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Abstract: Pot experiments were conducted in the greenhouse of the National Research Centre, Dokki, Giza,
Egypt during two successive winter seasons 2010/2011 and 2011/2012 to assess the impacts of irrigation with
diluted seawater (Tap water, 2000 and 4000 mgL ) and Salicylic acid (SA) (0, 1 and 2 mM) on growth, yield and1

antioxidant enzymes activities of faba bean (Vicia faba L.) plants.. The work concerned to study the effect of
Salicylic acid on growth criteria (shoot height and shoot dry weight), soluble sugars and protein, antioxidant
enzymes (SOD, APX and GR) activities and specific activities, lipid peroxidation, electrolyte leakage and yield
criteria (Pod weight, seed weight, seed number and 100-seed wieght). The obtained results revealed that salt
treatments provoked oxidative stress in faba bean plants as shown by the increase in lipid peroxidation and
electrolyte leakage and consequently negatively affected growth and yield criteria. Foliar spray with SA at the
concentration of 2mM followed by 1mM mitigated the harmful effects of salt stress through the enhancement
of the protective parameters, such as antioxidant enzymes, soluble sugars and proteins and consequently
improved growth and yield criteria. Based on the obtained results, it could be suggested that the protection
mechanism had helped the plants to increase their tolerance against salt stress, through mainly the decrease
in membrane damage symptoms leading to intercellular osmotic adjustment.
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INTRODUCTION Salinity  is the  most  serious  threats  to  agriculture  and

Faba bean (Vicia faba L) is considered the main minerals  and  salt  materials  are   major   harmful  factors
leguminous crop grown in Egypt as its seeds are used for in  arid  and  semi-arid  region  of  worldwide  [4].  Salt
human consumption. Thus, many efforts have been stress is known to perturb multiple of physiological
consistly made to  increase its productivity. As fresh processes including photosynthesis  [5].  Salt induced
water recourses and the area alloted for this crop are not osmotic  stress  as  well  as  sodium  toxicity  trigger   to
sufficient to meet the food demand of the increasing the   formation   of   reactive   oxygen   species  (ROS)
population (about 90 million) in Egypt, cultivation of such as superoxide (O ), hydrogen peroxide (H O ),
marginal area together with the use of hard water may hydroxyl radical (OH ) and singlet oxygen  (O ),  which
solve this problem. Plants in natural environments are can damage mitochondria and  chloroplasts by
subject to a variety of stresses which have negative disrupting  cellular  structures  [6]. In addition, salt
effects on their growth. Water shortage or drought stress tolerance  has  been  found  to  be  positively  associated
is the most limiting factor for agricultural production [1]. with   a   more   efficient  antioxidant  system  [7].  In  view
Plants respond to drought stress at the physiological, of these reports, it was suggested that salt tolerance
cellular and molecular levels, but the extent of damage could  be  induced  by  enhancing  antioxidant  capacity
depends on the  age  and stage of plant growth [2]. of plants.

for more   important   globally  [3] water consisted
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Salicylic acid is a naturally occurring plant hormone of salicylic acid on faba bean grown under salinity
of  phenolic  nature that has diverse effects on tolerance conditions. Seeds of faba bean (Vicia faba L. cv. Giza 429)
to abiotic stresses [8, 9]. Application of SA induced were selected for uniformity by choosing those of equal
tolerance in plants to many biotic and abiotic stresses size and with the same colour. The selected seeds were
including fungi, bacteria and viruses, chilling, salinity, washed with distilled water, sterilized with 1% sodium
drought and heat [8]. It participates in regulation of hypochlorite solution for about 2 min and thoroughly
physiological process in plants such as stomata closure, washed again with distilled water. Five seeds were sown
ion uptake and transport, inhibition of ethylene on November 21 in the 1  and 2  seasons, respectively in
biosynthesis, transpiration, stress tolerance, membrane plastic pots (40 cm diameter and 40 cm depth) filled by
permeability  and  photosynthesis and  growth  [9,  10]. clay soil. Some characteristics of the soil used in the
The effects of SA on physiological processes of plants experiment before cultivation  are pH 8.52, the cations
depend on its concentration, type of plant, the stage of were Ca  7.31, Mg  3.00, Na 8.26 and K 1.8meq  while
plant growth and environmental conditions; thus, it can anions   were   HCO    4.80,   Cl 720,  So   8.36  meqL .
have beneficial or inhibitory effects on plant physiological To reduce  compaction  and improve drainage, the soil
processes. Salicylic acid has improved salt tolerance of was mixed with yellow sand in a proportion of 3: 1 (v: v).
wheat seedlings [11] and drought tolerance of At sowing time a granular commercial rhizobia was
Arabidopsis seedlings [12]. Salicylic acid (SA) is incorporated into the top 30 mm of the soil in each pot
considered as a hormone like substance, which plays an with the seeds. Seedlings were thinned after 10 days after
important role in regulating  a  number  of  physiological sowing (DAS) to leave two seedlings per pot till harvest.
processes such as growth, photosynthesis, nitrate Granular ammonium sulphate 20.5% N at a rate of 40 Kg N
metabolism, ethylene production, heat production and ha  and single superphosphate (15% P O ) at a rate of 60
flowering [13] and also provide protection against biotic Kg P O ha  were added to each pot. The N and P
and abiotic stresses such as salinity [14] in plants. fertilizers  were  mixed  thoroughly into the soil of  each

Interestingly, the majority of SA-regulated abiotic pot immediately before sowing. Soil field capacity in the
stresses in plants are related to antioxidative responses, clay soil (38 %)  was  estimated by saturating the soil in
suggesting that SA as an internal signal molecule that the pots with water and weighing them after they had
interacts with reactive oxygen species signal pathways drained for 48 h. The experiments was laid out in factorial
and could regulate physiological adaptation to some experiment in complete randomize design with five
environmental stresses, including oxidation damage [15]. replications. Three levels of irrigation with diluted
Protection of plants from oxidative damage by SA is seawater (Mediterranean sea water) was used (Tap water,
associated  with  an  increase  in the level of ROS and 250 ppm), 2000 and 4000 mgL  and sprayed with three
Lipid peroxidation [16-19]. Ameliorative effects of SA levels of salicylic acid at the rate of 0, 1mM and 2mM were
have been  well  documented  in  inducing salt tolerance applied twice at 45 and 60 DAS. The pots were irrigated
in many crops [4, 20-24]. Ali and Mahmoud [25] pointed with equal volumes of the various salinity levels based on
out that application of different salicylic concentration the soil  moisture  needs. Plant  samples were taken after
increased the plant height, number of pods and 75 DAS, for determining some growth criteria (Shoot
seeds/plant as well as 100 seeds weight of mungbean height and shoot dry weight) and some biochemical
plants. constituents determinations. At harvest time (120 DAS),

Thus,  the  present  study  was undertaken in a  trial pods were collected from each replicate and some yield
to alleviate the harmful effects of salinity and to draw criteria such as pod weight (g), seed weight (g), seed
relationships between improved salinity tolerance and numbers and 100 seeds wieght (g) were determined.
growth and productivity in faba bean plants due to
exogenously applied salicylic acid. Osmotic Solutes Determination: Soluble sugars were

MATERIALS AND METHODS method Yemm and Willis [26]. Soluble protein was

Two pot experiments were conducted in the
greenhouse of National Research Centre, Dokki, Cairo, Antioxidant  Enzyme Assays: Extraction  of the
Egypt during  two  successive winter seasons of antioxidant enzymes SOD, APX and GR were determined
2010/2011 and 2011/2012 to study the effect of foliar spray 5g   of    frozen    leaves    tissues   were   homogenized  in
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determined according to Bradford [27].
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pre-chilled mortar  in  presence of 10ml of 50mM Statistical Analysis: The data were subjected to the
potassium phosphate buffer (pH 7) with 1% (w/v) analysis of variance   (ANOVA) appropriate to the
insoluble polyvinyl pyrolidone (PVP) and 0.1 mM EDTA. factorial experiment in complete randomize design
The extraction procedures were repeated twice and according to the  procedure  outlined by Gomez and
supernatants were pooled, raised to a certain volume, Gomez [33].
referred as crude enzyme extract, all operation were carried
out  at-4°C   for further  analysis. The activity  of SOD (EC RESULTS AND DISCUSSION
1.15.1.1) was determined according to Dhindsa et al. [28].
One unit of SOD was defined as the amount of enzyme Growth Criteria: Irrigation  of  faba  bean plants with
that inhibits by  50% the rate of NADH oxidation 4000 mgL  diluted seawater resulted in a reduction in
observed in blank. APX activity (EC1.11.1.11) was shoot height and shoot dry weight compared to control
determined according to Nakano and Asada [29]. One unit (Table 1). The reduction was estimated by 9.61% and
of APX  was  defined  as  the amount of enzyme that 35.82% compared to the control plants irrigated with tap
breaks down 1µ mol of ascorbate per min. and GR activity water. Foliar application with SA at concentrations of
(EC 1.6.4.2)  was  determined according to Zanetti [30]. 1mM or 2mM recorded significant increments in growth
One unit of GR was  defined  as  the amount of enzyme parameters under tap water, 2000 or 4000 mg L  seawater
that decreases 1A  per min. treatments. The reduction in growth parameters under340

Lipid Peroxidation and Electrolyte Leakage faba been plants was reported by Stoeva and Kay
Determinations: Lipid peroxidation was determined by Makanova [34]  and Bekheta et al. [35], respectively.
measuring Malondialdehyde  (MDA) content as Since salt stress limits plant  growth by adversely
described by  Dhindsa et al. [31] and leakage of affecting various physiological and biochemical
electrolyte measurements  according  to Gilley and processes  including photosynthesis,  antioxidant
Fletcher [32]. capacity and homeostasis [36].

1

-l

salinity conditions were obtained in bean seedlings and

Table 1: Effect  of  different  levels  of  diluted seawater  and  salicylic  acid  concentrations  on  growth  and  yield  and  yield  components  of  faba  bean

(average of two seasons) 

Salinity levels Salicylic acid Shoot height Shoot dry Pods weight Seed weight No of 100 seeds

(mgL ) (mM) (cm) weight (g/plant) (g/plant) (g/plant) seeds/plant weight (g)1

Tap water 0 68.50 3.66 11.30 8.77 12.00 73.07

1 72.50 4.06 13.48 11.64 14.22 81.86

2 74. 00 4.35 15.60 12.75 15.44 82.61

Mean 71.67 4.02 13.46 11.05 13.89 79.18

2000 0 64.67 2.94 8.96 7.50 9.67 77.64

1 67.50 3.41 10.83 9.56 12.00 79.84

2 70.00 3.64 11.89 10.56 13.00 81.31

Mean 67.39 3.33 10.56 9.21 11.56 79.60

4000 0 63.00 2.16 7.32 5.95 7.78 76.81

1 65.83 2.90 8.88 7.44 9.22 80.65

2 65.50 2.69 8.48 7.15 8.78 81.50

Mean 64.78 2.58 8.23 6.85 8.59 79.65

Mean values of 0 65.39 2.92 9.19 7.41 9.82 75.84

salicylic acid 1 68.61 3.46 11.06 9.55 11.81 80.78

2 69.83 3.56 11.99 10.15 12.41 81.81

LSD 0.05 S NS 0.13 0.37 0.70 0.95 NS

SA NS 0.16 0.64 0.79 0.76 NS

S x SA NS NS 1.11 NS 1.32 NS
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It is reported that SA induced increase in growth stated that the beneficial effect of SA on improving yield
could be related to enhanced activity of antioxidants that may be due to the translocation of more photo assimilates
protect the  plants  from oxidative  damage  [20]. to the seeds. These results may be due to the role of
Moreover, it can be suggested that foliar spray with SA salicylic acid in enhancing some physiological and
might have affected certain metabolic factors in carbon biochemical aspects [46]. These findings are in agreement
uptake of fixation including Rubisco enzyme with  those reported  by   Aly   and  Mahmoud  [25],
concentration and activity and or photosynthetic carbon Arfan et al. [37]and Singh and Usha [47] on wheat, Gunes
reduction (PCR) cycle [37]. However, exogenous et al. [48] on maize and Elwan and El-Hamahmy [49] on
applications of SA improved the plant growth in salt pepper.
stressed  faba  bean  plants. These results are in
agreement with those obtained by Ali and Mahmoud [25], Soluble Osmolytes: It is clear from Fig. 1 and 2 that
Kaydan et al. [38], Hussein et al. [39], Karlidag et al. [40] soluble sugars and proteins of faba bean plants grown
and Erdal et al. [41]. under   salt    stress   treatment   (2000  and  4000 mgL )

Yield and Yield Components: Increasing salinity levels (1mM, 2mM) were increased as compared to control
resulted in a significant reduction in the yield and yield plants. The accumulation of soluble sugars or soluble
components (Table 1). Increase salinity levels in irrigation proteins was more prominent in leaves in plants grown
water reduced the mean pods weight by 21.54% and under salinity stress rather than those attained in tap
38.85%, number of seeds per plant by 16.78% and 38.16% water treated plants. Application of SA stimulated the
and seed yield by 16.65% and 38.01% for 2000 and 4000 biosynthesis of soluble sugars and soluble proteins,
mgL salt treatments, respectively compared to the especially at 2mM SA under 4000 mgL  seawater1

corresponding controls. In this regard, Mass [42] reported treatment. It is well known that organic solutes play a
that broad bean was moderately sensitive with a salinity major role in the mitigation of salt stress [50-52] since
threshold 1.6 dSm  and 50% reduction in seed yield protection of cell structures against oxidative damage and1

observed at 5.6 dSm . Moreover, Sharma [43] found that maintaining the structure of proteins and membranes are1

50% reduction in seed yield was observed at 9.5 dSm . the main functions of compatible solutes [53-55] to reduce1

Also, De pascale  and  Barbieri [44] stated  that soil osmotic potential in the cytoplasm and contributes to
salinity reduced the mean pod weight by 15%, number of maintaining water homeostasis among several cellular
pods per plant by 48% and seed yield of faba bean by compartments [56]. Some authors suggested that soluble
67%. Wang et al. [45]  reported that NaCl salinity is one sugars was among the organic solutes could maintain
of  the  major  environmental factors that limit plant water relations [57, 58] to perform strong correlation
growth and productivity. However, treating plants with between sugar accumulation and salt tolerance [59] as a
SA under salinity or tap water irrigation caused trial  of  the  plant  to  maintain  its turgidity to overcome
increments  in  all  the  studied  yield  criteria.  It  could  be the  increased  resistance  to  water  uptake  in  roots  [35].

1

in  combination  of  different   concentrations  of SA

1

Fig. 1: Effect of different levels of diluted seawater and salicylic acid on soluble sugars of faba bean (Mean values ± SE).
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Fig. 2: Effect of different levels of diluted seawater and salicylic acid on soluble protein of faba bean (Mean values ± SE).

Fig. 3: Effect of different levels of diluted seawater and salicylic acid on the activity and specific activity of superoxide
dismutase, ascorbate peroxidase and glutathione reductase enzymes of faba bean (Mean values ± SE).

Others  suggested that  proteins  may  be  increased [59] activities  of  different  studied antioxidant  enzymes
or decreased [60, 61] under salt stress. The reduction of (SOD, APX and GR) measured in leaves of faba bean
protein under salinity conditions is due to the prevention plants.  Meanwhile,  obvious increments in  those
of nitrate reductase activity [62]. However, increasing enzymes were  attained  in response to SA with 2mM
nitrate reductase activity by salycilic acid depends on the when combination with salt irrigation. The increase
material action with special inhibitor of nitrate [63]. recorded in SOD activity and specific activity could

Antioxidant Enzymes: Fig. 3 illustrated that the seawater generation. SOD catalysis the conversion of the
treatments slightly increased the activities and specific superoxide  anion  to  H O .  These  results  are  in a good

represent a defense mechanism against salt - induced O-
2

2 2
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Fig. 4: Effect  of  different  levels  of  diluted  seawater  and  salicylic  acid  on  lipid   per   oxidation   of   faba  bean
(Mean values ± SE).

Fig. 5: Effect  of  different  levels  of  diluted  seawater  and  salicylic  acid  on  electrolyte  leakage (%) of faba bean
(Mean values ± SE).

agreement with those reported by Wang and Han [64], Higher GR and APX activities resulted in tolerant plants
Koca et al. [65] who found higher constitutive and against salt stress were reported by Hussein and Orabi
induced  level of SOD  in  salt-tolerant  plant  species. [72] on onion and Orabi and Mekki [58] on sugar beet.
High levels of intercellular H O  induced cytosolic APX The activity of both enzymes (APX & GR) increased2 2

activity under salt stress [66], APX activity may have an significantly in response to SA application under sea
important role  in  the  mechanism of salt tolerance in water stress [73], where salycilic acid enhances the ROS
plants [67]. APX  and  GR,  the key enzymes in the such as H O [74] to elevate the plant tolerance to salt
Halliwell-Asada pathway, are  involved  in the reduction stress.
of H O  by using ascorbate  as an antioxidant and2 2

NADPH as a reductant, to generate ASC [68] and GSH Lipid per Oxidation and Electrolyte Leakage: Data
[69], respectively. Hence, ASC-GSH cycle is well known presented  in  Fig  4  and  5  illustrated  remarkable
to be important in the removal of H O  [70] and thereby increase in Malon dialdehyde content and ion leakage2 2

protecting plants against oxidative stress [71]. Moreover, level in response to 2000 and 4000 mgL  sea water
Wang and Han [64] reported higher inherently and treatment  as  compared  to  tap  water  treatment.
induced  level  of  APX in  wild  salt-tolerant  alfalfa. However, the applications of SA were effective in

2 2

1
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decreasing both MDA and E.L% in plants under tap water 6. Azevedo-Neto, A.D., J.T. Prisco, J. Enéas-Filho,
or salinity treatments. The stimulation effect of sea water
on the value of MDA and E.L % might be attributed to
injury of plasma membrane. That damage caused by ROS
which could induce Lipid per oxidation and consequently
Electrolyte leakage [72, 75].  Reduction  of MDA levels
and E.L% in response to SA treatments might be due to
induction  of  antioxidant responses that protect the
plants from oxidative damage, increased membrane
stability and tolerance of plants which in turn enhanced
scavenging of harmful free radicals [19, 40] and elevated
ca uptake that protects the plant from the oxidative
damage by SA [20, 76, 77].

CONCLUSION

In conclusion, faba bean plants grown under salt
stress and foliar treated with SA could alleviate the
harmful impacts of salt irrigation through the
enhancement of the protective parameters such as
antioxidant enzymes specific activities and soluble
osmolytes. This could suggest that the protection
mechanism had helped the plants to increase their
tolerance against  salt  stress, through mainly the
decrease in membrane damage symptoms leading to
intercellular osmotic adjustment.
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