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ABSTRACT

The differential responses of two faba bean (Vicia faba L.) local Egyptian genotypes to salinity (0 or 140 mM NaCl) and seed
priming with 0.2 mM salicylic acid (SA) were studied. Salinity caused no significant changes in dry weight and tissue water
content of genotype 115, whereas they were significantly reduced in genotype 125. Genotype 115 exhibited higher
accumulation of osmotic solutes, carotenoids and antioxidant enzymes activity (CAT, POD, APX & GR) than genotype 125.
In contrast, ion leakage and lipid peroxidation were lower in genotype 115 than in genotype 125. Salinity induced high
selectivity of K'/Na' ratio in genotype 115 than genotype 125 and in shoot than in root for both genotypes. Application of SA
not only mitigated the inhibitory effect of salt stress in both genotypes, but also in some cases induced a stimulatory effect
greater than that estimated in the control plants. The results indicated that both faba bean genotypes can develop different
mechanisms of adaptation to salt stress. The beneficial effect of SA could be used for improving their salt tolerance.
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INTRODUCTION

Salt tolerance in plants is a complex trait, which varies
widely among closely related species and between different
varieties (Sreenivasulu et al., 2000; Ashraf, 2002).
Differences between closely related plants are particularly
interesting to identify a small number of factors responsible
for salt tolerance (Gehlot et al., 2005). Salinity stress has
been studied in relation to regulatory mechanisms of
osmotic and ionic homeostasis (Ashraf & Harris, 2004). The
response of plants to a salinity stress may vary with the
genotype; nevertheless some general reactions occur in all
genotypes. Salinity can affect plant physiological processes
resulting in reduced growth and yield (Yamaguchi &
Blumwald, 2005). Increased tolerance to salinity stress in
crop plants is necessary in order to increase productivity
with limited water supplies and high salinity. Tolerant
genotypes respond to salinity stress with complex changes
in their physiological and molecular status (Morsy et al.,
2007). During the course of salinity stress, active solute
accumulation of osmotic solutes such as soluble
carbohydrates, proteins and free amino acids is claimed to
be an effective stress tolerance mechanism. The adaptability
of plant species to high salt concentrations in soil by
lowering tissue osmotic potential was accompanied by
accumulation of these osmotic solutes (Zhu, 2002; Jaleel et
al., 2008). Studies of Heikal et al. (2000), Ismail and
Azooz (2002) revealed that salt tolerance of Vicia faba L.
was correlated with higher accumulation of ionic and

osmotic solutes in salt-tolerant than that of salt-sensitive
plants.

Differences in the accumulation patterns of Na™ and
K" were found under salinity stress. The salt tolerant plants
maintained a high K" content and higher K'/Na' ratio
compared with the salt sensitivity plants (Azooz et al., 2004;
Rejili et al., 2007). High K'/Na" ratio is more important for
many species than simply maintaining a low concentration
of Na" (Cuin et al., 2003).

Salinity stress is known to trigger oxidative stress in
plant tissues through the increase in reactive oxygen species
(Apel & Hirt, 2004). Chloroplasts are the major organelles
producing the reactive oxygen species (ROS) such as, the

superoxide radical (O,*), hydrogen peroxide (H,O,) and

singlet oxygen (O7;) during photosynthesis (Asada, 1992).
Salt stress induces a significant reduction in photosynthesis.
This reduction depends on photosynthesizing tissue (leaf
area) and photosynthetic pigments (Dubey, 2005; Raza et
al., 2006). The production of ROS can be particularly high,
when plants are exposed to salinity stress (Athar et al.,
2008; Ashraf, 2009). ROS cause chlorophyll degradation
and membrane lipid peroxidation. So, malondialdehyde
(MDA) accumulation as product of lipid peroxidation and
chlorophyll retention are two oxidative stress indicators that
are tested tools for determining salt tolerance in plants
(Yildirim et al., 2008). To scavenge ROS, plants posses
specific mechanisms, which include activation of
antioxidant enzymes (Jaleel, et al., 2006) and non-
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enzymatic antioxidants such as, carotenoids and ascorbic
acid (Mittler, 2002).

Salt tolerance has been found to be positively
associated with a more efficient antioxidant system (Mittler,
2002; Noreen & Ashraf, 2008). A correlation between the
antioxidant enzyme activities and salinity tolerance was
demonstrated by comparison of tolerant cultivar with
sensitive cultivar in several plant cultivars. These activities
were reported to increase under salinity stress and closely
related to salt tolerance of many plants (Azevedo Neto et al.,
2006; Athar et al., 2008).

Faba bean is an important legume crop as a major
source of protein and occupies large area of cultivated land
in Egypt. Cultivation of faba bean leads to increase of soil
nitrogenous compounds (Hungria & Vargas, 2000). Salicylic
acid (SA) is considered as a hormone-like substance, which
plays an important role in regulating a number of
physiological processes and provide protection against
biotic and abiotic stresses in plant. The protective function
of SA includes the regulation of ROS and antioxidant
enzymes (Khan et al., 2003; Shi & Zhu, 2008). The role of
SA in defense mechanism to alleviate salt stress in plants
was studied (Afzal et al., 2006; Eraslan et al., 2007; Hussein
et al., 2007). The mitigation effect of SA to abiotic stresses
was investigated through its application either by foliar
spray of maize (Khodary, 2004), seed soaking of wheat
genotypes (Al-Hakimi, 2006) or through rooting medium of
wheat (Arfan et al., 2007). The effect of salicylic acid on the
physiological processes is variable, promoting some
processes and inhibiting others depending on its
concentration, plant species and environmental conditions
(El-Mergawi & Abdel Wahed, 2004).

Comparing the response between genotypes of the
same species to salinity provides a convenient and useful
tool for un-veiling basic mechanisms involved in salt
tolerance. The mechanism of salt tolerance is still not fully
understood (Ghars et al., 2008). Therefore, the objective of
this work was conducted to compare the effect of salt stress
on growth parameters, physiological and antioxidant
responses of two faba bean (Vicia faba L.) genotypes
differing in salt tolerance and whether seed priming with
salicylic acid (SA) could mitigate the adverse affect of salt
stress.

MATERIALS AND METHODS

Seeds of both faba bean (Vicia faba L.) genotype 115
and 125 (local Egyptian faba bean genotypes) were obtained
from the Faculty of Agriculture, Assuit University, Egypt.
Homogenous seeds of both genotypes were surface
sterilized using 5% sodium hypochlorite solution for 5 min
and then rinsed 3 times with sterile distilled water. The
seeds of each genotype were subjected to seed priming, first
group was hydroprimed (soaked in distilled water), while
the second group was osmoprimed [soaked in 0.2 mM
salicylic acid (SA) for 10 h, this concentration was
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suggested after some preliminary experiments]. After
soaking period the seeds were air dried. Seeds of the two
groups were sown in plastic pots (10 seeds in each pot) lined
with polyethylene bags and filled with soil composed of
clay and sand (1:1 by volume). The pots of each group were
further divided into two sub-groups; the pots of the first sub-
group were irrigated with normal water only to serve as
control, while the pots of second sub-group were irrigated
with 140 mM NaCl. Four replicates from each treatment
were prepared. The pots were kept in growth chamber
maintained at 22/20+£2°C day/night (10/14 h) temperature
cycles and relative humidity 60+5%. The concentration of
NaCl was maintained constant through the experimental
period (20 days) by adding distilled water.
Harvesting. The plants were uprooted 20 days after
planting and split up into the root and shoot system. They
were rinsed with deionized water and blotted on paper
towels before being weighed (fresh weight).
Growth measurement. Leaf area was measured by Digital
Planimeter (Placom KP-90). To determine dry weight; the
freshly harvested roots and shoots 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 glasses at room temperature for
the chemical analysis.
Determination of relative water content, ion leakage and
photosynthetic pigments. Leaf relative water content
(RWC) was determined according to Smart (1974). Ion
leakage was measured as electrical conductivity (EC%)
according to Yan et al. (1996); the washed leaves were cut
into 1 cm pieces and placed in a glass beaker containing 10
mL deionised water. The beakers were kept at 30°C for 3 h
and the conductivity of solution was measured by a
conductivity meter. The same samples were boiled for 2
min and then their conductivity was measured again, when
the solution was cooled to room temperature. The
percentage of electrolyte leakage was calculated as follows,
EC (%) = (C1/C2) X 100. Where C1 and C2 are the
electrolyte conductivities measured before and after boiling,
respectively.

Photosynthetic pigments (chlorophyll a, chlorophyll b
& carotenoids) contents were estimated in 80% acetone
extracts using the spectrophotometric method according to
Lichtenthaler and Wellburn (1983).
Determination of osmotic solutes, Na* and K*. Soluble
carbohydrate was extracted from the plant tissues and
determined according to the anthrone sulphuric acid method
(Badour, 1959); the dried tissue of roots and shoots was
extracted by distilled water. One mL of the carbohydrate
extract was mixed with 9 mL of anthrone sulphuric acid
reagent in a test tube and heated for 7 min at 100°C. The
absorbency was read spectrophotometrically (Spectronic
Genesys ZPC, Rochester, NY, USA) at 620 nm against
blank containing only distilled water and anthrone reagent.
Soluble protein was determined according to Bradford
(1976). Free amino acids were determined according to the



REDUCING SALINITY EFFECTS BY SA PRIMING / Int. J. Agric. Biol., Vol. 11, No. 4, 2009

method of Lee and Takahashi (1966). Na" and K were
determined by the flame photometric method (Williams &
Twine, 1960).
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 finely
ground by pestle in a chilled motor, the frozen powder was
added to 10 mL of 100 mM phosphate buffer
(KH,PO4/K,HPO,) pH 7.0, containing 0.1 mM Na,EDTA
and 0.1 g of polyvinylpyrrolidone. The homogenate was
filtered through cheese cloth then centrifuged at 15000 g for
10 min at 4°C. The supernatant was re-centrifuged at 18000
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 glutatione reductase (GR)
assays.
Assay of catalase activity. Catalase (EC 1. 11. 1. 6) activity
was assayed according to Aebi (1984). The activity of
catalase was estimated by the decrease of absorbency at 240
nm for 1 min as a consequence of HO, consumption (Havir
& McHale, 1987).
Assay of peroxidase activity. Peroxidase (EC 1. 11. 1. 7)
activity was determined according to Maehly and Chance
(1954) by the oxidation of guaiacol in the presence of H,0,.
The increase in absorbance due to formation of tetraguaiacol
was recorded at 470 nm (Klapheck et al., 1990).
Assay of ascorbate peroxidase activity. The activity of
ascorbate peroxidase (EC 1. 11. 1. 11) was assayed
according to (Chen & Asada, 1992), by measuring the
decrease in absorbance at 290 nm for 1 min of ascorbic as
ascorbic acid oxidized.
Assay of glutathione reductase activity. The activity of
glutathione reductase (EC 1. 6. 4. 2) was measured
according to Foyer and Halliwell (1976), which depends on
the rate of decrease in the absorbance of NADPH at 340 nm.
All the enzyme activates were calculated and
expressed as unit min” gm™ fresh weight.
Determination of lipid peroxidation. Lipid peroxidation
level was measured as the content of malondialdehyde
(MDA) using the thiobarbioturic method (Zhao et al.,
1994). It was expressed as nmol of MDA formed using an
extinction co-efficient of 155 mM"' ¢cm™ and the results
expressed as nmol (MDA) g™ fresh weight.
Ascorbic acid determination. It was determined according
to the method of Mukherjee and Choudhuri (1983). The
absorbance was read at 525 nm. Its concentration was
calculated from a standard curve plotted with known
concentrations of ascorbic acid.
Statistical analysis. All data were analyzed statistically by
one-way ANOVA using the Statistical Package for Social
Science (SPSS) program. Values in the tables indicate mean
values of four independent determinations. The least
significant difference (L.S.D.) was used to test the difference
between treatments; p<0.05 and p<0.01 were considered
statistically significant and highly significant, respectively.
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RESULTS

Growth parameters (dry weights of root, shoot & leaf
area) and water relations (plant water content & leaf relative
water content) were reduced in both faba bean (Vicia faba
L.) genotypes as response to salinity stress (Table I). The
reduction values were much higher (P<0.01) in genotype
125 than genotype 115 in compared to control plants. The
reduction percentage in dry weight was higher in root (about
24 & 12%) than of shoot (about 19 & 4%) in genotype 115
and 125, respectively as compared with control. However,
salicylic acid (SA) treatments had stimulation effects on
such parameters under both saline or non-saline (control)
conditions. SA treatments were not only alleviated the
inhibitory effect of salt stress on shoot dry weight and leaf
relative water content of genotypell5, but also induced a
great stimulating effect than those of control plants.

Salinity stress reduced total chlorophyll (chl. a+b)
contents in genotype 125, whereas they were un-changed in
genotype 115. On the other hand, carotenoids content was
significantly increased (p<0.01) in both genotypes. It was
increased by 51.7% and 26.8% in genotype 115 and 125,
respectively over control plants (Table II). Consequently,
total chlorophyll/carotenoids ratio was significantly reduced
(p<0.01). Seed priming with SA improved all fractions of
photosynthetic pigments in both genotypes, especially in
plants subjected to salt stress.

The responses of osmotic solutes (soluble
carbohydrate, protein & free amino acids) to salinity were
greatly varied (Table III). Soluble carbohydrate was
increased in root and shoots of genotype 115, while it was
un-affected in shoot and increased in root of genotype 125
in response to salinity stress compared with control. Soluble
protein was significantly reduced in root and shoot of both
genotypes. Total free amino acids were significantly
decreased in root, while they were un-affected in shoot of
genotype 125. Meanwhile, total free amino acids were
significantly increased (p<0.01) in genotype 115. It is
worthy to mention that the contents of osmotic solutes were
generally higher in genotype 115 than in genotype 125
especially in salt-stressed plants. Application of SA resulted
in higher contents of soluble carbohydrate and free amino
acids, whereas soluble protein was decreased as compared
with SA untreated plants especially in plants subjected to
salt stress.

Contents of Na’, K and K'/Na" ratio (Table IV)
reveal that, salinity increased the level of Na’ in root and
shoot of both genotypes. K* content was un-affected in
genotype 115, while it was significantly reduced in
genotype 125. K'/Na'" ratios in root and shoot of both
genotypes were significantly reduced (P<0.01) in salt-
stressed plants compared to control. The reduction
percentage was higher (52.6 & 53.2%) in genotype 125 than
in genotype 115 (22.2 & 16%) in both root and shoot,
respectively. Considerable variations in Na” and K contents
within both genotypes demonstrated that Na" content was
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Table 1. Dry weight (DW) of root and shoot (g plant™),
percentage water content (WC%), leaf area (cm?) and
percentage relative water content (RWC%) of two faba
bean (Vicia faba L.) genotypes in response to the
interactive effect of 140 mM NaCl salinity (S) and seed
priming with 0.2 mM salicylic acid (SA)

Treatments Root Shoot Leaf
DW WC% DW WC% Area RWC%
Q Control 0.059  90.8 0.181  90.5 18.2 75.8
21 SA 0.071B 91.6 0.212B 90.2 20.0 81.7A
29 g 0052 898 0173 894A 165 722
o S+SA 0.055 90.1 0.186 89.6A 179 76.4
LSD at 5% 0.008 1.1 0.010 0.8 2.1 43
T at 1% 0.011 1.5 0015 12 3.1 6.3
L Control 0.051 89.2 0.174  89.7 16.3 66.1
21 SA 0.058 A 90.1 A 0.179A 906 A 174 67.4
% S S 0.039B 87.3B 0.141B 869B 126B 520B
o S+SA 0.045 A 884 0.152B 87.8B 148 A 563B
LSD at 5% 0.005 09 0.005 0.8 1.2 2.8
T at 1% 0.008 1.3 0.008 1.1 1.8 4.1

Means values in each column, which are significantly different (P<0.05)
are followed by A letter and the highly significantly different (P<0.01) are
followed by B letter as compared with control (0.0 NaCl)

Table I1. Photosynthetic pigments (mg g FW) of two
faba bean (Vicia faba L.) genotypes in response to the
interactive effect of 140 mM NaCl salinity (S) and seed
priming with 0.2 mM salicylic acid (SA)

Treatments Chla Chlib Chl Carotenoid Chl afb/
atb Carotenoid
Control 0.779 0289 1.068  0.058 18.4
SA 0.805A 0.309A 1.114 0.071B 157 A
Genotype S 0.748 B 0.272 1.020 0.088 B 11.6 B
115 S+SA 0903 B 0.328 B 1.231 A 0.107B 11.5B
L.SD.at5% 0.039 0.019 0.104 0.008 2.1
LSD.at1% 0.057 0.027 0.146 0.012 3.0
Control 0.708 0.254 0962  0.056 17.2
SA 0.723 A 0.268 A 0991  0.064 A 155A
Genotype S 0.582B 0.210B 0.792B 0.071 B 11.2B
125 S+SA 0.665B 0.247 0912 0.085B 10.7B
L.S.D.at5% 0.013 0.014 0.077 0.007 14
LSD.at1% 0.019 0.021 0.116 0.011 1.9

Means values in each column, which are significantly different (P<0.05)
are followed by A letter and the highly significantly different (P<0.01) are
followed by B letter as compared with control (0.0 NaCl)

lower in shoot than in root of both genotypes, whereas K
was much higher in genotype 115 than in genotype 125. SA
treatments resulted in reducing Na' and increased K'
content, which in turn increased the ratio of K'/Na* in both
genotypes. K'/Na' ratio was higher in genotype 115 than in
genotype 125 either under salt stress or when treated with
SA. Moreover, in shoot of genotype 115, SA increased
K'/Na" ratio over control, when plants subjected to salinity
stress.

The activity of antioxidant enzymes such as CAT,
POD, APX and GR was differentially affected by salinity
stress (Table V). Salinity stress did not induce CAT and
POD activity in leaves of genotype 125. However, the
activity of both enzymes was significantly increased (about
87% & 48%, respectively) over control in leaves of
genotype 115. On the other hand the activity of APX and

Table I11. Soluble carbohydrate, protein and total free
amino acids (mg g™ DW) two faba bean (Vicia faba L.)
genotypes in response to the interactive effect of 140
mM NaCl salinity (S) and seed priming with 0.2 mM
salicylic acid (SA)
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Root Shoot
Treatments  Soluble Soluble Free Soluble Soluble Free
carbo- protein amino  carbo- protein amino
hydrate acids  hydrate acids
& Control  29.5 112.8 10.5 24.8 2102 210
%‘ v SA 31.3 934B 173B 232 1948 B 22.6
S S 36.5B 89.6B 169B 354B 2041 258B
o S+SA 418B 916B 178B 539B 2182 283B
L.S.D. at 5% 3.0 4.9 2.1 4.2 8.4 2.8
at 1% 44 72 3.0 6.1 12.2 4.1
8 Control 204 71.7 8.4 22.8 143.7 169
%‘ 9 SA 251B 744 7.7 25.6 142.1 17.5
S S 255B 561B 6.0B 202 1132B 155
o S+SA 295B 735B 8.1 25.0 1575B 13.1B
L.S.D. at 5% 32 4.0 0.9 3.1 6.5 2.1
at 1% 4.7 5.8 1.2 4.6 9.5 3.0

Means values in each column, which are significantly different (P<0.05)
are followed by A letter and the highly significantly different (P<0.01) are
followed by B letter as compared with control (0.0 NaCl)

Table 1V. The contents of Na*, K and Na*/K" ratio (mg
g’ DW) of two faba bean (Vicia faba L.) genotypes in
response to the interactive effect of 140 mM NaCl
salinity (S) and seed priming with 0.2 mM salicylic acid
(SA)

Treatments Root Shoot

Na* K* K*/Na® Na® K* K*/Na*

g Control 124 324 26l 5.4 340 630
2w SA 10.1A 400B 3996B 39A  37.1 951B
g b s 146 A 297 203B 62 32.8 529 A
o S+SA 121 389B 321B 5.1 390A 7.65B

LSD. at5% 18 2.8 0.37 1.1 3.7 0.77

at1% 2.6 4.1 0.53 1.6 53 1.13

g Control 92 248 270 67 322 481
2w SA 104 242 233 52A 336  646B
gﬁ S 166B 213A 128B 11.8B 265B 225B
O S+SA 153B 269 176 B 92B  280A 3.04B

LSD. at5% 1.7 3.1 0.38 1.5 3.1 0.45

at1% 2.5 45 055 22 45 0.66

Means values in each column, which are significantly different (P<0.05)
are followed by A letter and the highly significantly different (P<0.01) are
followed by B letter as compared with control (0.0 NaCl)

GR was significantly increased (p<0.01) in both genotypes
under saline conditions. It is noticeable that the activity of
APX and GR was greater in genotype 115 than 125. Seed
priming with SA markedly stimulated the activity of these
antioxidant enzymes in both faba bean genotypes, either
under saline or non-saline conditions.

The results (Table VI) revealed that, MDA, EC% and
ascorbic acid were increased as a result of salinity stress in
both genotypes. These increases were higher (about 210, 73
& 55%) in genotype 125 than those of genotype 115 (about
26, 10 & 37%), respectively over control plants. Further
increases were observed in MDA, EC% and ascorbic acid as
a result of SA treatments, particularly in plants subjected to
salinity stress.
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Table V. Antioxidant enzyme activities (unit min™ g*
FW) in leaves of two faba bean (Vicia faba L.)
genotypes in response to the interactive effect of 140
mM NaCl salinity (S) and seed priming with 0.2 mM
salicylic acid (SA)

T Genotype 115 Genotype 125
reatments ‘=A7poD  APX GR __CAT _POD APX GR
Contol 180 100 048 044 124 85 040 028
SA 212B 109 060B 052B 248B 122B 0.54B 034 A
S 336B 148B 068B 056B 1.54 94  0.56B 040B
S+SA  368B 158B 096B 0.64B 292B 21.5B 0.76B 0.52B
LSD.at5% 041 25 007 005 031 17 006 005
LSD.at1% 060 36 010 008 046 26 009 007

Means values in each column, which are significantly different (P<0.05)
are followed by A letter and the highly significantly different (P<0.01) are
followed by B letter as compared with control (0.0 NaCl)

Table VI. MDA (nm g™ FW), (EC%) and ascorbic acid
(AsA) contents (mg g™ DW) in leaves of two faba bean
(Vicia faba L.) genotypes in response to the interactive
effect of 140 mM NacCl salinity (S) and seed priming
with 0.2 mM salicylic acid (SA)

Genotype 115 Genotype 125

Treatments o —FCob  AsA MDA EC% AsA
Control 569 577 42 248 418 35
SA 396B 456B 47  211A 434A 36
s 718B 633B 65B 768B 829B 48A
S+SA 470B 557 74B  S33B  T23B  52B
LSD.at5% 39 39 08 28 37 08
LSD.at1% 57 56 120 41 53 Ll

Means values in each column, which are significantly different (P<0.05)
are followed by A letter and the highly significantly different (P<0.01) are
followed by B letter as compared with control (0.0 NaCl)

DISCUSSION

Although salinity stress reduced the growth
parameters of the two faba bean (Vicia faba L.) genotypes,
there were major differences in their reduction. The
genotype 115 seems to be the salt-tolerant and genotype 125
is the salt-sensitive. This was judged with the ability of
genotype 115 to enhance its tissue water contents, whereas
the opposite was appeared in genotype 125. Accordingly,
plant salt tolerance is determined by genotypes and
biochemical pathways that facilitate retention of water and
synthesis of osmotically active metabolites (Azooz, 2004;
Sarwat & El-Sherif, 2007). Differences due to salinity stress
could be also, observed through variations in the criteria of
osmotic solutes (soluble carbohydrate, protein & total free
amino acids), which were accumulated more in genotype
115 compared with those of genotype 125. Furthermore, the
osmotic adjustment in genotype 115 was associated with an
increase in soluble carbohydrate and free amino acids,
whereas it was associated with increase of root soluble
carbohydrate only in genotype 125. No consistent
relationship has been found between salt tolerance and
soluble protein (Sarwat & El-Sherif, 2007). Present results
indicated that, the increase in free amino acids content in
genotype 115 under salt stress may be related to the
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breakdown of protein. The ability of genotype 115 to absorb
more water from the saline soil than genotype 125 was
linked with its ability to stimulate the synthesis of such
osmotic solutes. The accumulation of osmotic solutes and
their roles under salinity stress has been discussed by many
studies (Kerepesi & Galiba, 2000; Azooz, 2002 & 2004).

Photosynthetic pigments remained mostly un-changed
in genotype 115, while their values declined in genotype
125 as plants subjected to salinity stress. Such genotype
variations in the biosynthesis of photosynthitacally active
pigments, which grown under salinity stress are consistent
with the results of Sarwat and El-Sherif (2007) and Yildirim
et al. (2008). The un-changed effect of salinity stress on
chlorophyll contents in genotype 115 may be attributed to
its higher level of antioxidant content and may be responded
as protection of the genotype against chlorophyll
degradation. In this regard, Sairam et al. (2002) and
Yildirim et al. (2008) suggested that chlorophyll content is
one of the important indicators of salt tolerance in crop
plants.

It is worthy to mention that, carotenoids content was
significantly higher in both genotypes under salinity stress
as compared to control. Consequently, there was a
progressive decline in total chlorophyll/carotenoids ratio.
This means that chlorophylls are more sensitive to salt stress
than carotenoids. Carotenoids might play a role as a free
radical scavenger. Therefore, increasing of carotenoids in
genotypes treated with salinity and/or SA could enhance
their capacity to reduce the damage caused by ROS, which
in turn increased chlorophyll content of such plants. This
could be due to the protection effect of SA and carotenoids
to the photosynthetic apparatus from salinity-induced
oxidative stress. The same findings were reported by
Eraslan et al. (2007).

SA treatment had a pronounced ameliorative as well as,
growth promoting effect under both saline and non-saline
conditions. The ameliorative effect of SA might be linked to
the observable increase in WC, RWC and photosynthetic
pigments as well as, leaf area. Consequently the efficiency of
the photosynthetic apparatus was increased due to SA
treatments (Khan et al., 2003; Yildirim et al., 2008), which
in turn considerably increased the biosynthesis of osmotic
solutes under salinity stress. These osmolytes might increase
the osmotic pressure of cytoplasm and enhance water flow
into the different plant organs and tissues. This may indicate
that SA might alleviate the imposed salt stress, either via
osmotic adjustment or by conferring desiccation resistance to
plant cells as reported by other investigators (Khodary, 2004;
Hussein et al., 2007; Gunes et al., 2007).

The higher content of K, Na” and K'/Na' ratio in root
than in shoot in genotype 115 than in genotype 125 has been
considered a physiological trait indicator of salt tolerance in
plants (Morsy et al., 2007). These results confirm those
obtained by Chartzoulakis et al. (2002) and Kaya et al.
(2007). The ability of plant to limit Na" transport into the
shoot is critically importance for the maintenance of high
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growth rates and protection of the metabolic processes in
elongation cells from the toxic effects of Na™ (Razmjoo et
al., 2008). This could be attributed to the ability of root to
exclude Na' from the xylem sap flowing to the shoot, which
would imply the better growth of shoot than root (Kaya et
al., 2007). The selectivity of high K'/Na" ratio in plants is
important control mechanism and a selection criterion for
salt tolerance (Wenxue et al., 2003). Cuin et al. (2003)
concluded that, high K'/Na" ratio is more important for
many species than simply maintaining a low Na
concentration. SA treatments reduced Na®, while increased
K" and K'/Na' ratio in both genotypes. This indicates that
seed priming with SA induced a reduction of Na™ absorption
and toxicity. This could explain the mitigation effect of SA
on growth of both genotypes. Further, the antagonistic
relation between Na" and K" as a result of SA treatment
indicates that, SA could play a role in modifying K'/Na"
selectivity under salt stress, which is reflected in lowering
membrane damage and higher water content in both
genotypes especially under salinity stress.

The differences in the activity of antioxidant system
among the two faba bean genotypes revealed that salinity
stress did not induce CAT and POD activity in genotype
125, whereas their activities were significantly increased in
genotype 115 over control plants. Thus, it could be
concluded that there was a strong correlation between salt
tolerance and CAT and POD activity. Similar results were
obtained by Costa et al. (2005) and Azooz et al. (2009). The
higher activities of APX and GR in genotype 115 than
genotype 125 were in agreement with those reported by
Mandhania et al. (2006), who concluded that under salinity
stress, the stimulation of APX and GR activity was much
higher in salt-tolerant than those of salt-sensitive cultivar.
They also reported that the greater GR activity in salt
stressed tolerant cultivar indicated that these plants exhibit
more active ascorbate-glutathione cycle than the non-
tolerant cultivar. These results give a considerable reason to
believe that salt tolerance of genotype 115 seems to be
linked with increase in the activity of antioxidant enzymes.

Ion leakage as percentage of electrical conductivity
(EC%), MDA as lipid peroxidation and endogenous
ascorbic acid as antioxidant in this work can asses the
tolerance capacity of both genotypes to membrane damage
induced by salinity stress. The lower of ion leakage (EC%)
and lipid peroxidation (MDA) level in genotype 115 than in
genotype 125, supported its salt tolerance and indicated that
MDA might play important role in salt tolerance. These
results are confirmed by other investigators (Jaleel et al.,
2007, Khan & Panda, 2008; Azooz et al., 2009). SA
treatment reduced the amount of MDA and ion leakage in
treated plants as reported by Yildirim et al. (2008). The
reduction of ion leakage might be related to the inductive
responses of antioxidant enzymes that protect the plant from
oxidative damage. Of specially interest, the genotype 115,
which had the higher activity of antioxidant activity, which
had the lower reduction in MDA content and ion leakage.
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Thus, it can be concluded that the observed increase in dry
weight of salt stressed faba bean genotypes in response to
SA may be related to the induction of antioxidant response
and protective role of membranes that increase the tolerance
of plant to damage (Gunes et al., 2007).

Ascorbic acid as an antioxidant could scavenge ROS
and H,O, and take part in ascorbate peroxidase (APX)
mediated scavenging of H,O, (Asada, 1992). The
stimulation effect of salinity or in combination with SA on
the endogenous ascorbic acid might play an important role
as an antioxidant and protect the faba bean plants from the
oxidative damage by scavenging ROS that are generated
during salt stress conditions (Arrigoni & De Tullio, 2000;
Athar et al., 2008).

In conclusion, both faba bean genotypes have different
mechanism to adapt to salt stress. Based on the responses
and the ability of the experimental faba bean genotypes to
cope with salinity stress, genotype 115 could be regarded as
more salt-tolerant than genotype 125. The tolerance of
genotype 115 to salinity stress seems to be related to its
ability to enhance higher accumulation of osmotic solutes,
selectivity of K'/Na" ratio, carotenoids, antioxidant enzyme
activities and lower of ion leakage and lipid peroxidation
than those of genotype 125 under salt stress. Seed priming
with SA can be used for enhancing the salt tolerance
potential of both genotypes.
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