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Abstract

This study investigates the influence of genotype and environmental stress (optimal, drought,
and salinity conditions) on morphological and agronomic traits in ten fine-fiber cotton
genotypes using multifactorial ANOVA. Traits such as plant height, number of fruiting
branches, number of opened bolls, total boll number, boll weight, vegetative period, and overall
yield were analyzed. Results showed that genotype had no statistically significant effect on
most traits (P > 0.05), whereas environmental factors significantly impacted all studied
parameters (P < 0.0001 in most cases). Genotypes such as T-2024, Duru-gavhar-4 (T-5560),
Angor (T-1981), and T-2090 demonstrated relative stability and adaptability to stress conditions
and may be considered valuable in breeding programs for stress-tolerant cotton cultivars.
Keywords: G. barbadense L., multifactorial ANOVA, stress, drought, salt, yield attributes,
selection.

Introduction

Gossypium barbadense is a fine and high-quality fiber cotton species, also known as "Egyptian
cotton" or "Pima cotton."” It is primarily cultivated in the southern regions of the United States,
Egypt, Peru, and Uzbekistan. G. barbadense L. produces long, fine, and strong fibers used in
the production of premium-grade textiles (Amanov et al., 2020; Shavkiev et al., 2022;
Chorshanbaev et al., 2023a). In terms of fiber yield, G. barbadense L. often outperforms G.
hirsutum L. Some of its genotypes are also relatively resistant to salinity and insect pests. When
crossed with G. hirsutum L and G. barbadense L. serves as an important genetic source for

developing high-quality and stable cotton cultivars (Chorshanbiev et al., 2023b; Azimov et al.,
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2024a; Samanov et al., 2024). Pima cotton (Gossypium barbadense L.) is considered a valuable
cotton species due to its high-quality, long, and durable fibers, and is primarily grown for the
production of luxury textile products (Nabiev et al., 2020). In recent years, due to climate
change, declining water resources, and increasing soil salinity, identifying stress-tolerant
varieties of this species and incorporating them into breeding programs has become increasingly
relevant.

Under salinity stress, the accumulation of sodium and chloride ions in the soil disrupts nutrient
uptake in plants, which in turn hinders growth and reduces yield. Water deficiency causes
physiological stress that significantly impairs photosynthesis, shortens the vegetative period,
and reduces boll formation (Shavkiev et al., 2019a; Nabiev et al., 2020; Shavkiev et al., 2021b).
Therefore, identifying Pima cotton genotypes with resistance to salinity and drought is crucial
for developing climate-resilient varieties in the future. Such varieties are especially important
for semi-arid, irrigated agricultural regions like Uzbekistan, where efficient water use and
reclamation of saline soils are critical. Thus, studying the genotypic responses of Pima cotton
under stress conditions remains a key direction in cotton breeding programs. Cotton is a
globally important fiber crop that is increasingly exposed to abiotic stresses such as drought
and soil salinity, which significantly reduce productivity. Studies show that plant response to
environmental stress is strongly influenced by both genotype and environmental conditions,
often resulting in genotype-by-environment interactions that affect agronomic traits (Tuberosa,
2012; Faroog et al., 2017; Shavkiev et al., 2023; Azimov et al., 2024b). Multifactorial ANOVA
is a useful statistical method to dissect the effects of genotype, environment, and their
interactions on trait variation (Akinwale et al., 2014).

Previous research highlights that while genotypic differences can be subtle, environmental
stress such as drought often causes significant reductions in plant height, fruiting branch
number, and boll retention (Shavkiev et al., 2019b; Sarwar et al., 2020; Khamdullaev et al.,
2021). Moreover, salinity stress tends to delay vegetative growth and boll maturation (Ashraf
& Foolad, 2007). Identifying genotypes with consistent performance across stress environments
is essential for breeding stress-tolerant cotton varieties. Genotypes such as Gossypium hirsutum
and its hybrids have been reported to show varying degrees of tolerance to salinity and drought,
with traits such as boll weight and yield per plant serving as key indicators of stress adaptation
(Patil et al., 2011). Some studies suggest that early maturing genotypes may escape the worst
of environmental stresses, while others emphasize the role of root architecture and osmotic
adjustment mechanisms in drought tolerance (Zhang et al., 2016; Makamov et al., 2023).
Understanding genotype x environment (GXE) interactions is fundamental in crop

improvement, especially under stress conditions. Cotton (Gossypium spp.) is a highly plastic
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crop, meaning its phenotypic expression—such as plant height, yield, and boll development—
can vary widely depending on the genotype and environmental conditions (Tuberosa, 2012;
Shavkiev et al., 2021). These interactions complicate breeding decisions but also offer
opportunities to identify stable genotypes across environments.

GXxE interaction analysis, particularly through multifactorial ANOVA, has become a powerful
tool for breeders to dissect complex traits. For example, Akinwale et al. (2014) emphasized that
while genotypic differences may be subtle, their interaction with environment can significantly
affect phenotypic outcomes. This statistical approach allows breeders to quantify the relative
contribution of genotype, environment, and their interaction on observed traits. Drought is one
of the most significant abiotic stresses in cotton-growing regions, especially in arid and semi-
arid zones such as Central Asia. Drought stress often leads to reduced plant height, fewer
fruiting branches, and diminished boll retention, as reported by Farooq et al. (2017). The
physiological basis of drought tolerance includes maintenance of turgor pressure, deeper
rooting systems, and efficient stomatal control. Genotypes that maintain higher productivity
under limited water availability are considered drought-tolerant. For example, Sarwar et al.
(2020) observed that certain cotton genotypes showed stable boll weight and yield under
drought due to better osmotic adjustment and delayed senescence. These traits are critical in
selecting parent materials for stress-resilient breeding programs.

Soil salinization is a growing issue due to improper irrigation practices, especially in irrigated
agriculture systems like those in Uzbekistan. Salinity affects cotton plants by inducing ionic
and osmotic stress, which disrupts cellular metabolism and hinders growth (Ashraf & Foolad,
2007; Azimov et al., 2024c). Cotton, although moderately tolerant to salinity, shows genotype-
specific variability in salt tolerance. Studies by Zhang et al. (2016) and Patil et al. (2011) report
that traits such as root biomass, leaf area index, and chlorophyll retention can be reliable
indicators of salinity tolerance. Salinity generally prolongs the vegetative phase and delays
reproductive maturity—consistent with findings in your study. Stability across environments is
a key selection criterion for modern breeding. A genotype that performs consistently under both
stress and optimal conditions is more valuable than one that excels only under controlled
environments. According to Kang (1993), yield stability indices and regression analysis are
commonly used alongside ANOVA to select elite lines. In recent studies, genotypes like Duru-
gavhar-4 and T-2024 showed tolerance to saline and drought conditions without significant
reductions in boll weight or overall yield. This is in line with findings by Ali et al. (2021), who
identified that even under extreme environmental conditions, certain cotton genotypes retained

over 80% of their productivity.
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Morphological traits such as plant height, number of fruiting branches, and vegetative period
are not only indicators of growth but also play a predictive role in yield under stress conditions.
As shown in studies by Kumar et al. (2018), shorter vegetative periods may allow genotypes to
escape late-season drought, while taller plants may offer better canopy cover and light
interception.

In your study, traits like boll number, boll weight, and overall yield were affected by
environmental stress, supporting the hypothesis that selection under stress conditions must be
trait-specific and environment-targeted. This study aligns with existing literature by confirming
the dominant effect of environmental factors on trait expression and further identifies several
promising genotypes (T-2024, T-2090, Duru-gavhar-4) that exhibit resilience under water
deficit and salt stress, making them valuable for cotton improvement programs in arid regions.

Materials and methods
Plant material and growing conditions

The study was conducted during the crop season 2023-2024 in the Tashkent region of
Uzbekistan (41.389°N, 69.465°E), characterized by cold winters and prolonged hot and dry
summers, with an annual photoperiod of 16 hours of light and eight hours of darkness. The
research focused on evaluating the genetic potential and drought tolerance of ten Pima cotton
(G. barbadense L.) genotypes originating from Uzbekistan. The genotypes used in the present
study include Angor (T-1981), T-479, T-2025, T-2024, T-5570, T-481, T-563, Bo‘ston (T-663),
Duru-gavhar-4 (T-5560) and T-2090

The experiment was conducted using a randomized complete block design (RCBD) with a
factorial arrangement and three replications under both optimal (normal and salt) and deficit
irrigation (water deficit) conditions. Cotton plants were grown in furrows 20 meters long, with
a plant spacing of 20 cm and a row spacing of 90 cm. Optimal irrigation-maintained soil
moisture at 70-72%, while deficit irrigation was maintained at 54-55%, as measured using a
moisture tester. The full (optimal) and deficit irrigation treatments were separated by a
designated distance. Figure 1 presents details on maximum and minimum temperatures, air

humidity, and total rainfall recorded during the study period.
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Figure 1. Maximum and minimum temperatures, air humidity, and the total rainfall during the
upland cotton study period.

The irrigation schedule followed a 1-2-1 sequence, meaning one application before flowering,
two during the flowering phase, and one before boll opening. Specifically, 900 m3/ha of water
was applied before flowering, two applications of 1200 m3/ha each were provided during the
flowering phase, and 900 m3ha was applied before the boll-opening stage. Additionally, an
irrigation technique was developed in response to Water deficit. This method follows a 1-1-0
sequence, in which 2100 (900+1200) m?3/ha of water is applied once during flowering (Shavkiev
et al., 2022). This adjustment offers a water-efficient solution for cotton cultivation under

limited water availability.
Result
Plant Height in Pima Cotton Genotypes

Under optimal water supply conditions, the plant height reaches its highest value in the "Bo‘ston
(T-663)" genotype (88.33+£1.82 cm), which indicates the genotype's good growth potential in
these conditions. The shortest height is observed in the "T-2025" genotype (73.83£3.61 cm),
but the high standard deviation (SD = 6.25) suggests variability.

Table 1. Plant height (cm) in Pima cotton genotypes

Genotypes Optimal Condition | Water Deficit Condition | Salinity Condition
X+£SE SD X+SE SD X+£SE SD

Angor (T-1981) 77,04£327 | 5,67 61,92+2,69 | 4,65 55,25+0,58 | 1,00

T-479 76,33+1,52 2,63 58,13+3,25 5,63 47,25+0,87 1,50
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T-2025 7383361 | 6,25 57,92+1,67 | 2,89 53,83:2,30 | 3,99
T-2024 7758+186 | 321 55,58+348 | 6,03 61,00+058 | 1,00
T-5570 8542+273 | 4,73 53,25¢153 | 2,65 47,00+153 | 2,65
T-281 78,67+1,72 | 298 53,13¢397 | 6,88 56,60£0,20 | 0,35
T-563 76,88+1,80 | 3,13 48,42+326 | 5,65 48,96+156 | 2,71
Bo'ston (T-663) 88,33+1,82 | 3,15 53,75+2,17 | 3,75 4554127 | 221
?T”gusgg;’ har-4 78,75+1,44 | 2,50 51,83+4,65 | 8,05 47,46£0,70 | 1,21
T-2090 78,67+251 | 435 56,33t3,11 | 539 49,50+0,29 | 0,50

Note: X — mean value, SE — standard error, SD — standard deviation

In conditions of Water deficit, plant height significantly decreases. The highest value is
observed in the "Angor (T-1981)" genotype (61.92+2.69 cm), while the lowest is recorded in
the "T-563" genotype (48.42+3.26 cm). The "Duru-gavhar-4 (T-5560)" genotype stands out
with a high standard deviation (SD = 8.05), indicating variability in its adaptability to Water
deficit. Overall, Water Deficitreduced plant height by an average of 13-28 cm. Under salinity
conditions, the highest plant height is observed in the "T-2024" genotype (61.00+0.58 cm),
while the lowest is recorded in the "Bo‘ston (T-663)" genotype (45.54+1.27 cm). The "T-2025"
genotype (SD = 3.99) demonstrates variability in its adaptation to salinity. Salinity reduced
plant height by an average of 20-30 cm compared to the optimal condition, although the "T-
2024" genotype showed relatively better results under these conditions.

Table 2. Multi-Factor ANOVA analysis of the effect of genotype and environment (optimal, Water
deficit, and salinity conditions) on the number of plant height trait

Source of Effect Sum of | Degrees of | Mean Square | F-Ratio P-Value
Squares Freedom (Df) (MS)
(S9)
Genotypes 120,36 9 13,37 0,58 0,7993
Environment 4584,44 2 2292,22 98,80 0,0001
Genotypes x Environment 417,62 18 23,20
Total 5122,43 29

Analysis of the Effect of Environment on Plant Height in the Studied Genotypes

To determine the effect of the environment on plant height in the studied genotypes, a multi-
factor ANOVA was conducted considering genotype and environment factors (optimal, Water
deficit, and salinity conditions). According to the results, the differences in plant height between
genotypes were statistically insignificant (P-Value = 0.79 > 0.05). The F-Ratio value (0.58) is
also low, indicating that the genotypes did not show significant differences in plant height. This
suggests that the genotypes studied in the experiment (e.g., "Angor (T-1981)", "T-479",
"Bo‘ston (T-663)", and others) shared similar characteristics in terms of plant height.

The effect of the environment was statistically highly significant (P-Value = 0.0001 < 0.05).

The F-Ratio value (98.80) confirms the strong impact of the environmental factor on plant
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height. This indicates that there were significant differences in plant height under optimal
conditions, Water deficit, and salinity conditions. For example, the "Bo‘ston" genotype had a
height of 88.33 cm under optimal conditions, but this decreased to 45.54 cm under salinity
conditions, illustrating the strong effect of the environment. The interaction between genotype
and environment, as shown by the SS (417.62) and MS (23.20) values, indicates that genotypes
responded differently to various environmental conditions. For example, the "T-2024" genotype
had a height of 61.00 cm under salinity conditions, showing better results than other genotypes,
which confirms the existence of an interaction effect.

Number of Fruit Branches in Pima Cotton Genotypes

Under optimal conditions, the highest number of fruit branches was observed in the "T-479"
genotype (9.75+0.87), while the lowest was recorded in the "Duru-gavhar-4 (T-5560)"
genotype (6.00£0.52). The "Angor (T-1981)" (SD =2.13) and "T-5570" (SD = 2.08) genotypes
exhibited high variability, indicating that their number of fruit branches was not stable. In most
genotypes, the number of fruit branches ranged from 7 to 9, confirming a good yield potential
under optimal conditions. In conditions of Water deficit, the number of fruit branches
significantly decreases. The highest value was observed in the "T-2024" genotype (6.33+0.74),
while the lowest was recorded in the "T-481" genotype (3.88+0.36). The "Duru-gavhar-4 (T-
5560)" genotype (6.08+0.82) showed good adaptation to Water deficit, as its value did not differ
significantly from the optimal condition. Overall, Water deficit reduced the number of fruit
branches by an average of 2-4.

Table 3. Number of Fruit Branches (pieces) in Pima Cotton Genotypes

Genotypes Optimal Condition | Water Deficit Condition | Salinity Condition
X+SE SD X+SE SD X+SE SD
Angor (T-1981) 9,63+1,23 2,13 5,25+0,80 1,39 4,35+0,09 0,15
T-479 9,75+0,87 1,50 6,00+0,29 0,50 3,50+0,29 0,50
T-2025 9,00+1,18 2,05 5,92+0,65 1,13 4,38+0,51 0,88
T-2024 6,83+0,46 0,80 6,33+0,74 1,28 5,35+0,06 0,10
T-5570 8,92+1,20 2,08 4,55+0,17 0,30 4,38+0,36 0,63
T-481 7,50£1,00 1,01 3,88+0,36 0,63 5,25+0,29 0,50
T-563 8,13+0,79 1,38 4,25+0,14 0,25 5,54+0,46 0,79
Bo‘ston (T-663) 7,92+1,08 1,88 5,25+0,87 1,50 5,04+0,17 0,29
Duru-gavhar-4 (T-5560) 6,00+0,52 0,90 6,08+0,82 1,42 4,55+0,14 0,25
T-2090 7,13+0,79 1,38 5,83+0,44 0,76 4,79+0,31 0,54

Note: X — mean value, SE — standard error, SD — standard deviation
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Under salinity conditions, the highest number of fruit branches was observed in the "T-563"
genotype (5.54+0.46), while the lowest was recorded in the "T-479" genotype (3.50+0.29). The
"T-2025" genotype (SD = 0.88) showed high variability, indicating low stability in its
adaptation to salinity. The number of fruit branches decreased by an average of 2-5 compared
to optimal conditions, but the "T-563" and "T-2024" genotypes showed relatively better results.
According to the multi-factor ANOVA analysis for the number of fruit branches, the differences
between genotypes were statistically insignificant (P-value = 0.9719 > 0.05). The F-Ratio value
(0.28) is very low, indicating that the genotypes did not show significant differences in the
number of fruit branches.

Table 4. Multi-Factor ANOVA analysis of the effect of genotype and environment (optimal, Water
deficit, and salinity conditions) on the number of fruit branches trait

Source of Effect Sum of | Degrees of | Mean Square | F-Ratio | P-Value
Squares (SS) Freedom (Df) | (MS)

Genotypes 2,91 9 0,32 0,28 0,9719

Environment 64,25 2 32,12 27,77 0,0001

Genotypes x Environment 20,82 18 1,15

Total 87,99 29

The effect of the environment was statistically highly significant (P-Value = 0.0001 < 0.05).
The F-Ratio value (27.77) showed that the environmental factor had a significant impact on the
number of fruit branches. This indicates that there were considerable differences in the number
of fruit branches under optimal, Water deficit, and salinity conditions. For example, the "T-
479" genotype had 9.75 fruit branches under optimal conditions, but this decreased to 3.50
under salinity conditions, illustrating the high effect of the environment.

Number of Open Bolls in Pima Cotton Genotypes

Under optimal conditions, the highest value for the trait was observed in the "T-2025" genotype
(11.67+1.30), while the lowest was recorded in the "Duru-gavhar-4 (T-5560)" and "T-2090"
genotypes (8.50+1.04 and 8.50+0.76, respectively). The number of open bolls under optimal
conditions ranged from 8.50 to 11.67, with most genotypes falling between 9 and 10. Under
Water deficit conditions, the highest value was observed in the "T-2090" genotype (7.67%0.60),
showing relatively better performance compared to other genotypes under Water deficit. The
lowest value was recorded in the "Angor (T-1981)" genotype (5.08+0.71). Overall, Water
deficit reduced the number of open bolls by an average of 2—4 (ranging from 5.08 to 7.67). The
"T-479," "T-2025," and "T-2090" genotypes showed relatively better tolerance.

Table 5. Number of Open Bolls (pieces) in Pima Cotton Genotypes
Genotypes Optimal Condition | Water Deficit Condition | Salinity Condition
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X+SE SD X+SE SD X+SE SD

Angor (T-1981) 9,33+0,33 0,58 5,08+0,71 | 1,23 4,33+0,17 | 0,29
T-479 10,92+1,54 | 2,67 7,17+0,44 | 0,76 4,90+0,21 | 0,36
T-2025 11,67+#1,30 | 2,25 7,00£0,76 | 1,32 4,75+0,38 | 0,66
T-2024 9,83+0,93 1,61 7,00£1,04 | 1,80 6,08+0,55 | 0,95
T-5570 10,83+1,67 | 2,89 6,42+¢1,04 | 181 4,33+0,60 | 1,04
T-481 9,75+1,01 1,75 6,17+0,83 | 1,44 5,50+0,50 | 0,87
T-563 9,38+1,35 2,34 6,25+1,14 | 0,25 5,75+0,80 | 1,39
Bo*ston (T-663) 9,17+0,73 1,26 6,50+1,26 2,18 5,08+0,71 1,23
Duru-gavhar-4 (T-5560) | 8,50+1,04 1,80 6,83+0,83 1,44 5,33+0,33 0,58
T-2090 8,50+0,76 1,32 7,67+0,60 | 1,04 5,29+0,61 1,06

Note: X — mean value, SE — standard error, SD — standard deviation
Under salinity conditions, the highest number of open bolls was observed in the "T-2024"

genotype (6.08+0.55), while relatively lower results were recorded in the "Angor (T-1981)" and
"T-5570" genotypes. The number of open bolls decreased by 4-7 compared to optimal
conditions (ranging from 4.33 to 6.08). The "T-2024" and "T-563" genotypes showed relatively
stable results. It was found that the genotypes studied, such as "Angor," "T-479," "T-2025," and
others, exhibited genetically similar characteristics in terms of the number of open bolls. While
the number of open bolls under optimal conditions ranged from 8.50 to 11.67, multi-factor
ANOVA analysis showed that these differences were not due to genotype, but to other factors.
The effect of the environment was statistically highly significant (P-Value = 0.0001 < 0.05).
The F-Ratio value (85.86) confirmed the strong impact of the environmental factor on the
number of open bolls. This indicates that significant differences in the number of open bolls
occurred under optimal, Water deficit, and salinity conditions. For example, the "T-2025"
genotype opened 11.67+1.30 bolls under optimal conditions, but this decreased to 7.00+0.76
under Water Deficitand 4.75+0.38 under salinity conditions. The environmental effect was
identified as the main cause of this decline. The SS (11.85) and MS (0.65) values for the
interaction between genotypes and environment indicated that genotypes responded differently
to various environments. Specifically, the "T-2024" genotype opened 6.08+£0.55 bolls under
salinity conditions, showing better results compared to other genotypes (e.g., "Angor (T-1981)"
—4.33+0.17). Additionally, "T-2090" led under Water Deficitwith 7.67+0.60 bolls.

Table 6. Multi-Factor ANOVA analysis of the effect of genotype and environment (optimal, Water
deficit, and salinity conditions) on the number of open bolls trait

Source of Effect Sum of | Degrees  of | Mean Square | F-Ratio P-Value
Squares (SS) | Freedom (Df) | (MS)

Genotypes 5,59 9 0,62 0,94 0,5128
Environment 113,13 2 56,56 85,86 0,0001
Genotypes x Environment 11,85 18 0,65

Total 130,59 29
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Based on this analysis, the environment (optimal, Water deficit, and salinity) has a major effect
on the number of open bolls, while the genotypes show similar results under general conditions.
For breeding purposes, the "T-2024" (stable under salinity) and "T-2090" (drought-tolerant)
genotypes can be considered, as they have maintained relatively high values under stress

conditions.

Total Number of Bolls in Pima Cotton Genotypes

Under optimal conditions, the highest result was observed in the "T-563" genotype
(15.88+0.25), while the lowest result was recorded in the "Duru-gavhar-4" variety (8.75+1.44),
which produced fewer bolls. The total number of bolls under optimal conditions ranged from
8.75 to 15.88, with most genotypes showing results between 10 and 15 bolls. Under Water
Deficitconditions, the highest number of bolls was recorded in the "Duru-gavhar-4" variety
(10.50+£1.98), which showed relatively higher results under Water deficit. The lowest result was
observed in the "T-481" genotype (5.50+1.01). Water Deficitreduced the total number of bolls
to an average range of 5.50 to 10.50 bolls. The "T-2024" and "Duru-gavhar-4" genotypes
showed stable results compared to the optimal conditions.

Table 7. Total Number of Bolls (in pieces) in Pima Cotton Genotypes

Genotypes Optimal Condition | Water Deficit Condition | Salinity Condition
X+SE SD X+SE SD X+SE SD

Angor (T-1981) 12,13+0,51 0,88 7,83+£1,30 2,25 7,05+0,12 0,20
T-479 15,29+0,76 1,32 9,38+0,65 1,13 5,55+0,12 0,20
T-2025 15,25+1,32 2,05 9,00+0,66 1,15 6,00+0,58 1,00
T-2024 10,25+1,80 1,32 10,17+£1,52 2,63 12,50+0,29 0,50
T-5570 14,50+1,81 3,13 7,18+0,28 0,49 6,79+0,89 1,54
T-481 10,38+1,44 1,38 5,50+1,01 1,75 7,30+0,17 0,30
T-563 15,88+0,25 1,88 6,33+0,36 0,63 9,67+0,38 0,67
Bo‘ston (T-663) 11,92+2,18 3,50 7,50+1,44 2,50 7,17+0,10 0,17
Duru-gavhar-4 (T-5560) 8,75+1,44 0,50 10,50+1,98 3,44 7,63%0,22 0,38
T-2090 11,25+1,04 3,50 8,83+0,55 0,95 7,75%0,14 0,25

Note: X — mean value, SE — standard error, SD — standard deviation

Under salinity conditions, the highest result was recorded in the "T-2024" genotype
(12.50%0.29), while the lowest result was observed in the "T-479" genotype (5.55%0.12), where
salinity had a strong negative effect on this genotype. The total number of bolls under salinity
ranged from 5.55 to 12.50, with "T-2024" and "T-563" genotypes showing relatively higher
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results. According to the multi-factor ANOVA analysis of the total number of bolls trait, the
differences in the total number of bolls between genotypes were statistically insignificant.
Although the number of bolls under optimal conditions ranged from 8.75 to 15.88, it was
concluded that this difference was not related to genetic factors but to other influences. The
environmental effect was statistically highly significant (P-Value = 0.0002 < 0.05). The number
of bolls was higher under optimal conditions (average 12-15 bolls), while it decreased under
Water Deficit(5.50-10.50 bolls) and salinity conditions (5.55-12.50 bolls), which indicates the
strong impact of the environment.

Table 8. Multi-Factor ANOVA Analysis of the Effect of Genotype and Environment (Optimal, Water
deficit, Salinity Conditions) on the Total Number of Bolls (pieces)

Source of Effect Sum of | Degrees  of | Mean F-Ratio P-Value
Squares (SS) | Freedom (Df) | Square
(MS)
Genotypes 24,74 9 2,74 0,54 0,8275
Environment 140,90 2 70,45 13,81 0,0002
Genotypes x Environment | 91,81 18 5,10
Total 257,46 29

The interaction between genotypes and the environment for the trait has a high SS value (91.81),
which constitutes a large portion (about 35%) of the total variation (257.46). This indicates that
the genotypes respond differently to the environment. Specifically, "T-2024" has 10.25 bolls
under optimal conditions, which increases to 12.50 bolls under salinity, while "T-479"
decreases from 15.29 bolls in optimal conditions to 5.55 bolls under salinity. This confirms the
strength of the interaction. For selection purposes, the genotypes "T-2024" (resistant to salinity)
and "Duru-gavhar-4" (adaptable to Water deficit) should be considered.

"Vegetation period in fine-fiber cotton genotypes: In optimal conditions, the vegetation
period ranged from 121.3 days to 128.4 days, showing certain differences in growth periods
among genotypes. The longest vegetation period was recorded in the "T-5570" genotype
(128.4+0.5 days, SD = 0.9), indicating slower but more stable development under optimal
conditions, with a low standard deviation (0.9), confirming high stability of results. The shortest
period was observed in the "T-2025" genotype (121.3+1.0 days, SD = 1.7), which shows faster
development but with a slightly higher standard deviation (1.7), indicating some variability in
the results. The "Angor (T-1981)" (125.4+0.6 days, SD = 1.0) and "Duru-gavhar-4 (T-5560)"
(127.3+0.6 days, SD = 1.0) genotypes stood out with relatively longer periods. Most of the
genotypes had a vegetation period ranging from 122 to 126 days, showing average development

speed under optimal conditions.
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In conditions of Water deficit, the vegetation period shortened from 109.5 days to 115.6 days,
indicating that stress accelerated the growth process. The shortest period was recorded in the
"T-2024" genotype (109.5+£0.8 days, SD = 1.4), representing a 15.8-day reduction from the
optimal condition of 125.3 days, confirming that Water Deficitsignificantly accelerated
development. The longest period was observed in the "Angor (T-1981)" genotype (115.6+0.7
days, SD = 1.2), which showed stable development under water stress, with a 9.8-day reduction
from the optimal condition (125.4 days). The "T-479" (112.4+0.4 days, SD =0.7) and "T-563"
(112.6x0.5 days, SD = 0.9) genotypes also displayed stable performance with relatively shorter
periods. Overall, Water deficit shortened the vegetation period by 9 to 16 days compared to the
optimal condition, clearly showing the effect of stress on accelerated growth.

Table 9. Vegetation Period (Days) Indicators of Pima Cotton Genotypes.

Genotypes Optimal Condition Water Deficit Condition Salinity Condition

X+SE SD X+SE SD X+SE SD
Angor (T-1981) 125,4+0,6 1,0 115,6+0,7 1,2 132,3+0,6 1,1
T-479 121,8+0,8 1,4 112,4+0,4 0,7 131,4+0,5 0,9
T-2025 121,3+1,0 1,7 111,6+0,7 1,1 132,3+0,6 1,0
T-2024 125,3+0,8 1,5 109,5+0,8 14 134,6+0,4 0,6
T-5570 128,4+0,5 0,9 112,4+0,7 1,3 137,3+0,5 0,9
T-481 123,8+0,5 0,9 112,4+0,6 1,1 133,6+0,8 14
T-563 125,6+0,5 0,8 112,6+0,5 0,9 135,2+0,6 11
Bo‘ston (T-663) 125,4+0,5 0,8 112,3+0,7 1,2 133,7+0,6 1,1
E;gg)'ga"har"‘ (-1 1273206 | 1,0 111,5¢05 | 09 136,0¢05 | 0.9
T-2090 122,9+0,9 1,5 112,4+0,6 1,1 131,8+0,6 11

Note: X — mean value, SE — standard error, SD — standard deviation

Under salinity conditions, the vegetation period ranges from 131.4 to 137.3 days, indicating
that stress slows down the growth process. The longest period was recorded in the "T-5570"
genotype (137.3+0.5 days, SD = 0.9), which represents an extension of 8.9 days compared to
the 128.4 days under optimal conditions, confirming that salinity slows down development. The
shortest period was observed in the "T-479" genotype (131.4+0.5 days, SD = 0.9), but this also
showed an extension of 9.6 days compared to the 121.8 days under optimal conditions. The "T-
2024" (134.6+0.4 days, SD = 0.6) and "Duru-gavhar-4 (T-5560)" (136.0+0.5 days, SD = 0.9)
genotypes also exhibited longer periods. Salinity extended the vegetation period by an average

of 8-10 days compared to optimal conditions, confirming its role in delaying growth. A multi-
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factor ANOVA analysis was conducted to assess the impact of genotype and environment on
the vegetation period. The differences between the genotypes were found to be statistically
insignificant (P-Value = 0.0751 > 0.05), with an F-Ratio value of 2.19, indicating that the
genotypes in the experiment (*T-5570", "Angor (T-1981)", "T-2024", etc.) had genetically
similar traits in terms of vegetation period. However, the P-Value was close to the threshold
(0.05), suggesting the possibility of genetic differences. The environmental effect, however,
was statistically highly significant (P-Value = 0.0001 < 0.05), with an F-Ratio value of 438.67,
confirming that the conditions of optimal environment, Water deficit, and salinity had a strong
influence on the vegetation period. For example, the "T-2024" genotype had a vegetation period
of 125.3 days under optimal conditions, which shortened to 109.5 days under Water deficit, and
extended to 134.6 days under salinity, demonstrating the major role of environmental factors in
trait variation.

Table 10. Multi-factor ANOVA analysis of the effect of genotype and environment (optimal, Water
deficit, and salinity conditions) on the vegetation period trait.

Source of Effect Sum of | Degrees of | Mean Square | F-Ratio P-Value
Squares Freedom (MS)
(SS) (Df)
Genotypes 52,57 9 5,84 2,19 0,0751
Environment 2340,72 2 1170,36 438,67 0,0001
Genotypes x Environment 48,02 18 2,66
Total 2441,31 29

The interaction between genotypes and environment was also significant (SS = 48.02, MS =
2.66). This indicates that the genotypes respond differently to various conditions. For example,
"Angor (T-1981)" shortened its period to 115.6 days under Water Deficitbut extended it to
132.3 days under salinity, showing its variability in stress adaptation. "T-5570," on the other

hand, exhibited the longest period under salinity (137.3 days), demonstrating slow growth.

Among the total variation (Total SS = 2441.31), the environmental effect (SS = 2340.72)
accounted for about 96%, marking almost all the changes, while the genotype effect (SS =
52.57) and interaction effect (SS = 48.02) contributed very little. According to the analysis
results, under optimal conditions, the vegetation period ranged from 121.3 to 128.4 days, with
"T-5570" and "Duru-gavhar-4" exhibiting longer periods. Water Deficitreduced the period by
9-16 days, with "T-2024" showing the fastest development, while "Angor (T-1981)"
maintained stability. Salinity extended the period by 8-10 days, with "T-5570" and "T-2024"
demonstrating slow development. ANOVA analysis confirmed the strong environmental

influence on the vegetation period (P-Value = 0.0001), while the differences between genotypes
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were not significant (P-Value = 0.0751). The interaction effect (SS = 48.02) showed that
genotypes responded differently to stress.

From a breeding perspective, "T-2024," which developed quickly under Water deficit, and the
stable "Angor (T-1981)," as well as "T-479" and "T-2090" which maintained an average period
under salinity, are recommended. These genotypes, which managed their vegetation period
flexibly under stress conditions, could be useful for developing varieties adapted to adverse
conditions. In fine fiber cotton genotypes, the cotton weight per boll under optimal conditions
ranged from 2.32 g to 3.45 g, showing an average yield capacity. The highest result was
recorded in the "T-2025" genotype (3.45+0.20 g, SD = 0.35), confirming its high potential in
boll quality and cotton weight under optimal conditions. At the same time, the average standard
deviation (0.35) indicates some variability in the results. The lowest result was observed in the
"T-481" genotype (2.32+0.14 g, SD = 0.25), but the low standard deviation (0.25) indicates that
this genotype has stable but lower yield characteristics. Among other genotypes, "Angor (T-
1981)" (3.34+0.03 g, SD = 0.05) and "Duru-gavhar-4 (T-5560)" (3.21£0.12 g, SD = 0.21) also
stood out with high results, particularly the "Angor" genotype, which demonstrated very stable
characteristics with a low standard deviation (0.05). Overall, most genotypes showed results in
the range of 2.5-3.3 g, indicating average productivity under optimal conditions.

Under Water Deficitconditions, cotton weight per boll ranged from 2.12 g to 3.23 g, showing
an average decrease compared to optimal conditions. The highest result was recorded in the
"Angor (T-1981)" genotype (3.23+0.09 g, SD = 0.15), indicating its high tolerance to water
stress and showing almost no difference from its result under optimal conditions (3.34 g). The
lowest result was observed in the "T-2024" genotype (2.12+0.17 g, SD = 0.29), representing a
significant decrease (0.48 g) from its optimal condition result (2.60 g), indicating its low
adaptability to Water deficit. At the same time, the "T-2090" (2.83+0.26 g, SD = 0.45) and
"Duru-gavhar-4" (2.77+0.15 g, SD = 0.26) genotypes showed moderately stable results under
Water deficit, but "T-2090" demonstrated variability with a higher standard deviation. As a
general trend, Water Deficitreduced cotton weight per boll by an average of 0.1-0.5 g compared
to optimal conditions, although some genotypes (such as "Angor" and "T-479") maintained

stability.

Table 11. Cotton Weight Per Boll (G) Indicators In Pima Cotton Genotypes.

Genotypes Optimal Condition | Water DeficitCondition | Salinity Condition
X+SE SD X+SE SD X+SE SD

Angor (T-1981) 3,34+0,03 0,05 3,23+0,09 0,15 2,5840,23 0,40

T-479 3,07+0,03 0,05 3,06+0,23 0,40 2,33+£0,08 0,14
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T-2025 3,45+0,20 0,35 2,69+0,28 0,48 2,53+0,06 0,11
T-2024 2,60£0,12 0,20 2,12+0,17 0,29 2,71+0,22 0,37
T-5570 3,09+0,06 0,10 2,58+0,20 0,34 2,36%0,20 0,35
T-481 2,32+0,14 0,25 2,56%0,15 0,26 2,61+0,05 0,09
T-563 2,89+0,16 0,28 2,71+0,08 0,13 2,53+0,07 0,12
Bo‘ston (T-663) 2,81+0,13 0,23 2,66+0,11 0,19 2,95+0,05 0,09
Duru-gavhar-4 (T-5560) | 3,21+0,12 0,21 2,77+£0,15 0,26 3,15+0,15 0,26
T-2090 2,56+0,28 0,49 2,83+0,26 0,45 2,55+0,08 0,14

Under salinity conditions, the cotton weight per boll ranged from 2.33 g to 3.15 g. The highest
result was recorded in the "Duru-gavhar-4 (T-5560)" genotype (3.15+0.15 g, SD = 0.26),
confirming its high adaptability to salinity stress and showing almost no decrease compared to
its result under optimal conditions (3.21 g). The lowest result was observed in the "T-479"
genotype (2.33+£0.08 g, SD = 0.14), indicating a significant decrease (0.74 g) from its optimal
condition result (3.07 g), which reflects low salinity tolerance. Among other genotypes,
"Bo‘ston (T-663)" (2.95+0.05 g, SD = 0.09) and "T-2024" (2.71+0.22 g, SD = 0.37) showed
moderately stable results under salinity, with "Bo‘ston" demonstrating high stability with low
standard deviation. Overall, salinity reduced cotton weight per boll by an average of 0.2-0.8 g
compared to optimal conditions, but genotypes like "Duru-gavhar-4" and "Bo‘ston" maintained
high quality under these conditions.

A multi-factor ANOVA analysis was conducted to determine the effects of genotype and
environment on cotton weight per boll. The differences between genotypes were found to be
statistically insignificant (P-Value = 0.24 > 0.05), with an F-Ratio value of 1.44. This indicates
that the genotypes studied in the experiment (*T-2025", "Angor (T-1981)", "Duru-gavhar-4",
etc.) had similar genetic traits in terms of cotton weight per boll, and the differences between
them were mainly related to environmental factors rather than genetic factors. The
environmental effect was also found to be statistically insignificant (P-Value = 0.07 > 0.05),
with an F-Ratio value of 2.94, suggesting that the impact of optimal, Water deficit, and salinity
conditions on trait variability was marginal. Unlike other traits (such as plant productivity or
boll number), cotton weight per boll showed less dependency on environmental factors.

Table 12. Multi-factor ANOVA analysis of the effect of genotype and environment (optimal, Water
deficit, and salinity conditions) on the cotton weight per boll trait.

Source of Effect Sum of | Degrees of | Mean Square | F-Ratio P-Value
Squares Freedom (MS)
(SS) (Df)

Genotypes 1,08 9 0,12 1,44 0,24
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Environment 0,49 2 0,24 2,94 0,07
Genotypes x Environment 1,49 18 0,08
Total 3,05 29

The analysis of cotton weight per boll indicates that under optimal conditions, genotypes
showed results ranging from 2.32 g to 3.45 g, with "T-2025" and "Angor (T-1981)" standing
out for their high quality. While Water Deficit reduced the cotton weight by an average of 0.1—
0.5 g, "Angor (T-1981)" (3.23 g) and "T-479" (3.06 g) maintained stability under this stress.
Under salinity conditions, the cotton weight ranged from 2.33 g to 3.15 g, with "Duru-gavhar-
4" (3.15 g) and "Bo‘ston (T-663)" (2.95 g) showing high results. ANOVA analysis confirmed
that the differences in cotton weight per boll were not statistically significant based on genotype
and environment (P-value> 0.05), but the interaction between genotype and environment (SS =
1.49) played an important role in the variability of the trait. From a breeding perspective,
genotypes that maintained stability under stress conditions are particularly noteworthy. "Angor
(T-1981)" and "T-479" genotypes are recommended for Water Deficit tolerance, while "Duru-
gavhar-4" and "Bo‘ston (T-663)" are suitable for salinity tolerance. These genotypes, which
preserved high boll quality (cotton weight) under adverse conditions, could serve as valuable
sources for developing stress-resistant varieties in the future.

The analysis of plant productivity in cotton genotypes shows that under optimal conditions,
productivity ranged from 24.60 g to 41.57 g, indicating high yield potential. The highest result
was recorded for the "T-2025" genotype (41.57+£1.57 g), confirming its excellent growth and
yield capacity under fully supplied water and nutrient conditions. The lowest yield was
observed in the "T-2090" genotype (24.60£0.87 g), but the low standard deviation indicates its
stable, yet low-yielding characteristics. Other genotypes, such as "T-479" (36.96+0.86 g) and
"T-5570" (37.37£1.63 @), also exhibited high productivity. Overall, most genotypes showed
results between 25-37 g, indicating moderate stability in productivity. Under Water deficit
conditions, productivity decreased significantly, ranging from 14.41 g to 23.01 g. The highest
result was recorded in the "T-479" genotype (23.01+£1.54 g), showing its high tolerance to water
stress, with only a small difference from its optimal condition result (36.96 g). The lowest yield
was observed in the "T-2024" genotype (14.41+1.13 g), which represents a significant decrease
(more than 11 g) compared to its optimal condition result (25.64 g), indicating poor adaptability
to Water deficit. Meanwhile, "T-2090" (21.72+0.59 g) and "Duru-gavhar-4" (17.98+1.80 g)
showed relatively good results under Water deficit, with "T-2090" maintaining stability with
low standard deviation. As a general trend, Water deficit reduced productivity by 10-15 g

compared to optimal conditions, confirming the negative impact of stress on productivity.
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Table 13. Plant productivity (g) indicators in Pima cotton genotypes

Genotypes Optimal Condition | Water Deficit Condition | Salinity Condition
X+SE SD X+SE SD X+SE SD
Angor (T-1981) 31,19+1,38 2,40 16,27+1,62 2,80 11,15+0,53 0,92
T-479 36,96+0,86 1,49 23,01+1,54 2,66 11,02+0,70 1,22
T-2025 41,57+1,57 2,72 18,48+0,63 1,10 12,54+1,04 1,81
T-2024 25,64+1,07 1,85 14,41+1,13 1,95 15,54+0,79 1,36
T-5570 37,37+1,63 2,83 16,17+1,37 2,37 10,28+0,78 1,36
T-481 24,71+1,35 2,33 15,61+1,32 2,29 14,28+0,40 0,69
T-563 27,44+0,83 1,43 16,92+0,94 1,62 14,42+0,47 0,81
Bo‘ston (T-663) 28,97+0,87 1,50 17,89+0,69 1,20 14,93+1,05 1,81
Duru-gavhar-4 (T-5560) | 28,81+1,32 2,28 17,98+1,80 3,13 15,98+0,59 1,02
T-2090 24,60+0,87 1,50 21,72+0,59 1,02 13,51+0,61 1,06

The analysis of plant productivity under salinity conditions showed a further decrease in yield,
ranging from 10.28 g to 15.98 g. The highest result was recorded in the "Duru-gavhar-4"
genotype (15.98+0.59 g), demonstrating its high adaptability to salinity stress with a minimal
decrease compared to its optimal condition (28.81 g), showing a decrease of only 13 g. The
lowest yield was observed in the "T-5570" genotype (10.28+0.78 g), which exhibited a
significant decrease of nearly 27 g from its optimal yield of 37.37 g, indicating low salinity
tolerance. Other genotypes, such as "T-2024" (15.54+£0.79 g) and "Bo‘ston (T-663)"
(14.93+1.05 g), showed relatively stable results under salinity, indicating moderate adaptability
to stress. Overall, salinity reduced productivity by 10-25 g compared to optimal conditions, but
genotypes like "Duru-gavhar-4" and "T-2024" maintained stability. A multi-factor ANOVA
was conducted to determine the impact of genotype and environment on plant productivity. The
differences in yield between genotypes were found to be statistically insignificant (P-Value =
0.7176 > 0.05), with an F-Ratio value of 0.68. This indicates that the genotypes studied ("T-
2025", "T-479", "Duru-gavhar-4", etc.) were genetically similar in terms of productivity, and
the differences between them were primarily due to environmental factors rather than genetic
traits. On the other hand, the environmental effects were statistically highly significant (P-Value
= 0.0001 < 0.05), with an F-Ratio value of 46.69, highlighting the strong influence of
environmental conditions (optimal, Water deficit, and salinity) on productivity. For example,
the "T-2025" genotype showed 41.57 g of productivity under optimal conditions, but this
decreased to 12.54 g under salinity, emphasizing the crucial role of the environment in yield
variability.

The interaction between genotype and environment was also significant in the analysis (SS =
313.17, MS = 17.3981), indicating that different genotypes respond differently to various
environments. For instance, the "T-2024" genotype maintained stability under salinity with a

yield of 15.54 g, despite a significant decrease from its optimal yield (25.64 g), while "T-5570"
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experienced a sharp decline from 37.37 g to 10.28 g under salinity, showing low adaptability to
stress. Additionally, the "T-2090" genotype demonstrated good adaptation to Water deficit,
resulting with a yield of 21.72 g. Overall variability (Total SS = 2044.19) showed that
environmental effects (SS = 1624.59) contributed to about 79% of the total variability, while
the genotype (SS = 106.43) and genotype-environment interaction (SS = 313.17) accounted for
smaller portions.

Table 14. Multivariate ANOVA analysis of the effects of genotype and environment (optimal, water
deficit, salinity backgrounds) on plant productivity traits

Source of Effect Sum of | Degrees of | Mean Square | F-Ratio P-Value
Squares Freedom (MS)
(SS) (Df)
Genotypes 106,43 9 11,8258 0,68 0,7176
Environment 1624,59 2 812,297 46,69 0,0001
Genotypes x Environment 313,17 18 17,3981
Total 2044,19 29

The analysis of plant productivity shows that under optimal conditions, genotypes exhibited
high productivity (ranging from 24.60 to 41.57 g), with genotypes such as "T-2025" and "T-
479" showing the best performance in this environment. Although Water deficit reduced
productivity by an average of 10-15 g, the "T-479" (23.01 g) and "T-2090" (21.72 g) genotypes
demonstrated resilience to this stress. Under salinity conditions, productivity decreased even
further (ranging from 10.28 to 15.98 g), but genotypes like "Duru-gavhar-4" (15.98 g) and "T-
2024" (15.54 g) maintained stability. ANOVA analysis confirmed that the main factor
influencing productivity differences was the environment, not the genotypes (P-Value =
0.0001), highlighting that while the genotypes have similar traits, their adaptability to different
environments varied.

From a breeding perspective, the genotypes that showed high performance under stress
conditions are particularly noteworthy. For drought tolerance, the genotypes "T-2090" and "T-
479" are recommended, while "Duru-gavhar-4" and "T-2024" are suggested for their salinity
tolerance. These genotypes, which maintained relatively high productivity under stress
conditions, can serve as important sources for developing varieties resistant to unfavorable
conditions like drought and salinity in the future.

Discussion

The multifactorial ANOVA results from this study clearly demonstrate that environmental
factors had a dominant influence on morphological and agronomic traits in G. barbadense
cotton genotypes. In contrast, genotypic effects were largely non-significant for most traits,
although certain genotypes showed relative stability and adaptability under stress, particularly

drought and salinity conditions. Across all tested traits—such as plant height, number of fruit
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branches, open bolls, total boll number, boll weight, vegetative period, and productivity—the
P-values for genotype effects were generally above 0.05, indicating insignificant genetic
differences in trait expression under combined environments. However, the environmental
factor was statistically highly significant (P < 0.0001) for nearly all traits, confirming the strong
influence of water deficit and salinity on cotton growth and productivity. These findings align
with earlier reports (Farooq et al., 2017; Ashraf & Foolad, 2007), which emphasized that water
scarcity and salinity are among the most critical abiotic constraints in cotton-growing regions.
Interestingly, the GXE interaction was notable for traits such as plant height, total boll number,
and yield, suggesting that specific genotypes responded differently to each stress condition. For
example, T-2024 consistently outperformed others under saline conditions, maintaining higher
boll numbers and plant height, while T-2090 and T-479 showed superior performance under
drought stress, with higher productivity and boll retention. Duru-gavhar-4 (T-5560) exhibited
relatively stable productivity across all stress environments, making it a strong candidate for
stress-resilient breeding. One particularly interesting pattern emerged in the vegetative period:
drought stress shortened the growth cycle by 9-16 days, likely as an adaptive response, while
salinity extended it by 8-10 days, possibly due to delayed developmental processes. These
findings mirror physiological responses described by Sarwar et al. (2020) and Zhang et al.
(2016), where drought induced early maturation and salinity delayed phenology. Although boll
weight and productivity showed numerical variation across genotypes, ANOVA results
indicated non-significance (P > 0.05) for both genotype and environment effects on boll weight.
This may suggest that boll weight is a more stable trait compared to yield components like boll
number or open bolls, which are more sensitive to stress.

From a breeding perspective, identifying stress-resilient genotypes is critical for improving
cotton performance in semi-arid regions like Uzbekistan. Genotypes such as T-2024 (salinity-
tolerant), T-479 and T-2090 (drought-tolerant), and Duru-gavhar-4 (broad adaptability) provide
valuable genetic material for developing climate-resilient cultivars.

Conclusion

The multifactorial ANOVA analysis revealed that environmental conditions had a predominant
influence on cotton growth and yield traits, while genotypic differences were largely non-
significant. Nevertheless, certain genotypes demonstrated notable stability and adaptability
under stress conditions. Specifically, T-2024 performed well under saline conditions; T-479, T-
2090, and Angor (T-1981) showed strong tolerance to drought; and Duru-gavhar-4 (T-5560)
maintained high productivity across adverse environments. These genotypes represent

promising genetic resources for the development of new cotton varieties resilient to water
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deficit and salinity stress, thereby contributing to sustainable cotton production in arid and semi-
arid regions.
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