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A B S T R A C T 

Salinity is a major abiotic stress limiting melon (Cucumis melo L.) production, 
particularly during germination and early seedling growth. This study evaluated salinity 

tolerance in 28 melon genotypes, including local accessions from the Turkish Republic 

of Northern Cyprus (TRNC), Turkish landraces, and commercial F1 cultivars, using 

complementary in vitro and hydroponic screening systems. In the in vitro experiment, 
seeds were exposed to 50, 100, and 150 mM NaCl. Germination declined markedly with 

increasing salinity, decreasing from 67.1% at 50 mM NaCl to 11.5% and 9.1% at 100 

and 150 mM NaCl, respectively. Significant genotypic variation was observed (p < 
0.001). Kav 16 and Kav 18 maintained the highest average germination rates (57.1% and 

57.0%, respectively), while Şira and Kav 08 also exhibited comparatively high 

germination under saline conditions. In the hydroponic experiment, seedlings were 
exposed to 150 mM NaCl, resulting in substantial reductions in all measured growth 

traits. Compared with the control treatment, plant height, stem diameter, shoot fresh 

weight, shoot dry weight, root dry weight, and leaf number decreased by approximately 
37%, 30%, 46%, 40%, 56%, and 29%, respectively. Significant genotype-dependent 

differences were detected for all traits. Kav 19 exhibited superior overall growth 

performance under salinity, whereas Kav 18, Kav 20, Kav 10, and Özbek (F1) also 

maintained comparatively high biomass accumulation and vegetative growth. Salt 
tolerance index analysis identified Özbek (F1) (87.3%), Kav 01 (83.3%), Kav 08 

(79.8%), Kav 10 (78.3%), and Kav 18 (75.4%) as the most tolerant genotypes. Principal 

component and correlation analyses further confirmed substantial phenotypic variation 
in salinity responses among genotypes. The combined use of in vitro and hydroponic 

screening successfully identified promising melon germplasm for breeding programs 

targeting salinity tolerance in Mediterranean and semi-arid production environments. 

I NT RO DUCTI O N  

Melon (Cucumis melo L.) is one of the most economically important horticultural crops cultivated worldwide in temperate, 

subtropical, Mediterranean, and semi-arid regions. However, many melon-producing areas increasingly face water scarcity 

and soil salinization, making salinity tolerance an important breeding target (Palmitessa et al., 2024). Although melon 

exhibits considerable genetic diversity, it is generally regarded as a salt-sensitive species, particularly during germination 

and early seedling development. Previous studies have demonstrated that NaCl stress significantly reduces germination, 

seedling vigor, growth, and biomass production while affecting ion balance and antioxidant metabolism (Sarabi et al., 2017; 

Yang et al., 2023). Importantly, substantial genotypic variation in salinity tolerance has been reported among melon 

accessions, suggesting that valuable sources of tolerance exist within available germplasm collections (Jing et al., 2025; Liu 

et al., 2025a). 

Soil salinization is among the most critical constraints to sustainable agricultural production worldwide (Farida et al., 2026; 

Murtaza et al., 2026; Ulaş et al., 2020). According to recent global assessments, approximately 1,381 million hectares of 

land are affected by salinity and sodicity, representing about 10.7% of the Earth's land surface, while nearly 10% of both 

irrigated and rainfed agricultural lands are already impacted by salt accumulation (FAO, 2024; Mukhopadhyay et al., 2021; 
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Tarolli et al., 2024). The severity of this problem is expected to increase under climate change due to rising temperatures, 

prolonged drought periods, altered precipitation patterns, inadequate drainage, increased use of marginal-quality irrigation 

water, and seawater intrusion in coastal regions (Corwin, 2021; Hassani et al., 2021). Consequently, soil salinity has emerged 

as a major threat to global food security, particularly in arid and semi-arid environments where agricultural systems are 

already vulnerable. 

At the plant level, salinity stress primarily stems from osmotic and ionic disturbances. The initial osmotic phase reduces 

water availability and limits plant growth, while the subsequent accumulation of toxic ions, particularly Na⁺ and Cl⁻, disrupts 

ion homeostasis, nutrient uptake, and metabolic processes (Balasubramaniam et al., 2023; Xiao & Zhou, 2023). In addition, 

excessive salt concentrations induce oxidative stress by overproducing reactive oxygen species (ROS), leading to membrane 

damage, chlorophyll degradation, photosynthetic impairment, and reduced biomass accumulation (Wang et al., 2024). To 

cope with these adverse effects, plants have evolved complex tolerance mechanisms, including ion exclusion and 

compartmentalization, osmotic adjustment via compatible solutes, activation of antioxidant defense systems, and regulation 

of stress-responsive genes and signaling pathways such as SOS, HKT, NHX, and ABA-mediated networks (Jing et al., 2025; 

Liu et al., 2025b). These responses underscore the multifaceted nature of salinity tolerance and highlight the need for 

comprehensive phenotypic evaluation. 

Accurate identification of salt-tolerant genotypes largely hinges on effective screening methods. In vitro screening allows 

for quick, cost-efficient evaluation of many genotypes under uniform stress conditions, especially useful during early 

selection stages. Nevertheless, responses observed in tissue culture may not fully reflect plant performance under real-world 

conditions (Pınar et al., 2024). Hydroponic systems overcome some of these limitations by providing precise control over 

nutrient and salinity levels and enabling detailed analysis of physiological and morphological responses in intact seedlings. 

Research indicates that combining in vitro and hydroponic techniques enhances the accuracy of genotype differentiation and 

offers a deeper understanding of salinity tolerance mechanisms (Fellahi et al., 2024; Liu et al., 2025a). 

Local landraces and traditional germplasm are valuable sources of adaptive traits for crop improvement amid changing 

environmental conditions (Dwivedi et al., 2016). With long-term adaptation to local environments, these genetic resources 

often contain alleles that confer tolerance to abiotic stresses such as salinity (Dwivedi et al., 2016; Lazaridi et al., 2024). 

Melon landraces from the eastern Mediterranean, including those from the Turkish Republic of Northern Cyprus (TRNC), 

exhibit significant genetic diversity; however, their potential for salinity tolerance remains largely unexamined. Although 

both in vitro and hydroponic screening methods have been widely employed to evaluate salinity tolerance in horticultural 

crops, studies integrating these approaches within the same melon germplasm set remain scarce, limiting our understanding 

of the consistency and predictive value of responses across screening platforms. 

Therefore, the present study aimed to evaluate NaCl tolerance in local melon genotypes collected from the Turkish Republic 

of Northern Cyprus and cultivated in Türkiye using both in vitro and hydroponic screening systems. By integrating two 

complementary phenotyping platforms and focusing on an insufficiently characterized regional germplasm collection, this 

study seeks to identify promising salt-tolerant genotypes and provide valuable information for future melon breeding 

programs targeting salinity-prone Mediterranean and semi-arid production environments. 

M AT ERI ALS AND M ET HO DS  

Plant Material  

A total of 28 melon (Cucumis melo L.) genotypes were used in this study, including 16 local accessions collected from the 

Turkish Republic of Northern Cyprus (TRNC), 9 widely cultivated local Turkish genotypes, and 3 commercial F1 hybrid 

cultivars. The genotypes spanned diverse geographical origins and were selected to assess variation in salinity tolerance 

under both in vitro and hydroponic conditions. Detailed information on genotype names and origins is presented in Table 1. 

In Vitro Screening for Salinity Tolerance 

Seeds were surface sterilized under sterile conditions in a laminar airflow cabinet. First, they were immersed in 70% (v/v) 

ethanol for 1 minute, then rinsed with sterile distilled water. Next, seeds were disinfected in a 10% (v/v) sodium hypochlorite 

solution with a few drops of Tween-20 for 10 minutes, followed by three rinses with sterile distilled water to remove any 

remaining disinfectant. After sterilization, seeds were placed on hormone-free Murashige and Skoog (MS) basal medium 

(Murashige & Skoog, 1962) containing 4.3 g L⁻¹ MS salts, 30 g L⁻¹ sucrose, and 6 g L⁻¹ agar. To evaluate salinity tolerance, 

the MS medium was supplemented with 50, 100, or 150 mM NaCl. A non-saline (0 mM NaCl) control treatment was not 

included in the in vitro germination assay because the objective was to compare genotype performance across different 

salinity levels. The pH of each medium was adjusted to 5.8 before adding agar and sterilization. The media were then 

autoclaved at 121°C under 1.1 kg cm⁻² pressure for 20 minutes. 

After sterilization, equal volumes of culture medium were poured into sterile 90-mm Petri dishes. For each genotype, 10 

seeds were grown in the control medium and 10 in each salinity treatment, for a total of 20 seeds per genotype per 

comparison. Immediately after sowing, Petri dishes were incubated in complete darkness for 7 days to ensure uniform 

germination. Thereafter, the cultures were transferred to a growth chamber set at 25 ± 1°C and 60 ± 5% relative humidity, 

with a 16-hour light and 8-hour dark cycle. Illumination was provided by cool-white fluorescent lamps delivering a 

photosynthetic photon flux density (PPFD) of approximately 40–50 μmol m⁻² s⁻¹. Germination was evaluated 14 days after 
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culture initiation. A seed was considered germinated when the radicle protruded at least 2 mm beyond the seed coat. 

Germination percentage (GP) was calculated using the following equation: 

GP (%) = (Number of germinated seeds / Total number of cultured seeds) × 100 

 

Table 1. Collected Melon accessions used in the study and their regional locations 

No. Accession Location No. Accession Location 

G1 Kırıkhan Türkiye G15 KAV 18 Northern Cyprus 

G2 Çeşme Türkiye G16 KAV 16 Northern Cyprus 

G3 Özbek (F1) Türkiye G17 KAV 14 Northern Cyprus 

G4 Midyat Türkiye G18 KAV 13 Northern Cyprus 

G5 Şira Türkiye G19 KAV 12 Northern Cyprus 

G6 Serin Türkiye G20 KAV 11 Northern Cyprus 

G7 Şemame Türkiye G21 KAV 10 Northern Cyprus 

G8 Kırkağaç 637 (F1) Türkiye G22 KAV 08 Northern Cyprus 

G9 Diyarbakır Türkiye G23 KAV 06-3 Northern Cyprus 

G10 Dalaman Türkiye G24 KAV 06-2 Northern Cyprus 

G11 Altınbaş-Balıkesir (F1) Türkiye G25 KAV 06 Northern Cyprus 

G12 Ankara Türkiye G26 KAV 05 Northern Cyprus 

G13 KAV 20 Northern Cyprus G27 KAV 03-2 Northern Cyprus 

G14 KAV 19 Northern Cyprus G28 KAV 01 Northern Cyprus 

Hydroponic Salinity Experiment 

Seedling Establishment 

Hydroponic salinity experiments took place in a temperature-controlled, shaded polycarbonate greenhouse. All melon seeds 

were first germinated in trays filled with a peat: perlite mix (2:1, v/v). Once seedlings developed two to three true leaves, 

they were transferred to a hydroponic system. The seedlings were placed into 5-liter plastic containers lined with polystyrene 

foam to reduce temperature fluctuations and block light from reaching the nutrient solution. Each container held three plants. 

Nutrient Solution Composition 

The hydroponic nutrient solution was prepared using a modified nutrient formulation containing 3 × 10⁻³ M Ca(NO₃)₂, 1 × 

10⁻³ M K₂SO₄, 1 × 10⁻³ M MgSO₄, 0.2 × 10⁻³ M KH₂PO₄, 1 × 10⁻⁵ M H₃BO₃, 1 × 10⁻⁶ M MnSO₄, 1 × 10⁻⁷ M CuSO₄, 1 × 

10⁻⁸ M (NH₄)₆Mo₇O₂₄, 1 × 10⁻⁶ M ZnSO₄, and 1 × 10⁻⁴ M Fe-EDTA. The electrical conductivity (EC) of the control nutrient 

solution was maintained at approximately 1.30 dS m⁻¹. To ensure adequate oxygen availability and prevent hypoxic 

conditions in the root zone, the nutrient solution was continuously aerated with aquarium air pumps throughout the 

experiment. 

Salinity Treatment 

After transplantation, seedlings were acclimatized in a nutrient solution at 90% of the final concentration, and the full-

strength nutrient solution was reached on the sixth day after transplanting. Salinity treatment was initiated two days after 

transplantation by gradually increasing the NaCl concentration to minimize osmotic shock. Sodium chloride was applied 

incrementally at two-day intervals until the nutrient solution reached a final concentration of 150 mM NaCl on the sixth day, 

following the protocol of Yetisir and Uygur (2009). Two treatments were established: a control treatment consisting of a 

nutrient solution without added NaCl and a salinity treatment supplemented with 150 mM NaCl. The nutrient solutions were 

renewed every seven days throughout the experimental period to maintain stable growth conditions. For each genotype, six 

plants were evaluated per treatment and distributed across two 5-L containers, with three plants per container. The 

experiment was conducted using a completely randomized design. 

Measurement of Morphological and Physiological Traits 

At the end of the salinity treatment period, several morphological and physiological parameters were evaluated to assess the 

response of melon genotypes to salt stress. Plant height (mm) was measured from the stem base to the apical meristem using 

a digital ruler. In contrast, stem diameter (mm) was determined at the hypocotyl region using a digital caliper. The fresh 

weight of the aboveground biomass (shoot fresh weight, g) was recorded immediately after harvest using an analytical 

balance. Subsequently, plants were separated into shoots and roots, and their fresh weights were determined. The plant 

tissues were then dried in a forced-air oven at 65°C for 48 h until a constant weight was achieved, after which shoot and root 

dry weights (g) were recorded. 
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Statistical Analysis 

The experiment was arranged in a completely randomized design. Data obtained from the in vitro germination and 

hydroponic salinity experiments were subjected to analysis of variance (ANOVA) to determine the effects of genotype, 

salinity treatment, and their interaction. For the in vitro experiment, germination percentage was analyzed across NaCl 

concentrations. For the hydroponic experiment, plant height, stem diameter, shoot fresh weight, shoot dry weight, root dry 

weight, and leaf number were analyzed under control and salinity treatments. When ANOVA detected significant 

differences, mean comparisons were performed using the Least Significant Difference (LSD) test at the 5% probability level. 

The LSD test was selected to facilitate pairwise comparisons among melon genotypes and salinity treatments. Treatment-

related reductions were calculated relative to the corresponding control values. In addition, a salt tolerance index (STI) was 

calculated for each trait as follows: 

STI (%) = (Trait value under salinity / Trait value under control) × 100 

An overall salt tolerance index was then obtained for each genotype by averaging the STI values of all measured traits, 

including plant height, stem diameter, shoot fresh weight, shoot dry weight, root dry weight, and leaf number. Principal 

component analysis (PCA) was conducted using genotype mean values recorded under 150 mM NaCl salinity conditions 

for plant height, stem diameter, shoot fresh weight, shoot dry weight, root dry weight, and leaf number. Before PCA, all 

variables were standardized to a mean of 0 and a variance of 1 (z-score transformation) to account for differences in 

measurement scales across traits. The analysis was performed to identify major sources of variation among genotypes and 

to evaluate relationships among measured traits under salinity stress. Pearson correlation analysis was also conducted to 

determine the relationships among measured traits. Correlation coefficients were visualized using a color-coded correlation 

heatmap. All statistical analyses and graphical visualizations were performed in R. The packages ggplot2, factoextra, and 

corrplot were used for data organization, statistical visualization, PCA biplot construction, STI visualization, and correlation 

heatmap generation. 

RESULT S AND DI SCUSSI O N  

In Vitro Screening of Melon Genotypes for Salinity Tolerance 

The in vitro germination of melon genotypes was significantly impacted by increasing NaCl-induced salinity (Table 2). 

There were highly significant effects of genotype, treatment, and their interaction (p < 0.001). Germination rates dropped 

sharply from 67.1% at 50 mM NaCl to 11.5% at 100 mM and 9.1% at 150 mM. This demonstrates that germination is highly 

sensitive to salinity stress, especially at concentrations above 50 mM NaCl. Significant genotypic variation was noted across 

different salinity levels. Several genotypes, such as Dalaman, Kav 01, Kav 06, Kav 14, Kav 19, and Kırıkhan, showed 100% 

germination at 50 mM NaCl, indicating strong germination under moderate salinity. However, most of these genotypes did 

not maintain germination at higher salinity levels, indicating that good performance at 50 mM NaCl doesn't necessarily mean 

they are truly tolerant to harsher salinity conditions. 

Kav 14 demonstrated an outstanding, consistent response, achieving 100% germination across all NaCl concentrations. It 

significantly outperformed the other genotypes and is regarded as the most salt-tolerant during germination. Kav 16 and Kav 

18 also maintained relatively stable germination rates across increasing salinity levels, with averages of 57.1% and 57.0%, 

respectively. Although their germination percentages were lower than those of Kav 14, their minimal decline across 

treatments suggests sustained tolerance to salinity stress. 

Kav 08 and Şira also demonstrated significant salt tolerance, with genotype averages of 55.0% and 55.6%, respectively. Kav 

08 maintained relatively high germination rates even at 150 mM NaCl, while Şira performed well at 100 mM NaCl but 

experienced a sharper decline at 150 mM. Conversely, many genotypes, such as A. Balıkesir, Ankara, Çeşme, Diyarbakır, 

Kav 01, Kav 06, Kav 10, Kav 12, Kav 13, Kav 19, Midyat, Şemame, and Serin, germinated at 50 mM NaCl but failed to 

germinate at 100 and 150 mM. Some genotypes, including Kav 05, Kav 06-2, and Kav 11, showed no germination across 

all salinity treatments, suggesting either extreme salt sensitivity or limited germination potential under the in vitro conditions 

used in this study. Overall, the results demonstrate substantial genetic variability in melon germination responses to NaCl 

stress. Kav 14 emerged as the most promising genotype for salinity tolerance at the germination stage. At the same time, 

Kav 16, Kav 18, Kav 08, and Şira may also serve as valuable genetic resources for breeding programs targeting salt tolerance. 

Hydroponic Evaluation of Salinity Tolerance in Melon Genotypes 

Significant genotypic variation was observed across all growth parameters under hydroponic salinity conditions (Table 3). 

Plant height ranged from 147.5 mm to 474.0 mm, with Kav 06 reaching the highest at 474.0 mm, followed by Kav 11 (452.0 

mm), Kav 19 (448.0 mm), and Kav 10 (437.3 mm). Conversely, Kav 06-2, Midyat, Kav 12, and Şemame showed notably 

lower heights, highlighting substantial differences in shoot growth among the genotypes. Stem diameter also varied 

significantly, with Özbek (F1) exhibiting the largest at 0.825 mm, then Kav 03-2 and Kav 20 (0.750 mm), while Midyat had 

the smallest at 0.300 mm. Several genotypes, such as Kav 18, Kav 19, Ankara, and Kırkağaç 637 (F1), maintained relatively 

large stems, whereas Kav 05, Kav 16, and Şemame had thinner stems. Fresh biomass varied notably from 11.7 g to 61.9 g, 

with Kav 19 producing the highest at 61.9 g, followed by Kav 11 (60.9 g), Kav 14 (54.7 g), Kırkağaç 637 (F1) (50.8 g), and 

Kav 20 (50.6 g). The genotypes Kav 12, Kav 16, Midyat, Şemame, and Kav 05 showed significantly lower fresh biomass. 

Similar patterns appeared for dry biomass, with Kav 19 recording the highest at 5.41 g, followed by Kav 20 (4.78 g), Kav 

18 (4.75 g), and Kav 11 (4.50 g), while Kav 12, Midyat, Şemame, Kav 05, and Kav 16 had the lowest dry weight. Root dry 
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weight showed pronounced genotypic variation, ranging from 0.24 g to 2.86 g. The highest root dry weight was observed in 

Kav 10 (2.86 g), followed by Kırkağaç 637 (F1) (2.59 g), Kav 01 (2.36 g), Kav 03-2 (2.35 g), Kav 19 (1.95 g), and Kav 18 

(1.94 g). Conversely, Diyarbakır, Kav 05, Şemame, and Kav 06-2 exhibited the lowest root biomass. Leaf production was 

likewise significantly affected by genotype. The highest leaf number was recorded in Kav 19 (14.50 leaves plant⁻¹), followed 

by Kav 20 (11.17 leaves plant⁻¹), Kav 06 (10.50 leaves plant⁻¹), Kav 18 (10.00 leaves plant⁻¹), and Kav 03-2 (9.75 leaves 

plant⁻¹). In contrast, Kav 12, Kav 01, Kav 06-2, Kav 05, Şemame, and Şira produced the fewest leaves. 

When considering all traits together, Kav 19 consistently performed best, ranking high in fresh weight, dry weight, root dry 

weight, and leaf number. Kav 18 and Kav 20 also performed well across multiple growth measures. Kav 11 was noted for 

high shoot biomass, while Kav 10 had the highest root biomass accumulation. Conversely, Kav 12, Kav 05, Kav 06-2, 

Midyat, and Şemame generally had lower scores for most growth traits.  

 

Table 2. In vitro germination percentage (%) of melon genotypes under different NaCl-induced salinity levels. 

Genotype Treatment Genotype Average 

 50mM 100mM 150mM  

A. Balıkesir (F1) 60.0±4.2g 0.0±0.0q 0.0±0.0q 20.0±28.9j 

Ankara  83.3±5.5b 0.0±0.0q 0.0±0.0q 27.8±40.1g 

Çeşme 71.4±5.8d 0.0±0.0q 0.0±0.0q 23.8±34.4h 

Dalaman 100.0±0.0a 0.0±0.0q 0.0±0.0q 33.3±47.9f 

Diyarbakır 50.0±4.9k 0.0±0.0q 0.0±0.0q 16.7±24.1k 

Kav 01 100.0±0.0a 0.0±0.0q 0.0±0.0q 33.3±47.9f 

Kav 03-2 60.0±3.8g 0.0±0.0q 0.0±0.0q 20.0±28.8j 

Kav 05 0.0±0.0q 0.0±0.0q 0.0±0.0q 0.0±0.0m 

Kav 06 100.0±0.0a 0.0±0.0q 0.0±0.0q 33.3±47.9f 

Kav 06-2 0.0±0.0q 0.0±0.0q 0.0±0.0q 0.0±0.0m 

Kav 06-3 100.0±0.0a 33.3±2.5n 0.0±0.0q 44.4±42.3d 

Kav 08 100.0±0.0a 33.3±2.0n 31.6±2.0n 55.0±32.4c 

Kav 10 66.7±3.9e 0.0±0.0q 0.0±0.0q 22.2±32.1i 

Kav 11 0.0±0.0q 0.0±0.0q 0.0±0.0q 0.0±0.0m 

Kav 12 83.3±5.2b 0.0±0.0q 0.0±0.0q 27.8±40.0g 

Kav 13 40.0±4.9m 0.0±0.0q 0.0±0.0q 13.3±19.4l 

Kav 14 100.0±0.0a 100.0±0.0a 100.0±0.0a 100.0±0.0a 

Kav 16 60.0±5.4g 57.0±0.0h 54.2±0.0ij 57.1±3.9b 

Kav 18 62.5±5.6f 55.6±6.6hi 52.8±6.6j 57.0±7.4b 

Kav 19 100.0±0.0a 0.0±0.0q 0.0±0.0q 33.3±47.9f 

Kav 20 62.5±8.2f 0.0±0.0q 0.0±0.0q 20.8±30.3ij 

Kırıkhan 100.0±0.0a 12.5±2.2p 11.9±1.6p 41.5±42.1e 

Kırkağaç 637 (F1) 50.0±4.3k 0.0±0.0q 0.0±0.0q 16.7±24.1k 

Midyat 83.3±7.3b 0.0±0.0q 0.0±0.0q 27.8±40.1g 

Özbek (F1) 44.4±5.1l 11.1±2.7p 10.5±0.7p 22.0±16.4i 

Şemame 75.0±7.5c 0.0±0.0q 0.0±0.0q 25.0±36.2h 

Serin 62.5±7.5f 0.0±0.0q 0.0±0.0q 20.8±30.3ij 

Şira 71.4±5.3d 66.7±4.4e 28.6±2.6o 55.6±19.9c 

Treatment Average 67.1±31.8a 11.5±24.5b 9.1±21.8c  

LSD Genotype: 1.405***; LSD Treatment: 0.430***; LSD Genotype*Treatment: 2.434***; ***: p<0.001; Letters indicate statistical differences, as 

determined by the LSD analysis. 

 

Figure 1 shows how 150 mM NaCl salinity affects seedling growth traits across all melon genotypes. Salinity stress notably 

decreased all measured morphological and biomass parameters compared to the control, as evidenced by the distinct 

significance groups (p < 0.001). 

Salinity significantly impacted plant growth, notably reducing plant height from about 380 mm in the control to 240 mm 

under 150 mM NaCl. This was the largest proportional decline among growth parameters, underscoring salinity's strong 

inhibitory effect on shoot elongation and overall vegetative development. Similarly, stem diameter decreased from roughly 

0.61 mm to 0.43 mm, indicating diminished stem development and vigor. Biomass accumulation was also notably reduced: 

fresh weight dropped from around 44 g to 24 g under salt stress, a nearly 45% reduction, while dry weight decreased from 

approximately 3.5 g to 2.1 g, showing negative effects on water uptake and dry matter production. These findings reveal that 

salinity substantially limits biomass growth during seedling development. Root growth was especially vulnerable; root dry 

weight declined from about 1.55 g to 0.68 g, over a 50% decrease, making it one of the most affected traits and emphasizing 

salinity's impact on root development and biomass allocation. Leaf production was also significantly reduced by salt stress. 

The average leaf number decreased from approximately 8.7 leaves per plant in the control treatment to 6.2 leaves per plant 

under 150 mM NaCl. Although the magnitude of reduction was smaller than that observed for biomass-related traits, the 

decline indicates that salinity negatively affected canopy development and vegetative expansion. 
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Table 3. Growth and biomass characteristics of melon genotypes grown under hydroponic salinity conditions. 

Genotype Plant Height Stem Diameter Fresh Weight Dry Weight 
Root Dry 

Weight 
Leaf Number 

A. Balıkesir (F1) 333.5±77.3e 0.485±0.100h 47.5±13.9d 2.92±0.60hi 1.15±0.46g 9.17±1.16e 

Ankara 345.0±178.2e 0.700±0.313c 40.1±25.9ef 3.27±1.96e 1.03±0.55hi 8.50±2.66f 

Çeşme 265.7±62.6hij 0.500±0.043gh 32.2±10.5i 2.67±0.67jk 1.29±0.66f 7.83±0.88gh 

Dalaman 266.5±30.9hij 0.600±0.117e 31.1±11.4i 3.60±1.04d 1.02±0.61i 7.50±1.65hi 

Diyarbakır 365.0±104.8d 0.500±0.109gh 38.1±11.8g 3.45±0.56d 0.24±0.04p 7.34±1.43ij 

Kav 01 337.0±26.0e 0.450±0.069i 23.5±4.3kl 2.18±0.32m 2.36±0.34c 5.00±0.52o 

Kav 03-2 365.0±61.9d 0.750±0.263b 41.2±4.0e 3.51±1.06d 2.35±1.87c 9.75±1.47d 

Kav 05 229.0±127.8l 0.350±0.159k 16.9±6.6n 1.52±0.62op 0.27±0.11p 5.50±1.61mn 

Kav 06 474.0±218.7a 0.500±0.043gh 46.0±28.2d 2.54±0.93kl 0.83±0.20j 10.50±5.69c 

Kav 06-2 147.5±27.8o 0.525±0.133fg 19.3±1.6m 1.65±0.16o 0.40±0.26o 5.25±0.48no 

Kav 08 293.0±50.7f 0.500±0.110gh 26.3±4.8j 2.41±0.31l 0.51±0.05mn 7.00±0.57j 

Kav 10 437.3±30.8b 0.550±0.164f 31.4±2.7i 2.77±0.29ij 2.86±0.80a 7.50±0.76hi 

Kav 11 452.0±254.6b 0.500±0.109gh 60.9±45.8a 4.50±2.71c 1.12±0.11g 7.50±3.66hi 

Kav 12 182.0±38.1n 0.450±0.061i 11.7±3.5p 1.32±0.58q 1.09±0.16gh 4.50±0.71p 

Kav 13 277.3±23.0gh 0.515±0.091g 21.8±3.9l 1.90±0.36n 0.46±0.17no 6.59±1.10k 

Kav 14 344.0±119.0e 0.400±0.032j 54.7±38.9b 2.95±1.12gh 0.80±0.14jk 7.50±1.73hi 

Kav 16 261.6±17.8ijk 0.335±0.076k 14.6±4.5o 1.52±0.65op 0.56±0.08m 5.67±0.62lm 

Kav 18 400.0±33.1c 0.700±0.118c 47.8±4.6d 4.75±0.74b 1.94±0.90d 10.00±1.29d 

Kav 19 448.0±80.0b 0.700±0.056c 61.9±21.7a 5.41±1.09a 1.95±0.23d 14.50±4.71a 

Kav 20 405.8±46.0c 0.750±0.089b 50.6±7.3c 4.78±0.54b 0.48±0.32n 11.17±1.17b 

Kırıkhan 247.7±88.0k 0.450±0.063i 24.7±10.9jk 2.11±0.67m 1.45±1.23e 5.67±1.40lm 

Kırkağaç 637 (F1) 259.0±87.6ijk 0.700±0.212c 50.8±18.7c 3.24±1.09e 2.59±1.56b 9.00±1.19e 

Midyat 171.0±30.3n 0.300±0.023l 14.8±6.2o 1.38±0.49pq 1.15±0.10g 6.00±2.13l 

Özbek (F1) 293.1±22.7f 0.825±0.098a 36.9±6.1gh 3.56±0.33d 0.66±0.25l 7.42±1.10i 

Şemame 199.5±80.1m 0.350±0.063k 16.1±1.3no 1.50±0.26op 0.29±0.19p 5.50±1.61mn 

Serin 366.3±60.6d 0.665±0.075d 35.7±12.2h 3.24±0.90ef 0.74±0.18kl 8.09±1.69g 

Şira 291.2±163.6fg 0.415±0.195j 38.4±2.8fg 1.90±1.25n 1.30±0.78f 5.50±2.29mn 

LSD Plant Height: 15.53***; LSD Stem Diameter:0.029***; LSD Shoot Fresh Weight: 1.945***; LSD Shoot Dry Weight: 0.154***; LSD Root Dry Weight: 

0.073***; LSD Leaf Number: 0.387***; ***: p<0.001; Letters indicate statistical differences, as determined by the LSD analysis. 

 

 

Figure 1. Effects of 150 mM NaCl salinity on seedling growth traits of melon genotypes. 

 

Figure 2 demonstrates how genotype and 150 mM NaCl salinity interact to affect plant height in melon seedlings grown 

hydroponically. Salinity reduced plant height across all genotypes, with the extent of reduction varying significantly, 

indicating notable genotypic differences in growth response to salt stress. Under control conditions, Kav 11 and Kav 06 had 

the tallest plants, each nearing 700 mm, followed by Kav 19, Ankara, Kav 03-2, Kav 14, Serin, and Şira. Conversely, Kav 

06-2, Midyat, Kav 12, and Kav 13 had shorter heights in the absence of salinity. When exposed to 150 mM NaCl, all 

genotypes showed significant reductions in shoot growth, confirming salt’s inhibitory effect. The reduction differed among 

genotypes: Kav 11 and Kav 06 showed the largest decreases, indicating high sensitivity, despite their tall growth under 
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control conditions. Similar reductions appeared in Ankara, Kav 14, Şira, Serin, and Kırkağaç 637 (F1). Meanwhile, Kav 18, 

Kav 19, Kav 20, Özbek (F1), and Kav 10 maintained relatively high heights under salt stress, showing better resilience. 

Some genotypes, like Kav 16, showed only slight reductions, while Kav 10, Kav 18, Kav 19, and Kav 20 retained much of 

their growth potential, each exceeding 350 mm under 150 mM NaCl and outperforming most others. Among all materials, 

Kav 10 had the tallest plants under saline conditions, closely followed by Kav 18, Kav 19, and Kav 20. In contrast, Kav 05, 

Kav 06-2, Midyat, Şemame, and Kav 12 had the shortest plants under salt stress, indicating greater growth suppression. 

Genotypes such as Kav 10, Kav 18, Kav 19, Kav 20, and Özbek (F1) showed better shoot growth under salinity, while Kav 

05, Kav 06-2, Midyat, and Şemame experienced the strongest reductions. 

 

 
Figure 2. Interactive effects of genotype and 150 mM NaCl salinity on plant height of melon seedlings grown under 

hydroponic conditions. 

Genotype-specific responses in leaf number to 150 mM NaCl salinity under hydroponic conditions are shown in Figure 3. 

Although salinity reduced leaf production in most genotypes, the magnitude of reduction varied substantially, indicating 

considerable differences in canopy development among the evaluated melon genotypes. Under control conditions, Kav 19 

had the highest leaf number, with nearly 20 leaves per plant, followed by Kav 06, Kav 20, Kav 18, Ankara, Kav 03-2, and 

Kav 11. In contrast, Kav 01, Kav 06-2, and Kav 12 showed relatively limited leaf production even without salinity stress. 

The broad variation observed under control conditions highlights the inherent differences in vegetative growth potential 

among the tested germplasm. Exposure to 150 mM NaCl generally reduced leaf number; however, the extent of the reduction 

differed markedly among genotypes. The most pronounced decreases were observed in Kav 06 and Kav 11, where leaf 

production declined sharply relative to their control counterparts. Similar reductions were evident in Ankara, Midyat, Şira, 

and Kırıkhan, indicating that leaf initiation and maintenance were strongly affected by salinity in these genotypes. In contrast, 

several genotypes maintained leaf production despite exposure to salt stress. Kav 20, Kav 19, Kav 18, Özbek (F1), Kırkağaç 

637 (F1), and A. Balıkesir (F1) retained relatively high leaf numbers under saline conditions. Notably, Kav 20 and Kav 19 

continued to produce approximately 10 leaves per plant under 150 mM NaCl, suggesting a greater capacity to sustain canopy 

development under stress. Likewise, Kav 18 maintained a relatively high leaf number, with only a modest reduction 
compared with the control. Interestingly, some genotypes exhibited only minor differences between control and saline 

conditions. For example, Kav 08 showed virtually identical leaf numbers under both treatments, while Kav 01 and Kav 16 

displayed relatively small reductions. Leaf number is one of the most sensitive indicators of vegetative performance because 

it directly reflects the balance between new leaf initiation and stress-induced growth inhibition. In the present study, 

genotypes differed not only in their absolute leaf production but also in their ability to preserve leaf formation under salinity. 

Overall, the results demonstrate that canopy development under salt stress is highly genotype-dependent. Kav 19, Kav 20, 

Kav 18, and Özbek (F1) maintained comparatively greater leaf production under saline conditions. In contrast, Kav 06, Kav 

11, Ankara, Midyat, and Şira exhibited more substantial reductions in leaf number, reflecting contrasting responses of 

vegetative development to hydroponic salinity stress. 
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Figure 3. Interactive effects of genotype and 150 mM NaCl salinity on leaf number of melon seedlings grown under 

hydroponic conditions. 

 

Salinity generally decreased stem diameter across most genotypes, but the extent of reduction varied, highlighting different 

sensitivities to salt stress (Figure 4). Under control conditions, Ankara and Kav 03-2 had the largest stem diameters (1.0 

mm), while Midyat and Kav 16 had the smallest (0.30–0.40 mm). When exposed to 150 mM NaCl, several genotypes, 

especially Ankara, Kav 03-2, Kırkağaç 637 (F1), and Şira, showed significant reductions in stem thickness. Conversely, Kav 

06, Kav 14, Midyat, and Kav 19 displayed little to no change between control and saline conditions, indicating a higher 

capacity to sustain stem growth under salt stress. Among the genotypes tested, Özbek (F1), Kav 19, and Kav 20 maintained 

the largest stem diameters (0.70–0.75 mm), whereas Kav 05, Şira, Kav 16, and Midyat had lower values. Overall, these 

findings reveal considerable genotypic variation in stem diameter responses to salinity, with some genotypes experiencing 

marked reductions while others preserved more stable growth under salt stress. 

 
Figure 4. Interactive effects of genotype and 150 mM NaCl salinity on stem diameter of melon seedlings grown under 

hydroponic conditions. 
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Figure 5 illustrates the interactive effects of genotype and 150 mM NaCl salinity on shoot fresh weight in melon seedlings. 

Salinity reduced shoot fresh biomass in nearly all genotypes, but the magnitude of the reduction varied markedly, indicating 

substantial genotypic variation in biomass accumulation under salt stress. Under control conditions, Kav 11 produced the 

highest shoot fresh weight, exceeding 100 g plant⁻¹, followed by Kav 14, Kav 19, Kav 20, Kav 06, and Kırkağaç 637 (F1). 

In contrast, Kav 12, Midyat, Kav 13, and Kav 16 exhibited comparatively lower fresh biomass production. Exposure to 150 

mM NaCl led to a noticeable decline in shoot fresh weight across most genotypes, indicating the negative impact of salinity 

on plant growth and water accumulation. The largest reductions were observed in Kav 14, Kav 06, Ankara, and Kırkağaç 

637 (F1), where fresh biomass under saline conditions was substantially lower than under control conditions. Conversely, 

several genotypes maintained relatively high shoot fresh weight despite salt stress. Kav 18, Kav 20, Kav 19, Kav 03-2, and 

Şira exhibited smaller reductions and remained among the highest-performing genotypes under salinity. Interestingly, Kav 

06-2 and Şemame showed minimal differences between control and saline treatments, although their overall biomass 

production remained relatively low. Kav 18 produced the highest shoot fresh weight under 150 mM NaCl, followed closely 

by Kav 20 and Kav 19, indicating a greater capacity to maintain shoot biomass under saline conditions. 

 

Figure 5. Interactive effects of genotype and 150 mM NaCl salinity on shoot fresh weight of melon seedlings grown under 

hydroponic conditions. 

Salinity generally decreased shoot dry biomass across most genotypes, although the extent of reduction varied widely among 

them. Under control conditions, Kav 11 had the highest shoot dry weight, followed by Kav 19, Kav 18, Kav 20, Ankara, and 

Dalaman. When exposed to 150 mM NaCl, significant reductions in dry biomass occurred, especially in Ankara, Kav 14, 

Şira, and Kav 06. However, Kav 18, Kav 19, Kav 20, and Özbek (F1) maintained relatively high shoot dry weights under 

saline stress. Özbek (F1) experienced only a slight decrease, while Kav 18, Kav 19, and Kav 20 showed the highest dry 

matter accumulation under salt stress. Conversely, Kav 12, Kav 05, Midyat, and Kav 16 recorded the lowest shoot dry 

weights under saline conditions (Figure 6). 

Root dry weight showed contrasting patterns compared with shoot traits, with some genotypes experiencing severe 

reductions, while others maintained much of their root biomass under salinity (Figure 7). Under control conditions, the 

largest root systems were observed in Kav 03-2, Kırkağaç 637 (F1), Kav 10, and Kav 18, indicating strong potential for root 

development in non-saline environments. However, their responses to salinity varied significantly. For instance, Kav 03-2 

and Kırkağaç 637 (F1) saw substantial decreases in root biomass, whereas Kav 10 maintained a relatively large root system 

despite salt stress. Several genotypes, such as Midyat, Kav 12, and Kav 14, showed smaller differences between control and 

salt-stressed conditions, suggesting greater stability of root biomass under salinity. Conversely, Kırıkhan, Kav 20, Kav 03-

2, and Kırkağaç 637 (F1) experienced marked reductions, indicating more pronounced suppression of root growth. 

Interestingly, high root biomass under control conditions did not always equate to better root performance under saline 

conditions. Some genotypes with vigorous roots experienced sharp declines after salt exposure, while others kept relatively 

stable root systems. This variation underscores significant genotypic differences in belowground growth responses and 

suggests that root biomass stability under salinity varies widely among melon genotypes. The figure demonstrates that 

salinity impacts root development in a genotype-dependent way, producing distinct patterns of biomass loss and retention 

across the germplasm. 
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Figure 6. Interactive effects of genotype and 150 mM NaCl salinity on shoot dry weight of melon seedlings grown under 

hydroponic conditions. 

 
Figure 7. Interactive effects of genotype and 150 mM NaCl salinity on root dry weight of melon seedlings grown under 

hydroponic conditions. 

Figures 8 and 9 offer a detailed evaluation of salinity tolerance in melon genotypes exposed to 150 mM NaCl by combining 

responses from all measured growth and biomass traits. While Figure 8 shows the trait-specific tolerance patterns for each 

genotype, Figure 9 consolidates these responses into a single overall salt tolerance index, enabling direct genotype 

comparisons. The heatmap in Figure 8 highlights significant variation in the extent to which genotypes sustain growth under 

saline conditions. Genotypes such as Özbek (F1), Kav 08, Kav 10, Kav 18, Kav 20, and Kav 16 consistently demonstrated 

high tolerance across multiple traits, indicated by mostly green colors. Conversely, Ankara, Kav 11, Şira, Kav 05, and 

Kırıkhan showed reduced performance in several growth parameters, suggesting they are more sensitive to salinity. 
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Figure 8. Trait-specific salinity tolerance patterns of melon genotypes based on relative performance under stress conditions. 

These trait-specific patterns were further confirmed by the overall salt tolerance index (Figure 9). Özbek (F1) ranked as the 

most tolerant genotype with an index of 87.3%, followed by Kav 01 (83.3%), Kav 08 (79.8%), Kav 10 (78.3%), and Kav 18 

(75.4%). Conversely, Ankara exhibited the lowest tolerance index (35.1%), while Şira (43.0%), Kav 11 (43.6%), and Kav 

05 (44.4%) also ranked among the most sensitive genotypes. Notably, some genotypes achieved high overall tolerance by 

balancing performance across all traits rather than exceptional performance in a single trait. This pattern is particularly 

evident in Özbek (F1), Kav 08, Kav 10, and Kav 18, which consistently maintained relatively high values for plant height, 

biomass accumulation, stem diameter, and leaf production under salinity. In contrast, several genotypes showed acceptable 

performance for specific traits but substantial reductions in others, resulting in lower overall tolerance indices. 

Figures 8 and 9 together show that salinity tolerance in melon is a complex trait involving multiple characteristics. They 

identify Özbek (F1), Kav 01, Kav 08, Kav 10, and Kav 18 as the most promising genotypes for sustaining growth and 

biomass under saline conditions. These genotypes demonstrated high stability across various morphological and biomass-

related traits, making them valuable germplasm for future research and breeding efforts to improve salinity tolerance 

Multivariate Analysis of Salinity Responses 

Principal Component Analysis (PCA) was performed to investigate the relationships among seedling growth traits and to 

identify the major sources of variation under salinity conditions (Figure 10). The first two principal components explained 

82.2% of the total variation, with PC1 accounting for 68.2% and PC2 for 14.0%, indicating that these components adequately 

summarized the dataset's variability. PC1 was primarily associated with overall seedling vigor, as all measured traits 

exhibited strong loadings in the same direction. Plant height, fresh weight, dry weight, leaf number, stem diameter, and root 

dry weight contributed substantially to this axis, suggesting that PC1 represented a general growth and biomass accumulation 

component. The close alignment of plant height, fresh weight, leaf number, and dry weight vectors indicates strong positive 

associations among these traits, demonstrating that genotypes with greater shoot growth tended to produce higher biomass 

and more leaves. PC2 was mainly influenced by root dry weight and stem diameter, which were negatively correlated with 

the shoot-related traits. This pattern suggests that variation in belowground biomass and stem development was partially 

independent of variation in shoot growth traits. Root dry weight exhibited the greatest contribution to PC2, indicating that 

root biomass represented a distinct component of salinity response among the evaluated genotypes. The relatively small 

angles between the vectors for plant height, fresh weight, leaf number, and dry weight indicate strong positive correlations 

among these variables. In contrast, root dry weight formed a wider angle with shoot-related traits, suggesting weaker 

associations and highlighting differential responses of root and shoot growth to salinity stress. Stem diameter occupied an 

intermediate position, indicating moderate relationships with both root and shoot characteristics.  
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Figure 9. Overall salt tolerance index (STI) ranking of melon genotypes. 

 

 
Figure 10. Principal component analysis of growth and biomass traits under salinity stress. 
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Strong positive correlations were observed among most seedling growth traits under salinity conditions (Figure 11). The 

highest correlation was detected between fresh weight and dry weight (r = 0.84), followed by leaf number and dry weight (r 

= 0.80), plant height and fresh weight (r = 0.78), leaf number and fresh weight (r = 0.77), and plant height and dry weight (r 

= 0.76). These results indicate that greater shoot growth and leaf development were closely associated with increased 

biomass accumulation. Stem diameter exhibited moderate to strong positive correlations with dry weight (r = 0.73), leaf 

number (r = 0.58), fresh weight (r = 0.53), and plant height (r = 0.51), suggesting that stem thickness was positively related 

to overall seedling vigor. In contrast, root dry weight showed comparatively weaker correlations with the remaining traits (r 

= 0.35–0.49), indicating that root biomass varied more independently than shoot-related characteristics. Overall, the 

correlation analysis revealed a strong association among plant height, leaf number, fresh weight, and dry weight. In contrast, 

root dry weight showed a more distinct association with seedling growth under salinity stress. 

 
Figure 11. Correlation matrix of morphological and biomass traits measured under salinity stress. 

 

In the present study, in vitro germination of melon genotypes was strongly affected by increasing NaCl concentration, 

confirming that germination is a highly sensitive developmental stage under salinity stress. The treatment mean declined 

from 67.1% at 50 mM NaCl to 11.5% at 100 mM and 9.1% at 150 mM NaCl, indicating a sharp threshold response between 

moderate and high salinity levels. The significant genotype, treatment, and genotype × treatment effects further demonstrated 

that the response to NaCl stress was not uniform across the evaluated germplasm. While several genotypes germinated well 

at 50 mM NaCl, only a limited number maintained germination at higher NaCl concentrations, suggesting that tolerance at 

moderate salinity does not necessarily indicate stable tolerance under more severe stress conditions. This pattern is 

particularly important for screening programs because it shows that low or moderate salt concentrations may not be sufficient 

to distinguish truly tolerant genotypes from those that only perform well under mild stress. 

These findings are consistent with Liu et al. (2025a), who evaluated 10 melon varieties under NaCl stress at both the 

germination and seedling stages and reported that salt stress reduced germination and seedling growth while inducing 

antioxidant enzyme activity and osmotic adjustment responses. Their study also emphasized that salinity tolerance during 

germination and seedling growth may not always be fully correlated, supporting the present study’s use of both in vitro and 
hydroponic screening systems. Similarly, Botía et al. (1998) examined eight Cucumis melo cultivars for salinity tolerance 
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during germination and early vegetative growth and found cultivar-dependent differences at early developmental stages, 

indicating that melon germplasm harbors exploitable variation for salt tolerance. Castañares and Bouzo (2017) similarly 

reported that salinity negatively affected germination and initial growth of melon, and their priming work demonstrated that 

improving early stress preparedness could partially mitigate the inhibitory effects of salinity. In another melon study, 

Castañares and Bouzo (2020) showed that priming-induced biochemical changes improved salt tolerance during germination 

and initial growth, highlighting the importance of osmotic adjustment and stress-related biochemical regulation in melon 

seedlings. These findings support the interpretation that genotypes with higher germination under NaCl stress may possess 

greater osmotic adjustment capacity or more effective early stress regulatory mechanisms. 

The present results also agree with Sivritepe et al. (2003), who found that NaCl priming improved salt tolerance in melon 

seedlings by promoting K and Ca accumulation and enhancing osmoregulation through organic solute accumulation. 

Although the present study did not include ion or osmolyte measurements, the superior germination of genotypes such as 

Kav 16, Kav 18, Kav 08, and Şira under salinity may reflect similar physiological advantages, such as better ion balance, 

maintenance of cellular hydration, or improved reserve mobilization during germination. Sivritepe et al. (2005) further 

reported that NaCl pre-treatments improved melon performance under long-term salinity, suggesting that early-stage salinity 

responses can be modified by physiological acclimation. In this context, the genotypic variation detected in the present study 

may represent inherent differences in stress perception, osmotic regulation, and early seedling establishment capacity. 

Overall, the in vitro results indicate that melon genotypes differ considerably in their ability to germinate under NaCl stress. 

The sharp reduction in germination beyond 50 mM NaCl agrees with previous melon studies showing that salinity imposes 

strong constraints on early developmental processes. However, the persistence of germination in selected genotypes under 

higher NaCl concentrations demonstrates the presence of useful genetic variation. These genotypes may serve as valuable 

candidates for further evaluation in seedling, physiological, and field-based screening programs to improve salinity tolerance 

in melon breeding. 

The substantial reductions in plant height, biomass accumulation, and leaf production observed in the present study are 

consistent with previous hydroponic investigations in melon. Yetisir and Uygur (2009) reported significant decreases in 

shoot and root growth, biomass production, and mineral nutrient uptake in melon exposed to saline nutrient solutions. 

Similarly, Ulaş et al. (2019) demonstrated that salinity significantly reduced shoot and root growth in hydroponically grown 

melon plants, although tolerant genotypes and rootstock combinations maintained greater biomass accumulation under 

stress. More recently, Hama Ameen et al. (2025) reported pronounced reductions in growth and root development of snake 

melon genotypes grown under hydroponic salinity, while tolerant genotypes maintained root morphology and physiological 

activity better than sensitive genotypes. Collectively, these studies support the present findings and confirm that salinity-

induced growth suppression is a characteristic response of melon under hydroponic culture. 

Root dry weight exhibited the greatest proportional reduction among all measured traits, indicating that root growth was 

particularly sensitive to salinity stress. Similar responses have been reported in hydroponic melon studies. Yetisir and Uygur 

(2009) observed substantial reductions in root biomass and nutrient uptake under saline conditions and suggested that 

impaired root function contributed directly to reduced shoot growth. Hama Ameen et al. (2025) likewise demonstrated that 

maintenance of root morphology was one of the key characteristics distinguishing tolerant and sensitive snake melon 

genotypes under hydroponic salinity. In the present study, Kav 10, Kav 18, and Kav 19 maintained comparatively greater 

root biomass under stress, suggesting a superior capacity to preserve root function and sustain water and nutrient acquisition 

despite elevated NaCl concentrations. 

The hydroponic screening further revealed substantial genetic variation in salinity tolerance among the evaluated melon 

genotypes. Similar genotype-dependent responses have been reported in several recent studies. Yang et al. (2023) identified 

clear differences among melon accessions and successfully separated tolerant and sensitive groups based on growth 

performance under salinity stress. Likewise, Liu et al. (2025a) demonstrated that melon varieties differ considerably in their 

ability to maintain growth under saline conditions and emphasized the importance of integrating multiple screening stages 

for reliable genotype classification. Studies on melon landraces grown under soilless culture systems have also shown that 

local germplasm may possess valuable adaptive traits associated with salinity tolerance. The superior performance of Kav 

18, Kav 19, Kav 20, Kav 10, and Özbek (F1) across several growth parameters in the present study, therefore, highlights 

their potential value as breeding materials for the development of salt-tolerant melon cultivars. 

Although the combined use of in vitro and hydroponic screening provided a robust framework for evaluating salinity 

tolerance in melon germplasm, several limitations should be acknowledged. First, the study focused primarily on 

germination and early seedling growth stages; therefore, the identified tolerant genotypes should be further evaluated at later 

developmental stages, including flowering, fruit set, yield, and fruit quality. Second, the hydroponic system provided precise 

control over salinity conditions but may not fully replicate the complexity of saline field environments, where soil physical 

properties, microbial interactions, and fluctuating environmental conditions can influence plant responses. Third, the 

evaluation focused mainly on morphological and biomass-related traits, while the physiological, biochemical, and molecular 

mechanisms underlying salinity tolerance were not investigated. Future studies integrating analyses of ion accumulation, 

antioxidant activity, osmotic adjustment, and gene expression would provide a more comprehensive understanding of the 

tolerance mechanisms exhibited by the superior genotypes identified in this study. 

 



Nihat Yılmaz Int. J. Agric. Environ. Food Sci. 2026; 10(3): 551–566 

 565 

CO NCLUSI O N  

This study demonstrated substantial genetic variation in salinity tolerance among melon genotypes originating from Türkiye 

and the Turkish Republic of Northern Cyprus. In vitro screening revealed that increasing NaCl concentrations markedly 

reduced germination, with Kav 14, Kav 16, Kav 18, Kav 08, and Şira exhibiting superior germination performance under 

saline conditions. Hydroponic evaluation further showed that 150 mM NaCl significantly reduced plant height, stem 

diameter, biomass accumulation, root development, and leaf production, although the magnitude of the reductions varied 

considerably among genotypes. Among the evaluated materials, Kav 19 consistently exhibited superior growth performance 

under salinity, while Kav 18, Kav 20, Kav 10, and Özbek (F1) maintained comparatively high biomass production and 

vegetative growth. Salt tolerance index analysis identified Özbek (F1), Kav 01, Kav 08, Kav 10, and Kav 18 as the most 

tolerant genotypes. In contrast, PCA and correlation analyses confirmed strong associations among growth-related traits and 

highlighted the effectiveness of multivariate approaches for genotype discrimination. The combined use of in vitro and 

hydroponic screening proved effective for identifying salt-tolerant germplasm and demonstrated that several TRNC 

accessions possess valuable adaptive traits for saline environments. These genotypes represent promising genetic resources 

for future breeding programs aimed at developing melon cultivars with improved salinity tolerance for Mediterranean and 

semi-arid production systems. 
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