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Article Info Abstract

Salinization reduces soil health and quality, drastically limiting plants’ growth and crop
yield. This comprehensive research aimed to evaluate the impact of sodium chloride
increment on growth factors, amount of oxidative stress biomarker (Malondialdehyde),
osmotic response (evaluated by both proline and sugars contents), photosynthesis
efficiency (expressed with chlorophyll fluorescence measurement) and activity of Malate
dehydrogenases (MDHs) as a regulator under abiotic stress tolerantly in Aloe vera in
Alzahra University, Tehran. Experiments were conducted in two studies at the following
concentration of sodium chloride: 0 (control), 100, 200, and 300 (mM) NaCl for 30 days
(short-term treatments) and: 0 (control), 54.7, 109.5, and 164.5 (mM) NaCl for 150
days (long-term treatments). Three replications in a completely randomized design
were applied. The results showed that while the fresh weight of belowground biomass
declined at higher salinity level (164.5 mM), no significant differences were reported
in the short period of salt treatments. A considerable amount of free proline that was
accumulated in both short (3.594 pg.g™" dw) and long (2.20 pg.g™' dw) term studies
raised the role of proline in osmoregulation. Our results showed the decline of MDA
amount (0.0003 mmol.g"FW) in 54.7 NaCl (mM) may be due to less membrane damage
in presence of moderate salinity, and indicated a variety of dependent differences in
biochemical markers activity.
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INTRODUCTION

Aloe vera L. is a perennial plant with well-known
medicinal values and a short growth period originally
from Southern Africa but has been indigenous to dry
tropical and subtropical regions (Hekmatpou et al.,
2019). Although more than 250 species of Aloe genus
have been identified, only a few species of Aloe have
been known for commercial importance (Eshun and
Qian, 2004). Aloe vera contains several nutritional
compounds, such as vitamins (vitamin E, C, A), phenol,
lignin, enzymes (peroxidase, amylase, catalase),
minerals, and saponins, that are widely used in
healthcare and therapeutic products (Maan et al., 2018).

Recently, climate change, global warming, and
water stress have directly given rise to a different
kind of abiotic stress and put more than 800 million
hectares of land in danger and salt-affected (Asseng
etal., 2015). Environmental stress including salinity
can cause osmotic and nutritional imbalances, which
have been correlated to physiological traits like quality
reduction and productivity losses (Ma et al., 2020).
Low osmotic potential of soil solution is related to
deleterious effects of saline stress on plant metabolisms
(Ashraf &Harris, 2004). In general, salt stress retards
plant growth and yield, especially in arid regions,
which have become the most disturbing problem in
the world (Olfati, 2012).
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In recent decades, many studies have investigated
impacts of salinity levels on crop quality and showed
enough watering in late autumn to early spring,
especially in rainfed conditions, increased plants’
production (Mirbakhsh and Hosseinzadeh, 2013).
Aloe vera is no exception and is known as an important
alternative crop for industrial and pharmaceutical
application in sodic lands due to its tolerance potential
as a xerophyte (Rahi et al., 2013). The impact of salinity
on Aloe yield, cell formation, and expression of genes
is well studied. In this regard, Sahu et al. (2011) recorded
a decline in growth and biomass of two Aloe species
under saline stress integrated with high soil pH, and
the effect of salinity stress on Aloe’s yield potential
and the amount of carbohydrate was reported by
Moghbeli et al. (2012).

In contrast, the level of NaCl tolerance of Aloe vera
and its impacts on the leaf photosynthetic machinery
and chlorophyll content are incomplete. Moreover,
the oxidative status of growing plants and more
specifically capabilities of the tissues for producing
reducing energy under the stressful condition of saline
stress need more investigation.

In this study, physiological responses of Aloe vera
was studied in zero, low, medium, and high NacCl
treatments, while we kept pH unchanged at 6.5 to
avoid further effects. The mechanism of Malate
dehydrogenase (ME)/NADP-ME activity as a mediator
signaling event to oxidative burst was studied. This
study aimed to investigate association of biochemical
markers, such as lipid peroxidation and free proline
alternation, to determine their role in Aloe vera salt
tolerance and also delineate physiological processes
and mechanisms underlying these responses to salinity
stress.

MATERIALS AND METHODS

Plantation of Aloe vera

The study was conducted in a greenhouse in the
Plant Physiology Department, Alzahra University,
Tehran, Iran (35.7683° N, 51.3926° E). Plants were
obtained from the local nursery in North of Tehran,
uniform in size, health, color, and an average number
of 8 leaves. Plants were put in plastic pots with free
drainage. Each pot had a 4.7 inch height and 5.1 inch
width and contained an ultrafine texture of clay, silt,
and sand. The plants in the pots were kept for 120 days
with day/night temperatures of 25°C /21°Cand 16 h
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photoperiod with an approximate humidity of 55%
to get accustomed to the greenhouse situation before
conducting the research with different treatments.
The pots were settled in rows, and irrigation was done
every three days.

NaCl treatment

Plants were divided into two separate groups for
short (30 days) and long (150 days) period of salinity
treatments with three replications arranged in
completely randomized design. Plants of each group
were then separated into four groups marked as
control (0 mM), low (100 mM), medium (200 mM),
and high (300 mM) of NaCl for short-term treatments
and control (0 mM), low (54.7mM), medium (109.5
mM), and high (164.2 mM) of NaCl for the long-term
treatments. In both treatments, plants were treated
every three days and only uniform eight-month-old
plants were chosen for long-period experiment and
five-months-old plants were used for short-period
treatments right 7 days after the last treatment.

Morphological observations and growth analysis

The fresh weight of above and belowground plant
biomass of all treatments was measured after 150 days
of long-term saline treatments with eight-month-plants
and 30 days of short-term saline treatments with
five-month-plants. Fresh samples were dried for 48
h at 80°C to obtain dry matter. After cooling, the dry
samples were weighed and dry matter content was
calculated.

Proline concentration

Free proline content was estimated after 150 days
of long-term saline treatments with eight-month-plants
and 30 days of short-term saline treatments with
five-month-plants, according to the method of Bates
etal. (1973). 0.1 g of dry matter content of each sample
was homogenized using a pestle and mortarin 5 mL
of 3% Sulphosalicylic acid. Glacial acetic acid (2 mL)
and 2 mL of ninhydrin reagent were added to 2 mL
of extract in test tube. The mixture of reaction was
boiled in a water bath at 100°C for 30 min. 4 mL of
toluene was added after cooling the reaction mixture.
The chromosphere was read at 520 nm; it contained
toluene and was separated, and the absorbance was
measured on UV-visible spectrophotometer. Proline
concentration was measured using calibration curve,
and mg proline per g fresh weight of tissue [pg.g™
(DW)] was used for expression.
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Peroxidation of lipid

By observing the expression of MDA content and
a slight modification in the process, the level of lipid
production was determined according to the method
of Heath and Packer (1968). After removing the gel,
2.5 g of leaf tissue was homogenized in 10% (w/v)
trichloroacetic acid (TCA; 10 mL) using 10 min of
10,000 rpm. An equal volume of 10% TCA solution
containing 0.5% 2-thiobarbituric acid was added to
the supernatant. Incubation was done at 95°C for 30
min. The homogenized samples were cooled quicky
by using ice-bath and centrifuged at 10,000 rpm for
15 min. At 532 nm, the absorbance was measured and
corrected for nonspecific absorbance at 600 nm. The
concentration of MDA was calculated using extinction
coefficient as 155 mM™".cm™. The MDA content was
measured as umol g™ FW.

Extraction of protein and total malate dehydrogenase
assay

Proteins were extracted and measured; liquid N,
was used to frizz 2 g of tissue, and the frozen sample
was grounded. Sodium phosphate buffer (0.2 M, pH =
6.8) was used to homogenize samples. Bradford
method was used to determine total protein content
of samples. Standard curve was made by Bovine serum
albumin (1 mg/mL). Protein of each sample (50 pg)
was used for loading. The protein concentration was
determined using a curve of calibration for protein as
UM g™ FW (fresh weight). The spectrophotometer was
used to measure the absorbance at 520 nm. According
to Davis (1964), polyacrylamide gel electrophoresis
(PAGE) was performed to study isozymes in tissues.
Total malate dehydrogenase (NAD*-MDH, EC 1.1.1.37)’s
activity was assayed in samples of long-term treatments.
Briefly, according to Jonathan and Wendel (1990), 0.05
M Tris HCI (pH 8.5) containing 25 mg EDTA ,25 mg NBT,
10 mg malic acid, 25 mg NAD, 10 mg malic acid and
3 mg PMS was used in 100 ml for soaking the gel. 0.05
M Tris HCI (pH 8.5) was prepared by dissolving 0.605
g Tris in 50 mL distilled water. HCl was used to adjust
pH to 8.5. Then, the solution was completed to 100
mL with distilled water. The solution was dialyzed in
cold for 3 h against the extraction buffer. The vertical
electrophoretic vats were used to place gels at 4—6°C,
with a potential difference of 1.0 V mm™. Bands were
revealed for the enzyme systems malate dehydrogenase
(MDH), described by Alfenas (1991). Visual analysis of
electrophoresis gels was used to interpret the intensity
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of each electrophoretic band.
Assay of polysaccharides

Phenol/sulfuric acid reagent was used to measure
polysaccharide contents of the samples (Dubois et
al., 1956). 0.1 g of dry content of samples were
homogenized in 80% ethanol by 10 min centrifugation
at 5000 rpm. 30 min water bath incubation was used
for the final solution of 5 ml of anthrone reagent and
1 ml of supernatant. Absorbance was measured at 620
nm for the estimation of glucose. 1 ml of resorcinol
reagent was added to 2 ml of extract to estimate
carbohydrate fructose after 10 min of incubation
and measuring the absorbance at 520 nm. Zucrose
and starch’s content were estimated according to
Ramachandra Reddy et al. (2004). Additionally, glucose
(80 pg/mL) was used with 0 to 80 ug/mL range
concentrations for standard curve. At A = 485 nm,
polysaccharide contents of samples were measured
by a spectrophotometer.

Photosynthetic pigment measurements

0.1 g of Fresh plant samples were used to extract
carotenoids (mg g™') and Chlorophylls (Chl b and a),
then 1.5 ml acetone (80%; v/v) was used to complete
extraction and quantified spectrophotometrically.
Absorbances were measured at 646.8, 663.2, and
470 nm by UV-visible spectrophotometer (WPA
model S2100). Equation 1 was used to calculate the
amounts of photosynthetic pigments (mg/gfw),
where the volume of acetone (mL) is V and the fresh
weight of the shoot (g) is W (Lichtenthaler, 1994).
Acetone 80% was used as a control.

Chla =[12.25A4;,- 2.79A465] (V/1000W)

Chlb =[12.21A,4c5- 5.1A.;,] (V/1000W)

ChiT = Chlb + Chla

Caratenoid = [(1000A,,, - 1.80Chla - 85.2Chlb)/198]
(v/1000W)

Statistical analysis

Each treatment had three replications, and mean
values of each treatment were taken from measurements,
then SE of the means were calculated. Statistical analysis
was performed using one-way analysis of variance
(ANOVA), and Tukey’s test was used to determine the
significant differences between means of treatments
(p<0.05) using the Statistical Package for Social Sciences
(SPSS) for windows (version 13.0).
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RESULTS AND DISCUSSION

Growth analysis

The growth parameters of Aloe vera plants under
short-term and long-term salinity stress showed
significant differences between fresh and dry weight
at p<0.05 under different NaCl treatments. In general,
the results showed that short period stress was more
suitable for the plants but increasing the duration of
the stress caused growth reduction, especially in the
fresh weight of belowground biomass. In short-term
salinity treatments and aboveground biomass
observation, the highest fresh weight of aboveground
biomass (89.09 g) was shown in 0 mM of NaCl, and
the lowest (51.25 g) was in 100 mM of NaCl but it
did not have a significant difference with other two
treatments. For dry matter, the highest (1.40 g) was
reported in 0 mM of NaCl and the lowest (0.62 g) in
100 mM of NaCl (Table 1). The highest fresh weight
of root (belowground biomass) (3.20 g) was reported
in 0 mM of NaCl, while 200 mM NaCl treatment
showed the lowest (2.40 g) (Tablel).

In long-term salinity treatments, the significant
difference was shown between 0 and 54.7 mM NacCl
concentration at P<0.05. Moreover, the fresh weight of
below ground biomass showed significant difference
between 0 and 109.5 mM NacCl at P<0.01 and at
P<0.05 between 0—164.2 mM NaCl and 54.7-09.5 of
NaCl. The aboveground measurement showed the
highest fresh weight (138.04 g) in OmM NaCl and the
lowest (92.04 g) in 54.7 mM NaCl (Tablel).

Vol. 7 No. 3, December 2022

Proline content

The proline content from short-term salt treatments
showed the highest (3.594 pg.g™" dw) in 300 mM Nacl
and the lowest (2.601 pg.g™" dw) in 0 mM NaCl. The
data did not show any significant differences at P<0.05
for 100 and 200 mM NaCl (Figure 1A). The long-term
treatments showed the highest proline content (2.20
pg.g” ' dw) under 164.2 mM and the lowest (1.38
pg.g~' dw) in control. The result showed significant
differences between 0 and 109.5 mM and also between
0and 164.2 mM NaCl (Figure 1B). The results indicated
that salinity stress caused greater increase in proline
content in short-term treatments.

Lipid peroxidation

The results indicated that lipid peroxidation was
significantly affected by salinity stress, and substantial
increase in MDA content was observed. Yazici et al.
(2007) reported no accumulation of MDA within short
period of treatments in contrast to sever damages,
destroy of cell membrane, and lower activity of enzymes
under long-term treatment. Lipid peroxidation was
investigated just under long-term salinity to report the
specific results (Table 2) in our study. Under long-term
treatment, the significant differences were reported
between 0 and 54.7 mM of NaCl, 0 and 109.5 mM, and
between 54.7 and 164.2 mM of NaCl concentrations.
However, MDA concentration was declined in 5 ds.m™
of NaCl treatment that may be due to less membrane
damage in presence of moderate salinity. The study
showed the significant differences between 54.7 mM
and the control and between control and under greater

Table 1. Fresh and dry weights of Aloe’s shoot (aboveground biomass) and root (belowground biomass)
in both short-term and long-term salinity treatments (mean+SE)

oy vacnw) SeSend  Mioegnd oo Root e
0 89.09+2.08 a 1.40+0.015 a  3.20%0.020 a 1.40+£0.010 a
100 51.25+0.01 b 0.62+0.200 b  2.40+0.018 a  0.67+0.012 a
Short-term
200 61.08+0.01 b 1.18+0.017 a  2.45#0.030 a  0.30+0.010 a
300 60.05+0.012 b 1.20+0.021 a  3.0840.011 a  0.34+0.007 a
0 138.04+0.01 b 2.85+0.01 a  2.87+0.010 a  0.345+0.01 a
Long-term 54.7 92.04+1.97 a 3.3740.30 ab 4.77+0.400 ab 0.722+0.27 ab
109.5 115.09+21.6 ab 4.71+0.40 c¢  6.93%1.070 c 1.705+0.001 ¢
164.2 133.53+18.9 ab  4.14+0.40 bc 5.31%#1.120 bc 0.751%0.17 b

Remarks: Means and standard errors followed by the same letters are not significantly different according to
Tukey's test (p<0.05) in short-term NaCl treatment. Means and standard errors followed by the same
letters are not significantly different according to Tukey's test (p<0.05) in long-term NaCl treatment.
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Figure 1. The effect of short-term and long-term salinity treatments on proline content (ug.g™ dw); A. Proline
content in short-term salinity treatments; B. Proline content in long-term salinity treatments

Table 2. Fresh and dry weights of Aloe’s shoot (aboveground biomass) and root (belowground
biomass) in both short-term and long-term salinity treatments (mean+SE)

Sugar MDA
Stud NaCl (mM _
Y (mi) (mg.g' DW) (ugg”' w)
0 1.2140.02 ab
100 0.98+0.01 a
Short-term (Not investigated)
200 1.24+0.01 ab
300 1.32+0.05 b
0 2.08+0.01 ab 0.00052+0.001 b
54.7 2.02+0.03 ab 0.00030+0.002 a
Long-term
109.5 2.5+0.100 b 0.00098+0.001 ¢
164.2 1.48+0.05 a 0.00096+0.002 ¢

Remarks: Means and standard errors followed by the same letters are not significantly different

according to Tukey's test (p<0.05).

NaCl concentration (Table 2).

Protein content and total Malate dehydrogenase
determination

The result showed the substantial differences
between the total protein content under long and
short-term studies. In short period treatment the
highest amount of protein (0.36 g"'DW) was at 300
mM NacCl, which had significant difference with the
other three treatments at P<0.05 (Figure 2A). However
The highest amount (93.7 mg.g™" FW) was at 164.2
mM NaCl and the lowest (36.91 mg.g™' FW) at 109.5
mM of sodium chloride (Figure 2B).

The Malate dehydrogenase electrogram of Aloe
vera plant from four sodium chloride concentrations
in long-term treatments showed the highest intensity
in 54.7 mM of NaCl. Isoform with Rm=0.41 was shown
in all of the treatments except control (Fig 3).
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Polysaccharide content

The results of short-term treatments showed the
significant differences between 100 and 300 mM of
NaCl at P<0.05 (Table 2). Salt treatments induced
noticeable variations in sugar contents in both parts
of each of treatment under investigation. In short-term
treatments, the highest amount of polysaccharide
(1.32 mg.g' DW) was shown in 300 mM. A significant
increase in sugar content (2.5 mg.g' DW ) was observed
at 109.5 mM of Sodium Chloride in long-term treatment
(Table 2).

Chlorophyll and Carotenoid Contents

The effects of short and long-term treatments of
sodium chloride on chlorophyll are shown in Table 3.
The results showed that the impact of salinity stress
on chlorophyll a, chlorophyll b and total chlorophyll
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Figure 2. The effect of protein in short-term and long-term salinity treatments on proline content (mg.g™ FW );
A. Proline content in short-term salinity treatments; B. Proline content in long-term salinity treatments
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Figure 3. (a) Malate dehydrogenase electropherogram showing isoform with Rm=0.41 in all sodium chloride
concentration except the control (0 NaCl); (b) showing the location of all isoforms under four
NaCl treatments; 1= 0 NaCl (control), 2= 54.7 NaCl, 3= 109.5 NaCl, 4= 164.2 NacCl; (c) showing
the intensity level of malate dehydrogenase expression with +, which shows the higher intensity
in isoform with Rm=0.45 under 54.7 mM sodium chloride

was significant. The highest amount of chlorophyll a
(0.2 mg/gfw) in both parts of each of treatment under
study was observed in short-term salinity treatments
with the application of 200 (mM) NaCl. Respectively,
among four sodium chloride treatments in long-term
treatments, the highest (0.078 mg/gfw) was obtained
with the application of 164.2 (mM) sodium chloride.
Chlorophyll b content did not show significant difference
under different salinity treatments, while the content
of total chlorophyll and carotenoids were significantly
different between different salt concentrations.
Physiological parameters and biochemical markers
of plant resistance to abiotic stress are helpful to
delineate the mechanisms underlying the responses
of plants to abiotic trigger (Negrao et al., 2016). Plants
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avoid excessive salt accumulation on their tissues by
extracting and preserving water and nutrient from
saline soil (Zorb et al., 2019; Kaleem et al., 2018).
Several studies reported plant growth reduction under
salinity stress (Taibi et al., 2016). Our observation in this
investigation indicated that Aloe did not show early
responses leading to a decline in growth (above and
below ground) in a short period of sodium chloride
treatment (30 days) (Table 1). However, during long-term
exposure to salinity (150 days), the plant experienced
a significant decrease in the weight of belowground
biomass (Table 1). The negative response of the plant
to increasing salinity stress (more than 30 days) indicates
that Aloe is unable to tolerate long period of salinity
stress, while a short period of salt treatment is suitable
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Table 3. The amount of chlorophyll a (Chla), chlorophyll b (Chlb), total chlorophyll (Chlt), and carotenoids
were measured as (mg/gfw) and shown for both short and long studies in the result

Study NaCl Chla Chlb Chlt Carotenoids
(mM) (mg/gfw) (mg/gfw) (mg/gfw) (mg/gfw)
0 0.1240.02 a  0.0087#0.015 a 0.1400+0.02 a  0.062+0.020 a
100 0.15+0.01 a  0.0100#0.020 a 0.1600+0.013 a  0.080+0.012 a
Short-term 200 0.20+0.02 a  0.0120+0.070 a 0.2000+0.007 a  0.100+0.010 a
300 0.11#0.012 a  0.1100#0.012 a 0.0013+0.011 a  0.063%0.007 a
0 0.059+0.020 ab  0.012+0.0018 b 0.070+0.012 a  0.036%0.011 a
Long-term 54.7 0.075+0.012 ab  0.009+0.009 b  0.083+0.010 ab 0.046+0.004 ab
109.5  0.058+0.007 a 0.015+0.003 b  0.071#0.004 a  0.040+0.005 ab
164.2  0.078+0.011 b 0.017#0.0015 b 0.111+0.020 b  0.059+0.006 b

Remarks: Means and standard errors followed by the same letters are not significantly different according to Tukey's test

(p<0.05).

for this plant (Chaves et al., 2009; Olfati et al., 2012).

One of the common physiological responses of
plants to biotic and abiotic stresses is the accumulation
of proline, which is also a part of plants’ developmental
program (Verbruggen and Hermans, 2008). In the
present study, a significant increase in the amount of
free proline was found in both long-term (164.2 mM
NaCl) and short-term (300 mM NacCl) (Fig 1) treatments.
In response to salinity, a large amount of proline may
accumulate and play important role in osmoregulation.
By preserving osmoregulation and detoxifying reactive
oxygen species (ROS), proline protects plants from
stress, which maintains membrane integrity and
stabilizes enzymes and other proteins (Liang et al.,
2013).

Exposure of plants to saline stress results in lipid
peroxidation, measured as malondialdehyde content,
as an indicator of oxidative damage (Del Rio et al.,
2005). The effect of increasing NaCl was studied on lipid
peroxidation in the long-term treatments, showing a
significant increase of MDA in greater salt concentrations
(109.5 mM and 164.2 mM) (Figure 3). The increase in
lipid peroxidation under long-term treatments may be
due to the disability of antioxidants to scavenge reactive
oxygen species as the result of salt stress (Abogadallah,
2010).

The effect of salt stress on protein content and
activity of Malate dehydrogenase were investigated
on the leaves of Aloe Vera L. The amount of protein
differs greatly between the short-term and long-term
treatments. The results of long-term treatments
showed a significant decline in protein content due
to greater salt concentration (Figure 2b). The results
agreed with Caplan et al. (1990) and Chen et al. (2007),
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reporting the negative impact of long-term stress on
protein synthesis due to potassium ions removal by
plant roots and physiological imbalance. Dehydrogenase
activity has been studied with the regulatory mechanism
in plant metabolism and catalyzing the oxidation and
reduction of the substrate (Takahashi-Iniguez et al.,
2016). Malate dehydrogenase supports redox cycling
in cells and has a diversified role in plant cell metabolism
by generating reducing power for multiple biosynthetic
processes (Suzuki et al., 2012). Malate dehydrogenases
exist in various isoforms that catalyze the interconversion
of oxaloacetic acid and malate (Gieti, 2000). Although
four isoforms were investigated in different treatments
of sodium chloride, the isoform with Rm=0.41 was the
only one that has not been seen in control. (Figure 3).
This behavior of the enzyme reflects the significant
role of this isoform in osmotic regulation and the
possible association of Malate dehydrogenase with
salt tolerance in Aloe Vera.

Polysaccharides with multiple forms play an
important role in assembly and adaptability of cell wall
components to abiotic stress (Vago et al., 2021). The
hydroxyl groups in polysaccharide allows to reserved
water and offer plants to be more resistant in
physiological stress (Parida and Das, 2005; Franz, 1979).
Thereby, increment of reducing sugars at high level
is one of the protective mechanisms in plants and a
good parameter to estimate the tolerantly of the plants
under stress (Pérez-Lopez et al., 2010). Our results
showed significant increases in the accumulation of
polysaccharides in both parts of treatments under
study, which is a good indicator for Aloe to withstand
saline soil (Table 2).

One of the main processes that are affected by
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stresses is photosynthesis (Morales et al., 2020).
Long-term salinity stress leads to a greater accumulation
of chloride in the root, which makes more ions such
as Na* to be accumulated and negatively affects
photosynthetic components, thereby reducing enzyme
activities and pigment synthesis (Ma et al., 2020). In
the results of our study, the total amount of chlorophyll
and carotenoids declined in a long-term treatments.
Low photosynthetic pigment contents may decrease
photosynthetic potential and decline plant production.
The amount of chlorophyll b did not show significant
differences between the four concentrations of each
treatment, while the amount of chlorophyll a and
carotenoid was greatly affected (Table 3). Our results
are in agreement with Donglar et al. (2010), Kafi et
al. (2010), and Rahdari et al. (2012) who reported a
significant increase in chlorophyll a, b, and carotenoid
content under salinity stress. Hence, chlorophyll has
been proposed as one of the biochemical indicators
of salt tolerance (Ma et al., 2012). The results indicate
that Aloe can tolerate short-term saline stress but
long-term exposure to salinity is not suitable for this
plant.

CONCLUSIONS

The results reflected different physiological
responses of Aloe vera to salinity that depend on
salt concentration as well as time extent of subjecting
to salinity. Biochemical markers of plant resistance
to salinity are useful to determine the impact of
physiological processes and mechanisms underlying
the responses observed. The interaction of salinity
with total chlorophyll contents indicates that this plant
can withstand moderate salt stress in a short period.
Increases in proline content besides polysaccharides
by increasing the salinity to maintain osmotic pressure,
membrane integrity, and water retention make Aloe
more resistant to physiological stress and known as
a viable plant in soil salinity. In our experiment, the
greater amounts of proteins under saline conditions
not only plays a key role in osmoregulation but also may
accumulate nitrogen. The greater activity of antioxidant
enzymes has a key role in enhancing tolerance and
protects plants against oxidative reactions. In the
current study, we figured out that MDH activity
increased when plants faced long period of salinity
stress compared to control. However, MDH activity was
affected differently under different sodium chloride
concentrations, indicating a variety of dependent
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difference in MDH activity.
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