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Abstract⎯In the present study we tried to evaluate the effect of salicylic acid (SA) in alleviating the negative
effects of salinity stress. NaCl stress (50 and 100 mM) declines the shoot and root length and maximum
decrease was observed at 100 mM concentration of NaCl. Similarly shoot dry weight decreased by 57.14% and
root dry weight by 67.24% with 100 mM NaCl stress. The pigments and leaf relative water content (LRWC)
were also observed to decline with increase in NaCl concentration. However, supplementation of SA to NaCl
stressed seedlings showed enhanced length and dry weight of shoot and root. The pigment and LRWC also
increased by the application of SA in the present study. NaCl stress also enhanced proline and glycine betaine
(GB) by 3.01 and 2.04 folds, respectively; further enhancement was recorded by the application of SA.
Hydrogen peroxide (H2O2) and malondialdehyde (MDA) content also showed rise in accumulation, how-
ever, seedlings treated with SA and NaCl (100 mM + SA) declines the H2O2 accumulation to 1.90 from
2.45 folds and MDA to 1.69 from 2.34 folds over the control. Antioxidants were observed to increase with
NaCl concentration and further increase was recorded by the application of SA. Indoleacetic acid (IAA) and
indole butyric acid (IBA) decreased by 36.60 and 44.16%, respectively, and ABA increased by 750% with
100 mM NaCl. Addition of SA to NaCl stressed seedlings enhanced the IAA and IBA and decreased the ABA
concentration to appreciable level. NaCl is also responsible for the higher accumulation of Na+ and Na+/K+

ratio and decreased uptake of Ca2+ and K+. Supplementation of SA decreased the Na+ accumulation and
enhanced the uptake of Ca2+ and K+ in NaCl stressed seedlings. In conclusion, SA supplementation mitigates
the negative effects of NaCl toxicity in faba bean seedlings through the modulation of different osmopro-
tectants, antioxidants and nutrients uptake.
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INTRODUCTION
Plants are exposed to different environmental pres-

sures, which often lead to decreased plant growth and
development and ultimately the yield. NaCl stress is
one of the prevalent stress responsible for the pollution
of soil and water bodies throughout the globe. Salinity
stress is increasing and around 21% of the land is
affected and the most affected areas are arid and semi-
arid regions of world. Salinity has negative impact on

crop yield as it imposes osmotic and ionic stresses that
leads to reduced uptake of mineral elements and thus
decline the growth and yield. Excess accumulation of
Na+ ions result in reduced leaf relative content and
increased electrolyte leakage [1]. Prolonged or high
concentrations of NaCl stress leads to secondary stress
known as oxidative stress. Oxidative stress is developed
by the generation of reactive oxygen species (ROS),
and are very much reactive and can damage the bio-
molecules and other enzymatic activities of the cell.
Nature has equipped the plants with different defense
systems that include osmoprotectants like proline, gly-
cine betaine, carotenoids and enzymatic antioxidants
like superoxide dismutase (SOD), catalase (CAT),

1 The article is published in the original.
Abbreviations: APX—ascorbate peroxidase; CAT—catalase;
DAT—days after treatment; GB—glycine betaine; GR—gluta-
thione reductase; SA—salicylic acid; LRWC—leaf relative water
content.
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ascorbate peroxidase (APX) and glutathione reductase
(GR) [1–3]. Antioxidants neutralize ROS to avoid their
negative effects in plant cell. SOD dismutates the oxy-
gen radicals to H2O2, and CAT and APX are responsible
for the removal of H2O2. GR is important enzyme of
ascorbate-glutathione system and is responsible for
maintaining the reduced glutathione pool [3].

Salicylic acid (SA) is a phytohormone responsible
for the regulation of plant growth, photosynthesis and
other metabolic processes. Apart from this SA have
been reported to enhance the tolerance mechanism to
different abiotic stresses [4–6]. Kaya et al. [6] have also
reported mitigation of NaCl stress by the application of
SA. The positive role of SA under stress might be due to
enhanced mineral and water uptake and restoration of
photosynthesis, membrane stability etc. [5]. SA is a sig-
naling molecule and can interact with ROS signal path-
ways thereby can help in regulation of environmental
stresses against oxidative stress [7]. SA is also reported
to decrease the lipid peroxidation and enhance the
activity of antioxidant enzymes in different plants [5].

Faba bean (Vicia faba L.) belongs to family Legu-
minosae and is mainly cultivated for human consump-
tion as it is rich in proteins. Cultivation of faba bean
enhances the fertility of the soil as it increases the soil
nitrogen compounds. The faba bean is susceptible to
salinity stress and attempts are being made to increase
the production of this crop especially on wastelands
affected with salinity. Thus the present study was con-
ducted to evaluate the role of SA in mitigating the
adverse effects of NaCl on growth, physio-biochemi-
cal attributes and enzymatic antioxidants in faba bean.

MATERIALS AND METHODS
Plant material and experimental design. Healthy

and viable seeds of faba bean (Vicia faba L.) were sur-
face sterilized using sodium hypochlorite (0.5%, v/v)
for 3 min followed by washing with distilled water and
were allowed to germinate on a wet blotting paper.
Thereafter, healthy germinated seedlings were trans-
ferred to pots filled with acid washed sand and vermi-
compost in the ratio of 3 : 1. NaCl in varying concen-
trations (i.e. 0, 50 and 100 mM) dissolved in Hoagland
solution was applied to the pots after every alternate
day for 60 days under controlled conditions and con-
trol plants were given full strength Hoagland solution.
SA (10 mL/plant, 1 mM) mixed with surfactant,
tween-20 was applied foliarly using a manual sprayer
to plants after every alternate day from 10 day up to
60 days after treatment (DAT). Pots were arranged in
randomized block design with five replicates. After
60 DAT plants were uprooted carefully and washed with
distilled water to remove the dust and different growth
and biochemical parameters were analyzed. All chemi-
cals used in the present study were of analytical grade
procured from Sigma Aldrich, Merck and Himedia.

Growth and biomass yield. Length of shoot and root
was measured using a manual scale and for dry weight

estimation samples were oven dried at 70°C for 48 h
and then weighed.

Estimation of photosynthetic pigment content.
Method of Hiscox and Israelstam [8] were followed for
estimation of photosynthetic pigments. The optical
density (OD) was recorded at 480, 510, 645 and 663 nm
using spectrophotometer against blank DMSO.

Determination of proline and glycine betaine (GB)
content. Method of Bates et al. [9] was followed for
estimation of proline content and optical density was
recorded at 520 nm against toluene. For estimation of
GB method of Grieve and Grattan [10] was employed
and absorbance was read at 365 nm. Calculation was
done from standard curve of GB.

Determination of leaf relative water content. For
determination of leaf relative water content (LRWC)
method of Smart and Bingham [11] was adopted and
calculation was done according to following formula:

LRWC (%) = [(FW – DW)/(TW – DW)] × 100,
where FW—fresh weight; DW—dry weight; TW—tur-
gid weight.

Estimation of hydrogen peroxide (H2O2) and lipid
peroxidation. Method suggested by Velikova et al. [12]
was followed for the estimation of H2O2 and concen-
trations were calculated from the standard curve of
H2O2. Lipid peroxidation was measured in fresh leaf
tissues using the method of Heath and Packer [13] and
the formation of malondialdehyde (MDA) was
recorded spectrophotometrically at 532 nm and making
clarification with non-specific absorption at 600 nm.

Determination of electrolyte leakage. Electrolyte
leakage in fresh leaves was determined following
Dionisio-Sese and Tobita’s [14] method and was cal-
culated by the following formula:

Electrolyte leakage (%)
= [(EC1 – EC0)/(EC2 – EC0)] × 100,

where EC0—electrical conductivity was observed at
0 time point; EC1—electrical conductivity after con-
tents heated at 60°C; EC2—electrical conductivity
after contents heated at 100°C.

Antioxidant enzymes assay. Antioxidant enzymes
were extracted from fresh leaf sample (500 mg) in Tris-
HCl (100 mM, pH 7.5) containing dithiotrol (5 mM),
MgCl2 (10 mM), EDTA (1.0 mM), magnesium ace-
tate (5 mM), PVP (1.5%), PMSF (1.0 mM) and
1 μg/mL aproptinin in a pre-chilled pestle and mortar.
The homogenate was subjected to centrifugation at
10000 rpm for 15 minutes at 4°C and the supernatant
was used as enzyme source. However, the extraction
buffer for APX contained 2 mM ascorbate in addition
of the above ingredients. Soluble protein was esti-
mated employing method of Bradford [15].

For carrying the assay of superoxide dismutase
(SOD, EC 1.15.1.1) the ability of enzyme to inhibit the
photochemical reduction of NBT was observed at
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560 nm in accordance with the method of VanRossum
et al. [16]. Catalase (CAT, EC 1.11.1.6) activity was
estimated by monitoring the change in absorbance at
240 nm [17]. For ascorbate peroxidase (APX,
EC1.11.1.11) assay oxidation of ascorbate was mea-
sured as decrease in absorbance at 290 nm [18]. Foyer
and Halliwell’s [19] method was adopted for assaying
the glutathione reductase (GR, EC 1.6.4.2) activity
and change in optical density was recorded at 340 nm
for 3 minutes. The activities of all the enzymes were
expressed as U/mg protein.

Estimation of phytohormones. Phytohormones
including indoleacetic acid (IAA), indolebutyric acid
(IBA) and abscisic acid (ABA) were extracted by the
method of Kusaba et al. [20] and endogenous concen-
trations in the sample were determined by subjecting
the extract to HPLC.

Determination of ion accumulation. Na+, K+ and
Ca2+were estimated in oven dried leaf samples using
flame photometer after digesting the samples in acid
following Ahanger and Agarwal [3].

Statistical analysis. Data presented is mean of five
replicates with ±SD calculated and statistical analyses
was performed using one-way analysis of variance
(ANOVA) followed by Duncan’s Multiple Range Test
(DMRT). P-values (≤0.05) were considered as signif-
icant.

RESULTS
Salicylic Acid Enhanced Growth and Biomass Yield
NaCl stress decreased the growth and biomass yield

and the results are presented in Fig. 1. Shoot and root
length decreased by 54.58 and 66.98%, respectively,
with high concentration (100 mM) of NaCl stress.
Exogenous application of SA showed less decrease of
33.94% in shoot length and 30.56% in root length with
100 mM NaCl + SA over the control plants.

Shoot and root dry weight also decline with NaCl
stress and maximum decrease of 57.14 and 67.24%,
respectively, was observed with 100 mM NaCl stress
compared to control. Supplementation of SA to NaCl
stressed plants restored the dry weight with both stress
level (Fig. 1).

Salicylic Acid Restores Pigment Content
Plants exposed to salinity stress showed decreased

pigment content in the present study (Fig. 2). The
maximum decrease was observed to be 49.50, 58.85,
51.85 and 54.76% in chlorophyll a, chlorophyll b,
total chlorophylls and carotenoids, respectively, with
100 mM NaCl stress relative to control plants. SA sup-
plementation to NaCl stressed plants restored the pig-
ment content and showed less decrease of 6.93% in
chlorophyll a, 5.88% in chlorophyll b, 6.66% in total
chlorophylls and 19.04% in carotenoids with 100 mM +
SA over the control plants.

Salicylic Acid Boosts Proline, Glycine Betaine
and Leaf Relative Water Content

In the present study, 50 mM NaCl stress induced
proline and GB content by 3.01 and 2.04 fold, respec-
tively. Further increase of 4.98 fold in proline content
and 3.20 fold in GB was recorded with 100 mM NaCl
stress relative to control plants. Foliar spray of SA
boosted the proline accumulation by 6.05 folds and
GB by 3.46 folds with 100 mM + SA as compared to
control plants (Figs. 3a and 3b).

LRWC was decreased by 65.82% with 50 mM and
44.72% with 100 mM NaCl stress. However, applica-
tion of SA recorded increase of 14.30 and 17.49% with
50 mM + SA and 100 mM + SA, respectively, over the
untreated plants (Fig. 3c).

Salicylic Acid Declines Accumulation of H2O2,
MDA Content and Electrolyte Leakage

Salinity stress increased the accumulation of
H2O2 and MDA content in the present study
(Figs. 4a and 4b). Maximum accumulation of 2.45
and 2.84 folds in H2O2 and MDA, respectively, was
reported with 100 mM NaCl stress. Supplementation
of SA decreased the accumulation to 1.90 fold in
H2O2 and 1.69 fold in MDA content with 100 mM +
SA over control plants.

Electrolyte leakage increased by 30.15 and 62.11%
with 50 mM and 100 mM NaCl stress. However, NaCl
treated plants supplied with SA showed less decrease of
15.77% with 50 mM + SA and 45.21% with 100 mM +
SA relative to control (Fig. 4c).

Salicylic Acid Enhanced Activities 
of Antioxidant Enzymes

Salinity stress increased the activity of SOD, CAT,
APX and GR by 35.62, 48.13, 37.91 and 31.57%,
respectively, with 50 mM NaCl stress. The NaCl con-
centration of 100 mM showed further enhancement of
68.86% in SOD, 75.52% in CAT, 89.59% in APX and
42.74% in GR relative to control. Exogenous applica-
tion of SA further boosted the activity of SOD by
79.49%, CAT by 112%, APX by 105% and GR by
75.59% with 100 mM + SA over the control plants
(Figs. 5a and 5b).

Salicylic Acid Enhanced Phytohormones
Salinity stress decreased the IAA by 36.60% and

IBA by 44.16% with 100 mM NaCl stress. Plants
treated with NaCl in combination with SA showed less
decrease of 21.42 and 30.21% in IAA and IBA, respec-
tively, with 100 mM + SA over control plants. ABA
enhanced with NaCl stress to 512% with 50 mM and
750% with 100 mM NaCl stress. However, application
of SA maintains the ABA content to 277 and 507%
with 50 mM + SA and 100 mM + SA, respectively, rel-
ative to control plants (Figs. 6a–c).
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Fig. 1. Salicylic acid application enhanced shoot and root length (a) and shoot and root dry weight (b) in faba bean seedlings under
0, 50 and 100 mM NaCl treatments. 1—Shoots; 2—roots. 0—control; SA—salicylic acid. Data presented are the means ± SE (n =
5). Different letters indicate significant difference at P ≤ 0.05.
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Fig. 2. Salicylic acid boosts the pigment content in faba bean seedlings under 0, 50 and 100 mM NaCl stress. 1—Chlorophyll a;
2—chlorophyll b; 3—total chlorophyll, 4—carotenoids. 0—control; SA—salicylic acid. Data presented are the means ± SE (n = 5).
Different letters indicate significant difference at P ≤ 0.05.
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Salicylic Acid Restores Ion Accumulation
Na and Na/K ratio enhanced with NaCl concentra-

tion and maximum increase of 215 and 669%, respec-
tively, was reported with 100 mM NaCl treatment. Sup-
plementation of SA decreased the accumulation of Na+

ions by 153% and Na+/K+ ratio by 252% relative to con-
trol. K+ and Ca2+ decreased by 23.17 and 42.33%,

respectively, with 50 mM NaCl stress. Further decrease
of 58.39% in K+ and 60.58% in Ca2+ was recorded with
100 mM NaCl stress over control plants. However,
application of SA to NaCl treated plants restored the K+

and Ca2+ ions and less decrease of 26.99 and 35.52%
was observed in K+ and Ca2+, respectively, with
100 mM + SA relative to control plants (Fig. 7).

Fig. 3. Effect of different concentrations of NaCl (0, 50 and 100 mM) and salicylic acid on proline (a), glycine betaine (b) and
LRWC (c) in faba bean seedlings. 0—Control; SA—salicylic acid; LRWC—leaf relative water content. Data presented are the
means ± SE (n = 5). Different letters indicate significant difference at P ≤ 0.05.
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DISCUSSION

The NaCl concentration declined the growth in
terms of shoot and root length and biomass yield in the
present study. The decreasing growth and biomass
yield is also reported by other workers like Ahmad et
al. [21] in mustard, Ahmad et al. [2] in chickpea and
Ashraf et al. [22] in wheat. Inhibition in cell division
and cell elongation induced by NaCl stress is the main
reason of decreasing growth and biomass yield [1, 2].

Other reasons of reduced growth might be reduced
uptake of mineral nutrients, production of reactive
oxygen species, inhibition in cytoplasmic enzyme
activity, turgor loss and hormonal imbalance [22].
Exogenous application of SA enhanced the length of
root and shoot in NaCl stressed plants. The dry weight
of shoot and root also enhanced in NaCl stressed
plants supplemented with SA and the results corrobo-
rates Karlidag et al. [23] in Fragaria ananassa and Li
et al. [24] in Torreya grandis. The ameliorating effect

Fig. 4. Decrease in accumulation of H2O2 (a), MDA content (b) and electrolyte leakage (c) by the application of salicylic acid to
0, 50 and 100 mM NaCl treated faba bean seedlings. Data presented are the means ± SE (n = 5). Different letters indicate signif-
icant difference at P ≤ 0.05.
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of SA may be due to its role in enhanced CO2 assimila-
tion rate, enhanced rate of photosynthesis and uptake of
essential elements in NaCl stressed plants [25].

Decreased pigment content due to NaCl in the
present study coincides with the reports of Ahmad
et al. [1, 21] in mustard and Ashraf et al. [22] in wheat.
NaCl stress reduced the pigment system may be due to
the destruction in chlorophyll pigments, increased
activity of chlorophyllase, abnormality in pigment
protein complex and inhibition of mineral uptake
especially Mg2+ [20, 22]. SA enhanced the chlorophyll
and carotenoid content in NaCl stressed plants is also
reported in different plants [4, 29, 23]. The positive
role of SA in maintaining the chlorophyll content may
be due to enhanced uptake of Ca, Mg, Fe etc. SA also
enhanced the rate of photosynthetic electron trans-
port, maintains higher Rubisco activation, boosts
PSII efficiency [4]. Foliar application of SA improved
the activity of PSII, net photosynthesis, transpiration
rate and enzymatic antioxidants in cotton seedlings
under NaCl stress [4].

Improved LRWC is considered as the one of the
adaptations to stress [3]. Decreased LRWC under
NaCl stress is also reported by Ahmad et al. [21] in
B. juncea and Karlidag et al. [23] in strawberry plants.
NaCl stress induced the osmotic and ionic stress by
hampering the uptake of water and nutrients [2, 5]
which in turn decreased the LRWC. Foliar application
of SA enhanced the leaf diffusive resistance and lower
transpiration rates [22] and that could be one of the
reasons of enhanced LRWC under stress.

Proline accumulation was reported to increase with
increasing concentrations of NaCl in present study.
Similar reports have been described for other plants
like B. juncea [1] and Vigna radiate [4]. Salt tolerant
cultivars have been reported to accumulate more pro-
line content than susceptible cultivars indicating the
role of proline in stress tolerance [21]. Proline is
involved in osmoregulation and helps in stabilizing
membranes and maintains protein structures under
stress [1, 3, 21]. Proline is also reported to have antiox-
idant property that quenches the ROS and reduces

Fig. 5. Activities of superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX) and glutathione reductase (GR) in 0,
50 and 100 mM NaCl treated faba bean seedlings by application of salicylic acid: a—activity of SOD (1) and CAT (2); b—activity of
APX (3) and GR (4). 0—Control; SA—salicylic acid. Data presented are the means ± SE (n = 5). Different letters indicate significant
difference at P ≤ 0.05.
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photo-damage of thylakoid membranes [4] and acts as
energy storage and boosts N2 fixation in plants. GB is
also involved in cell osmoregulation and is also
reported to inhibit accumulation of ROS, shields pho-
tosynthetic machinery and activates genes related to
stress and protects the protein structures from the neg-
ative effects of abiotic stress [4]. Supplementation of
SA enhanced the LRWC in the present study and the
results corroborates with the findings of Karlidag et al.
[23] in Fragaria x ananassa. Supplementation of SA
enhanced the proline and GB content in NaCl stresses

plants and the results coincides Li et al. [24] in Torreya
grandis and Khan et al. [4] in Vigna radiate, respec-
tively. GB provides protection under NaCl stress by
boosting the antioxidant defense machinery. The main
role of GB is osmoprotection and stabilization of qua-
ternary structure against NaCl stress [4].

Salt stress increased the H2O2, MDA and electro-
lyte leakage in the present study corroborates with the
findings of Ahmad et al. [21]. Ashraf et al. [22] also
reported increased H2O2 content in wheat under NaCl

Fig. 6. Effect of different concentrations of NaCl (0, 50 and 100 mM) and salicylic acid on phytohormones content in faba bean
seedlings: a—indoleacetic acid (IAA); b –indolebutyric acid (IBA); c—abscisic acid (ABA). 0—Control; SA—salicylic acid. Data
presented are the means ± SE (n = 5). Different letters indicate significant difference at P ≤ 0.05.
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stress reflecting in increased MDA content. ROS
directly attacks the biomolecules and polyunsaturated
fatty acids (PUFAs) linoleic (18:2) and lenolenic
(18:3) and forms complex mixture of lipid hydroper-
oxides and decreases the permeability of the mem-
branes. Electrolyte leakage under NaCl stress was also
reported in other plants like strawberry Karlidag et al.
[23] and B. juncea [20]. Protection from membrane
disintegration is an important criterion for salinity tol-
erance mechanism and SA treatment has been shown
to decrease the H2O2 levels.

NaCl stress induces antioxidants has also been
reported by many authors on different plants [1, 4, 20,
21]. SA enhanced the antioxidant activity and has been
also reported by Li et al. [24] in Torreya grandis under
NaCl stress. SA mitigates the salinity stress due to
enhanced activity of APX and proline [24]. External
supply of SA mitigated NaCl stress in S. lycopersicum
by expression of GST gene family [26]. Enhanced
expression of antioxidants genes like GPX1, GPX2,
GST1, GST2 and ASA-GSH pathway due to SA appli-
cation restores the membrane integrity with concomi-

tant increase in photosynthetic pigments [24] and may
be due to the reduced generation of ROS.

Phytohormones are very important constituents
for imparting tolerance to the plants against abiotic
stresses. Similar to our results Sakhabutdinova et al.
[27] also reported the decrease in IAA under stress and
NaCl decreased the IAA and IBA in S. lycopersicum
has been reported by Hashem et al. [28]. External sup-
plementation of IAA has been reported to improve the
NaCl tolerance in wheat [29]. Priming of wheat seeds
with IBA showed enhanced tolerance against NaCl
stress [30]. Actual mechanisms underlying SA induce
enhancement in the endogenous levels of IAA and
IBA with subsequent decline in ABA is not known yet.
However, SA being an important signaling molecule
crosstalk with other hormones including IAA and IBA
so can induce their synthesis.

NaCl stress accumulated Na+ and Na+/K+ ratio
and decreased K+ and Ca2+ uptake in the present study
corroborated with Hashem et al. [28] in S. lycopersi-
cum. Similar results were obtained in mustard by
Ahmad et al. [1]. Na+ and K+ shares similar physico-

Fig. 7. Application of salicylic acid maintains the uptake of Na+ and K+ (a) and Na+/K+ ratio and Ca2+ (b) in faba bean seedlings
under 0, 50 and 100 mM NaCl stress. 1—Na+; 2—K+; 3—Na+/K+ ratio; 4—Ca2+. 0—control; SA—salicylic acid. Data presented
are the means ± SE (n = 5). Different letters indicate significant difference at P ≤ 0.05.
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chemical structure due to which competition exists
between the two ions for the uptake [3]. Ahmad et al. [1]
have reported that Na+ uptake is increased with increas-
ing concentration of NaCl, which eventually decreased
the uptake of K+ and Ca2+. Decreased K+ and Ca2+

uptake in presence of NaCl stress is also reported by
Karlidag et al. [23] in strawberry. Uptake of minerals is
one of the main adaptations to confer stress tolerance
[1, 3]. SA enhanced the uptake of essential nutrients like
K+, Ca2+ and the results corroborates the findings of
Szepesi et al. [25] in tomato. The enhanced uptake of
mineral nutrients might be due to SA-induced
H+-ATPase activity. The positive correlation of SA and
mineral nutrient uptake suggested the ameliorating role
of SA against salinity stress.

To conclude, salinity stress affects growth, biomass
yield and pigment system and other physiological
attributes in the present study. However, plants have
some mechanism to deal with this type of environ-
mental pressure. The activity of antioxidants got
enhanced with NaCl exposure. Application of SA to
NaCl treated seedlings further enhanced the proline,
GB and activities of antioxidant enzymes. SA also
enhanced the uptake of nutrients, which were ham-
pered by under NaCl stress. Thus application of SA to
enhance the growth and crop yield can be a sustainable
approach to deal with salinity affected soils and can
bring these wastelands under cultivation. A possible
involvement of exogenously applied SA in regulating
the signaling events for better NaCl tolerance in Vicia
faba can be proposed and future research is needed to
reach a conclusion.
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