s = PLANT SCIENCE TODAY elSSN 2348-1900
TR Vol 13(1): 1-8

https://doi.org/10.14719/pst.12364

RESEARCH ARTICLE

Evaluation of salt tolerance in cotton (Gossypium hirsutum L.)
seedlings using the multitrait genotype-ideotype distance
index (MGIDI)

o

Ilkhom B Salakhutdinov?, Dmitriy A Mirzabaev’, Venera S Kamburova?, Farkhod S Radjapov?, Dilshod E Usmanov?,
Dmitriy K Bazarov?, Azadakhan S Imamkhodjaeva?’, Nodira R Rakhmatova?’, Khurshida A Ubaydullaeva’, Shukhrat E
Shermatov!, Shukhrat O Kushakov!, Sharofiddin S Abdukarimov', Botirjon M Sobirov?, Avazkhon A Azimov?,
Abdusalom Kh Makamov?, Vyacheslav V Uzbekov3, Abduvakhid A Bolkiev', Zebo Z Yuldashova*, Rano M Artikova®,
Barno A Abdullaeva®, Muyassar R Zakirova®, Bakhtiyor K Rakhmanov*' & Zabardast T Buriev*

Center of Genomics and Bioinformatics, Academy of Sciences of the Republic of Uzbekistan, University Street 2, Tashkent 111 215, Uzbekistan
2Department of Biotechnology and Microbiology, Faculty of Biology and Ecology, National University of Uzbekistan Named After Mirzo Ulugbek,
University Street 4, Tashkent 100 174, Uzbekistan
3Institute of Bioorganic Chemistry Named After O. Sodikov, Academy of Sciences of the Republic of Uzbekistan, 83 M Ulugbek Street,
Tashkent 100 125, Uzbekistan
“Department of Phytopathology, Tashkent State Agrarian University, University Street 2, Tashkent 111 218, Uzbekistan
Department of Biotechnology, Tashkent State Agrarian University, University Street 2, Tashkent 111 218, Uzbekistan
®Department of Enology and Technology of Fermented Products, Tashkent Institute of Chemical Technology, Navoi Street 32,
Tashkent 100 011, Uzbekistan

*Correspondence email - bakhtiyor.rakhmanov@gmail.com

Received: 20 October 2025; Accepted: 13 December 2025; Available online: Version 1.0: 07 January 2026; Version 2.0: 19 January 2026

Cite this article: Salakhutdinov IB, Mirzabaev DA, Kamburova VS, Radjapov FS, Usmanov DE, Bazarov DK, Imamkhodjaeva AS, Rakhmatova NR,
Ubaydullaeva KA, Shermatov SE, Kushakov SO, Abdukarimov SS, Sobirov BM, Azimov AA, Makamov AK, Uzbekov VV, Bolkiev AA, Yuldashova ZZ,
Artikova RM, Abdullaeva BA, Zakirova MR, Rakhmanov BK, Buriev ZT. Evaluation of salt tolerance in cotton (Gossypium hirsutum L.) seedlings using the
multitrait genotype-ideotype distance index (MGIDI). Plant Science Today. 2026; 13(1): 1-8. https://doi.org/10.14719/pst.12364

Abstract

Cotton is a vital agricultural crop and a primary source of natural fibres, linters and oil. However, soil salinity poses a major abiotic threat to
crop productivity worldwide, particularly in arid and semi-arid regions. Although cotton is considered moderately salt-tolerant, its early
growth stages are highly sensitive to stress. This study evaluated the morphological response of 28 cotton cultivars to controlled salt stress
conditions. Results revealed a clear, dose-dependent reduction in seedling growth under increasing salinity levels. Analysis of variance
(ANOVA) confirmed a significant cultivar x treatment interaction (PC x PT), highlighting substantial genetic variability and contrasting
responses of cultivars to salinity. Pearson correlation analysis indicated stronger relationships between linear growth traits and biomass
accumulation under saline conditions, suggesting a coordinated adaptive modulation of growth mechanisms. Principal component analysis
(PCA) confirmed the dominant effect of salinity on phenotypic variability and distinguished distinct adaptive growth strategies among
cultivars. The multitrait genotype-ideotype distance index (MGIDI) effectively identified the cultivars Bukhoro-14 (C5), C-4727 (C7), Kelajak
(C14) and Nasaf (C19) as genotypes with enhanced salt tolerance at specific levels of induced salt stress. These genotypes represent valuable
genetic resources for breeding programs aimed at developing salt-tolerant cotton cultivars suited to arid environments.
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Introduction primary agronomic trait of fiber quality (2, 3). However, prolonged
reliance on traditional breeding methods, particularly backcrossing
and inbreeding, has progressively narrowed the genetic base,
leading to reduced variability for essential traits such as disease
resistance and tolerance to environmental stresses (2).

Cotton (Gossypium hirsutum L.) is one of the world’s most important
textile crops, constituting nearly 35 % of global natural fiber
production and serving as a crucial raw material for the textile
industry (1). G. hirsutum accounts for approximately 90 % of global
cotton production and occupies nearly 95 % of the total cultivated Soil salinization, caused by the accumulation of elevated
area (2). Currently, Uzbekistan ranks among the top ten cotton concentrations of sodium, chloride, sulfate and other ions, affects
producers in the world, producing about 700 thousand metric tons ~ @PProximately 8.7 % of agricultural land and is a major cause of
annually (1). Most modermn medium-fiber cotton cultivars are the declining crop yields worldwide, particularly in arid and semi-arid
result of long-term breeding programs focused on improving the regions (4-6). In Uzbekistan, soil salinization driven by global climate
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change, geographical factors and anthropogenic activities poses a
significant challenge to agriculture (4, 5). Although cotton is generally
considered a moderately salt-tolerant crop, it exhibits substantial
reductions in yield and growth under high salinity, especially during
the critical seedling stage. Salt stress significantly limits plant growth
and development during early ontogenesis, reducing shoot and root
length, as well as the fresh and dry weight of seedlings (2, 6-9). These
morphological traits can serve as reliable criteria for screening cotton
cultivars for salt tolerance at the seedling stage (6, 10).

Notably, despite the wide diversity of Uzbek cotton cultivars,
a comprehensive screening of salt stress resistance has not been
undertaken. Such screening is essential for a more systematic and
efficient approach to selecting donors and recipients in breeding
programs. In addition, the application of multivariate statistical
analysis tools, such as principal component analysis (PCA) and the
multitrait genotype-ideotype distance index (MGIDI), allows for the
extraction of robust and integrative insights when assessing crop
responses to stress (11). PCA summarizes the variability and
relationships between different traits, identifying the most
informative variables (11). Similarly, MGIDI combines multiple traits
into a single index, thereby reducing multicollinearity and facilitating
the identification of superior genotypes for a given stress intensity
(11). Accordingly, the present study aims to identify salt-tolerant
cotton genotypes based on morpho-physiological traits evaluated at
the seedling stage.

Materials and Methods
Plant materials

The study involved 28 medium-fiber cotton (G. hirsutum) cultivars
(Table 1). The standard cultivar TM-1 was used as a control.
Experiments were conducted under controlled laboratory
conditions.

Substrate and growth conditions

Pre-soaked seeds of each cultivar were sown in 2 L plastic pots filled
with a substrate mixture of sterilized fine river sand and field soilin a
3:1 ratio. The experiment was conducted using three replications to
ensure statistical validity, with ten seeds per pot to account for
germination variability and provide a sufficient sample size for
analysis (9). This sand-dominant substrate composition provided a
light, highly permeable medium suitable for salinity experiments,

ensuring uniform salt distribution and preventing localized salt
accumulation. The loose substrate also facilitated the intact
extraction of seedling roots for morphometric measurements on
day 21. To prevent water stagnation and root decay, a 2-3 cm layer of
small stones was placed at the bottom of the pots to serve as a
drainage system.

Plants were grown in a phytotron for 21 days under
controlled environmental conditions, including a 16 h light / 8 h dark
photoperiod, a light intensity of 1000 lux and a temperature range
maintained between 25-30°C.

Salinity treatments

To assess salt tolerance, a modified method was applied (12). The
electrical conductivity (EC) of the irrigation solutions was estimated
based on NaCl concentration, using the common approximation
that 10 mM NaCl corresponds to approximately 1.0 dS/m.
Accordingly, the theoretical EC values for the treatments were
calculated as follows: 0 mM (control, ~0 dS/m), 50 mM (5.0 dS/m), 100
mM (10.0dS/m), 150 mM (15.0 dS/m) and 200 mM (20.0 dS/m). Plants
were irrigated every two days with 100 mL of water or the
corresponding NaCl solution to field capacity. Because of the
adequate drainage, the soil solution EC (ECe) was assumed to
remain in equilibrium with the EC of the irrigation water.

Determination of morphometric traits

On the 21* day after sowing, morphometric traits were assessed by
analyzing digital photographs captured against a millimeter-scale
background using the ImageJ v.1.53e software (13). The shoot
length (SL), root length (RL) and total seedling length (TL) were
measured. The fresh root weight (FRW) was measured using a CAS
MWP-300 precision balance.

Statistical analysis

Preliminary data processing and descriptive statistical analyses were
performed using Microsoft Excel. Subsequent statistical analyses
were conducted using the Python 3.13.4 programming language
within the VS Code environment (v.1.104.1). Specifically, one-way
analysis of variance (ANOVA) was performed using the Stats models
library, Pearson’s correlation coefficients were calculated using
SciPy. Stats and PCA were carried out using Scikit-Learn. To identify
the superior cotton cultivars, the MGIDI with a selection intensity of
20 % was applied, calculated using the Metan package in RStudio v.
45.1(11,14).

Table 1. List of G. hirsutum L. cultivars used in the experiment to assess salt tolerance at the seedling stage

Codes Cultivar Species name Origin Codes Cultivar Specie name Origin
C1 Afsona G. hirsutum CGB C15 Kupaysin G. hirsutum CGB
Cc2 Baraka G. hirsutum CGB Cle Namangan-102 G. hirsutum CGB
c3 Buhoro-10 G. hirsutum CGB C17 Namangan-34 G. hirsutum CGB
C4 Buhoro-102 G. hirsutum CGB C18 Namangan-77 G. hirsutum CGB
c5 Buhoro-14 G. hirsutum CGB C19 Nasaf G. hirsutum CGB
Cé6 Buhoro-6 G. hirsutum CGB C20 Novbahor-2 G. hirsutum CGB
c7 C-4727 G. hirsutum CGB c21 Omad G. hirsutum CGB
C8 Chimboy G. hirsutum CGB C22 Porlog-1 G. hirsutum CGB
C9 Chuntay -2 G. hirsutum PSC C23 Ravnag-1 G. hirsutum CGB
C10 Gulbahor-2 G. hirsutum CGB C24 Sulton G. hirsutum CGB
C11 Ishonch G. hirsutum CGB C25 T™-1 G. hirsutum CGB
C12 Jinken-1402 G. hirsutum PSC C26 Turkan G. hirsutum pPSC
C13 Junjen G. hirsutum PSC ca7 Xin Lu Zhong-87 G. hirsutum PSC
Cl4 Kelajak G. hirsutum CGB C28 Xin Lu Zoa-78 G. hirsutum PSC

*CGB - Center of Genomics and Bioinformatics (Uzbekistan), PSC - private seed company.
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Results
Descriptive statistics

A comparative assessment of the phenotypic traits of 28 cotton
cultivars under control (0 mM) and salt stress conditions (50-200 mM)
was conducted using descriptive statistical analysis of
morphometric traits including shoot length (SL), root length (RL),
total seedling length (TL) and fresh root weight (FRW) (Table 2, Fig, 1).

The results of the experiment demonstrate a pronounced
decrease in the growth parameters of the cotton cultivars studied
depending on the salt concentration. Under control conditions (0
mM), the mean SL was 13.98 + 2.37 cm, however, significant growth
suppression was observed, under salt stress. Mean SL progressively
decreased t09.00+ 1.21 cm at 50 mM and further to 5.88 + 1.27 cm at
the maximum concentration 200 mM, which is more than three
times lower than the control (Table 2, Fig. 1).

A similar trend was observed for RL, which decreased from
27.93 +3.19 cm in the control to 19.61 + 2.57 cm at 200 mM (Table 2,
Fig. 1). Total seedling length also declined with increasing salt stress,
decreasing from 41.91 + 5.32 cm in the control group to 32.96 + 3.08
cm at 50 mM and reaching a minimum of 25.48 + 3.64 cm at 200 mM.
FRW showed a comparable pattern: values dropped from 2.44 + 0.38
gin the control to 2.04 + 0.40 g at 50 mM and continued to decline to
1.05+0.29 gat200 mM.

ANOVA revealed that both the cultivar effect (PC) and the
treatment effect (PT) were highly significant (p <0.001) for all studied
traits. Moreover, a highly significant cultivar and treatment interaction
(PC x PT) was observed, indicating that the cultivars responded
differentially to increasing salinity levels (Table 2).

Pearson’s correlation coefficient

Pearson’s correlation analysis revealed statistically significant
positive correlations (p < 0.001) between all studied growth
parameters and root fresh weight. Under control conditions (0 mM),
the correlation between SL and RL was r = 0.828 (p < 0.05); however,
it decreased to r=0.621 (p <0.001) at 150 mM and increased again to
r=0.776 (p < 0.001) at 200 mM. The correlation between RL and TL
remained consistently high both in the control and under salt stress
(r = 0.968-0.976, p < 0.001). The correlation between RL and FRW
under control conditions was r = 0.422 (p < 0.05), while correlations
between SL and TL with FRW were statistically non-significant.
Under salt stress conditions (starting from 50 mM), correlations
between all linear parameters (SL, RL, TL and FRW) became
statistically significant (Fig. 2).

Principal component analysis (PCA)

To simplify the interpretation of multidimensional morphometric
data, PCA was performed. The analysis identified two principal
components - the first component (Dim 1) was dominant, explaining
90.8 1% of the total variance, while the second component (Dim 2)
accounted for a minor proportion of 5.98 %. Together, these two
components captured 96.79 % of the total variation, providing a
robust representation of the dataset structure on the combined
biplot (Fig. 3).

The Dim 1 axis distinctly separated the treatment groups: the
control group was positioned in the positive range, whereas
increasing salt stress levels (from 50 to 200 mM) caused a progressive
shift of the cultivar group centroids toward the negative range,
indicating a strong dose-dependent effect. All vectors of the studied
traits (SL, RL, TL and FRW) were oriented to the right and closely
aligned with the Dim 1 axis. The acute angles between the vectors
indicated a strong positive correlation among all four traits.
Conversely, the vertical Dim 2 axis, which explained a relatively small
proportion of the remaining variation, reflected more subtle
differences in growth strategies: the pronounced positive slope of
the FRW vector along this axis, in contrast to the negative slope of the
length-related vectors (SL, RL and TL) suggested distinct adaptive
strategies. Specifically, some cultivars under salt stress maintain
higher rates of linear elongation with moderate biomass
accumulation, while others prioritize biomass accumulation over
linear dimensions.

Multitrait genotype-ideotype distance index (MGIDI)

MGIDI was employed to identify cotton cultivars with enhanced
resistance to salt stress. The analysis was performed separately for
each of the five treatment levels using a 20 % selection intensity,
which facilitated the identification of the most promising cultivars.

Under control conditions, four cultivars - Namangan-102
(C16), Baraka (C2), Gulbahor-2 (C10) and Chimboy (C8) exhibited the
most favorable MGIDI values, indicating their optimal productivity in
the absence of stress (Fig. 4a). Under mild salt stress (50 mM Nacl),
the leading group included cultivars Namangan-102 (C16), C-4727
(C7), TM-1 (C25) and Chimboy (C8), reflecting a shift in the
composition of the top-performing cultivars under stress conditions
(Fig. 4b). A further increase in salinity to 100 mM, cultivars Baraka
(C2), C-47127 (CT), Ishonch (C11) and Kelajak (C14) were selected,
demonstrating high potential for tolerance to this level of salt stress
(Fig. 5a). At 150 mM, cultivars Nasaf (C19), Porlog-1 (C22), Sulton
(C24) and Buhoro-10 (C3) ranked highest, characterizing them as the
most adapted to higher stress levels (Fig. 5b).

Table 2. Descriptive statistics and results of analysis of variance (ANOVA) for seedling traits of 28 cotton cultivars under control (0 mM) and salt

stress (50-200 mM) conditions

omM ERmM ERRmM EXRmM EXEmM
Traits Mean + SD Mean + SD Mean 4+ SD Mean + SD Mean + SD ANOVA Cultivar x Treatment
min — max min —max min — max min —max min — max
13.98 £2.37 9.00+1.21 7.72+1.26 6.87 +0.94 5.88 +1.27 pC=*** o
SL (em) PCxPT=
9.75-19.12 4.66-10.67 5.52-10.27 4,95 -8.85 3.80-8.11 PT =
27.93+3.19 23.97+2.08 22.17+3.02 21.07+2.87 19.61+2.57 PC = *** en
RL (cm) e PCx PT =
22.48 -34.48 18.17-27.23 13.36-27.40 15.14 - 26.84 14.49 - 23.97 PT=
L (em) 41.91+5.32 32.96 +3.08 29.89 +3.99 27.94+3.53 25.48 +3.64 pPC=*** PC x PT = *+*
32.23-52.43 22.83-37.72 19.20-35.42 20.10 - 35.69 19.31-31.94 PT =***
2.44+0.38 2.04+0.40 1.57+0.49 1.25+0.39 1.05+0.29 pPC=*** e
FRW (g) 1.80-3.47 0.55 - 2.69 0.77-2.59 0.64-2.05 0.58-1.72 PT =*** PCxPT=

The analyzed traits include shoot length up to the epicotyl (SL), root length (RL), total seedling length (TL) and fresh root weight (FRW); PC - p-
value of cultivar effect, PT - p-value of treatment effect and PC x PT - p-value of cultivar and treatment interaction; (*p < 0.05), (**p<0.01) and

(***

p <0.001) indicate significant differences at the corresponding levels of significance in the studied parameters.
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Fig. 1. Frequency distribution of seedling phenotypic traits under different NaCl concentrations: TO - control (0 mM), T50 - 50 mM NacCl, T100 -
100 mM NacCl, T150 - 150 mM NacCl, T200 - 200 mM NaCl.
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Fig. 2. Pairwise correlation matrix of the studied traits in cotton cultivars, illustrating changes in interrelationships depending on the salinity
level: SL - shoot length, RL - root length, TL - total seedling length, FRW - fresh root weight; TO - control (0 mM), T50 - 50 mM NaCl, T100 - 100
mM NaCl, T150 - 150 mM NacCl, T200 - 200 mM NaCl; *p<0.05, **p<0.01 and ***p<0.001 indicate significant differences at the corresponding
levels of significance in the studied parameters.
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Fig. 3. Combined principal component (PCA) plot illustrating the distribution of cotton cultivars (C) and the contribution of the studied traits:
SL - shoot length, RL - root length, TL - total seedling length, FRW - fresh root weight; TO - control (0 mM), T50 - 50 mM NacCl, T100 - 100 mM
NaCl, T150 - 150 mM NacCl, T200 - 200 mM NaCl.
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Fig. 4. Ranking of cotton cultivars based on the MGIDI index: (a) under control conditions (0 mM NaCl); (b) under salt stress conditions (50 mM NaCl).
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Fig. 5. Ranking of cotton cultivars based on the MGIDI index: (a) under salt stress conditions (100 mM NacCl); (b) under salt stress conditions
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The maximum NaCl concentration of 200 mM, most cultivars
were excluded by the selection index and only a few highly resistant
cultivars remained. According to the MGIDI analysis, cultivars Buhoro
-14(C5), Kelajak (C14) and Nasaf (C19) showed the best performance
at this treatment level (Fig. 6). Thus, the MGIDI analysis identified a
set of cotton cultivars with increased salt stress tolerance.
Collectively, across different concentrations (from 50 mM to 200
mM), the following cultivars were selected as superior: Baraka (C2),
Buhoro-10 (C3), Buhoro-14 (C5), C-4727 (C7), Chimboy (C8),
Gulbahor-2 (C10), Ishonch (C11), Kelajak (C14), Namangan-102 (C16),
Nasaf (C19), Porlog-1 (C22), Sulton (C24) and TM-1(C25).

Discussion

The results of this study confirm that salt stress exerts a
statistically significant dose-dependent inhibitory effect on all
morphometric traits of cotton seedlings, while the identified
genotype x treatment interaction highlights genetic differences
in adaptive potential among the studied cultivars. Correlation
analysis showed that the relationship between shoot and root
development weakens under moderate stress but recovers at
high concentrations, suggesting the ability of resistant cultivars
to coordinate growth processes for survival. PCA confirmed the
dominant influence of the stress factor on phenotypic variability
and revealed differences in resource allocation strategies
between linear growth and biomass accumulation. Based on the
MGIDI index, cultivars with different sensitivity thresholds were
identified namely, Chimboy (C8) and Namangan-102 (C16) are
effective under low salt stress (50 mM), while Baraka (C2), Buhoro
-14 (C5), C-4727 (C7), Kelajak (C14) and Nasaf (C19) demonstrate
stable high resistance under moderate (100-150 mM) and severe
(200 mM) salinity conditions.

Growth responses to salinity

The observed dose-dependent inhibitory effect of salt stress on
all morphometric traits of cotton seedlings aligns with findings
reported in previous studies (15, 16). This growth suppression is
attributed to a dual mechanism of osmotic stress, which leads to
a rapid reduction in turgor pressure and restricts water uptake,
followed by specific ion toxicity (Na* and Cl) combined with
oxidative stress (6, 7). A crucial finding is the identification of a

significant genotype x treatment interaction. This result provides
direct evidence of significant genetic diversity among the studied
cultivars in terms of salt tolerance, which confirms the feasibility
of targeted breeding programs (7-9, 11).

Correlation and adaptive mechanisms

The results of the correlation analysis regarding the coordination
of growth processes are particularly significant (9, 11). The
weakening of the correlation between shoot and root
development under moderate stress (100-150 mM) likely reflects
stress-induced plasticity and an imbalance in resource allocation
(17, 18). Under moderate stress, a plant may redistribute
resources, prioritizing specific organs as an adaptive response
(11, 17). This can manifest both as predominant root
development to enhance water absorption efficiency and as the
relative maintenance of shoot growth to preserve
photosynthetic capacity (18). This divergence leads to
asymmetrical growth, altering the root-to-shoot biomass ratio,
often favoring below-ground expansion depending on the
genetic strategy of the cultivar (17, 18).

In contrast, the restoration and strengthening of the
correlation between above- and below-ground traits at
maximum stress (200 mM) indicate tighter physiological
coordination in the most resistant cultivars. This suggests that
maintaining a precise balance between shoot and root
development is essential for survival under conditions of
extreme salinity. Such efficient resource allocation is a key
feature of high adaptive potential and aligns with survival
strategies under resource-limited conditions (19).

Principal component analysis (PCA)

The results of the PCA presented in this study align well with
established physiological patterns of cotton adaptation to salt
stress (11). The first principal component (Dim 1) serves as the
productivity/tolerance axis, where the distinct separation of
treatments-shifting from the control group (positive direction
associated with high SL, RL, TL and FRW values) to the salt
stressed groups (negative region) illustrates a strong dose-
dependent inhibitory effect. Furthermore, the second
component (Dim 2) captures an alternative growth strategy,
contrasting biomass accumulation (FRW) with linear elongation

C3

c18

c?

Multi-trait genotype-ideotype distance index

Genotypes

© Nonselected @ Selected

co

C21

Coy4

Fig. 6. Ranking of cotton cultivars based on the MGIDI index under salt stress conditions (200 mM NaCl).
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(SL, RL and TL), demonstrating more subtle differences in the
adaptive potential of cultivars. The observed phenotypic
plasticity is corroborated by the physiological data reported by
(11). Those studies indicated that under optimal growth
conditions, the plant is characterised by high metabolic activity
(high TSP and K) and biomass accumulation, whereas under
increasing stress, an energy-intensive metabolic shift occurs
towards the synthesis of protective osmolytes and antioxidants
(proline, SOD, CAT and POD), which inevitably leads to a trade-off
that limits vegetative growth (11).

MGIDI results for specific cultivars and breeding implications

For a comprehensive and balanced assessment of cultivars, the
MGIDI was employed. This index has proven to be an effective
breeding tool that circumvents the issues of multicollinearity and
biased estimates characteristic of traditional indices (20). The
application of the MGIDI index enabled the identification of the
specific adaptations of the studied cotton cultivars to varying
levels of salt stress. These findings directly correlate with the
established dose-dependent inhibitory effect on morphometric
traits and confirms the significant interaction between genotype
x treatments.

The results showed that the composition of the top-
performing cultivars shifted markedly with increasing treatment
levels. Cultivars Namangan-102 (C16) and Chimboy (C8)
demonstrated high potential under optimal and mildly saline
conditions (0-50 mM), while others gained an advantage under
moderate and high stress levels. This reflects their specific
adaptation to distinct salinity regimes and emphasizes the need
for targeted selection based on these adaptive characteristics.

Cultivars that demonstrated resistance at various stress
levels of treatment are particularly valuable for breeding.
Specifically, cultivar C-4727 (C7) exhibited resistance at low to
moderate salt stress (50-100 mM), aligns with the differential
shoot and root growth observed at these concentrations.
Cultivar Baraka (C2) showed dynamic adaptation, despite a
performance decline at 50 mM, it reached maximum MGIDI
values at 100 mM. This suggests a threshold-dependent
activation of defence systems, triggered only when specific
salinity level is reached. Its strong response to moderate stress,
contrasted with sensitivity to high salt levels, makes this cultivar
a valuable model for studying adaptation mechanisms of
adaptation and stress response regulation.

Cultivar Nasaf (C19) displayed exceptional stability under
moderate and high salt stress (150-200 mM), while Kelajak (C14)
demonstrated broad adaptation across the 100-200 mM range.
This stability under maximum stress mirrors the restoration and
strengthening of inter-organ correlation at 200 mM, pointing to
precise physiological coordination as a key feature of high
adaptive potential. Finally, Buhoro-14 (C5) proved to be highly
specialized, exhibiting maximum resistance only under severe
salt stress (200 mM). Thus, the application of the multivariate
MGIDI index effectively identified Buhoro-14 (C5), C-4727 (C7),
Baraka (C2), Kelajak (C14) and Nasaf (C19) as genotypes with
enhanced salt tolerance at specific levels of induced salt stress.

Conclusion

In conclusion, this study confirms the pronounced inhibitory effect of
salt stress on the morphometric traits of cotton seedlings and
highlights significant genotypic diversity in response to salinity. The
application of the multivariate MGIDI analysis effectively identified
cultivars Buhoro-14 (C5), C4727 (C7), Kelajak (C14) and Nasaf (C19)
as valuable genetic resources with enhanced salt tolerance under
varying treatment levels. Future research should focus on
investigating biochemical markers to provide deeper insights into
physiological adaptation mechanisms and facilitate the targeted use
of these cultivars in breeding programs.

Acknowledgements

This study was funded by the State Budget of the Republic of
Uzbekistan with the support of the Academy of Sciences and the
Ministry of Higher Education, Science and Innovation. The work was
carried out within the framework of the state research program
“Study of transporter genes and ion channels of cotton to create
new genotypes resistant to salt stress” and the fundamental project
FL-9524115083 “Molecular mechanisms of action of biostimulants
on cotton (Gossypium spp.): integration of metabolomic,
physiological and biochemical analyses.”

Authors' contributions

IBS, DAM, VSK, FSR and DEU carried out the experiments and wrote
and revised the manuscript, performed statistical analysis. DKB, ASl,
NRR, KAU, SES, SOK, SSA, BMS, AAA, AKM, WU, AAB, ZZY, RMA, BAA,
MRZ and BKR participated in the experiments, collected the data
and prepared the manuscript. ZTB edited and approved the
manuscript. All authors read and approved the final manuscript.

Compliance with ethical standards

Conflict of interest: The authors declare that they have no
competing interests.

Ethicalissues: None

References

1. Khan MA, Wahid A, Ahmad M, Tahir MT, Ahmed M, Ahmad S, et al.
World cotton production and consumption: An overview. In: Ahmad
S, Hasanuzzaman M, editors. Cotton production and uses: agronomy,
crop protection and postharvest technologies. Singapore: Springer
Singapore; 2020. p. 1-7. https://doi.org/10.1007/978-981-15-1472-2_1

2. MaryumZ,Lugman T, Nadeem S, Khan SMUD, Wang B, Ditta A, et al.
An overview of salinity stress, mechanism of salinity tolerance and
strategies for its management in cotton. Front Plant Sci. 2022;
13:907937. https://doi.org/10.3389/fpls.2022.907937

3. ljaz B, Zhao N, Kong J, Hua J. Fiber quality improvement in upland
cotton (Gossypium hirsutum L.): Quantitative trait loci mapping and
marker assisted selection application. Front Plant Sci. 2019;10:1585.
https://doi.org/10.3389/fpls.2019.01585

Singh A. Soil salinity: A global threat to sustainable development.
Soil Use Manag, 2022;38:39-67. https://doi.org/10.1111/sum.12772

5. Hopmans JW, Qureshi AS, Kisekka I, Munns R, Grattan SR,
Rengasamy P, et al. Critical knowledge gaps and research priorities
in global soil salinity. Adv Agron. 2021;169:1-191. https://
doi.org/10.1016/bs.agron.2021.03.001

b

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1007/978-981-15-1472-2_1
https://doi.org/10.3389/fpls.2022.907937
https://doi.org/10.3389/fpls.2019.01585
https://doi.org/10.1111/sum.12772
https://doi.org/10.1016/bs.agron.2021.03.001
https://doi.org/10.1016/bs.agron.2021.03.001

SALAKHUTDINOV ET AL

10.

11.

12.

13.

14.

15.

Chaudhary MT, Majeed S, Rana IA, Ali Z, Jia Y, Du X, et al. Impact of
salinity stress on cotton and opportunities for improvement
through conventional and biotechnological approaches. BMC Plant
Biol. 2024;24:1-13. https://doi.org/10.1186/512870-023-04558-4

Ahmed N, Chaudhry UK, Ali MA, Ahmad F, Sarfraz M, Hussain S.
Salinity tolerance in cotton. In: Ahmad S, Hasanuzzaman M, editors.
Cotton production and uses: agronomy, crop protection and
postharvest technologies. Singapore: Springer Singapore; 2020. p.
367-91. https://doi.org/10.1007/978-981-15-1472-2_19

Zafar MM, Shakeel A, Haroon M, Manan A, Sahar A, Shoukat A, et al.
Effects of salinity stress on some growth, physiological and
biochemical parameters in cotton (Gossypium hirsutum L.)
germplasm. J  Nat  Fibers.  2022;19:8854-86.  https://
doi.org/10.1080/15440478.2021.1975596

Munawar W, Hameed A, Khan MKR. Differential
morphophysiological and biochemical responses of cotton
genotypes under various salinity stress levels during early growth
stage. Front Plant Sci. 2021;12:622309. https://doi.org/10.3389/
fpls.2021.622309

Dong H, Kong X, Luo Z, Li W, Xin C. Unequal salt distribution in the
root zone increases growth and vyield of cotton. Eur J Agron.
2010;33:285-92. https://doi.org/10.1016/j.€ja.2010.08.002

Gul N, Khan Z, Shani MY, Hafiza BS, Saeed A, Khan Al, et al.
Identification of salt-resilient cotton genotypes using integrated
morpho-physiological and biochemical markers at the seedling
stage. Sci Rep. 2025;15:1-14. https://doi.org/10.1038/s41598-025-
89582-0

Rodriguez-Uribe L, Higbie SM, Stewart JMD, Wilkins T, Lindemann
W, Sengupta-Gopalan C, et al. Identification of salt responsive genes
using comparative microarray analysis in upland cotton (Gossypium
hirsutum L.). Plant Sci. 2011;180:461-69. https://doi.org/10.1016/
j.plantsci.2010.10.009

Schneider CA, Rasband WS, Eliceiri KW. NIH Image to ImageJ: 25
years of image analysis. Nat Methods. 2012;9:671-75. https://
doi.org/10.1038/nmeth.2089

Olivoto T, Lucio ADC. metan: an R package for multi-environment
trial analysis. Methods Ecol Evol. 2020;11:783-89. https://
doi.org/10.1111/2041-210X.13384

Zeeshan M, Lu M, Sehar S, Holford P, Wu F. Comparison of
biochemical, anatomical, morphological and physiological responses
to salinity stress in wheat and barley genotypes deferring in salinity
tolerance.  Agronomy.  2020;10:127.  https://doi.org/10.3390/
agronomy10010127

16. Hasanuzzaman M, Raihan MRH, Masud AAC, Rahman K, Nowroz F,
Rahman M, et al. Regulation of reactive oxygen species and
antioxidant defense in plants under salinity. Int J Mol Sci.
2021;22:9326. https://doi.org/10.3390/ijms22179326

17. Li H, Testerink C, Zhang Y. How roots and shoots communicate
through stressful times. Trends Plant Sci. 2021;26:940-52. https://
doi.org/10.1016/j.tplants.2021.03.005

18. Zhang M, Pan M, Li H, Liu B, Qiao S, Ma CM, et al. Plant survival
strategies under heterogeneous salt stress: remodeling of root
architecture, ion dynamic balance and coordination of metabolic
homeostasis. Plant Soil. 2025;1-40. https://doi.org/10.1007/s11104-
025-07760-5

19. Acharya R, Gangopadhyay D, Bhattacharyya P, Ghosh A. Evaluation
of salt-tolerant germplasm of mulberry (Morus L.) through invitro
and field experiments under different salinity stresses. Heliyon.
2024;10:e35868. https://doi.org/10.1016/j.heliyon.2024.e35868

20. Arshad I, Saleem M, Akhtar M, Shani MY, Farid G, Jarecki W, et al.
Enhancing fruit retention and juice quality in 'Kinnow' (Citrus
reticulata) through the combined foliar application of potassium,
zinc and plant growth regulators. Horticulturae. 2024;10:1245.
https://doi.org/10.3390/horticulturae10121245

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.1186/s12870-023-04558-4
https://doi.org/10.1007/978-981-15-1472-2_19
https://doi.org/10.1080/15440478.2021.1975596
https://doi.org/10.1080/15440478.2021.1975596
https://doi.org/10.3389/fpls.2021.622309
https://doi.org/10.3389/fpls.2021.622309
https://doi.org/10.1016/j.eja.2010.08.002
https://doi.org/10.1038/s41598-025-89582-0
https://doi.org/10.1038/s41598-025-89582-0
https://doi.org/10.1016/j.plantsci.2010.10.009
https://doi.org/10.1016/j.plantsci.2010.10.009
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1111/2041-210X.13384
https://doi.org/10.1111/2041-210X.13384
https://doi.org/10.3390/agronomy10010127
https://doi.org/10.3390/agronomy10010127
https://doi.org/10.3390/ijms22179326
https://doi.org/10.1016/j.tplants.2021.03.005
https://doi.org/10.1016/j.tplants.2021.03.005
https://doi.org/10.1007/s11104-025-07760-5
https://doi.org/10.1007/s11104-025-07760-5
https://doi.org/10.1016/j.heliyon.2024.e35868
https://doi.org/10.3390/horticulturae10121245
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

