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The effect of salicylic acid and calcium chloride on lipid peroxidation and the
scavenging ability on radical of chickpeas (Cicer arietinum) under salt stress
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ABSTRACT:

Keywords:

Salinity exerts harmful morphological, physiological, and metabolic effects on
plants. This research aimed to evaluate the effect of salicylic acid (SA 0, 0.75 and 1.5
mM) and calcium chloride (CaCl, 0, 50 and 100 mM), singly or in combination,
on different morphological and physiological characteristics of chickpeas exposed
to salt stress (0, 25 and 75 mM NaCl). The results showed that the addition of SA
or Ca alone improved plant behaviour in the presence of NaCl. Also, the shoot
and root length, dry weight, chlorophyll and carotenoids decreased under salinity,
while malondialdehyde (MDA), the inhibition of DPPH radical, anthocyanine, and
proline increased. However, the use of SA and Ca combined increased the shoot
and root length and the dry weight, ameliorated the chlorophyll, carotenoids, and
reducing sugars, and significantly reduced MDA and the inhibition of DPPH rad-
ical in the plants. These studies imply that SA and Ca caused a tolerance to NaCl
which may be related to the regulation of antioxidative responses. It may also be
suggested that a concentration of 1.5 mM salicylic acid and a concentration of 100
mM calcium are the most suitable concentrations to improve the physiological pa-
rameters of chickpeas under salinity conditions. Hence, by regulating the antioxi-
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dant system, SA and Ca play this role.

INTRODUCTION

Salinity induces oxidative stress and osmotic stress in
plants, resulting in marked reduction in photosynthesis
activities and leaf chlorophyll concentration, where the
degree of salinity tolerance depends on the type of plant
species (ASHRAF et al. 2010; ZAFAR et al. 2018; TRABEL-
st et al. 2019). Accumulations of secondary metabolites
such as carotenoids protect plants from salinity stress and
play an essential role in osmotic regulation (DE PASCALE
et al. 2001; WINKEL SHIRLEY 2002). The generation of an-
thocyanins might enhance osmotic regulation necessary
for protecting plants from the overproduction of reactive
oxygen species, and physiological stresses (ROUHOLAMIN
et al. 2015). Proline is one of the foremost essential osmo-
protectants in plants, and it plays a vital role in tolerating
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NaCl (BARTELS & SUNKAR 2005). Hence, under saline con-
ditions, plants show an increase in proline concentrations
(LEE et al. 2001). Calcium (Ca) is an essential messenger
in many biological systems, and plants are able to adjust
to high salt environments by activating a signal transduc-
tion system involving Ca*2. The transmission of signals
related to environmental stimuli and hormones facilitates
the modulation of sucrose-induced glucose uptake by in-
creasing calcium levels and thus improving anthocyanin
accumulation (KupLa et al. 2010; Xu et al. 2014). Salicylic
acid is a phytohormone which plays an essential role in de-
pletion during salinity and drought and is vital in the im-
provement and tolerance of salinity in several plant species
(SHAKIROVA et al. 2003; ARFAN et al. 2007; SHAHMORADI
& NaDERI 2018). Therefore, salicylic acid may serve to
modify and thus increase plant tolerance to abiotic stresses
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(ERASALAN et al. 2007; ALINIAEIFARD et al. 2016).

Sodium is generally the dominant cation in saline
substrates which leads to an increase in Na* flux which
competes with Ca’" at the binding sites. The addition of
calcium ions prevents salinity toxicity, and high Ca levels
will maintain the integrity and permeability of cell mem-
branes from the effects of salinity (ABDEL LATEF 2011;
SEIFIKALHOR et al. 2019). Hence, the utilization of Ca* is
an excellent way to promote plant growth under biological
stress (MUKHTAR et al. 2016; AcosTA- MoTos et al. 2017;
AHMAD et al. 2018; NAEEM et al. 2018). Several plants
cannot be developed under these troublesome conditions
because of their sensitivity to salt stress. Supplemental cal-
cium improved the growth and photosynthetic capacity in
Senna (ARsHI et al. 2006). A further positive effect of calci-
um on plant growth under salinity stress is due to the role
of calcium on the electrical conductivity of roots and water
uptake (NAVARRO et al. 2000). Therefore, at high salinity
concentrations, the ratio of sodium to calcium is vital for
each plants response (MUNNs & TESTER 2008).

Since no study has been carried out on salicylic acid
and calcium chloride in chickpeas under salt stress, the
aim of our research was to determine the appropriate con-
centrations of salicylic acid and calcium to reduce the ef-
fects of salinity on chickpeas. This study was designed to
determine the toxic effects of salt levels on different mor-
phological and physiological characteristics of chickpeas
and to establish the decreased phytotoxic effects of salinity
by means of salicylic acid and calcium chloride.

MATERIALS AND METHODS

Culture condition and treatments. The chickpea seeds
were sterilized with sodium hypochlorite (1%) for 5 min
and washed in distilled water several times. A pot exper-
iment was conducted, and for this purpose, plastic pots
of 1 kg capacity were filled with sieved soil. Five chickpea
seeds were sown in each pot and the pots were replicated
three times per concentration. The uniform seeds germi-
nated after 72 h at 25°C and the seedlings were transferred
to pots containing sand, clay, and humus (3:1:2) under a
light density of approximately 100 umolm™ s, day/night
temperatures of 25/20°C under 16 h photoperiod. Sodi-
um chloride (0, 25, and 75 mM), SA (0, 0.75 and 1.5 mM)
and CaCl, (0, 50 and 100 mM) were applied for 10 days
during the vegetative growth of the plants. Irrigation was
performed with saline water. In order to prevent the accu-
mulation of salt, in addition to pot drainage following the
application of salinity treatment, water leaching was also
performed uniformly for all treatments. In order to con-
trol the salinity, the amount of electrical conductivity of
the potting soil was controlled by means of a conductivity
device. A foliar spray of SA was applied twice to the plants
in the early morning, using an atomizer. The leaves were
harvested 24 days after treatment. A total of 15 treatments
have been considered for the present study: T, 0 mM NaCl

(control); T, 25 mM NaCl; T, 75 mM NaCl; T, 0 mM NaCl
+075mMSA T, 0mMNaCl+15mMSA T, 25 mM
NaCl+075mMSA T, 25mMNaCl+15mMSA T, 75
mMNaCl+075mMSA T, 75mMNaC1+15mMSA
T, 0mM NaCl + 50 mM Ca, T,,.,0 mM NaCl + 100 mM
Ca, T,,.25 mM NaCl + 50 mM Ca, T, 25mM NaCl + 100
mM Ca, T,,.75 mM NaCl + 50 mM Ca, T, 75 mM NaCl
+ 100 mM Ca. '

Biomass measurement. The length of the shoots and roots
of the plants were measured after washing with deionized
water. The shoots and roots were also dried in the oven for
48 hours, and the dry weight of the plants was weighed.

Pigment analysis. The fresh leaf tissues were ground with
a pestle and mortar under liquid N,. Eighty percent (v/v)
acetone was added to extract the pigments and after cen-
trifugation of the supernatant for 10 min at 10000 rpm, OD
was measured at 470, 646.8, and 661.6 nm using a spectro-
photometer. The extinction coefficients and the equations
reported by LICHTENTHALER (1987) were used to calculate
the amounts of chlorophyll g, b and carotenoids.

To determine the concentration of anthocyanins, 0.1 g
fresh leaves were mixed with 10 ml of acidified methanol
(methanol: HCI, 99: 1, v:v) and kept overnight in dark con-
ditions and measured at a wavelength of 550 nm, using an
extinction coeflicient of 33000 mol! cm™ (WANGER 1979).

Proline and reducing sugars. The method proposed by
BATEs et al. (1973) was used to measure proline. Firstly,
0.04 g of wet leaf plant tissue were weighed over ice with
three replications in each concentration. Each sample was
thoroughly ground with 1.7 ml of 3% (w/v) sulfosalicylic
acid. The resulting extracts were transferred into 1.5 ml
tubes and then centrifuged at 20000 rpm for 20 minutes.
In the next step, 1 ml of the supernatant was removed from
each Eppendorf and transferred to 10 ml test tubes. Then
1 ml of glacial acetic acid and 1 ml of ninhydrin reagent
were added to each tube. The lid of each tube was tight-
ly closed with aluminum foil, and the tubes were heated
at 100°C in a frying pan for 1 hour. After removing the
tubes from the patient and cooling them under the hood,
exactly 2 ml of toluene was added to each tube. The tubes
were vigorously mixed for 20 seconds and then fixed for
1 hour under laboratory conditions. For measurement,
the spectrophotometer was first set to zero by toluene at a
wavelength of 520 nm, and then 1 ml from each tube was
removed from the upper phase and poured into a quartz
cuvette. The adsorption of the colour composition of each
sample at 520 nm was read.

The DNS method was used to investigate the reducing
sugars by employing glucose as the standard consistent
with JEFFRIES et al. (1988). For measuring the reducing
sugars, DNS (dinitro salicylic acid) 1%, sodium 1.6%, and
25% sodium-potassium tartrate were slowly dissolved
by heating. Then 2 ml of the extracted plant extract was
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mixed with 1 ml of the made dye and placed in a boil-
ing water bath at 100°C for 10 minutes. The whole solu-
tion was then mixed with 10 ml of distilled water, and the
absorbance of the samples was read in 546 nm, and the
amount of reducing sugars was calculated with the help of
the relevant standard curve.

Lipid peroxidation. Lipid peroxidation was measured in
accordance with the malondialdehyde concentration. The
non-specific absorbance of the supernatant at 600 nm was
subtracted from the maximum absorbance at 532 nm for
the MDA measurement (HEATH & PACKER 1968), and at
455 nm for other aldehydes (MEIRS et al. 1992).

DPPH radical scavenging ability. The methanolic extract
of the leaves was subjected to the free radical scavenging
activity assay using the method described by SHIMADA et
al. (1992). Each extract (0.2 mg ml') in methanol (2 ml)
was mixed with 2 ml of a freshly prepared methanolic solu-
tion containing 100 ppm of 1,1-diphenyl-2-picrylhydrazyl
(DPPH) radicals. The mixture was shaken vigorously and
kept for 30 minutes in dark conditions. The absorbance
was then measured at 517 nm.

Data analyses. The data were presented as the mean of
three replicates * standard error (SE). The experiment was
conducted in factorial format based on a completely ran-
domized design (CRD). At 5% probability level, ANOVA
was applied for data analysis by using SPSS software (Sta-
tistics Software, Version 17.0). All the data were analysed
using two-way analysis of variance using SPSS software.
Tukey’s HSD post hoc test was applied for multiple com-
parisons of the means.

RESULTS

Effect of SA and Ca supplement on plant growth. The
growth of the chickpea plant under salinity treatment (25
and 75 mM NaCl) was significantly reduced compared to
the control plants. The shoot lengths decreased by 21%
and 56%, respectively, 25 mM and 75 mM compared to the
control (Fig. 1). A similar reduction was observed for the
root length. Similarly, the data presented in Fig. 2 showed
that NaCl significantly (p<0.05) decreased the dry weight
of both the shoot and root and necrosis of the leaf tips and
margins was observed.

The addition of SA (0.75 and 1.5 mM) and NaCl (25
and 75 mM) alone significantly enhanced the growth pa-
rameters. The maximum increase in shoot and root length
was recorded as 24% and 54% respectively, under the com-
bined application of NaCl (25 mM) and SA (1.5 mM), as
compared to the plants treated with NaCl (25 mM) alone.
Similarly, the dry weight of the shoots and roots increased
by 21% and 49% respectively, under NaCl (25 mM) and SA
(1.5 mM) when compared with their respective controls
(Figs. 1, 2).
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Fig. 1. The effect of SA, Ca, and salt stress on the shoot and root
length of Cicer arietinum. Values with similar letters are not signifi-
cantly different at p<0.05.

Similarly to SA, the application of 50 and 100 mM
of CaCl, and 25 and 75 mM NaCl alone significantly in-
creased all the measured parameters. The most significant
effect was observed in all the measured growth parameters
at 100 mM CaCl, alone, and the minimum was obtained
with 75 mM NaCl treatment (Figs. 1, 2).

Photosynthetic pigments. In this study, the chickpea
plants under salinity showed a significant reduction in the
concentration of chlorophylls and carotenoids compared
to the control. The amounts of carotenoids, total chloro-
phyll and the Chla/b ratio in the leaves decreased by 41%,
13% and 9% respectively, at 75 mM NaCl, compared to
the controls. However, SA and Ca (p<0.05) increased the
Chla, Chlb, Chla/b ratio, total Chl, and carotenoid concen-
trations. The maximum total chlorophyll and carotenoid
concentrations were achieved in the plants treated with SA
(1.5 mM) and Ca (100 mM) only, and the minimum con-
centrations were achieved with 75 mM NaCl treatment.
The addition of 1.5 mM SA along with NaCl 25 and 75
mM considerably increased the total chlorophyll by 17%
and 16% and the carotenoids by 28% and 62% respectively,
in comparison with the other treatments. Also, a combina-
tion of calcium (100 mM) and NaCl (25 and 75 mM) sig-
nificantly increased the total chlorophyll by 11% and 15%
and the carotenoids by 30% and 62% respectively, when
compared to the other treatments (Fig. 3).
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Fig. 2. The effect of SA, Ca, and salt stress on the shoot and root dry
weight of Cicer arietinum. Values with similar letters are not signifi-
cantly different at p<0.05.

Lipid peroxidation. Salinity induced lipid peroxidation
in the chickpea leaves. Increasing the salinity concentra-
tion (25 and 75 mM) significantly increased the MDA
and other aldehyde production in the chickpeas (Fig. 4).
The amounts of MDA and other aldehydes in the leaves
were boosted by 5% and 47% respectively, at 75 mM NaCl,
compared to the controls. The addition of SA and Ca sig-
nificantly decreased the production of MDA and other
aldehydes in the leaves at all NaCl levels. The MDA and
other aldehydes showed a 4% and 29% reduction in the
leaves under NaCl 75 mM respectively, combined with 1.5
mM SA, in comparison with the controls. Also, the addi-
tion of calcium to the plants decreased the MDA and other
aldehydes in the leaves at all NaCl levels. The greatest re-
duction in MDA and the other aldehydes was estimated as
4% and 20% respectively, under the combined use of NaCl
(75 mM) and Ca (100 mM), in comparison with the plants
treated with NaCl alone (Fig. 4A, B).

Reducing sugars concentration. In this study, the chick-
pea plants under salinity showed a significant reduction
in the concentration of reducing sugars (oligosaccharides).
Salinity of 25 and 75 mM reduced the concentration of
reducing sugars by 24% and 36% respectively when com-
pared to the control (Fig. 5). The use of salicylic acid and
calcium reduced the harmful effect of NaCl on sugar con-
centration. The SA (1.5 mM) increased the concentration
of the reducing sugars in the plants by 40% under NaCl 75
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Fig. 3. The effect of SA, Ca, and salt stress on the Chla, Chlb, Chla/b
ratio, total Chl, and carotenoid concentrations of Cicer arietinum.
Values with similar letters are not significantly different at p<0.05.
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Fig. 4. The effect of SA, Ca, and salt stress on MDA and other alde-
hyde concentrations of Cicer arietinum. Values with similar letters
are not significantly different at p<0.05.
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Fig. 5. The effect of SA, Ca, and salt stress on the concentration of
reducing sugars of Cicer arietinum. Values with similar letters are
not significantly different at p<0.05.

mM compared to the treated plants under NaCl alone. The
greatest increase of 54% in the concentration of reducing
sugars was obtained under Ca 100 mM compared to the
respective control (Fig. 5).

Proline concentration. Salinity concentrations of 25 and
75 mM of NaCl increased leaf proline concentration by 5%
and 9% respectively when compared to the control. Sal-
icylic acid and calcium treatment alleviated the adverse
effect of salinity on the proline level. The maximum in-
crease of 16% in proline concentration occurred under
NaCl (75 mM) and SA (0.75 mM) in comparison with the
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Fig. 6. The effect of SA, Ca, and salt stress on the proline concen-
tration of Cicer arietinum. Values with similar letters are not signifi-
cantly different at p<0.05.
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Fig. 7. The effect of SA, Ca, and salt stress on the anthocyanin con-
centration of Cicer arietinum. Values with similar letters are not sig-
nificantly different at p<0.05.
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Fig. 8. The effect of SA, Ca, and salt stress on the DPPH radical scav-
enging activity of Cicer arietinum. Values with similar letters are not
significantly different at p<0.05.

treated plants under NaCl (75 mM) alone. Calcium (50
mM) boosted the proline concentration of the plants by
12% under NaCl 75 mM compared with NaCl treatment
alone (Fig. 6).
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Anthocyanin concentration. The anthocyanin concen-
tration in the chickpea leaves significantly increased in 25
and 75 mM of salt-stressed plants by 44% and 64%, re-
spectively when compared to the control. The addition of
0.75 and 1.5 mM SA along with NaCl 75 mM significantly
reduced the anthocyanin concentration by 7% and 22% re-
spectively as compared to NaCl used alone. The Ca (50 and
100 mM) reduced the anthocyanin concentration of the
leaves by 12% and 17% under NaCl 75 mM respectively as
compared with NaCl alone (Fig. 7).

Antioxidant activity by using the DPPH scavenging as-
say. The DPPH radical scavenging activity in the chickpea
leaves significantly increased in 25 and 75 mM of salt-
stressed plants by 22% and 35% respectively when com-
pared to the control. The use of salicylic acid and calcium
reduced the harmful effect of NaCl on the DPPH radical
scavenging activity. The SA (1.5 mM) reduced the DPPH
radical scavenging activity of the leaves by 26% and 24%
respectively under NaCl 25 and 75 mM when compared
with the NaCl treatment alone. Also, the Ca (50 and 100
mM) reduced the DPPH radical scavenging activity of the
leaves by 3% and 24% under NaCl 75 mM when compared
with NaCl treatment alone (Fig. 8).

DISCUSSION

Decreased plant growth under salinity conditions has
been shown to be a common phenomenon in mesophytes
(HErRNANDEZ 2019). The findings of this research showed
that NaCl reduced the plant growth of chickpea plants.
The use of Ca and SA considerably boosted the growth in
chickpea plants by changing the biochemical and physi-
ological processes. It may be assumed that NaCl reduces
growth and biomass production, which can result in im-
paired photosynthetic activity (ASHRAF & AL12008) in ab-
sentia (AKHTAR et al. 2013), olives (TRABELSI et al. 2019;
LARBI et al. 2020), and wheat (ZAFAR et al. 2016).

The role of calcium in plant salinity tolerance has
been previously shown (TuNa et al. 2007; TANVEER et al.
2020). In this study, calcium chloride application to chick-
pea plants grown under salinity conditions increased the
measured growth parameters. The most significant effect
was observed in all the measured growth parameters at
100 mM CaCl, alone. Similar results were gained in ol-
ive trees (LARBI et al. 2020), tomatoes (TUNA et al. 2007),
strawberries (KAYA et al. 2002), and amaranth (HOANG et
al. 2020).

The application of CaCl, alone and with NaCl signif-
icantly improved the dry weight of the shoots and roots.
Similar results were reported by MOHAMMAD et al. (1998)
and TunNA et al. (2007). The application of 10 mM of cal-
cium to olive plants grown at 200 mM sodium chloride
enhanced all the parameters measured with the exception
of the shoot dry weight (LARBI et al. 2020).

In this study, the effect of salicylic acid on the growth
parameters of the chickpea plants was considerably en-
hanced compared with the control. The main positive ef-
fect of SA is its role as a plant growth regulator because
of its ability to increase nutrient uptake, protein synthesis,
photosynthetic activity and enzymatic activities, and to
protect against biotic and abiotic stresses, and thus boost
the antioxidant capacity of the plant (BLOKHINA et al.
2003; SaHU 2013). Elevated SA increases carbon dioxide
uptake, the photosynthesis rate, mineral uptake, and nutri-
ent mobility which in turn increases the number of leaves
per plant (SzEPEsI ef al. 2005; MAGDA et al. 2013). Our
results are consistent with previous studies (EL-KHALLAL
et al. 2009; DELAVARI et al. 2010; ABD EL-HAMEID ASMAA
etal. 2017).

In this research, NaCl considerably reduced chloro-
phyll concentrations, resulting in a blockage in their syn-
thesis (ASHRAF & AL12008). In this study, salinity reduced
photosynthetic pigments in the chickpeas. These results
are consistent with the findings of previous studies in
plants under the influence of salinity (AKHTAR et al. 2013;
RADI et al. 2013; LARBI ef al. 2020). This means that the
reduction in chlorophyll concentrations in plants under
salinity conditions results from the decomposition of leaf
chlorophyll (TsucHIYA et al. 1999). However, some studies
suggest that the reduction in chlorophyll concentrations in
plants is due to a decline in the synthesis of 5-aminolevulin-
ic acid, which is converted to chlorophyll when exposed to
light (RADI et al. 2013). Moreover, due to the reduction
in the chlorophyll concentration of the leaves, chloride
absorption is high (TAvakkoL1 et al. 2010). In this study,
the application of calcium and salicylic acid mitigated the
negative effects of NaCl on chlorophyll and carotenoids
in the chickpea plants. This confirms previous findings
related to calcium application (LARBI ef al. 2020). The ap-
plication of calcium helps maintain the chloroplast mem-
brane and prevent chlorophyll decomposition (NAEEM et
al. 2018). This study showed that treatment with salicylic
acid increased the chlorophyll concentrations, but was not
as effective as calcium, indicating that in pigment mainte-
nance, the role of calcium was more prominent than sal-
icylic acid. Studies have shown that the application of SA
ameliorated the photosynthetic pigments of plants under
NaCl, which can improve plant tolerance to environmen-
tal stresses by osmotic stress, and chlorophyll (ANANIEVA
et al. 2004; ABD EL-HAMEID AsMaAA et al. 2017).

Salinity will induce changes in the levels of pigments
such as chlorophyll and carotenoids. Carotenoids are nec-
essary for the photosystem integrity and will scavenge re-
active oxygen species generated under salinity conditions
(DE PASCALE ef al. 2001; AHMAD et al. 2005).

The quantification of malondialdehyde is an indica-
tor of membrane damage under salinity stress conditions
(KATsuHARA et al. 2005). Malondialdehyde is usually
used to indicate oxidative damage in fatty acids (AZEVEDO
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NETO et al. 2008), and its accumulation has been deter-
mined in plants under salinity stress such as cotton (MEL-
ONI et al. 2003), sugar beet (Bor et al. 2003), cowpeas
(CAVALCANTI et al. 2004), maize (AzEVEDO NETO et al.
2006) and rice (DEMIRAL & TURKAN 2006). In this study,
increasing the concentration of NaCl increased the MDA
and other aldehyde production in chickpeas. Although we
did not measure reactive oxygen species, the improved lev-
el of lipid peroxidation, measured by the increased MDA
concentration, could have resulted from the generation of
ROS under salinity conditions (Bor et al. 2003). Indeed,
the addition of SA and Ca considerably reduced the MDA
content in the leaves at all NaCl levels. It could be hypoth-
esized that the SA and Ca include the induction of antiox-
idant enzyme activity and lipid peroxidation (GUNEs et al.
2007). This may be explained on the basis of their roles, as
SA and Ca act as signal endogenous molecules to induce
the antioxidant response to protect the membrane from
oxidative damage (METHENNI et al. 2018).

Proline accumulation was a typical response to salt
stress and was associated with enhancing sodium chlo-
ride concentrations (AGHAEI et al. 2009). It is known that
proline can enhance sodium chloride tolerance in potato
plants (MARTINEZ et al. 1996). Most studies have shown
an increase in proline levels by salicylic acid (JaANDA et
al. 2007). The supplementation of salicylic acid increases
the amount of proline in plants under salinity (ABD EL-
HAMEID Asmaa ef al. 2017). It has also been reported that
salicylic acid plays an important protective role against
plant salinity stress by synthesizing proline (Misra & Sax-
ENA 2009; AL-WHATIBI et al. 2012; HEIDARIAN & ROSHAN-
DEL 2021).

The exogenous Ca induces anthocyanin synthesis by
regulating related structural and regulatory genes (M1cHA-
ILIDIS ef al. 2017; ZHU et al. 2019). Reducing sugars play a
role in regulating salinity stress and plant survival whereby
reducing sugars accumulate in the plant cytoplasm during
salinity stress (FALLON & PHILLIPS 1989; REJSKOVA et al.
2007). Increasing the availability of sugars also promotes
the synthesis of anthocyanins (HIRATSUKA et al. 2001)
which is consistent with our results from this study.

The results of the present research showed that the
DPPH radical scavenging activity in the chickpea leaves
significantly increased in the plants under salinity in com-
parison with the control. In terms of the activity of inhib-
iting DPPH-free radicals in response to salinity, the plants
treated with salicylic acid had a greater ability to control
ROS production than the control groups. Also, salicylic
acid treatment increased DPPH radical inhibition activity
in safflower plants under sodium chloride-stressed com-
pared to the control group (SHAKI et al. 2017).

This study shows that the use of salicylic acid and calci-
um improves chickpea NaCl tolerance by protecting pho-
tosynthetic pigments and osmolality accumulation, which
has a positive impact on plant growth.

K. Mahdavian: Cicer arietinum under salt stress

CONCLUSION

The current study shows that the application of salicylic
acid and calcium to the chickpeas counteracted the harm-
ful effects of salinity stress, facilitated the protection of
the pigment system, and improved lipid peroxidation and
osmolality accumulation, which in turn enhanced the a
plants’ antioxidant defense system and promoted growth.
Finally, it could be stated that the treatment with 1.5 mM
salicylic acid and 100 mM calcium was considered the
most effective among all these treatments and could signif-
icantly improve the physiological parameters of chickpea
plants affected by salinity.
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Efekat salicilne kiseline i kalcijum hlorida na lipidnu peroksidaciju i
sposobnost uklanjanja radikala leblebije (Cicer arietinum) pod stresom soli

Kobra MAHDAVIAN

Slanost izaziva $tetne morfoloske, fizioloske i metabolicke efekte kod biljaka. Ovo istrazivanje je imalo za cilj da proceni uticaj salicilne
kiseline (SA 0, 0.75 and 1.5 mM) i kalcijum hlorida (CaCl, 0, 50 and 100 mM), pojedinacno ili u kombinaciji, na razlicite morfoloske i
fizioloske karakteristike leblebije izloZene stresu soli (0, 25 and 75 mM NacCl). Rezultati su pokazali da dodavanje samo SA ili Ca poboljsava
ponasanje biljaka u prisustvu NaCl. Takode, duZzina izdanaka i korena, suva masa, hlorofili i karotenoidi opadaju pod uticajem soli, dok se
malohdialdehid (MDA), inhibicija DPPH radikala, antocijanini i prolin povecéavaju. Medutim, upotreba SA i Ca povecala je duzinu izdanaka
i korena, suvu masu, poboljsala hlorofil, karotenoide i reducirajuce Secere i zna¢ajno smanjila MDA i inhibiciju DPPH radikala u biljkama.
Ove studije impliciraju da su SA i Ca uzrokovali toleranciju na NaCl koja moze biti povezana s regulacijom antioksidativnih odgovora.
Takode, sugeriSe se da su koncentracija od 1,5 mM salicilne kiseline i koncentracija od 100 mM kalcijuma najprikladnije koncentracije za
poboljsanje fizioloskih parametara leblebije u uslovima slanosti. Dakle, SA i Ca ostvaruju oviu svoju ulogu, reguli$udi antioksidativni sistem.

Kljucne redi: stres, fotosintetski pigmenti, natrijum hlorid, kalcijum hlorid, prolin, reducirajuéi $eceri



