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Exogenously applied salicylic acid has been shown to be an essential signal molecule involved in both
local defense reactions and induction of systemic resistance response of plants after salt stress. Our
study was aimed at evaluating the foliar spray with different levels (0.0, 0.5 and 1.0 mM) of salicylic acid
(SA) on broad bean (Vicia faba L) seedlings grown under diluted seawater on growth and some related
physiological responses. Seawater irrigation negatively affected growth parameters, free amino acids
and K+, while the contents of soluble sugars and protein, proline, Cl -, Na+, ion leakage, lipid
peroxidation and antioxidant enzyme activities were significantly increased. Foliar spray with SA
improved all growth parameters and increases the activities of antioxidant enzymes. On the other hand,
plants treated with SA had lower Cl'and Na®, while K" had a reverse pattern. Based on our findings, the
effectiveness of SA in inducing seawater stress tolerance depends upon the concentration of SA
applied. The inducer effect of SA was greater with 1 than 0.5 mM treatment. This effect includes the
stimulation of antioxidant enzyme activities and regulation of osmotic adjustment through accumulation
of osmotic solutes and regulation of absorption and distribution of inorganic ions.
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INTRODUCTION

There is increasing consciousness among agricultural
scientists and planners for using seawater to irrigate
crops (Liu et al., 2003). Soil salinity under the influence of
seawater stress irrigation decreases crop yield through
increasing osmotic stress on the plant (Azooz and Al-
Fredan, 2009). The response of plants to excess salinity
is complex and involves changes in morphology,
physiology and metabolism (Parida and Das, 2005). At
the whole plant level, the effect of stress is usually
perceived as a decrease in photosynthesis and growth
associated with alteration in carbon and nitrogen
metabolism (Mwanamwenge et al, 1999). The
maintenance of plant growth and development in saline
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environments is associated with osmotic adjustment,
synthesis of compatible osmolytes and accumulation of
Na' in the vacuoles (Ramani et al., 2006). Proline, amino
acids, soluble protein and carbohydrate compounds,
among the most important compatible solutes, play an
important role in plant salt tolerance by osmotic adjust-
ment (Munns, 2002; Ashraf and Harris, 2004; Azooz,
2009).

Under salt stress, osmotic adjustment is usually
achieved by the uptake of inorganic ions such as Na+, o}
and K" from the growth media (Misra and Gupta, 2006).
Accumulation of K™ and limitation of Na* and CI” in root
than in shoot has been considered a physiological trait
indicator for salt tolerance in plants (Azooz et al., 2004;
Song et al.,, 2006; Morsy et al., 2007). The ability of
plants to limit Na* transport to shoots is important for
maintenance of high growth rates and protection of



metabolic processes from Na* toxicity (Razmjoo et al.,
2008).

High concentrations of salts in seawater result in
membrane injury and loss of permeability (Di Baccio et
al., 2004). Salt stress induces oxidative damage to plant
cells catalyzed by reactive oxygen species (ROS) (Di
Baccio et al., 2004; Azevedo-Neto et al., 2006), that are
high when plants are exposed to salinity stress (Jaleel et
al., 2008a; Ashraf, 2009). Plant cells posses an
antioxidant defense system including catalase (CAT),
peroxidase (POD), ascorbate peroxidase (APX) and
glutathione reductase (GR), which help in detoxifying
ROS (Panda and Upadhyay, 2003; Jaleel et al., 2006).

Salicylic acid (SA) is considered as a hormone-like
substance, which plays an important role in the regulation
of plant growth and development. Improvement or modi-
fication of plant growth and development can occur by the
direct application of SA to seeds (Arfan et al., 2007,
Azooz and Youssef, 2010). lon uptake and transport
(Wang et al.,, 2006), photosynthetic rate, membrane
permeability and transpiration (Khan et al., 2003) could
also be affected by SA application. Khodary (2004) found
that SA treatment increased the chlorophyll and
carotenoid contents in maize plants.

Exogenously applied SA has been shown to be an
essential signal molecule involved in both local defense
reactions and induction of systemic resistance response
of plants after salt stress (Loake and Grant, 2007). It has
been shown that SA treatment increased resistance to
abiotic stresses of many crop plants (Wang et al., 2006;
Noreen and Ashraf, 2008). Interestingly, the majority of
SA-regulated abiotic stresses in plants are related to anti-
oxidative responses, suggesting that SA as an internal
signal molecule that interacts with reactive oxygen
species (ROS) signal pathways and could regulate
physiological adaptation to some environmental stresses,
including oxidation damage (Borsani et al., 2001).
Protection of plants from oxidative damage by SA is
associated with an increase in antioxidant enzyme
activities and a decrease in the level of ROS and lipid
peroxidation (Wang et al., 2006; Shi and Zhu, 2008;
Sharhrtash et al., 2011).

Broad bean (Vicia faba L.) is the most important
legume crop and a major source of protein. Cultivation of
broad bean leads to the increase of soil N compounds
(Hungria and Vargas, 2000). Several researches showed
that SA had a positive role in ameliorating the damaging
effects of salt stress in many plant species (Arfan et al.,
2007; Noreen and Ashraf, 2008; Nazar et al.,, 2011,
Syeed et al., 2011). The effectiveness of SA in inducing
salt stress tolerance depends upon the developmental
phase of plants (Borsni et al., 2001) or the concentration
of SA applied (Noreen and Ashraf, 2008). Thus, the
objective of this work was to provide additional
information about the evaluation of foliar spray with
different levels (0.0, 0.5 and 1.0 mM) of SA on broad
bean plants at early vegetative stage grown under diluted
seawater.

MATERIALS AND METHODS
Plant cultivation and treatments

Broad bean (Vicia faba L.) seeds were surface sterilized in aqueous
solution of 0.1% HgClz for 1 min, with frequent shaking and then
thoroughly washed three times with distilled water. The washed
seeds were planted in 2 L plastic pots (5 seeds/pot), lined with
polyethylene bags and filled with soil composed of clay and sand
(2:1 by volume). The pots were divided into two groups (18 pots/
group). The first group was irrigated with normal water (0%
seawater) to serve as control, and the second group was irrigated
with 25% seawater (seawater/normal water). Then, the pots were
kept in growth chamber maintained at 22/20 + 2°C day/night
(10/14h) temperature cycles and relative humidity 65% + 5. When
the seedlings were at two-leaf stage, the pots of each group were
divided into three sub-groups (6 replicates for each sub-group).
Foliar spraying with distilled water was applied to the seedlings of
the first sub-groups, while the seedlings of the second and third
groups were sprayed with 0.5 and 1.0 mM SA, respectively. A
constant volume (5 ml/ plant) of the SA solution was sprayed on all
pots with a manual sprayer (the soil was covered during spraying).
Spraying was conducted two times at intervals of 7 days. The test
plants were irrigated daily with water to maintain the seawater level
used and left to grow for the period of the experiment (21 days).

Harvesting

Plants were uprooted 21 days after cultivation. The harvested
plants were washed, fresh weight (FW) determined and roots and
shoots separated. Root and shoot lengths were measured. To
determine the dry matter, the fresh materials were dried in an
aerated oven (Program oven, MOV-313P, Sanyo, Japan) at 80°C
until constant weight. The samples were ground into fine powder
and stored in sealed glass containers at room temperature until
analysis.

Determination of leaf relative water content, ion leakage and
Photosynthetic pigments

Leaf relative water content (LRWC) was determined according to
Smart (1974). lon leakage was measured as electrical conductivity
(EC %) according to Yan et al. (1996). Photosynthetic pigments
(chlorophyll a, chlorophyll b and carotenoids) were estimated in
80% acetone extracts using the spectrophotometric method
according to Linchtenthaler and Wellburn (1983).

Determination of osmotic solutes

Soluble sugars were extracted from plant tissues and determined
using the anthrone sulphuric acid method (Fales, 1951); dried
tissue of roots and shoots was extracted with distilled water. One
ml of the extract was mixed with 9 ml of anthrone sulphuric acid
reagent in a test tube and heated for 7 min at 100°C. The
absorbance was read spectrophotometrically (Spectronic Genesys
ZPC, Rochester, NY, USA) at 620 nm, against a blank containing
only distilled water and anthrone reagent. Soluble protein was
determined according to Bradford (1976). Free amino acids were
determined according to the method of Lee and Takahashi (1966).
Proline was determined by ninhydrin method according to Bates et
al. (1973).

Determination of inorganic ions

The inorganic ions (Na+ and K+) were determined by flame



photometry (Jenway, PFP-7) according to Wiliams and Twine
(1960). Chloride was analyzed by precipitation as AgCI and titration
according to Johnson and Ulrich (1959).

Assays of some antioxidant enzyme activities

Enzyme extraction: The samples were prepared as described by
Mukherjee and Choudhuri (1983). A leaf sample (0.5 g) was frozen
in liquid nitrogen and ground using a porcelain mortar and pestle.
The frozen powder was added to 10 ml of 100 mM phosphate buffer
(KH2PO4 / K2HPO4) pH 7.0, containing 0.1 mM Naz2EDTA and 0.1 g
of polyvinylpyrrolidone. The homogenate was filtered through
cheesecloth, and then centrifuged at x 15,000 g for 10 min at 4°C.
The supernatant was recentrifuged at 18,000 x g for 10 min, and
then the resulted supernatant was collected and stored at 4°C for
catalase (CAT), peroxidase (POD),ascorbate peroxidase (APX) and
glutationer reductase (GR) assays.

Catalase (EC 1. 11. 1. 6) activity was assayed according to Aebi

(1984). The activity of catalase was estimated by the decrease of
absorbance at 240 nm for 1 min as a consequence of H202
consumption (Havir and McHale, 1987). Peroxidase (EC 1. 11. 1. 7)
activity was determined according to Maehly and Chance (1954) by the
oxidation of guaiacol in the presence of H202. The increase in
absorbance due to formation of tetraguaiacol was recorded at 470 nm
(Klapheck et al., 1990). The activity of ascorbate peroxidase (EC 1.
11. 1. 11) was assayed according to (Chen and Asada, 1992), by
measuring the decrease in absorbance at 290 nm for 1 min caused
by ascorbic acid oxidation. Glutathione reductase (EC 1. 6. 4. 2)
activity was measured according to Foyer and Halliwell (1976), from
the rate of decrease in the absorbance of NADPH at 340 nm.

Determination of lipid peroxidation

Lipid peroxidation level was measured as the content of
malonyldialdehyde (MDA) using the thiobarbioturic method (Zhao et
al., 1994), and expressed as nmol of MDA formed using an

extinction coefficient of 155 mM™ cm™ as nmol (MDA) g'1 fresh
weight.

Statistical analysis

All data were analyzed statistically by one-way ANOVA. Values in
the figures indicate the mean values + SD based on independent
six determinations (n =6). Least significant difference (L.S.D) test
was used to assess the differences between treatments; p < 0.05
was considered statistically significant.

RESULTS AND DISCUSSION
Growth parameters

Growth performance of broad bean (Vicia faba L) under
the 0 (control) and 25% seawater irrigation was estimated
by measuring the lengths and dry weights of roots and
shoots, water content (WC), transpiration rate and leaves
relative water content (RWC) (Figures 1A to H).

Treatment with 25% seawater irrigation was found to
reduce values of growth parameters as compared with
those of controls. These parameters were less affected in
shoots than in roots. The reduction in root and shoot dry
weight (Figures 1B and E) in plants subjected to

seawater stress was 15 and 10% lower than the control,
respectively. Foliar applications with salicylic acid (SA) at
concentrations of 0.5 or 1.0 mM through the early vegetative
stage generally increased the values of such growth
parameters under 0 or 25% seawater treatments. This
increase in growth parameters was appeared to be larger at
the higher concentration of SA (1.0 mM) especially under
25% seawater treatment. These results are in agreement
with those of Ates and Tekeli (2007) who showed in their
studies that salinity caused a marked reduction in dry weight
and WC of roots and shoots in Parsian clover. Similar
decreases in growth parameters were found in Salvodora
persica and Hibiscus sabdariffa L. under saline conditions
(Dagar et al., 2004; Azooz, 2009). This might be due to the
toxic effect of seawater salinity or increased crucial osmotic
pressure at which the plant would not be able to take up
water. Furthermore, seawater salinity may lead to nutrient
balance disorders in the root (Salter et al., 2007). Seawater
stress exhibited more reduction in growth parameters of
roots than shoots. This may be attributed to the higher water
content of shoots than those of roots. Foliar application of
SA, generally had a positive effect on the growth parameters
and water status of roots, shoots and leaves, whereas
transpiration rate was decreased compared to the untreated
plants irrigated with O or 25% seawater (Figure 1H).
However, the addition of 0.5 mM SA had no significant
effects (compared to controls) on the root and shoot water
contents (WC) of the examined plants under 0 and 25%
seawater irrigation (Figures 1C and F, respectively). The
positive effect of foliar application with SA on the growth
parameters and water status has also been reported under
stress conditions (Khodary, 2004; Hussein et al., 2007;
Erdal et al., 2011). They studied the growth criteria of maize
and wheat plants and found that foliar application of SA at
different concentrations stimulated the dry weight of roots
and shoots of such plants which is consistent with our
results in broad bean plant. Several studies have discussed
the effect of salt stress on the growth parameters such as
El-Tayeb (2005) who observed in his study that RWC of
leaves and WC of shoots and roots in barley plant declined
under salt stress. However, the SA treatments induced
increases in such parameters. On the other hand, Lu et al.
(2002) reported that with increasing salinity, leaf water
potential and evaporation rate decrease significantly in the
Suaeda salsa L. with no changes in leaf RWC. The increase
in dry weight of roots and shoots of SA treated plants may
be explained by an increased efficiency of water uptake as
well as a decrease in transpiration rate.

Photosynthetic pigments

A significant decrease in photosynthetic pigment contents
of the broad bean plants under the treatment of seawater
irrigation was observed. Exogenous application of SA
caused in most cases, an increase in chlorophyll a, b,
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Figure-1.Effect of different concentrations-(0-0,-0.5-and-1-mM-)-of salicylic acid on lengths, dry weights and water

content of root (A, B and C) and shoot (D, E and F), leaves relative water content (G) and transpiration (H) of
broad bean (Vicia faba L.) irrigated with 0.0% (control) or 25% seawater. Vertical bars represent + SD.

carotenoids and total pigment contents under non-saline
and 25% saline conditions, compared with the control
(Figures 2A to D). Application of foliar SA at 1.0 mM was
found to be more effective in increasing such fractions of
pigments either under O (control) or 25% seawater appli-
cation. Results obtained in this study are in agreement
with those of Dagar et al. (2004) for Salvadora persica
and Jaleel et al. (2008a) for Withania somnifera. The
reduction in leaf pigment contents under salt stress has

been attributed to destruction of chlorophyll pigments and
the instability of the pigment complex (Jaleel et al.,
2008a). It may be also attributed to the interference of
salt ions with the de novo synthesis of proteins, the
structural component of chlorophyll, rather than the
breakdown of chlorophyll (El-Tayeb, 2005). Zhou et al.
(1999) reported that photosynthetic pigments increased
in corn with SA application. Moreover, Khan et al. (2003)
showed that SA increased photosynthetic rate in corn
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Figure 2. Effect of different concentrations (0.0, 0.5 and 1 mM) of salicylic acid on chlorophyll a
(A), chlorophyll b (B), carotenoids (C) and total photosynthetic pigments (D), in leaves of broad
bean (Vicia faba L.) irrigated with 0.0% (control) or 25% seawater. Vertical bars represent + SD.

and soybean.

Osmotic solutes

Osmotic solutes (soluble sugars, soluble proteins, free
amino acids and proline contents) of Vicia faba L. plants
grown under seawater treatment and at different
application of SA (Figures 3 A to H) showed that, soluble
sugars (Figures 3A and B) and proline (Figures 3G and
H) contents in roots and shoots respectively, of the
examined plants under 25% seawater condition, were
significantly increased as compared with the control
plants. Furthermore, it was found that foliar application of
SA on the tested plants significantly enhanced the
contents of soluble sugars and proline in roots and shoots
of these plants. The 25% seawater treatments
supplemented with the 1.0 mM SA to the plants, have
recorded the highest levels of soluble sugars, while the
opposite trend was recorded in proline content in roots
and shoots of broad bean plants.

Regarding soluble proteins content (Figures 3C and D);
the present data revealed that soluble proteins were

mostly unaffected in roots, while they were increased in
shoots under treatment of 25% seawater irrigation. The
accumulation of soluble proteins under such condition
was more prominent in shoots (about 2-fold) rather than
those attained in roots. Application of SA stimulated the
biosynthesis of soluble proteins, especially at 0.5 mM SA,
under 25% seawater treatment.

The content of free amino acids (Figures 3E and F) had
a reverse pattern to those observed in each of soluble
sugars and proline contents. In relation to the free amino
acids in roots and shoots of Vicia faba plants, there was
a decrease in the free amino acids values under the
treat-ment of 25% seawater (about 13 and 33%,
respectively) lower than those recorded at non-saline
condition. Application of the tested concentrations of SA,
enhanced the free amino acids content for the examined
organs in the broad bean plants under non-saline and
saline conditions. It is noticed in the present study that
the concentration of the different estimated fraction from
the organic solutes was higher in shoots than those in
roots at different concentrations of SA and under saline
or non-saline conditions.

It is well known that organic solutes play a major role in
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the mitigation of salt stress (Azooz et al., 2004; Misra and
Gupta, 2005; Silva et al., 2008). Accumulation of these
compatible solutes reduces osmotic potential in the
cytoplasm and contributes to maintaining water homeo-
stasis among several cellular compartments (Sairan and
Tyagi, 2004). Among all organic solutes, soluble sugars
(Ashraf and Harris, 2004) and proline (Azooz 2004; Jaleel
et al., 2007a) represent the most osmotically active
organic solutes. Higher proline accumulation can be
appreciated as a further important factor of adaptation to

salinity as reported in number of species (Ashraf and
Harris, 2004; Hameed and Ashraf, 2008). In our study,
the proline content of seawater stressed plants increased
significantly, suggesting an excellent mechanism of
plants to decrease the osmotic potential. These results
support the hypothesis that proline accumulation is a part
of physiological response of the plant to intense stress
(Ain-Lhout et al., 2001). The accumulation of proline may
be thought an increase in its synthesis constantly with
inhibition of its catabolism (Yoshiba et al., 1997; Jaleel et



al., 2007b). Our results revealed that seawater salinity
significantly decreased the free amino acids content in
shoots and roots. This indicates that the accumulation of
proline seemed to be at the expense of reduction in the
other free amino acids under seawater stress.

A strong correlation between sugar accumulation and
salt tolerance has been widely reported (Hameed and
Ashraf, 2008). Accordingly, soluble sugars and proteins
contents in shoots and roots were much higher than
those of free amino acids. Our results suggest a greater
participation of soluble sugars and proteins than free
amino acids in maintaining water relations in both roots
and shoots. Proteins may be increased (Hameed and
Ashraf, 2008) or decreased (Jaleel et al., 2008b) under
salt stress. However, Bacheller and Romeo (1992) in
Spartina alternifolia reported no change in soluble
proteins under salt stress. This confirms our results which
revealed that soluble proteins were increased in shoots,
while mostly unaffected in roots under seawater stress.

Foliar application of SA concentrations, significantly
increased the contents of soluble sugars, proteins as well
as free amino acids, while the proline content was
decreased in both roots and shoots as compared with
untreated plants either under seawater or non-seawater
(control) conditions, suggesting an ameliorative function
of SA on seawater toxicity. The accumulation of these
osmolytes seems to be correlated with greater tolerance
against seawater stress when stressed plants treated
with SA. The stimulation effect of SA on the biosynthesis
of soluble sugars and proteins was associated to an
increase in photosynthetic pigments and consequently
the photosynthetic apparatus (Yildirim et al., 2008). The
reduction of proline as a result of SA treatments was
associated with an increase in soluble proteins. This
indicates that foliar spray with SA could stimulate the
incorporation of proline into proteins leading to increase
of broad bean growth. It can be notable that 1.0 mM SA
accumulated lower soluble proteins than 0.5 mM SA in
plant roots and shoots. These results imply that effect of
SA on these biochemical events is not a general effect of
SA and the effectiveness of SA in inducing salt stress
tolerance depends upon the concentration of SA applied
as reported by Noreen and Ashraf (2008).

Inorganic ions

Concerning the inorganic ions (Figures 4A to H), the
results indicated that, CI' and Na contents were
significantly increased with 25% seawater (Figures 4A to
. +
D), whereas the opposite trends was observed for K and
+ + . . .
K /Na ratio (Figures 4E-H) in both roots and shoots. The
- + . .

contents of Cl and Na were higher in roots than shoots.

. . +
SA application decreased the amounts of Cl and Na
under non-saline or seawater treatments for both plant
organs. The reduction was more prominent in root than in

shoot, and in plants subjected to seawater stress than
those of control. The lowest values of CI(60 and 78%)

and Na" (74 and 85%) were attained at 1.0 mM SA con-
centration in roots and shoots, respectively under 25%
seawater condition compared with the corresponding SA-
untreated plants. The treatments of SA did not signifi-
cantly influence the K" concentration in roots of the

plants. However, K" concentrations in shoots were highly
significant under the application of 1.0 mM SA in both
non-saline (30%) and saline (43%) conditions, over the
corresponding plants untreated with SA. Foliar spray with
SA decreased markedly Na' and mcreased K content

leading to consequently increased of K *INa" ratio in the
two organs of control and seawater-stressed plants.
K'/Na" ratio were higher in roots and shoots of seawater-
stressed plants than plants irrigated with normal water
(control).

Seawater salinity enhances the content of Na" and CI
as reported by Gunes et al. (2007). Soil salinity affects
plant growth and development t+)y way of osmotic stress
and injurious effects of toxic Na' and CI ions caused by
the excess of these ions (Sairan and Tyagi, 2004).

+ - ;
Therefore, a low rate of Na and Cl transport to shoots is
one of the important adaptive components of plant to salt
stress (Munns, 2002). This explains why the injuries
effects of seawater on growth parameters were lower in
shoots than in roots of broad bean plants Our results
showed that shoots had the highest K */Na" than roots in
accordance with results obtained by others (Ates and
Tekeli, 2007; Lopez et al., 2008). Ashraf and Orooj (2006)

. . + + . .
reported that the maintenance of higher K /Na ratios in
shoots of Trachyspermum ammi L. could be an important
component of its salt tolerance. Gharsa et al. (2008)
concluded that the better toIerance of plant to salt stress
was prrmarlly due to better K assrmllatron resulting in

higher K */Na" ratios. High K *INa" selectivity in plants
under saline conditions is considered as one of the
important selection criteria for salt tolerance (Ashraf and
Harris, 2004). SA succeeded in reducing the levels of CI
and Na© and increasing the content of K" and K'/Na"
ratio as reported by Gunes et al. (2007) and Syeed et al.
(2011). This means that foliar spray with SA reduced the
toxicity of Cl" and Na" which reflected the positive effect
of SA on growth and development of broad bean plants
when subjected to seawater stress. Thus, the restricted
uptake of CI" and Na' as a result of SA treatments was
increased and consequently maintenance of high K *INa"

ratio in roots and shoots. This indicates that SA could
play important role in selectivity of these ions under sallne
or non-saline conditions. The posmve effect of SA on K*

uptake and inhibitory effect on Na" and CI' could be

responsible for managing of seawater stress on broad
bean plant.

Antioxidant enzyme activities

Compared with the control, the 25% seawater treatment
significantly increased the activity of different evaluated
antioxidant enzyme activities (CAT, POD, APX and GR)
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measured in leaves of seawater-treated Vicia faba L. However, CAT activity (Figure 5A) was more obvious
(Figures 5A to D). CAT activity of seawater-stressed under the treatment of seawater applied to the plant
plants increased in plants treated with seawater alone leaves with 0.5 mM SA. POD activity of seawater-

and in plants with seawater and applied with SA.

stressed leaves of the examined plants, increased under
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peroxidase (POD) (B), ascorbate peroxidase (APX) (C) and glutathione reductase (GR) (D) in leaves
of broad bean (Vicia faba L.) irrigated with 0.0% (control) or 25% seawater. Vertical bars represent £

SD.

the application of 1.0 mM SA However, the highest value
of POD activity was recorded in the 0.0 seawater treat-
ment at 1.0 mM SA (Figure 5B). The activity of APX and
GR in the leaves of Vicia faba L. plants was also induced
by the treatment of 25% seawater (Figures 5C and D).
The activity of both enzymes increased significantly in
response to the different application of SA, reached the
maximum activity of APX under 1.0 mM SA, whereas the
highest activity of GR was recorded at the 0.5 mM SA
application. There are reports that salt stress increases

the content of H2O 2 and peroxidation of lipid membrane
leading to disrupter of its permeability or induce oxidative
damage in plant tissues (Demiral and Turkan, 2005;
Jaleel et al., 2008a). Membrane injury under salt stress is
related to increased production of high toxic reactive
oxygen species (ROS) (Hernandez et al., 2000; Khan and
Panda, 2008). The higher activity of antioxidant enzymes
either in plants irrigated with seawater or in combination
with foliar spray with SA is a good

implication of plant ability to cope with ROS produced as
a result of seawater stress as reported by others in many
plant species (Di Baccio et al., 2004; Parida and Das,
2005; Athar et al., 2008; Azooz, 2009). They suggested
that salt tolerance could be induced by enhancing anti-
oxidant capacity of plants. Hydrogen peroxide produced
during salt stress can easily permeate membranes and
can be removed by catalase or peroxidase (Meloni et al.,
2003; Khan and Panda, 2008). Bor et al. (2003) reported
that increased activity of GR closely related with salt
tolerance capacity in sugar beet plant. The enhancement
effect of SA on growth parameters could be related to
enhanced activity of antioxidant enzyme activities that
protect the plants from the oxidative damage (Noreen
and Ashraf, 2008; Nazar et al., 2011). Thus, the
increases observed in growth parameters of broad bean
plants irrigated with seawater when treated with SA may
be attributed to the inductive responses of antioxidant
enzyme activities, and the protective role of membranes
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Figure 6. Effect of different concentrations (0.0, 0.5 and 1 mM) of salicylic acid on MDA (A) and electrical
conductivity (B) in leaves of broad bean (Vicia faba L.) irrigated with 0.0% (control) or 25% seawater. Vertical

bars represent + SD.

that increase the tolerance of plant damage (Gunes et al.,
2007). The variations observed in response of antioxidant
enzyme activities to the concentrations of SA indicated
that, these responses depend upon the concentration of
SA applied.

Lipid peroxidation and ion leakage

Lipid peroxidation which measured as MDA and ion
leakage which measured as electrical conductivity (EC
%) showed that, MDA and EC% levels (Figures 6A and

B) significantly increased (about 52 and 15%,
respectively) in response to 25% seawater treatment over
those of control. However, the applications of SA were
effective in decreasing both MDA and EC % in plants
under O or 25% seawater treatments. The stimulation
effect of seawater on the value of EC% and MDA may be
attributed to injury of plasma membrane caused by
reactive oxygen species which could induce lipid
peroxidation (Yin et al., 2008). Reduction of MDA levels
and EC % in response to SA application might be related
to induction of antioxidant responses that protect the
plants from oxidative damage (Afzal et al., 2006;
Sharhrtash et al., 2011). The improvement of growth of
seawater stressed plants as a result of SA treatments
may be related to maintenance of the membrane integrity
as well as to the retardation of lipid peroxidation and
reduction of membranes injury.

Conclusion

From the above mentioned results, it could be concluded
that, seawater stress had inhibitory effects on the growth

parameters of broad bean (Vicia faba L.) plants. While,
osmotic solutes, antioxidant enzyme activities, lipid
peroxidation in the different organs of Vicia faba L. plants
were increased. Foliar spray with different concentration
of SA solution could contribute to a reduction of the
injurious effect of seawater stress on growth and some
related physiological and antioxidant responses of broad
bean (Vicia faba L.) plants. The protective role of SA
mainly includes the stimulation of antioxidant enzyme
activities, reducing the level of lipid peroxidatin and ion
leakage, regulation of osmotic adjustment through the
accumulation of osmotic solutes (soluble sugars, soluble
proteins and free amino acids), reducing of proline and
regulation the absorption and distribution of inorganic
ions (CI, Na' and K+) in seawater-stressed plants. The
inorganic contents, osmotic solutes and antioxidant
enzymes could be have a specific role in the adjustment
of the plant organs toward seawater stress. The
effectiveness of SA in inducing seawater stress tolerance
depends upon the concentration of SA applied.
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