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Abstract. This study was conducted in 2022 under laboratory conditions (25°C) with the registered cotton
variety MAY-455, with the collaboration of Gaziantep University, Nurdagi Vocational School, and
Kahramanmaras Sutcu Imam University, Goksun Vocational School. The study involved two different
types of salts (NaCl and KCl) and seven different salt concentrations (control, 20, 40, 60, 80, 100 and 120
mM). The evaluated parameters included radicle length, germination rate, germination index, mean
germination time, germination speed coefficient, and seed vigor index. The statistical analysis revealed
significant differences in these parameters with respect to salt concentrations (0, 20, 40, 60, 80, 100, and
120 mM). However, differences between the types of salts (NaCl and KCI) were statistically significant for
germination index and hypocotyl length. Results from this laboratory study indicate that increasing salt
concentrations (0, 20, 40, 60, 80, 100, and 120 mM) led to a decrease in radicle length, hypocotyl length,
germination rate, germination index, germination speed coefficient, and seed vigor index, while mean
germination time increased. Although cotton is relatively salt-tolerant, high salt concentrations negatively
affected the germination of cotton seeds. Taking both NaCl and KCl salts into consideration, the dose-effect
analysis with natural logarithmic transformation revealed that using higher salt concentrations would
further increase the rate of seeds failing to germinate.
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Introduction

Cotton (Gossypium hirsutum L.) is one of the most important fiber-producing plants
worldwide and belongs to the Malvaceae family. Four species of the Gossypium genus
are commercially cultivated (Ahmed et al., 2018). As a vital source of natural fiber, cotton
holds significant importance for the textile, oil, and feed industries (Rezaee et al., 2015).
Many factors affect the germination of cotton seeds and the growth of the cotton plant.
Key environmental factors influencing cotton seed germination and plant growth include
soil salinity, temperature, and drought conditions (Chakma et al., 2021).

In seeds that do not germinate under suitable conditions, growth problems arise,
leading to yield losses. Seed germination and plant development are crucial for optimal
fiber yield. The seed germination process is divided into three phases: rapid water uptake,
preparation for cell elongation, and radicle protrusion. These stages are influenced by
different environmental stress conditions (Ahmadvand et al., 2012). Interruptions during
the germination phases significantly impact plant growth and yield.
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Cotton seed germination is highly affected by different environmental conditions
(Barpete et al., 2015). For example, soil salinity affects cotton production negatively.
(Chachar et al., 2008; Nazir et al., 2014). Salts present in the root environment cause
damage to crops. These damages include osmotic stress, ion-specific toxicity, ion
imbalance stress, nutrient deficiency, and secondary stress caused by sodium (Chachar et
al., 2008).

While cotton is considered a salt-tolerant plant, different cotton species exhibit varying
levels of salt tolerance (Ergin et al., 2021). Generally, cotton is considered moderately
salt-tolerant, but the germination phase is particularly sensitive to soil salinity. Thus, the
yield of cotton growing in saline soils decreases due to poor germination and plant
development (Rezaee et al., 2015). Furthermore, soil salinity leads to significant
reductions in yield and fiber quality in cotton plants (Manikandan et al., 2019).

Soil salinity has become a serious issue threatening agricultural production in many
countries (Sattar et al., 2010). Various studies have shown that NaCl salinity significantly
reduces cotton seed germination (Rezaee et al., 2015). The Na and Cl ions in the soil
prevent water from entering the seed through osmosis (Ergin et al., 2021). Therefore, the
effects of NaCl salinity and other salinity levels present in the soil on cotton seed
germination are important.

This study investigates the effects of different concentrations of KCI and NaCl (0, 20,
40, 60, 80, 100, and 120 mM) on cotton seed germination.

Material and methods
Experimental design

This research utilized the MAY-455 cotton variety due to its commercial significance,
widespread cultivation in major cotton-producing regions of Turkey, and the practical
importance of understanding its response to salinity stress for local agricultural practices.
The experiment was conducted in a completely randomized design (CRD) with three
replications, with 20 seeds per petri dish under climate-controlled conditions (25°C). Two
types of salt (NaCl and KCl) and seven different salt concentrations (0, 20, 40, 60, 80,
100, and 120 mM) were used. The selected salt concentrations (0, 20, 40, 60, 80, 100, and
120 mM) were chosen to represent a range of salinity levels from non-saline to highly
saline conditions, which are relevant to cotton-growing regions worldwide. According to
the classification by Ayers and Westcot (1985), these concentrations correspond to soil
electrical conductivity (EC) values ranging from approximately 2 dS/m (slightly saline)
to 12 dS/m (highly saline), allowing for a comprehensive assessment of the variety’s
response threshold.

Seed sterilization and germination

The equipment and seeds used in the study were thoroughly sterilized prior to
germination. The sterilization process involved soaking the seeds in a 5% sodium
hypochlorite (NaOCI) solution for 10 min, followed by rinsing the seeds with sterile water
(Cokkizgin, 2012; Sutradhar et al., 2021; Bosnjak Mihovilovi¢ et al., 2024; Cokkizgin et
al., 2025a, b). A 10 ml salt solution was added, and the seeds were germinated for 12 days
at an optimal temperature of 25°C for cotton (ISTA, 2011; Ergin et al., 2021). Abnormal
germinations or non-germinated seeds were identified according to the rules of the
International Seed Testing Association (2011).
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Parameters studied

The following parameters were examined in the study:
Coefficient of Velocity of Germination (CVG): Calculated based on the formula by
Maguire (1962) (Eq. I).

(G1+...+Gp)
(1xG1 +..4nxGy)

CVG = (Eq.1)

In this formula, G denotes the number of seeds that have germinated, while n signifies
the last day of the germination process.

Germination Index (GI): Calculated using the formula adopted from AOSA (1990)
(Eq. 2):

GT
61=) (=) (Eq.2)

In the formula, G represents the number of germinated seeds, while T represents
time.

Germination percentage (GP): Germinated seeds were counted daily according to the
rules of the Association of Official Seed Analysts (AOSA, 1990). The percentage of
germinated seeds in each petri dish was calculated, and the germination percentage (GP)
was obtained at the end of day 12 (Tanveer et al., 2010).

Radicle length (RL): The radicle lengths of germinated cotton seeds were
measured.

Hypocotyl length (HL): The hypocotyl lengths of germinated cotton seeds were
measured.

Seed vigor index (SVI): Determined according to Baki and Anderson (1973)

(Eq. 3):
SVI = GP = (RL + HL) (Eq.3)

Mean germination time (MGT): Calculated based on the formula by Ellis and Roberts
(1981) (Eq. 4):

MGT == (Eq.4)

In the formula, where n is the number of seeds germinated on each day and D is the day
of counting.

Statistical analysis

The data obtained from the germination study were analyzed using the SAS software
(SAS, 2004). Variance analysis was performed, and differences between means were
determined at the P =0.01 level using the Least Significant Difference (LSD) test
(Duzgunes et al., 1987). The dose-effect analysis was conducted using the XLSTAT
software (XLSTAT, 2022). Prior to this analysis, the normality of the data was checked
using the Shapiro-Wilk test, and log transformation was applied to the data to achieve
better normalization and analysis accuracy.
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Results and discussion
Coefficient of velocity of germination (CVG)

Based on the results obtained, the difference between salt treatments (NaCl, KCl)
for the Coefficient of Velocity of Germination (CVG) was statistically insignificant
(Table 1, P >0.05). However, the differences between salt doses were significant
(Table 1, P <0.0001). The highest CVG was observed in the control (0.1059), which
was statistically similar only to the 40 mM treatment. A significant decrease in
germination speed began at the 20 mM dose. The lowest CVG values were recorded
for the 80, 100, and 120 mM treatments, which were statistically grouped together
(Table 2). This reduction in CVG with higher salt concentrations is consistent with the
findings of previous research. For instance, Dong et al. (2023) found that high salt
concentrations negatively affect the germination rate and speed of cotton seeds.
Similarly, Katembe et al. (1998) and Muhammad et al. (2023) reported that increased
salt concentrations reduce both the germination rate and seedling survival rates.
Moreover, Ahmad Saad et al. (2014) found that salt concentrations significantly impact
root growth and weight.

Table 1. ANOVA analysis summary for measurement parameters

MS
Sour. of var. df
CVG GI GP RL HL SVI MGT
Salt app. 1 | 0.00000092 [278.4863** 1.5621 2.6752 5.5010%* 6327.15 0.0077
Salt doses 6 [0.00000768**| 10.6379** | 377.9994** | 13.2678** 0.6066  |410089.81**| 0.0644**
Salt app. X salt dose int. | 6 | 0.00000175 1.3508 18.9994 0.7464 0.0793 7117.57 0.0142
Error 28 | 0.00000098 1.7631 28.2667 1.2521 0.3060 11823.67 0.0083
CV (%) 0.9536 18.1636 5.9577 13.3213 9.8022 8.6031 0.9496

The general trend of a decreasing CVG with increasing salt concentrations can be
attributed to the deleterious effects of salinity on plant physiology (Okon, 2019). High
salinity levels can cause osmotic stress and ion toxicity, which adversely affect seed
germination and seedling vigor (Shahid et al., 2020; Alharbi et al., 2022). The negative
impacts on the germination mechanism were also evident in this study, as higher salt
concentrations resulted in lower germination velocity coefficients. This implies that
salinity interferes with the water uptake and metabolic activities required for successful
germination (Sosa et al., 2005; Ludwiczak et al., 2021).

The detrimental impacts of salinity on seed germination observed in this study align
with those reported by Cokkizgin (2012), Cokkizgin et al. (2025b) who identified
significant inhibitory effects of saline conditions on seed germination in common bean
(Phaseolus vulgaris L.). Similarly, Shahid et al. (2020) emphasized the physiological and
biochemical stress that salinity imposes on plant growth and development, further
corroborating the findings of this study. The need for selecting and cultivating salt-
tolerant cotton genotypes is underscored by the differential responses observed among
various genotypes. Ashraf and Harris (2004) pointed out the importance of genetic
diversity in enhancing crop resilience under saline conditions. Therefore, it is imperative
to prioritize such varieties to ensure successful agricultural practices in saline-prone
regions (Rengasamy, 2006; Flowers and Colmer, 2008).
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Germination index (GI)

The results of our study provide a comprehensive analysis of the effects of different
salt applications and doses on the germination index of cotton. The analysis revealed a
significant difference between the two salt types for the germination index (7able 1,
P <0.01). KCI application resulted in a substantially higher germination index (9.89)
compared to NaCl application (4.74) (Table 2). This substantial difference underscores
the distinct physiological roles that potassium (K) and sodium (Na) play in plant
germination. Potassium, being essential for various cellular processes, enhances
germination, while sodium, often associated with osmotic stress, adversely impacts
germination rates (Zhu, 2001; Assaha et al., 2017).

Table 2. Effect of KCI and NaCl applications on germination and seedling vigor metrics of
cotton seeds

Salt application
CVG GI GP RL HL SVl MGT
KcCl 0.1040 £0.002 | 9.89+2.59a | 89.05+8.41 8.65+2.04 | 528+0.59% | 1251.71 +£298.11 | 9.60 +0.20
NaCl 0.1037 +£0.001 | 4.74+0.93b | 89.43+9.03 815+1.75 | 6.00+0.61a | 1276.19 +251.95 | 9.63 +0.11
LSD value 0.0006 0.8394 3.3609 0.7074 0.3497 68.738 0.0577
Salt doses
CVG GI GP RL HL SV1 MGT
OmM | 0.1059 +£0.001a | 9.12+3.51a | 9833 +1.57a | 9.92+1.07a | 6.05+0.50a | 1570.17+77.0la | 9.45=0.13c
20mM | 0.1047 £0.002b | 8.50 £3.31ab | 96.10 +2.12ab | 9.83 + 0.81ab |5.65 + 0.51abc | 1487.97 £ 98.13ab | 9.56 + 0.15b
40mM |0.1048 £0.001ab|7.84 + 2.78abc |92.22 + 7.64abc|9.35 £ 0.55abc | 5.67 + 0.67abc [ 1388.00 + 186.01bc(9.55 + 0.07bc
60 mM [0.1040 + 0.000bc|7.52 £2.71bcd | 90.55 + 6.24bc | 8.23 +1.46cd | 5.95 +0.50ab | 1285.50 + 160.90c |9.62 + 0.05ab
80mM | 0.1033 +0.001c [6.76 £2.69cde | 89.17 + 5.05dc | 8.55 + 0.95bc |5.68 + 0.75abc | 1268.08 + 133.00c | 9.69 + 0.06a
100 mM | 0.1029 £0.001c | 6.10 +3.11cde | 83.33 £ 6.24d | 6.92+1.50de | 538 £0.51bc | 1021.48 +54.16d | 9.73 +0.15a
120 mM | 0.1029 £0.001c | 534+3.2le | 75.00£5.77e | 6.00+2.10e | 5.12+0.75¢c | 826.33£54.40e |9.72+0.06a
LSD 0.0012 1.5703 6.2877 1.3234 0.6542 128.60 0.108
Mean 0.1040 7.3102 89.2410 8.4000 5.6429 1263.9260 9.6131

Furthermore, the effects of increasing salt doses on the germination index are
elucidated. A clear negative correlation is observed between salt concentration and
germination index. The control group (0 mM) showed the highest germination index
(9.1150), which was statistically similar to the 20 mM and 40 mM treatments. A gradual
decline was observed as the salt concentration increased, with the lowest value recorded
at the highest concentration (120 mM, 5.3417). These findings highlight the detrimental
effects of salt stress on seed germination (Cokkizgin, 2012, 2025b; Ertekin et al., 2017,
2018).

High salt concentrations impose osmotic stress, limiting water uptake necessary for
germination. Additionally, ionic stress caused by high levels of sodium ions can interfere
with metabolic processes, further inhibiting germination (Ashraf et al., 1987; Almansouri
et al.,, 2001). The statistical grouping of the data, showing distinct categories (A-E),
indicates significant differences among the treatment groups, reinforcing the robustness
of the observed effects.
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Our findings are consistent with existing literature, which also reports the negative
impacts of high salinity on plant germination and development (Cokkizgin, 2012, 2025b;
Cokkizgin and Colkesen, 2012; Ertekin et al., 2017; Ertekin et al., 2018; Rajabi Dehnavi
et al., 2020).

Germination percentage (GP)

Regarding germination percentage (GP), there was no significant difference between
the two salt types (Table I, P> 0.05). Both KCl (89.05%) and NaCl (89.43%)
treatments resulted in similar germination rates (7able 2). However, the negative
correlation between increasing salt doses and germination rates is evident. Both KCl
and NaCl treatments resulted in approximately equal germination rates, indicating that
the ionic composition of the salts did not markedly influence seed germination within
the observed range.

However, the negative correlation between increasing salt doses and germination rates
is evident. As the concentration of salt increased, the germination rate progressively
decreased (Cokkizgin, 2012, 2025b; Cokkizgin and Colkesen, 2012; Basahi, 2023;
Algopishi, 2025). This trend is indicative of the osmotic and ionic stress imposed by
higher salt concentrations, which adversely affects seed germination. High salt
concentrations can lead to reduced water uptake and ion toxicity, disrupting metabolic
processes essential for germination.

The control (98.333%), 20 mM (96.100%), and 40 mM (92.217%) treatments were
statistically similar and showed the highest germination percentages. The germination
rate progressively decreased with increasing salt concentration, with the lowest rate
observed at 120 mM (75.000%) (Table 2). Our findings are consistent with recent
research, which also reports the negative impacts of high salinity on plant germination
and development (Atta et al., 2023; Tarchoun et al., 2022; Kumar et al., 2021).

Radicle length (RL)

For radicle length (RL), the difference between the two salt types was not statistically
significant (Table I, P > 0.05). The average RL was 8.65 cm for plants treated with KCI
and 8.15 cm for plants treated with NaCl (Table 2). Although the difference between the
two salt types was not statistically significant, KCI resulted in slightly longer radicle
growth compared to NaCl. This may suggest that KCl is less toxic or that NaCl induces
higher ionic stress on the plant development. These findings are consistent with previous
research indicating that NaCl generally has a more detrimental effect on plant growth
compared to other salts (Greenway and Munns, 1980).

The effects of salt doses on RL showed a noticeable decrease in RL with increasing
salt concentrations. The control group (0 mM) had a RL of 9.917 cm, while 20 mM and
40 mM salt doses resulted in RLs of 9.833 cm and 9.350 cm, respectively. At higher salt
doses (60 mM, 80 mM, 100 mM, and 120 mM), significant reductions in RL were
observed, with the lowest RL (6.000 cm) recorded at 120 mM salt dose groups (7able 2).
These results align with studies demonstrating that high salt concentrations significantly
inhibit radicle growth in various plant species (Parida and Das, 2005; Munns and Tester,
2008; Cokkizgin, 2012; Cokkizgin and Colkesen, 2012).

These results indicate that high salt concentrations significantly inhibit radicle growth
in cotton plants. It was observed that low and moderate salt concentrations have relatively
less detrimental effects on the development of the cotton plant’s radicle, whereas high
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concentrations severely hinder growth. Further research is recommended to explore the
physiological mechanisms underlying the observed responses to different salt types and
doses (Ashraf and Harris, 2004).

Hypocotyl length (HL)

The type of salt had a statistically significant effect on hypocotyl length (Table 1,
P <0.01). Specifically, plants treated with NaCl had longer hypocotyls (6.00 cm)
compared to those treated with KCI1 (5.28 cm) (7able 2). Such a finding suggests that
NaCl may exert a less inhibitory effect on hypocotyl elongation than KCI. These
observations align with prior studies that emphasize the differential impacts of various
salts on plant growth (Greenway and Munns, 1980).

The analysis of salt dose effects on hypocotyl length did not present a clear dose-
response relationship. The control group (0 mM) exhibited a hypocotyl length of
6.0500 cm, while the other doses (20 mM, 40 mM, 60 mM, 80 mM, 100 mM, and
120 mM) resulted in lengths varying from 5.1167 cm to 5.9500 cm. Despite the absence
of significant differences among the doses, minor variations suggest that increasing salt
concentrations may not have a straightforward impact on hypocotyl length. This
phenomenon can be attributed to the complex interactions between salt ions and plant
physiological processes. It has been well-documented that increasing salt
concentrations lead to a progressive decrease in hypocotyl length, to the extent that at
higher salt doses, elongation may entirely cease (Ghanad et al., 2016). Understanding
the physiological responses of plants to varying salt types and concentrations will
enhance our ability to cultivate cotton in saline environments, thereby improving crop
productivity and sustainability (Munns and Tester, 2008; Parida and Das, 2005; Ashraf
and Harris, 2004).

Seed vigor index (SVI)

For the Seed Vigor Index (SVI), no statistically significant difference was observed
between KCI and NaCl applications (7able I, P > 0.05). The results show that as the salt
dose increases, the SVI value decreases. The results show that as the salt dose increases,
the SVI value decreases. The highest SVI value was observed at 0 mM salt dose, with an
average of 1570.12, while the lowest SVI value was recorded at the highest salt dose of
120 mM, with an average of 826.33. Intermediate salt doses (20 mM, 40 mM, 60 mM,
80 mM, and 100 mM) showed a gradual decline in SVI values, confirming the dose-
dependent negative effect of salt on seed vigor (7able 2).

The observed decrease in SVI with increasing salt doses suggests that higher
concentrations of NaCl and KCl significantly impair the seed vigor of cotton. This aligns
with previous studies indicating that salt stress adversely affects seed germination and
seedling growth by causing osmotic stress and ion toxicity (Parida and Das, 2005). The
reduction in SVI values at higher salt concentrations can be attributed to the disruption of
cellular functions and metabolic processes due to osmotic imbalance and nutrient toxicity.
The statistical grouping of SVI values reveals that the differences between each
concentration are statistically significant, highlighting the critical threshold levels of salt
that can be tolerated by the seeds. The highest SVI at 0 mM indicates optimal conditions
for seed germination without the presence of salt stress. Conversely, the lowest SVI at
120 mM demonstrates the severe impact of high salt concentration on seed vigor, likely
due to increased osmotic stress and nutrient imbalance within the seed tissues (Shahbaz
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and Ashraf, 2013). It is reported that the SVI value decreases depending on the
concentration of NaCl or KCI (Al-Mutawa, 2003; Cokkizgin, 2012; Ghanad et al., 2016;
Cokkizgin, 2025b; Gao et al., 2025b).

According to Hossain and Fujita (2010), the application of osmoprotectants such as
glycinebetaine and proline has been shown to enhance antioxidant defenses under salt
stress. This suggests that these substances could potentially mitigate the negative effects
of salt on seed vigor.

Additionally, the suppression of nitrate reduction at high salt concentrations, as
indicated by Blumwald, Aharon, and Apse (2000), may also contribute to reduced seed
vigor and growth. These findings emphasize the importance of managing salt levels in
agricultural soils to maintain optimal seed vigor and ensure successful germination and
seedling establishment.

Mean germination time (MGT)

When comparing the two salt types, there was no significant difference in Mean
Germination Time (MGT) (Table 1, P > 0.05). According to the data, when a 0 mM salt
dose was applied, the MGT was determined to be 9.44500, representing the shortest
germination time. When a 20 mM salt dose was applied, this time was recorded as
9.55500 and statistically included in group B. When a 40 mM salt dose was applied, the
average germination time was 9.54667, placing it in group BC. The 60 mM salt dose
increased the germination time to 9.61833, and this result was evaluated in group AB.
The 80 mM, 100 mM, and 120 mM salt doses had germination times of 9.68500, 9.72500,
and 9.71667, respectively, and were included in group A (Tables I and 2).

The findings of the study reveal that the increase in salt doses significantly extends the
mean germination times of plants. This indicates that plants experience stress when
exposed to high salt concentrations, which prolongs germination times. The increase in
germination times between 0 mM and 20 mM salt doses suggests that even low salt
concentrations negatively affect plant growth.

Overall, the results obtained indicate that salt has a significant effect on the
germination time of plants, and high salt doses extend the MGT (Cokkizgin, 2012). The
current findings are consistent with those of Pujol et al. (2000), who found that higher
salinity levels lead to a decrease in the percentage of seeds that germinate and cause a
delay in the start of the germination process. In some cases, increased salinity can even
completely prevent germination from occurring. The NaCl concentrations exceeded the
species’ tolerance thresholds. Previous studies (Ayers and Westcot, 1985; Welbaum et
al., 1990; Rahman et al., 2000; Murillo-Amador et al., 2002; Mensah and Thenyen, 2009;
Gao et al., 2025a) have shown that salinity can delay the germination process.

These findings provide important insights into the management of salt stress in plant
production. The stress caused by salt on plants can reduce agricultural productivity, and
therefore, the establishment of salt management strategies in agricultural activities is of
great importance. Selecting and cultivating plant species that are more resistant to salt
stress can contribute to increased productivity in agricultural production.

Dose effect analysis

The effects of KCl and NaCl doses were analyzed using dose-effect analysis with
natural logarithmic transformation; it was determined that the rate of seeds losing
germination ability/dying increased at higher doses (Fig. Ia, b).
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Logistic regression of Killed by Log (KCI Dose (mM))
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Figure la. Dose-effect analysis results of KCI salts after log transformation

Logistic regression of Killed by Log (NaCl Dose (mM))
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Figure 1b. Dose-effect analysis results of NaCl salts after log transformation

Conclusion

This study comprehensively examined the impact of different salt applications on plant
germination and growth parameters. The results indicate that both KCl and NaCl have
significant effects on various germination indices, including CVG, GI, GP, RL, HL, SVI,
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and MGT. Specifically, the application of NaCl resulted in a lower germination index
(GI) compared to KCl, indicating a more pronounced inhibitory effect on germination.

When examining the effects of different salt doses, it was observed that increasing salt
concentrations generally led to a decline in the germination percentage (GP), root length
(RL), and seedling vigor index (SVI). High salt doses, particularly at 100 mM and
120 mM, significantly reduced these parameters, demonstrating the adverse effects of
salinity on plant development. Notably, the mean germination time (MGT) also increased
with higher salt doses, highlighting the delay in the germination process under saline
conditions.

These findings underscore the importance of managing salt stress in agricultural
production. High salinity levels can significantly hinder germination and seedling growth,
ultimately reducing crop productivity. Therefore, developing and implementing effective
salt management strategies is crucial for sustaining agricultural yields. Selecting and
cultivating plant species that exhibit higher tolerance to salt stress can further enhance
productivity and contribute to more resilient agricultural practices.

Overall, the findings from this study shed light on the significant impact of salinity on
plant germination and growth. These results underscore the importance of developing
effective strategies for managing salt stress in agricultural practices. By understanding
the adverse effects of high salinity, we can better implement measures to enhance crop
resilience and productivity under saline conditions. Given these insights, it is crucial to
continue and expand salinity research to further improve our understanding and
management of salt stress in crops.

Considering both NaCl and KCI salts, dose-effect analysis determined that if higher
salt concentrations were used, the rate of seeds failing to germinate would further
increase.

Acknowledgements. The authors would like to thank the Gaziantep University BAP Unit for their support,
provided under Project No: NMYO.HZP.22.01. This support covers only research activities and does not
include publication fees or other related expenses.

REFERENCES

[1] Ahmad Saad, A., Nazir, M. S., Tariq, S., Ahmad, W. (2014): Effect of salinity on cotton
seed germination and seedling survival. — Journal of Biology, Agriculture and Healthcare
4: 64-67.

[2] Ahmadvand, G., Soleymani, F., Saadatian, B., Pouya, M. (2012): Effects of seed priming
on seed germination and seedling emergence of cotton under salinity stress. — World
Applied Sciences Journal 20: 1453-1458.

[3] Ahmed, M., Shahid, A. A., Din, S. U., Akhtar, S., Ahad, A., Rao, A. Q., Bajwa, K. S,
Khan, M. A. U., Sarwar, M. B., Husnain, T. (2018): An overview of genetic and hormonal
control of cotton fiber development. — Pakistan Journal of Botany 50: 433-443.

[4] Algopishi, U. B. (2025): Mitigation of the oxidative effects of salt stress on growth and
photosynthesis by the exogenous treatment of trehalose in Trigonella foenum-graecum. —
Applied Ecology and Environmental Research 23(2): 3721-3740.
https://doi.org/10.15666/acer/2302 37213740.

[5] Alharbi, K., Al-Osaimi, A. A., Alghamdi, B. A. (2022): Sodium chloride (NaCl)-induced
physiological alteration and oxidative stress generation in Pisum sativum (L.): a toxicity
assessment. — ACS Omega 7: 20819-20832. DOI: 10.1021/acsomega.2c01427.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):8391-8404.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOIL: http://dx.doi.org/10.15666/acer/2304 83918404
© 2025, ALOKI Kft., Budapest, Hungary



(6]
[7]
[8]

[9]
[10]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

Cokkizgin et al.: Na/K salt effects on cotton germination
- 8401 -

Almansouri, M., Kinet, J.-M., Lutts, S. (2001): Effect of salt and osmotic stresses on
germination in durum wheat (7riticum durum Desf.). — Plant and Soil 231: 243-254. DOI:
10.1023/A:1010378409663.

Al-Mutawa, M. M. (2003): Effect of salinity on germination and seedling growth of chick
pea (Cicer arietinum L.) genotypes. — International Journal of Agriculture and Biology 5:
227-229.

AOSA (1990): Rules for testing seeds. — Journal of Seed Technology 12: 1-112.

Ashraf, M., Harris, P. J. C. (2004): Potential biochemical indicators of salinity tolerance in
plants. — Plant Science 166: 3-16. DOI: 10.1016/j.plantsci.2003.10.024.

Ashraf, M., McNeilly, T., Bradshaw, A. D. (1987): Selection and heritability of tolerance
to sodium chloride in four forage species. — Crop Science 27: 221-227. DOL:
10.2135/cropscil987.0011183X002700020021x.

Assaha, D. V. M., Ueda, A., Saneoka, H., Al-Yahyai, R., Yaish, M. W. (2017): The role of
Na+ and K+ transporters in salt stress adaptation in glycophytes. — Frontiers in Physiology
8:509. DOI: 10.3389/fphys.2017.00509.

Atta, K., Mondal, S., Gorai, S., Singh, A. P., Kumari, A., Ghosh, T., Hembram, S.,
Gaikwad, D. J., Jha, U. C. (2023): Impacts of salinity stress on crop plants: improving salt
tolerance through genetic and molecular dissection. — Frontiers in Plant Science 14:
1241736. DOI: 10.3389/fpls.2023.1241736.

Ayers, R. S., Westcot, D. W. (1985): Water Quality for Agriculture. — Irrigation and
Drainage Paper No. 29 (Revised). FAO, Rome.

Baki, A. A., Anderson, J. D. (1973): Vigour determination in soybean by multiple criteria.
— Crop Science 13: 630-633.

Barpete, S., Oguz, M. C., Ozcan, S. F., Anayol, E., Ahmed, H. A., Khawar, K. M., Ozcan,
S. (2015): Effect of temperature on germination, seed vigor index and seedling growth of
five Turkish cotton (Gossypium hirsutum L.) cultivars. — Fresenius Environmental Bulletin
24: 2871-2878.

Basahi, M. A. (2023): Interactions in germination responses to salinity, temperature and
light in the desert shrub African rue (Peganum harmala L.). — Applied Ecology and
Environmental Research 21(1): 85-98. https://doi.org/10.15666/aeer/2101 _085098.
Blumwald, E., Aharon, G. S., Apse, M. P. (2000): Sodium transport in plant cells. —
Biochimica et Biophysica Acta (BBA) - Biomembranes 1465: 140-151. DOL:
10.1016/S0005-2736(00)00135-8.

Bosnjak Mihovilovi¢, A., Keresa, S., Lazarevi¢, B., Topolovec Pintari¢, S., Martinko, K.,
Markovi¢, Z., Turkalj, K., Habus$ Jerc¢i¢, 1. (2024): The use of sodium hypochlorite and
plant preservative mixture significantly reduces seed-borne pathogen contamination when
establishing in vitro cultures of wheat (7riticum aestivum L.) seeds. — Agriculture 14: 556.
DOI: 10.3390/agriculture14040556.

Chachar, Q. 1., Solangi, A. G., Verhoef, A. (2008): Influence of sodium chloride on seed
germination and seedling root growth of cotton (Gossypium hirsutum L.). — Pakistan
Journal of Botany 40: 183-197.

Chakma, S. P., Chileshe, S. M., Thomas, R., Krishna, P. (2021): Cotton seed priming with
brassinosteroid promotes germination and seedling growth. — Agronomy 11: 566. DOI:
10.3390/agronomy11030566.

Cokkizgin, A. (2012): Salinity stress in common bean (Phaseolus vulgaris L.) seed
germination. — Notulae Botanicae Horti Agrobotanici Cluj-Napoca 40: 177-182. DOLI:
10.15835/nbha4017493.

Cokkizgin, A., Colkesen, M. (2012): Germination responses of pea (Pisum sativum L.)
seeds to salinity. — International Journal of Agricultural Science and Bioresource
Engineering Research 1: 71-77.

Cokkizgin, A., Girgel, U., Kara, Z., Cokkizgin, H. (2025a): Evaluating the impact of
selenium on germination and early growth stages of Phaseolus vulgaris: a comprehensive

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):8391-8404.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOIL: http://dx.doi.org/10.15666/acer/2304 83918404
© 2025, ALOKI Kft., Budapest, Hungary



[24]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Cokkizgin et al.: Na/K salt effects on cotton germination
- 8402 -

study. — Legume Research: An International Journal 48(5): 773-779.
https://doi.org/10.18805/LRF-852.

Cokkizgin, A., Cokkizgin, H., Girgel, U. (2025b): Salinity stress: comparative effects of
sodium and potassium salts on chickpea (Cicer arietinum L.) germination and vigor. —
Legume Research: An International Journal 48(6): 944-950. https://doi.org/10.18805/LRF-
848.

Dong, Z., Huang, J., Qi, T., Fu, Q., Meng, A., Fu, Y. (2023): Effects of plant regulators on
the seed germination and antioxidant enzyme activity of cotton under compound salt stress.
— Plants 12: 4112. DOI: 10.3390/plants12244112.

Duzgunes, O., Kesici, T., Kavuncu, O., Gurbuz, F. (1987): Research and Experimental
Methods (Statistical Methods-II). — Ankara University, Faculty of Agriculture Publications
1021 Textbook 295, Ankara.

Ellis, R. A., Roberts, E. H. (1981): The quantification of ageing and survival in orthodox
seeds. — Seed Science and Technology 9: 373-409.

Ergin, N., Kulan, E. G., Gokukara, M. A., Kaya, M. F., Cetin, S. O., Kaya, M. D. (2021):
Response of germination and seedling development of cotton to salinity under optimal and
suboptimal temperatures. — KSU Journal of Agriculture and Nature 24: 108-115.

Ertekin, 1., Yilmaz, S., Atak, M., Can, E., Celiktas, N. (2017): Effects of salt stress on
germination of some common vetch (Vicia sativa L.) cultivars. — Journal of Agricultural
Faculty of Mustafa Kemal University 22: 10-18.

Ertekin, L., Yilmaz, S., Atak, M., Can, E. (2018): Effects of different salt concentrations on
the germination properties of Hungarian vetch (Vicia pannonica Crantz.) cultivars. —
Turkish Journal of Agriculture - Food Science and Technology 5: 175-179.

Flowers, T. J., Colmer, T. D. (2008): Salinity tolerance in halophytes. — New Phytologist
179: 945-963. DOI: 10.1111/j.1469-8137.2008.02531 .x.

Gao, Z. W., Wang, Z. J., Cui, Y. H., UlHaq, M. L., Ding, K. J., Xu, B., Yu, Y., Gao, M. K.,
Chen, F., Zhang, J. T., Rasheed, A., Hassan, M. U. (2025a): Salinity stress in cultivated
plants: toxic impacts, tolerance mechanisms and mitigation strategies. — Applied Ecology
and Environmental Research 23(2): 1783-1814.
https://doi.org/10.15666/aeer/2302_17831814.

Gao, Z. W., Wang, Z. J., Gao, G., Qin, Y. Q., Li, X., Cai, M. Z., Chen, C., Gao, M. K., Mu,
Y. G., Mu, C. S., Almoallim, H. S., Ansari, M. J. (2025b): Germination and in vivo amino
acid balance strategies of oat (Avena sativa) seeds under saline alkali stress simulated with
NaCl and NaHCOs. — Applied Ecology and Environmental Research 23(2): 2837-2851.
https://doi.org/10.15666/acer/2302 28372851.

Ghanad, M., Nulit, R. B., Go, R., Yien, C. Y. S. (2016): The effects of NaCl, KCI and
MgCI2 on the germination of Brassica rapa var. parachinensis seed. — International
Journal of Biological Research 4: 52-55. DOI: 10.14419/ijbr.v4i1.5854.

Greenway, H., Munns, R. (1980): Mechanisms of salt tolerance in nonhalophytes. — Annual
Review of Plant Physiology 31: 149-190. DOI: 10.1146/annurev.pp.31.060180.001053.
Hossain, M. A., Fujita, M. (2010): Evidence for a role of exogenous glycinebetaine and
proline in antioxidant defense and methylglyoxal detoxification systems in mung bean
seedlings under salt stress. — Physiology and Molecular Biology of Plants 16: 19-29. DOI:
10.1007/s12298-010-0045-1.

ISTA (2011): International Rules for Seed Testing 2011 Edition. — International Seed
Testing Association, Bassersdorf.

Katembe, W. J., Ungar, A. 1., Mitchell, J. P. (1998): Effect of salinity on germination and
seedling growth of two Atriplex species (Chenopodiaceae). — Annals of Botany 82: 167-
175.

Kumar, A., Rodrigues, V., Verma, S., Singh, M., Hiremath, C., Shanker, K., Shukla, A. K.,
Sundaresan, V. (2021): Effect of salt stress on seed germination, morphology, biochemical
parameters, genomic template stability, and bioactive constituents of Andrographis

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):8391-8404.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOIL: http://dx.doi.org/10.15666/acer/2304 83918404
© 2025, ALOKI Kft., Budapest, Hungary



[47]

[48]

[49]

[51]

[52]

[53]

[54]

[55]
[56]

[57]

[58]

Cokkizgin et al.: Na/K salt effects on cotton germination
- 8403 -

paniculata Nees. — Acta Physiologiae Plantarum 43: 68. DOI: 10.1007/s11738-021-03237-
X.
Ludwiczak, A., Osiak, M., Cardenas-Pérez, S., Lubinska-Mielinska, S., Piernik, A. (2021):
Osmotic stress or ionic composition: which affects the early growth of crop species more?
— Agronomy 11: 435. DOI: 10.3390/agronomy11030435.

Maguire, J. D. (1962): Speed of germination-aid in selection and evaluation for seedling
emergence and vigor. — Crop Science 2: 176-177.

Manikandan, A., Sahu, D. K., Blaise, D., Shukla, P. K. (2019): Cotton response to
differential salt stress. — International Journal of Agriculture Sciences 11: 8059-8065.
Mensah, J. K., Thenyen, J. (2009): Effects of salinity on germination, seedling
establishment and yield of three genotypes of mung bean (Vigna mungo L. Hepper) in Edo
State, Nigeria. — Nigerian Annals of Natural Sciences 8: 17-24.

Muhammad, N., Wang, X., Song, M. (2023): Effects of salt stress on cotton growth and
germination at different stages; a review. — SSRN Preprint. DOI: 10.2139/ss1n.4484422.
Munns, R., Tester, M. (2008): Mechanisms of salinity tolerance. — Annual Review of Plant
Biology 59: 651-681. DOI: 10.1146/annurev.arplant.59.032607.092911.

Murillo-Amador, B., Lopez-Aguilar, R., Kaya, C., Larrinaga-Mayoral, J., Flores-
Hernandez, A. (2002): Comparative effects of NaCl and polyethylene glycol on
germination, emergence and seedling growth of cowpea. — Journal of Agronomy and Crop
Science 188: 235-247.

Nazir, M. S., Saad, A., Anjum, Y., Ahmad, W. (2014): Possibility of seed priming for good
germination of cotton seed under salinity stress. — Journal of Biology, Agriculture and
Healthcare 4: 66-68.

Okon, O. G. (2019): Effect of Salinity on Physiological Processes in Plants. — In: Giri, B.,
Varma, A. (eds.) Microorganisms in Saline Environments: Strategies and Functions. Soil
Biology. Vol. 56. Springer, Cham, pp 237-262. DOI: 10.1007/978-3-030-18975-4_10.
Parida, A. K., Das, A. B. (2005): Salt tolerance and salinity effects on plants: a review. —
Ecotoxicology and Environmental Safety 60: 324-349, DOI:
10.1016/j.ecoenv.2004.06.010.

Pyjol, J. A., Calvo, J. F., Ramirez-Diaz, L. (2000): Recovery of germination from different
osmotic conditions by four halophytes from southeastern Spain. — Annals of Botany 85:
279-286. DOI: 10.1006/anbo.1999.1028.

Rahman, M. S., Matsumuro, T., Miyake, H., Takeoka, Y. (2000): Salinity-induced
ultrastructural alternations in leaf cells of rice (Oryza sativa L.). — Plant Production Science
3:422-4209.

Rajabi Dehnavi, A., Zahedi, M., Ludwiczak, A., Cardenas Perez, S., Piernik, A. (2020):
Effect of salinity on seed germination and seedling development of sorghum (Sorghum
bicolor (L)) Moench) genotypes. — Agronomy 10: 859: 1-15. DOL
10.3390/agronomy10060859.

Rengasamy, P. (2006): World salinization with emphasis on Australia. — Journal of
Experimental Botany 57: 1017-1023. DOI: 10.1093/jxb/erj108.

Rezaee, S., Moghaddam, M. R. R., Bazrgar, A. B. (2015): Cotton seed germination as
affected by salinity and priming. — Indian Journal of Fundamental and Applied Life
Sciences 5: 312-318.

SAS (2004): SAS/STAT 9.1. User’s Guide: Statistics. — SAS Institute Inc., Cary, NC.
Sattar, S., Hussnain, T., Javaid, A. (2010): Effect of NaCl salinity on cotton (Gossypium
arboreum L.) grown on MS medium and in hydroponic cultures. — The Journal of Animal
and Plant Sciences 20: 87-89.

Shahbaz, M., Ashraf, M. (2013): Improving salinity tolerance in cereals. — Critical Reviews
in Plant Sciences 32: 237-249. DOI: 10.1080/07352689.2013.758544.

Shahid, M. A., Sarkhosh, A., Khan, N., Balal, R. M., Ali, S., Rossi, L., Gomez, C., Mattson,
N., Nasim, W., Garcia-Sanchez, F. (2020): Insights into the physiological and biochemical

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):8391-8404.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOIL: http://dx.doi.org/10.15666/acer/2304 83918404
© 2025, ALOKI Kft., Budapest, Hungary



[61]

[62]

[63]

[64]
[65]

Cokkizgin et al.: Na/K salt effects on cotton germination
- 8404 -

impacts of salt stress on plant growth and development. — Agronomy 10: 938. DOI:
10.3390/agronomy10070938.

Sosa, L., Llanes, A., Reinoso, H., Reginato, M., Luna, V. (2005): Osmotic and specific ion
effects on the germination of Prosopis strombulifera. — Annals of Botany 96: 261-267.
DOI: 10.1093/aob/mcil 73.

Sutradhar, M., Singh, B. K., Ali, M. N., Samanta, S., Mandal, N. (2021): A comparative
analysis among different surface sterilisation methods for rice in vitro culture. —
International Journal of Plant and Soil Science 33: 148-154. DOL:
10.9734/1JPSS/2021/v3311730559.

Tanveer, A., Rehman, A., Javaid, M. M., Abbas, R. N., Sibtain, M., Ahmad, A., Zamir, M.
S., Chaudhary, K. M., Aziz, A. (2010): Allelopathic potential of Euphorbia helioscopia L.
against wheat (7riticum aestivum L.), chickpea (Cicer arietinum L.) and lentil (Lens
culinaris Medic.). — Turkish Journal of Agriculture and Forestry 34: 75-81.

Tarchoun, N., Saadaoui, W., Mezghani, N., Pavli, O. L., Falleh H., Petropoulos, S. A.
(2022): The effects of salt stress on germination, seedling growth and biochemical
responses of Tunisian squash (Cucurbita maxima Duchesne) germplasm. — Plants 11: 800.
DOI: 10.3390/plants11060800.

Welbaum, G. E., Tissaoui T., Bradford, K. J. (1990): Water relations of seed development
and germination in muskmelon (Cucumis melo L.). Z. Sensitivity of germination to water
potential and abscisic acid during development. — Plant Physiology 92: 1029-1037.
XLSTAT (2022): XLSTAT Statistical Software. — Addinsoft, Paris.

Zhu, J. K. (2001): Plant salt tolerance. — Trends in Plant Science 6: 66-71. DOI:
10.1016/s1360-1385(00)01838-0.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 23(4):8391-8404.
http://www.aloki.hu @ ISSN 1589 1623 (Print) e ISSN 1785 0037 (Online)
DOIL: http://dx.doi.org/10.15666/acer/2304 83918404
© 2025, ALOKI Kft., Budapest, Hungary



