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ABSTRACT
The present study was carried out at Cotton Research Station, Ayub Agricultural Research 
Institute, Faisalabad, Pakistan during 2019 to estimate the genetic variation in 6 genotypes 
of cotton at three different sowing dates regarding cotton leaf curl disease (CLCuD) tolerance, 
quality and yield traits. For this purpose ANOVA, correlation and principal component analysis 
were performed. The ANOVA showed that sowing date effects were significant for sympodial 
branches count while varietal effects were significant for all studied traits i.e. sympodial branches 
count, height of plant, bolls count, fiber length, fiber fineness, whitefly population, cotton leaf 
curl disease (CLCuD), yield except days to first boll open and ginning out turn GOT(%). The 
interaction of sowing date and variety was significant only for plant height. The analysis of 
correlation depicted that days to 1st boll open had significant negative correlation with sympodial 
branches count, bolls count, GOT(%), fiber length and yield while it had positive correlation 
with CLCuD. However, GOT(%) and fiber length had positive correlation with yield. Whitefly 
has positive correlation with CLCuD and CLCuD had negative correlation with yield. In principal 
component (PC) analysis out of 13 PCs, first three contributed 69.4(%) towards variability. PC 
I was important as yield had maximum negative factor loading and CLCuD % has maximum 
positive factor loading in PC I. Further, there was important contribution of plant height, bolls 
count and sympodial branches count in PC I . Inshort, days to first boll opening shows positive 
correlation with CLCuD, so early planitng should be preferred to get optimum yield.
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INTRODUCTION
Being source of fiber and vegetable oil, cotton is 
an important crop grown worldwide (Saleh, 2012). 
American cotton (Gossypium hirsutum L.) cultivars 
meet the demand of world upto 90%. Cotton being the 
king of fiber provides raw material in the form of lint 
to the textile industry because global textile industry 
relies on both natural and artificial sources of fiber for 
its production.  About 70-80% of natural fiber is derived 
from cotton plant (Gossypium spp) (Isong et al., 2017; 
Wendle et al., 1992). It is cultivated in more than 80 
countries with annual production of over 20 million 
tons (Saeed et al., 2014a). It is the most important 
commodity in Pakistan which maintains the economy 
through foreign exchange earning and employment  to 
labour force (Haidar et al., 2007; Haidar et al., 2012). 
Pakistan’s economy majorly relies on production of 
cotton, exportable waste of cotton fiber and products 
made from fiber. This crop not just meets local industry 
needs but also supplies cooking oil and low quality 

oil for soap industry. The residual seed cake serves 
as protein concentrate and is used in livestock feed.
In Pakistan, production of cotton is facing problems of 
uprising costs of production and static return because 
of diseases and pests attacks (GoP, 2019). A large 
number of efforts have been made to improve cotton 
cultivation and characters by breeders. Among these 
characteristics yield is most important character and 
ultimate objective of breeding. Yield is a complex 
quantitative character controlled by polygenes. It is 
influenced by environmental and genetic factors. To 
study yield potential, the correlation among different 
characters and knowledge of their contribution to yield 
is important in planning a breeding program (Thiyagu 
et al., 2010). Furthermore, positive relationship of yield 
and its components have been discovered in G. hirsutum 
genotypes (Farooq et al., 2014). As yield contributing 
traits such as monopodial branches count, plant height, 
sympodial branches count and bolls count in a plant 
are responsible for improvement in yield (Esmail et al., 
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2008). So the variety development tolerance to CLCuV, 
good fiber quality and yield potential is the primary 
objectives of a cotton breeder. They depend upon the 
association knowledge of yield with its components 
helping him in selection of desirable genotypes. 
Besides correlation, principal component analysis is 
also an important tool as it shows the importance of 
largest contributor to the total diversity at each axis of 
differentiation (Sharma, 1998). Keeping in view these 
facts, this study was designed to explore the potential of 
different cotton genotypes and relationship of yield with 
different earliness, quality and yield related characters.

MATERIALS AND METHODS

Experimental site
The experiment was carried out during the year 2019 at 
Cotton Research Station, Ayub Agricultural Research 
Institute, Faisalabad, Pakistan.

Experimental design, plot size and cultural 
practices
The experiment was performed in a randomized 
complete block design (RCBD) with split plot 
arrangements in 03 replications and plot size of 27×10 
feet. The P×P distance was 1 feet and R×R was 2.5 
feet. Three sowing dates (20th March, 20th April and 20th 
May) were kept in main plots while cotton varieties (FH-
142, MNH-886, FH-4243, FH-118, NIAB-111 and CIM-
496) were kept in sub plots. Sowing was carried out 
manually on beds and normal agronomic and cultural 
practices (irrigation, fertilizer application, weeding and 
hoeing) were followed.
 
Data collection

Measurement of morphological traits: For 
measurement of these traits, 10 representative, healthy 
plants were selected in each variety and marking was 
done. The data regarding first boll opening was taken 
by simply counting days number from planting to the 
appearance of 1st boll opened. Plant height was taken 
from base of stem to the top of stem in (cm). Sympodial 
branches count was taken by simply counting the 
sympodial branches on the main stem. Bolls count 
was taken by simply counting the bolls number on the 
whole plant. Regarding yield each plot yield was taken 
and then converted to kg/ha. Data of all morphological 
traits were taken from each representative plant and 
then averaging the data of ten plants.

Fibre characters: Important fiber traits such as 
fiber length (mm) and fibre fineness (µg/inch) were 
measured by using HVI machine USTER 1000.

GOT (%):  Seed cotton dry samples after cleaning were 
weighed and ginning was done with help of single roller 
electric ginning machine separately. The lint gain of 
each sample was weighed and ginning out turn (GOT) 
was calculated by the formula:

                         Weight of lint      
Ginning out turn (%) = —————————— x 100 

                          Weight of seed cotton            

Whitefly population count: Adult population of B. 
tabaci was recorded from each variety by  randomly 
selecting 10 plants and observing three leaves per 
plant (top, middle and bottom) before 10:00 am in the 
morning (average number of adults/leaf) at fortnightly  
basis.

CLCuV disease incidence (%) methodology:  
Disease incidence % was calculated at fortnightly 
basis with the formula given below:

                                                  Sum of all disease ratings      100
Disease incidence (% age) = ———————————— × ——— 

                                            Total number of plants           4

Statistical analysis: The data were statistically 
analyzed for analysis of variance (ANOVA) techniques 
(Steel et al., 1997), whereas, correlation (pearson) 
investigation and principal component analysis were 
calculated by using software statistix 8.1.

RESULTS AND DISCUSSION
The analysis of variance (Table 1) shows that sowing 
date had significant effect on sympodial branches 
count while variety had significant effects on all the 
studied traits i.e. sympodial branches count, height of 
plant, bolls count, fiber length, fiber fineness, whitefly 
population, cotton leaf curl disease and yield except 
days to first boll open and GOT(%). The interaction of 
sowing date and variety was not significant for all other 
studied traits except plant height. Similar results were 
reported by Nazir et al. (2013)

Correlation studies
It is evident from (Table 2) that days to 1st boll open 
had significant negative correlation with sympodial 
branches count, plant height, bolls count, GOT(%), fiber 
length and yield whereas it was significantly correlated 
with CLCuD (%). Nazir et al. (2013) described the 
same positive relationship of days to first boll open 
and CLCuD (%). Sympodial branches count was 
significantly positively associated with height of plant, 
bolls count, GOT (%), fiber length, fineness of fiber 
and yield while it is significant negative association 
with CLCuD (%). Sympodial branches count positive 
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relationship with bolls count, GOT (%), fiber fineness 
and yield is confirmed with Rauf at al. (2004) and 
Rahman et al. (2013). Salahuddin et al. (2010) also 
confirmed the positive relationship of sympodial 
branches count and yield. Saeed et al. (2014b) also 
confirmed negative association of sympodial branches 
count and CLCuD (%) and contrary results of plant 
height and sympodial branches positive correlation. 
Plant height was significantly associated with bolls 
count, GOT (%), fiber length, fineness of fiber and yield 
whereas it was  negatively associated with CLCuD (%). 
Bolls count was significantly associated with GOT (%), 
fiber length, fiber fineness and yield, while it is negatively 
associated with CLCuD (%). Salahuddin et al. (2010) 
also described strong positive relationship of bolls 
count and yield. GOT (%) was significantly associated 
with fiber length and yield while it was negatively 
associated with CLCuD (%). GOT (%) positive 
association with seed cotton yield was confirmed with 
Yaqoob et al. (2016). Fiber length was significantly 
associated with yield and negatively correlated with 

CLCuD (%). Fiber fineness was positively correlated 
with yield and negatively correlated with CLCuD (%). 
Whitefly was significantly correlated with CLCuD (%) 
and CLCuD (%) had negative correlation with yield .
Out of 13 principal components (PCs) in this study (Table 
3), five were extracted with three PCs  having  eigen 
value ˃ 1. The three PCs contributed 69.4% towards 
total variation while remaining ten PCs contributed 
30.6% towards variation. The PC I contributed 51.1%, 
PC II contributed 9.8% and PC III contributed 8.4% 
towards total variability. Yield had maximum negative 
factor loading (-0.3506) while  CLCuD (%) had maximum 
positive factor loading (0.3013) on PC I. However, PC I 
was also important, as there was important contribution 
of height of plant, bolls count and sympodial branches 
count. Isong et al. (2017) also described the important 
contribution of seed cotton yield, bolls count, sympodial 
branches count and height of plant in PC I. Javed et 
al. (2017) also confirmed negative factor laodings of 
height of plant, sympodial branches count, bolls count, 
yield and GOT and positive factor loading of CLCuD in 

Table 1.  ANOVA showing sowing date effect on cotton agronomic traits                    
Mean squares

Source of 
variation df 

Days to 
1st boll 
open

Sympodial
branches 

count

Plant 
height Bolls 

count
GOT Fiber

length Fiber
fineness

Whitefly
population CLCuD Yield

Replication 2 1056.91 142.722 9903.57 1495.02 31.7222 1.53352 0.27019 10.8324 303.799 2141.07
Sowing date 2 11.63 30.056 * 78.69 53.02 8.0000 0.06352 0.00963 1.7894 1.317 6812.24
Error a 4 16.52 1.111 271.44 81.10 3.9722 0.06880 0.07019 0.7507 0.252 3536.63
Variety 5 40.95 12.444* 352.70* 164.42** 2.8444 0.30163** 0.46196** 23.9315** 198.433** 825688**
Sowing date 
× variety 10 27.90 4.100 229.44* 38.42 3.5111 0.03574 0.07363 0.7638 0.245 15867.8
Error b 30 21.36 3.337 105.06 25.32 4.3111 0.04459 0.04707 0.9286 6.341 67458.8 
*Significant. ** Highly significant, GOT = Ginning out turn

Table 2.  Correlation analysis (pearson) for cotton agronomic traits

Parameter
Days to 
first boll 

open

sympodial
branches 

count

Plant 
height

  

Bolls 
count

GOT
 

Fiber
length

  

Fiber 
fineness

Whitefly
population CLCuD

Sympodial branches count -0.5030**
Plant height -0.7006** 0.6630**
 Bolls count -0.5997** 0.7000** 0.7840**
GOT -0.2964* 0.4161** 0.3339* 0.4083**
Fiber length -0.5926** 0.4676** 0.5770** 0.4086** 0.3695**
Fiber fineness -0.2085 0.2895* 0.2906* 0.3857** 0.0656 -0.0031
Whitefly population 0.2189 -0.1753 -0.0642 -0.1431 0.0158 0.0342 -0.0826
CLCuD 0.5175** -0.6159** -0.6230** -0.7059** -0.3438* -0.2874* -0.3357* 0.3186*
Yield -0.6344** 0.7444** 0.7870** 0.7494** 0.4225** 0.5248** 0.3036* 0.0380 -0.6882**
*Significant. ** Highly significant, GOT = Ginning out turn

Table 3.  Principal component analysis of different traits of cotton genotypes
Variable PC  I PC  II PC  III PC  IV PC V
Eigen value 6.64908 1.27765 1.09774 0.96200 0.79324
% of total variance 51.1 9.8 8.4 7.4 6.1
Cumulative variance % 51.1 61.0 69.4 76.8 82.9
Factors loading by various characters
Days to first boll open 0.2996 -0.0055 -0.2590 -0.1564 -0.3385
Sympodial branches count -0.3179 -0.0637 -0.0575 0.0362 -0.1517
Height of plant (cm) -0.3410 0.0372 0.0818 -0.0729 0.2121
Bolls count -0.3338 -0.1351 -0.0953 -0.0666 -0.0531
GOT (%) -0.1999 0.2575 0.0794 0.0338 -0.8287
Fiber length (mm) -0.2516 0.4135 0.1191 0.2773 0.2597
Fibre fineness ( µg/inch) -0.1453 -0.4451 -0.2269 -0.5998 0.0790
Whitefly population ( Avg/l) 0.0544 0.6487 -0.3258 -0.5304 0.0947
CLCuD (%) 0.3013 0.3087 0.1223 -0.1059 0.1624
Yield (kg/ha) -0.3506 0.0923 -0.0977 -0.1213 0.0086
*Significant. ** Highly significant, PC = Principal component
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PC I. Whitefly population had maximum positive factor 
loading followed by staple length while fiber fineness 
had maximum negative factor loading on PC II. Farooq 
et al. (2018) also confirmed the important contribution 
of yield, sympodial branches count and bolls count 
in PC I and fiber length positive contribution in PC II. 
Further, Shakeel et al. (2015) also confirmed negative 
factor loading of fiber fineness in PC II. Whitefly 
population had maximum negative factor loading 
followed by negative contribution of days to first boll 
open and fiber fineness in PC III.  Fiber fineness has 
maximum negative while fiber length has maximum 
positive factor loading on PC IV.  Haidar et al. (2012) 
also confirmed important contribution of fiber fineness 
in PC III and positive factor loading of fiber length in PC 
IV. Saeed et al. (2014b) also confirmed positive factor 
loading of fiber length in PC IV. PC V had maximum 
negative factor loading for GOT % while maximum 
positive factor loading for fiber length . 

CONCLUSION
It is concluded  from the present study that the 
characters as sympodial branches count, bolls count, 
plant height, fiber length, fiber fineness, whitefly 
population, CLCuD % and yield may be used as 
selection criterion to select suitable genotype for the 
optimum sowing time. As days to first boll opens have 
positive correlation with CLCuD %, so early planting 
should be preferred to get maximum yield .
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