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ABSTRACT

NaCl salinity stress is one of the most important factors that limits the production of agricultural products. In
order to study the effect of using salicylic acid on morphological and biochemical properties of Oryza sativa L.
(Neda cultivar) under NaCl salt stress, a factorial experiment was performed in a completely randomized block
design with 3 replications. The seedlings were treated with sodium chloride (0, 25, 50, 75 and 100 mM) and
salicylic acid (0, 0.5 and 1 mM). The results showed that salicylic acid significantly (P <0.05) reduced
morphological traits (germination percentage, plumule and radicle length) under stress conditions and reduced
the side effects of salinity on the plants. Also, with increasing concentration of NaCl, proline and
malondialdehyde contents and antioxidant activity increased, while adding salicylic acid to the culture medium
of plants under NaCl salinity malondialdehyde content reduced and the growth parameters increased. In plants
with seeds pre-treated with salicylic acid with increasing proline content, antioxidant activity reduced the side
effects of NaCl salinity stress on rice.
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useful food.
INTRODUCTION NaCl salinity is one of the most important environmental
factors limiting agricultural products [2]. Salinity has
significant effects on all morphological, physiological,
biochemical and anatomical traits of most plants, and
negatively affects growth, development, survival and
production of plants, and the components of treated plant

Rice (Oryza sativa L.) is an important cereal that is
consumed by more than half of the world's population as
a main food. The yield of crops is severely affected and
reduced by the negative impacts of biotic environmental
stresses such as insects, bacteria, fungi, viruses and
abiotic stresses such as salinity, drought, heavy metals
and pesticides. In order to ensure food security in rice
consumer countries, rice production should be increased
by 50% by 2025 [1], so it is very important to increase
plant resistance to stress in order to produce healthy and

depending on time when the stress was introduced on
plant [3]. The main problem of NaCl salinity for higher
plants in arid and irrigated lands is the presence of
excessive amounts of sodium chloride in the soil [4]
because high sodium concentration in the soil reduces the
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osmotic potential of the soil solution, and the osmotic
adjustment mechanism in the plant cells prevents
dehydration and difference in the absorption and transfer
of ions and potassium. High
concentration of sodium and chloride ions can have direct

such as calcium
toxic effects on membranes and enzymatic systems [5].
Accordingly, sodium and chlorine are two key important
ions with ionic effects that significantly reduce the growth
and yield of crops [6]. The biochemical changes that
occur in environmental stress such as salinity stress
produce various active oxygen species, including
superoxide (O7), hydroxyl (OH™), hydrogen peroxide
(H20,) leading to major degradation of membrane,
protein, fat and nucleic acids [7]. The plants use a defense
system, including an enzymatic and non-enzymatic
antioxidant system to combat cell damage. The enzyme's
antioxidant system includes catalase, superoxide
dismutase, ascorbate peroxidase, and peroxidases [8].
Under normal conditions, there is an equilibrium between
the amount of active oxygen species (AOS) production,
and the activity of mechanisms for the removal of active
oxygen species lost during biotic and
environmental stresses, causing oxidative stress in plants
[9]. In addition to oxidative damage through active
oxygen species, salinity stress increases some proteins
including thermal shock proteins, chaperones and other
proteins [10]. Salinity disrupts the absorption of minerals
which, by interfering with ion carriers and channels in the
root, such as selective K* channels (sodium-potassium

abiotic

competition) and growth inhibition through sodium
osmosis, reduces the absorption of water and minerals [3].
One of the natural adjustors is ortho-hydroxybenzoic acid
(C7H60O3) or salicylic acid (SA) which belongs to the
phenolic compounds group, and is derived from Salix
[11]. Salicylic acid is produced by root cells and plays a
central role in regulating physiological processes such as
growth, ion absorption, photosynthesis and germination in
plants [12]. Salicylic acid has been known as a key
messenger in activating plant-specific responses. This
matter is an important intermediate molecule for plants’
reaction against environmental stresses [13].

The external use of salicylic acid changes the activity of
antioxidant enzymes and, with reducing the production of
ROS, increases the tolerance of plants to abiotic stresses.
Salicylic acid has different effects on plants’ adaptation to
stresses, which depends on the concentration and time of
use [14]. Study of the effect of salicylic acid on seedlings
(seeds’ seedlings) of pistachio showed that salicylic acid
reduced the damage caused by salinity stress by
preventing the reduction of chlorophyll content, relative
humidity, ion leakage and proline content [15]. It has
been reported that salicylic acid increased the activity of
antioxidant enzymes such as catalase, ascorbate
peroxidase and superoxide dismutase, and thus increased
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the resistance of Brassica juncea against salinity stress
[16]. Salicylic effect of
environmental through increasing growth
regulating hormones, such as auxins and cytokinins [17].
Given that salinity stress is one of the main challenges of
farmers that influences a wide range of plants’ processes,
on the other hand, the effects of salinity stress differ on
different plants and reduce the plant growth, this study
was conducted to investigate the use of salicylic acid
under salinity and non-salinity conditions on Neda
cultivar and its appropriate concentration for reducing the
effects of stress.

acid also reduces the

stresses

MATERIALS AND METHODS

In order to study the effect of salicylic acid pre-treatment
on germination, growth, proline content, antioxidant
enzymes activities and membrane lipid oxidation of rice
seedlings of Neda cultivar under salinity stress conditions,
a factorial experiment was performed in a completely
randomized design with 3 replications in Tehran Science
and Research University physiology lab. Neda cultivar
seeds were washed well by 5% sodium hypochlorite for 5
minutes and 96% ethanol for 30 seconds, and were
soaked for 24 hours in salicylic acid at concentrations of
0, 0.5 and 1 mM. Subsequently, the seeds were
transferred into sterile petri dishes containing filter paper
.The salinity treatments were five levels of 0, 25, 50, 75
and 100 mM NaCl.

Inside each petri dish, there was a wet filter paper, where
25 seeds were placed, then petri was sealed with para-
film, and kept in a germinator at 25 °C for ten days. The
number of germinated seeds was counted daily, the traits
of ten day old seedlings were measured.

The plumule and radicle length of the seedlings was
measured using a ruler in millimeter. In order to measure
the activity of enzymes and determine the peroxidation of
lipids and proline of leaves of rice plants, they were
stored in a freezer, and kept until the biochemical analysis
at -80 °C.

Pigment assay: 0.5 g of fresh leaves were grounded in a
porcelain mortar with 15 ml of acetone 80%, and then
centrifuged for 10 minutes at 4000 rpm. Absorption of the
extract was read by UV / Vis spectrophotometer at 663,
645, and 470 nm wavelengths. For device adjustment,
acetone 80% was used. Chlorophylls contents per gram of
fresh weight were calculated [18, 19].

Proline assay: 0.5 g of fresh frozen texture were grounded
with sulfosalicylic acid 3%. The leaf proline was
measured using ninhydrinic acid in accordance with the
method provided by Bates et al. (1973) through
spectrophotometer at 520 nm [20].

MDA assay: Peroxidation of membrane lipids was
measured based on the formation of malondialdehyde
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complex with Thiobarbituric acid. Malondialdehyde
content was measured using Heath and Pacher (1968)
method at two wavelengths of 532 and 600 nm using
spectrophotometry [21].

Enzymatic extraction

Catalase activity (Fresh frozen texture 0.2 g) was assayed
by measuring the initial rate of hydrogen peroxide
disappearance [22]. The reaction mixture contained 2.5
ml of 50 mM potassium phosphate buffer (pH 7), 30 mM
hydrogen peroxide, and 0.3 ml of enzyme extract. The
homogenate was centrifuged at 15000 g for 15 min at 4
°C, and the supernatant was immediately used for the
enzyme assay. Immediately after adding the enzyme
extract, the reduction in the absorbance was recorded by
240 nm for 2 minutes and once every 30 seconds by
spectrophotometry.

The enzyme activity was expressed in different treatments
based on the analysis of 1 mol hydrogen peroxide per
minute.

Ascorbate peroxidase (APX) activity was determined by
the method of [23]. Frozen Samples of 0.2 g were
homogenized in 1 mL of 50 mM potassium buffer (pH 7)
containing 0.1 mM EDTA, and 0.5 mM ascorbic acid
(ASA), 0.1 mM hydrogen peroxide and 0.1 ml of enzyme
extract. The reaction was initiated by adding H202to the
solution. The decrease in absorbance was monitored at
290 nm.

Data analysis was performed by using statistical software
SAS. The mean comparison was done using Duncan's test
at a probability level of 5%.

RESULTS AND DISCUSSION

The effect of sodium chloride and salicylic acid on
germination percentage

Figure 1 shows that with increasing salt concentration in
the media, seed germination percentage reduced, so that it
was statistically significant at 5% probability level. While
germination percentage of salicylic acid treated seeds
increased in saline medium. The highest germination
percentage was observed in 0.5 mM salicylic acid without
salinity stress and / or 25 mM salinity stress. The lowest
germination percentage had a concentration of 100 mM
sodium chloride, but no significant difference was
observed between the two concentrations of salicylic acid.
The germination of seeds that were pre-treated with 0.5
mg salicylic acid was better than that of other stress
treatments. As shown in Figure 1, an increase in salicylic
acid 1 mM had an inhibitory effect on germination of 25
and 50 m M NaCl .
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Figure 1: Effect of sodium chloride and salicylic acid
on germination percentage of seeds of rice

Seed is one phase of the plant's life cycle which is
protected against environmental After the
absorption of water, the beginning of germination, and the
onset of growth, the sensitivity to stress conditions is
increased [24]. The accumulation of toxic salt ions in the
root causes damage to the root system, the metabolism of
the plant, growth and product production [25]. Salinity is
the ability to disable some hormones, and also the effect
on cell membrane permeability reduces vitality. So, in
severe stresses, salt induces sleep in many seeds and
prevents germination without causing harm to the seeds
[3]. The seed germination, especially during exposure to
environmental stress, is one of the most critical stages of
the plant life [26]. Salinity and drought stress affect
regulators such as gibberellic acid, auxin, abscisic acid
and changes in the activity of enzymes metabolizing
germination carbohydrates. Also, salinity stress increases
the content of abscisic acid hormone in the seeds, and
thereby prevents germination [27]. According to this
research, the use at low temperature, compounds such as
salicylic acid, 2, 6 in hydroxy benzoic acid stimulate
germination, and also it has been argued that salicylic
acid stimulates the germination of carrot plants at low
temperatures [28]. In application of salicylic acid on
beans and tomatoes, the resistance increases to non-
biological stresses such as salinity, drought, cold [29].
This threshold and appropriate concentration of treatment
can vary from one cultivar to another and in different
plants. In this regard, Shakirova et al. (2003) report
showed that due to the effects of salicylic acid at various
concentrations, it had a different effect and, with
increasing levels, had a positive effect, and hence had a
negligible effect on growth [17]. Rahman et al. (2008) in
studying the effects of sodium chloride on bread wheat
cultivars stated that the increased salinity reduced
germination percentage, which would delay the onset of
germination [30]. The effect of various concentrations of

stresses.
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sodium chloride on germination of two wheat cultivars
showed that increasing salt concentration reduced the
percentage and the rate of germination, and increased the
number of abnormal seedlings [31]. The use of salicylic
acid the percentage of germination. In
summary, the desired effects of treated seeds with
salicylic acid on germination included: 1. Increasing the
metabolism of proteins and RNA in salicylic acid treated
seeds [32]; 2. Increasing the activity of enzymes such as
esterase, phosphatase and phosphoglyceride
dehydrogenase, which caused the metabolism of storage
materials such as carbohydrates in the fetus, lipids,
proteins that occurred with the osmotic preparation of the
seeds, and finally increased the germination; and 3.
Increasing protein synthesis in the fetus, which also led to
the increased germination [33]. Salicylic acid improved
the germination by increasing levels of auxin and
cytokinin in seeds, which stimulated the germination [34].
Also, the treatment of tomato and bean seeds with
salicylic acid increased the resistance to stress such as
salinity and drought [29].

The effect of sodium chloride and salicylic acid on
plumule and radicle length

With increasing salinity, plumule and radicle length
reduced in seedlings under salinity stress. The highest
plumule and radicle length was observed in the control
treatment, and the lowest level was observed at 100 mM
sodium chloride level. The use of salicylic acid in
comparison to its non-use increased plumule and radicle
length in non-stressed treatments. However, no significant
difference was observed between the two concentrations

increased

of salicylic acid. However, in seedlings under salinity
stress, the concentration of 0.5 mM ASA in all treatments
of sodium chloride, other than 75 mM, increased plumule
and radicle length (Fig. 2 and 3). The seed treatment with
salicylic acid at 0.5 and 1 mM had the highest and lowest
stem length; respectively, so that from 0 to 0.5 mM
salicylic acid, the stem size increased and then reduced
(Fig. 2). Regarding the interaction between salinity and
salicylic acid, the highest plumule length was observed
with 0.5 ml of salicylic acid under control, and the lowest
plumule length was observed at 100 mM sodium chloride
levels, and non-use of salicylic acid (Fig. 3).
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Figure 2 - The effect of sodium chloride and salicylic
acid on shoot length of rice seedling
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Figure 3: Interaction effect of sodium chloride and
salicylic acid on root length of rice seedling

Salt stress also acted like many non-biological stresses
which can limit plant growth. Stopping length of the
stem, root and the reduction of matter is one of the usual
signs of oxidative stress [27, 35]. The storage of
metabolic energy can be the basis of growth decline under
salinity situation. In this condition, adjusting energy was
increasing for ionic and osmotic status while there was a
decline in growth energy [36]. Salinity, which affected
the penetration of the membrane, cell division, as well as
the production of protein and enzymatic activity, could
decrease longitudinal growth of plumule and radicle
length [37].

As shown in Figures 2 and 3, salinity stress reduced the
growth of rice, and the application of salicylic acid
together with salinity stress improved the vegetative
traits. Reduced growth is a consistency for the survival of
plants against all kinds of tensions [38]. Under salinity
stress, due to a reduction in water potential surrounding
the seed, it took a longer time for the seed to supply its
water. Longer germination inhibited plumule and radicle
length [39]. The accumulation of sodium and changes in
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the ratio of K* / Na™ in the cytoplasm is effective on the
bio-energetic processes. Replacing sodium by potassium
can deactivate enzymes, and reduce the growth and even
death of cells or plants [40]. The seed treatment with
salicylic acid, the concentrations of 0.5 and 1 mM,
respectively had the highest and lowest plumule and
radicle length (Fig. 2 and 3). Salinity stress by reducing
cell growth, cell division and cell size at vegetative
growth stage reduced the growth and height of the plant.
It has also been suggested that salicylic acid would
increase the cell division in barley meristem and improve
the plant growth [41]. Salicylic acid effect increasing the
rate of using seed reserve increased plumule and radicle
length [42]. In chamomile, salinity stress reduced plumule
and radicle length, and in treatment with salicylic acid
stem length was increased under salinity stress [43].
Similar results have been reported by Yildirim et al
(2008) [44] for cucumber, mustard [16], wheat [45] that
salicylic acid had a positive effect on root and stem
growth parameters, which was consistent with the present
study.

Salicylic acid increased the plant height. ABA / IAA ratio
has been a very important index of tolerance to salinity
stress. This ratio was higher under salinity conditions,
salicylic acid probably reduced ABA / IAA ratio
significantly. It seemed that the low ratio of ABA / TIAA
was due to the balance between the two hormones
regulated by salicylic acid, which increased the growth
under stress conditions [46]. Salicylic acid in wheat
exogenously inhibited a reduction in auxin and cytokinin
at different levels of salinity, and thus divided the cysts
into root meristems, and increased the yield of plants [11].
Salicylic acid increased the growth of root cells which
through division, the spread of meristem cells of the
primate of the roots increased and finally led to an
increase in root length growth [17]. It seemed that
seedling dry weight increased due to the increase in
plumule, and radicle length was affected by salicylic acid
because salinity stress reduced cell division [17]. Also,
elements such as sodium and cadmium reduced the
growth caused by the reduction in cell division and
prolongation of cells by affecting and suppressing the
proton pumps [47]. Salicylic acid played an important
role in the synthesis of certain proteins such as kinase,
which played an important role in regulating cell division,
differentiation and morphogenesis [47].

The effect of sodium chloride and salicylic acid on leaf
chlorophyll

Chlorophyll a and b contents reduced with increasing
salinity concentration, so that the lowest was for 100 mM
sodium chloride, and the highest was observed in the
control, while in salicylic acid treatment, the highest and
lowest chlorophylls contents were for 0.5 mM and 1 mM;
respectively (Fig. 4). The highest chlorophyll a was
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observed in 0.5 mM salicylic acid with 25 mM salinity,
and its lowest was at the concentration of 100 mM NaCl,
whereas at higher concentrations ( 75 and 100 mM ) of
sodium chloride and salicylic acid 1mM increased
chlorophyll a content . The highest chlorophyll b was in
0.5 mM salicylic acid with 75 mM NaCl, and its lowest
was at 100 mM NacCl (Fig. 4).
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Figure 4. Effect of sodium chloride and salicylic acid
on chlorophyll a and chlorophyll b contents in rice
seedling

Carotenoids

As shown in Fig. 5, salinity stress caused a significant
reduction in the carotenoids of leaves, but the application
of salicylic acid increased carotenoids level of leaves.
High levels of salinity (75 and 100 mM) reduced
carotenoids of leaf, but the combined application of
salicylic acid increased the Level carotenoid of leaves. In
addition, salicylic acid (0.5 mM) and salinity stress (50,
75 mM) increased leaf carotenoids significantly.
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Figure 5. Effect of sodium chloride and salicylic acid
on carotenoids contents leaves in rice seedlings
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Photosynthesis and cell growth have been among the first
processes damaged by salinity and drought stress, which
have been directly affected by the limitation of gaseous
emissions through mesophilic apertures, changes in
photosynthetic metabolism or oxidative stress [48]. The
results of the present study indicated that the
concentration of chlorophyll a and chlorophyll b
significantly reduced in rice under salt stress. So, this
reduction was directly correlated with increasing salt
concentration of the nutrient solution. Salinity stress
increased the concentration of growth regulators,
including abscisic acid and ethylene, which stimulated
chlorophyllase, thus breaking chlorophylls [49]. Since
salicylic acid inhibited ethylene synthesis, it was involved
in the improvement of some of the processes involved in
the production of chlorophyll [50]. Yildirim et al (2008)
stated that chlorophyll content of cucumber was
significantly reduced by sodium chloride treatment, but
the use of salicylic acid increased the relative proportion
of chlorophyll leaves [44]. Tari et al. (2002) reported that
the levels of chlorophyll and carotenoids reduced under
salinity stress conditions in tomatoes [51]. Salinity stress
disrupted the absorption of certain essential elements such
as iron and magnesium, which have been essential
elements in the synthesis of chlorophyll [52]. Reducing
carotenoid content under stress conditions was due to the
decomposition of betacarotene and formation of
zeaxanthin in xanthophyll cycle [53]. Carotenoids were
carried out through the mechanism known as xanthophyll
cycle and subsequently epoxidation and dep-oxidation
reactions that took oxygen and protected chlorophyll
against photovasia [54]. The induction of carotenoid
synthesis under stress conditions can be due to their
protective role in photosynthetic systems. Because
carotenoids caused loss of oxygen alone, and prevented
oxidative stress [55]. Stress can degrade chloroplasts and
reduced chlorophyll content [56]. Therefore, a reduction
in chlorophyll content by stimulation of chlorophyllase
was due to the increased concentration of growth
regulators such as ABS and ethylene under stress
conditions [49]. Salicylic acid prevented ACC synthase
activity and ethylene formation, and subsequently reduced
chlorophyll content [57].

The role of salicylic acid in increasing leaf chlorophyll
was due to increased cytokinin, which played a role in
differentiating chloroplast, preventing the destruction of
chlorophylls and the bioactivity of chlorophylls [15].
Also, Khodary (2004) stated that salicylic acid spray on
maize leaf increased pigments under salinity stress [58].
According to the present study,
photosynthetic pigments reduced under salt stress (Figs. 4
and 5). However, in 100 mM sodium chloride treatment,
chlorophyll and significantly
compared to the lower concentrations. Also, under

the amount of

carotenoids reduced
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salinity stress and salicylic acid hormone, a positive effect
of salicylic acid on photosynthetic pigmentation was
observed. Similar to the results of this experiment,
salicylic acid in spinach [59], chickpea [60] and tomato
[51] increased carotenoids and chlorophylls contents.

The effect of sodium chloride and salicylic acid on
proline content

Treating plants with sodium chloride significantly
increased the leaf proline content, so that the lowest
proline content in non-stress condition (control) and the
highest proline content were observed under 100 mM
salinity stress conditions. The mean comparison showed
that the highest increase in proline content was in 1 mM
SA, and the lowest content was in the control treatment.
According to the results of salicylic acid interaction under
salinity stress, at each level of sodium chloride, with
increasing salicylic acid concentration, proline content
significantly increased. This increase was higher in leaf at
concentrations of 75 and 100 mM sodium chloride, and
the lowest proline content was in the control plants .

[JOmMSA @0.5mMSA E1mMSA
30

25

Proline content (molfg DW)

0 25 50 75 100
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Figure 6. The interaction of sodium chloride and
salicylic acid on proline content in rice shoot

Biochemical studies have shown that in the plants under
stress, low molecular weight materials, which are called
Solution Materials, accumulate [61]. One of the important
compounds that respond to saline stress is proline, and its
production on the plants that are more resistant to stress.
High levels of proline in plants under stress of salinity
allow the cells to balance osmotic stresses of their
cytoplasm and prevent water shortages [62]. Proline
accumulation is one of the mechanisms of plants against
salinity stress [63]. Proline played an antioxidant role in
cells under stress and, by accumulation in the cytoplasm
of the cells, regulated the accumulation of salt in vacuole
by reducing the intracellular osmotic potential [64].
Proline accumulation in the plants were stored by two
biological pathways, glutamate-dependent pathway, and
ornithine-dependent pathway. The glutamate-dependent
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pathway appeared to be dominant in non-residual stress
conditions such as drought, salinity, and the relative
importance of ornithine pathway in plants treated with
stress depended on the type of species, organ, physical
type, and developmental stage of the plant [65]. In this
study, the highest proline content was observed under
severe salinity stress of 100 mM sodium chloride, which
was statistically different from proline content at other
salinity levels. Also, the use of salicylic acid under both
non-saline and saline conditions proline content increased
compared to the control treatment (Fig. 6). This result was
consistent with the study results of Gholami and Rahemi
(2009) on peach-almond hybrid, and Dehghan et al.
(2013) on strawberries that only high levels of salinity
stress increased proline content [66, 67]. There have been
different reports that a positive correlation was found
between proline and Na* concentration under salinity
stress, which seemed that proline played the role of
sweeping ROS and acting as an antioxidant, and
enhancing cellular synthesis during the plant stress [68].
It has been reported that in plants such as wheat and
tomato, oxidative stress has increased proline content
accumulated with the use of salicylic acid, which
increased the resistance of plants to water loss, increasing
the content of the shoot as a result of the accelerated
growth of plants under stress conditions [69]. It seemed
that an increase in proline was due to the osmotic
protective role in plants helping membrane stability and
reducing negative impacts of sodium chloride on cell
membrane degradation. Various reports have indicated
that proline content in Ocimum basilicum L. significantly
increased under salinity stress, which indicated the
production of osmolite and activation of the resistance
system of plants against damages caused by salinity stress
in the plant [70]. The results of the researchers on tobacco
confirmed that the use of salicylic acid has increased
proline content in the plant to tolerate the drought [71],
which confirmed the peresent study results. One of the
reasons for increasing proline content is probably the
increase in ABA, which induces proline production.
Salicylic acid may also reduce the damage caused by
salinity in the plant [17] by inducing the synthesis of
intermediate compounds such as ABA, and prevent
reducing cytokinin and auxin under drought stress
resulting in reduced plant growth [72].

The effect of sodium chloride and salicylic acid on
lipid peroxidation

Measuring malondialdehyde content as the final product
of membrane lipid peroxidation showed that with
increasing stress, malondialdehyde levels also increased,
so that the lowest levels of malondialdehyde were under
the controlled conditions (without stress), and the highest
were under severe stress conditions of 100 mM. Study of
the interaction between salinity stress and salicylic acid
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showed that at the highest stress level (100 mM sodium
chloride), plants treated with 0.5 and 1 mM salicylic acid
reduced the content of malondialdehyde in the shoot
compared to the control plants. The effect of salicylic acid
and salinity levels (100 and 75 mM) of sodium chloride,
concentration of 1 mM salicylic acid, with a significant
reduction of malondialdehyde content, were useful in
reducing the effects of salinity stress. The lowest level of
malondialdehyde was observed at 0.5 mM salicylic acid
without NaCl. However, no significant difference was
found between salicylic acid levels.
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Figure 7- Effect of sodium chloride and salicylic acid
on malondialdehyde content in rice

Excessive accumulation of cations and anions in the soil
solution would cause salinity stress. Cell membrane has
been one of the primary objectives of many
environmental stresses, and maintaining the stability of
the membrane under stresses such as salinity and drought
has been a sign of tolerance to stress and drought [73].
Salinity stress reduced the cellular membrane clotting and
release of electrolytes and intracellular materials, and
increased the lipid peroxidation of cell membrane. In
effect to the lipid peroxidation of membrane, compounds
such as malondialdehyde, propanal, butanal, dimethyl
acetal, etc. were released. These materials have been used
as an indicator for measuring the amount of peroxidation
of lipids [74].

Another mechanism of resistance to environmental
stresses, such as dehydration stress
associated with lipid and non-saturated fatty acids, which
during stress sustained the membrane [75]. The use of
salicylic acid exogenous slightly increased MDA
compared to the control (in the absence of salt). The
biochemical changes that occurred under salinity stress
produced various active oxygen species. Types of reactive
oxygen were very toxic to the cells and made in the
absence of a strong protective mechanism which damaged
the normal metabolism of lipids, proteins and nucleic acid
[76], which resulted in peroxidation of membrane lipids

salinity, was
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[77]. In this study, malondialdehyde content increased
under salinity stress. Salinity stress reduced the integrity
of the cell membrane, and released electrolytes and
intracellular materials. When salicylic acid alone was
used, malondialdehyde content was not changed, but
when salinity and salicylic acid were used together,
malondialdehyde content reduced, which could be due to
the ability of salicylic acid to prevent the production of
free radicals, because these free radicals caused
peroxidation of lipids and changed the synthesis of cell
membrane micro-molecule and cytoplasm. Similar results
were obtained in plants such as cassia [78], pearl [79],
wheat [80] and maize [81]. Salinity stress increased the
lipid peroxidation of beet leaves (Beta vulgaris), Bor et al.
(2003) [82], barley [41], lentil [83], spinach [59] which
was consistent with the study results (Fig.7).

Increased levels of malondialdehyde due to salinity stress
and its reduction due to the application of salicylic acid
have been observed in lemna [84], and maize [59] and the
risk of oxidative stress was reduced. The use of salicylic
acid at a concentration of 0.5 mM showed a significant
reduction in malondialdehyde concentration. Salicylic
acid protected maize from oxidative stress somehow with
reducing the peroxidation of lipids through its effect on
enzymatic and non-enzymatic defense mechanisms [81].
The effect of sodium chloride and salicylic acid on the
activities of antioxidant enzymes

The activity of antioxidant enzymes
influenced by salinity stress. The activity of catalase was
significantly increased at the highest concentration of salt
and without salicylic acid treatment compared to the

was heavily

control treatment, and salicylic acid at a concentration of
0.5 mM reduced the activity of catalase in treatments of
100, 50 and 25 mM NaCl but in 75 mM treatment, no
significant difference was observed. Increasing salicylic
acid concentration to 1 mM also increased the activity of
catalase.
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Figure 8- Interaction effect of sodium chloride and
salicylic acid on activity of catalase in rice shoot
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The results indicated that ascorbate peroxidase had the
highest activity in 100 mM salinity stress and without the
use of salicylic acid. Ascorbate peroxidase activity also
increased with increasing salinity levels. A reduction in
ascorbate peroxidase activity was observed due to the
application of salicylic acid at a concentration of 0.5 mM,
and under salinity stress conditions. Also, treatments with
I mM salicylic acid and 100 mM NaCl reduced the
activity of this enzyme with no effect other levels of
stress. The 1 mM of salicylic acid stimulated the activity
of this enzyme.

14 -

[OmMSA G05mMSA M1mMSA 2

- -
=] (=1 =]
L 1

APX activity
=

{ Umg-1protein )

0 25 30 73 100
NaCl concentration (mM )

Figure 9 — Interaction effect of sodium chloride and
salicylic acid on the activity of ascorbate peroxidase in
rice shoot

Biological and biological stresses, such as salinity stress
caused stress production. It would depend on the signs of
oxidative stress on the plants, the change in the activity of
antioxidant enzymes, and the sensitivity to oxidative
stress depended on the pathogens and the magnitude of
the antioxidant compounds in the plants [85]. Plant cells
had very strong internal oxidation and rehabilitation [86].
There were two lines of defense against a wide
accumulation of ROS that included both enzymatic and
enzymatic activities. Non - enzymatic oxidant system
including b - carotene, lycopene (antioxidants fat-
soluble), dissolved in water could be such as ascorbic
acid, antioxidant glutathione, carotenoids, flavonoids,
phenolic compounds of proline. The enzymatic
antioxidant system contained Superoxide dismutase
(SOD), Catalase (CAT), Ascorbat peroxidase (APX ) and
other enzymes [87].

Study of the antioxidant activity of Neda cultivar showed
that salinity significantly increased the activity of
antioxidant enzymes catalase and ascorbate peroxidase.
The antioxidant enzymes such as catalase and Ascorbat
peroxidase are enzymes that play an important role in
response to abiotic stresses, including salinity. Increasing
levels of antioxidant enzymes was a secondary defense
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mechanism against oxidative stress [88, 89]. Similar to
the study results, antioxidant enzymes in maize [90],
barely [91], and sesame [92] increased under salinity
stress conditions. Studies by Sakhabutdinova et al. (2004)
and Dixit et al. (2001) have shown that salicylic acid
activated many protective enzymes such as catalase and
ascorbate peroxidase, as well [93, 94], it could modify
ROS production in plants, thus with reducing the activity
of these enzymes, this radical increased in the plant [95].
These results indicated that the activity of the antioxidant
system enzymes was directly and indirectly regulated by
salicylic acid [96]. In this experiment, the use of salicylic
acid depending on the concentration used also increased
the antioxidant activity of rice compared to the control
(Figures 8 and 9). Salicylic acid increased antioxidant
enzymes in tomatoes and beans [97], which confirmed the
study results. There have been various reports on the role
of salicylic acid in reducing the effects of stress. Salicylic
acid reduced the effects of salinity stress [41] with
affecting antioxidant enzymes such as catalase [98], and
peroxidases [41]. Salicylic acid derivatives also reduced
the inhibitory effects of salinity and drought stresses in
wheat [99], which was consistent with the study results.
Salicylic acid at low concentrations due to stimulation of
the plant’s antioxidant system played a role in increasing
tolerance to salinity, but at higher concentrations as a
non-enzyme antioxidant it interacted with antioxidant
enzymes [100]. The use of salicylic acid affected the
speed of the formation of various ROS under stress
conditions, and changed the activity of antioxidant
enzymes such as catalase, superoxide dismutase,
ascorbate peroxidase and peroxidases, thereby increasing
the tolerance of plants to abiotic stresses and preventing
accumulation of Na* and ClI” ions [101]. Although radical
hydrogen peroxide was toxic at high concentrations, and
was degraded by catalase, ascorbate peroxidase and
ascorbate glutathione antioxidant cycle, but at low
concentrations, it could act as a signal to message
transmission processes and activate resistant genes in the
plant [102]. It seemed that salicylic acid itself was an
antioxidant agent that the addition of salicylic acid
reduced the probable stress and, as a result, reduced the
antioxidant enzymes of catalase and ascorbate peroxidase
[103].

CONCLUSION

As a conclusion, it can be concluded that salinity stress
has led to a decrease in rice plant growth.
Given that salinity stressed the balance of active oxygen
species, it would also disrupt the system of eliminating
them, and would kill the planned death of the cell.

Therefore, increasing the resistance of plants to salinity
has been considered as a solution to this problem.

ISSN (Online) 2249-6084 (Print) 2250-1029

Salicylic acid, by activating the antioxidant defense
system, increased the resistance of plants to oxidative
stress due to salt stress and thus rice
resistance. Regarding the physiological and biochemical
traits, no significant difference was found between the
effects of different concentrations of salicylic acid. While
its positive effect could not be ignored in improving the
damage caused by salt stress. Determining the proper
concentration of salicylic acid for treatment and
improving the quality of plants and resistance to
environmental stress such as salinity stress has been
essential. The present study demonstrated that the use of
salicylic acid could have a positive effect on the activity
of antioxidant enzymes. Therefore, it could be said that
salicylic acid treatment could be one of the suitable
solutions to reduce the harmful effects of salinity stress in

rice plant.
REFERENCES

[1] Khush, G.S., Khush. (2005). What it will take to
feed 5.0 billion rice consumers in 2030 Plant Mol
Biol, 59(1): 1-6.

[2] Goreta, S., P. Bucevic, V. Pavela, M. Vrancic, and
S. Perica. (2007). Salinity induced changes in
growth, superoxide dismutase activity and ion
content of two olive cultivars. Journal of Plant
Nutrition and Soil Science, 170 (3): 398-405.

[3] Parida, A.K. and A.B .Das. (2005). Salt tolerance
and salinity effects on plants: A review. Ecol.
Environ. Safe, 60 (3), pp: 324-349.

[4]  Munns, R. and Tester, M. (2008). Mechanisms of
salinity tolerance. Annu. Rev. Plant Biol, 59: 651-
81.

[5] Chen, Z., M. Zhou, A. 1. Newman, J. N. Mendham,
G. Zhang and S. Shabala. (2007). Potassium and
sodium relations in salinised barley tissues as a basis
of differential salt tolerance. Funct. Plant Biol, 34:
150-162.

[6] Rengasamy, P. (2010). Soil processes affecting crop
production in salt-affected soils. Func. Plant Biol,
37: 613-620.

[71 Abbaspour, H. (2012). Effects of salt stress on lipid
peroxidation, antioxidative enzymes and proline
accumulation in pistachio plants. Journal of
Medicinal Plants Research, 6(3): 526-529.

[8] Baby, J, and D. Jini. (2011). Development of salt
stress tolerance plants by gene manipulation of
antioxidant enzymes. Asian Journal of Agricultural
Research. 5 (1): 17-27.

[0 Abdul Jaleel, C., K. Riadh, R. Gopi, P. Manivannan
, J. Ines, H.J. Al-Juburi, Z. Chang-Xing, S. Hong-
Bo, and R. Panneerselvam.(2009).
defense responses: Physiological plasticity in higher

Antioxidant

www.eijppr.com



International Journal of Pharmaceutical and Phytopharmacological Research (elJPPR) | December 2020 | Volume 10 | Issue 6 | Page 1-14
Seyedeh Elham Farhangjoo, The Effects of Salicylic Acid on Certain Physiological Parameters in Oryza sativa L. under NaCl Salt Stress

[11]

[12]

[15]

[16]

[17]

(18]

ISSN (Online) 2249-6084 (Print) 2250-1029

plants under abiotic constrains. Acta Physiologiae
Plantarum. 31(3): 427-436.

Sudhakar, C., A. Lakshmi and S. Giridarakumar.
(2001). Changes in the antioxidant enzyme efficacy
in two high yielding genotypes of mulberry (Morus
alba L.) under NaCl salinity. J Plant Sci. 161 (3),
pp:613-619.

Hayat. Q., Sh. Hayat, Irfan, M. and Ahmad, A.
(2010). Effect of exogenous salicylic acid under
changing environment: A review . Environ . Exp
.Bot, 68:14-25 .

Hayat, S., Maheshwari, P., Wani, A. S., Irfan, M.,
Alyemeni, M. N., & Ahmad, A. (2012).
Comparative effect of 28 homobrassinolide and
salicylic acid in the amelioration of NaCl stress in
Brassica juncea L. Plant physiology and
biochemistry, 53: 61-68.

Horvath, E., Szalai, G., Janda, T. (2007). Induction
of Abiotic Stress Tolerance by Salicylic Acid
Signaling. Journal of Plant Growth Regulation,
26(3): 290- 300.

Metwally, A., Finkemeier, 1., Georgi, M., Dietz, KIJ.
(2003). Salicylic Acid Alleviates the Cadmium
Toxicity in barley Seedlings. Plant Physiology,
132(1): 272-281.

Bastam, N., B. Baninasab and C. Ghobadi. (2013).
Improving salt tolerance by exogenous application
of salicylic acid in seedlings of pistachio. J.Plant
Growth Regul . 69 (3): 265-284.

Yusuf, M., Aiman Hasan, S., Ali, B., Hayat, S.,
Fariduddin, Q. & Ahmad, A. (2008). Effect of
salicylic acid on salinity-induced changes in
Brassica juncea. Journal of Integrative Plant
Biology, 50 (9),pp: 1096-1102.

Shakirova, F. M., Sakhabutdinova, A. R,
Bozrutkova, M. V., Fatkhutdinova, R.A.,
Fatkhutdinova, D.R. (2003). Changes in the

hormonal status of wheat seedlings induced by
salicylic acid and salinity. Plant Science, 164 (3),

pp: 317-322.

Armon, D.I.1949. COPPER ENZYMES IN
ISOLATED CHLOROPLASTS.
POLYPHENOLOXIDASE IN BETA VULGARIS.
Plant Physiology, 24(1), 16 pages. DOI:
https://doi.org/10.1104/pp.24.1.1

Lichtenthaler, H.K. 1987. Chlorophylls and
carotenoids: Pigments of photosynthetic

biomembranes. Methods in Enzymology, 148, Pages
350-382

Bates, L.S. Waldren, R.P. & Teare, [.D.1973. Rapid
determination of free proline for water-stress
studies. Plant and Soil, 39 (1), pp: 205-207.

Heath, R.L. & Packer, L. 1968. Photoperoxidation in
isolated chloroplasts: I. Kinetics and stoichiometry

(2]

(23]

(24]

(5]

26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

of fatty acid peroxidation. Archives of Biochemistry
and Biophysics, 125 (1),pp: 189-198.

Chance, B. and Maehly, A.C. (1955) Assay of
Catalase and Peroxidase. Methods in Enzymology,
2, 764-775. http://dx.doi.org/10.1016/S0076-
6879(55)02300-8.

Nakano,Y. & Asada,K.1981. Hydrogen Peroxide is
Scavenged by Ascorbate-specific Peroxidase in
Spinach Chloroplasts. Plant and Cell Physiology, 22
5), Pages: 867-880.
https://doi.org/10.1093/oxfordjournals.pcp.a076232.
Li, W.Q., Liu, X . J, Khan , M.A., Yamaguchi ,
S.(2005) . The effect of plant growth regulator ,
nitric oxide , nitrate , nitrite and light on the
germination of dimorphic seeds of Suaeda sala
under saline conditions . J .Plant Res ., 118 (3),
pp:207-214 .

Wahid, A. 2004. Analysis of toxic and osmotic
effects of sodium chloride on leaf growth and
economic yield of sugarcane. Bot. Bull. Acad. Sin.
(2004) 45: 133-141.

Cavusoglu, K. and Kabar, K. (2010). Effects of
hydrogen peroxide on the germination and early
seedling growth of barley under NaCl and high
temperature stresses. J. Bio. Sci. 4: 70-79.

Kaur, S., Gupta, A. K. and Kaur, N. (2002). Effect
of osmo- and hydropriming of chickpea seeds on
seedling growth and carbohydrate metabolism under
water deficit stress. Plant Growth Regulation, 37(1),
pp: 17-22.

Rajasekaran, L.R., Stiles A and Caldwell C.D.
(2002). Stand establishment in processing carrots:
Effects temperature regimes on
germination and the role of salicylates in promoting
germination at low temperatures. Can.J. Plant Sci,
82 (2), pp: 443-450.

Senaratna, T., Touchell, D, Bunn, E. and Dixon, K.
(1999). Acetyl salicylic acid (Aspirin) and salicylic
acid induce multiple stress tolerance in bean and
tomato plants. Plant Growth Regulation, 30 (2), pp:
157-161.(Journal)

Rahman, M., Soomro, U.A., Zahoor-ul-Haq, M. and
Gul, Sh. (2008). Effects of NaCl Salinity on Wheat
(Triticum aestivum L.). Cultivars World Journal of
Agricultural Sciences, 4 (3): 398-403.

Al-Ansari, F. M. (2003). Salinity tolerance during
germination in two arid-land varieties of wheat
(Triticuam  aestivum L.). Seed Science and
Technology, 31(3): 597-603.

Khan, A.A. (1992). Preplant physiological seed
conditioning. In: "Horticultural Reviews", Vol. 14,
ed. J. Janick. New York: John Wiley, pp. 131-181.
Sivritepe, N., H.O. Sivritepe, and A. Eris. (2003).
The effect of NaCl priming on salt tolerance in

of wvarious

wWww.eijppr.com

10



International Journal of Pharmaceutical and Phytopharmacological Research (elJPPR) | December 2020 | Volume 10 | Issue 6 | Page 1-14
Seyedeh Elham Farhangjoo, The Effects of Salicylic Acid on Certain Physiological Parameters in Oryza sativa L. under NaCl Salt Stress

35]

[43]

ISSN (Online) 2249-6084 (Print) 2250-1029

melon seedling grown under saline condition. Sci.
Hort. 97 (3-4), pp: 229-237.

Wang, L., Chen, S., Kong, W., Li, S. and Archbold,
D.D. (2006). Salicylic acid pretreatment alleviates
chilling injury and affects the antioxidant system
and heat shock proteins of peaches during cold
storage. Postharvest Biology and Technology, 41:
244-251.(Journal)

Ruley, A.T., N.C. Sharma, and S.V. Sahi.
2004.Antioxidant defense in a lead accumulation
plant, Sensbania drummondii . Plant Physiology and
Biochemical. 42 (11), pp: 899-906.

Kerepesi, H, and G. Galiba.(2000). Osmotic and salt
stress induced alteration in soluble carbohydrate
content in wheat seedling. Crop Science. 40 (2):
482487.

Khaleghi, E., and Moallemi, N. (2009).Effect of
different levels of salinity and temperature on seed
germination of Cocks Comb ( Celosia argentea ). J.
of Plant Production, 16(1):149 -163.(In Persian).
Zhu, J K. (2007). Plant Salt Stress. Encylopedia of
Life Sciences. John Wiley and Sons, Ltd., N.Y.

Min, B.L and Feng, L. (2011). Salinity induced
oxidative stress and regulation of antioxidant
Ulva
prolifera. Journal of Experimental Marine Biology
and Ecology, 409(1): 223-228.

Wu, Y., Hu, Y. and Xu, G. (2008). Interactive
effects of potassium and sodium on root growth and
expression of K/Na transporter genes in rice. Plant
Growth Regulation, 57 (3), pp: 271-280.

El-Tayeb, M.A. (2005). Response of barley grain to
the interactive effect of salinity and salicylic acid.
Plant Growth Regulation, 45(3): 215-224.

Kafi, M., EishiRezaii, A., Hagighikhah, M. and
Gorbanim, S. (2010). Effect of salinity and seed
priming on germination and seedling characteristics
of two medicinal citrus species. Journal of
Agricultural Ecology, 2: 245-255.

Parmoon, G.h., Ebadi, A., Ghaviazm and Miri, M.
(2013). Effect of seed priming ogermination and
seedling growth of
salinity.Electronic. Journal of Crop Production, 6(3):
145-164.

Yildirim, E., Turan, M. and Guvence, 1. (2008).
Effect of foliar salicylic acid application on growth
chlorophyll , and mineral content of cucumber
grown under salt stress. J .P lant Nutr , 31 (3),pp:
593-612.

Afzal, 1. (2005). Seed enhancements to induced salt
tolerance in wheat (Triticum aestivum L.). Ph.D.
Thesis, Agricultural University of Faisalabad,
Pakistan, 266 p.

defense system in the marine macroalga

Chamomile under

[46]

[47]

48]

[49]

(50]

(51]

(52]

(3]

(4]

(53]

(561

(571

Fahad, S.H., Bano, A.S. (2012). Effect of salicylic
acid on  physiological
characterization of maize growth in saline area.
Pakistan Journal of Botany, 44(4): 1433-1438.

Liu, D., Jiang, W., and Gao, X. (2003). Effect of
cadmium on root growth, cell division and nucleolic
in root tipe cells of garlic. Biological Plant, 47(1):
79-83.

Chaves, M.M., Flexas, J. and Pinheiro, C. (2009).
Photosynthesis under drought and salt stress:
regulation mechanisms from whole plant to cell.
Annals Botany, 103 (4): 551-560.

Orabi, S.A., Salman, S.R., and Shalaby, A.F. (2010).
Increasing resistance to oxidative damage in
cucumber (Cucumis sativus L.) plants by exogenous
application of salicylic acid and paclobutrazol.
World J. Agric. Sci, 6 (3), pp: 252-259.

Gemes, K., Poor, Z., Sulyok, A., Szepesi, M., Szabo,
P., and Tari, I. (2008). Role of salicylic acid pre-
treatment on the photosynthetic performance of
tomato plants (Lycopersicon esculentum Mill. L. cv.
Rio Fuego) under salt stress. Acta Biol. Szeged, 52:
161-162.

Tari, 1., J. Csiszar, G. Szalai, F. Horvath. A.
pecsaradi, G. Kiss, A. Szepesi, M. Szabo and L.
Erdei. (2002). Acclimation of tomato plants to
salinity stress after a salicylic acid pre-treatment.
Acta Biologica Szegediensis, 46 (3-4), pp:55-56.
Neocleous, D. and Vasilakakis, M. (2007). Effects
of NaCl stress on red raspberry (Rubus idaeus L.
"Autumn Bliss"). Scientia Horticulturae, 112 (3), pp:
282-289.

Sultana, N., Ikeda, T. and Itoh, R. (1999). Effect of
NaCl salinity on photosynthesis and dry matter
accumulation in  developing  rice
Environmental and Experimental Botany, 42(3):
211-220.

Loggini, B., Scartazza, A., Brugonli, E. and Navari-
Izzo, F. (1999). Antioxidative defense system,
pigment composition, and photosynthetic efficiency
in two wheat cultivars subjected to drought. Plant
Physiology, 119 (3), pp: 1091-1099.

Koyro, H. W. (2006). Effect of salinity on growth,
photosynthesis, ~water relations and solute
composition of potential cash crop halophyte
Plantago  coronopus L. Environmental and
Experimental Botany, 56 (2),pp: 136-149.

Misra, A., and Sricastatva N.K. (2000). Influence of
water stress on Japanese mint. Journal of Herbs,
Spices & Medicinal Plants, 7:51-58.

Li, N., Parsons, B.L., Liu, D.R., and Mattoo A.K.
(1992). Accumulation of wound-inducible ACC
synthase transcript in tomato fruit is inhibited by

and biochemical

grains.

www.eijppr.com

11



International Journal of Pharmaceutical and Phytopharmacological Research (elJPPR) | December 2020 | Volume 10 | Issue 6 | Page 1-14
Seyedeh Elham Farhangjoo, The Effects of Salicylic Acid on Certain Physiological Parameters in Oryza sativa L. under NaCl Salt Stress

[66]

ISSN (Online) 2249-6084 (Print) 2250-1029

salicylic acid and polyamines. Plant Molecular
Biology, 18 (3): 477-487.
Khodary, S.E.A. (2004). Effect of salicylic acid on

the growth, photosynthesis and carbohydrate
metabolism in  salt-stressed maize plants.
International Journal of Agriculture and Biology, 6

(1),pp: 5-8..

Eraslan F, Inal A, David J, pilbeam, Gunes A.
(2008). Interactive effects of salicylic asic and
silicon on oxidative damage and antioxidant activity
in spinach (Spinacia oleracea L.cv). Matador grown
under boron toxicity and salinity. Plant Growth
Regulation, 55: 207-219.

Popova, LP., Maslenkova, LT., Yordanova, RY.,
Ivanova, AP., Krantev, AP., Szalai, G., Janda, T.
(2009). Exogenous treatment with salicylic acid
attenuates cadmium toxicity in pea seedlings. Plant
Physiol Biochem, 47 (3):224-231.

Kuzentzov VIV and Shevyakova NI .(1999). Proline
under stress. Russian Journal of Plant Physiology.
46: 274-287.

Khedr, A., M.A. Abbas, W. Abdel, W. Quick, and
G. Abogadallah.( 2003).
expression of salt stress responsive proteins and may
improve the adaptation of Pancratium maritimum L.
to salt stress. Journal of Experimental Botany. 54
(392),pp: 2553-2562.

Ashraf, M., and Foolad, M.R. (2007). Roles of
glycinebetaine and prolin in improving plant a biotic
stress resistance. Environmental and Experimental
Journal of Botany, 59 (2):206-216.

Akhkha, A., Boutra, T., and Alhejely, A. (2011).
The rates of photosynthesis, chlorophyll content ,
dark respiration , prolin and abscicic acid (ABA) in
wheat (Triticum durum) under water deficit
conditions.Int .J.Agric .Biol .13 (2): 215-221.
Bartels, D. and Sunkar, R.2005. Drought and Salt
tolerance in plants. Critical Reviews in Plant
Sciences 24 (1): 23-58.

Gholami,M , Rahemi , M. (2009). Investigating the
effects of salinity stress on the physiological and
morphological characteristics of vegetative base of
peach-almond hybrid (GF -677). Plant Production
Technology, 1: 31-21.

Dehghan , F, Gholami, M, Azizi, A . (2013). Effect
of Interaction of Ascorbic Acid Leaf Salt and Salt
Stress on Some Physiological and Biochemical
Characteristics of Strawberry Plant of Salwa. Plant
Production Technology, 13: 47-56.

Turan. M.A., Elkarim, A.H.A., Taban N. and Taban
S. (2010). Effect of salt stress on growth and ion
distribution and accumulation in shoot and root of

Proline induces the

maize plant. African Journal
Research, 5(7):584-588.

of Agricultural

(69]

[70]

[71]

[72]

(73]

[74]

(75]

[76]

(78]

(7]

(80]

Tasgin, E., Atici, O., Nalbantoglu, B. (2003). Effects
of salicylic acid and cold on freezing tolerance in
winter wheat leaves. Plant Growth Regulation, 41
(3), pp:231-236.

Khosravi, S., Baghizadeh, A. and Nezami, M.T.
(2011). The salicylic acid effect on the Salvia
officinalis L. under salinity (NACL) stress. J Stress
Physiol .Biochem , 7(4):80-87 .

Pospisilova, J. (2011). Responses of Transgenic
Tobacco Plants with Increased Proline Content to
Drought and/or Heat Stress. American Journal of
Plant Sciences, 2(3),pp: 318-324.

Sakhabutdinova, A.R., Fatkhutdinova, D.R,,
Bezrukova, M.V., and Shakirova, F.M. (2003).
Salicylic acid prevents the damaging action of stress
factors on wheat plants. Bulg. Plant Physiol.
(Special Issue): 314-319.

Bajji, M., .M. Kinet, and S. Lutts.( 2001). The use
of the electrolyte leakage method for assessing cell
membrane stability as a water stress tolerance test in
durum wheat. Plant Growth Regulation.36(1), 61-
70.

Doulatabadian, A., Modarres Sanavy S. A. M. and
Etemadi F. 2008. Effect of pretreatment of salicylic
acid on wheat (Triticum aestivum L.) seed
germination under salt stress. Iranian Journal of
Biology 21: 692-702. (In Persian with English
Abstract).

Idress, M., Naeem, M., Nasir Khan, M., Aftab T.,
Masroor, A. and Moinuddin, K. H. (2011)
Alleviation of salt stress in lemongrass by salicylic
acid. Protoplasma, 10: 314-330.

Zho, Y., K. Jiao, S. J. Herbert and L .Hao. (2008).
Salicylic acid, hydrogen peroxide and calcium—
induced saline tolerance associated with endogenous
hydrogen peroxide homeostasis in naked oat
seedlings. J Plant Growth Regul, 54:249- 259.
Llusia, J., J. Penuelas and S. Munne—Bosch. (2005).
Sustained accumulation of methyl salicylate alters
antioxidant peroxidation protection and reduces
tolerance of holm oak to heat stress. Physiologia
Plantarum, 124 (3): 353-361.

Agarwal, S. and Pandey, V. (2004). Antioxidant
enzyme responses to NaCl stress in Cassia
angustifolia. Biologia Plantarum, 48(4):555-560.
Yazici, 1., Turkan, F., Sekmen, A. H.and Demiral,
T. (2007). Salinity tolerance of purslane (Portulaca
oleracea L.) is achieved by enhanced antioxidative
system , lower level of lipid peroxidation and
proline accumulation. Environmental
Experimental Botany, 61(1):49-57.

Sairam, R. K. Srivastava, G.C., Agarwal, S. and
Meena, R.C. (2005). faiences in antioxidant activity
in response to salinity tress in tolerant and

and

www.eijppr.com

12



International Journal of Pharmaceutical and Phytopharmacological Research (elJPPR) | December 2020 | Volume 10 | Issue 6 | Page 1-14
Seyedeh Elham Farhangjoo, The Effects of Salicylic Acid on Certain Physiological Parameters in Oryza sativa L. under NaCl Salt Stress

(82]

871

(89]

ISSN (Online) 2249-6084 (Print) 2250-1029

susceptible wheat genotypes. Biological Plantarum,
49: 85-91.

Gunes, A., A. Inal, M. Alpaslan, F. Eraslan, E. G.
Bagci and N. Cicek. (2007). Salicylic acid induced
changes on physiological
symptomatic for oxidative stress and mineral
nutrition in maize (Zea mays L.) grown under
salinity, Journal of Plant Physiology 164 (6), pp:
728-736.

Bor, M., Ozdemir, F., Turkan, I . (2003). The effect
of salt stress on lipid peroxidation and Antioxidants

some parameters

in leaves of sugar beet Beta vulgaris L .And wild
beet Beta maritime L. Plant Sci, 164 :77-84.
Bandeoglu, E., Egidogan, F., Yucel, M. and Avni
Oktem, H. (2004). Antioxidant responses of shoots
and roots of lentil to NaCl salinity stress. Plant
Growth Regulation, 42: 69-77.

Panda, S.K., Upadhyay, R.K. (2004). Salt stress
induces oxidative alterations and antioxidative
defense in the roots of Lemna minor. Biol. Plant,
48(2): 249-253.

Panda, S.K., Upadhyay, R.K. (2004). Salt stress
induces oxidative alterations and antioxidative
defense in the roots of Lemna minor. Biol. Plant,
48(2): 249-253.

Hartmann , TN , Fricker , MD , Rennenberg , H and
Meyer , AJ . (2003) . Cellspecific measurement of
cytosolic glutathione in poplar leaves . Plant Cell
Environ . 26(6), pp:965-975 .

Shahid, M., Pourrut, B., Dumat, C., Nadeem, M.,
Aslam, M., and Pinelli, E. (2014). Heavy-metal
induced reactive oxygen species: phytotoxicity and
physicochemical changes in plants. Reviews of
Environmental Contamination and Toxicology 232:
1-44.

Shalini, V., Duey, R.S. (2003). Lead toxicity
induced lipid peroxidation and alters the activities of
antioxidant enzymes in growing rice plant, Plant
Science, 164: 1645-1655.

Abedini, M. and Daie-Hassani, B. (2015) Salicylic
acid affects wheat cultivars antioxidant system under
saline and nonsaline condition. Russian Journal of
Plant Physiology. 62 (5): 604—610.

Azevedo Neto, A.D., J.T. Prisco, J. Eneas-Filho,
C.EB. De Abreu, and E. Gomes-Filho. (2006).
Effect of salt stress on antioxidative enzymes and
lipid peroxidation in leaves and roots of salt tolerant
and salt sensitive maize genotypes. Environmental
and Experimental Botany. 56 (1): 87-94.

Xu, Q., X. Xu, Y. Zhao, K. Jiao, S.J. Herbert, and L.
Hao. (2008). Salicylic acid, hydrogen peroxide and
calcium induced saline tolerance associated with

endogenous hydrogen peroxide homeostasis in

92]

(93]

(4]

(93]

%]

97

98]

(9]

naked oat seedlings. Plant Growth Regulation, 54:
249-259.

Fadzilla, N.M., R.P. Finch, and R.H. Burdon. 1997.
Salinity, oxidative stress and antioxidant responses
shoot cultures of rice. Journal of Experimental
Botany, 48 (2): 325- 321.

Sakhabutdinova, A. R., Fatkhutdinova, D. R. and
Shakirova, F. M. (2004) Effect of salicylic acid on
the activity of antioxidant enzymes in wheat under
conditions of salination. Applied Biochemistry and
Microbiology, 40(5),pp:501-505.

Dixit, V., Pandey, V., Shyam, R. (2001). Differential
antioxidative responses to heavy metal in roots and
leaves of pea (Pisum sativum L. CV. Azad), J. of
Exp. Bot-,52:(358): 1101-1109.

Horvith, E., Janda, T., Szalai, G., Paldi, E. (2002).
In vitro salicylic acid inhibition of catalase activity
in maize: differences between the iso enzymes and a
possible role in the induction of chilling tolerance.
Plant Sci, 163: 1129-1135.

Singh, P. K. and Gautam, S. (2013) Role of salicylic
acid on physiological and biochemical mechanism
of salinity stress tolerance in plants. Acta
Physiologia Plantarum, 35: 2345-2353.

Gapinska M, Sklodowska M. (2008). effect of short -
and long-term salinity on the activities of
antioxidative enzymes and lipid peroxidation in
tomato roots. Acta Physiol Plant, 30 :11-18.
Slaymaker, D.H. Navarre, D.A. Clark, D. del Pozo,
O. Martin, G.B. & Klessig, D.F. 2002. The tobacco
salicylic acid-binding protein 3 (SABP3) is the
chloroplast carbonic anhydrase, which exhibits
antioxidant activity and plays in the
hypersensitive defense response. Proc Natl Acad Sci
U S A, 99(18), pp:11640-5.

Borsani, O. Valpuesta, V. & Botella, M.A.2001.
Evidence for a role of salicylic acid in the oxidative
damage generated by NaCl and osmotic stress in
Arabidopsis seedlings. Plant Physiol, 126(3):1024-
30.

a role

[100] Ashraf, M., N. A. Akram, R. N. Arteca and M. R.

Foolad. (2010). The physiological, biochemical and
molecular roles of brassinosteroids and salicylic acid
in plant processes and salt tolerance. Crit. Rev. Plant
Sci. 29 (3): 162-190.

[101] Mazen, A. (2004). Accumulation of four metals in

tissues of Corchorus olitorius and possible
mechanisms of their tolerance. Biologia Plantarum,

48(2): 267-272.

[102] Foyer, CH., Lopez-Delgado, H., Dat, JF., Scott, IM.

(1997). Hydrogen peroxide and glutathione
associated mechanisms of acclamatory
tolerance and signalling. Plant Physiol, 100 (2):
241-254.

stress

www.eijppr.com

13



International Journal of Pharmaceutical and Phytopharmacological Research (elJPPR) | December 2020 | Volume 10 | Issue 6 | Page 1-14
Seyedeh Elham Farhangjoo, The Effects of Salicylic Acid on Certain Physiological Parameters in Oryza sativa L. under NaCl Salt Stress

[103] Kukreja S Nandval AS Kumar N , Sharma SK , roots as affected by salinity .Biology Plantarum
Sharma SK , Unvi V and Sharma PK .(2005) . Plant 49(2), pp:305 -308.
water status , H202 Scavenging enzymes , ethylene
evolution and membrane integrity of Cicer arietinum

ISSN (Online) 2249-6084 (Print) 2250-1029 www.eijppr.com

14



