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High salinity and drought are common environmental problems that affect seed germination
and plant growth. Identifying cultivars tolerant to drought and salinity stress conditions and
using them in agricultural systems is one of the tasks of improving cotton production. For
this purpose, 3 cotton cultivars in the form of a completely randomized design and using
factorial testing under non-stressed and stressed conditions Three repetitions were
evaluated. In both experiments, 3 cotton cultivars (MAY344, BA440, VARAMIN) were
used as the first factor, and the second factor was salt stress in the first experiment and
drought stress in the second experiment. The levels of salinity stress were 0, 180 60, 120
Mm using NaCl salt and in the second experiment, the drought stress levels were considered
to be 0, 0.4, 0.8 MPa using polyethylene glycol 6000 solution. The studied properties
include germination percentage, germination speed, root length, stem length, wet weight of
root and stem, and dry weight of root and stem. The results of the study showed that there
was a significant difference at the probability level of 1% or 5% between cultivars in each
There are two stresses, but in general, drought stress had more inhibition on the measured
traits. For root dry weight, Varamin number had the lowest decrease compared to the other
two cultivars, and at the last level of stress compared to the control, for salinity stress 14 %
and recorded a 66% reduction in drought stress. The results of this study showed that
Varamin cultivar has better performance than the other two cultivars in all investigated
parameters under drought and salinity stress conditions.
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EXTENDED ABSTRACT

Introduction

Cotton (Gossypium spp.) is one of the most important fiber
and oilseed crops worldwide and plays a strategic role in
agricultural production systems, particularly in arid and
semi-arid regions. However, the expansion of saline soils
and increasing frequency of drought events due to climate
change have intensified constraints on cotton establishment
and productivity. Germination and early seedling growth are
among the most sensitive developmental stages to
environmental stresses, and successful crop establishment
largely depends on rapid and uniform germination under
suboptimal conditions. Salinity stress primarily reduces
germination through osmotic effects and ion toxicity, while
drought stress limits water uptake, disrupts metabolic
activation, and delays radicle emergence. Given the
extensive cultivation of cotton in regions affected by soil
salinity and water scarcity, identifying cultivars with
enhanced tolerance at the germination and early growth
stages is essential for sustainable production. Therefore, the
present study aimed to evaluate the response of germination
traits and seedling growth parameters of three cotton
cultivars (MAY344, BA440, and VARAMIN) under
controlled salinity and drought stress conditions, and to
determine the most tolerant cultivar for early-stage
establishment.

Materials and Methods

Two independent factorial experiments were conducted in a
completely randomized design with three replications to
assess the responses of three cotton cultivars (MAY344,
BA440, and VARAMIN) to salinity and drought stresses
during germination and early seedling growth. In the salinity
experiment, stress was imposed at four levels (0, 60, 120, and
180 mM) using NaCl, whereas in the drought experiment
osmotic stress was induced at three water potentials (0, —0.4,
and —0.8 MPa) using polyethylene glycol (PEG 6000).
Surface-sterilized seeds were placed in Petri dishes lined with
sterilized filter paper and incubated in a germinator at 26°C
and 70% relative humidity. Germination was recorded daily
for seven days, and seeds were considered germinated when
the radicle reached at least 2 mm in length. The evaluated
traits included germination percentage and mean germination
time as indicators of germination behavior, along with root
length, stem length, seedling length, root and stem fresh, and
root and stem dry weight as measures of early seedling growth
and biomass accumulation. Dry weights were determined
after oven-drying the samples at 70°C for 48 hours. Data were
subjected to analysis of variance (ANOVA), and treatment
means were compared using the least significant difference
(LSD) test at the 5% probability level. Correlation coefficients
among measured traits were also calculated.

Results and Discussion

The results showed significant differences (p <0.01 or 0.05)
among cultivars under both salinity and drought stresses for
most measured traits. Overall, drought stress exerted a
stronger inhibitory effect than salinity stress on germination
and seedling growth. Under salinity stress, increasing NaCl
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concentration significantly reduced germination percentage,
radicle and plumule length, and fresh and dry weight. At 180
mM NaCl, germination percentage markedly declined
compared to the control treatment. The interaction between
cultivar and salinity was significant for most traits,
indicating differential responses among cultivars. Among
the tested genotypes, VARAMIN consistently exhibited
higher germination percentage, faster germination (lower
MGT), longer root length, and greater fresh and dry weights
compared to MAY344 and BA440. Drought stress had a
more severe impact on germination and seedling growth. At
—0.8 MPa, germination was completely inhibited in
MAY344 and BA440, whereas VARAMIN still maintained
partial germination (13.66%). Similarly, root and stem
lengths sharply declined under severe drought conditions.
The reduction in root dry weight at the highest drought level
reached 66% compared to the control, while under salinity
(180 mM), the reduction was approximately 14% in the
most tolerant cultivar. Correlation analysis revealed strong
positive relationships between germination percentage and
seedling growth traits, particularly root length, seedling
length, and fresh weight. Under drought stress, dry weight
of root and stem showed significant positive correlations
with most morphological traits, indicating that biomass
accumulation is closely associated with stress tolerance
during early growth stages. The superior performance of
VARAMIN may be attributed to its greater capacity for
water uptake under osmotic stress, better maintenance of
cellular integrity, and more efficient mobilization of seed
reserves. In contrast, the higher sensitivity of MAY 344 and
BA440 under severe drought suggests limited osmotic
adjustment capacity and reduced metabolic resilience.
Overall, the findings confirm that osmotic stress induced by
PEG was more restrictive than ionic stress caused by NaCl
during germination, likely because high osmotic potential
directly restricts water availability without allowing
adaptive ionic adjustments.

Conclusion

The present study demonstrated significant genotypic
variation in response to salinity and drought stresses during
germination and early seedling growth of cotton. Both
stresses negatively affected germination percentage,
germination speed, root and stem growth, and biomass
accumulation; however, drought stress imposed a more
pronounced inhibitory effect than salinity stress. Among the
evaluated cultivars, VARAMIN exhibited superior tolerance
under both stress conditions, maintaining higher germination
capacity and better seedling growth performance. Therefore,
this cultivar can be recommended for cultivation in regions
prone to salinity and water deficit during the establishment
stage. Selection of tolerant cultivars represents a practical,
low-cost, and environmentally sustainable strategy to mitigate
the adverse effects of abiotic stresses on cotton production.
Future studies focusing on physiological and molecular
mechanisms underlying early-stage stress tolerance may
further enhance breeding programs aimed at improving cotton
resilience under challenging environmental conditions.
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Table 1- Variance analysis and mean comparison of the studied indices of three tested cotton cultivars under the
influence of salinity stress

. = 3 = 5 LD 5 3% 3%

Experimental K g § 2 % g = 5 é) Yo 2 3 —a:m) 3 j—:ﬁ 92 )2

treatments L 55 L3 - L ¥ s z = ‘},, = 5 ; ‘; =

WO 3 2 7 8 E 4 g i 8 oS
K s & & @ =

Variety

May 41.50 3.73 53.57 61.89 117.06 0.368 0.033 0.051 0.0045

Ba 45.58 2.86 39.29 61.71 103.14 0.345 0.030 0.044 0.0036

Varamin 61.16 2.43 68.08 73.06 133.18 0.423 0.052 0.055 0.0046

LSD(0.05) 3.139 0.108 4.606 7.660 11.325 0.030 0.005 0.0039 0.0004
Salinity (Mm)

Control 90.66 1.68 64.27 82.55 143.16 0.389 0.050 0.045 0.0054

60 46.00 3.14 59.34 71.81 131.35 0.410 0.038 0.051 0.0037

120 38.55 3.18 57.30 63.75 119.22 0.393 0.039 0.049 0.0039

180 22.44 4.05 33.68 44.11 77.46 0.324 0.026 0.055 0.0039

LSD(0.05) 3.625 0.124 5.319 8.845 13.077 0.034 0.005 0.0045 0.0005

Varietyx Salinity (Mm)

M*control 100.00 1.77 74.43 89.80 161.97 0.38 0.043 0.044 0.0064
M*60 28.00 3.58 52.50 66.96 132.70 0.41 0.034 0.052 0.0038
M*120 26.00 4.75 69.01 54.21 119.22 0.38 0.044 0.050 0.0037
M*180 14.00 4.82 18.36 36.60 54.45 0.29 0.011 0.058 0.0040

B*control 97.33 1.75 50.45 71.35 122.54 0.35 0.041 0.038 0.0047
B*60 48.00 3.10 49.14 65.61 127.85 0.39 0.030 0.046 0.0034
B*120 27.66 222 38.96 65.02 100.49 0.37 0.029 0.044 0.0028
B*180 11.33 4.40 18.62 38.87 61.70 0.25 0.020 0.049 0.0035

V*control 74.66 1.50 67.94 80.50 144.98 0.43 0.066 0.052 0.0050
V*60 66.00 2.72 76.39 82.85 133.49 0.42 0.050 0.055 0.0040
V*120 62.00 2.58 63.94 72.02 138.05 0.41 0.046 0.053 0.0052
V*180 42.00 2.92 64.06 56.87 116.22 0.42 0.047 0.059 0.0043

LSD(0.05) 6.279 0.216 9.212 15.320 22.650 0.060 0.010 0.007 0.0009
Variety 1292 5.24" 2486™ 507.23" 2712™ 0.019" 0.0017" 0.0003™  0.000003™
Salinity 7676™ 8.73" 1672" 2373 7367 0.012" 0.0008"" 0.0001™  0.000005™

Varietyx Salinity(Mm)  864.43" 1.32" 496.55" 168.66" 989.15" 0.0034" 0.0001""  0.000009™  0.000001™

..bu@;;u;l,‘s)\:@nﬁéns—.x.pyédublc]@);d)l:@nv:-—w):\ Jb‘c}dﬂ)}éﬂ)@xﬂ s

*, ** and ns denote significant differences at 0.05, 0.01 % levels, and not significant respectivel
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Table 2-Correlation coefficients between morphological traits of cotton cultivars under salinity stress conditions
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* ** and ns denote significant differences at 0.05, 0.01 % levels, and not significant respectively.
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Table 3- Variance analysis and mean comparison of the studied indices of three tested cotton cultivars under the

influence of drought stress
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Variety
May 22.78 1.90 23.18 23.77 46.61 0.16 0.007 0.035 0.0027
Ba 18.89 2.01 17.82 23.29 41.11 0.14 0.008 0.034 0.0028

Varamin 43.55 3.18 41.24 32.84 73.09 0.21 0.019 0.050 0.0033

LSD(0.05) 3.447 0.174 3.370 2.165 3.825 0.006 0.0011 0.0021 0.0003

Drought(Mm)

Control 51.22 2.25 35.48 55.32 90.46 0.32 0.023 0.048 0.0046
0.4 29.44 3.37 36.56 21.02 57.58 0.17 0.010 0.062 0.0038
0.8 4.55 1.47 10.21 3.55 12.77 0.02 0.0008 0.009 0.0005

LSD(0.05) 3.447 0.174 3.370 2.165 3.825 0.006 0.0011 0.0021 0.0003
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M*0.8 0 0 0 0 0 0 0 0 0
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*, #* and ns denote significant differences at 0.05, 0.01 % levels, and not significant respectively.
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Table 4- Correlation coefficient between morphological traits in cotton cultivars under drought stress conditions
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* ** and ns denote significant differences at 0.05, 0.01 % levels, and not significant respectively.
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