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under disease stress conditions, to find correlation between pathological,

morphological and fiber quality parameters, and to identify potential sources of
resistance and yield stability. A comprehensive analysis of genotypes for said characters
revealed significant to highly significant differences across genotypes, indicating ample genetic
diversity for selection. Highly significant MSS values were observed for DI (1650.4**) and DSI
(1280.55**), reflecting pronounced variability in disease reaction and confirming the presence
of both resistant and susceptible genotypes. Yield-related traits, including SCY (1200.65%*)
and LY (980.35%), also showed significant variation, demonstrating the influence of disease
stress on productivity. Strong positive correlations were recorded among LY, SCY, GOT, and
STR, suggesting that these yield and fiber traits are interdependent and can be jointly improved
through selection. Conversely, negative correlations between disease indices (DI, DSI) and
yield parameters emphasize the yield-reducing effect of disease infection. Fiber-related
attributes such as FL, STR, and UI exhibited moderate to high positive associations,
supporting their stability as selection criteria for quality improvement. The findings suggested
that genotypes combining low DSI with high SCY, LY, and GOT are valuable candidates for
developing resistant and high-yielding cultivars. Overall, the study highlighted the genetic
potential within the evaluated germplasm and provides a foundation for future breeding
strategies targeting disease resilience and enhanced fiber productivity in cotton.
Keywords: Cotton, White Fly, CLCuV, Fiber Quality, Yield

This study was conducted to evaluate genetic variability in diverse cotton genotypes
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Introduction:

Cotton (Gossypium hirsutum L.) is Pakistan’s foremost fiber crop and a vital pillar of
the country’s agricultural economy, making substantial contributions to the national GDP,
export revenues, and rural livelihoods. The cotton and textile industry contributes nearly 60%
of Pakistan’s export earnings, placing the country among the world’s top five cotton producers
(FAO, 2021). Despite its crucial economic role, cotton productivity in Pakistan has declined
over the past decade, largely due to severe biotic and abiotic stresses of which Cotton Leaf
Curl Virus (CLCuV) is the most devastating [1][2]. The virus, transmitted by the whitefly
(Bemisia tabaci), has led to severe yield reductions and deterioration in fiber quality across
major cotton-growing regions, particularly in Punjab—the cotton belt of the country [3][4].

CLCuV, a complex of Begomoviruses associated with beta satellites, first emerged as
a major constraint to cotton production in the 1990s and continues to evolve into new
recombinant strains with enhanced virulence [5]. The older epidemic eradicated the cultivars
that were being commercialized and demanded breeders to introduce resistant ones, as NIAB-
78 and CIM-240. But the loss of resistance in early 2000 was re-emerged with the appearance
of “Burewala strain” and again became a tough nut for cotton breeders to crack [5]. Given the
continual emergence of new viral reassortments and changing environmental conditions, this
dynamic disease scenario underscores the need for regular screening programs and the
development of resistant germplasm [6]. Cotton Leaf Curl Virus (CLCuV) remains one of the
most devastating constraints on cotton production in Pakistan, leading to severe yield losses
along with reductions in staple length and fiber fineness. Its resurgence with greater intensity
across several cotton-growing regions is largely attributed to climatic fluctuations, vector
adaptability, and the widespread cultivation of genetically uniform, susceptible host genotypes
[7]. Although many studies on breeding of cotton have been well conducted, a constant
emergence of new viral complexes and population outbreaks of whitefly vectors still threaten
the sustainability of cotton production. This ongoing threat not only lowers cotton grower
returns but also undercuts the national textiles industries that rely upon quality lint. Addressing
this challenge requires a systematic screening of cotton genotypes to identify resistant sources
capable of mitigating the disease’s impact under field conditions.

The previous studies have been mainly involved in molecular characterization of the
virus and vector control, while the assessment for performance genotype under natural
infection pressure was less involved [8]. Although some studies have described partial
resistance in local cultivars, comprehensive multi-trait screening against disease and yield and
fiber traits is limited (; [9]). Moreover, limited understanding exists regarding the interaction
between disease incidence and agronomic performance under current climatic conditions. The
lack of integrated selection approaches and statistical analyses, such as ANOVA and
correlation studies, hinders the accurate prediction of stable resistance and yield potential.
Therefore, there is an urgent need to identify superior genotypes that exhibit both strong
disease tolerance and improved fiber quality under endemic field conditions. Clinical
symptoms of CLCuV are not limited to leaf curling, vein thickening and stunted growth but
rather it disrupts various physiological and biochemical processes which directly affect yield
characters and fiber traits. Infected plants show a decline in boll number, boll weight and fiber
characters of lint yield with decrease in quality parameters like fiber length (FL), strength (STR)
and uniformity index (UI) [8][10]. Collectively, these factors place a significant economic strain
on both individual farmers and the country as a whole. Therefore, genotypes with stable
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resistance coupled with high yield under CLCuV stress is an urgent requirement for cotton
breeding programs [0].

Antagonistic breeding, involving reciprocal crosses is fraught with difficulties as it has
been suggested that resistance to CLCuV is polygenic and quantitative in nature with
possibilities of its expression influenced by environmental factors. However, since not all
genotypes exhibit resistance to this complex disease, it is essential to screen a wide range of
genotypes under both natural and artificial inoculation conditions to identify resistant as well
as susceptible sources [11]. Such screening studies allow the assignment of genotypes to RES,
SUS and VR classes which is very important for the subsequent plant hybridization and
selection. Similarly, healthy controls (HC) allow for meaningful comparison against which to
evaluate the effect of disease on physiological and yield-related traits.

The study of genetic diversity among genotypes plays a central role in breeding
programs. The high inheritance of cotton genotypes in the grain yield, disease and fiber traits
reconciles selection and genetic improvement [8].

ANOVA is a tool that partitions observed variability that can be attributed to genetic
and environmental sources, thus enabling breeders to comprehend the amount of positive
genetic diversity in the population [12]. MSS (mean sum of squares) value is to estimate the
magnitude of variability for various agronomical, disease and fiber traits in the present
investigation. The value of both the MSS terms that were significant and highly significant
means there is ample genetic diversity among the local genotypes used in this study thus can
be utilized by breeders for future breeding programs.

Correlation studies also enhance understanding of the nature and strength of
relationships among various traits, which is vital for making informed and effective selection
decisions. Positive correlations among traits such as seed cotton yield (SCY), lint yield (LY),
and fiber strength (STR) indicate the potential for simultaneous improvement through direct
selection. However, their negative associations with disease indices, including the disease
severity index (DSI) and mean severity index (MSI), suggest an inverse relationship between
disease resistance and superior crop performance [13]. Studies have already proved that both
CLCuV incidence (DI) and DSI are consistently negatively correlated with yield, and fiber
quality traits suggesting the importance of transfer of resistance genes into high yielding
genotypes [14][15].

Screening studies will also contribute key knowledge on the physiological resistance of
cotton to disease stress. Characters like Ginning out turn (GOT), fiber length and boll weight
(BW) are immensely affected through viral infestation as it interrupts phloem translocation
and changes hormonal equilibrium [16]. Resistant genotypes can usually retain better fiber
yield by maintaining photosynthetic efficacy and assimilate partitioning, thereby exhibiting
stronger resistance to disease under high inoculum pressure [17].

This study represents the first integrated evaluation combining disease resistance
responses with yield and fiber quality traits to assess cotton genotypes against CLCuV under
natural field conditions at PPR, AARI Faisalabad. Unlike eatlier studies that mainly
emphasized disease response or yield susceptibility alone, our approach employs a combined
statistical framework using ANOVA and correlation analyses to deliver a more holistic
understanding of genotype behavior and interactions. The study presents a comparative
evaluation with healthy check, susceptible check and resistant varieties, serving as a realistic
standard for evaluating the intensity of resistance. They offer not only tools to help identify
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potentially resistant and high yielding genotypes, but a practical procedural model for
resistance screening that can be adopted by CLCuV breeding programs.
Obijectives:

Genetic variability among cotton inbred lines for resistance against CLCuV under field
conditions.

Effects of CLCuV infection on yield related and fiber quality traits in different
genotypes of cotton.

To select potentially desirable genotypes that possess a combination of disease
resistance and superior yield, fiber quality characteristics for further breeding program.
Materials and Methods:

The present study was carried out at the Plant Protection Research Institute (PPRI),
Ayub Agricultural Research Institute (AARI), Faisalabad, during the cotton growing season.
The experiment aimed to screen diverse cotton genotypes (details in table 1) for resistance to
Cotton Leaf Curl Virus (CLCuV) and to evaluate their performance for yield-related and fiber
quality traits under natural disease pressure. The experimental material consisted of ten cotton
genotypes, including a healthy control (HC), a susceptible control (SUS), and nine test entries
(G1-GY). These genotypes represented a wide range of genetic backgrounds with varying
responses to CLCuV infection.

Table 1. The plant material used in in screening of cotton genotypes for CLCuV

SR No Genotype code Name of genotype
1 Gl FH-tristar
2 G2 FH-lalzar
3 G3 CKC-2
4 G4 FH-938
5 G5 CEMB-33
6 Go6 MNH-1016
7 G7 RH-647
38 G8 CIM-775
9 GY FH-142

10 Healthy control (HC) Cyto-511
11 Susceptible control (SUS) | VH-305

G=Genotype

The experiment was conducted using a Randomized Complete Block Design (RCBD)
with three replications. Each plot consisted of four rows, each 5 meters long, with a plant-to-
plant distance of 30 cm and a row spacing of 75 cm. Recommended agronomic and cultural
practices were followed uniformly across all treatments, except for disease inoculation. To
ensure uniform disease pressure, the experimental field was surrounded by NIA-Perkh, a
known susceptible variety, which served as a natural inoculum source.

Data were collected at various crop growth stages to evaluate disease-related, yield,
and fiber quality traits. The temperature humidity and other environmental conditions were
not changed and natural conditions prevailed during the study. Disease assessment was
conducted based on the following parameters:

Whitefly count (WC): recorded by counting adult whiteflies per plant from the lower surface
of three randomly selected leaves per plant. Mean data of all the plants were used for further
analysis.
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Disease Incidence (DI): calculated as the percentage of infected plants per plot. Mean data
of all the plants were used for further analysis.

Mean Severity Index (MSI): recorded using a 0—4 rating scale where 0 = healthy and 4 =
severely infected. Mean data of all the plants were used for further analysis.

Disease Severity Index (DSI): computed using the formula given by Shaner & Finney,
1977).

Germplasm collection

L
Field plantation
i
Inoculation through white fly
n

Morphological, pathological and fiber quality
evaluation

Data collection for genetic performance of
genotype for the applied treatment

M
Data Analysis
||

> (Rating x Number of plants in that rating) "

DSI (%) Total number of plants x Maximum rating 100
The mean data from all plants were used for subsequent analyses. Yield and fiber traits
were recorded at physiological maturity, with total bolls per plant (IB) and boll weight (BW)
determined by harvesting and weighing all mature bolls from each plant. Seed cotton yield
(SCY) and lint yield (IY) were measured in grams per plant, and ginning out turn (GOT%) was

calculated:
Lint weight
T = !
GOT (%) (Seed cotton weight) 100

Fiber characteristics namely fiber length (FL), fiber strength (STR), and uniformity
index (UI); were analyzed using a High-Volume Instrument (HVI) at the Fiber Testing
Laboratory, PCCC, Faisalabad.

Statistical Analysis:

The collected data were subjected to Analysis of Variance (ANOVA) to determine the
significance of differences among cotton genotypes for all studied traits under disease stress
conditions. ANOVA was carried out as described in [18], and means squared were used to
estimate genetic variability. Correlation analysis was conducted to examine the relationships
between disease indices and yield traits, as well as to explore the associations between
resistance mechanisms and overall productivity. Data analyses were performed using Statistix
8.1 and SPSS 25 software.

Results and Discussion:
Analysis of Variance:

Analysis of variance (ANOVA) of disease, yield and fiber related characters in 9 cotton

genotypes and controls is represented in table 2. The ANOVA results revealed highly
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significant variation for DI (MSS = 1650.4), showing a strong differential response of
treatments to infection pressure, indicating that CLCuV inoculation caused marked variation
in disease spread among genotypes. DSI also exhibited a highly significant effect (MSS =
1280.55), confirming that symptom intensity varied substantially across treatments, reflecting
distinct tolerance levels. SCY displayed a highly significant difference (MSS = 1200.65*%),
suggesting a strong negative influence of disease on yield potential. Y showed significant
variation (MSS = 980.35%), implying that lint production was considerably affected by viral
stress. BW was significantly different (MSS = 0.73*), pointing to reduced boll development
under infection. TB demonstrated significant differences (MSS = 10.45%), suggesting that
infection lowered boll formation and retention. GOT revealed highly significant differences
(MSS = 7.82**), showing that fiber extraction efficiency declined notably with disease
progression. FL showed significant variation (MSS = 3.26*), indicating that fiber elongation
was slightly influenced by CLCuV stress. Fiber strength (STR) also showed significant
variation (MSS = 0.58%), indicating slight reductions in tensile strength under diseased
conditions. Lastly, MSI showed highly significant variation (MSS = 0.03**), emphasizing
distinct physiological responses among treatments and confirming the reliability of the
observed differences.
Table 2. Analysis of variance (ANOVA) of disease, yield and fiber related characters in 9
cotton genotypes and controls

SR No Parameter MSS
1 Disease incidence (DI) 1650.4**
2 Disease severity index (DSI) | 1280.55%*
3 Seed cotton yield (SCY) 1200.65**
4 Lint yield (LY) 980.35*
5 Boll weight (BW) 0.73%*
6 Total bolls (TB) 10.45*
7 Ginning out turn (GOT) 7.82%*
8 Fiber length (FL) 3.26%*
9 Fiber strength (STR) 0.58*
10 Mean severity index 0.03**

Mean data of 9 genotypes, Healthy control and susceptible control for pathological,
yield and fiber quality related parameters is represented in fig 1 and 2. WC values ranged from
2.13 (HC) to 16.87 (G8). The very low whitefly count (WC) observed in the healthy control
(HC) confirms minimal vector presence, validating its effectiveness as a control treatment. In
contrast, the high WC recorded for genotype G8 indicates strong vector abundance or
attraction. The disease incidence (DI) ranged from 2.23% in HC to 84.60% in the susceptible
(SUS) genotype. The near-zero disease incidence (DI) in the healthy control (HC) confirms
the absence of symptomatic infections under control conditions, validating its role as a true
healthy reference. Conversely, the very high DI in the susceptible (SUS) genotype substantiates
its classification as a susceptible check and explains the marked decline in yield and fiber quality
observed in that treatment.

The average severity index MSI ((weighted) mean SIGAOD scores) ranges from 0.10
(HC) to 3.08 for SUS on the 0—4 scale. HC has a minimum MSI for nearly symptomless plants,
while SUS 3.08 show that leaf distortion and enations are remarkably heavy — directly
diminishing physiological performance. Lowest (HC) and highest (SUS) DSI is 2.42% and
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77.00%. HC showed the lowest DSI, meaning that disease impact on canopy and yield
components is negligible in there; the 77% of DSI found for SUS indicated a high potential
for crop loss (similar to the results observed for DI E DY) as severe leaf blighting was detected
there and the values of MSI.

The highest TB (total bolls per plant) is found in HC at 50.37 and lowest in SUS at
30.90. This contrast also details how disease (or vector pressure) is ultimately translated to
reproductive failure: HC set many more bolls, whereas SUS), which was highly diseased in the
field, produced heavily limited number of bolls and eventually limited SCY and LY. BW (mean
boll wt) ranges from 3.99 g (SUS) to 5.08 g (HC). The greater boll weight (BW) in the healthy
control (HC) indicates enhanced assimilate supply and effective boll filling, while the markedly
lower BW in the susceptible (SUS) genotype reflects the detrimental effects of disease on boll
development, intensifying yield losses beyond the decline caused by reduced total bolls (TB).
SCY (seed cotton yield per plant) presents a pronounced range: from 123.30 g (SUS) at the
lowest position to 255.87 g (HC) for the top-ranking cultivar. This 2-fold difference in
quantifying practical yield penalty for severe CLCuV pressure and SCY is the sum of TB and
BW and reflects the economic loss. The LY (lint yield per plant), with the same trend, was
increased from 37.10 g for SUS to 92.13 g for HC. Because lint yield (LY) is a function of seed
cotton yield (SCY) and ginning outturn (GOT), the low LY in the susceptible (SUS) genotype
indicates poor seed cotton production and reduced lint recovery. Conversely, the high LY in
the healthy control (HC) reflects the maximum lint potential attainable under disease-free
conditions. The GOT (%) among the tested genotypes varied from 30.10% in SUS to 36.80%
in G8.

The decreased GOT in SUS is associated with low LY not only by SCY losses; on the
other hand, G8’s higher GOT indicated that some genotypes may be able to maintain lint
extraction efficiency under disease pressure even if their performances based on other disease
metrics were not favorable — here it appears likely that GOT would be determined somewhat
by genotype per se and could not be generally linked to DI

FL (fiber length) spans 25.51 mm (SUS) to 30.44 mm (HC). Shorter FL in SUS
indicates fiber quality deterioration under heavy disease, while HC’s superior FL. shows that
maintaining low disease pressure preserves or enhances an important textile trait; FL therefore
behaves as both a production and quality indicator in the trial. STR (fiber strength) ranges
from 23.83 g/tex (SUS) to 29.84 g/tex (G8). The low STR in SUS highlights how disease can
weaken fiber mechanical properties, but G8’s high STR — despite its high WC and relatively
large DI — suggests that STR may be genetically buffered in some genotypes and not always
reduced in direct proportion to disease intensity.
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Figure 2. Mean data of 9 genotypes, Healthy control and susceptible control for pathological, yield and fiber quality related parameters
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The results of correlation analysis are represented in table 3. S shows a strong positive
association with SCY (r = 0.88) and also substantial positive links with GOT, STR and LY
(=0.8-0.81), while its largest negative relationship is with FL (r = —0.38). This pattern implies
that higher FS values in the trial tend to occur on plants that produced more seed-cotton and
translated into better lint returns, whereas FS moves in the opposite direction to FL in this
material — a trade-off that may reflect genotype-specific fiber architecture or sampling effects.
Since the FS—DI relationship is also moderately positive (=0.75), it makes sense to examine
whether mild infection corresponded with higher fiber strengths in some genotypes, instead
of assuming causality improvements.

Boll weight (BW) exhibited the highest and a strongly positive correlation with seed
cotton yield (SCY) (r = 0.93), and an even stronger association with fiber length (FL), lint yield
(LY), and fiber strength (STR) (=0.88—0.90). This indicates that heavier bolls play a pivotal
role in determining total seed cotton yield and are often associated with superior fiber
characteristics. The worst negative correlation with BW in table 1 is with MSI (r= —0.20),
meaning high mean symptom load would likely result in less boll filling. Pragmatically, this
implies that BW is a sensitive yield component that disimproves with the increase of the
disease pressure (or symptom intensity).

DSI is driven by an overwhelmingly strong positive relationship with WC (r = 1.00)
and MSI (r =0.85-0.91), confirming that vector abundance and peak symptom scores are the
primary determinants of canopy-level disease impact in this study.

The strongest negative correlation of the disease severity index (DSI) was observed
with disease incidence (DI) (r = —0.42), an unexpected result that may arise from differences
in measurement timing, scaling, or data collection errors. It is important to clarify whether DI
represents early or late disease snapshots, while DSI reflects integrated severity over time, to
better interpret this inverse relationship.

FL is most positively correlated with SCY (r = 0.93) and STR (r = 0.90), and also has
a close relationship to LYFIBI:18k-1, which indicates fiber length tends to be on more
productive plants that have produces more mechanically stronger fiber. The strongest negative
pairing for fiber length (FL) was observed with fiber strength (EFS) (r = —0.38), suggesting an
inverse relationship between these two traits in the evaluated genotypes. This pattern may have
a genetic basis or could result from measurement or conditioning effects, which merit further
investigation. The correlation is the highest between GOT and BW (r = 0.88) and strong with
SCY and FS as well, which indicates that well ginned plots have heavier bolls and more seed-
cotton. GOT has the highest negative correlation with DSI (r = —0.26), suggesting that
increasing disease load may slightly decrease lint recovery percentage — a biologically realistic
scenario as high levels of infection have potential to influence lint seed ratios.

LY is most highly associated with STR (r = 0.99), and then SCY, FL. and BW (all strong
positive relationship: implying that there is very strong association of lint yield in this trial with
fiber mechanical quality and bulk production). LY has the smallest simple correlation with
MSI (r = —0.40), which confirms that larger average symptom severity levels are correlated
with large declines in lint yield.

SCY appears as particularly strongly correlated to DI (r = 0.97) and positively (but less
so) related to BW and FL (r = 0.93); which means that in a given sample plot higher visible
incidence cooccurred with larger SCY —an unexpected outcome likely due, instead, to
confounding factors such as highly vigorous genotypes that both set yield and show visual
symptoms— or other timing/scale of their measurement ambiguities of the DI within sample
plots used for statistics estimation. Seed cotton yield (SCY) also showed its strongest negative
correlation with the mean severity index (MSI) (r = —0.44), aligning with expectations that
greater disease intensity leads to reduced total seed cotton production—despite the previously
noted atypical relationship between SCY and disease incidence (DI). STR is most positively
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correlated with LY (r = 0.99), and it has highly positive associations with BW and FL (=0.90)
demonstrating that fiber strength co-segregates with bulk and length in this panel. The
strongest negative correlation with STR is observed with DSI (r = —0.36) suggesting that
increasing plot-level disease impact results in weakening of fiber — biologically reasonable
end-result as disease can interfere with cellulose deposition during fiber formation.

TB is highly correlated with FL. (r = 0.82) and has strong correlations to FS, BW, LY
and SCY (~0.73-0.79). The highest negative TB association was with DSI (r = —0.16), a small
inverse relationship suggesting that greater disease can have a small effect of boll set but that
other traits or variables are more important to this response (e.g., genotype vigof,
environment).

DI is extremely positively correlated with SCY (r = 0.97) and with LY (r = 0.95),
although it has the strongest negative correlation with MSI (r = —0.50). The positive DI—
yield relationships are counter-intuitive since increased DI is typically harmful either that
measurements of DI here captured initial / mild symptom expression on otherwise robust
plots or there might be a sample/timing confound — recommended to re-examine the
coincidence in timing between incidence scoring and harvest measures.

MSI has its highest positive correlations with DSI and WC (both r = 0.91): the mean
plant-symptom load thus indeed closely scales on plot disease index and vector pressure. The
strongest negative correlation with MSI is provided by DI (r = —0.50), again suggesting that
the average symptom intensity might be in some kind of inverse relationship with simple
incidence counts observed in the data.

WC positively correlates with DSI (r = 1.00), and highly MSR2 (r = 0.91), which
buttresses the causative association between vector abundance and disease accumulation in
the field. WC has the strongest negative correlation with DI (r = —0.42), again indicating some
kind of thing anomaly, and as with several other such oddities above

Table 3. Correlation analysis of disease, yield and fiber related characters in 9 cotton
genotypes and controls

FS | BW | DSI | FLL. |GOT| LY | SCY | STR | DI | MSI | WC
ES 0.83
FL -0.38 | -0.19
GOT | 0.82 | 0.88 | -0.26
LY 0.79 | 0.88 | -0.12 | 0.86
SCY | 0.88 | 0.93 | -0.31 | 0.93 | 0.87
STR | 0.81 | 0.90 | -0.36 | 0.90 | 0.80 | 0.99
TB 073 | 077 | -0.16 | 0.82 | 0.74 | 0.79 | 0.78
DI 0.75 | 0.77 | -0.42 | 0.85 | 0.72 | 095 | 097 | 0.73
MSI | -0.21 | -0.26 | 0.91 | -0.33 | -0.24 | -0.40 | -0.44 | -0.19 | -0.50
wWC ]-0.17|-0.19 | 1.00 | -0.26 | -0.12 | -0.31 | -0.36 | -0.16 | -0.42 | 0.91
DSI | -0.04 | -0.03 | 0.87 | -0.15 | -0.02 | -0.18 | -0.22 | -0.06 | -0.30 | 0.85 | 0.87

DSI=Disease susceptibility index, MSI= Mean severity index, DI=Disease incidence,
BW=Boll weight, SCY=Seed cotton yield, LY=Lint yield, FL=Fiber length, FS=Fiber
strength, WC=whitefly count, TB=Total bolls, GOT= Ginning out turn
Discussion:

The current screening demonstrated distinct treatment-driven differences in both
disease expression and productivity. Disease incidence (DI) and disease severity index (DSI)
showed the highest mean sum of squares (MSS) values (1650.4** and 1280.55**, respectively),
reflecting strong and consistent variability among treatments. These findings confirm that the
screening methodology effectively generated adequate disease pressure, a critical prerequisite

November 2025 | Vol 7 | Issue 4 Page | 617



/)
OPEN (5 ) ACCESS . ~ . .
International Journal of Agriculture and Sustainable Development

for the reliable evaluation of genotypic responses under CLCuV infection (Mansoor et al.,
20006; Sattar et al., 2019).

The high disease-MSS estimates are also in agreement with studies where the impact
of the Cotton Leaf Curl Disease (CLCuV) complex on yield and fiber quality has been well
reported through virus—vector interactions and varying host responses in Pakistan [19].

All examined relationships between vector dynamics and disease progression,
including the association between whitefly (Bemisia tabaci) populations and virus
dissemination, indirectly reinforce this epidemiological connection. The crops with the highest
number of whitefly populations also developed the highest DI and DSI, indicating vector
central role in epidemic intensity [20].

These results highlight that controlling CLLCuV effectively requires more than just host
resistance; integrated pest management (IPM) strategies aimed at vector suppression are
equally essential for sustainable disease control [21]. Yield-related traits were strongly impacted
by disease pressure. Seed cotton yield (SCY; MSS = 1200.65**) and lint yield (LY; MSS =
980.35%) declined significantly with increasing disease incidence (DI) and disease severity index
(DSI), while total bolls per plant (TB; 10.45*) and boll weight (BW; 0.73*) were also notably
affected. Similar yield reductions have been reported previously, as CLCuV infection
diminishes boll formation and photosynthetic efficiency, resulting in fewer and lighter bolls
22]3].

This pattern confirms that CLCuV primarily restricts cotton productivity by inducing
physiological stress and reducing assimilate partitioning. Ginning outturn (GOT; MSS =
7.82*F) was also highly significant, indicating that disease pressure affects the lint-to-seed ratio.

The decline in GOT under infection highlights an additional economic impact because
less lint is recovered per unit of seed cotton [3]. This agrees with field studies where high
CLCuD incidence corresponded with lower ginning efficiency and overall fiber output [5].

Fiber traits displayed a relatively stable response. FL. (MSS = 3.26*) showed a small
but significant decrease, while STR (0.58*) and UI (0.42*) were only slightly affected. These
results indicate that, although CLCuV causes substantial yield losses, its effect on fiber quality
traits is relatively moderate [15]. This aligns with previous findings showing that fiber length
and strength are generally maintained unless disease severity reaches very high levels [17].

Interestingly, MSI (MSS = 0.03**)—though numerically small—was statistically
significant, reflecting consistent variation in mean symptom intensity across treatments. This
metric serves as a sensitive indicator of early infection and genotype response, complementing
DSI and DI [23]. It highlights subtle physiological changes that may precede visible yield
impacts, reinforcing the usefulness of composite indices such as AUDPC for long-term
disease assessment [24].

Correlation among disease parameters and yield traits confirmed that higher disease
intensity coincided with yield reduction. Nevertheless, the occasional positive associations
between DI and yield under CLCuV may reflect confounding effects of plant vigor, a pattern
observed in earlier studies. Therefore, regression of lint yield (LY) on the area under the disease
progress curve (AUDPC) remains the preferred method for ranking genotypes under
conditions of low or inconsistent disease pressure [25]. Overall, the ANOVA results
established that CLCuV has predominantly affected yield-related traits and that MSS for fiber
quality has been minimal. Similarly, the high MSS values observed for DI, DSI, SCY, and LY
indicate substantial phenotypic variability, providing a solid basis for effective selection. These
findings align with previous evidence showing that CLCuV resistance is heritable yet often
complex and strain-specific [20][9][25], and that integrating resistant germplasm with
management strategies is essential for reducing yield and economic losses [27][20][21]. Future
studies should focus on identifying resistant genotypes across multiple locations and
molecularly validating their differential responses to various virus strains.
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Conclusions:

The current study demonstrates substantial genetic differentiation within the natural
cotton population under CLCuV pressure, suggesting that significant selection and breeding
opportunities exist. Highly significant MSS levels for DI and DSI confirm a genetically robust
resistance pattern, while substantial variation among SCY, LY, and BW confirms genotypic-
specific responses. Positive correlations between LY, SCY, and GOT indicate yield stability
and quality improvements go simultaneously, while negative ward associations link DSI to
yield and fiber traits, drawing attention to the disease impact. Overall, these results suggest
that simultaneous selection for resistance and improved yield is feasible, and genotypes with
low DSI and high SCY, LY, and STR should be prioritized in upcoming programs.
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