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Abstract 
Genetic diversity provides the foundation for crop improvement. Genetic va- 
riation and associations among Cotton Leaf Curl Disease (CLCuD), fiber and 
yield related traits were investigated in exotic lines of Gossypium arboreum L. 
in an experimental field at the Central Cotton Research Institute (CCRI), Mul-
tan, Pakistan during the crop season 2011-12. One hundred and nineteen 
(119) accessions imported from USA through the Pakistan and US “Cotton 
Productivity Enhancement Program” (CPEP), were evaluated in this study. 
Various statistical approaches including descriptive statistics, correlation and 
principal component analysis was performed to evaluate and identify desira-
ble genotypes. Results revealed that seed cotton yield was significantly and 
positively correlated with boll weight and number of bolls plant−1. Similarly, 
plant height was also significantly correlated with sympodial branches, lint 
percentage and micronaire value. Lint percentage showed a highly significant 
and positive correlation with plant height, sympodial branches and micro-
naire value. With respect to fiber traits, negative and significant relationships 
were observed between the micronaire value (MIC) and fiber strength. CLCuD 
showed no relationship with any of the studied traits, as all the G. arboreum L. 
lines evaluated were scored resistant to CLCuD. Principal component analysis 
(PCA) showed that the first four out of 11 components contributed about 
65.88% of the total variation having an eigen value greater than 1. Based on 
PCA, the genotypes GS-4, GS-9, GS-8, GS-55 and GS-50 could be utilized 
successfully in a future breeding program based on having the highest positive 
loading factor for staple length (0.135) in PC1 and seed cotton yield (0.625), 

How to cite this paper: Khan, M.I., Haq, 
H.A., Ullah, K., Arshad, M. and Majid, A. 
(2017) Genetic Diversity and Correlation Stu- 
dies for Cotton Leaf Curl Disease (CLCuD), 
Fiber & Yield Related Attributes in Exotic 
Lines of Gossypium arboreum L. American 
Journal of Plant Sciences, 8, 615-624. 
https://doi.org/10.4236/ajps.2017.83042 
 
Received: January 12, 2017 
Accepted: February 25, 2017 
Published: February 28, 2017 
 
Copyright © 2017 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/  

   
Open Access

http://www.scirp.org/journal/ajps
https://doi.org/10.4236/ajps.2017.83042
http://www.scirp.org
https://doi.org/10.4236/ajps.2017.83042
http://creativecommons.org/licenses/by/4.0/


M. I. Khan et al. 
 

616 

number of bolls plant−1, boll weight, first sympodial nod, staple length and fi-
ber strength in PC2 respectively. 
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1. Introduction 

Cotton is known as white gold and is the principal source of foreign exchange 
earnings in many countries. It contributes to the oil and seed sector as well as fi-
ber industries [1]. Pakistan’s economy totally relies upon cotton production di-
rectly or indirectly [1] [2]. Among the four cultivated species of cotton, Gossy-
pium arboreum also called “true cotton”, is a specie native to the Indian sub- 
continent and presently used in introgressive breeding as a donor species for 
improving resistance to insect pests and disease especially CLCuD in upland 
cotton [3] [4]. Since about 6000 BC, this crop has been present in Pakistan in a 
domesticated form and most of the biodiversity of this species occurs in this 
country [5]. G. arboreum is still grown on a small number of acres in Pakistan 
by small landholding farmers. 

For sustainability and genetic improvement of a crop, genetic diversity can be 
defined as, “the amount of genetic variability among individuals of a popula-
tion”. As information about genetic diversity among G. arboreum L. is scanty 
[6], it is an area of interest. G. arboreum L. has many favorable traits like 
drought tolerance, resistance to insect pests etc., which are not found in the G. 
hirsutum L. [5]. The understanding of genetic variation within and between the 
populations of G. arboreum L. is not only valuable to create a theoretical base for 
conserving the Asiatic cotton germplasm resources, but also to identify and im-
prove desirable and ideal traits such as fiber quality and unique plant features 
that can be exploited for modern cotton production [7].  

Pakistan is the fourth largest producer of cotton that has good fiber quality. 
However, due to some limiting factors including both biotic and abiotic stresses, 
its production has remained stagnant for the last two decades [8]. Among these, 
Cotton leaf curl disease (CLCuD) is one of the major limiting factors causing 
huge yield losses [9]. Many efforts have been made by the breeders to overcome 
this problem by developing resistance/tolerant varieties using different conven-
tional breeding approaches, but these varieties become susceptible after two to 
three years due to mutations occurring in the viral strains causing CLCuD. 
Therefore, sufficient genetic variability, proper exploitation of the existing varie-
ties through hybridization, polyploidy creation and introduction of new exotic 
germplasm are very important [10].  

The extent of genetic variation can be estimated using various biometrical 
techniques like principal component analysis [10] [11], cluster analysis [12] or 
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Principal coordinate analysis [13]. Among these biometrical procedures, the 
main requirement of principal component analysis (PCA) is that each genotype 
can be assigned to only one group and it also reflects the significance of largest 
contributor to the total variability at each axis of differentiation [14].  

The present research, to estimate the genetic diversity among the exotic lines 
of G. arboreum L. imported from the USA using correlation, principal compo-
nent analysis was thus conducted to identify suitable genotypes for resis-
tance/tolerance against CLCuD as well as good morphological, yield, and fiber 
related traits. Moreover, to find out the relationship among these traits and 
identify superior genotypes for use in future breeding programs. 

2. Material and Methods 
2.1. Breeding Materials 

The present research was carried out at the experimental farm of Central Cotton 
Research Institute (CCRI), Multan, Pakistan, which is located at 30.1978˚N lati-
tude and 71.4697˚E longitude during cotton crop growing season 2011-2012. 
One hundred and nineteen accessions imported from the USA were evaluated. 
The sowing was done on June 14, 2011, which is a very late sowing time under 
the agro-ecological conditions of Multan. Each genotype was sown in two rows 
2.67 m in length, and 75 cm apart having plant-to-plant distance of 30 cm. 
Normal cultural and agronomic practices were applied as recommended and 
data were recorded on ten consecutively undamaged and representative plants 
for each entry. Among the measured traits, number of monopodial branches, 
number of sympodial branches, node to first monopodial/sympodial branch, 
plant height (cm), number of bolls plant−1, boll weight (g), seed cotton yield 
(gp−1), lint %age, staple length (mm), fiber strength (G Tex−1) and micronaire 
value (μg Inch−1) were included. For lint %age, each dry and clean seed cotton 
sample was weighed and ginned separately with a 10 saw ginning machine and 
lint %age was calculated from the lint obtained from these samples. The inci-
dence of CLCuD as a percentage was calculated using the formula as suggested 
by [9] [15] (Table 1). 

CLCuD incidence (%) = Sum of all disease ratings/total number of plants × 25. 

2.2. Statistical Analysis 

The data recorded were averaged and analysed for simple statistics i.e. mean, 
variance, range, frequency distribution, coefficient of variance and standard de-
viation using computer software (MS-Excel 2007). Correlation and principal 
component analysis (PCA) was performed on the recorded data for quantitative 
traits [16]. Before the correlation and principal component analysis (PCA), the 
mean of each parameter was standardized so as to avoid scaling difference ef-
fects. For all the pairs of accessions, Euclidean distance coefficients were calcu-
lated. The Euclidean dissimilarity coefficient matrices were utilized to estimate 
the association among the germplasm through (NTSYS pc v 2.1).  
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3. Results 

Basic descriptive statistics (mean, variance, range and standard deviation) of all 
the genotypes for morphological, yield and fiber traits were studied (Table 2). It 
was observed that maximum variation (1258.74) was recorded in plant height, 
which ranged from 48 - 210 cm followed by seed cotton yield (658.91) and 
number of bolls plant−1 with a range of 15 - 150 g and 6.71 respectively. Among 
the studied traits, lint % age showed a variance of (46.08) having a range of 4.2 to 
44.5%. Similarly, number of sympodial branches and fiber strength also showed 
considerable variation (31.22), (15.62) which ranged from 14 - 41 and 16.7 - 39.9 
G/Tex respectively. The traits like staple length (8.76), first sympodial node 
number (7.81), number of monopodial branches (5.50), micronaire value (1.08) 
and boll weight (0.23) have comparably less variation among the genotypes 
(Table 2).  

3.1. Correlation Studies 

Phenotypic correlation analysis showed significant association among the 12  
 

Table 1. Symptoms and rating scale of cotton leaf curl virus disease (CLCuD). 

Symptom 
Disease 
rating 

Disease 
index 
(%) 

Disease 
reaction 
Immune 

No symptoms (healthy plant) 0 0 Resistant 

Small scattered vein thickening only 1 0.1 - 10 Highly tolerant 

Large group of vein thickening and curling or top of 
the plant affected 

2 10 - 30 Tolerant 

All vein thickening and sever leaf curling or half of the 
plant affected. 

3 30 - 50 Susceptible 

All vein thickening, sever Leaf curling, enation and 
stunting of the plant or whole plant affected. 

4 >50 
Highly 

susceptible 

 
Table 2. Descriptive statistics for various traits of interest in G. arboreum accessions. 

Trait Mean Range St. Deviation Variance 

Plant height (cm) 121.81 48 - 210 35.48 1258.74 

Monopodial branches 4.54 0 - 12 2.35 5.50 

Sympodial branches 28.23 14 - 41 5.59 31.22 

First sympodial node number 4.28 0 - 9 2.80 7.81 

Boll weight (g) 2.15 0.77 - 3.33 0.47 0.23 

Number of bolls plant−1 24.45 6 - 71 10.03 100.59 

Seed cotton yield (g) 55.10 15 - 150 25.67 658.91 

Ginning out turn (%) 29.26 4.2 - 44.5 6.79 46.08 

Staple length (mm) 21.46 15.5 - 25.1 2.96 8.76 

Micronaire value (μ/g inch−1) 4.19 2.5 - 7.5 1.04 1.08 

Fiber strength (G Tex−1) 29.15 16.7 - 39.9 3.95 15.62 
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Table 3. Simple correlation coefficient for morpho-yield, fiber traits and cotton leaf curl virus disease. 

 PH MB SB FSN BW BPP SCY 
LINT %

AGE 
SL MIC 

PH 1          

MB 0.200 1         

SB 0.616** 0.211* 1        

FSN −0.055 −0.075 −0.082 1       

BW −0.005 0.056 −0.044 0.054 1      

BPP 0.061 −0.047 0.075 0.155 0.115 1     

SCY 0.018 −0.045 0.082 0.124 0.490** 0.784** 1    

LINT %AGE 0.321** 0.130 0.263** −0.009 −0.038 0.089 0.072 1   

SL 0.020 −0.146 −0.003 0.144 −0.104 0.046 −0.088 −0.113 1  

MIC 0.197* 0.190* 0.109 0.036 0.044 0.131 0.125 0.355** −0.514** 1 

FS 0.134 0.000 −0.021 0.100 −0.111 0.085 0.051 −0.063 0.275** −0.221* 

PL = Plant height, MB = Monopodial branches, SB = Sypodial branches, FSN = First sympodial node, BW = Boll weight, BPP = Bolls per plant, SCY = Seed 
cotton yield, LINT % AGE = Ginning out turn, SL = Staple length, MIC = Micronair, FS = Fiber Strength and CLCUD = Cotton Leaf Curl Disease. While, 
**and *are significant at 5% and 1% levels of probabilities respectively. 
 

studied traits of the 119 genotypes (Table 3). The correlation analysis revealed 
that seed cotton yield was highly significantly and positively correlated with boll 
weight (0.490**) and number of bolls plant−1 (0.784**). Seed cotton yield was al-
so positively and non-significantly correlated with plant height, sympodial 
branches, first sympodial node, micronaire and fiber strength. whereas it was 
non-significantly negatively correlated with monopodial branches and staple 
length. Similarly, plant height showed highly significant and significant positive 
correlations with sympodia branches (0.616**), lint percentage age (0.321**) and 
micronaire value (0.197*). The association of monopodial branches with sym-
podial branches (0.211*) and fiber fineness (0.190*) was also positive and signif-
icant. Lint percentage was highly significantly and positively correlated with 
plant height (0.321**), sympodial branches (0.263**) and micronaire value 
(0.355**). While a significant negative relationship was found between the mi-
cronaire value and fiber strength (−0.221*). 

3.2. Principle Component Analysis 

Based on twelve morpho-yield and fiber traits along with CLCuD rating, 119 
genotypes were evaluated for principal component analysis. Among the 11 prin-
cipal components (PCs), only four components were found having an eigen val-
ue greater than 1 which showed overall variability of about 65.88% among the 
studied G. arboreum L. genotypes for the total phenotypic variation (Table 4). 
The remaining 34.12% of the variation was shown by the other seven compo-
nents evaluated for yield and fiber traits as well as for CLCuD rating. Maximum 
variability of 26.08% was shown by PC1 followed by PC2 (16.41%), PC3 
(14.57%) and PC4 (8.83%) respectively (Table 4). The scatter diagram of the 
principal component analysis (PCA) as shown in Figure 1 for these exotic G. 
arboreum L. lines, shows a considerable level of genetic diversity among these  
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Table 4. Principle component analysis of CLCuD and other quality traits in some G. arboreum genotypes of cotton. 

Variable PC1 PC2 PC3 PC4 

Eigen value 3.13 1.97 1.75 1.06 

Total variance 26.08 16.41 14.57 8.83 

Cumulative eigen value 3.13 5.10 6.85 7.91 

% Cumulative 26.08 42.50 57.06 65.89 

Plant height (cm) −0.68 −0.40 −0.42 0.07 

No. of monopodial branches −0.25 −0.40 0.04 0.27 

No. of sympodial branches −0.60 −0.39 −0.35 0.18 

First sympodial node no. −0.09 0.36 −0.04 −0.60 

Boll weight (g) −0.28 0.35 0.39 0.52 

No of bolls per plant −0.62 0.58 0.12 −0.14 

Seed cotton yield (g) −0.65 0.62 0.30 0.12 

Lint %AGE (%) −0.49 −0.38 0.03 −0.37 

Staple length (mm) 0.14 0.37 −0.71 0.01 

Micronaire value (μ/g inch−1) −0.41 −0.39 0.55 −0.36 

Fibre strength (G Tex−1) −0.08 0.27 −0.57 −0.11 

CLCuD % −0.96 0.09 −0.20 0.02 

 

 
Figure 1. Scatter diagram of principal component analysis. 
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studied genotypes. A trait’s contribution towards variability among the PCs 
showed that maximum positive loading factor of PC1 was determined only by 
the staple length (0.135) (Figure 1), while the remaining 11 traits had a negative 
and minimum loading factor in the same PC (Table 4). The overall variation of 
the PC2 was 16.40% and in this PC, Seed cotton yield (0.625) exhibited maxi-
mum positive loading factors followed by number of bolls plant−1 (0.577), staple 
length (0.373), first sympodial node (0.360), boll weight (0.348), fiber strength 
(0.272) and CLCuD (0.087). While, negative loading was observed for plant 
height (−0.398), number of monopodial (−0.401) and sympodial branches 
(−0.392), lint %age (−0.379) and micronaire value (−0.392). PC3 shared 14.57% 
of the total diversity among the genotypes and were found to be positively con-
tributed towards micronaire value (0.553) along with boll weight (0.391), seed 
cotton yield (0.300), number of bolls plant−1 (0.124), lint %age (0.038) and 
number of monopodial branches (0.036). Similarly, negative loading were con-
tributed by the traits staple length (−0.711), fiber strength (−0.575), plant height 
(−0.423), CLCuD (−0.200), number of sympodial branches (−0.349) and first 
sympodial node number (−0.044). In PC4, agro-morphological variations with a 
total of 8.83% was elucidated by the genotypes. Among the traits, a positive and 
maximum contribution was that of boll weight (0.518) with the other studied 
traits contributing less. For example, number of monopodial (0.267) and sym-
podial branches and 0.184), seed cotton yield (0.120), plant height (0.079), 
CLCuD (0.023) and staple length (0.010). For a few traits like number of bolls 
plant−1 (−0.144), micronaire value (−0.369), lint percentage (−0.369) and first 
sympodial node (−0.604) negative and minimum factors were loaded (Table 4). 

4. Discussion 

For any successful breeding program, selection of better genotypes having de-
sirable traits and significant positive associations among these traits is of utmost 
importance [17]. The highly significant positive correlations of seed cotton yield 
with boll weight and number of bolls plant−1 in the present study depicted the 
direct impact of boll weight and number of bolls plant−1 on seed cotton yield in 
cotton genotypes. These results are in agreement with the previous findings [17] 
[18] who also reported positive associations among yield and yield components 
in exotic lines of G. hirsutum genotypes. Remarkably a positive relationship of 
lint %age with micronaire value and a significant but negative association with 
staple length in this study are also in agreement with the previous findings of [8]. 
They also described a positive relationship between lint %age and micronaire 
value and a significant but negative association of lint %age with staple length in 
the imported U.S. upland cotton germplasm. 

No associations with CLCuD were observed for any of the studied traits, as all 
the G. arboreum lines evaluated were scored resistant to CLCuD. As a species, G. 
arboreum L. is highly resistant to CLCuD. This could be due to the presence of a 
lower palisade layer, densely arranged midrib cortex cells and a relatively higher 
distance between the lower epidermis of the midrib and phloem [7]. These re-
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sults are in contrast to the previous findings of [8] who reported a significant 
negative association in seed cotton yield with CLCuD, but this is likely due to the 
difference in the species studied. In present studies G. arboreum L. were used 
instead of G. hirsutum L. lines which were used in the research of [8]. As a spe-
cies, G. hirsutum L. is highly susceptible to CLCuD. 

Principal component analysis (PCA) is an important tool for the partitioning 
of the total variability into its components and for the preservation and utiliza-
tion of the genetic resources as well [8]. The partitioning of cotton genotypes 
into different principal components (PCs) in this study was due to the morpho-
logical differences and not due to the geographical origin sites of these geno-
types. In the present study, four principal components (PCs) out of 11 PCs 
showed a significant amount of variability 65.88% and genetic diversity within 
and between the exotic lines of G. arboreum L. Similar results were also found 
from the previous work of [8] who studied four PCs out 12 in 79 exotic acces-
sions of G. hirsutum L. They reported 65.4% variability among the genotypes 
screening against CLCuD, yield and fiber attributed traits. It is commonly ac-
cepted that maximum heterotic effects occur through maximum variability [19]. 
Maximum contributions for these traits were found among the genotypes GS-4, 
GS-9, GS-8, GS-55 and GS-50. The presence of a sufficient amount of variability 
in these cotton genotypes offers an enormous capacity for selection and utiliza-
tion to improve G. arboreum in future breeding programs [20] [21]. Moreover, 
these lines would be the best candidates to use in an inter-specific hybridization 
program designed to improve tolerance to CLCuD and drought in G. hirsutum. 

5. Conclusion 

The results depicted here indicate that G. arboreum L. genotypes possess suffi-
cient genetic diversity and significant positive associations among most of the 
yield related traits. Based on principal component analysis, variability was shown 
by the first four components, which contributed 65.88% of the total variation 
among the genotypes. Based on PCA, the genotypes GS-4, GS-9, GS-8, GS-55 
and GS-50 should be utilized successfully in breeding programs based on their 
high positive loading factor for staple length (0.135) in PC1 and seed cotton 
yield (0.625) maximum number of bolls plant−1, boll weight, first sympodial nod, 
staple length and fiber strength in PC2. The correlation and principal compo-
nent analyses enabled the recognition of genotypes having high potential yield 
and unique fiber characteristics. These can be used not only for interspecific hy-
bridization programs to transfer CLCuD to G. hirsutum varieties, but also po-
tentially selected and developed into G. arboreum (Desi) varieties for production 
under low input cultivation conditions, especially common for small holding' 
farmers. 
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