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  Abstract 
Salinity stress is a major limitation to wheat growth and productivity by affecting phys-
iological and biochemical processes. This study evaluated six wheat genotypes (Fakhar-
e-Bhakkar, Nawab, Akbar, Dilkash, Urooj, and Subhani) under 0, 8, and 12 dS/m NaCl 
levels. Chlorophyll content decreased from 40.6-35.4 SPAD under control to 24.5-17.0 
SPAD under salinity stress, with Akbar (21.2 SPAD) and Urooj (20.0 SPAD) showing 
comparatively higher retention at 12 dS/m than Fakhar-e-Bhakkar (17.0 SPAD). RWC 
declined from 91.0% (Akbar) to 63.5% (Nawab), while Urooj maintained the highest 
RWC (72.0%) under severe stress. Proline content increased markedly from 2.7-5.0 
µmol g⁻¹ FW under control to 24.0 µmol g⁻¹ FW (Dilkash) at 12 dS/m, indicating en-
hanced osmotic adjustment. Catalase activity rose from 12.5-16.3 to 48.0 U g⁻¹ FW 
(Dilkash), while superoxide dismutase activity increased from 23.0-28.0 to 76.4 U g⁻¹ 
FW under severe salinity stress, reflecting strong activation of antioxidant defense mech-
anisms. Dilkash exhibited the highest enzymatic antioxidant response, whereas Urooj 
and Akbar maintained comparatively better physiological stability under salinity stress, 
demonstrating significant genotypic variation in stress tolerance and adaptive capacity.  
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enzyme 

 
1. Introduction 
Wheat (Triticum aestivum L.) is one of the most widely cultivated cereal crops and serves as a staple food for a major 
portion of the global population [1]. However, its productivity is severely constrained by various abiotic stresses, among 
which salinity is considered one of the most destructive environmental factors affecting agricultural sustainability world-
wide [2]. Soil salinity has increased rapidly due to climate change, poor irrigation practices, excessive fertilizer application, 
and inadequate drainage systems, particularly in arid and semi-arid regions [3]. Salinity stress adversely affects plant 
growth and development through osmotic stress, ionic toxicity, nutrient imbalance, and oxidative damage [4]. Excessive 
accumulation of sodium (Na⁺) and chloride (Cl⁻) ions in plant tissues disrupts membrane stability, inhibits enzymatic 
activities, and interferes with water uptake and photosynthetic processes [5]. Early growth stages, particularly germination 
and seedling development, are highly sensitive to salinity stress because successful establishment during these stages 
largely determines final crop productivity [6]. 

One of the major consequences of salinity stress in wheat is the excessive generation of reactive oxygen species (ROS), 
including superoxide radicals, hydrogen peroxide, and hydroxyl radicals [7]. Elevated ROS accumulation causes oxidative 
damage to cellular components such as lipids, proteins, nucleic acids, and chloroplast membranes, ultimately disrupting 
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physiological and metabolic activities [8]. To counteract oxidative injury under saline conditions, wheat plants activate 
complex antioxidant defense systems comprising both enzymatic and non-enzymatic antioxidants [9]. Among the enzy-
matic antioxidants, superoxide dismutase (SOD) and catalase (CAT) play crucial roles in protecting cellular structures 
against oxidative damage in wheat plants exposed to salinity stress [10]. Superoxide dismutase acts as the first line of 
defense by converting superoxide radicals into hydrogen peroxide [11]. Catalase subsequently detoxifies hydrogen perox-
ide into water and oxygen, thereby minimizing oxidative stress within wheat cells under saline conditions [12]. Enhanced 
activities of SOD and CAT have frequently been reported in salt-tolerant wheat varieties, highlighting their significant role 
in maintaining cellular homeostasis and improving salinity tolerance under adverse environmental conditions [13]. 

In wheat plants subjected to salinity stress, the accumulation of compatible osmolytes such as proline is an important 
adaptive mechanism [14]. Proline functions as an osmoprotectant by contributing to osmotic adjustment, membrane stabi-
lization, ROS scavenging, and protection of cellular structures against salt-induced injury [15]. Increased proline accumu-
lation has commonly been observed in salt-tolerant wheat varieties, suggesting its vital contribution to enhancing salinity 
tolerance under stressful environmental conditions [16]. 

Physiological traits such as chlorophyll content and relative water content (RWC) are widely recognized as important 
indicators of salinity tolerance in wheat [17]. Salinity stress accelerates chlorophyll degradation, thereby reducing photo-
synthetic efficiency and biomass production [18]. Similarly, reduced relative water content under saline conditions reflects 
impaired water relations and cellular dehydration in wheat tissues. Salt-tolerant wheat varieties generally maintain higher 
chlorophyll retention and better water status than salt-sensitive cultivars under salinity stress conditions [19]. 

Considerable genetic variation exists among wheat genotypes regarding their ability to tolerate salinity stress. Therefore, 
understanding the physiological and biochemical mechanisms associated with salinity tolerance is essential for the devel-
opment of stress-resilient wheat genotypes. Hence, the present study was conducted to evaluate the physiological and 
antioxidant defense responses of six wheat genotypes exposed to different salinity levels during early seedling growth. 

2. Materials and Methods 
2.1 Experimental Site 

The experiment was conducted during 2024 at the Institute of Molecular Biology and Biotechnology, Bahauddin Zakariya 
University, Multan, Pakistan. Wheat seedlings were grown under controlled laboratory conditions. The environmental 
conditions maintained during the experiment, including temperature, photoperiod, light intensity, and relative humidity, 
should be specified to ensure experimental reproducibility. 

2.2 Plant Material 

Six wheat (Triticum aestivum L.) genotypes, namely Fakhar-e-Bhakkar, Nawab, Akbar, Dilkash, Urooj, and Subhani, were 
used to evaluate physiological and antioxidant responses under salinity stress. Healthy and uniform seeds of all genotypes 
were obtained from the Ayub Agricultural Research Institute, Faisalabad, Pakistan. These genotypes were selected based 
on their agronomic importance and presumed variability in salinity tolerance at the seedling stage. 

2.3 Salinity Treatments 
Three salinity treatments were imposed to evaluate the responses of wheat genotypes under different levels of salt stress. 
The treatments consisted of T₁ (0 dS/m, control), T₂ (8 dS/m NaCl), and T₃ (12 dS/m NaCl). Salinity solutions were pre-
pared by dissolving the required amount of analytical-grade sodium chloride (NaCl) in distilled water to achieve the desired 
electrical conductivity levels. The respective saline solutions were applied throughout the experimental period to maintain 
the designated salinity treatments. To minimize salt accumulation in the sand medium resulting from evapotranspiration 
and to maintain relatively stable root-zone salinity, a leaching fraction of approximately 15–20% was maintained during 
irrigation. Excess saline solution was allowed to drain freely from the containers, thereby reducing salt build-up and help-
ing to maintain the target electrical conductivity levels throughout the experiment. 

2.4 Experimental Design 

The experiment was arranged in a Randomized Complete Block Design (RCBD) with three replications. Each replication 
served as a block, and all salinity treatments and wheat genotypes were represented within each block. Germinated seeds 
were transplanted into plastic cups containing washed sand as a growth medium, and three to four seedlings were main-
tained per cup. 
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2.5 Physiological Parameters 
2.5.1 Chlorophyll Content 
Leaf chlorophyll content of wheat genotypes was determined using a SPAD-502 Plus Chlorophyll Meter (Konica Minolta, 
Inc., Osaka, Japan) under controlled laboratory conditions. Fully expanded leaves were selected from each replication to 
evaluate the effect of salinity stress on chlorophyll concentration. Chlorophyll measurements were recorded at the seedling 
stage from all experimental treatments (0, 8, and 12 dS/m) to assess the response of genotypes to increasing salinity stress. 

2.5.2 Relative Water Content (RWC) 
Relative water content was determined using the second fully expanded leaf from 14-day-old seedlings. Approximately 
0.5 g of fresh leaf tissue was weighed immediately to obtain fresh weight (FW). Samples were then floated on distilled 
water in Petri dishes for 4 h under low-light conditions to attain full turgidity, after which turgid weight (TW) was recorded. 
The samples were subsequently dried at 70°C for 24 h to obtain dry weight (DW). Relative water content was calculated 
as: 

𝑅𝑅𝑅𝑅𝑅𝑅 =
𝐹𝐹𝐹𝐹 − 𝐷𝐷𝐷𝐷
𝑇𝑇𝑇𝑇 − 𝐷𝐷𝐷𝐷

× 100 

Where: 
FW = Fresh weight, TW = Turgid weight, DW = Dry weight  

2.6 Biochemical Parameters 

2.6.1 Proline Content 
Proline content was determined following the acid-ninhydrin method using fresh leaf tissue collected from 14-day-old 
seedlings subjected to different salinity treatments. Approximately 0.5 g of leaf tissue was homogenized in 3% sulfosali-
cylic acid and filtered through Whatman filter paper. The filtrate was reacted with acid ninhydrin and glacial acetic acid 
and incubated in a boiling water bath at 100°C for 1 h. After rapid cooling in an ice bath, the chromophore was extracted 
with toluene, and absorbance was measured at 520 nm using a UV-1800 UV–Visible Spectrophotometer (Shimadzu Cor-
poration, Kyoto, Japan). Proline concentration was determined from a standard curve and expressed as μmol g⁻¹ fresh 
weight (FW). 

2.6.2 Catalase Activity (CAT) 
Catalase (CAT) activity was determined according to the method of Aebi (1984) using fresh leaf samples collected from 
14-day-old wheat seedlings exposed to different salinity treatments. Approximately 0.5 g of fresh leaf tissue was homog-
enized in chilled phosphate buffer and centrifuged to obtain the enzyme extract. Catalase activity was measured by moni-
toring the decomposition of hydrogen peroxide (H₂O₂) at 240 nm using a UV-1800 UV–Visible Spectrophotometer (Shi-
madzu Corporation, Kyoto, Japan). The decrease in absorbance was recorded over time, and enzyme activity was calcu-
lated using the extinction coefficient of H₂O₂. One unit (U) of CAT activity was defined as the amount of enzyme required 
to decompose 1 μmol of H₂O₂ per minute under the assay conditions. Catalase activity was expressed as U g⁻¹ fresh weight 
(FW). 

2.6.3 Superoxide Dismutase Activity (SOD) 
Superoxide dismutase (SOD) activity was determined according to the method of Giannopolitis and Ries (1977) using 
fresh leaf samples collected from 14-day-old wheat seedlings exposed to different salinity treatments. Approximately 0.5 
g of fresh leaf tissue was homogenized in chilled phosphate buffer and centrifuged to obtain the enzyme extract. SOD 
activity was assayed using the nitro blue tetrazolium (NBT) photoreduction method based on the inhibition of NBT reduc-
tion under light exposure. Absorbance was measured at 560 nm using a UV-1800 UV–Visible Spectrophotometer (Shi-
madzu Corporation, Kyoto, Japan). One unit (U) of SOD activity was defined as the amount of enzyme required to cause 
50% inhibition of NBT photoreduction under the assay conditions. Enzyme activity was expressed as U g⁻¹ fresh weight 
(FW). 

2.7 Statistical Analysis 

Data obtained from all measured parameters were subjected to analysis of variance (ANOVA) appropriate for a Random-
ized Complete Block Design (RCBD) to evaluate the effects of salinity treatments and wheat genotypes. Replications were 
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treated as blocks in the statistical model. Treatment means were compared using the Least Significant Difference (LSD) 
test at the 5% probability level (P ≤ 0.05). All values presented represent the mean of three replications. 

3. Results 
3.1 Effect of Salinity Stress on Chlorophyll Content in Wheat Genotypes 

Salinity stress (P ≤ 0.05) reduced chlorophyll content in all wheat genotypes compared with the control treatment. Under 
non-saline conditions (0 dS/m), the highest chlorophyll content was recorded in Fakhar-e-Bhakkar (40.6 SPAD value), 
followed by Urooj (39.5), whereas the lowest value was observed in Akbar (35.4).  

Exposure to moderate salinity stress (8 dS/m) caused a substantial decline in chlorophyll content across all genotypes. 
Among the tested genotypes, Akbar maintained comparatively higher chlorophyll content (24.5), followed by Nawab (23.2) 
and Urooj (23.0), indicating better tolerance to salt-induced chlorophyll degradation. In contrast, Fakhar-e-Bhakkar and 
Subhani exhibited relatively lower chlorophyll retention under saline conditions.   

A further reduction in chlorophyll content was observed under severe salinity stress (12 dS/m). Akbar retained the 
highest chlorophyll content (21.2), followed by Urooj (20.0), whereas Fakhar-e-Bhakkar showed the lowest chlorophyll 
value (17.0). The progressive decline in chlorophyll content with increasing salinity levels indicates the adverse effect of 
salt stress on photosynthetic pigments and chloroplast stability. The differential response among wheat genotypes suggests 
the existence of genotypic variability in salinity tolerance. Genotypes capable of maintaining higher chlorophyll content 
under saline conditions may possess more efficient protective mechanisms against oxidative and ionic stress. The calcu-
lated LSD value (1.8982) confirmed significant differences among treatments and genotypes at the 5% probability level. 

 

 
Figure 1. Effect of different salinity levels (0, 8, and 12 dS/m NaCl) on chlorophyll content of wheat genotypes. Data are presented as 

mean ± standard error. Significant differences among treatments were determined using the LSD test at P ≤ 0.05 (LSD = 1.8982). 

3.2 Effect of Salinity Stress on Relative Water Content in Wheat Genotypes 

Salinity stress significantly (P ≤ 0.05) reduced relative water content (RWC) in all wheat genotypes compared with the 
control treatment. Under non-saline conditions (0 dS/m), the highest RWC was recorded in Akbar (91.0%), followed by 
Subhani (90.0%) and Fakhar-e-Bhakkar (89.6%), whereas Nawab exhibited the lowest RWC (87.5%). Exposure to mod-
erate salinity stress (8 dS/m) resulted in a noticeable decline in RWC across all genotypes.  

Among the tested genotypes, Urooj maintained the highest RWC (81.9%), followed by Subhani (80.2%) and Fakhar-e-
Bhakkar (79.4%). In contrast, Dilkash showed the lowest RWC (75.0%) under moderate salinity conditions. A further 
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decrease in RWC was observed under severe salinity stress (12 dS/m). Urooj retained the highest RWC (72.0%), indicating 
better water retention capacity under saline conditions, whereas Nawab exhibited the lowest RWC (63.5%). The reduction 
in relative water content with increasing salinity levels indicates the adverse effect of salt stress on plant water relations 
and cellular hydration. The observed variation among wheat genotypes suggests differential responses to osmotic stress 
induced by salinity. Genotypes maintaining higher RWC under stress conditions may possess superior osmotic adjustment 
mechanisms and enhanced tolerance to salinity stress. The calculated LSD value (4.3074) confirmed significant differences 
among treatments and genotypes at the 5% probability level. 

 

 
Figure 2. Effect of different salinity levels (0, 8, and 12 dS/m NaCl) on relative water content (RWC) of wheat genotypes. Data are 

presented as mean ± standard error. Significant differences among treatments were determined using the LSD test at P ≤ 0.05 (LSD 
= 4.3074). 

3.3 Effect of Salinity Stress on Proline Content in Wheat Genotypes 

Salinity stress (P < 0.05) significantly increased proline content in all wheat genotypes compared with the control treatment. 
Under non-saline conditions (0 dS/m), proline accumulation remained low in all genotypes, ranging from 2.7 to 5.0 µmol 
g⁻¹ fresh weight. Urooj exhibited the highest proline content (5.0 µmol g⁻¹ FW), whereas Akbar showed the lowest value 
(2.7 µmol g⁻¹ FW).  

Under moderate salinity stress (8 dS/m), proline accumulation increased markedly in all wheat genotypes. Dilkash rec-
orded the highest proline content (16.6 µmol g⁻¹ FW), followed by Nawab (15.0 µmol g⁻¹ FW), while Subhani exhibited 
the lowest proline accumulation (12.0 µmol g⁻¹ FW). A further increase in proline content was observed under severe 
salinity stress (12 dS/m). Dilkash maintained the highest proline accumulation (24.0 µmol g⁻¹ FW), followed by Akbar 
(23.5 µmol g⁻¹ FW) and Subhani (23.0 µmol g⁻¹ FW). In contrast, Urooj showed comparatively lower proline content (21.0 
µmol g⁻¹ FW) under high salinity conditions. The progressive increase in proline accumulation with increasing salinity 
levels indicates the important role of proline in osmotic adjustment and protection against salt-induced oxidative stress. 
The variation among wheat genotypes suggests differential adaptive responses to salinity stress. The calculated LSD value 
(1.8498) confirmed significant differences among treatments and genotypes at the 5% probability level. 
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Figure 3. Effect of different salinity levels (0, 8, and 12 dS/m NaCl) on proline content of wheat genotypes. Data are presented as 
mean ± standard error. Significant differences among treatments were determined using the LSD test at P ≤ 0.05 (LSD = 1.8498). 

3.4 Effect of Salinity Stress on Catalase Activity in Wheat Genotypes 

Salinity stress significantly (P ≤ 0.05) increased catalase (CAT) activity in all wheat genotypes compared with the control 
treatment. Under non-saline conditions (0 dS/m), CAT activity remained relatively low among all genotypes, ranging from 
12.5 to 16.3 U g⁻¹ FW. Dilkash exhibited the highest CAT activity (16.3 U g⁻¹ FW), whereas Akbar showed the lowest 
value (12.5 U g⁻¹ FW). 
 

 
Figure 4. Effect of different salinity levels (0, 8, and 12 dS/m NaCl) on catalase (CAT) activity of wheat genotypes. Data are pre-

sented as mean ± standard error. Significant differences among treatments were determined using the LSD test at P ≤ 0.05 (LSD = 
2.7155). 
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Under moderate salinity stress (8 dS/m), catalase activity increased markedly in all wheat genotypes. Dilkash maintained 
the highest CAT activity (37.5 U g⁻¹ FW), followed by Fakhar-e-Bhakkar (35.2 U g⁻¹ FW) and Subhani (35.0 U g⁻¹ FW). 
Nawab exhibited comparatively lower CAT activity (31.0 U g⁻¹ FW) under this treatment. 

A further increase in CAT activity was observed under severe salinity stress (12 dS/m). The highest catalase activity 
was recorded in Dilkash (48.0 U g⁻¹ FW), followed by Fakhar-e-Bhakkar (46.8 U g⁻¹ FW), whereas Akbar exhibited the 
lowest CAT activity (43.0 U g⁻¹ FW). 

The progressive increase in catalase activity with increasing salinity levels indicates activation of antioxidant defense 
mechanisms in response to salt-induced oxidative stress. The variation among wheat genotypes suggests differential anti-
oxidant responses under saline conditions. Genotypes exhibiting higher CAT activity may possess stronger ROS-
scavenging capacity and improved tolerance against oxidative damage caused by salinity stress. The calculated LSD value 
(2.7155) confirmed significant differences among treatments and genotypes at the 5% probability level. 

3.5 Effect of Salinity Stress on Superoxide Dismutase Activity in Wheat Genotypes 

Salinity stress significantly (P ≤ 0.05) increased superoxide dismutase (SOD) activity in all tested wheat genotypes com-
pared with the control treatment. Under non-saline conditions (0 dS/m), SOD activity remained relatively low in all geno-
types, ranging from 23.0 to 28.0 U g⁻¹ FW. Fakhar-e-Bhakkar recorded the highest SOD activity (28.0 U g⁻¹ FW), followed 
by Akbar (27.0 U g⁻¹ FW), whereas Urooj showed the lowest activity (23.0 U g⁻¹ FW). Exposure to moderate salinity 
stress (8 dS/m) caused a marked increase in SOD activity across all wheat genotypes.  

 
Figure 5. Effect of different salinity levels (0, 8, and 12 dS/m NaCl) on superoxide dismutase (SOD) activity of wheat genotypes. Data 

are presented as mean ± standard error. Significant differences among treatments were determined using the LSD test at P ≤ 0.05 
(LSD = 3.9613). 

Dilkash exhibited the highest SOD activity (52.2 U g⁻¹ FW), followed by Subhani (51.6 U g⁻¹ FW) and Fakhar-e-
Bhakkar (51.0 U g⁻¹ FW). In contrast, Akbar and Urooj showed comparatively lower SOD activities of 47.6 and 48.0 U 
g⁻¹ FW, respectively. A further increase in SOD activity was observed under severe salinity stress (12 dS/m). Dilkash 
maintained the highest SOD activity (76.4 U g⁻¹ FW), followed by Subhani (75.0 U g⁻¹ FW) and Urooj (74.0 U g⁻¹ FW). 
Fakhar-e-Bhakkar and Nawab recorded SOD activities of 73.2 and 71.8 U g⁻¹ FW, respectively, whereas Akbar showed 
the lowest value (72.0 U g⁻¹ FW) under severe salinity conditions. The progressive increase in SOD activity with increasing 
salinity levels indicates activation of antioxidant defense mechanisms in response to salt-induced oxidative stress. The 
observed variation among wheat genotypes suggests differential antioxidant responses under saline conditions. Genotypes 
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exhibiting higher SOD activity may possess stronger reactive oxygen species scavenging capacity and enhanced tolerance 
against oxidative damage caused by salinity stress. The calculated LSD value (3.9613) confirmed significant differences 
among treatments and genotypes at the 5% probability level. 

4. Discussion 
Salinity stress significantly influenced the physiological and antioxidant responses of all tested wheat genotypes, indicating 
that increasing salt concentration adversely affects photosynthetic efficiency, cellular hydration, osmotic balance, and ox-
idative metabolism. The reduction in chlorophyll content observed under increasing salinity levels is consistent with pre-
vious findings demonstrating that salinity stress disrupts chlorophyll biosynthesis, damages chloroplast ultrastructure, and 
accelerates pigment degradation through ionic toxicity and oxidative stress [20, 21]. Excessive accumulation of Na⁺ and 
Cl⁻ ions under saline conditions impairs photosystem stability and enhances chlorophyllase activity, ultimately reducing 
photosynthetic performance and biomass accumulation [21]. In the present study, chlorophyll content declined progres-
sively from control to severe salinity stress in all wheat genotypes, confirming the sensitivity of photosynthetic pigments 
to saline environments. However, the degree of reduction varied among genotypes, suggesting substantial genetic varia-
bility in salinity tolerance. Akbar maintained comparatively higher chlorophyll content under stress conditions, indicating 
better protection of chloroplast membranes and photosynthetic machinery. Similar genotypic differences in chlorophyll 
retention under salt stress have previously been reported in wheat [20, 22]. In contrast, Fakhar-e-Bhakkar exhibited greater 
chlorophyll degradation under severe salinity stress, suggesting comparatively lower tolerance to ionic and oxidative dam-
age. 

Relative water content also decreased significantly with increasing salinity levels, reflecting the adverse effects of os-
motic stress on plant water relations. Salinity reduces soil water potential and restricts water uptake by roots, thereby 
inducing physiological drought conditions even in the presence of sufficient soil moisture [23]. Reduced RWC under saline 
conditions has frequently been associated with impaired stomatal conductance, reduced cell turgor, and disruption of met-
abolic processes [23, 24]. In the present study, Urooj maintained the highest RWC under severe salinity stress, indicating 
superior osmotic adjustment and enhanced water retention capacity. Maintenance of higher tissue hydration is considered 
an important adaptive trait in salt-tolerant genotypes because it helps sustain cellular metabolism and membrane stability 
under osmotic stress [20]. Similar findings have been reported in wheat cultivars exhibiting enhanced salinity tolerance 
through improved water status maintenance [24]. Conversely, Nawab showed the greatest reduction in RWC under severe 
salinity stress, indicating comparatively weaker adaptation to osmotic stress conditions. 

Proline accumulation increased markedly with increasing salinity levels in all tested genotypes, demonstrating its im-
portant role in osmotic adjustment and stress adaptation. Proline is a major compatible osmolyte that contributes to osmotic 
balance, stabilization of proteins and membranes, maintenance of enzyme activity, and scavenging of reactive oxygen 
species under stress conditions [25, 26]. In the present study, proline concentration remained low under control conditions 
but increased substantially under moderate and severe salinity stress. Dilkash recorded the highest proline accumulation 
under saline conditions, followed by Akbar and Subhani, indicating strong activation of osmoprotective mechanisms. Sim-
ilar increases in proline accumulation under salt stress have been widely documented in wheat and other crops [25, 27]. 
Enhanced proline biosynthesis has frequently been associated with improved stress tolerance because it contributes to 
osmotic regulation and protection of cellular structures [26]. However, some researchers have suggested that excessive 
proline accumulation may also indicate severe stress injury and metabolic disturbance rather than tolerance alone [25]. 
Therefore, the elevated proline accumulation observed in Dilkash may reflect both strong stress perception and activation 
of adaptive defense responses under saline conditions. 

The activities of antioxidant enzymes, particularly catalase and superoxide dismutase, increased significantly under 
salinity stress, indicating activation of antioxidant defense systems in response to salt-induced oxidative stress. Salinity 
stress promotes excessive production of reactive oxygen species such as superoxide radicals, hydrogen peroxide, and hy-
droxyl radicals, which can damage lipids, proteins, nucleic acids, and cellular membranes [28]. To minimize oxidative 
injury, plants activate enzymatic antioxidant systems that detoxify ROS and maintain cellular redox homeostasis [28, 29]. 
Catalase plays a critical role in decomposing hydrogen peroxide into water and oxygen, thereby preventing oxidative 
damage within plant cells [29]. In the present study, CAT activity increased progressively with increasing salinity levels 
in all wheat genotypes. Dilkash exhibited the highest catalase activity under both moderate and severe salinity stress, 
followed by Fakhar-e-Bhakkar. Increased CAT activity under saline conditions has frequently been reported as a protective 
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response associated with enhanced salinity tolerance in wheat [30]. The stronger CAT activity observed in Dilkash may 
therefore indicate greater ROS detoxification capacity and improved protection against oxidative stress. 

Similarly, SOD activity increased markedly with increasing salinity stress in all tested wheat genotypes. SOD functions 
as the first enzymatic barrier against oxidative stress by converting superoxide radicals into hydrogen peroxide, which is 
subsequently detoxified by catalase and other antioxidant enzymes [28]. In the present study, Dilkash exhibited the highest 
SOD activity under severe salinity stress, followed by Subhani and Urooj, indicating stronger activation of antioxidant 
defense mechanisms in these genotypes. Similar increases in SOD activity under saline conditions have been reported in 
wheat subjected to NaCl stress [30, 31]. Enhanced SOD activity has been strongly associated with improved tolerance 
because efficient ROS scavenging helps preserve membrane integrity, chloroplast stability, and cellular metabolism under 
stress conditions [20]. In contrast, Nawab and Akbar showed comparatively lower SOD activity under severe salinity stress, 
suggesting relatively weaker enzymatic antioxidant responses despite moderate physiological adaptation. 

The combined physiological and biochemical responses observed in the present study demonstrate that salinity tolerance 
in wheat is a complex trait involving coordinated regulation of photosynthetic stability, osmotic adjustment, tissue hydra-
tion, and antioxidant defense systems. Akbar maintained comparatively better chlorophyll stability under stress conditions, 
whereas Urooj exhibited superior maintenance of relative water content. In contrast, Dilkash showed stronger biochemical 
defense responses through enhanced proline accumulation and elevated antioxidant enzyme activities. These findings sug-
gest that different wheat genotypes employ distinct adaptive strategies to cope with salinity stress. Similar integrated re-
sponses involving chlorophyll retention, osmolyte accumulation, and enhanced antioxidant defense have been widely re-
ported in salt-tolerant wheat genotypes [20, 30, 32]. Therefore, physiological and antioxidant traits such as chlorophyll 
stability, maintenance of RWC, proline accumulation, and enhanced CAT and SOD activities may serve as reliable selec-
tion criteria for screening and breeding salt-tolerant wheat germplasm. 

5. Conclusion 
Salinity stress significantly reduced chlorophyll content and relative water content in all wheat genotypes, while proline 
accumulation and antioxidant enzyme activities (CAT and SOD) increased under saline conditions. Considerable variation 
was observed among genotypes in their tolerance responses. Akbar maintained higher chlorophyll content, Urooj retained 
better water status, and Dilkash showed stronger antioxidant and osmotic defense mechanisms under severe salinity stress. 
These findings suggest that physiological and biochemical traits can be used as reliable indicators for screening salt-toler-
ant wheat genotypes for saline environments. 
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