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Brassinosteroids (BRs) are considered to possess protective activity in plants exposed to various stresses.
The present study was conducted to evaluate the effects of 24-epibrassinolide (EBL) on salt stressed sum-
mer squash cv. Eskandrani seedlings, whether it can alleviate the deleterious effects of salt stress in grow-
ing seedlings or not. For this, summer squash seeds were germinated in solidified half strength MS
(Murashige and Skoog) medium supplemented with different concentrations and combinations of EBL
(0, 5, 10 and 20 uM) and NaCl (0, 50, 100 and 150 mM). The different concentrations (5, 10, 20 pM) of
EBL significantly increased germination percentage and seedling growth capacity and the greatest
increase was observed at 10 uM EBL. EBL application significantly increased the contents of photosyn-
thetic pigments, the relative water content and the uptake of K and Ca. However, the different concentra-
tions (50, 100 and 150 mM) of NaCl significantly decreased the above-mentioned attributes. The different
concentrations (50, 100 and 150 mM) of NaCl significantly increased the electrolyte leakage, the lipid
peroxidation and the Na uptake, but the interaction between EBL and NaCl significantly decreased these
parameters. The results of this study proved that the application of 24-epibrassinolide to growing squash
seedlings under salt stress conditions reduced the deleterious effects of salt stress and increased the toler-
ance of seedlings to its detrimental effects.
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INTRODUCTION

Brassinosteroids (BRs) are a group of steroidal phytohormones that have high bioac-
tivity and are widespread in the plant kingdom [48]. BRs are present in nearly every
part of the plant, with the highest concentrations in the reproductive organs [13, 38].
BRs cause morphological and physiological responses in plants and improve plant
growth and yield [34, 40]. BRs have been reported to protect plants from various
abiotic/biotic stresses such as drought stress [11], temperature stress [36], pathogen
infection [35], heavy metals [16] and salt stress [18]. Considerable attention has been
given to BRs for their positive effects during stress tolerance in a wide variety of
plants such as Chlorella vulgaris [9], Cucumis sativus [47] and Pisum sativum [40].
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Exogenous application of BRs enhanced the growth and yield of many plants by
modulating protein content, antioxidant enzyme activities, seed germination, seedling
growth, proline content, lipid peroxidation, photosynthetic capacity, and water rela-
tions [12, 21, 40, 47].

Soil salinity is one of the most serious agricultural problems worldwide [25].
Approximately 20% of cultivated land and 50% of cropland in the world are now
under the threat from salt stress [24] and freshwater availability is now limited in
some regions due to the increased urbanization [8, 23]. In general, an excess of solu-
ble salts resulting from natural processes or intense human practices causes ion
imbalance and hyper osmotic stress which severely depress various physiological and
biochemical processes in plants [24, 32], leading to a decline in growth and yield of
these plants [17, 25]. In response to high NaCl concentration, plants accumulate toxic
ions such as Na* and Cl-[1], leading to an imbalance in mineral elements, increased
membrane permeability [2], reduced photosynthetic activity and stomatal conduct-
ance [25, 30] and inhibited chlorophyll biosynthesis [17], however, it increases the
level of proline [26] that acts as an osmoprotectant, membrane stabilizer and reactive
oxygen species (ROS) scavenger [14, 39]. The effects of brassinosteroids on squash
grown under salt stress have not been reported. So, the present study aimed to inves-
tigate the effects of 24-epibrassinolide on growth and biochemical aspects of summer
squash cv. Eskandrani under salt stress conditions, to see whether this steroidal hor-
mone is able to alleviate the deleterious effects of salt stress in growing seedlings of
this plant or not.

MATERIALS AND METHODS
Plant materials and experimental conditions

Healthy and uniform seeds of Cucurbita pepo cv. Eskandrani were surface sterilized
in 5.25% NaOCl solution (80% v/v commercial Clorox bleach) for 20 min followed
by 5 min dip in 0.2% (w/v) mercuric chloride (HgCl,) and rinsed three times with
sterile distilled water to remove all traces of the disinfection. Subsequently, were
placed in sterile glass jars (250 ml) containing half-strength MS [33] basal medium
supplemented with 2% sucrose, 0.4% agar, and different concentrations of NaCl (0,
50, 100 and 150 mM). The pH value of the nutrient media was adjusted at 5.8+0.2
with adding few drops of 0.1 N either HCI or NaOH prior to solidification and auto-
claving. MS media with NaCl treatments were autoclaved and cooled to around 55 °C
before the addition of filter-sterilized different concentrations (0, 5, 10 and 20 pM) of
EBL. Germination was conducted in a growth chamber under controlled environmen-
tal conditions of temperature (25+2 °C), photoperiod regime (16 h/day), irradiance
intensity (50 pE m2 S-1) and humidity (70%). Germinated seeds were counted on the
third, fifth and seventh day of the experiment and the percentage of germinated seeds
was calculated by the following formula: (number of germinated seeds/total number
of seeds) x 100. The experiment was conducted with three replicates and each repli-
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cate consisted of 4 seeds (four seeds per jar). Seedlings grown in EBL and NaCl free
media were considered as control. Thirty days after sowing (DAS), plants were har-
vested and washed thoroughly under running tap water followed by washing with
double distilled water for about 3—5 times to remove adhered nutrient agar from the
roots. Finally, three plants were chosen randomly from each treatment for determina-
tion the following analyses.

Growth

Lengths of shoot and root were measured manually with a scale. Plants were divided
into shoot and root and their fresh weights were recorded, then these were oven dried
at 70 °C for 72 h. Finally the dry weights of shoot and root were determined by
weighing these separately using an analytical balance.

Biochemical analyses
Estimation of photosynthetic pigments

Chlorophyll and carotenoid contents were extracted from the leaves and estimated
spectrophotometrically (Spekol 11, Carl Zeiss, Jena, Germany) according to
Arnon [5].

Proline content

The proline content was determined using the method described by Bates et al. [10].
Proline was extracted from leaf samples of 100 mg FW with 2 mL of 40% methanol.
One mL of the extract was mixed with 1 mL of a mixture of glacial acetic acid and
orthophosphoric acid (6 M) (3: 2, v/v) and 25 mg of ninhydrin. After 1 h incubation
at 100 °C, the reaction was terminated by putting the tubes in ice bath, 5 mL toluene
was added. The absorbance of the upper phase was spectrophotometrically deter-
mined at 520 nm. The proline concentration was determined using a standard curve.

Reduced sugar content

Reduced sugar content was measured in fresh leaves according to Dubios et al. [15].
A sample of the leaves was grounded in a mortar and pestle, and the tissue was
extracted in distilled water at 78 °C. The homogenized samples were centrifuged for
10 min at 1000 x g. A supernatant was used to estimate the sugar content. After keep-
ing for 10 min for color development with copper sulphate and phosphomolibdic
acid, solution absorbance was read at 600 nm. The absorption was recorded using a
spectrophotometer (Model UV-120-20. Japan).
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Leaf relative water content

Leaf relative water content (LRWC) was calculated based on the methods of
Yamasaki and Dillenburg [45]. Leaves were first removed from the stem and then
weighed to obtain fresh weight (FW). In order to determine the turgid weight (TW),
leaves were floated in distilled water inside a closed Petri dish for 6 hours. The leaf
samples were weighed after gently wiping the water from the leaf surface with tissue
paper, then the leaf samples were placed in an oven at 80 °C for 48 h, in order to
obtain dry weight (DW). All weight measurements were made using an analytical
scale, with a precision of 0.0001 g. Values of FW, TW and DW were used to calculate
LRWC using the following equation: LRWC (%) = [(FW-DW)/(TW-DW)] x 100.

Electrolyte leakage

Electrolyte leakage was measured using an electrical conductivity meter as described
by Lutts et al. [29]. Leaves were excised and washed with deionized water. After dry-
ing with filter paper, 1 g fresh weight of leaves were cut into small pieces (about
1 ¢cm?) and then immersed in 20 mL deionized water and incubated at 25 °C. After
24 h, electrical conductivity (EC,) of the bathing solution was recorded. These sam-
ples were then autoclaved at 120 °C for 20 min to completely kill the tissues and
release all electrolytes. Samples were then cooled to 25 °C, finally electrical conduc-
tivity (EC,) was measured. The electrolyte leakage (EL) was expressed by the follow-
ing formula: EL = EC,/EC, % 100.

Lipid peroxidation

Lipid peroxidation was determined by measuring the amount of malondialdehyde
(MDA) formed using the thiobarbituric acid reactive substances (TBARS) method
described by Heath and Packer [19]. Frozen leaf samples (0.5 g) were homogenized
in 10 mL of 0.1% trichloroacetic acid (TCA) and the homogenate was centrifuged at
15,000 rpm for 15 min. To a 1.0 mL aliquot of the supernatant, 4.0 mL of 0.5% thio-
barbituric acid (TBA) in 20% TCA was added. The mixture was then heated at 95 °C
for 30 min in an oven, and then cooled in an ice bath. After centrifugation at
x10,000 g for 10 min, the absorbance of the supernatant was recorded at 532 and 600
nm. The MDA content (mmol/g FW) was calculated using an extinction coefficient
of 155 mmol/cm after subtracting the non-specific absorbance at 600 nm.

Determination of Na*, K™ and Ca?* contents

The dried leaves were grounded to powder using a mortar and pestle. Ground samples
(0.5 g per replicate) were taken up in 10 ml nitric acid. After 24 h this solution was

Acta Biologica Hungarica 69, 2018



186 ABDELNASSER GALAL

boiled to remove any acidic gases, then filtered into a 50 ml volumetric flask and
filled up to 50 ml with distilled water. Potassium, sodium and calcium were deter-
mined in these sample solutions using a flame photometer (Jenway PFP7, UK).

Data analysis

Analysis of variance was performed using SAS version 9.1 (SAS Institute Inc., Cary,
NC, USA). Data were presented as means=SD for each treatment. Means were com-
pared according to Duncan’s multiple-range test at P<0.05.

RESULTS

The different concentrations (5, 10 and 20 uM) of EBL increased the germinated seed
percentages. Ten uM EBL induced the highly efficacious effect than its other concen-
trations (5 and 25 pM) in terms of high germination percentage compared to control
(Table 1). On the other hand, NaCl treatments (50, 100 and 150 mM) significantly
decreased the seed germinated percentages (73.6, 62.7 and 51.3, respectively), and
the salinity levels of 100 and 150 mM NaCl induced the most drastic effects in terms
of germination inhibition. This deleterious effect of salt stress on seed germination
was surmounted by 10 uM EBL. The similar result was observed with the growth of
seedlings, the different concentrations (5, 10 and 20 uM) of EBL significantly
increased the growth parameters (lengths of shoot and root and dry weights of shoot
and root) of seedlings (Table 1). The greatest increase in these parameters was

Table 1
Effect of different concentrations and combinations of 24-epibrassinolide and
NaCl on seed germination and growth parameters of squash seedlings

Treaments Germination Shoot length Shoot Root length RooF
EBL | NaCl %) @m | dyweight(@) | (em) dry weieht
(nM) (mM) (€9)

0.0 0.0 92.4+4.212 12.21+£1.082 9.8 £1.562 9.7£1.23a 8.35+1.652
5 0.0 95.5+3.88b 13.62+1.32b 11.5+1.06° 11.8+0.78> 11.03£1.22b
10 0.0 99.6+4.23¢ 17.64+0.76¢ 13.9+£1.32¢ 13.8+1.87¢ 9.46+1.07¢
20 0.0 93.2+4.862 13.74+0.76P 11.6+£1.220 5.3+1.744 4.4241.034

0.0 50 73.6+4.23d 8.79+1.324d 6.8+1.064 5.1+0.384 4.33+1.214

0.0 100 62.7+2.12¢ 5.04+0.73¢ 4.3+£1.43¢ 3.1+£1.52¢ 3.02+1.05¢

0.0 150 51.3+£3.12f 3.32+0.63f 2.7+1.32f 2.4+1.57f 2.03+£0.11f
10 100 91.7+3.622 11.88+£1.042 9.6+1.122 8.9+1.34¢ 7.98+0.22¢
10 150 89.2+4.67¢ 10.41+1.43¢ 8.7+1.22¢ 7.2+1.22h 7.24+1.09h

Data are the means+ SD of three replicates. Control = EBL and NaCl free media. Means followed by the same
letter in column are not significantly different as Duncan’s multiple-range test at P<0.05.
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observed at 10 uM EBL. EBL treatment of 10 uM showed the highest lengths (17.64
and 13.8) of shoot and root, respectively, and the maximum values of shoot and root
dry weights (13.9 and 9.46, respectively). So it was chosen as the optimal concentra-
tion for the further investigations. Salinity levels (50, 100 or 150 mM NacCl) signifi-
cantly decreased the length of shoots and roots as well as their dry weights compared
to control. However, the interaction between EBL (10 uM) and NaCl (100 or 150
mM) expeditiously reduced the deleterious effects of salt stress on growth of seed-
lings, compared to those of salt treatments alone (Table 1).

Table 2 shows that EBL (10 uM) treatment enhanced the contents of chlorophyll a
and chlorophyll b leading to an increase in the total chlorophyll (Chl a+b) content
compared to control. A similar result was obtained with carotenoid contents; 10 uM
EBL treatment enhanced the carotenoid contents. However, NaCl treatments (50, 100
and 150 mM) significantly decreased the chlorophyll and carotenoid contents and 150
mM NaCl was the most deleterious concentration in terms of chlorophyll and carot-
enoid inhibition. The 150 mM NaCl treatment showed the highest decline (0.41, 0.29,
0.70 and 0.69 mg/g FW) in chlorophyll a, chlorophyll b, total chlorophyll (Chl a+b)
and carotenoid contents, respectively. However the interaction between EBL (10 uM)
and NaCl (100 or 150 uM) significantly enhanced not only the chlorophyll contents
but also the carotenoid contents compared to those of salt treatments alone.

The application of EBL to growing squash seedlings significantly enhanced the
accumulation of proline in the seedlings leaves. The accumulation of proline was
significantly enhanced in NaCl (100 and 150 mM) treated seedlings compared to
control (Fig. 1) and 150 mM NaCl treatment exhibited the highest leaf proline con-
tent. The interaction between EBL (10 uM) and NaCl (100 or 150 mM) significantly
increased the proline contents in the treated plants compared to those of salt treat-
ments alone (Fig. 1).

Table 2
Effect of 24-epibrassinolide (10 uM) and different concentrations of NaCl on the photosynthetic
pigment contents in squash seedlings

Treatment Pigment content (mg/g fresh weight)

(]i ?}) (I:Irill\il) Chl-a Chl-b Total Chl Carotenoids
0.0 0.0 1.2940.122 0.67+0.062 1.96+0.022 1.64+0.172
10 0.0 1.97+0.11° 0.98+0.03b 2.95+0.03b 2.2340.08>
0.0 50 1.02+0.14¢ 0.61+0.05¢ 1.63+£0.04¢ 1.23+0.54¢
0.0 100 0.53+£0.054 0.34+0.044 0.87+0.014 0.86+0.234
0.0 150 0.41+0.03¢ 0.29+0.04¢ 0.70+0.03¢ 0.69+0.54¢
10 100 1.27+0.142 0.65+0.022 1.92+0.022 1.62+0.232
10 150 1.24+0.134f 0.63+0.054f 1.87+0.04f 1.59+0.54af

Control = EBL and NaCl free media. Data are the means+ SD of three different measurements. Means followed
by different letters in column are significantly different according to Duncan’s multiple-range test at P<0.05.
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A similar result was obtained with the reduced sugar content. Data presented in this
study showed that the application of EBL (10 uM) to the growing squash seedlings
significantly increased the accumulation of reduced sugar content compared to con-
trol. NaCl (100 and 150 mM) treatments caused a significant increase in the reduced
sugars content compared with control (Fig. 1) and the maximum value of reduced
sugar content was observed at 150 mM NacCl treatment. The combination between
EBL (10 uM) and NaCl (100 or 150 uM) significantly increased the reduced sugar
content in the growing seedlings compared with those of salt treatments alone
(Fig. 1).

The application of EBL to growing squash seedlings significantly increased the
LRWC as compared to control (Fig. 2). However, salinity levels of 100 and 150 mM
NaCl significantly reduced the LRWC value (Fig. 2). The minimum value of LRWC
was observed at 150 mM NaCl and this was reversed with the application of EBL
(10 uM) to salt stressed plants. The interaction between EBL (10 uM) and NaCl
(100 or 150 uM) significantly increased the LRWC of treated seedlings as compared
to those of salt treatments alone (Fig. 2).

The electrolytes leakage constitutes an indicator of the membrane permeability and
it was measured in squash seedling leaves. EBL application resulted in a significant
decrease in the electrolytes leakage percent compared to control (Fig. 2). On the other
hand, NaCl treatments (100 and 150 mM) significantly increased the electrolytes
leakage percent compared to control (Fig. 2) and 150 mM NaCl treatment induced a
highly efficacious effect in terms of high electrolytes leakage percent. However, the
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Fig. 1. Effects of 24-epibrassinolide (10 pM) on proline and reduced sugar contents in growing squash
seedlings under salt stress (100 and 150 mM NacCl). Control = EBL and NaCl free media. Data are the

means £ SD of three different measurements. Means followed by different letters in column are signifi-
cantly different according to Duncan’s multiple-range test at P<0.05
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Fig. 2. Effects of 24-epibrassinolide (10 uM) on leaf relative water content (LRWC) and electrolyte leak-

age percent (ELP) in growing squash seedlings under salt stress (100 and 150 mM NacCl). Control = EBL

and NaCl free media. Data are the means=+SD of three different measurements. Means followed by dif-
ferent letters in column are significantly different according to Duncan’s multiple-range test at P<0.05

combination between EBL (10 uM) and NaCl (100 or 150 uM) significantly reduced
the electrolytes leakage percent in treated seedlings, compared to those given salt
treatments alone (Fig. 2).

The oxidative damage was observed as malondialdehyde (MDA) content, which is
a product of lipid peroxidation (Fig. 3). Lipid peroxidation was evaluated by the
determination of MDA concentration in the leaf tissues of growing squash seedling.
Salinity levels of 100 and 150 mM NaCl significantly increased the MDA concentra-
tion in the growing seedling leaves, compared to control (Fig. 3), suggesting that the
active oxygen species accumulated in salt stressed seedlings. However, the applica-
tion of EBL (10 uM) to growing squash seedling significantly decreased the MDA
concentration in the leaves of growing seedlings compared to control. The interaction
between EBL (10 uM) and NaCl (100 or 150 mM) reduced the deleterious effects of
the lipid peroxidation in growing seedlings, compared to those given salt treatments
alone.

The application of EBL to the growing squash seedlings significantly increased the
accumulation of K* and Ca?*, in the leaves of squash seedlings but significantly
decreased the accumulation of Na* (Table 3). On the other hand, salinity levels of 50,
100 and 150 mM NaCl significantly reduced the accumulation of K* and Ca2* but
significantly increased the accumulation of Na*. The interaction between EBL (10
uM) and NaCl (100 or 150 mM) significantly enhanced the accumulation of K* and
CaZ" and decreased the accumulation of Nat (Table 3) in the leaves. The salinity treat-
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ment of 150 mM NacCl exhibited the maximum value of Na* accumulation and the
minimum values of both K™ and CaZ" in the leaves of salt-stressed plants. The interac-
tion between EBL (10 uM) and NaCl (100 or 150 mM) treatments significantly
reduced the loss of Kt and Ca2* in salt-stressed plants (Table 3), leading to a signifi-
cant decrease in Na/Ca and Na/K ratios, compared with those having salinity treat-
ments alone.
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Fig. 3. Effects of 24-epibrassinolide (10 uM) on malondialdehyde (MDA) in growing squash seedlings
under salt stress (100 and 150 mM NacCl). Control = EBL and NaCl free media. Data are the means+SD

of three different measurements. Means followed by different letters in column are significantly different
according to Duncan’s multiple-range test at P<0.05

Table 3
Effect of 24-epibrassinolide (10 uM) and different concentration of NaCl on macroelement contents
in squash seedlings

Treatment
Ca2+ K+ Na* Nat/ K* Nat/Ca2+

EBL Na Cl (mg/g DW) (mg/g DW) (mg/g DW) (mg/g DW) (mg/g DW)
@M) | (mM)

0.0 0.0 33.0+2.72 32.3+4.4a 22.34+2.49a 0.69+0.032 0.76£0.012

10 0.0 47.4+2.90 42.2+3.8b 17.2+3.460 0.41+0.020b 0.36+0.02b
0.0 50 29.2+2.2¢ 27.6+2.6¢ 28.4+3.53¢ 1.03+0.01¢ 0.97+0.04¢
0.0 100 23.5+2.7d 21.8+2.9d 39.5+4.854 1.81+0.024d 1.68+0.144
0.0 150 16.5+2.7¢ 19.5+1.8¢ 49.4+3.86¢ 2.54+0.03¢ 2.99+0.13¢

10 100 36.5+£1.36f 34.7+4.4f 19.6+4.65¢ 0.56+0.01F 0.54+0.03f

10 150 32.6+4.1¢ 38.7+4.6¢ 16.4+1.88¢ 0.42+0.02¢ 0.50+£002¢

Control = EBL and NacCl free media. Data are the means+ SD of three different measurements. Means followed
by different letters in column are significantly different according to Duncan’s multiple-range test at P<0.05.
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DISCUSSION

Squash plants are moderate tolerance to salinity and its vegetative growth was sig-
nificantly affected by salinity concentration higher than 50 mM [46]. Seed is the only
stage in the life cycle of the plant well protected against stresses caused by various
factors; soon thereafter when water imbibition and growth process start it becomes
sensitive to stress [42]. The findings of this study show that salt stress affected the
growth of seedlings and seed germination, but the application of EBL to salt stressed
seeds increased the above-mentioned parameters. Plants hormone like BRs have a
potential to alleviate the drastic effects of abiotic and biotic stresses [37]. Salt stress
significantly impairs the germination percentage [38]. BRs are required for normal
growth and development including growth of shoot and root [12] and seed germina-
tion [28, 42]. BRs can reverse the inhibition of seed germination and seedling growth
subjected to salinity stress via increasing the contents of proteins and nucleic acids
and enhancing the antioxidant system [4]. Ali and Abdel-Fattah [3] pointed out that
pre-treating of seeds with BRs enhanced saline stress tolerance during seed germina-
tion and growth of seedling through increasing the contents of betaine and glu-
tathione. This result is further supported by Ozdemir et al. [37] who reported that the
treatment of salt-sensitive seeds with 24-epibrassinolide improves seedling growth,
and alleviates the lipid peroxidation. Studies with BRs biosynthesis mutants and BRs
insensitive mutants of Arabidopsis thaliana have also provided evidence that BRs are
essential for plant growth and have an anti-stress effect on different plants [12]. For
instance, it was shown that BRs help overcome stress exerted by salt stress [37]. The
findings of the present study show that 24-epibrassinolide higher concentrations
inhibited the root growth of growing squash seedlings. These results are in agreement
with those obtained by Li et al. [28] who suggested that inhibition of root growth
under BRs higher concentrations related to inhibition of IAA expression and modula-
tion of polar auxin transport. This view is further supported by Clouse and Sasse [13]
who reported that low concentrations of 24-epibrassinolide promote the root forma-
tion whereas the higher concentrations inhibit its formation. It has been suggested that
BRs could have a positive role on root growth, if its concentration greater than its
threshold value and this is genotype dependent [34]. Ten uM EBL was chosen as the
optimal concentration to investigate the biochemical aspects of squash under salt
stress conditions, because this concentration induced the highly efficacious effect
than its other concentrations (5 and 20 uM) in terms of high germination percentage
and growth capacity and this concentration was the most effective one that enhanced
growth and alleviated the deleterious effects induced by salt stress in a wide variety
of plants, such as pea [40] and maize seedlings [2]. Salt stress caused a decline in the
contents of chlorophyll and carotenoids in squash seedlings of our study. However,
24-epibrassinolide application to salt stressed seedlings enhanced the values of these
parameters. The stimulation of chlorophyll by BRs under salt stress was observed by
other researcher [21]. Reduction of leaf chlorophyll content under saline conditions
was attributed to an increase in the activity of chlorophyll degrading enzyme, chloro-
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phylase [4, 18]. BRs reduced the inhibitory effects of salt stress on leaf pigment
levels and this could be one of the reasons for growth stimulation by BRs under saline
conditions [18]. Clouse and Sasse [13] also reported that epibrassinolide improved
the tolerance of plant to salt stress, by reducing the damage via protecting cell ultra-
structure and chloroplast membrane system. This suggests that 24-epibrassinolide
protect photosynthetic apparatus from salt induced oxidative stress. This view is
further supported by the fact that chloroplast is a major source of reactive oxygen
species (ROS) [4]. Increased leaf pigment content could be resulted from protection
of thylacoidal membranes against the attack of ROS by proline [2, 21]. Yu et al. [47]
suggested that BRs affect the biosynthesis of enzymes via an effect on gene expres-
sion and/or the effect of BRs on cell membranes. Increase the photosynthesis particu-
larly the capacity of CO, assimilation in the Calvin cycle, which is mainly attributed
to an increase in the initial activity of Rubisco [21].

Salt stress significantly enhanced the accumulation of proline in the growing seed-
lings of squash. Proline is accumulated in many plants that are exposed to salinity
stress [2, 22, 27] and the accumulation of proline was positively correlated with stress
tolerance [2]. Its accumulation is a common metabolic response of higher plants to
salinity stress [27]. Houimli et al. [21] showed that among various compatible sol-
utes, proline is the only molecule that has been shown to be able to protect plants
against singlet oxygen and free radical induced damage resulting from salinity stress.
The application of 24-epibrassinolide to salt stressed squash seedlings significantly
enhanced the accumulation of proline in the growing plants. These results are in
agreement with those obtained by Ozdemir et al. [37] who reported that the changed
pattern of proline after salt and 24-epibrassinolide interaction is related to tissue
senescence and saline stress accelerates this process. Proline has been considered as
a carbon and nitrogen source for rapid recovery from stress, a stabilizer for mem-
branes and some macromolecules and a free radical scavenger [22]. Sairam et al. [39]
noted that proline not only acts as an osmoprotectant, but also as a membrane stabi-
lizer and ROS scavenger, and the increase in proline content could be manifested in
terms of improved plant growth. Proline as a cytosolic osmoticum and a scavenger of
OH radical can interact with cellular macromolecules such as DNA, protein and
membranes and stabilize the structure and function of such macromolecules [26]. The
application of 24-epibrassinolide to salt stressed seedlings of squash significantly
enhanced the accumulation of reduced sugar content in the growing seedlings. It is
well known that sugars act as osmoprotectant in stress condition. The main functions
of sugars are osmotic regulation, carbohydrate storage and also sugars can cause cell
membrane and protein stability [46]. BRs play a fundamental role in carbohydrate
metabolism by increasing the activity of carbohydrate metabolism enzymes such as
sucrose synthase, sucrose phosphate synthase and acid invertase [47]. Reduction of
reduced sugar contents in squash seedlings due to salt stress may be attributed to an
induced high osmotic pressure which affects hydrocarbon enzyme synthesis.

Salt stress significantly reduced the LRWC in squash seedlings and the application
of 24-epibrassinolide to salt stressed seedlings significantly increased it. It has been
suggested that LRWC is one of the most important indicators of salt tolerance in crop
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plants [39, 41]. The decrease in LRWC under salinity stress has already been report-
ed [39]. The decrease in LRWC indicated a loss of turgor, which resulted in limited
water availability for the cell elongation process [25]. Increase the relative water
content by 24-epibrassinolide in quash may be attributed to a reduction in water loss.
This observation is further supported by Bjornson et al. [12] who reported that 24-epi-
brassinolide involves in membrane stability leading to protection of plant from stress-
induced membrane damage.

Salt stress resulted in a significant increase in the electrolytes leakage percent in
squash seedling leaves and the application of 24-epibrassinolide to salt stressed
squash seedlings significantly decreased this increase. 24-Epibrassinolide could be
protected plant from stress-induced membrane damage and this suggested the stabil-
ity of cell membrane in squash plants. Increase of the electrolyte leakage is associ-
ated with the chain reactions initialized by free radicals [31]. Among these reactions,
the lipid peroxidation due to the accumulation of ROS is the principal causes of
membrane damage [6, 39]. It seems that 24-epibrassinolide may help membrane
integrity by enhancing the level of the antioxidant system that protects plants from
the oxidative damage [6, 12]. This view is further supported by Asghari and
Zahedipour [7] who suggested that this effect is consistent with a protective mem-
brane against the attack of free radicals.

Salt stress resulted in a significant increase in MDA concentration in squash seed-
ling leaves. MDA is regarded as a marker for evaluation of lipid peroxidation or
damage to plasmalemma and membranes that increases with environmental stresses
[6]. Maintaining integrity of the cellular membranes under salt stress is considered an
integral part of the salinity tolerance mechanism [24]. The interaction between EBL
and NaCl induced significant reduction in MDA of squash seedling leaves. The lipid
peroxidation due to the accumulation of ROS are the principal cause of membrane
damage [6]. It seems that BRs may help membrane integrity by enhancing the level
of the antioxidant system that protects the plant from the oxidative damage [40].
Oxidative stress tolerance is enhanced and MDA is decreased [37, 39]. It is widely
accepted that active oxygen species (AOS) are responsible for various stress-induced
damages to macromolecules and cellular structures [37].

The application of 24-epibrassinolide to salt stressed squash seedlings enhanced
the accumulation of K* and Ca?" in the leaves of the growing plants. In this study,
lipid peroxidation and electrolyte leakage also decreased by 24-epibrassinolide appli-
cation. 24-Epibrassinolide application may increase the tolerance of plants by dimin-
ishing ionic imbalance caused by salt stress [14]. Findings of this work are in har-
mony with the above-mentioned report. Na*, K* or Ca?* selectivity is an important
factor in salt tolerance. Accumulation of K+ and Ca2* in the leaves of squash seedlings
was significantly reduced due salt stress, but Na* increased. Plants may adjust their
internal osmotic potential by accumulation of some ions from the surrounding solu-
tion [25]. Plants growing in saline soils may suffer dual injury of Na* toxicity and K*
or CaZ" deficiency [27, 44]. Kt and Ca?* are essential macronutrients for all plants;
most plants use K* and Ca?* rather than Na* as an important component of osmotic
adjustment [27].

Acta Biologica Hungarica 69, 2018



194 ABDELNASSER GALAL

K* is considered as one of the primary osmotic components contributing to osmot-
ic adjustment in many plants species [43]. Ca2* ions increase antioxidant enzyme
activities and reduce lipid peroxidation of the cell membrane [25]. It was indicated
that CaZ" increasing had the function of preventing cell membrane injury and leakage,
as well as stabilizing the cell membrane structure under adverse environmental condi-
tions [20]. CaZ* plays a vital role in the maintenance of membrane stability and per-
meability [1, 17]. The increase in stress-induced cytosolic CaZ" has been suggested to
up-regulate the biosynthesis, since the induction of transcript for proline biosynthetic
enzyme [20]. The decrease in NaZt content in plants exposed to salt stress may be
related to less availability of this element to plant. It appears that K™ uptake somehow
competes with Nat uptake and Ca?* mitigates the negative effects of Na on the plant
tissues [1]. Increasing leaf levels of Na* could lead to a Na/Ca and Na/K imbalance
[1, 43]. The imbalance of Na*, Ca2*, and K* in plants can lead to some physiological
and biochemical disturbances [43]. The control of Na™ accumulation and low Na/K
or Na/Ca ratios may enhance salt tolerance [1, 20]. In this experiment, the results for
K, Ca2*, and the Na/K or Na/Ca ratios were similar to those reported by other authors
[43, 44].

In conclusion: The present study indicated that 24-epibrassinolide application to
germinated seeds of summer squash cv. Eskandrani seedlings enhanced a number of
morphological and physiological changes in the growing seedlings which leads to
excellent plant growth. The response of squash seedlings to 24-epibrassinolide and
salinity stress interaction outlined in this study, proved that the steroidal hormone
24-epibrassinolide is able to alleviate the detrimental effects of salt stress in growing
squash seedlings and increased the tolerance of seedlings to its deleterious effects.
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