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ABSTRACT 

The incremental salinity is detrimental to cucumber (Cucumis sativus L.) plants being a moderately sensitive. Hence, two 
studies were carried out to determine the threshold level to incremental salinity (distilled water 0 mM, 25 mM, 75 mM, 
and 150 mM NaCl) based on morpho-physiological criteria and then high salinity (75 mM NaCl) effects were alleviated 
by foliage supplied organic biostimulant, moringa leaf extracts (MLE, 3%) and inorganic Ca2+ (10 mM) in individual and 
as integrated (Ca2++MLE;  MLE 3%+10 mM Ca2+) to cucumber seedlings in a completely randomized design. Results 
showed that incremental salinity up to 75 mM salinity was a threshold level to plant dry weight and photochemical 
activity while showed >50% reduction in growth and mortality at 150 mM NaCl to cucumber seedlings. Further,  high 
salinity at 75 mM NaCl reduced the seedling dry weight (39.6%), photosynthetic pigments (TChls, 48.1%; TCar, 41.9%, 
Fv/Fm, 23.8%) and leaf gas exchange attributes (Pn, 46.7%; E, 39.3%) as well relative water contents (37.7%) and 
membrane stability index (40.1%), total soluble protein (27.2%), inorganic ions i.e. Ca2+ (47.9%), K+ (41.3%) and their 
ratios (Ca2+/Na+,92.4%; K+/Na+, 91.4%; Ca2++K+/Na+,91.7%) in cucumber plants. These decreases were associated with 
increased oxidative stress and its biochemical markers (O2

•–, 388.5%; H2O2, 254.9%; electrolytes leakage, 137.1%; 
malondialdehyde, 342.9%) including Na+ contents (58.52%). Foliar supplemented integrated treatment (MLE+Ca) 
activated the antioxidants defense system (SOD, 17.6, 25.9%; CAT, 15.7, 20.0%; APX, 12.3, 19.9%) and promoted 
osmolytes accumulation (total soluble sugars, 9.9%, 14.3%; proline, 13.4%, 17.9%) under normal and salinity 
conditions. This redox homeostasis and osmotic adjustment improved the seedling growth indices (SDW, 31.1%, 
63.6%), photosynthetic parameters (TChls, 22.4%, 90.1%; TCar, 19.4%, 66.7%; Fv/Fm, 11.3, 31.1%), leaf fitness 
(RWC, 13.4%, 59.8%; MSI, 13.9%, 65.9%), soluble proteins (10.7%, 35.9%), ionic contents (Ca2+, 63.1%, 94.7%; K+, 
15.7%, 66.3%) and their ratios (Ca2+/Na+, 78.6,85.19%; K+/Na+, 26.7%, 71.02%; Ca2++K+/Na+, 43.1%, 75.0%) under 
both conditions respectively. In crux, integrative foliage application (Ca2++MLE) can be promising for  increasing 
adaptation to salinity in cucumber was associated with positive association of seedling traits with ionic contents, of 
photosynthetic attributes with leaf fitness and likely of ROS with Na+ contents. 
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INTRODUCTION 

 Cucumber (Cucumis sativus L.) as an 
indispensable vegetable is produced and consumed 
globally. As a rich source of essential minerals and 
vitamins required for humans, signifies its importance for 
economic and health value (Uthpala et al., 2020). Salinity 
severely threatens cucumber growth and every unit 
increase in EC>1.3 dS m−1 above this threshold markedly 
impacts its growth and reduces yield by about 16% (Chen 
et al., 2020). Hence, cucumber is regarded as moderately 
sensitive to salinity stress (Zhu et al., 2020; Shaik et al., 
2025). Salinity alters the plant physiological and 

biochemical events to hamper the growth and 
development owing to osmotic and ionic stress, their 
toxicity and nutritional imbalance (Farooq et al., 2024). 
 It is indispensable to overcome the salinity 
effects on plants and/or improve resistance to growth in 
saline soils by using organic or inorganic biostimulants to 
thrive under such conditions. High intensity of salinity 
induces inherent plant defense mechanism made of 
antioxidants to counteract the Na+ toxicity under 
oxidative stress (Rehman et al., 2021; Farooq et al., 
2024). Antioxidant responses and salt concentration 
trends vary among different plant species and also 
differentially impacted by varying levels of soil salinity 
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(Zhou et al., 2024; Shaik et al., 2025). Increasing 
capacity of plant's defense systems is therefore 
imperative to detoxify the elevated ROS levels under salt 
stress. Hence, application of different strategies, such as 
vital nutrients or plant-derived biostimulants, could be an 
acceptable strategy to increase salt stress tolerance 
(Rehman et al., 2021; Saleem et al., 2025). 
 The calcium (Ca2+) as a pivotal macronutrient 
plays significant role in stabilizing and persevering the 
structural integrity of cell wall and its membranes (Hadi 
and Karimi, 2012). As a signaling molecule, Ca2+ affects 
the germination and seedling growth by reducing toxic 
Na+ uptake (Bachani et al., 2022). Likely, plant extracts 
based biostimulants have been utilized as alternatives to 
chemical compounds and modify physiological traits to 
promote plant production and quality (Mujeeb-Kazi et 
al., 2019; Rehman et al., 2021; Farooq et al., 2024). 
Moringa oliefera leaf extracts (MLE) being rich in 
several minerals, vitamins, phytohormones, and 
antioxidants (Rehman et al., 2017, 2021) when applied 
confers salt tolerance, by decreasing the synthesis of 
reactive oxygen radicals and their adverse impacts, 
hence, reinforcing the plant performance (Zaki and Rady, 
2015; Rehman et al., 2021). Thus, integrative use of 
organic biostimulants and inorganic Ca2+ supply may 
synergistically reinforce plant antioxidant defense system 
and stress tolerance by minimizing ROS damages to 
support growth and crop productivity (Rady et al., 2015; 
Hemida et al., 2017; Rehman et al., 2021).  
 Previously, research studies have reported the 
potential of Ca2+ and moringa leaf extracts (MLE) as an 
individual seed pre-treatment or foliage application to 
increase plant tolerance against salinity and other stresses 
(Rady et al., 2015; Hemida et al., 2017; Rehman et al., 
2021). However, to date, there is no research using both 
Ca2+ and MLE as an integrated treatment to impart salt 
tolerance in cucumber. Therefore, it is hypothesized that 
applying Ca2++MLE, as foliar spray would 
synergistically reinforce antioxidant system of cucumber, 
helping the seedlings to withstand the negative impacts of 
salinity. This would be achieved by reducing Na+ 
absorption and then its accumulation to seedling tissues 
by increasing antioxidant levels, photosynthesis 
efficiency and up-regulating Ca2++K+/Na+ ratio. Hence, 
these studies investigated the impact of foliar spraying 
with Ca2+ and MLE in salt-stressed cucumber seedling : 
(I) membrane damage under stress and levels of ROS, (II) 
levels and activities of antioxidant compounds and 
enzymes, (III) photosynthesis and osmoprotectants 
upregulation, and (IV) K++Ca2+/Na+ ratio including 
growth of cucumber seedlings. 

MATERIALS AND METHODS 

Establishment of seedlings and experimentation: The 
experiment was conducted in a temperature-controlled 

greenhouse at King Abdulaziz University (Jeddah, Saudi 
Arabia) during 2025 with temperature maintained at 
26±2°C during the day and 20±2°C at night, with 60–
70% relative humidity and a natural photoperiod of 
approximately 11 h light/13 h dark during the 
investigation period. The Cucumis sativus L. seed (cv. 
Beit Alpha) was obtained from the agricultural market in 
Jeddah city, Saudi Arabia. For disinfection, the seeds 
were dipped for 5 min in a 0.2% HgCl2 solution and then 
washed with distilled water (DiW) at 25±2 °C until the 
disinfection solution was completely removed. The sandy 
soil was low in nutrients (N 0.03%, P 6.2 mg kg⁻¹, K 52 
mg kg⁻¹; pH 7.4), while the peat moss was rich in organic 
carbon and nutrients, improving water-holding capacity 
and aeration.  

Experiment-1: In a preliminary experiment, different 
NaCl salt concentrations were examined to identify the 
salt threshold of cucumber (cv. Beit Alpha) through the 
influences on dry mass (plant growth) and physiology 
such as chlorophyll content (SPAD value), 
photochemical activity, and membrane stability index. 
Growing trays containing proper amounts of sandy soil 
mixed with peat moss were utilized for sowing seeds. The 
trays were watered every 48 h to maintain soil moisture 
until seedlings emerged. Two uniform seedlings of 
cucumber were transplanted to plastic pots. Each 3 kg 
plastic pot (21 cm×16 cm) was filled with the 2:1 (v/v) of 
sandy soil to peat moss mixture to provide a balanced 
substrate for cucumber seedlings.  
 Two weeks after root establishment, cucumber 
seedlings were supplied with saline water of different 
concentrations [distilled water (0), 25, 75, and 150 mM 
NaCl] (Rhoades et al., 1992; Shaik et al., 2025) arranged 
in completely randomize design with three replicates. 
Two weeks after the application of salt treatments, SPAD 
(Model SPAD-502; Spectrum Technologies Inc. 
Plainfield, IL) and CIRAS-4 (PP Systems, Amesbury, 
MA, USA) readings were chosen from fully expanded, 
symptom-free 3rd leaf from the shoot apex of each 
seedling with three leaves per replicate for all treatments 
to ensure uniform physiological status among samples. 
Measurements were carried out between 09:00 and 11:00 
a.m. to avoid midday fluctuations in photosynthetic 
activity using the broad-leaf cuvette under the following 
set points: PPFD = 1000 µmol m⁻² s⁻¹ (actinic light in the 
chamber), reference CO₂ = 400 µmol mol⁻¹, leaf 
temperature = 25 ± 1 °C, relative humidity ≈ 55–65% and 
flow rate = 300 µmol s. Then cucumber seedlings were 
harvested for growth measurements. Each replicate was 
comprised of 20 pots as experimental units. 

Experiment -2: In present study, 75 mM NaCl salinity 
level selected from Exp-1 was used in comparison to 0 
mM NaCl. The foliar spray of 10 mM calcium [Ca2+; 
CaCl2) and a 3% MLE (1:30) were used to examine their 
impact to overcome the devastating salinity effects on C. 
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sativus seedlings by investigating the physiological, 
biochemical and ionic responses. Eight seedling sets 
received the following main treatments: foliar spraying 
(FS) with (1) distilled water (DiW), (2) 10mM Ca2+, (3) 
3% MLE, (4) 3% MLE enriched with 10mM Ca2+ 
(Ca+MLE), (5) 75 mM NaCl + (FS)  with DiW, (6) 75 
mM NaCl + (FS) with 10mM Ca2+, (7) 75 mMNaCl + 
(FS) with 3% MLE, and (8) 75 mM NaCl + (FS) with 
Ca2++MLE. Salinity treatment viz. 75 mM NaCl was 
imposed after two weeks seedling (14 days) transplanting 

into the pots. Foliar sprays were made twice to cucumber 
seedlings viz, 4 and 10 days after applying salinity 
treatments. Thereafter, seedlings were harvested 4 days 
after foliage applications for different measurements (Fig. 
1). The experiment was arranged in a completely 
randomized design with three replicates and each 
replicate comprised 20 pots as an experimental unit and 
pots were filled with the 2:1 (v/v) of sandy soil to peat 
moss mixture to provide a balanced substrate for 
cucumber seedlings. 

 

 
Figure 1: Schematic timeline of the experimental treatments applications. Cucumber seedlings were transplanted 

on Day 0. Salinity was introduced two weeks after transplanting (Day 14). Foliar applications of Moringa 
leaf extract (MLE) and/or CaCl₂ were carried out 4 and 10 days after salinity imposition (Days 18 and 
24, respectively). Plants were harvested and sampled two weeks after salinity initiation (Day 28). 

 
MLE preparation: The moringa leaf extract (MLE) 
were prepared following the method of Rady et al. 
(2013). The extract composition has been well 
characterized and is known to contain osmoprotectants 
(proline, soluble sugars, amino acids), antioxidant 
(ascorbate, glutathione, α-tocopherol), phytohormones 
(auxins, gibberellins, cytokinins) and minerals (Ca2+, K+) 
(Yap et al., 2021).  
 For MLE preparation, fresh leaves from young 
branches of the moringa tree were collected, shade-dried, 
grounded into a fine powder and then extracted in 80% 
ethyl alcohol utilizing a rotary shaker for 4 h. Twice, the 
mixture was purified via filter (Whatman No. 1) paper. 
Later, the alcohol was thoroughly evaporated from the 
extract utilizing a rotary evaporator. Then, the alcohol-
free extract was centrifuged to 8000×g for 15 min. to 
obtain supernatant and further diluted to 30 times by 
adding DiW for further use immediately (Rady et al., 

2013). The extract was freshly prepared before each 
foliar application and stored at 4 °C for < 24 h before use. 

Growth characteristics measurements: Nine seedlings 
(4 weeks old) were randomly harvested and the number 
of leaves and shoot length was determined from each 
treatment. Then, dry weights were taken from roots, 
shoots, and total seedlings after oven-drying (70°C) until 
steady dry-weight. 

Estimation of photosynthetic efficiency attributes: The 
fresh leaf chlorophyll and carotenoids content was 
measured following Lichtenthaler (1987) protocol. Fresh 
leaves (0.05 g) were extracted with 5 mL, 95% ethanol 
into test-tubes and heated at 70 °C into a water bath until 
the green color turns to colorless. The heated extract was 
then measured against 95% ethanol as a blank at 663, 
644, and 452 nm wavelengths using spectrophotometer. 
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 The photosynthetic efficiency and gas exchange 
attributes including performance index (PI, Fv/Fm), 
transpiration (E), and net CO2 assimilation rates (Pn) 
were determined using CIRAS-4 (PP Systems, 
Amesbury, MA, USA) using the broad-leaf cuvette under 
the following set points: PPFD = 1000 µmol m⁻² s⁻¹ 
(actinic light in the chamber), reference CO₂ = 400 µmol 
mol⁻¹, leaf temperature = 25 ± 1 °C, relative humidity ≈ 
55–65% and flow rate = 300 µmol s. Measurements were 
taken between 09:00 and 11:00 to minimize diurnal 
variation from a fully expanded and symptom-free third 
leaves from the apex: one leaf per plant, three plants per 
replicate (n = 3) and three spot readings per leaf were 
averaged to a single value per plant.   

Leaf relative water contents (RWC): For RWC, 2 cm 
diameter leaf discs were prepared excluding the mid vein 
and their fresh (FW; taken promptly after the discs were 
ready), turgid (TW; taken after 24 h saturation in water), 
and dry weights (DW) were evaluated after exposing to 
70 °C until the weight was constant (Osman and Rady, 
2014). The following equation was applied:  

𝑅𝑅𝑅𝑅𝑅𝑅 (%) =  �
(𝐹𝐹𝐹𝐹 − 𝐷𝐷𝐷𝐷)
(𝑇𝑇𝑇𝑇 − 𝐷𝐷𝐷𝐷)

� × 100 

Estimation of membrane stability index (MSI): The 
leaf blades (0.2 g) were added into two test-tubes with 10 
mL DiW to measure MSI (Rady, 2011). The test tubes 
were heated in water bath for 30 min. at 40 °C 
temperature and again heated to 100 °C for 10 min. and 
their EC’s were measured as ECa and ECb respectively. 
These EC’s values were used to calculate the membrane 
stability index (MSI) following this equation: 
MSI (%) = [1 ‒ (ECa/ECb)] × 100 

Estimation of oxidative stress damage and 
biomarkers: The electrolyte leakage (EL) (Rady and 
Rehman, 2016), malondialdehyde (MDA) contents 
(Heath and Packer, 1968) and antioxidants i.e. superoxide 
(O2

•−) (Kubiś, 2008), and hydrogen peroxide (H2O2) 
(Velikova et al., 2000) were determined following the 
standard protocols.  
 For the O2

•− contents (g−1 FW), a 100 mg leaf 
sample was prepared by cutting into fragments (1 × 1 
mm) at  room temperature (25 ± 2 °C). These samples 
were sunk into a 10 mM K-phosphate buffer (pH 7.8) + 
10 mM NaN3 and NBT (0.05%) for 60 min. The mixture 
(2 mL) was heated for 15 min. at 85 °C temperature and 
cooled down for OD at 580 nm.  
 For the H2O2 content (μmol g−1 FW) 
determination, a 250 mg leaf sample was poured in 5 mL 
TCA (5%) solution and mixture was centrifuged (4 °C) at 
12,000 ×g for 15 min. The supernatant layer was well 
mixed with buffer (pH 7.0) solution of 1 M KI + 10 mM 
K-P and at 390 nm, the OD of 390 nm was measured. 
 To estimate electrolyte leakage (EL), a leaf 
sample was heated (45–55 °C) to determine the electrical 

conductivity (EC2), boiled (100 °C) for EC3 and then the 
EC1 of solution was also measured at room temperature 
(EC1).  
 Electrolyte leakage (EL, %)= 𝐸𝐸𝐸𝐸2−𝐸𝐸𝐸𝐸1

𝐸𝐸𝐸𝐸3
× 100 

 The leaf MDA content were determined as an 
index of lipid peroxidation. For this purpose, a leaf 
sample (100 mg) was homogenized in a 5 mL 
NaH2PO4·2H2O (0.07%) + 50 mM Na2HPO4·12H2O 
(1.6%) mixture, centrifuged at 20,000×g for 25 min. and 
OD of the supernatants was determined at 532–600 nm. 

Determinations of antioxidants and osmoprotectants 
(OPs): For proline contents determination, the fresh leaf 
samples (1.0 g) of C. sativus L were crushed in 10 mL 
3% sulfosalicylic acid solution (Bates et al., 1973). The 
homogenates were filtered using Whatman 2 filters, 
added with 1.0 mL of ninhydrin reagent to 1.0 mL filtrate 
and then reaction was initiated by adding glacial acetic 
acid (1.0 mL) at 100 °C temperature for 60 min. Then it 
was terminated by adding ice and 2.0 mL of toluene into 
the mixture and toluene layer was assessed for proline 
contents at 520 nm. 
 The soluble sugar content were determined 
following Irigoyen et al. (1992) for which leaf samples 
were extracted in 96% ethanol. The 100 μL extract of 
reaction mixture was added with 3.0 mL anthrone reagent 
that was heated for 10 min and allowed to cool down for 
measuring reading at 625 nm. 
 The ascorbate contents were determined 
following the Mukherjee and Choudhuri (1983) 
procedure by extracting leaf (50 mg) in 10 mL of 
6%TCA+ 2 mL 2% dinitrophenylhydrazine + a drop of 
thiourea (10%)+ ethanol (70%). The ethanol based 
extractant was reacted at 100 °C for 15 min., cooled 
down (0°C) at room temperature and added with 5 mL 
H2SO4 (80%). The OD of the mixture was determined at 
530 nm. 
 For glutathione (GSH), 50 mg leaf sample was 
homogenized in 2.0 mL metaphosphoric acid (2%), 
centrifuged for 10 min. at 17,000 ×g and added with 0.6 
mL sodium citrate (10%) to neutralize the supernatant 
(0.9 mL) (Griffith, 1980). The mixture containing 100 μL 
extract+ 100μL 6mM 5,5′-dithiobis-2-nitrobenzoic 
acid+700μL 0.3mM NADPH + 100μL DiW stabilized for 
3-4 min. at 25°C. The 10 μL GSH reductase (50 Units 
mL−1) was added to the stabilized mixture for measuring 
OD at 412 nm. The GSH levels were calculated using a 
standard curve. 

Assays for Antioxidants Enzymes: The freeze-dried leaf 
(0.2g) enzymes extracts (EET) were prepared by crushing 
in 2.0 mL 100 mM P-buffer with 0.5mM EDTA. The 
homogenate extraction buffer was added with a 0.1 mM 
EDTA solution, centrifuged (15000×g, 15 min, 4 °C) and 
then enzyme activities were quantified. The antioxidants 
enzymes activities APX, CAT, SOD, and soluble protein 
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contents were determined following the Nakano and 
Asada (1981), Havir and McHale (1987), Beauchamp and 
Fridovich (1971), and Bradford (1976) methods, 
respectively. The SOD activity (1-unit) was expressed as 
its capability to prevent photo-reduction of 50% nitroblue 
tetrazolium (NBT). The H2O2 breakdown (ε=36 M−1 
cm−1) in EET was expressed as CAT activity and 
observed by drop in OD at 240 nm and blended with a 
0.1M K-P-buffer (pH 7). The addition of 2.0mM AsA to 
extraction buffer was expressed by APX activity. The 
nylon fabric was used to filter the homogenate that was 
run on a centrifuge for 15 min. at 12,000×g. The decline 
in ascorbate oxidation at OD of 290 nm (ε = 2.8×10−3 
M−1 cm−1) was measured as APX activity. All enzyme 
assays were carried out at 25 °C, and activities were 
normalized to soluble protein content and expressed as 
Units per mg protein (U mg⁻¹ protein). 
 All biochemical attributes were estimated using 
a Spectrophotometer (Bausch and Lomb Spectronic 2000, 
Rochester, New York, USA). 

Ionic analysis: The Ca2+ (Chapman, 1965), K+ and Na+ 
(Williams and Twine, 1960) contents in cucumber 
seedlings were determined using the Atomic Absorption 
Spectrophotometry and Flame Spectrophotometry 
following the standard methods respectively. For the 
purpose, a wet digestion method was followed for which, 
100 mg dried leaf sample were digested in 5.0 mL conc. 
H2SO4 using 1.0mL perchloric acid (HClO4). The 

digested mixture was further diluted by DiW for the 
determination of K+ and Na+ contents.  

Data analysis: The experimental treatments were 
arranged in completely randomized design with three 
replicates. Means ± standard errors were used to present 
the data after statistical analysis using Statistica (version 
9, Tulsa, OK, USA). The analysis of variance (ANOVA) 
technique was performed, while treatment means were 
differentiated by Duncan’s Multiple Range Test (DMRT) 
(p ≤ 0.05) (Steel et al.,1997). 

RESULTS 

Experiment-1: Salt threshold in cucumber (cultivar Beit 
Alpha) was determined by investigating the plant dry 
mass and physiological attributes including chlorophyll 
content, photochemical activity, and membrane stability 
index (Table 1) under incremental salinity levels. 
Maximum seedling growth was found in cucumber plants 
under normal conditions without salinity followed by 
decrement as shown by non-significant but slight 
decrease at 25 mM NaCl and maximum reduction was 
found at 75 mM NaCl salinity. Nonetheless, cucumber 
seedlings could not survive at flowering stage at highest 
salinity level (150 mM NaCl). Hence, 75 mM NaCl was 
considered as threshold for seedling growth and utilized 
for the further study. 

Table 1 Morpho-physiological responses of cucumber seedlings to the incremental salinity levels.  
 

Salinity levels 
(mM NaCl) 

Plant dry weight 
(g) 

Chlorophyll value Photochemical 
activity 

Membrane stability 
index (%) 

0 15.9a ± 1.1 46.9a ± 2.1 44.3a ± 2.4 71.2a ± 4.4 
25 15.4a ± 1.1 45.2a ± 1.9 43.4a ± 2.3 69.4a ± 4.3 
75 9.8b ± 0.7 30.1b ± 1.4 28.1b ± 1.8 40.5b ± 3.2 
150 4.5c ± 0.2 17.2c ± 1.1 15.5c ± 1.0 24.6c ± 1.9 
LSD value 0.80 2.10 1.20 2.45 
Means sharing the same letters within a column don’t differ significantly at p≤0.05; ± standard error  
 
Experiment-2 

Seedling growth of cucumber: Salinity stress (75 mM 
NaCl) significantly reduced growth traits of cucumber 
(Fig. 2). It reduced plant height (PHt) by 42%, leaves 
number (LN) by 39.0%, root (RDwt; 41%) and shoot 
(SDwt; 39.0%) dry weights including plant dry weight 
(PDwt) by 39.6% than control. Foliar spray of MLE or 
Ca2+ significantly increased seedling growth under 
salinity compared to control. This increase by integrative 
treatment was 18.0 and 67% for PHt, 19.5 and 61.0% for 
LN, 28.8 and 71.0% for RDwt, 32.1 and 60.3% for SDwt, 
and 31.1 and 63.6% for PDwt compared to control under 
both normal and saline conditions, respectively (Fig. 2). 

Photosynthetic efficiency in cucumber seedlings: The 
photosynthetic pigments were reduced significantly in 
cucumber seedlings under high salinity viz. total 
chlorophylls (TChls) by 48.1%, total carotenoids (TCar) 
by 41.9%, Fv/Fm by 23.8%, PI by 39.0%, net CO2 
assimilation rate (Pn) by 46.7%, and transpiration rate (E) 
by 39.3% compared to control (Fig. 3). Foliar spray of 
MLE or Ca2+ significantly increased these photosynthetic 
attributes under saline condition compared to control. 
Nonetheless, this increase by integrative treatment  
(MLE+Ca2+) was 22.4 and 90.1% for TChls, 19.4 and 
66.7% for TCar, 11.3 and 31.1% for Fv/Fm, 18.7 and 
62.3% for PI, 14.6 and 85.7% for Pn, 14.9 and 63.8% for 
E compared to individual foliar applications (MLE or 
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Ca2+) under both normal and saline conditions 
respectively (Fig. 3).  

Leaf integrity in cucumber seedlings under salinity 
and stress relievers: Salinity stress significantly 
decreased the leaf integrity traits viz.  RWC by 37.7% 
and MSI by 40.1% in cucumber seedlings compared to 
control (Fig. 4). The foliar spray of MLE or Ca2+ 
increased remarkably these attributes under both normal 
and saline conditions. Among the treatments, integrative 
use of MLE+Ca2+ significantly increased RWC by 13.4 
and 59.8% and MSI by 13.9 and 65.9% under both 
conditions compared to the corresponding controls, 
respectively. Nonetheless, these impacts of integrative 
treatment were more remarkable under salinity than 
normal conditions (Fig. 4).   

Oxidative stress markers, and stress consequences of 
cucumber seedlings: Salinity treatment (75 mM NaCl) 
significantly elevated oxidative stress markers such as 
O2

•− (389%) and H2O2 (255%) levels, and consequently 
EL (137%) and MDA (343%) in cucumber seedlings 
compared to control (Fig. 5). Foliar applications with 
MLE or Ca2+ significantly suppressed O2

•−, H2O2, EL, 
and MDA levels under both normal and saline conditions 
compared to the control treatment. Among the treatments, 
integrative use of  MLE+ Ca2+ significantly suppressed 
O2

•− by 46.2 and 78.7%, H2O2 by 31.1 and 71.1%, EL by 
10.5 and 57.1%, and MDA by 19.0 and 76.3% under both 
conditions compared to the controls, respectively (Fig. 5).  

 
Fig. 2 Influence of foliar applied calcium (Ca2+; 10mM) and moringa leaf extract (MLE; 1:30) on seedling growth 

of cucumber under salinity (75 mM NaCl). Values within columns represent means while bars for 
standard errors. * and ** denotes the significance levels of p≤ 0.05; ≤ 0.01, respectively. Duncan’s 
Multiple Range Test (DMRT) was followed to differentiate the letters within each column at p ≤ 0.05. 
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Fig. 3 Influence of foliar applied calcium (Ca2+; 10mM) and moringa leaf extracts (MLE; 1:30) on photosynthetic 

pigments of leaves and its efficiency in cucumber seedlings under salinity stress (75 mM NaCl). Values 
within columns represent means while bars for standard errors. * and ** denotes the significance levels 
at p≤ 0.05; ≤ 0.01, respectively. Duncan’s Multiple Range Test (DMRT) was followed to differentiate the 
letters within each column at p ≤ 0.05. 

 
Osmo-protectants (OPs) and non-enzymatic 
antioxidants contents in cucumber seedlings under 
salinity and stress relievers: Under salinity, the leaf 
total soluble sugars (TSS), proline (FPro), non-enzymatic 
antioxidants ascorbic acid (AsA) and glutathione (GSH) 
levels were increased by 9.6%, 11.0%, 20.9%, and 33.3% 
in cucumber seedlings than control respectively (Fig. 6).  
 MLE was more effective than Ca2+ under salt 
stress conditions while integrative application (MLE+ 
Ca2+) significantly increased TSs, FPro, AsA and GSH by 
9.9 and 14.3%, 13.4 and 17.9%, 18.6 and 24.0%, and 
31.3 and 37.5% under both normal and saline conditions 
than control, respectively (Fig. 6).  

Enzyme activities under salinity and stress relievers: 
Salinity treatment notably increased the SOD, CAT, and 
APX activities by 19.7, 14.9, and 12.8% while reduced 
soluble protein (SPr) by 27.2% compared to control in 
cucumber seedlings (Fig. 7). Nonetheless, Ca2+ was less 
effective than MLE under salt stress conditions. 
However, integrative foliage applied (MLE+Ca) 
significantly increased SOD by 17.6, 25.9%, CAT by 
15.7, 20.0% and APX activities by 12.3, 19.9%, and SPr 
content by 10.7, 35.9% compared to control treatments 
under both conditions (Fig. 7). 
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Fig. 4 Influence of foliar applied calcium (Ca2+; 10mM) and Moringa oleifera leaf extract (MLE; 1:30) on leaf 

integrity, oxidative stress markers and their consequences on cucumber seedlings under salinity stress (75 
mM NaCl). Values within columns represent means while bars for standard errors (SE). * and ** denotes 
the significance levels of p≤0.05; ≤0.01, respectively. Duncan’s Multiple Range Test (DMRT) was followed 
to differentiate the letters within each column at p≤0.05. 

 

 
Fig. 6 Influence of foliar applied calcium (Ca2+; 10mM) and moringa leaf extracts (MLE; 1:30) on 

osmoprotectants and non-enzymatic antioxidants contents of cucumber seedlings under salinity stress (75 
mM NaCl). Values within columns represent means while bars for standard errors (SE). * and ** denotes 
the significance levels of p≤ 0.05; ≤ 0.01, respectively. Duncan’s Multiple Range Test (DMRT) was 
followed to differentiate the letters within each column at p ≤ 0.05. 



Alshahrani and Alharby  J. Anim. Plant Sci., 36 (2) 2026 

 505 

 
Fig. 7 Influence of foliar applied calcium (Ca2+; 10mM) and moringa leaf extracts (MLE; 1:30) on enzymatic 

antioxidants and protein contents in cucumber seedlings under salinity stress (75 mM NaCl). Values 
within columns represent means while bars for standard errors (SE). * and ** denotes the significance 
levels of p≤ 0.05; ≤ 0.01, respectively. Duncan’s Multiple Range Test (DMRT) was followed to 
differentiate the letters within each column at p ≤ 0.05. 

 
Nutritional homeostasis in cucumber seedlings under 
salinity and stress relievers: Salinity treatment 
significantly increased Na+ content (58.52%), while 
reduced the Ca2+ (47.9%) and K+ (41.3%) contents 
including their respective ratios Ca2+/Na+ (92.4%), 
K+/Na+ ( 91.4%), and Ca2++K+/Na+ (91.7%) relative to 
control in cucumber seedlings (Fig. 8). Under both 
normal and salinity stress, foliage applied MLE or Ca2+ 
significantly decreased toxic Na+ content, while increased 
Ca2+ and K+ contents including their ratios than 
corresponding control. MLE treatment was found more 
effective than Ca2+ under salinity conditions, except for 
Na+ content. Integrative treatment (MLE+ Ca2+) reduced 
Na+ content by 8.7% and 79.4%, while increased Ca2+ by 
63.1 and 94.7%,  K+ by 15.7 and 66.3%, including 
Ca2+/Na+ by 78.6 and 85.19%, K+/Na+ by 26.7 and 
71.02% including Ca2++K+/Na+ by 43.1 and 75.0% ratios 
compared to controls, respectively (Fig. 8). 

Pearson correlation and heat map: There was a 
positive and significant (p ≤ 0.05) relationship found 
among SDwt, PHt, RDwt and PDwt, LN with Ca2+, K+ 
Na+ contents and their ratios (Ca2+/Na+, K+/Na+, 

K++Ca2+/Na+), of TChls, TCar, SPr, Ss, E, Pn, RWC, 
MSI, Fv/Fm, and PI in cucumber seedlings under salinity 
stress (Fig. 9). While the negative but  
 Significant correlations of H2O2, O2

•‒, EL, 
MDA, and Na+ levels was found with the traits in 
cucumber seedlings under salinity (Fig. 9). Moreover, a 
significant (p ≤ 0.05) and positive relationship was found 
of TSs, CAT, SOD, AsA, and GSH contents with each 
other. The heat map divided the foliage applied 
stimulants and salinity treatments into three major sets 
(Fig. 10). The MLE+ Ca2+, control, Ca2+, and MLE 
treatments were clustered together, showing heightened 
performance compared with the second set (S+MLE+ 
Ca2+, S+ Ca2+, and S+MLE). These two sets of treatments 
showed better performance compared to third set (salinity 
treatment). The overall results showed better performance 
of integrative treatment (MLE+ Ca2+) than individual 
MLE or Ca2+ under salinity and no stress conditions, 
therefore, MLE+Ca2+ efficiently mitigated the negative 
effects of salinity, enhanced the seedling growth and 
physio-biochemical attributes in cucumber. 
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Fig. 8 Influence of foliar applied calcium (Ca2+; 10mM) and moringa leaf extracts (MLE; 1:30) on ionic contents 

and their ratios in cucumber seedlings under salinity stress (75 mM NaCl). Values within columns 
represent means while bars for standard errors (SE). * and ** denotes the significance levels of p≤ 0.05; ≤ 
0.01, respectively. Duncan’s Multiple Range Test (DMRT) was followed to differentiate the letters within 
each column at p ≤ 0.05. 

 

 
Fig. 9 Pearson’s correlation among various attributes. The variations in colors represent the values of correlation. 

* indicates the significance level at p ≤ 0.05.   
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Fig. 10 Heat map and hierarchical analysis among the various attributes and foliar applied Ca2+ and MLE in 

cucumber plants under salinity. 
 
 Foliar supply of MLE and Ca2+ showed higher 
variation in cucumber seedlings highlighting treatments 
role to enhance the photosynthetic pigments and its 
efficiency, leaf fitness and seedling growth as well the 
ionic rations in cucumber under ambient and saline 
conditions. Nonetheless, integrative MLE+ Ca2+ 
treatment was more efficient in improving the growth by 
alleviating the salinity impacts on cucumber seedlings 
(Fig. 10). 

DISCUSSION 

 The cucumber plants are considered moderately 
sensitive to salinity because ECe threshold >1.3 dS m−1 is 
detrimental to its growth and yield performance (Chen et 
al., 2020; Zhu et al., 2020). The present studies 
investigated the detrimental impact of incremental 
salinity levels on the growth and physiological responses 

to find the critical threshold for salinity in cucumber 
seedlings and then its amelioration by foliar applied 
organic moringa leaf extracts and inorganic Ca2+ under 
saline conditions. Results showed that incremental NaCl 
concentration (>75mM) was more detrimental to the 
seedling growth, leaf photosynthetic pigments and 
membrane stability even showed mortality before 
flowering. Considering these criteria, cucumber seedlings 
showed resistance to salinity stress by 75 mM NaCl, 
hence, this level was used as critical threshold for growth 
and physiological responses for further evaluation. In 
support to present study findings, Shaik et al. (2025) 
explained that cucumber plants response to incremental 
salinity are growth stage specific and should be integrated 
with physiological based traits for germplasm evaluation 
as a reliable strategy.   
 High salinity (75 mM NaCl) reduced growth of 
cucumber seedlings in present study could be due to the 
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restricted osmotic potential decrease in the turgor 
potential affecting water and nutrient uptake as well cell 
elongation (Mujeeb-Kazi et al., 2019; Farooq et al., 
2024). Another plausible reason for reduced seedling 
biomass in cucumber seedlings was associated with 
decrease in photosynthetic activity and gas exchange 
attributes and vice versa (Shahid et al., 2012; Shaik et al., 
2025) evident the present study findings. Nonetheless, 
high salinity induced decrease in photosynthetic pigments 
of cucumber was due to increased chlorophyllase activity 
and rise in ethylene levels suppressing the chlorophyll 
biosynthesis and/or destabilization in pigment-protein 
complexes at elevated NaCl levels (Hawrylak-Nowak, 
2009). Excessive Na+ ions accumulated in salt-stressed 
cucumber tissues is likely due to K substitution by Na+ 
increasing its uptake and decrease in K+ content (Rehman 
et al., 2021) evident the present study findings. The 
decreased K+ impairs stomatal functioning associated 
with loss of turgor in guard cells restricting 
photosynthesis (Kaya and Higgs, 2002; Shabala et al., 
2002; Rady and Hemida, 2016; Desoky et al., 2021) and 
seedling growth in cucumber plants under salinity. These 
are also evident from the positive relationship between 
seedling growth, photosynthetic attributes and ionic 
contents in cucumber seedlings under salinity (Fig. 10).  
 Under salinity, decreased protein contents could 
be due to reduced incorporation of amino acids into 
protein metabolism, a decrease in K+ contents, increased 
proteases activity and increased RNase activity all 
contributing directly to inhibit protein synthesis under 
stress conditions (Jamali et al., 2015). Likely, decreased 
protein content in cucumber seedlings could also be due 
oxidative stress induced lipid peroxidation and electrolyte 
leakage as evident from the positive relationship between 
these attributes in present study (Fig. 10). Nonetheless, 
salinity induced oxidative stress enhanced the 
endogenous levels of antioxidants and osmo-protectants 
to scavenge ROS and contributed towards osmotic 
adjustment increasing adaptation of cucumber seedlings 
to salinity stress (Desoky et al., 2021; Alsamadany et al., 
2023). 
 Nevertheless, the external supply of 
biostimulants viz. MLE and Ca2+ further increased 
resistance of cucumber seedlings to salinity by improving 
growth, photosynthetic efficiency traits and leaf integrity 
associated with enhanced antioxidant defense system, 
osmoprotection and regulation of ionic balance (Fig. 11). 
Foliage applied MLE improved tissue water status, 
reduced EL and MDA could be attributed to maintenance 
of leaf turgor balance associated with increased 
accumulation of osmoprotectants under salinity (Rehman 
et al., 2021). In fact, the soluble sugars and proline 
directly scavenge the oxygen radicles (OH−) and reduce 
oxidative stress damages,  thus, protecting the  
membranes of cell (Zaki and Rady, 2015; Alsamadany et 
al., 2023). Hence, foliar supply of MLE and/or its 

integrative use further contributed towards enhancing 
defensive mechanisms, maintenance of turgor and ionic 
homeostasis  (Alharby et al., 2020, 2021; Rehman et al., 
2021) evident present study findings. Convergently, 
plants also develop intrinsic protective mechanisms 
comprising antioxidant enzymes and osmotic adjustment 
which are further strengthened by supply of these 
biostimulants under salinity stress (Rady and Mohamed, 
2015; Zaki and Rady, 2015; Rehman et al., 2021). 
Moreover, foliage applied MLE increased K+ and K+/Na+ 
ratio in cucumber plants under salinity fortifies the 
metabolic roles of K+ in plants such as enzyme activation, 
osmoregulation, and maintenance of ionic homeostasis 
under stress conditions ( Shabala et al., 2002; Latef et al., 
2017). Another plausible reason for increased 
performance was the diverse composition of MLE being 
rich in essential minerals including K and Ca2+, 
osmoprotectants, antioxidants and phytohormones (Rady 
and Mohamed, 2015; Rehman et al., 2021) to affect the 
cucumber seedling growth under salinity.  
 Likely, foliage applied Ca2+ also improved the 
cucumber growth, increased photosynthetic efficiency 
and its attributes under salinity can be associated with 
Ca2+ role in maintenance of stability and permeability of 
cell membranes against Na+ toxicity under salinity 
(Abdel Latef, 2011; Bachani et al., 2022). Foliar applied 
Ca2+ also increased the Ca2+ and K+ contents in cucumber 
seedlings with Na+ reduction under salinity stress and 
their ratios helps the plants to stabilize the membrane, 
maintenance of turgor and ionic homeostasis. Several 
studies indicated that supplemental Ca2+ is associated 
with increased accumulation of Ca2+ and K+ levels 
against Na+ and thus mitigates salt stress damages in 
different crop plants including present study (Tuna et al., 
2007; Khaled et al., 2013; Zrig et al., 2021). 
 While the improved plant growth under salinity 
could also be associated with Ca2+ applied increase in 
calmodulin activity and cytokinin synthesis affecting the 
growth and development process (Snedden and Fromm, 
2001; Flowers et al., 2015). The accumulation of 
osmoprotectants such as proline, total soluble sugars and 
inorganic K+ and Ca2+  helps the plants to maintain tissue 
water, scavenge oxygen radicles and enhanced 
antioxidants helps the plants to adapt salinity (Mujeeb-
Kazi et al., 2019; Farooq et al., 2024). Foliar applied Ca2+ 

improved the salt tolerance of cucumber seedlings in 
present study by activation of these mechanisms 
associated with increased P5CS enzyme activity 
(Murugan and Sathish, 2005; Jaleel et al., 2008) and 
increased antioxidants enzymes activities (Amor et al., 
2010; Gill and Tuteja, 2010; Yasir et al., 2024). 
Nonetheless, foliage applied Ca2+ induced redox 
homeostasis and osmotic adjustments helped the 
cucumber seedlings to improve the growth under high 
stress are evident in various crop plants (Khan et al., 
2015; Ahmad et al., 2018; Rady et al., 2019).  
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 Albeit, order of the effectiveness among 
treatments was followed as MLE+Ca2+>MLE>Ca2+ under 
salt conditions, with integrative treatment (MLE+Ca2+) or 
individual MLE outperformed due to  the diverse 
composition of MLE being rich in essential minerals 
including K and Ca2+, osmoprotectants, antioxidants and 
phytohormones (Rady and Mohamed, 2015; Rehman et 
al., 2021). And addition of supplemental Ca2+ to MLE 
synergistically enhanced the redox homeostasis and 
osmolytes accumulation contributing towards improved 
photosynthetic performance, membrane stability and leaf 
water status under salinity stress (Fig. 10). This enabled 
the cucumber plants to adapt and improved the seedling 
growth under salinity.  

Conclusion: Incremental salinity up to 75 mM NaCl is 
critical threshold for cucumber seedlings with detrimental 
effects on its growth and physiological attributes. Foliage 
supply of Ca2+ or/and MLE or their integrative usage 
reduced these detrimental effects of salinity (75 mM 
NaCl) on cucumber growth by improving photosynthetic 
pigments and maintenance of tissue water status 
associated with osmotic adjustment, ionic homeostasis 
and enhanced redox potential under salinity. Among the 
foliage applied, integrative treatment (MLE+Ca2+) was 
more effective compared to individual MLE or Ca2+ to 
induce salinity tolerance. The promoted potential of 
integrative treatment (MLE+Ca2+) was due to the MLE 
rich composition and synergism with inorganic Ca2+, 
hence, can be cost effective combination to induce 
tolerance against abiotic stress conditions. 
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