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Abstract | To study the relationship amongst leaf chlorophyll contents, yield and related parameters, 18
advanced genotypes of cotton were tested in a trial at Cotton Research Station, Faisalabad. Highly significant
results were noticed in the analysis of variance. Further investigation in correlation analysis revealed that
there was comendable positive association among leaf chlorophyll contents, seed cotton yield (SCY), No.
of sympodia, seed index and boll weight(g). Principal Component Analysis (PCA) demonstrated that only
02 out of 08 PCs showed eigen value greater than 1. The contribution of first two PCs in total variability
was 70.77% amongst the genotypes assessed for chlorophyll contents, seed cotton yield and related traits.
Remaining six components contributed very less viz. 30.8% in total variability. Valuable positive factor
loadings on PC I was attributed by seed cotton yield, chlorophyll contents, boll weight, No. of sympodia,
seed index and Ginning out turn (GOT)%. In PC II, maximum positive contribution was presented by
plant height whereras maximum negative factor loadings were showed by GOT % and seed index. PCA
also confirmed the results of correlation studies by presenting significant positive association among leaf
chlorophyll contents, seed cotton yield, No. of sympodia, seed index and boll weight. These results will be
helpful in further breeding strategies for selection of genotypes with respect to chlorophyll contents, yield
and associated traits.
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Introduction

C

otton exhibits great importance for the global
economy due to increasing demand for cotton
products. It is a major cash crop mostly grown for fiber
in Pakistan (Farooq et al., 2014). More than eighty
countries of the world grow cotton for edible oil and
lint (Shakeel et al., 2011). Main raw material related to
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textile, livestock and edible oil industries is provided
by cotton crop (Ali, 2009). Therefore, development
of high yielding cotton strains with better quality
parameters is very essential for communities.
Genetic variability is a prerequisite for any breeding
program and also most common reason for crop
decline is low levels of genetic diversity as reported in

previous findings (Farooq et al., 2017; Shakeel et al.,
2015; McCarty et al., 2005). The genotypes having less
diversity are mainly responsible for reduction in yield
and quality (Rathinavel, 2017). Variation in genetics
of cotton strains with respect to physiological and
quality parameters was studied by (Li et al., 2005).
Knowledge about genotypes behavior and relationship
among yield contributing parameters is necessary to
counter yield reducing factors (Latif et al., 2015).
Cotton genotypes having high yield may be selected
keeping in view the morphological parameters viz.
Number of sympodia plant-1, Number of boll plant-1,
Seed cotton weight per boll, Seed index and GOT%
(Salahuddin et al., 2010).
Photosynthetic ability of plants is controlled by
chlorophyll contents as light energy is captured
by them from the sun (Kocks et al., 1995). Leaf
chlorophyll contents value gives major information
about photosynthetic capacity of a plant (Cannella
et al., 2016; Houborg et al., 2015). Chlorophyll
contents may be utilized as a decision-making tool to
estimate biomass and crop yield (Liu et al., 2019). It
was mentioned in the findings of (Boggs et al., 2003)
that leaf chlorophyll contents in cotton presented
significant positive correlation with seed cotton yield.
Minolta SPAD 502 is a chlorophyll contents meter
(CCM) which provide quick and non-destructive
analysis of plant N value and is extensively used to
assess chlorophyll contents index of crop plants
(Patrick, 2007). The correlation estimates among leaf
chlorophyll contents, seed cotton yield and related
parameters help in the selection of high yielding
strains from existing germplasm (Ali, 2001).
Correlation analysis is used to find out the association
among different parameters. If there is significant
positive correlation amongst two characters,
betterment in one character will employ a significant
positive effect on the other trait. Therefore, positively
linked characters may be improved by selecting one
trait.
Mostly, breeders use PCA for assessment of genetic
diversity and is helpful for identification of promising
strains in upcoming breeding strategies as it illustrates
the significance of prime contributor towards total
genetic variation (Rehman et al., 2015; Sharma, 2006).
Previous studies indicate that yield is multifarious trait,
which is mostly affected by environment. So, selection
on the basis of yield contributing parameters will be
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more fruitful (Karademir et al., 2009). This study is
helpful in finding out the relationship of chlorophyll
contents in regard to seed cotton yield and related
parameters and to extract major contributors of total
genetic divergence. Findings of this study may be
utilized in developing promising cotton genotypes
with superior yield contributing traits.

Materials and Methods
Experimental material and site characteristics
The experiment was performed during 2019-20 at the
research farm of Cotton Research Station Faisalabad,
Punjab, Pakistan with 184 m altitude at 31° 21’ 52″ N
72° 59’ 40″ E. Plant material comprised of seventeen
cotton strains along with one check viz. 419/19,
504/19, 492/19, 495/19, 498/19, 453/19, 455/19,
503/19, 506/19, 507/19, 510/19, 511/19, 452/19,
458/19, 6028/17, 6038/17, 6061/17 and FH-142. The
sowing was made with hand chopa method on 1st of
May, 2019.
Design of experiment
The experimental was managed in completely
randomized block design having two replicates.
Measurement of each plot was 4.54 m × 3.03 m, which
contained four rows 75 cms apart. Plant into plant
distance was kept 30 cms. Recommended practices
for irrigation, pesticide, weedicides and fertilizer
applications were followed as per requirement.
Traits measurement
For data collection, 10 guarded plants were randomly
selected in each entry. The studied traits include: boll
weight (g), chlorophyll contents, GOT %, number of
boll plant-1, number of sympodia plant-1, plant height
(cm), seed cotton yield (kg ha-1) and seed index. Data
regarding chlorophyll contents, number of boll plant-1,
number of sympodia plant-1 and plant height (cms)
were obtained from ten selected plants while seed
cotton yield was obtained on plot basis. Fifty open
bolls were hand-picked at maturity from each plot for
calculation of boll weight, GOT % and seed index.
GOT % was obtained by using below mentioned
equation:
GOT % =

Lint Weight
× 100
Seed Cotton Weight

The chlorophyll meter, Minolta SPAD-502 was
used for determination of Leaf chlorophyll contents
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during 2nd week of flowering. Following ( Johnson
and Saunders, 2003), the reading of leaf chlorophyll
contents was taken from 5th fully expanded leaf below
the terminal of plant.

boll plant-1. As reported by (Reddy and Kumari, 2004),
the chlorophyll contents have noteworthy positive
relationship with yield and number of boll per plant
at phenotypic and genotypic level which indicates the
chances of improvement in these characters. While
studying the association among leaf chlorophyll
contents and yield for different cotton strains and
other field crops, significant positive correlation was
observed by (Karademir et al., 2009; Gutiérrez et al.,
2004; Boggs et al., 2003; Bronson et al., 2003; Ramesh
et al., 2002; Kabanova and Chaika, 2001; Araus et
al., 1998; Feibo et al., 1998). Grain yield of rice was
significantly linked with leaf chlorophyll contents
(Ramesh et al., 2002).

The statistical software, Statistix 8.1 was used for
obtaining analysis of variance and correlation among
studied parameters of different genotypes. Principal
Component Analysis (PCA) was performed using
Origin 2018 (Moberly et al., 2018).

Results and Discussion
The significant differences were present among
different strains for all of the studied parameters
as indicated in analysis of variance (Table 1). The
information obtained from correlation and PCA
was used by (Khan et al., 2017) to evaluate the exotic
lines of cotton for assessment of genetic variability in
different yield contributing and quality traits.

Boll weight (g) showed noticeable positive relationship
with leaf chlorophyll contents, seed index, No. of
sympodial branches plant-1 and seed cotton yield.
Other traits presented non-significant positive
correlation with boll weight except plant height which
have negative but non-significant correlation with
boll weight. Some scientists also reported indirect
significant effect of leaf chlorophyll on seed cotton
yield (Reddy and Kumari, 2004).

Correlation studies
Correlation analysis results for chlorophyll contents,
seed cotton yield and relating parameters are illustrated
in Table 2. As depicted in correlation coefficients, leaf
chlorophyll contents contributed with significant
positive correlation towards boll weight, number of
sympodial branches plant-1, seed index and seed cotton
yield while it correlated negatively with number of

The percentage Ginning out-turn (GOT) presented
significant positive association with number of
sympodial branches and seed index while non-significant
contribution was observed with all other parameters.

Table 1: The analysis of variance for chlorophyll contents, yield and related components.
Source

REP

TRT

Error

DF

1

17

17

BW

0.02351

0.44702**

0.00276

CHL

1.77778

6.04418**

0.24146

GOT

0.66694

5.23243**

0.35989

NBP

0.0278

59.2631**

4.4395

NSB

4.0000

39.5817**

3.2941

PH

SCY

7.111

689.582**

25.464

72

189385**

1657

SI

0.00640

0.09218**

0.01241

Total
35
*p<0.05, **<0.01; BW: Boll weight (g), CHL: Chloropyll content (SPAD reading); GOT: (Ginning out turn %); NBP: Number of boll per
plant; NSB: Number of sympodial branches (no/plant), PH: Plant height (cm), SCY: Seed cotton yield (kg ha-1); SI: (Seed Index).

Table 2: Correlation coefficients amongst leaf chlorophyll contents, yield and related components of upland cotton.
BW

CHL

0.2617

0.1967

CHL

0.8485**

NBP

0.1623

GOT

-0.0468

GOT

0.1088

NBP

NSB

0.7281**

0.6591*

0.4828*

0.1031

SCY

0.8506**

0.9106**

0.3194

0.0055

PH

SI

-0.0823

0.5007

-0.0664

0.6607*

-0.4117

0.6099**

-0.1907

0.0486

NSB

0.1941

0.7824**

0.5962*

PH

-0.0366

-0.2865

SCY

0.7392**

*p<0.05, **<0.01; BW: Boll weight (g), CHL: Chloropyll content (SPAD reading); GOT: (Ginning out turn %); NBP: Number of boll per
plant; NSB: Number of sympodial branches (no/plant), PH: Plant height (cm), SCY: Seed cotton yield (kg ha-1); SI: (Seed Index).
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In previous studies (Farooq et al., 2014) also reported
similar findings of GOT % with sympodial branches.
Plant height presented non-significant negative
association with chlorophyll contents, seed cotton
yield and related parameters except with sympodial
branches which indicates that selection of medium
stature genotypes will be helpful in yield improvement.
Seed index also correlated positively and significantly
with boll weight, chlorophyll contents, GOT,
sympodia and seed cotton yield.
Highly positive and significant association of seed
cotton yield was observed with boll weight, leaf
chlorophyll contents, number of sympodia plant-1
and seed index which specifies that the yield can
be upgraded by improving these parameters. These
studies are in accordance with (Farooq et al., 2014,
2018; Karademir et al., 2009) who mentioned
significant positive association of leaf chlorophyll and
yield with yield contributing traits.
Table 3: Principle component analysis for chlorophyll
contents and yield related traits in upland cotton.
Principal components

1

2

3

4

5

6

7

8

Eigenvalue Variance % Cumulative
variance %

4.17652

1.48474

0.98812

0.7715

0.3558

0.10039

0.06459

0.05835

52.21%

18.56%

12.35%

9.64%

4.45%

52.21%

70.77%

83.12%

92.76%

97.21%

1.25%

98.46%

0.81%

99.27%

0.73%

100.00%

Table 4: Factor loadings by various traits.
Variable

Boll weight

Chlorophyll contents

Ginning out Turn %

Number of boll per plant

Number of sympodial branches

Plant height

Seed cotton yield

Seed Index

PC1

0.42754

0.43407

0.2618

0.0583

0.41764

-0.07549

0.46309

0.40284

PC2

0.14277

0.20015

-0.50394

-0.33374

0.16275

0.68939

0.16087

-0.21585

Principal component analysis
It was revealed in Principal Component Analysis
that from 08 principal components (PCs), only 2
showed eigen value greater than 1 (Figure 1). The
March 2022 | Volume 35 | Issue 1 | Page 32

Cotton yield components effected by chlorophyll contents

contribution of first two PCs was 70.77% in total
variation among the strains explored for chlorophyll
contents, yield and yield related components (Table
3, Figure 3). While, the left over six components
presented only 29.23% contribution towards the total
diversity. Maximum factor loadings was presented
by PC-I (52.21%) followed by PC-II (18.56%).
This indicates that maximum information about
genetic diversity among genotypes is present in first
two principal components which may be utilized
in further selection. In previous studies of different
characters, Saeed et al. (2014) found major impact
of first two PCs in the total diversity. As depicted
in Table 4, seed cotton yield contributed with
maximum positive loading on PC-I subsequently
chlorophyll contents, boll weight, No. of sympodia,
seed index and GOT% but plant height had negative
loadings. PC-II exhibited maximum positive
loadings by plant height subsequently chlorophyll
contents and seed cotton yield whereas GOT%
presented maximum negative loadings followed by
No. of boll plant-1 and seed index. The PC analysis
inveterate the amount of diversity for studied traits
which may be used in scheming a breeding strategy
to improve No. of boll plant-1, No. of sympodia
plant-1, boll weight and consequently seed yield of
cotton (Nazir et al., 2013). Principal component
analysis was used for assessment of genetic variation
regarding physiological parameters of cotton (Li et
al., 2008). In biplot, the parameters and strains were
super-imposed on the graph as vector (Figure 2)
and contribution of each parameter with respect to
different strains was estimated by their distance on
PC-1 and PC-2. While studying different cotton
strains, (Saeed et al., 2014), also observed main
contribution of first two principal components
in variation. As depicted in biplot, the traits boll
weight, chlorophyll contents, sympodia, seed cotton
yield and seed index added maximum contribution
in variation among the explored strains. The strength
of correlation among characters was also revealed in
biplot. Therefore, it was illustrated that boll weight,
chlorophyll contents, sympodia, seed cotton yield
and seed index have strong positive correlation with
each other. These parameters may be considered in
further selection for yield improvement. Shakeel et
al. (2015), also found the importance of PCA for
selection of desirable strains presenting better quality
and yield. PCA is very useful tool as it discloses the
significance of major contributors in the diversity
present at each level (Sharma, 2006).

Cotton yield components effected by chlorophyll contents

index, the genotypes 6061/17, 492/19 and 453/19
have good potential whereas the genotypes 6038/17
and 6028/17 have minimum potential. Maximum
potential for GOT% and No. of bolls per plant was
presented by 507/19. The explored genotypes may
further be utilized in hybridization programmes for
improvement in related traits.

Conclusions and Recommendations

Figure 1: Scree plot.

The present investigation concluded that the
explored genotypes of cotton viz., 506/19, 498/19,
6061/17, 492/19, 453/19, 507/19 and FH-142
have combination of desirable yield contributing
parameters and chlorophyll contents. Therefore, these
genotypes may be utilized in future breeding practices
for incorporation of desirable yield related characters
and chlorophyll contents. There was noteworthy
correlation among leaf chlorophyll contents, seed
cotton yield, No. of sympodial branches plant-1, seed
index and boll weight which may be considered as
selection criteria in future breeding strategies.

Novelty Statement
The explored cotton genotypes having best combination of yield related components and chlorophyll contents may be utilized for incorporation of desirable
characters in future breeding strategies.
Figure 2: Biplot between PC1 and PC2 showing extent of variation.

Figure 3: Variance % exhibited by principle components.

The genotypes 506/19, 498/19, 6061/17, 492/19 and
FH-142 have good potential for leaf chlorophyll
contents, No. of sympodial branches plant-1, seed
cotton yield and boll weight while the strains
419/19, 452/19 and 458/19 have less potential
for these traits (Figure 2). While considering seed
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