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Soil salinity is a major constraint on global agriculture, severely limiting the crop productivity. 

Eggplant (Solanum melongena L.), an economically important vegetable, is particularly sensitive 

to salt stress. Wild relatives such as Solanum linneanum L. provide valuable genetic resources for 

improving stress tolerance. This study evaluated the salt tolerance potential of S. linneanum and its 

backcross progenies with cultivated eggplant, aiming to identify breeding materials for the 

development of resilient cultivars. Three backcross lines (Lin1, Lin2, Lin3), derived from S. 

linneanum and the open-pollinated cultivar ‘Topan374’, were tested alongside ‘Topan374’ 

(negative control) and S. linneanum (positive control). The experiment followed a completely 

randomized block design with three replications, each consisting of six plants. Plants were subjected 

to 150 mM NaCl, and tolerance levels were assessed through morphological parameters (plant 

height, stem diameter, leaf number, anthocyanin presence and prickliness) and physiological stress 

indicators, including malondialdehyde (MDA) and proline content. Salt stress significantly reduced 

growth traits across genotypes. The wild parent maintained superior tolerance under 150 mM NaCl 

stress, while the backcross progenies (Lin1, Lin2, Lin3) showed better morphological performance 

than the sensitive cultivar, retaining higher growth under salinity. In addition, they exhibited 

elevated MDA and proline levels, in some cases exceeding those of the positive control, indicating 

activation of protective stress mechanisms. These findings demonstrate that introgression from S. 

linneanum can enhance salt tolerance in cultivated eggplant. The promising performance of 

backcross lines highlights their potential as valuable genetic resources for breeding salt-resilient 

cultivars, supporting sustainable eggplant production in saline-prone environments. 
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Introduction 

Abiotic stresses such as drought, salinity, heat and cold 

alter plant growth and development, leading to substantial 

yield losses worldwide (Kopecká et al., 2023). They 

threaten the food security through reducing annual 

production by more than 50% (Rahman et al., 2022). 

Recent global assessments further indicate that the 

frequency of abiotic stress is increasing due to the climate 

change, which is accelerating these losses, particularly in 

arid and semi-arid regions (Zittis et al., 2022; Benitez-

Alfonso et al., 2023; Palmgren and Shabala, 2024). 

Because plants are sessile organisms, they must adapt to 

adverse environmental conditions through physiological 

and molecular adjustments (Zhang et al., 2025). 

Therefore, to sustain food security and agricultural 

development, plants which can tolerate to the abiotic 

stresses should be improved. 

Among the abiotic stresses, soil salinization is one of 

the most severe environmental constraints, seriously 

limiting plant growth and reducing yield (Yang and Guo, 

2018). Most of the plants are glycophytes that are salt 

sensitive, being easily affected by high salt concentrations 

in the root zone (Ismail et al., 2014). It has been predicted 

that salt stress will impact nearly half of all arable land in 

the coming decades (Wang et al., 2003).  

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
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However, more recent global soil salinity projections 

suggest that secondary salinization is expanding due to 

irrigation practices and climate change (Hassani et al., 

2021; Kramer et al., 2025). 

Eggplant (Solanum melongena L.), is an economically 

important vegetable widely produced around the tropical 

and temperate zone (Daunay, 2008). These areas already 

suffer from the salinization problem. Cultivated eggplant is 

considered moderately sensitive to salinity stress (Maas 

1990); threshold values of 1.5 dS m−1 for fruit yield 

(Unlukara et al., 2010) and 6.7 dS m−1 for shoot biomass 

(Heuer et al., 1986) have been reported. More recent 

evaluations conducted under both controlled and field 

conditions have confirmed the existence of considerable 

genotypic variability in salinity responses within cultivated 

germplasm (Gyanagoudar et al., 2024; Fang et al., 2025; 

Özden et al., 2025). Salt in the soil or irrigation water 

generally enter to the plants primarily through roots, are 

transported to the shoots, and accumulate in leaves (Munns 

and Tester, 2008). Salt stress disrupts water and nutrient 

uptake, leading to osmotic imbalance, ionic toxicity, and 

oxidative damage. 

Sources of tolerance to salt stress have been identified 

in several wild Solanum species related to the eggplants, 

including S. linnaeanum. According to previous study, S. 

linneanum exhibited the least Na+ accumulation in leaves 

under the salt stress compared to other accessions 

displaying variable levels of Na+ accumulation (Cebeci et 

al., 2025a). Similarly, Brenes et al., (2020a) reported that 

S. insanum, which is fully cross compatible with cultivated 

eggplant, can contribute to the development of S. 

melongena cultivars with enhanced salt tolerance. 

Nevertheless, reports specifically addressing the utilization 

of S. linnaeanum in breeding programs remain limited 

(Knapp et al., 2013; Oladosu et al., 2021; Toppino et al., 

2022; Gramazio et al., 2023). 

Interspecific hybridization represents a practical 

strategy to improve stress tolerance in cultivated eggplant 

(Cebeci et al., 2023). However, hybridization with wild 

relatives is often constrained by crossability barriers and 

linkage drag. Genetic relationship analyses based on 

amplified fragment length polymorphisms (AFLP) have 

shown that S. linnaeanum is closely related to S. 

melongena (Mace et al., 1999). Soil salinization seriously 

restricts the growth of cultivar eggplants. Therefore, it is 

possible to use S. linneaenum to improve the resistance of 

eggplants to salinity stress (Cebeci et al., 2025a). However, 

empirical evaluations of advanced backcross populations 

under high salinity conditions are still scarce (Mangino et 

al., 2020; Fang et al., 2025). 

In this study, three backcross populations obtained 

from crosses between S. linnaeanum and S. melongena cv. 

Topan374, developed within a previous institutional 

research project, were evaluated for salinity tolerance using 

agronomic and physiological traits. Screening under severe 

salt stress demonstrated that tolerance-related traits can be 

transferred into cultivated eggplant backgrounds. Results 

indicate that S. linnaeanum and its backcross progenies 

represent promising genetic resources for improving 

salinity tolerance in eggplant breeding programs. 

 

Material and Method 

 

Plant material 

Three BC₁ backcross populations derived from 

interspecific hybridization between Solanum linnaeanum 

(Lin) and the open-pollinated commercial cultivar 

Topan374 (TPN; Solanum melongena) were used as plant 

material. The initial F₁ hybrids (TPN × Lin) were 

subsequently backcrossed to either the cultivated parent 

(TPN) or the wild donor parent (Lin) to generate BC₁ 

progenies differing in parental genome contribution. 

The pedigree structure of the BC₁ populations was as 

follows: 

Lin1 (BC₁-TPN): TPN × (TPN × Lin) 

Lin2 (BC₁-Lin): (TPN × Lin) × Lin 

Lin3 (reciprocal BC₁): Lin × (TPN × Lin) 

These BC₁ populations allowed evaluation of trait 

introgression from the wild donor while retaining varying 

proportions of the cultivated genetic background. 

Additionally, seedlings of Solanum linnaeanum (Lin) and 

the commercial cultivar Topan374 (TPN) were included as 

parental controls.  

 

Method 

Experimental Design and Salt Treatment 

The experiment was conducted using the completely 

randomized block design with three replicates, each 

consisting of six plants per genotype. Seedlings at the 4–5 

true leaf stage were transplanted into pots and subjected to 

150 mM NaCl to impose salt stress, while non-treated 

plants grown under normal conditions served as controls. 

Salt tolerance was evaluated using morphological traits and 

physiological stress indicators. Leaf samples were 

collected from both stressed and control plants on the 12th 

day of salt treatment for biochemical analyses. 

 

Biochemical Analyses 

Proline content was determined according to Bates et 

al. (1973), and malondialdehyde (MDA) concentration was 

quantified following Hodges et al. (1999). Proline 

accumulation was used as an indicator of osmotic 

adjustment, whereas MDA content reflected the level of 

lipid peroxidation. 

 

Morphological Assessments 

Based on established protocols for evaluating salinity 

tolerance in eggplant (Cebeci et al., 2024; Cebeci et al., 

2025a; Cebeci et al. 2025b), six morphological parameters 

were assessed: visual damage scores (0–5 scale), plant 

height, stem diameter, leaf number, anthocyanin 

pigmentation, and prickliness. Plant height was measured 

from the soil surface to the apical meristem using a ruler. 

Stem diameter was measured with a digital caliper, and leaf 

number was recorded per plant. 

Visual damage was rated on a 0–5 scale adapted from 

Kıran et al. (2015), where 0 indicates no visible injury and 

5 represents severe necrosis (75–100%) and/or 

predominant plant death. 

Prickliness and anthocyanin pigmentation were 

evaluated as qualitative traits. Prickliness was scored as 1 

(spiny) or 0 (spineless), and anthocyanin pigmentation was 

recorded as 1 (present) or 0 (absent) based on visual 

observation. 
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Statistical Analysis 

All data were subjected to analysis of variance 

(ANOVA) to evaluate the effects of salt treatment (150 

mM NaCl). Following a significant F-test in the ANOVA, 

mean comparisons were conducted using Tukey’s honestly 

significant difference (HSD) procedure. To visualize the 

relative performance of genotypes across treatments, a cell 

plot analysis was conducted using standardized mean 

values of the evaluated parameters. All statistical analyses 

were performed using JMP Pro (Version 13.0, SAS 

Institute Inc., Cary, NC, USA). 

 

Results  

 

Three backcross lines, Lin1, Lin2 and Lin3 presented 

different degrees of tolerance under salt stress conditions. 

Measurements of the morphologic and physiological 

responses revealed significant and statistically important 

differences between the measured traits (Table 1). In terms 

of plant height, stem diameter, and leaf number, the control 

group of the cultivar parent (TPNC) achieved the highest 

values and exhibited the strongest growth performance 

among all genotypes (P < 0.05). Although the salt-treated 

cultivar parent (TPNA) largely retained its growth 

characteristics, a significant decrease in leaf number was 

observed.  

Proline accumulation was considered a significant 

indicator of the osmotic response to salinity stress (Yasar 

and Ellialtıoğlu, 2013) and a wide variation was observed 

among the used genotypes in the experiment. The highest 

proline content was determined in salt-treated wild parent 

LinA and cultivar parent accumulated the lowest proline in 

both applications (P < 0.05). While the backcross 

populations Lin2 and Lin3 presented high proline levels 

similar to the wild parent, Lin1 presented moderate proline 

accumulation, which may reflect its greater contribution 

from the cultivated genetic background.  

As an indicator of lipid peroxidation, MDA 

accumulation in leaves provided significant information 

regarding the intensity of oxidative stress. According to the 

analysis, Lin2 and Lin3 showed the highest MDA 

accumulation, Lin1 and LinC showed moderate and low 

MDA accumulation respectively. LinA showed moderate 

MDA accumulation (3.44 nmol g⁻¹ FW). Control 

genotypes (TPNC and LinC) accumulated low MDA 

which represented that membrane stability was maintained 

in the absence of stress (Table 1). The visual damage scale 

was another important indicator of phenotypic resistance 

(Cebeci et al., 2024; Cebeci et al., 2025a; Cebeci et al. 

2025b). While Lin2, Lin3, Lin1 and TPNA were in a 

similar group with high damage scores, LinA showed an 

extremely low damage score (0.50).  

Regarding morphological parameters while cultivar 

parent was completely spineless (TPNC, TPNA), Lin1 

exhibited a lower level of prickliness (0.61), wild parent 

and wild-similar lines (Lin2, Lin3) showed high 

prickliness (1.00). Anthocyanin content found as high in 

cultivar parent (1.00), whereas it remained quite low in 

wild parents and BC₁ lines (0.00-0.17). The cultivated 

parent exhibited distinct responses depending on treatment. 

Under control conditions (TPNC), low MDA levels and 

absence of visible damage indicated stable physiological 

status. However, salt application (TPNA) significantly 

increased oxidative stress and visual damage. 

According to morphological growth and oxidative 

stress indicators together, while Lin1 emerged as the most 

balanced agriculturally superior population, Lin2 was 

identified as the most stress-sensitive as showing high 

oxidative stress (4.58 nmol g⁻¹ FW), high damage score 

(2.06), and reduced growth performance. Lin3 exhibited an 

intermediate phenotype between these two backcross 

populations (Table 1). 

The heat map visualization illustrated differences 

between BC1 populations and parental genotypes (Figure 

1). Low, moderate and high values presented with blue, 

gray and red colors respectively to compare each parameter 

easily. The cultivated parent exhibited superior vegetative 

growth and high anthocyanin pigmentation, whereas the 

wild parent showed moderate growth performance, high 

proline accumulation, low visual damage, and moderate 

MDA accumulation. 

The stress responses of BC₁ populations differed 

significantly in relation to their pedigree structure. Lin1, 

more similar to the cultivar parent, exhibited the most 

stable phenotype with high growth capacity, moderate 

proline and MDA accumulation, and low prickliness. Lin2 

and Lin3, similar to the wild parent, displayed a more 

pronounced stress-reactive phenotype with low growth 

performance and high proline and MDA accumulation. In 

particular, Lin2 stood out as the most susceptible BC₁ line 

with high oxidative stress and high damage score. While 

anthocyanins content was high in cultivar parent, 

prickliness was high in those with a dominant wild genome 

(Figure 1). 

The visualization further demonstrated that the 

responses of backcrosses to salt stress, mostly dependent 

on their genetic background. For instance, Lin1 exhibited 

agronomically advantageous traits such as high plant 

height and low prickliness with the contribution of the 

culture genome, Lin2 and Lin3 presented stronger stress 

responses with the dominant influence of the wild genome. 

Similarly, cell plot analysis clearly showed that responses 

to salinity stress differ in a multifaceted way depending on 

their genetic background, and that Lin1 is the most 

agronomically superior BC₁ line in particular (Figure 1). 

According to the pedigree-phenotype compatibility 

table (Table 2) the phenotypic performance of BC₁ lines 

under salinity stress was highly correlated with their 

hybridization patterns and genomic origins. Lin1, which 

was backcrossed towards its cultivated parent, exhibited 

high growth capacity, low prickliness, and moderate stress 

responses, as expected due to carrying a 75% cultivar 

genome. This demonstrated the dominant influence of the 

cultivar genome on growth and morphological traits, and 

its ability to maintain this influence to a large extent even 

under stressful conditions. In contrast, Lin2, having a 75% 

wild genome, fully reflected wild-specific stress responses 

such as high proline and increased MDA accumulation. 

Despite having a higher proportion of wild genome, Lin3 

exhibited less stress responses than Lin2, displaying a 

moderate level wild-like phenotype. This suggests that the 

direction of backcrossing and maternal influence in the 

parental combination played a significant role in 

determining phenotype (Table 2). 
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To sum up, these findings indicate that the performance 

of the BC₁ lines was strongly correlated with their genetic 

backgrounds. The cultivar dominant backcross (Lin1) 

showed the greatest agronomic advantage, whereas the 

wild-type dominant backcross (Lin2) exhibited the most 

pronounced stress sensitive phenotype (Table 2)

 

Table 1. Mean values of morphological and physiological parameters measured under salinity conditions in different 

backcross populations 

*Genotype 
Plant 

height 

Stem 

diameter 

Leaf 

number 
Proline MDA Scale Prickliness Anthocyanins 

TPNC 20.61 a 5.45 a 10.11 a 1.24 de 1.20 c 0.00 b 0.00 c 1.00 a 

TPNA 18.55 b 5.13 a 7.11 c 2.06 d 3.40 b 2.00 a 0.00 c 1.00 a 

Lin1 13.74 c 2.67 b 5.50 d 3.46 c 3.48 b 1.50 a 0.61 b 0.17 b 

Lin2 8.03 e 1.62 d 5.22 d 4.49 b 4.58 a 2.06 a 1.00 a 0.17 b 

Lin3 10.67 d 2.16 c 5.33 d 4.31 bc 4.33 a 1.61 a 1.00 a 0.11 b 

LinC 11.59 d 2.74 b 8.00 b 0.99 e 1.49 c 0.00 b 1.00 a 0.00 c 

LinA 10.43 d 2.56 b 6.83cd 6.39 a 3.44 b 0.50 b 1.00 a 0.00 c 
*C: Control, A: Application, Lin: Solanum Linneanum, TPN: Topan374. Averages denoted by different letters in the same column are statistically 
different from each other according to the Tukey HSD multiple comparison test (α = 0.05). Plant height (cm), stem diameter (mm), number of leaves 

(number), proline (µmol g⁻¹ FW), MDA (nmol g⁻¹ FW), scale values (observed damage score), prickliness (1 = spiny, 0 = spineless), anthocyanin (1 = 

present, 0 = absent) parameters are given. 

 

Tablo 2. Pedigree – Phenotype compatibility table 

Backcrosses Pedigree Structure Genome Ratio Expected traits Observed traits 

Lin1 TPN × (TPN × Lin) %75 cultivar type 

High plant growth, low 

prickliness, moderate stress 

response 

Fully compatible 

Lin2 (TPN × Lin) × Lin %75 wild type 
High stress response, high 

proline, high damage score 
Fully compatible 

Lin3 Lin × (TPN × Lin) %75 wild type 
Intermediate stress response, 

wild-type phenotype 
Compatible 

 

 
Figure 1. Cell plot analysis of eight different morphologic and physiologic parameters in different genotypes exposed to salt stress 

Parameters: plant height (cm), stem diameter (mm), number of leaves, proline (µmol g⁻¹ FW), MDA (nmol g⁻¹ FW), scale (visual damage score), 

prickliness (1 = spiny, 0 = spinless), and anthocyanin (1 = present, 0 = absent). The average values calculated for each genotype are presented in the 

genotype-based mini-heatmaps on the left. On the right, the minimum and maximum value ranges of each parameter are shown with a color scale. In 
the color gradient, low values are shown in blue, medium values in gray and high values in red. The heat map reveals significant differences in 

morphologic and physiologic responses to salinity among genotypes. 
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Discussion 

The salt tolerance potential of three backcross lines 
(Lin1, Lin2, Lin3), was evaluated with the aim of 
identifying breeding materials for the development of salt 
resilient cultivars. The analysis of parameters indicated 
that the degree of salt-induced growth reduction differed 
between S. linnaeanum and S. melongena. Brenes et al. 
(2020a and 2020b) reported salt tolerance potential of wild 
relatives S. torvum and S. insanum under different salt 
concentrations and reported that 100–200 mM NaCl can 
cause severe growth inhibition in many glycophytic 
species. In the current study, a 150 mM NaCl treatment was 
applied to evaluate the tolerance of the BC1 lines. Many 
studies in the literature focus primarily on commercially 
important cultivars and their salt tolerance levels. Our 
research team previously reported that wild relative S. 
linneanum L. provides valuable genetic resources for 
improving salt tolerance in eggplant (Cebeci et al., 2025a). 
Based on the concept that the genetic background of 
eggplant can be broadened through introgression breeding 
(Daunay, 2008; Kouassi et al., 2016) many studies were 
conducted. However, one of the major constraints remains 
the difficulty of interspecific hybridization between wild 
relatives and cultivated eggplant forms.  

Eggplant as a glycophyte responds to salinity stress by 
a reduction in plant growth traits (Hannachi and Van 
Labeke, 2018). In this study, among the BC₁ lines, Lin1 
{TPN x (TPN x Lin)} showed the best performance in 
terms of plant height and stem diameter, demonstrating a 
strong effect of cultivar-oriented backcrossing on the 
phenotype. In contrast, Lin2 {(TPN x Lin) x Lin} and Lin3 
{Lin x (TPN x Lin)} were characterized by lower plant 
height and thinner stem diameter, consistent with a greater 
contribution of the wild genome. Eggplant is commonly 
considered moderately sensitive or moderately tolerant to 
salt stress. However, it exhibits large variation of 
morphological, biochemical, and physiological traits, 
reflecting cultivar-dependent differences in salinity 
response (Mustafa et al., 2017; Hannachi and Van Labeke 
2018). 

Biochemical and physiological parameters measured 

under stress conditions can serve as useful selection criteria 

in breeding programs (Akinci et al., 2004). According to 

results, Lin2 showed most stress-sensitive phenotype, 

characterized by high oxidative damage, high visual 

damage, poor growth performance, whereas Lin3 

displayed an intermediate phenotype development between 

Lin1 and Lin2 under salt stress conditions. Generally, 

salinity-sensitive plants tend to exhibited higher MDA 

levels and lower proline accumulation compared to tolerant 

genotypes (Sanwal et al., 2022). However, proline 

accumulation may function either as a protective osmolyte 

or as a stress-response indicator depending on genotype 

and stress intensity.  

Therefore, high proline levels alone should not be 

interpreted clearly as tolerance. In the present study, Lin2 

exhibited both high MDA and high damage scores, 

supporting its classification as stress-sensitive. 

Genetic background plays a central role in determining 

plant responses to salinity stress, as the relative 

contribution of parental genomes influences growth 

performance, physiological regulation, and stress- 

 

associated biochemical pathways (Ortega-Albero et al., 

2023; Harsha et al., 2025; Hazra et al.,  2025). In the 

present study, the phenotypic variation observed among 

the BC₁ lines was closely aligned with their genomic 

composition. Lines carrying a higher proportion of the 

cultivated genome exhibited improved vegetative growth 

and reduced prickliness, whereas those with a dominant 

wild genome displayed enhanced stress-reactive 

biochemical responses, including elevated proline 

accumulation and increased MDA levels. These findings 

suggest that genome proportion and backcross direction 

contribute substantially to the expression of stress-related 

traits under saline conditions. 

 

Conclusion 

 
This study reveals that salinity responses in backcross-

derived eggplant populations obtained from hybridization 
between S. melongena (cv. Topan374) and the wild relative 
S. linnaeanum are strongly influenced by genetic 
background and backcross direction. The wild species S. 
linnaeanum exhibited distinct biochemical stress responses 
and represents a valuable genetic resource for improving salt 
tolerance. The evaluated backcross lines showed phenotypic 
variation consistent with their genomic composition, 
indicating that controlled introgression from S. linnaeanum 
can enhance stress resilience while maintaining acceptable 
agronomic performance. These findings underscore the 
potential use of wild germplasm in eggplant breeding 
programs aimed at developing salt-tolerant cultivars. 
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