 7.00 7.00
No. of bolls 38.00 30.00 36.00 29.00
Fiber fineness (µg/inch) 4.40 4.50 5.40 4.60
Fiber length (mm) 28.90 28.70 28.60 28.70
Fiber strength (g/tex) 28.50 30.40 31.20 27.10
Yield kg/ha 3916.00 3013.00 3434.00 2380.00

Table 5. Cluster membership of F4 genotypes

Cluster -1 8 4001, 4012, 4013, 4014, 4025, 4026, 
4027, 4031

Cluster-2 9 4002, 4003, 4008, 4011, 4021, 4024, 
4028, 4029, 4030

Cluster-3 8 4004, 4006, 4015, 4017, 4018, 4019, 
4022,  FH-142

Cluster-4 8 4005, 4007, 4009, 4010, 4016, 4020, 
4023, 4032
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the remaining traits studied (Table 4). Saeed et al., 
(2014) expressed reasonable values for fiber fineness 
in cluster 1, good values for boll weight in cluster 3 
and for earliness and staple length in cluster 4. A tree 
diagram also depicts the cluster division, dividing the 
genotypes into two major groups A and B, out of which 
group B is divided further into sub-groups (Fig. 2).

CONCLUSION
PC I is most related to economically important traits 
as bolls count, bolls weight, sympodial branches 
count and yield. To get desired trait combinations the 
genotypes in cluster 2,3 and 4 may be combined.
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