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Abstract: Salt stress significantly impacts plant morphological structure and physiological processes,
resulting in decreased plant growth. Salicylic acid (SA) is a key signal molecule that protects plants
from the negative impacts of salinity. Under natural conditions, the pomegranate plant generally
exhibits salt-tolerant characteristics. The objective of this study was to elucidate the salt-tolerance
level of pomegranate (Punica granatum L. cv. Wonderful) and the effect of the regulating strategy of SA
foliar spray on growth, morphological structure, and physiological processes. SA levels were 0, 0.25,
0.50, and 1 mM in the presence of salinity levels of 10, 35, and 70 mM NaCl, respectively. Vegetative
growth indices, including stem cross-sectional area, leaf area, and total dry weight, were lowered
by salinity treatments. However, SA applications greatly improved morphological characteristics
and plant growth under salt stress. The effects of salinity were effectively reversed by SA treatment
at 1 mM compared to control and other treatments. Interestingly, SA applications enhanced the
chlorophyll, total phenolic, carbohydrate, and proline contents of leaves while decreasing electrolyte
leakage (EL), Na, and Cl levels. Moreover, the foliar SA treatments enhanced the nutrient content in
the leaves and increased the activities of peroxidase (POD) and catalase (CAT), with a decrease in
malondialdehyde (MDA) content. This study suggests that the alleviation of the salinity stress by
SA may be due to the activation of the antioxidant enzymatic mechanism and decrease in the lipid
peroxidation of the pomegranate plant.

Keywords: salicylic acid; salt stress; growth; electrolyte leakage; salinity tolerance index

1. Introduction

Salinity as abiotic stress is a persistent and serious hazard to agriculture around the
world and generally includes morphological (for example, decreased growth and pro-
duction), physiological (for example, reduced gas exchange indices), and biological (e.g.,
oxidative stress with responses to high ROS levels) changes [1–3]. In addition, there is an
absence of Na+ and Cl− in salinity stress conditions. This can cause ionic imbalance, ionic
toxicity, and physiological problems [4]. Among abiotic stresses, salinity is recognized as
one of the major limiting factors, causing a reduction in growth and biomass, changes in
water status, chlorophyll degradation, changes in transpiration and respiration, malfunc-
tions in stomatal functions, and ion ratio disequilibrium [5]. Furthermore, under saline
conditions, plants produce cytotoxically activated oxygen, which may seriously disrupt
healthy metabolisms due to oxidative damage to proteins, lipids, and nucleic acids [6].
Salinity stress may also result in an increase in the intracellular production of ROS, such
as hydroxyl radicals and superoxide radicals [7]. Plants respond to this oxidative stress
by developing a variety of defense mechanisms, which include antioxidant enzymes that
alleviate potentially cytotoxic forms of activated oxygen [8]. Several approaches have
been taken to mitigate the negative effects of salt on plants, including plant breeding,
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as well as the use of transgenic plants [4], chemical primers [9], salicylic acid [10], and
microorganisms [11–13].

Salicylic acid (SA) is considered a hormone that acts as a common signaling compound
in plants, protecting them against a range of biotic and abiotic challenges [14]. It was
revealed that SA regulates several physiological processes in plants, such as photosynthetic
rate, cell membrane permeability, pigment content, and ion uptake [15,16]. Spraying plants
with salicylic acid is important as a possible growth regulator in enhancing plant tolerance
to severe salt stress [17]. Several studies have found that SA affects water content and gas
exchange indices [18], enhances phenolic accumulation and proline content [19], improves
oxidative stress resistance [20], and may reduce osmotic stress [1].

Pomegranate (Punica granatum L.) is among the most widely grown edible fruit crops,
possessing several nutritive and medicinal properties [21]. The majority of pomegranate
plants are planted in dry and semiarid environments in which salinization may have
evolved as a result of irrigation [22,23]. In general, pomegranates are salt-tolerant plants [24];
however, cultivars exhibit a considerable difference. Pomegranate was shown to be moder-
ately sensitive to salt, and water for irrigation of fruit trees should not exhibit an electrical
conductivity (EC) greater than two dSm−1 (20 mM) [22]. Previous research has demon-
strated that salt stress inhibits pomegranate development and growth [22]. Naeini et al. [25]
found that salty water decreased leaf surface, stem length, internode number, and length of
“Alak Torsh” and “Malas Torsh” pomegranate. Seven-year-old “Wonderful” pomegranate
had greater growth reduction after saline water irrigation at 6.0 dSm−1 (60 mM) [26].
Sun et al. [27] reported that the chlorophyll content and the relative water content of
pomegranate leaves reduced dramatically as soil salinity increased. Interestingly, irrigation
with salty water can increase the antioxidant value, sugar content, acidity, and medicinal
characteristics of salt-tolerant pomegranate fruits [28]. As a result, identifying salt-tolerant
cultivars is critical in pomegranate production and breeding. However, to the best of our
knowledge, the effect of SA foliar application on pomegranate growth, nutrient uptake,
and salinity tolerance index under salinity conditions has not yet been investigated. Hence,
a study was carried out to elucidate whether foliar salicylic acid treatments may mitigate
salt stress in pomegranate plants. We investigated the effect of foliar SA application on
plant growth, chlorophyll, activities of plant defense-related enzymes, electrolyte leakage,
and mineral content in pomegranate cultivated under salinity stress. In addition, the salt
tolerance index was screened for all analyzed traits to determine whether the trait(s) could
be used as indicators of salt resistance in pomegranate plants.

2. Materials and Methods
2.1. Plant Material and Growth Conditions

The experiment was conducted on an experimental plot at the Faculty of Agricul-
ture, University of Alexandria, Egypt, during the 2019 and 2020 growing seasons. The
experimental plants were one-year-old ‘Wonderful’ pomegranate (Punica granatum, L.). On
28 March, 60 uniform plants were randomly distributed to 5 blocks containing 12 plants
in each season. The plants were individually planted in black plastic bags containing
approximately 4 kg of sandy soil. The soil was treated with 5 mL/L commercial fertilizer
(11% N:6% P:8% K), and each pot received 500 mL of the nutrient solution. A 50 cm wide
strip area encircled the plastic bags to prevent overlap of foliar spray treatment. A volume
of 500 mL per plant of salty water was used to irrigate the plants twice a week (every
3–4 days) for 90 days. Three salt treatments were used: 10 mM (control), 35, and 70 mM
NaCl. After a week of salt applications, a foliar spray was applied once a week using a
handgun sprayer in concentrations of 0 (control), 0.25, 0.50, and 1 mM (3 L in volume) until
drop off [29] for 11 weeks.

2.2. Growth Parameters

At the end of the experiment, the total growth of the experimental plants was deter-
mined. The stem circumference at the soil surface was determined, and each plant’s stem
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cross-sectional area (SCSA) was calculated. The leaf area of ten leaves at the middle of the
branches of each experimental plant was measured using a planimeter (PLACOM, KP-90N,
Heijima, Nagaoka-shi, Niigata, Japan). Finally, the plants were carefully harvested, and
the leaves, stems, and roots were detached and dried in an oven at 70 ◦C for 48 h before
recording the dry weights.

2.3. Chlorophyll, Phenol, Carbohydrate, and Proline Content and Peroxidase, and
Catalase Activities

A sample of five leaves was taken to determine total leaf chlorophyll content according
to Moran [30]. A volume of 5 mL of N-N dimethylformamide was added to 1 g of fresh
pomegranate leaves and placed in a refrigerator for 24 h. Following centrifugation at
4000× g for 15 min, the optical density was calculated using a spectrophotometer at 647
and 664 nm. Total phenolics were measured in leaves using the Folin–Ciocalteau method;
1 mL of the sample was combined with 1 mL of Folin–Ciocalteu’s phenol reagent. After
5 min, 10 mL of sodium carbonate (7.5%) solution was added to the mixture, followed
by 13 mL of deionized distilled water, and thoroughly mixed. The mixture was kept in
the dark for 90 min at 23 ◦C before measuring the absorbance at 750 nm. Total phenolics
were calculated from a standard curve of gallic acid and expressed as a percentage on
a dry-weight basis [31,32]. Total carbohydrates were quantified in a half gram of dried
leaf material from each plant. The total carbohydrates were estimated using the Nelson–
Somogyi technique in oven-dried samples, as reported by Thimmaiah [33]. The proline
was measured spectrophotometrically according to Bates [34]. A plant sample (0.5 g) was
extracted in sulfosalicylic acid (5%), followed by centrifugation at 10,000× g for 7 min.
The supernatants were diluted with water, mixed with 2 mL of ninhydrin and 2 mL of
glacial acetic acid, heated at 100 ◦C for one hour, and then cooled. Toluene (4 mL) was then
added to the mixture, and the upper aqueous phase was spectrophotometrically assayed at
520 nm. CAT and POD activities were measured in fresh leaf samples. For CAT, fresh leaf
samples (0.05 g) were homogenized in 2 mL phosphate buffer (100 mmol L−1,
pH 6.8) and centrifuged for 15 min at 17,000× g. A volume of 100µL of the supernatant was
added to a 3 mL reaction mixture containing 50 mmol L−1 phosphate buffer (pH 6.8) and
15 mmol L−1 H2O2 as substrate. The decrease in absorbance at 240 nm was measured for
2 min. Enzyme activity was expressed as µmol H2O2 decomposed g−1 FW min−1 [35].
For POD, the 3 mL reaction mixture contained 25 mmol L−1 phosphate buffer (pH 6.8),
40 mmol L−1 H2O2, 20 mmol L−1 guaiacol, and 10 µL of the enzyme extract. The reac-
tion was started by the addition of H2O2, and changes in the absorbance at 470 nm were
measured for 2 min. [35,36].

2.4. Malondialdehyde (MDA) Content, Electrolyte Leakage (EL), and Mineral Content in Leaves

Malondialdehyde (MDA) content (lipid peroxidation level) was estimated using a
method described by Guidi et al. [37], and its concentration was expressed as mol g−1.
Approximately 0.5 g was homogenized in 1.5 mL of 0.1% trichloroacetic acid (TCA). After
centrifuging the homogenate for 10 min at 12,000× g, 1 mL supernatant was added to 4 mL
20% TCA and 0.025 mL 0.5% TBA. The reaction was stopped by placing the reaction tubes
in an ice-water bath after 30 min of incubation at 90 ◦C in a water bath. After centrifuging
the samples at 12,000× g for 10 min, the absorbance of the supernatant was measured at
532 nm. Membrane permeability was estimated by determining electrolyte leakage (EL) at
the end of the experiment using mature leaves and the method of Ahmed and Palta and
Khalil et al. [38,39]. Leaves (0.2 g) were cleaned with distilled water before being immersed
in a test tube with 30 mL of distilled water for 12 h. The test tubes were incubated in a
water bath at 32 ◦C for 2 h, and the initial electrical conductivity (EC1) of the medium
was measured. All the samples were autoclaved at 121 ◦C for 20 min and cooled to 25 ◦C.
Subsequently, the final electrical conductivity (EC2) was measured using a conductometer
(GLP 31, CRISON, EEC). EL was calculated using the following formula (Dionisio-Sese and
Tobita, 1998): EL% = EC1/EC2 × 100.
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Mineral elements were determined by digesting 0.1 g of dried ground material from
each plant’s leaf tissue with H2SO4 and H2O2, as reported by Evenhuis and Dewaard [40].
Total N and P were calorimetrically determined in this digested solution using a spectropho-
tometer, as described by Evenhuis [40] and Murphy and Riley [41], respectively. A flame
photometer was used to assess plant K and Na levels, and a Perkin Elmer atomic absorption
spectrophotometer was used to evaluate the Ca and Mg contents. Cl was measured using
Jackson and Brown’s [42] silver nitrate technique. The contents of Na, P, K, Ca, Mg, Na,
and Cl were expressed as percentages.

2.5. Salt Tolerance Index (STI)

The percentage of salt tolerance index (STI) for all the investigated characters was
calculated using the following formula:

STI = (Tsalt/Tcont.) ∗ 100 (1)

where Tsalt is the mean value of the character under the highest utilized salinity level
(70 mM), and Tcont is the mean value of the character under the control treatment
(10 mM) [43].

2.6. Statistical Analysis

A split-plot experimental design was used, with salinity levels representing the main
plot and the salicylic acid doses representing the subplot. The data from different salinity
levels and salicylic acid sprays from the years 2019 and 2020 were analyzed using analysis
of variance (ANOVA), as implemented in SPSS, V.18 PASW. The least significant differences
(LSD) at a probability level of 0.05 were used to determine treatment differences.

3. Results
3.1. Morphological Performance

The use of tap water (control) containing 10 mM (control) NaCl for irrigation and three
spray dosages of SA (0.25, 0.50, and 1 mM) revealed that SA had a positive influence on all
evaluated morphological indices in the two seasons, as compared to the control treatment
(0 mM SA and 10 mM NaCl) (Tables 1 and 2).

Table 1. Results of the analysis of variance with mean square testing the effects of salinity levels (S),
salicylic acid (SA), and their interactions on stem cross-sectional area (SCSA), leaf area (LA), total
dry weight (TDW), chlorophyll content (Chl), total phenol content (TPC), leaf total carbohydrates
(LTC), leaf proline content (LPC), catalase activity (CAT), peroxidase (POD), sodium (Na), chloride
(Cl), nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), and magnesium (Mg) in 2019 and
2020 seasons.

2019 SCSA LA TDW Chl LTC LPC TPC EL CAT POD Na Cl N P Ca Mg

Salinity
(S)

0.25
***

665.6
**

18.34
**

9012.7
**

15.93
**

144.18
**

9.95
***

2305.48
*

9.03
***

0.43
***

0.16
*** 0.19 0.68

* 0.04 * 0.03 * 0.01
***

SA 0.04
***

4066.0
*

2.95
***

2886.03
*

18.74
**

30.83
***

17.64
**

532.38
**

2.97
***

14.96
**

0.09
*** 0.28 * 0.07

* 0.01 * 0.007
*

0.002
**

S X SA 0.004
**

20.70
*

0.77
***

715.43
** 2.14 * 3.83 * 0.45NS 160.12

**
0.05
NS

0.18
**

0.01
*** 0.02 * 0.06

* 6.58 * 4.91 * 2.41
***

2020 SCSA LA TDW Chl LTC LPC TPC EL CAT POD Na Cl N P Ca Mg

Salinity
(S)

0.37
***

315.2
**

1404.9
*

5457.07
*

4.42
***

38.78
***

9.78
***

1443.92
*

17.37
**

0.69
***

0.23
*** 0.31 * 0.92

* 0.11 * 0.05
**

0.07
***

SA 0.28
***

1078.2
*

105.69
*

7383.19
*

50.76
**

61.38
***

16.54
**

256.22
**

5.07
***

16.15
**

0.05
*** 0.09 * 0.37

* 0.01 * 0.009
*

0.07
***

S X SA 0.02
NS 7.79 * 7.47

***
708.88

**
0.64
***

2.58
***

0.68
*** 59.63 *** 0.1

NS
0.1
NS

0.002
** 0.01 * 0.14

* 4.82 * 7.91
**

0.02
***

NS, *, **, *** non-significant or significant at p = 0.05, 0.01, an 0.001, respectively.

Salt stress at 35 and 70 mM NaCl caused a significant decrease in stem cross-sectional
area, leaf area, and total dry weight in pomegranate plants compared with the con-
trol (10 mM). For example, in the first season, the leaf area was lowered from 25.8 to
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15.8 cm2 when the salinity level (NaCl) was increased from 10 mM (control) to 70 mM NaCl
without the use of SA (0 mM SA). SA treatments significantly mitigated the morphological
stress impacts of salt in both seasons by increasing stem cross-sectional area, leaf area,
and total dry weight (Table 2). Elevated SA dosages (0.50 and 1 mM) were more efficient
in improving overall morphological indices under salt stress (35 and 70 mM NaCl). For
example, in the second season, leaf area increased from 30.1 to 53.3 cm2 and from 24.1 to
50.2 cm2 when sprayed with 1 mM SA, whereas 0.25 mM SA resulted in lower values in
both seasons. Furthermore, the stem cross-sectional area significantly increased after SA
treatments in both seasons under salinity conditions. Total dry weight followed a similar
pattern to those of stem cross-sectional area and leaf area.

Table 2. Means of stem cross-sectional area (SCSA), leaf area, and total dry weight (TDW) of
pomegranate plants in response to foliar salicylic acid (SA) treatments under salinity stress conditions.

Salinity
Levels

(mM) NaCl

SA
Levels
(mM)

SCSA
(Cm2)

Leaf Area
(Cm2)

TDW
(g)

2019 2020 2019 2020 2019 2020

10 0 0.84 ± 0.2 de 0.86 ± 1.1 de 25.8 ± 0.3 g 32.1 ± 0.2 fg 37.98 ± 0.5 b 41.60 ± 0.1 d
0.25 0.92 ±0.3 c 1.15 ± 0.2 bc 43.5 ± 0.1 e 45.6 ± 0.1 d 38.25 ±0.2 a 43.80 ± 0.7 c
0.50 0.98 ± 0.5 b 1.26 ± 0.7 b 56.7 ± 0.2 c 50.8 ± 0.3 c 38.32 ± 0.1 a 48.60 ±0.5 b

1 1.10 ± 1.0 a 1.50 ± 0.3 a 78.4 ± 1.1 a 59.3 ± 0.9 a 38.34 ± 1.1 a 52.90 ± 0.5 a
35 0 0.75 ± 0.5 f 0.84 ± 1.2 de 21.2 ± 0.7 g 30.1 ± 0.4 g 35.87 ± 0.9 e 30.10 ± 0.1 g

0.25 0.82 ± 0.7 e 0.92 ± 0.5 cd 29.8 ± 0.2 f 41.2 ± 0.2 e 36.90 ± 0.3 d 32.60 ± 0.3 f
0.50 0.88 ± 0.2 cd 0.95 ± 0.3 cd 50.1 ± 0.5 d 46.3 ± 0.2 d 36.95 ± 0.3 cd 36.10 ± 0.8 e

1 0.89 ± 0.8 cd 1.20 ± 0.3 b 70.2 ± 0.1 b 53.3 ± 0.8 b 37.15 ± 0.5 c 35.90 ± 0.5 e
70 0 0.62 ± 0.3 h 0.70 ± 0.5 e 15.8 ± 1.1 h 24.1 ± 0.7 h 34.75 ± 0.3 e 22.10 ± 0.7 k

0.25 0.66 ± 0.2 gh 0.79 ± 0.2 e 25.1 ± 0.3 g 32.9 ±0.2 f 34.91 ± 0.2 e 24.30 ± 0.3 j
0.50 0.69 ± 0.5 g 0.89 ± 1.1 d 43.3 ± 0.1 e 42.6 ± 0.2 e 36.59 ± 0.1 cd 27.00 ± 0.3 i

1 0.71 ± 0.8 fg 0.98 ± 0.1 c 60.1± 0.5 c 50.2 ± 0.3 c 36.73 ± 0.5 cd 27.60 ± 0.5 h

Means with different letters within the same column have significant difference at p ≤ 0.05.

3.2. Chlorophyll, Phenol, Carbohydrate, and Proline Content

The results concerning the effect of saline irrigation and SA foliar spray on the chloro-
phyll, phenol, carbohydrate, and proline content of pomegranate plants are presented in
Tables 1 and 3. Compared to plants that were not treated with SA, total chlorophyll content
increased considerably after spraying SA at 0.25–1 mM under 10, 35, and 70 mM NaCl
(Table 3) conditions. Plants exposed to 10 mM NaCl and 0.50–1 mM SA showed the highest
chlorophyll levels in both seasons. Furthermore, 0 mM SA treatments resulted the lowest
chlorophyll content values compared to plants treated with SA at 10, 35, and 70 mM. In
the first and second seasons, plants irrigated with 70 mM NaCl and treated with 0 mM SA
had 151.7 and 131.2 mg g−1 FW of leaf total chlorophyll content, respectively, compared
to 170.3 and 168.9 mg g−1 FW in the 0.50 mM SA treatment. SA spraying at 0.25–1 mM
significantly improved the phenolic content of treated plants in both experimental seasons
compared to 0 mM SA in the control treatment (10 mM NaCl). Compared to control plants,
the phenolic content was increased by a saline treatment at 35 mM NaCl. Under salinity
stress treatment (35 mM NaCl), SA treatments at 0.50 and 1 mM significantly increased
phenolic contents in comparison to plants exposed to 35 mM NaCl and 0 mM SA.

Furthermore, at 70 mM NaCl salinity, SA sprays at 0.25–1 mM increased phenolic
content compared to 70 mM NaCl and 0 mM SA-treated plants. Foliar treatments of 0.50
and 1 mM SA were shown to be the optimum treatments in both seasons for increasing
total carbohydrates in the leaves of pomegranate plants grown under 10, 35, and 70 mM
NaCl compared to 0 mM SA-treated plants. According to the mean values shown in Table 3,
salt levels significantly increased the proline content of pomegranate leaves, reaching a
peak when plants were raised under 70 mM NaCl in the two seasons. With 10, 35, and
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70 mM NaCl and 1 mM SA, the proline content of the leaves increased significantly in both
seasons compared to 0, 0.25, and 0.50 mM SA-treated plants.

Table 3. Means of total chlorophyll content, leaf total phenolic composition, total carbohydrates,
and proline contents of pomegranate plants in response to foliar salicylic acid (SA) treatments under
salinity stress conditions.

Salinity
Levels
(mM)
NaCl

SA
Levels
(mM)

Total Chlorophyll Content
(mg−1 100 g DW)

Total Phenolic Composition
(% of DW)

Total Carbohydrate Contents
(% of DW)

Leaf Proline Content
(mg−1 100 g DW)

2019 2020 2019 2020 2019 2020 2019 2020

10 0 177.2 ± 0.03 g 155.6 ± 0.5 i 5.12 ± 0.01 f 5.42 ± 0.01 h 10.92 ± 0.2 c 10.88 ± 0.6 e 12.71 ± 0.6 f 15.31 ± 0.3 h
0.25 200.1 ± 0.05 c 206.3 ± 0.3 d 7.11 ± 0.00 de 6.60 ± 0.01 g 10.98 ± 0.5 c 10.90 ± 0.5 e 12.75 ± 0.1 f 15.35 ±0.5 h
0.50 252.6 ± 0.04 a 228.2 ± 0.1 b 7.92 ± 0.01 cde 7.81 ±0.01 de 14.80 ± 0.5 a 15.13 ± 0.5 b 12.74 ± 0.5 f 16.81 ± 0.5 f

1 242.8 ± 0.05 b 235.1 ± 0.2 a 8.11 ± 0.01 cd 7.95 ± 0.02 d 14.86 ± 0.3 a 15.60 ± 0.3 a 17.81 ± 0.3 de 19.23 ± 0.2 c
35 0 173.1 ± 0.02 h 141.6 ± 0.5 j 6.80 ± 0.02 e 6.54 ± 0.00 g 10.60 ± 0.1 cd 9.70 ± 0.1 f 16.11 ± 0.2 e 16.11 ± 0.1 g

0.25 184.2 ± 0.05 f 178.9 ± 0.5 f 8.20 ± 0.01 cd 6.80 ± 0.02 fg 10.88 ± 0.3 c 10.89 ± 0.3 e 17.24 ± 0.4 de 17.93 ± 0.2 e
0.50 195.6 ± 0.02 d 206.1 ± 0.4 d 9.71 ± 0.00 ab 8.11 ± 0.02 d 12.70 ± 0.5 b 13.50 ± 0.3 d 19.81 ± 0.3 bc 18.16 ± 0.4 e

1 190.1 ± 0.03 e 213.1 ± 0.5 c 9.92 ± 0.02 ab 8.96 ± 0.02 c 12.81 ± 0.2 b 14.90 ± 0.4 b 20.50 ± 0.5 bc 22.51 ± 0.2 b
70 0 151.7 ± 0.01 j 131.2 ± 0.3 k 6.98 ± 0.01 de 6.92 ± 0.02 f 9.20 ± 0.1 d 9.35 ± 0.3 g 19.11 ± 0.4 cd 18.15 ± 0.5 e

0.25 161.8 ± 0.03 i 164.1 ± 0.5 h 8.10 ± 0.01 cd 7.60 ± 0.02 e 10.50 ± 0.5 cd 10.86 ± 0.6 e 20.95 ± 0.1 abc 18.50 ± 0.3 d
0.50 170.3 ± 0.05 h 168.9 ± 0.4 g 8.93 ± 0.02 bc 9.50 ± 0.01 b 11.98 ± 0.3 bc 13.68 ± 0.3 cd 21.23 ± 0.3 ab 19.10 ± 0.5 c

1 170.9 ± 0.04 h 190.1 ± 0.1 e 10.5 ± 0.02 a 10.90 ± 0.01 a 10.66 ± 0.3 cd 13.96 ± 0.5 c 22.60 ± 0.3 a 25.30 ± 0.3 a

Means with different letters within the same column have significant difference at p ≤ 0.05.

3.3. Activities of Key Plant Defense-Related Enzymes

According to the mean values presented in Figures 1 and 2, increased salt levels
considerably increased the activity of the CAT and POD enzymes, which peaked when
pomegranate plants were grown under 70 mM NaCl in both experimental seasons. Activi-
ties of POD and CAT showed significant increases following SA treatments at 0.25, 0.50,
and 1 mM (Figures 1 and 2). SA sprays at 1 mM resulted in the highest enzyme activity
compared to lower dosages (0, 0.25, and 0.50 mM SA).
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 0.25 200.1 ± 0.05 c 206.3 ± 0.3 d 7.11 ± 0.00 de 6.60 ± 0.01 g 10.98 ± 0.5 c 10.90 ± 0.5 e 12.75 ± 0.1 f 15.35 ±0.5 h 
 0.50 252.6 ± 0.04 a 228.2 ± 0.1 b 7.92 ± 0.01 cde 7.81 ±0.01 de 14.80 ± 0.5 a 15.13 ± 0.5 b 12.74 ± 0.5 f 16.81 ± 0.5 f 
 1 242.8 ± 0.05 b 235.1 ± 0.2 a 8.11 ± 0.01 cd 7.95 ± 0.02 d 14.86 ± 0.3 a 15.60 ± 0.3 a 17.81 ± 0.3 de 19.23 ± 0.2 c 

35 0 173.1 ± 0.02 h 141.6 ± 0.5 j 6.80 ± 0.02 e 6.54 ± 0.00 g 10.60 ± 0.1 cd 9.70 ± 0.1 f 16.11 ± 0.2 e 16.11 ± 0.1 g 
 0.25 184.2 ± 0.05 f 178.9 ± 0.5 f 8.20 ± 0.01 cd 6.80 ± 0.02 fg 10.88 ± 0.3 c 10.89 ± 0.3 e 17.24 ± 0.4 de 17.93 ± 0.2 e 
 0.50 195.6 ± 0.02 d 206.1 ± 0.4 d 9.71 ± 0.00 ab 8.11 ± 0.02 d 12.70 ± 0.5 b 13.50 ± 0.3 d 19.81 ± 0.3 bc 18.16 ± 0.4 e 
 1 190.1 ± 0.03 e 213.1 ± 0.5 c 9.92 ± 0.02 ab 8.96 ± 0.02 c 12.81 ± 0.2 b 14.90 ± 0.4 b 20.50 ± 0.5 bc 22.51 ± 0.2 b 

70 0 151.7 ± 0.01 j 131.2 ± 0.3 k 6.98 ± 0.01 de 6.92 ± 0.02 f 9.20 ± 0.1 d 9.35 ± 0.3 g 19.11 ± 0.4 cd 18.15 ± 0.5 e 
 0.25 161.8 ± 0.03 i 164.1 ± 0.5 h 8.10 ± 0.01 cd 7.60 ± 0.02 e 10.50 ± 0.5 cd 10.86 ± 0.6 e 20.95 ± 0.1 abc 18.50 ± 0.3 d 
 0.50 170.3 ± 0.05 h 168.9 ± 0.4 g 8.93 ± 0.02 bc 9.50 ± 0.01 b 11.98 ± 0.3 bc 13.68 ± 0.3 cd 21.23 ± 0.3 ab 19.10 ± 0.5 c 
 1 170.9 ± 0.04 h 190.1 ± 0.1 e 10.5 ± 0.02 a 10.90 ± 0.01 a 10.66 ± 0.3 cd 13.96 ± 0.5 c 22.60 ± 0.3 a 25.30 ± 0.3 a 

Means with different letters within the same column have significant difference at p ≤ 0.05. 

3.3. Activities of Key Plant Defense-Related Enzymes 
According to the mean values presented in Figures 1 and 2, increased salt levels con-

siderably increased the activity of the CAT and POD enzymes, which peaked when pom-
egranate plants were grown under 70 mM NaCl in both experimental seasons. Activities 
of POD and CAT showed significant increases following SA treatments at 0.25, 0.50, and 
1 mM (Figures 1 and 2). SA sprays at 1 mM resulted in the highest enzyme activity com-
pared to lower dosages (0, 0.25, and 0.50 mM SA).  
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Figure 1. Catalase (CAT) activity in pomegranate plants cv. “Wonderful” subjected to different sal-
icylic acid (SA) treatments under salinity stress conditions in (a) 2019 and (b) 2020 seasons. The 
vertical bars with different letters are statistically different, indicating an interactive effect of sali-
cylic acid treatments and salinity levels according to LSD test (p < 0.05). Vertical bars indicate the 
mean ± SE. 

Figure 1. Catalase (CAT) activity in pomegranate plants cv. “Wonderful” subjected to different
salicylic acid (SA) treatments under salinity stress conditions in (a) 2019 and (b) 2020 seasons.
The vertical bars with different letters are statistically different, indicating an interactive effect of
salicylic acid treatments and salinity levels according to LSD test (p < 0.05). Vertical bars indicate the
mean ± SE.
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Malondialdehyde content decreased significantly following SA spraying at 0.25–1 mM 
under 35 and 70 mM NaCl compared to plants untreated with SA. MDA content did not 
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non-saline conditions (Figure 3). 

  
(a) (b) 

Figure 3. Malondialdehyde (MDA) content in pomegranate plants cv. “Wonderful” subjected to 
different salicylic acid (SA) treatments under salinity stress conditions in 2019 (a) and 2020 (b). The 
vertical bars with different letters are statistically different, indicating an interactive effect of sali-
cylic acid treatments and salinity levels according to LSD test (p < 0.05). Vertical bars indicate the 
mean ± SE. 

Salt levels of 35 and 70 mM NaCl significantly increased electrolyte leakage com-
pared to the control (10 mM NaCl). Foliar SA-treated plants had lowered EL values com-
pared to untreated plants. The EL values of foliar SA-treated plants were lower than those 
of untreated plants. Compared to the control (0 mM SA), the 0.25, 0.50, and 1 mM SA 
applications decreased EL. Under non-saline conditions, there were no significant differ-
ences between treatments regarding EL (Tables 1 and 4). 

Figure 2. Peroxidase (POD) activity in pomegranate plants cv. “Wonderful” subjected to different
salicylic acid (SA) treatments under salinity stress conditions in 2019 (a) and 2020 (b) seasons.
The vertical bars with different letters are statistically different, indicating an interactive effect of
salicylic acid treatments and salinity levels according to LSD test (p < 0.05). Vertical bars indicate the
mean ± SE.

3.4. Malondialdehyde (MDA) Content, Electrolyte Leakage (EL), and Mineral Content in Leaves

Figure 3 shows salinity stress-induced membrane lipid peroxidation damage in
pomegranate leaves. For instance, in the first season, the malondialdehyde (MDA) content
increased by 138.8 and 350.0% under the 35 mM and 70 mM NaCl conditions, respectively.
Malondialdehyde content decreased significantly following SA spraying at 0.25–1 mM
under 35 and 70 mM NaCl compared to plants untreated with SA. MDA content did not
differ significantly amongst SA treatments and water-treated (without SA) plants under
non-saline conditions (Figure 3).
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Figure 3. Malondialdehyde (MDA) content in pomegranate plants cv. “Wonderful” subjected to
different salicylic acid (SA) treatments under salinity stress conditions in 2019 (a) and 2020 (b).
The vertical bars with different letters are statistically different, indicating an interactive effect of
salicylic acid treatments and salinity levels according to LSD test (p < 0.05). Vertical bars indicate the
mean ± SE.

Salt levels of 35 and 70 mM NaCl significantly increased electrolyte leakage compared
to the control (10 mM NaCl). Foliar SA-treated plants had lowered EL values compared
to untreated plants. The EL values of foliar SA-treated plants were lower than those of
untreated plants. Compared to the control (0 mM SA), the 0.25, 0.50, and 1 mM SA appli-
cations decreased EL. Under non-saline conditions, there were no significant differences
between treatments regarding EL (Tables 1 and 4).
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Table 4. Means of leaf sodium content (Na), leaf chloride content (Cl), and electrolyte leakage (EL) of
pomegranate plants in response to foliar salicylic acid (SA) treatments under salinity stress conditions.

Salinity
Levels
(mM)

SA
Levels
(mM)

Na
(% DW)

Cl
(% DW)

EL
(%)

2019 2020 2019 2020 2019 2020

10 0 0.52 ± 0.01 ef 0.61 ± 0.02 f 0.71 ± 0.05 de 0.85 ± 0.05 cd 20.1 ± 0.1 h 18.2 ± 0.5 h
0.25 0.50 ± 0.05 fg 0.59 ± 0.01 f 0.70 ± 0.04 ef 0.80 ± 0.03 d 19.2 ± 0.3 hi 15.1 ± 0.2 i
0.50 0.45 ± 0.03 h 0.47 ± 0.04 g 0.53 ± 0.03 gh 0.60 ± 0.03 e 15.5 ± 0.4 j 15.3 ± 0.4 i

1 0.46 ± 0.01 h 0.42 ± 0.05 lh 0.50 ± 0.03 g 0.56 ± 0.01 e 18.5 ± 0.3 i 18.4 ± 0.1 h
35 0 0.70 ± 0.05 c 0.79 ± 0.06 bc 0.92 ± 0.05 b 1.02 ± 0.05 b 40.5 ± 0.5 b 39.6 ± 0.1 c

0.25 0.69 ± 0.01 c 0.71 ± 0.03 d 0.86 ± 0.02 bc 0.90 ± 0.02 f 30.2 ± 0.2 e 29.1 ± 0.3 f
0.50 0.50 ± 0.02 fg 0.69 ± 0.02 d 0.69 ± 0.01 ef 0.90 ± 0.05 bcd 28.1 ± 0.1 f 25.2 ± 0.4 g

1 0.48 ± 0.04 gh 0.65 ± 0.03 e 0.55 ± 0.05 gh 0.88 ± 00.6 bcd 26.1 ± 0.5 g 25.1± 0.3 g
70 0 0.89 ± 0.03 a 0.92 ± 0.02 a 1.20 ± 0.03 a 1.18 ± 0.01 a 69.1 ± 0.3 a 50.1 ± 0.2 a

0.25 0.82 ± 0.05 b 0.80 ± 0.01 b 0.95 ± 0.02 b 1.0 ± 0.03 bc 40.2 ± 0.4 b 40.1 ± 0.5 b
0.50 0.60 ± 0.02 d 0.77 ± 0.03 c 0.80 ± 0.05 cd 0.98 ± 0.02 bc 38.5 ± 0.4 c 33.2 ± 0.1 d

1 0.55 ± 0.01 e 0.70 ± 0.05 d 0.61 ± 0.01 fg 0.91 ± 0.05 bcd 36.3 ± 0.5 d 30.7 ± 0.3 e

Means with different letters within the same column have significant difference at p ≤ 0.05.

The concentrations of some plant nutrients in pomegranate leaves in response to SA
treatments are shown in Tables 1, 4 and 5. In both experimental seasons, the sodium and
chloride content of the leaves differed significantly among treatments (Table 4). In both
seasons, there was a marked decline in sodium and chloride contents in plants grown
under 10 mM NaCl and 0.50–1 mM SA in comparison with the control treatment (0 mM
SA). Salicylic acid treatments at 0.50–1 mM considerably lowered Na+ and Cl− contents
in the leaves under 35 and 70 mM NaCl saline conditions compared to SA treatments at 0
and 0.25 mM. Salt stress decreased the mineral content (N, P, K, Ca, and Mg) in leaves of
pomegranate plants regardless of SA treatment. Mineral concentrations in pomegranate
leaves were higher in SA-treated plants than in untreated plants (Table 5). Generally, the
most significant mineral content (N, P, K, Ca, and Mg) values were obtained from 0.50 and
1 mM SA treatments across the two seasons. The leaves of pomegranate plants treated
with SA had higher N and P levels under non-saline conditions, although K, Ca, and Mg
concentrations were unaffected by SA treatments.

Table 5. Means of leaf nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), and magnesium
(Mg) of pomegranate plants in response to foliar salicylic acid (SA) treatments under salinity stress
conditions.

Salinity
Levels
(mM)
NaCl

SA
Levels
(mM)

N
(% DW)

P
(% DW)

K
(% DW)

Ca
(% DW)

Mg
(% DW)

2019 2020 2019 2020 2019 2020 2019 2020 2019 2020

10 0 2.4 ± 0.01 c 2.4 ± 0.03 ab 0.54 ± 0.05 c 0.45 ± 0.04 b 1.8 ± 0.03 a 1.6 ± 0.03 a 1.8 ±0.06 a 1.4 ± 0.01 a 1.7 ± 0.01 a 1.7 ± 0.01 a
0.25 2.5 ± 0.05 c 2.4 ± 0.08 a 0.55 ± 0.03 bc 0.55 ± 0.03 a 1.8 ± 0.05 a 1.6 ± 0.05 a 1.9 ± 0.03 a 1.4 ± 0.02 a 1.7 ± 0.02 a 1.7 ± 0.02 a
0.50 3.4 ± 0.04 b 2.4 ± 0.08 a 0.58 ± 0.03 b 0.56 ± 0.03 a 1.8 ± 0.02 a 1.6 ± 0.05 a 1.7 ± 0.02 a 1.4 ± 0.04 a 1.7 ± 0.03 a 1.7 ± 0.03 a

1 3.9 ± 0.03 a 2.4 ± 0.07 a 0.68 ± 0.02 a 0.61 ± 0.04 a 1.8 ± 0.02 a 1.6 ± 0.05 a 1.9 ± 0.01 a 1.4 ± 0.05 a 1.7 ± 0.05 a 1.7 ± 0.02 a
35 0 2.4 ± 0.06 c 1.9 ± 0.08 cd 0.34 ± 0.05 c 0.37 ± 0.03 c 1.2 ± 0.02 b 1.2 ± 0.03 b 1.3 ± 0.05 c 1.2 ± 0.02 c 1.6 ± 0.01 b 1.5 ± 0.04 b

0.25 2.7 ± 0.05 b 2.1 ± 0.09 c 0.39 ± 0.03 bc 0.42 ± 0.04 b 1.6 ± 0.05 a 1.6 ± 0.02 a 1.5 ± 0.01 b 1.3 ± 0.01 bc 1.6 ± 0.03 a 1.6±0.05 ab
0.50 2.9 ± 0.3 b 2.2 ± 0.08 b 0.49 ± 0.03 b 0.41 ± 0.05 b 1.7 ± 0.02 a 1.7 ± 0.01 a 1.6 ± 0.01 b 1.3 ± 0.02 b 1.6 ± 0.01 a 1.6 ± 0.01 a

1 3.7 ± 0.09 a 2.3 ± 0.07 b 0.62 ± 0.04 a 0.44 ± 0.05 b 1.8 ± 0.03 a 1.8 ± 0.03 a 1.7 ± 0.04 b 1.3 ± 0.01 b 1.6 ± 0.05 a 1.7 ± 0.05 a
70 0 1.8 ± 0.08 c 1.8 ± 0.08 d 0.36 ± 0.05 b 0.30± 0.05 d 1.1 ± 0.03 c 1.1 ± 0.02 c 1.3 ± 0.01 d 1.2 ± 0.03 c 1.5 ± 0.03 b 1.5 ± 0.05 b

0.25 2.1 ± 0.06 bc 1.8 0.05 d 0.40 ± 0.02 a 0.35 ± 0.02 c 1.3 ± 0.05 b 1.4 ± 0.01 b 1.3 ± 0.03 bc 1.2 ± 0.05 c 1.6 ± 0.01 a 1.5± 0.05 ab
0.50 2.4 ± 0.05 ab 1.9 ± 0.09 c 0.40 ± 0.02 a 0.37 ± 0.05 c 1.3 ± 0.03 b 1.5 ± 0.02 b 1.4 ± 0.01 bc 1.3 ± 0.03 b 1.6 ± 0.02 ab 1.6± 0.05 ab

1 2.7 ± 0.05 a 2.1 ± 0.08 c 0.40 0.03 a 0.40 ± 0.03 c 1.7 ± 0.05 a 1.6 ± 0.01 a 1.4 ± 0.05 b 1.3 ± 0.01 b 1.6 ± 0.01 a 1.7 ± 0.05 a

Means with different letters within the same column have significant difference at p ≤ 0.05.

3.5. Salt Tolerance Index (STI) Percentage

Table 6 shows the salt tolerance index percentages of all examined features in the two
seasons compared to the mean values under non-saline conditions and the mean values
under the highest salinity level (70 mM). When compared to salt stress index percentages
of other characteristics, electrolyte leakage was the most responsive trait to salinity stress,
with values of 343.72% and 275.27% in 2019 and 2020, respectively (Table 6). Sodium
and chloride content in both seasons and CAT in the second season were in second place
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for salt tolerance index percentages (salinity response), with no statistically significant
changes. Furthermore, proline and phenolic composition responded to salt in the same way,
followed by CAT and POD in the first season and total dry weight and magnesium in the
second season. Moreover, stem cross-sectional area, leaf area, total dry weight, chlorophyll,
carbohydrate, N, P, K, Ca, and Mg did not differ significantly terms of the salt tolerance
index. The lowest salt tolerance index percentages in response to salinity stress were leaf
area and phosphorus content.

Table 6. Salt tolerance index (STI) of all the studied traits of pomegranate cv. “Wonderful” during
2019 and 2020 seasons.

Trait
STI (%)

2019 2020

Stem cross-sectional area
(SCSA) 73.80 ± 0.9 ef 81.39 ±1.1 de

Leaf area 61.24 ± 1.2 f 75.07 ± 1.2 ef

Total dry weight 91.49 ± 1.1 e 92.18 ± 1.1 d

Chlorophyll 85.60 ± 0.5 ef 84.31 ± 0.9 de

Phenolic composition 136.32 ± 0.3 c 127.67 ± 0.05 c

Carbohydrates 84.24 ± 0.9 ef 85.93 ± 0.05 de

Proline 150.35 ± 0.2 c 118.54 ± 0.01 c

Catalase (CAT) 128.84 ± 0.05 d 141.17 ± 0.02 b

Peroxidase (POD) 110.25 ± 0.06 d 115.00 ± 0.01 c

Na (%) 171.15 ± 0.05 b 150.81 ± 0.02 b

Cl (%) 169.01 ± 0.02 b 138.82 ± 0.02 b

Electrolyte leakage (EL) 343.78 ± 0.05 a 275.27 ± 0.08 a

N (%) 75.40 ± 0.08 ef 74.15 ± 0.05 ef

P (%) 66.66 ± 0.05 f 66.67 ± 0.02 f

K (%) 59.44 ± 0.03 f 72.25 ± 0.01 ef

Ca (%) 70.65 ± 0.02 ef 90.73 ± 0.02 d

Mg (%) 90.47 ± 0.01 e 88.30 ± 0.01 de
Means with different letters within the same column have significant difference at p ≤ 0.05.

4. Discussion

Pomegranate plant growth was significantly decreased when salt levels increased.
This decline can be related to salt accumulation in plant tissues and reduced vegetative
growth; this is in line with previous results [44–46]. In the current study, salinity had a
detrimental impact on stem cross-sectional area, leaf area, and total dry weight (Table 1),
and this might be due to a decrease in chlorophyll, N, P, and K content with increased leaf
sodium content (Tables 3 and 4). Salt stress limits plant development and morphology
by affecting several features of physiology and biochemistry, including photosynthesis,
antioxidant responses, proline metabolism, and osmolyte accumulation [47,48]. Under
the influence of saline stress, plants activate several mechanisms that provide a level of
resistance to these stresses. Such mechanisms include increasing the amount of certain
osmotic substances, such as proline, and enhancing the osmotic pressure and activity of
cells’ oxygen-oxidizing enzymes [49], which play an important role in reactive oxygen
species (ROS) scavenging, among the most significant indicators of oxidation caused by
saline stress [50,51]. This is consistent with the findings of the present study (Table 3 and
Figures 1 and 2). The enhanced vegetative growth of numerous crops as a result of SA
treatments has been well documented [48,52,53]. Yildrimi et al. [52] reported that foliar
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SA treatments at various doses (0.25–1 mM) were effective in improving shoot diameter,
leaf number per plant, fresh and dry weights, and the plant’s total growth in cucumber
seedlings under salt stress conditions. Irrigation of pomegranate plants with saline water
(35–70 mM NaCl) resulted in considerable increases in leaf proline, phenol, Na+, and Cl−

contents. Surprisingly, SA applications at 0.50–1 mM alleviated the effects of salinity stress,
leading to a considerable increase in chlorophyll, carbohydrates, total phenolic composition,
leaf proline contents, N, P, K, Ca, and Mg, as well as reductions in electrolyte leakage, Cl−,
and Na+ (Tables 1–4).

In the present investigation, SA-treated plants had significantly higher chlorophyll con-
tent attributes than untreated plants. These findings are in line with those of El-Tayeb [54],
Yildirim et al. [52], and Khokon [55]. These authors found that applying SA to barley and
maize leaves increased their chlorophyll content under salinity conditions. Khodary [56]
found that the concentrations of chlorophyll a and b and carotenoids increased after foliar
SA application, which increased photosynthesis under salinity stress. According to previ-
ous studies, the phenolic content of pomegranate leaves is enhanced in response to salt and
SA treatments [4,57]. In artichoke plants, salt and SA may enhance flavonoid content (phe-
nolic substance) and the activity of antioxidants [57]. The increase in carbohydrates after
SA treatments under salinity treatment reflects improved stress tolerance, consistent with
earlier findings that revealed that carbohydrate buildup can serve as an index of osmotic
adjustment, scavenging as an indicator of ROS, and plant stress resistance [4,58]. Further-
more, SA application increased proline content in the leaves, a well-known osmolyte that
increases under stressed conditions [59]. An enhancement in the activity of the antioxidant
system in plants is typically connected with improved stress tolerance [60]. Under salt
stress conditions, several antioxidant enzymes, including CAT and POD, showed increased
activity in response to SA treatments [1,18,61,62]. This might be the first study to indicate
that SA can increase antioxidant enzyme activity in salinized pomegranate plants (CAT
and POD). These findings are consistent with those of He and Zhu [63], who observed
that exogenous SA treatments reduce NaCl toxic effects while enhancing the antioxidant
enzyme activity (CAT and POD) of tomatoes. In our study, salt stress significantly in-
creased electrolyte leakage (EL). However, SA treatments reduced EL in pomegranate plants
(Table 3). Malonaldehyde (MDA) content is typically considered an essential indication
of lipid peroxidation [64]. In this study, saline conditions (35 mM NaCl) dramatically
increased the MDA concentration in pomegranate plants, indicating that salt stress-induced
significant oxidative injury in the lipid membranes of these plant (Figure 3). SA enhanced
CAT and POD activities, lowering ROS and, which enhanced CAT and POD activities and,
consequently, reduced oxidative injury to membranes. These study results are consistent
with previous reports [48,64,65].

Previous research found that exogenous SA treatments might reduce membrane
damage in plants subjected to saline conditions, suggesting that SA contributes to the
maintenance of membrane function [18,66]. According to El-Tayeb [54], the reduction in
membrane damage in plants exposed to salinity, drought, or cold in reaction to exogenous
SA is probably due to the stimulation of antioxidant mechanisms that protect the plant
against oxidation stress. In our study, SA increased Ca concentration in pomegranate leaves
compared to the control when subjected to salinity stress (Table 4). Calcium is essential
for functions that preserve plant membrane structural and functional integrity and cell
wall structure, control selectivity and ion transport, and regulate ion-exchange behavior
and the activity of cell membrane enzymes [67]. Our findings demonstrate that salt stress
increased Na+ and Cl− levels while decreasing N, P, K, Ca, and Mg in pomegranate plant
leaves independent of SA treatment. (Tables 3 and 4). These results are in agreement
with those reported in previous studies [46,68,69]. However, SA treatments reduced plant
Na+ and Cl− absorption under salt stress conditions while increasing plant N, P, K, Ca,
and Mg uptake. (Tables 3 and 4). Lowering the Na+ and Cl− levels in SA applications
may result in less membrane damage, a higher water content, and dry matter formation.
These findings are consistent with those reported by El-Tayeb, Maan et al. [54,70], who
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showed that SA treatment lowered sodium and increased phosphorus, potassium, and
calcium levels in leaves of barley seedlings subjected to salinity stress. Salicylic acid can
regulate the intake of numerous plant-beneficial elements, such as N, P, K, Ca, and Mg,
hence reducing oxidative stress [71,72], increasing the photosynthesis process [73], and
maintaining higher K+/Na+ and Ca2+/Na+ ratios [74] under abiotic stress. With regards
to salinity tolerance index percentage, the investigated characteristics can be categorized
into two groups based on salinity tolerance index values (Table 5). The first category
includes characteristics with salinity tolerance index percentages more than 100%, such
as ion leakage, Na content, Cl content, proline, CAT, and POD, which decreased in the
two seasons of the investigation. The second group includes characteristics that exhibited
a salinity tolerance index percent less than 100% in both seasons of investigation, such
as SCSA, leaf area, total dry weight, chlorophyll, carbohydrate content, N, P, K, Ca, and
Mg. According to high salinity tolerance index values for ion leakage and Na and Cl
contents, it could be suggested that such characteristics could be used as precise indications
of pomegranate plants’ response to salt stress. No research papers have examined the
salinity tolerance index as a salinity-response indication in pomegranate plants. Therefore,
this study represents the first time that STI percentage has been determined in a variety of
pomegranate plant traits, which might be helpful for plant breeders.

5. Conclusions

This research indicates the negative effects of increasing salinity levels on inhibiting
growth traits and bioactivity of pomegranate plants. Furthermore, it was revealed that
foliar application of SA might be considered a valuable treatment for mitigating the delete-
rious effects of salinity stress by enhancing antioxidant enzyme activity, mineral nutrient
uptake, chlorophyll content, total phenolic composition, and proline and carbohydrate
compositions of leaves, as well as decreasing sodium, chloride, and membrane injuries of
pomegranate plants. In addition, according to the STI percent values, the level of electrolyte
leakage and sodium and chloride content of the leaves might be good indications of the
pomegranate plant’s response to salt stress.
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