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Abstract

The genetic advance of upland cotton requires a synchronized focus on both yield and fiber Article History

quality traits, as these features collectively conclude the crop’s economic value. The current

study was piloted at the Cotton Research Section (CRS), Ayub Agricultural Research Au:uesiell‘(fgo%
Institute (AARI), Faisalabad, to gauge 18 cotton genotypes for their agronomic performance Revised:

and fiber quality. Yield components such as per plant bolls, boll mass, per plant seed cotton September 08, 2025
yield, seed index and ginning outturn (GOT %) displayed wide variability, with genotypes Accepted:

G6 and G16 recording the highest outcome traits. Traits of fiber excellence i.e., length, October 03, 2025

strength, micronaire, and uniformity ratio, also exhibited marked genotypic variation. Available Online:
.. December 30, 2025
Genotypes G6, G2, and G16 were superior in length (=32 mm), strength (>30 g tex™!), and
uniformity (>85%), while maintaining acceptable micronaire values. The findings
emphasize the role of genetic variability and trait associations in guiding cotton

improvement strategies.

Keywords: Upland Cotton, Genetic Variability, Yield Components, Fiber Quality, Trait
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INTRODUCTION

Cotton is amongst the most imperative fiber-
producing crops globally, cultivated in more than 80
countries for its economic and industrial value
(Basra A) (Han Z) (Harshitha AG). Among the
agriculturally opted species, Gossypium hirsutum L.
the upland cotton accounts for nearly 90% of total
cotton produce worldwide due to its wide
adaptability, higher potential and suitability for
diverse agro-climatic conditions (Bitew Y) (Viot
CR). Besides serving as a textile industry’s primary
source of natural fiber (Zhang J), cottonseed
contributes to edible oil, protein meal, and other by-
products (Anwar M), making it a multipurpose crop
of global significance (Orken A). In countries such
as Pakistan, India, China, and the United States,
cotton not only supports the textile industry (Sadaf
T) but also plays a crucial role in the incomes of
masses of farmers (Arshad MU) and in national
economies (Abdullah K).

Yield improvement and fiber quality enhancement
are the twin objectives of modern cotton breeding
programs (Naoumkina M) (Zhang X). Seed cotton
yield, a complex quantitative trait, is influenced by
several morphological and physiological attributes
such as bolls per plant, boll weight, lint percentage,
and seed index (Kumar R)' (Shahzad K). Similarly,
fiber quality traits including staple length, fiber
strength, micronaire value, and uniformity ratio are
decisive in determining market acceptability and
spinning efficiency (Tesema GB) (Hossain MA).
However, simultaneous improvement in yield and
fiber quality has remained a major challenge for
cotton breeders, as these traits are often governed by
polygenic inheritance and subject to genotype x
environment interactions (Zardari MA) (Korra CG).
Therefore, a comprehensive understanding of

genetic variability and the relationships among yield
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and fiber quality traits is essential to design effective

selection strategies %°.

Genetic variability forms the foundation of any
successful breeding program 2. The presence of
significant variability within a population ensures
that breeders can exploit desirable traits and improve
crop performance through hybridization and
selection 222, Measures like genotypic and
phenotypic coefficients of variation (GCV and
PCV), heritability, and genetic advance serve as
important indicators for assessing the degree and
type of variability present in different traits 242,
High heritability coupled with high genetic advance,
for instance, suggests additive gene action and
allows breeders to make effective selections in early
generations %6, Conversely, traits with low
heritability often require population improvement
methods or molecular approaches for effective

enhancement %',

Another critical aspect in cotton improvement is the
study of trait associations. Correlation analysis helps
to determine the degree and direction of
relationships between yield and its contributing
characters 22, Positive and significant correlations
among yield components such as number of bolls,
boll weight, and lint percentage are desirable, as
they facilitate indirect selection for higher yield *.
On the other hand, negative correlations between
yield and fiber quality traits have often been
reported, posing a challenge to breeders . Path
coefficient analysis further partitions these
correlations into direct and indirect effects,
providing a deeper understanding of the causal
relationships among traits and helping breeders

prioritize traits for simultaneous improvement 233,

In recent years, advances in molecular breeding and

biotechnology have expanded the opportunities to
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improve cotton %, yet conventional breeding
approaches based on the assessment of genetic
variability and trait associations remain fundamental
%, Particularly in developing countries, where
access to advanced genomic tools may be limited,
morphological and fiber quality evaluations provide
practical and cost-effective means for varietal
improvement 3738, Evaluating a diverse set of
genotypes for yield and fiber quality traits not only
helps in identifying superior lines for direct
cultivation but also provides a valuable genetic

resource for hybridization programs .

Despite the global significance of cotton, yield
stagnation and declining fiber quality are major
concerns in many cotton-growing regions 4. Biotic
stresses such as bollworms and whitefly, abiotic
challenges like drought and heat stress, and the
narrowing of genetic diversity due to
overdependence on a few elite varieties have further
complicated cotton improvement efforts 4142,
Therefore, systematic evaluation of available
germplasm to estimate the extent of genetic
variability, heritability, and trait associations is
crucial for sustaining cotton productivity and quality
under changing climatic and production

environments 4344,

This study was conducted to evaluate genetic
variability, heritability, and genetic advance for
yield and fiber quality traits in upland cotton, as well
as to examine the correlations and path coefficients

among these traits.
MATERIALS AND METHODS
Trial Site and Plant Material

The field research was conducted during the kharif
2024 season at the exploration farm of Lasbella
University Uthal, Baluchistan. The investigational
site is described by sub-tropical climate with hot

summers and mild winters.
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A total of 18 upland cotton genotypes, including
advanced breeding lines and commercially released
varieties, were the experimental material being used.
These genotypes were selected based on their
variation in the traits of yield and fiber quality to

ensure adequate genetic diversity for the study.
Investigational Design and Crop Supervision

The research was laid out in a triplicated RCBD.
Each genotype was sown in a plot consisting offour
rows of 5 m length each with 75 cm and 30 cm row-
to-row and plant-to-plant distances. Standard
agronomic practices, including land preparation,
seedbed fertilization, irrigation scheduling, and
weed control, were uniformly applied to all plots.
Pest and disease control measures were taken as

required to ensure healthy crop growth.
Data Recording

Observations were recorded on arbitrarily selected
plants from the central rows of every plot to avoid

border effects. The following traits were measured:

e Yield components: bolls per plant, boll mass
(9), yield per plant (g), seed index (g), and
ginning outturn (GOT %).

e Fiber quality traits: Length (mm) & strength
of fiber (g tex™'), micronaire value, and fiber

uniformity ratio (%).

Quality traits were assessed using High Volume

Instrument (HVI) Central Cotton Research Institute.
Statistical Analysis

Data collected from all genotypes were subjected to
ANOVA to test the statistical differences among
genotypes. GCV and PCV were estimated and
broad-sense heritability (h?) was calculated and
genetic advance as %age of mean was determined to

assess the scope of selection.

RESULTS AND DISCUSSION
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Yield Components
Bolls per plant

Substantial differences were experiential among
genotypes for the bolls per plant (Table 1). The
highest bolls count was recorded in G6 (43) and G16
(42), while the lowest was noted in G9 (25).
Genotypes G2, G4, G10, and G13 also performed
well with >37 bolls per plant. These results highlight
the genetic variability for boll bearing capacity
among tested genotypes, which is a key determinant
of seed cotton yield. Previous studies also
demonstrated that higher boll numbers are strongly

correlated with yield potential in upland cotton 6°.
Boll weight (g)

Boll weight varied significantly among genotypes,
ranging from 3.12 g in G9t0 5.21 g in G6 (Table 1).
Genotypes G2, G6, G10, and G16 exhibited superior
boll weight (>5.0 g), indicating their potential for
contributing to higher seed cotton yield. Comparable
variation in boll weight has been reported in cotton
breeding populations, where boll size was shown to

be an important trait under additive genetic control
34,39

Seed cotton yield per plant (g)

Seed cotton yield per plant ranged between 82 g
(G9) and 146 g (G6), with G16 (144 g) and G2 (140

g) also performing well (Table 1). The lowermost
yield was observed in G9 and G14, which also had
fewer bolls and lighter boll weight. Yield superiority
of G6 and G16 may thus be attributed to the
combined effect of higher boll numbers and greater
boll weight. These findings corroborate earlier
reports that genotypes combining favorable boll
traits produce higher yield 152835,

Seed index (g)

Seed index varied between 8.24 g in G14 and 11.43
g in G2 (Table 1). Genotypes G2, G10, and G16
showed higher seed index values (>11 g), which are
desirable for seed weight and processing quality.
Variation in seed index among cotton genotypes has
also been highlighted in previous studies, where it

contributed significantly to overall yield differences
34,37,39

Ginning outturn (GOT %)

GOT ranged from 32.5% in G9 to 41.8% in G6
(Table 1). Genotypes G6, G10, and G16 recorded
superior GOT (>40%), reflecting their potential in
producing higher lint yield. Earlier studies in
Pakistan and China also reported substantial
genotypic variation for GOT, with values between
31-42% 82781 Higher GOT values are desirable as
they directly contribute to lint yield and economic

returns.

Table 1. Yield components of 18 cotton genotypes

Genotype Bc;lllznr;er Boll mass (g) | Seed cotton yield per plant (g) Seeczs? dex (?(z ;I'
G1 34 4.72 128 9.94 36.9
G2 41 5.13 140 11.43 40.1
G3 27 3.56 96 9.12 34.8
G4 38 4.87 122 10.34 39.6
G5 29 3.92 102 8.71 33.7
G6 43 5.21 146 11.12 41.8
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G7 32 421 110 9.56 35.2
G8 36 4.65 125 10.24 37.4
G9 25 3.12 82 8.53 325
G10 39 5.05 136 11.01 40.7
Gl1 28 3.74 94 9.04 338
G12 31 4.32 106 9.78 35.6
G13 37 491 130 10.92 38.9
Gl4 26 3.45 88 8.24 32.8
G15 35 4.67 120 10.12 37.2
G16 42 5.18 144 11.28 41.2
G17 30 3.88 98 9.21 34.4
G18 33 451 115 9.88 36.5
Fiber Quality Traits superior, producing longer fibers suitable for high-

. quality spinning. Fiber length is among the most
Fiber length (mm) _ o -
heritable traits in cotton and a critical factor for
Fiber length ranged from 25.6 mm in G9 to 32.8 mm textile applications 1112,

in G6 (Figure 1). Genotypes G6, G2, and G16 were

Fiber l2ngth (mm)
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Figure 1: Variation in fibre length of 18 cotton genotypes

Fiber strength (g tex™?) exhibited stronger fibers, aligning with industry

) . o ) standards for durable textiles. Strong positive
Fiber strength showed considerable variation, with

i ) correlations between fiber strength and length have
values ranging from 22.5 g tex! in G14 to 31.8 g

tex! in G6 (Figure 2). Genotypes G6, G10, and G16

been documented in earlier studies 13142
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Figure 2: Variation in fibre strength of 18 cotton genotypes
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Micronaire

Micronaire values ranged between 3.9 (G11) and 5.1
(G2, G6, and G16) (Figure 3). Most genotypes fell
within the acceptable commercial range (3.5-5.0),

although excessively high micronaire (>5.0) may

Micranaire
w Iy

N

"

&> & @ FFF SR
Genotypes

negatively affect fiber fineness and spinning quality
%, Moderate values, as observed in G13 and G15,
are preferred. Previous work also emphasized
balancing micronaire with fiber length and strength

in breeding 122837,

Micronaire

Figure 3: Variation in micronaire of 18 cotton genotypes

Fiber uniformity ratio (%0)

Fiber uniformity varied from 78% in G14 to 87% in
G6 (Figure 4). Genotypes G6, G2, and G16 had

higher uniformity ratios (>85%), enhancing yarn

strength and spinning efficiency. Similar genotypic
differences in fiber uniformity were reported by
highlighting its importance in selecting superior

germplasm 36:37:3840,

Uniformity ratio (%)

80

60

40

Uniformity ratio (%)

20

Figure 4: Variation in uniformity ratio of 18 cotton genotypes

CONCLUSION

The present study revealed substantial genetic
variability amongst upland cotton genotypes for
both yield components and fiber quality traits under
the agro-climatic environments of Faisalabad.
Genotypes G6 and G16 consistently outperformed
others by producing a greater number of bolls per
plant, heavier boll weight, higher seed cotton yield,
and superior ginning outturn, along with favorable
fiber length, strength, and uniformity. These
findings suggest that these genotypes possess a

26|Page

desirable balance of agronomic and fiber quality
attributes, making them valuable candidates for
inclusion in breeding programs aimed at improving
lint yield and textile performance. The results also
emphasized the importance of considering trait
associations in selection, particularly when
improving yield and fiber quality simultaneously.
Overall, the identified superior genotypes can serve
as potential parents in hybridization and population
improvement schemes for sustainable cotton

productivity.
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