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ABSTRACT

Interactive effects of (proline, ascorbic acid, reduced glutathione and salicylic
acid) either alone or in combination with 50 and 300 mM NaCl on seedling growth,
lipid peroxidation and electrolyte leakage of two phenotypes {salt-sensitive (cv. Giza
716) and salt-tolerant (cv. Giza 843)} of broad bean after priming were investigated.
Treatment of the germinating broad bean seeds of both cultivars with 50 and 300 mM
NaCl induced progressive significant decrease in fresh mass, dry mass, water
content, relative growth index (RGI), relative growth rate (RGR), length of radicle and
length of plumule but induced significant increase in lipid peroxidation and electrolyte
leakage after priming, 7 and 14 days of germination .

On the other hand, addition of the optimum concentrations of proline (Pr),
ascorbic acid (ASA), reduced glutathione (GSH) and salicylic acid (SA) either alone or
in combination with 50 and 300 mM NaCl, induced significant increase in all growth
parameters and showed a progressive significant decrease in electrolyte leakage
determined in both cultivars after priming, 7 and 14 days of germination. Maximum
significant improvement being operative with the optimum concentration of SA than
the other used osmolytes. The present results are discussed in relation to applicability
of the optimum concentrations of four osmolytes to two salt-sensitive and salt-tolerant
broad bean seedlings.

Keywords: broad bean, salinity, proline (Pr), ascorbic acid (ASA), reduced
glutathione (GSH), salicylic acid (SA), growth parameters, lipid
peroxidation and electrolyte leakage.

INTRODUCTION

Adverse plant responses to stress conditions depend on the osmotic
and toxic effects of the stressful factors and on the level and duration of the
stress (Shalata and Neumann, 2001). Responses range from germination
and growth inhibition and accelerated leaf senescence under moderate stress
to permanent wilting of shoots with subsequent plant death under severe
stress (Yamaguchi and Blumwald, 2005). Salinity affects almost every
aspect of the physiology and biochemistry of plants and significantly reduces
yield. Exogenous high salt concentrations affect seed germination, water
deficit, cause ion imbalance resulting in ion toxicity and osmotic stress (Khan
et al., 2002; Khan and Panda, 2008).

Kurban et al. (1999) reported that total plant dry weight increased at
low salinity (50 mM) but decreased at high salinity (100 and 200 mM) in
Alhagi pseudalhagi seedling. Fresh and dry weights of Salicornia rubra, a
halophyte, increased with the increase in salinity, with optimal growth at 200
mM NaCl, after which a decline in growth with a further increase in salinity
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was reported (Khan, 2001). All growth, development and yield parameters
appeared to remain unaltered, accelerated or, in most cases, suppressed
with particular significance. Furthermore, in relation to water control levels,
Younis et al. (2008) reported that administration of NaCl at low, medium or
high concentration, in the growth medium of lettuce plants, induced significant
decreases in growth components determined, at the vegetative and adult
growth stages. Mao et al. (2008) show that NaCl application at 85 mM
stimulates root growth of Populus alba. Furthermore, they confirm that the
dry weight of roots and total plant dry weight in P. alba were stimulated by 85
mM NaCl and that net photosynthesis also increased significantly in 85 mM
NaCl.

A metabolic response to salt stress is the synthesis of compatible
osmolytes. These mediate osmotic adjustment and therefore protect sub-
cellular structures and reduce oxidative damage caused by free radicals,
produced in response to high salinity (Hare et al., 1998). Osmolyte
compounds include sugars, polyols, amino acids and tertiary and quarternary
ammonium, and sulphonium compounds (Rhodes and Hanson, 1993).

Tolerance to abiotic stresses is very complex, due to the intricate of
interactions between stress factors and various molecular, biochemical and
physiological phenomena affecting plant growth and development (Razmjoo
et al., 2008). Again; salinity is considered as a severe problem in agriculture
since it results in a noticeable reduction in crop productivity. Lack of fresh
water for irrigation, together with poor drainage of water from the cultivated
soils, resulted in the accumulation of salts. In Egypt, the cultivated regions
restricted to the Nile Valley, which depends on fresh water of the Nile River
for irrigation, does not exceed 4 % of the total Egypt land area. Most of the
newly reclaimed lands depend on underground water of various degrees of
salinity for irrigation. In addition, progressive accumulation of salts became a
serious problem in many cultivated areas of the Delta as a result of high
ground water table, especially when accompanied by poor drainage.

In order to improve crop salt tolerance that will result into enhanced
productivity on salt affected soils, different perspective strategies have been
proposed by various plant scientists (Ashraf et al., 2008). Of them,
exogenous use of compatible organic solutes has gained a considerable
ground as a shotgun approach to ameliorate the adverse effects of salt stress
on plants (Ashraf and Foolad, 2007).

Pr is one of the most widely distributed osmolytes in stress conditions
not only in plants but also in other organisms (Bartels and Sunkar, 2005). Pr
has diverse functions, such as stabilization of subcellular structures (proteins
and membranes), it functions as a hydroxyl radical scavenger and serves as
a source of carbon and nitrogen (Kavi-Kishor et al., 2005). In addition, Pr
could act as a component of signal transduction pathways that regulate
stress responsive genes (Khedr et al., 2003).

One of the new plant growth regulators and osmoprotectant is SA and
its derivatives like acetylsalicylic acid. They could be raised to the status of
the above mentioned phytohormones because they have a significant impact
on the various aspects of the plant life (Hayat and Ahmad, 2007). SA plays
an important role in response to biotic and abiotic stresses. Thus, SA pre-
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treatment provided protection against salinity in tomato plants, probably due
to the increased activation of aldose reductase and APX enzymes and the
accumulation of osmolytes, such as sugar, sugar alcohol or Pr (Szepesi et
al., 2005). The soaking of wheat (Triticum aestivum L.) seeds in 0.05 mM SA
also reduced the damaging effects of salinity on seedlings growth and
accelerated the growth processes (Shakirova et al., 2003). Furthermore,
pretreatment of barley seeds with SA caused a low level of oxidative stress,
improving the oxidative capacity of the plants; SA can increase their tolerance
to salt stress induced by 200 mM NaCl treatment (Cornelia and Bandicé,
2008).

Exogenous ASA has also been reported to protect plants under stress.
Thus, Shaddad et al. (1990) found that presoaking seeds in either ascorbate
or pyridoxine counteracted the adverse effects of salinity on germination and
seedling growth as well as on some metabolic events of lupin and broad bean
plants. Recently, Younis et al. (2009 and 2010) investigated the adverse
effects of NaCl or mannitol on growth, nitrogen content, amino acids, protein
patterns, nucleic acids and antioxidant system in Vicia faba seedlings. The
role of exogenous ASA in increasing resistance to these assessors was also
evaluated. Thus ASA appeared to ameliorate the observed damage effects
induced by NaCl or mannitol; the magnitude of amelioration being a function
of the type and the concentration of the stressful agent as well as the duration
of treatment.

In plants, GSH and its analogs (7-glutamyl-cysteinyl-p-alanine and y-
glutamylcysteineserine) are the most abundant storage and transport forms
of the sulfur reduced in the chloroplasts. In addition to its nutritional role, GSH
is also important for the protection of the plant. GSH, which is usually found in
millimolar concentrations in a wide range of plants, is also involved in the
reduction of proteins, in the destruction of H,O, in chloroplasts, in the
detoxification of xenobiotics (Martinoia et al., 1993), and in protection against
various stresses, such as irradiation (Meister and Anderson, 1983), heat
(Nieto-Sotelo and Ho, 1986), oxidative stress (Alscher, 1989), and exposure
to heavy metals (Grill et al., 1985). Supply of GSH to suspension-cultured
cells of bean stimulates the transcription of various defense genes,
phenylalanyl ammonia-lyase, and chalcone synthase (Wingate et al., 1988).
These data led to the suggestion that GSH may function as a signal of redox
perturbations induced by various biological stresses (Dhindsa, 1991).

From the above mentioned survey of literature, it was thought of
interest to study further the possible effects of salinity and osmolytes on
growth, lipid peroxidation and electrlyete leakage of primed germinating salt-
sensitive and salt-tolerant broad bean seeds throughout the entire period of
the experiment.

MATERIALS AND METHODS

Plant material

Two uniformly-sized lots of broad beans (salt-sensitive; Giza 716 and
salt-tolerant; Giza 843) were selected and surface sterilized by immersion in
0.1 % HgCl, solution for 5 minutes. The sterilized seeds were thoroughly
washed several times with distilled water thereafter each group of these
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sterilized seeds was divided into several subgroups that were primed
separately in aerated solutions of different concentrations of either NaCl or
osmolyte maintained in 1/10 Hoagland solution for 24 hours at room
temperature. Aeration was accomplished to avoid anaerobiosis as a
complicating factor.

Each subgroup was divided into a number of sets; each of 35 seeds.
These sets were allowed to germinate in plastic boxes (22 x 17 x 9 cm)
furnished with Whatman No.1 chromatographic paper moistened by adding
20 cm® 1/10 Hoagland solution (for control samples) and NaCl or osmolyte
each at an appropriate concentration maintained in 1/10 Hoagland nutrient
solution, depending upon set of the preliminary experiments adopted. The
germination boxes were incubated in the dark at 20 + 0.1°C. During the
experimental period of 14 days, when required, each box was supplied with
20 cm® of sterile distilled water or the specified NaCl or osmolyte solution.

Seeds were examined every day for germination and the percentage
germination was calculated after 7 and 14 days from the start of the
germination period. On these specified dates, seeds were examined for
morphological appearance and for determination of length of radicle and
plumule to the nearest cm using a ruler. Other growth parameters were also
determined over the period of 14 days.

Since the seed coat, in general, is not being utilized in germination, the
weight of the decoated seed represents the weight o f the living protein of the
seed, i.e. embryo and cotyledons, in which resides the potential for growth.
Thus after the desired period of germination, decoated seeds were taken, in
triplicates, for determination of fresh weight before being died 80 °C in an
aerated oven to constant dry weight ; water content was thus obtained by
simple calculation.

It should be mentioned that the results obtained from the analyses of
duplicate determinations and triplicate samples were remarkably close, thus
the data presented in the corresponding tables and figures are the means of
triplicate samples. The full data of the different stressed groups of
germinating broad bean seeds were statistically analyzed using one-way
analysis of variance (ANOVA) and comparison among means was carried out
by calculating the Post Hoc L.S.D. with a significant level at* P < 0.05.
Measurment of growth parameters

The length of radicle and plumule were measured to the nearest cm.
Immediately after sampling, the fresh weight of samples was recorded before
being dried at 80 °C in an aerated oven to constant dry weight.
Determination of electrolyte leakage

To determine electrolyte leakage, fresh broad bean seedlings (100 mg)
were cut into 5 mm length with a razor and placed in a test tube containing 10
cm? dist. water. The tubes were covered with plastic caps and placed in a
water bath maintained at the constant temperature of 30 °C. After 2 h, initial
electrical conductivity of the medium (EC1) was measured using a
conductivity meter (HANNA Instrument, HI 8033). The samples were
autoclaved at 120 °C for 20 min to completely kill the tissue and release all
electrolytes. Samples were then cooled to 25 °C and the final electrical
conductivity (EC2) was measured. The electrolyte leakage (EL) was
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expressed following the formula EL= EC1 / EC2 x 100 (Dionisio-Sese and
Tobita, 1998).
Determination of lipid peroxidation

Lipid peroxidation in broad bean seedlings was determined by
estimating the malondialdehyde (MDA) content following the method of Heath
and Packer (1968). One g of material was macerated in 5 cm® of 0.1 % TCA.
The homogenate was centrifuged at 10,000 g for 5 min. For every 1 cm’
aliquot of the supernatant, 4 cm® of 20 % TCA containing 0.5 % thiobarbituric
acid (TBA) was added. The mixture was heated at 95°C for 30 min and then
cooled quickly on ice bath. The resulting mixture was centrifuged at 10,000 g
for 15 min and the absorbance of the supernatant was measured at 532 nm.
Measurements were corrected for unspecific turbidity by subtracting the
absorbance at 600 nm. The concentration of MDA was calculated by using
extinction coefficient of 155 mM™ cm™ and expressed as nmol MDA g™ fresh
weight.

RESULTS AND DISCUSSION

1- Changes in growth parameters

Except for the observed significant increase in fresh and dry mass
accumulation, RGI, RGR as well as in water content, length of radicle and
length of plumule of broad bean tolerant cultivars salinized with 50 mM NaCl,
the other variously treatments, showed significant decrease in these growth
parameters determined throughout the entire period of the experiment. The
percent of decrease or increase in RGI, as an example, in response to
salinity concentrations was as follows: 89.80 % for 50 mM NaCl and 81.22 %
for 300 mM NaCl, after priming and 90.00 % for 50 mM NaCl and 0.0 % for
300 mM NaCl, after 7 days of germination 92.68 % for 50 mM NaCl and 0.0
% for 300 mM NaCl, after 14 days of germination, for salt-sensitive and was
103.23 % for 50 mM NaCl and 83.87 % for 300 mM NaCl for, after priming
and 109.09 % for 50 mM NaCl and 90.91 % for 300 mM NaCl, after 7 days of
germination and 110.42 % for 50 mM NaCl and 91.67 % for 300 mM NacCl,
after 14 days of germination, for salt-tolerant, respectively (Tables 1 and 2).

Examination of tables 1 and 2, showed that treatment of germinating
broad bean seeds of both cultivars with Pr, ASA, GSH and SA, as lone or in
combination with the salinity levels, showed a progressive significant increase
in all growth parameters as compared with control (1/10 Hoagland solution)
or control salinized broad bean seeds throughout the entire period of the
experiment. The following sequence of osmolytes (SA > ASA > Pr > GSH >
control) showed the most pronounced concentration that caused the highest
values in both cultivars as alone or in combination with salinity levels.

The percent of increase in RGI, as an example, in response to
application of the optimum concentrations of SA osmolyte was as follows:
110.20 % for 0.09 mM SA, after priming and 120.00 % for 0.09 mM SA, after
7 days of germination and 134.15 % for 0.09 mM SA, after 14 days of
germination, for salt-sensitive and was 111.29 % for 0.09 mM SA, after
priming and 121.21 % for 0.09 mM SA, after 7 days of germination and
152.08 % for 0.09 mM SA, after 14 days of germination, for salt-tolerant,
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respectively (Tables 1 and 2 ). The calculated percent of increase in RGI, in
response to combination between salinity levels and the optimum
concentration SA osmolyte was as follows: for salt-sensitive, 108.57 % for 50
mM NaCl + 0.09 mM SA and 92.24 % for 300 mM NaCl + 0.09 mM SA, after
priming, and was 130.00 % for 50 mM NaCl + 0.09 mM SA and 100.00 % for
300 mM NaCl + 0.09 mM SA, after 7 days of germination, and 136.59 % for
50 mM NaCl + 0.09 mM SA and 102.44 % for 300 mM NaCl + 0.09 mM SA,
after 14 days of germination (Table 1). For salt-tolerant, 108.87 % for 50 mM
NaCl + 0.09 mM SA and 93.55 % for 300 mM NaCl + 0.09 mM SA, after
priming and 130.30 % for 50 mM NaCl + 0.09 mM SA and 100.00 % for 300
mM NaCl + 0.09 mM SA, after 7 days of germination, and 139.58 % for 50
mM NaCl + 0.09 mM SA and 102.08 % for 300 mM NaCl + 0.09 mM SA,
after 14 days of germination (Table 2).

In connection with the present results, Azooz et al. (2009)
demonstrated that the dry matter production of the different organs (root,
shoot & leaves) of the three maize cultivars differed in their response to
salinity stress. Plants of cv. SC 129 and SC 13 tolerated salinity up to the
level of 100 and 50 mM NaCl, respectively, and decreased gradually.
However, cv. SC 155 displayed a highly significant reduction in dry matter of
different organs at the most salinization levels as compared with the control.
Generally, the growth of the salt-sensitive cultivar (SC 155) was extensively
inhibited already at NaCl concentration lower than 250 mM NaCl. Moreover it
was died at 250 mM NaCl. In contrast, the salt tolerant cultivars (SC 129 &
SC 13) developed up to 250 mM NaCl. In the salt tolerant cultivar (SC 129)
CAT activity increased sharply in relative to the control (Azooz et al., 2009).

During growth, it was observed that root and shoot fresh and dry
weights were increased at low salinity levels and decreased at high levels of
salinity. Varma (1981) and Savvas and Lenz (2000) on eggplant has report
the decreased in fresh and dry weight due to salts stress. Assimilar effect
was also observed in Zea mays seedlings as stated by Al-Moaikal (2006).
However, the increase in fresh and dry weights at low salinity levels may be
due to more growth at those levels on uptake of more salts at that stage of
growth (Basalah, 1991 and 2010).

Exogenous Pr was found to be very effective in detoxifying H,O, by
enhancing the activities of catalase and peroxidase in tobacco under salt
stress (Hoque et al., 2007). Salt stress brought about a reduction in the
growth in Pancratium maritimum that was significantly increased by
exogenous Pr. Salt stress (100 mM) reduced the biomass of both sorghum
cultivars. However, exogenous application of Pr ameliorated the adverse
effects of salt stress by keeping the growth, germination and pigmentation of
sorghum to same level to some extent as compared to control (Nawaz et al.,
2010). It was concluded that exogenous Pr improves salt tolerance of plants
by protecting the protein turnover machinery against stress damage and up-
regulating stress protective proteins (Hoque et al., 2007 ; Yazici et al., 2003;
Nawaz et al., 2010).
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Azooz (2009) stated that the differential responses of two faba bean
(Vicia faba L.) local Egyptian genotypes to salinity (0 or 140 mM NacCl) and
seed priming with 0.2 mM 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. 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 (Azooz, 2009).

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 and 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).

Khan et al. (2006) observed that salt stress caused a reduction in the
growth of both wheat cultivars at the seedling stage. However, exogenously
applied ASA as a foliar spray promoted the growth of both wheat cultivars
under non-saline conditions. This growth promoting effect of ASA was more
pronounced in S-24. These findings can be related to some earlier studies in
which it has been observed that exogenous application of ASA promoted
growth in wheat (Hamada and Al-Hakimi, 2001; Al-Hakimi, 2001), and tomato
(Shalata and Neumann, 2001). ASA -induced increase in growth under non-
saline may have been due to accelerated cell division and/or cell enlargement
(Arrigoni, 1994).

El-shahawy et al. (2007) reported that Marjoram growth and
development was seriously affected (up to 63% growth induction) at all levels
of GSH application. The effect was more pronounced on increasing the
elementary components of total sugar, total nitrogen and oil yield (up to 91%);
irrespective of the rate and sort of application. The in vitro study of the
allelopathic influence of marjoram oil extracts against seed germination (%)
and seedling root and shoot length of certain broad and narrow-leaved weeds
(e.g., Amaranthus cruentus and Echinochloa crus-galli) revealed of more
superiority of the treated plants rather than the untreated one. It has been
suggested that applying GSH might have a direct and/or indirect impact on
increasing the allelopathic capacity of marjoram plants by increasing their
content of the terpene and phenolic substances, which could be the key
factor of the allelopathic influence of marjoram plants in their vicinity (see
tables 1 and 2).

681



Younis, M. E. et al.

2- Changes in lipid peroxidation.

Perusal of the data presented in tables 3 and 4 revealed the following
main points:

a- In relation to control (1/10 Hoagland solution), lipid peroxidation (MDA
content) in both salt-sensitive and salt- tolerant broad bean seedlings
salinized with increasing concentrations of NaCl, showed a progressive
significant increase after priming, 7 and 14 days of germination and it was
most pronounced with the highest salinity (300 mM NaCl) concentration in
salt-sensitive cultivar than salt-tolerant one (Tables 3 and 4). MDA content
in salt-tolerant cultivar appeared less affected by salinity concentrations
than salt-sensitive one. The calculated percent of increase was as follows:
12.43 % for 50 mM NaCl and 32.67 % for 300 mM NaCl, after priming and
13.44 % for 50 mM NaCl and -100.00 % for 300 mM NacCl, after 7 days of
germination and 14.46 % for 50 mM NaCl and -100 % for 300 mM NaCl,
after 14 days of germination, for salt-sensitive and was 7.34 % for 50 mM
NaCl and 27.24 % for 300 mM NaCl, after priming and 12.57 % for 50 mM
NaCl and 29.37 % for 300 mM NaCl, after 7 days of germination and 13.61
% for 50 mM NaCl and 40.07 % for 300 mM NaCl, after 14 days of
germination, for salt-tolerant, respectively (Tables 3 and 4).

b- For treatment of germinating broad bean seeds of both cultivars with the
optimum concentrations of Pr, ASA, GSH and SA as alone or in
combination with salinity levels, showed a progressive significant decrease
in MDA content as compared with control (1/10 Hoagland solution) or
control salinized broad bean seeds throughout the entire period of the
experiment, which being more significant decrease with the optimum
concentration of SA as alone or with 50 mM NaCl in salt-tolerant cultivar
than salt-sensitive one . The following sequence of osmolytes (SA > ASA >
Pr > GSH > control) showed the most pronounced concentration that
caused the lowest values in both cultivars as alone or in combination with
salinity levels. From tables 3 and 4 showed that MDA content in salt-
tolerant cultivar treated with the optimum concentrations of osmolytes
appeared less than that of salt-sensitive one. The percent of decrease in
MDA content in response to application of the optimum concentration of
SA, was as follows: -5.25 % for 0.09 mM SA, after priming and -2.26 % for
0.09 mM SA, after 7 days of germination and -1.16 % for 0.09 mM SA,
after 14 days of germination, for salt-sensitive and was -5.01 % for 0.09
mM SA, after priming and -1.70 % for 0.09 mM SA, after 7 days of
germination and -0.72 % for 0.09 mM SA, after 14 days of germination, for
salt-tolerant, respectively (Tables 3 and 4).

c- Percent of decrease in MDA content in response to combination between
salinity concentrations and the optimum concentration of SA, was as
follows: for salt-sensitive, 10.42 % for 50 mM NaCl + 0.09 mM SA and
22.38 % for 300 mM NaCl + 0.09 mM SA, after priming, and 11.39 % for
50 mM NaCl + 0.09 mM SA and 23.21 % for 300 mM NaCl + 0.09 mM SA,
after 7 days of germination, and 20.20 % for 50 mM NaCl + 0.09 mM SA
and 23.82 % for 300 mM NaCl + 0.09 mM SA, after 14 days of germination
(Table 3).
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For salt-tolerant, 3.92 % for 50 mM NaCl + 0.09 mM SA and 21.77 %
for 300 mM NaCl + 0.09 mM SA, after priming, and 8.79 % for 50 mM NaCl
+ 0.09 mM SA and 22.03 % for 300 mM NaCl + 0.09 mM SA, after 7 days of
germination, and 9.90 % for 50 mM NaCl + 0.09 mM SA and 23.32 % for 300
mM NaCl + 0.09 mM SA, after 14 days of germination (Table 4).

In support of the present results, Hanaa et al. (2003) experimenting
with three onion cultivars salinized with 2000, 4000 and 6000 ppm salts
prepared from seawater they found that the salt stress increased the rates of
lipid peroxidation ( as indicated by increasing the malonaldhyde (MDA) and
their  effect was increased gradually by increasing salts levels. The
increasing values in MDA contents in salt stress plants treated at 2000, 4000
and 6000 ppm salts levels were 121.9, 248.6 and 290.3 % in Behary Red cv.
and 126.4, 260.0 and 396.2% in Giza 20 cv., respectively of the control level
(100%).

A tentative explanation of the present results was that salt damage to
plants has been attributed to a combination of several factors, primarily the
osmotic stress and accumulation of toxic ions. Water deficit caused by
osmotic stress leads to stomata closure, thus compromising the CO2 supply
for photosynthesis, and exposes chloroplasts to excess excitation energy
(Tanaka et al. 1990). Prolonged (photo-) oxidative stress generates active
oxygen species to unbalance the redox systems in favor of oxidized forms,
inactivate enzymes, cause lipid peroxidation and potentially damage DNA
(Scandalios, 1993). The peroxidation of lipid membranes in vivo further
ensures a steady supply of free radicals. The peroxidation of lipid membranes
is both a reflection and a measure of stress-induced damage at the cellular
level. MDA content of the groundnut cell lines exposed to different levels of
salinity stress, which represents indices of the extent of peroxidative damage,
is documented (Jain et al., 2001).

In order to have an insight into the ameliorative effects of Pr on salt
stress-induced lipid peroxidation, we supplemented the amino acid
exogenously to the salt-amended media (tables 3 and 4). Pr was able to
alleviate the growth inhibitory effects of salt stress as seen by the fresh
weight accumulation pattern of the salt-sensitive cell line (Jain et al., 2001). In
the presence of 50 and 100 mM Pr, the salt concentration required to inhibit
fresh weight increase by 50% (LD50) increased to 50 and 70 mM NaCl,
respectively, in contrast to the 30 mM required for the controls (1.6- and 2.3-
fold increase, respectively). Further, under similar conditions of salinity stress,
the extent of lipid peroxidation, as reflected by the MDA content, was
significantly reduced (Jain et al., 2001). In the presence of 0.40 mM Pr in the
growth medium the salt stress induced lipid peroxidation was reduced by
12.18 % for 50 mM NaCl + 0.40 mM Pr and 25.41 % for 300 mM NaCl +
0.40 mM Pr, after priming, and 14.93 % for 50 mM NaCl + 0.40 mM Pr and
25.51 % for 300 mM NaCl + 0.40 mM Pr, after 7 days of germination, and
26.51 % for 50 mM NaCl + 0.40 mM Pr and 27.77 % for 300 mM NaCl +
0.40 mM Pr, after 14 days of germination for salt-sensitive. For salt-tolerant,
6.34 % for 50 mM NaCl + 0.40 mM Pr and 25.03 % for 300 mM NaCl + 0.40
mM Pr, after priming, and 11.47 % for 50 mM NaCl + 0.40 mM Pr and 25.38
% for 300 mM NaCl + 0.40 mM Pr, after 7 days of germination, and 19.30 %
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for 50 mM NaCl + 0.40 mM Pr and 25.48 % for 300 mM NaCl + 0.40 mM Pr,

after 14 days of germination relative to the controls .

In addition to containing free radical damage, it has been suggested
that the action of Pr involves effects on the hydration layer surrounding the
phospholipids and possibly also its intercalation between phospholipid head
groups (Rudolph et al. 1986). A synthesis of the circumstantial evidence
obtained in this study (see tables 3 and 4) indicates a possible positive
correlation between the ability to accumulate Pr and salinity tolerance. The
salt stress-induced free radical damage to the lipid membranes could be
effectively contained by Pr, thus providing evidence for the adaptive
significance of Pr accumulation under stress conditions in addition to its role
of a compatible osmolyte.

2- Changes in electrolyte leakage.

The changes in electrolyte leakage (% ion leakage) in salt-sensitive
and salt-tolerant broad bean seedlings variously treated with increasing
concentrations of NaCl as alone or in combination with the optimum
concentrations of Pr, ASA, GSH and SA after priming, 7 and 14 days of
germination are presented in tables 3 and 4.

a- There was a progressive significant increase in electrolyte leakage in both
cultivars with increased salinity levels as compared with control (1/10
Hoagland solution), after priming, 7 and 14 days of germination (Tables 3
and 4). The percent of increase was most pronounced in 300 mM NaCl
than 50 mM NaCl in salt-sensitive cultivar than salt-tolerant one. The
percent of decrease in electrolyte leakage as affected by salinity
concentrations, was as follows: 7.47 % for 50 mM NaCl and 18.81 % for
300 mM NaCl, after priming and 16.85 % for 50 mM NaCl and -100.00 %
for 300 mM NaCl, after 7 days of germination 21.29 % for 50 mM NaCl and
-100 % for 300 mM NaCl, after 14 days of germination, for salt-sensitive
and was 5.00 % for 50 mM NaCl and 13.05 % for 300 mM NaCl, after
priming and 14.21 % for 50 mM NaCl and 38.05 % for 300 mM NacCl, after
7 days of germination and 16.06 % for 50 mM NaCl and 38.92 % for 300
mM NaCl, after 14 days of germination, for salt-tolerant, respectively
(Tables 3 and 4).

b- Treatment of both cultivars with the optimum concentrations of Pr, ASA,
GSH and SA as alone or incombination with salinity levels, showed a
significant decrease in electrolyte leakage as compared with control levels
after priming, 7 and 14 days of germination. The following sequence of
osmolytes (SA > ASA > Pr > GSH > control) showed the most pronounced
concentration that caused the lowest values in both cultivars as alone or in
combination with salinity levels. The percent of decrease was most
pronounced with SA optimum concentration than the other osmolytes
concentrations in salt-tolerant than salt-sensitive cultivar and it was as
follows: -3.35 % for 0.09 mM SA, after priming and -1.72 % for 0.09 mM
SA, after 7 days of germination and -1.27 % for 0.09 mM SA, after 14 days
of germination, for salt-sensitive and was -3.22 % for 0.09 mM SA, after
priming and -1.21 % for 0.09 mM SA, after 7 days of germination and -0.89
% for 0.09 mM SA, after 14 days of germination, for salt-tolerant,
respectively (Tables 3 and 4 and Figs. 5, 6, 7 and 8).
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c- The calculated percent decrease showed that combination of salinity with
the optimum concentration of SA was most significant than the other
osmolytes, as the following sequence: for salt-sensitive, 4.77 % for 50 mM
NaCl + 0.09 mM SA and 12.22 % for 300 mM NaCl + 0.09 mM SA, after
priming, and was 5.53 % for 50 mM NaCl + 0.09 mM SA and 13.80 % for
300 mM NaCl + 0.09 mM SA, after 7 days of germination, and 9.69 % for
50 mM NaCl + 0.09 mM SA and 14.91 % for 300 mM

NaCl + 0.09 mM SA, after 14 days of germination (Table 3). For salt-
tolerant, 2.64 % for 50 mM NaCl + 0.09 mM SA and 7.64 % for 300 mM
NaCl + 0.09 mM SA, after priming, and 3.05 % for 50 mM NaCl + 0.09 mM
SA and 11.84 % for 300 mM NaCl + 0.09 mM SA, after 7 days of
germination, and 6.64 % for 50 mM NaCl + 0.09 mM SA and 13.57 % for 300
mM NaCl + 0.09 mM SA, after 14 days of germination (Table 4).

In this connection 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 (Azooz, 2009). These results are confirmed by other
investigators (Jaleel et al., 2007; Khan and 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 present results concerning
electrolyte leakage (tables 3 and 4), showed that reduction of ion leakage
might be related to the inductive responses of antioxidant enzymes that
protect the plant from oxidative damage. Of specially interest, salt tolerant
broad bean seeds treated with SA + 300 mM NaCl, which had the higher
activity of antioxidant activity, which had the lower reduction in MDA content
and ion leakage 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).

The GSH has a multifarious crucial positions attached in total with
enhancing growth and development of growing plants. These include
managing roots uptake for nutrients (i.e., sulphur), controlling cellular heavy
metal concentration, managing protein synthesis and regulating cell division
process (Lappartient and Touraine, 1996; Sanchez-Fernandez et al., 1997).
Talaat and Aziz (2005) referred that increasing the vegetative growth as well
as oil productivity are two of the most distinguish features of applying GSH in
aromatic plants e.g., Matricaria species. Chen et al. (2003) added that the
role of GSH in protecting cells against toxic effects of free radicals is to keep
the free radical scavenger ASA in its reduced form and hence active form
(see tables 3 and 4).

In conclusion it has been demonstrated that both osmotic and
ionic effects involved in NaCl salinity can limit photosynthesis and respiration
leading to an increase in ROS generation, which are responsible for a
secondary oxidative stress that can damage cellular structure and
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metabolism. It is also known that plant responses to salt stress are
multigenic, involving both osmotic and ionic homeostasis, as well as cell
detoxification (Ahmed et al., 2008). The efficiency of the latter process is
dependent upon the plant antioxidant defense mechanisms. The scavenging
system forms the primary defense line in protecting the broad bean cultivars
against superoxide radicals (see tables 1, 2, 3 and 4).

REFERENCES

Ahmad, P., John, R. Sarwat, M. and Umar, S. (2008). Responses of proline,
lipid peroxidation and antioxidative enzymes in two varieties of Pisum
sativum L. under salt stress. Int. J. PI. Prod. 2: 353-366.

Al-Moaikal, R. M. S. (2006): Physiological effects of gibberellic acid and
polyamine (s) on germination and seedling growth of Zea mays
stressed with sodium chloride salinity. Ph.D. Thesis, Botany Dep.,
Scince College for girls, dammam.

Al-Hakimi, A. M. and Hamada., A. M. (2001). Counteraction of salinity stress
on wheat plants by grain soaking in ascorbic acid, thiamine or sodium
salicylate. Biol. Plant., 44(2):253-261.

Alscher, R. G. (1989): Biosynthesis and antioxidant function of glutathione in
plants. Physiol PI., 77: 457-464.

Arrigoni, O. (1994). Ascorbate system in plant development. J. Bioeng.
Bioman., 26: 407-420.

Ashraf, M. and Foolad, M. R. (2007): Roles of glycine betaine and proline in
improving plant abiotic stress resistance. Environ. Exp. Bot., 59: 206-
216.

Ashraf, M., Athar, H. R., Harris, P. J. C. and Kwon, T. R. (2008): Some
prospective strategies for improving crop salt tolerance. Adv. Agron.,
97: 45-110.

Azooz, M. M. (2004). Proteins, sugars and ion leakage as a selection
criterion for the salt tolerance of three sorghum cultivars at seedling
stage grown under NaCl and nicotinamide. Int. J. Agric. Biol., 6: 27-35.

Azooz, M. M., (2009): Salt stress mitigation by seed priming with salicylic acid
in two faba bean genotypes differing in salt tolerance. Int. J. Agric.
Biol., 11: 343-350.

Azooz, M.M., Ismail, A. M. and Elhamd, M. F. A. (2009). Growth, lipid
peroxidation and antioxidant enzyme activities as a selection criterion
for the salt tolerance of three maize cultivars grown under salinity
stress. Int. J. Agric. Biol., 11: 21-26.

Basalah, M. O. (1991): Effect of salinity on seed germination and growth of
squash (Cucurbita pepo L.) seedlings. Arab Gulf J. Res., 9: 87-97.
Bartels, D., and Sunkar, R. (2005): Drought and salt tolerance in plants.

Critical Reviews in Plant Sciences 24:23-58.

Chen, K., Gong, H., Chen, G., Wang, S., and Zhang, C. (2003). Up-regulation
of glutathione metabolism and changes in redox status involved in
adaptation of reed (Phragmites communis) ecotypes to draught-prone
and saline habitats. Plant Physiol., 160: 293-301.

687



Younis, M. E. et al.

Cornelia, P. and Bandici, E. (2008). The effect of salicylic acid on the
peroxidase activity and on the growth of the barley (Hordeum vulgare)
seedlings under salt stress. Bulletin of University of Agricultural
Sciences and Veterinary Medicine Cluj-Napoca. Agriculture, Vol 65, No
1.

Dhindsa, R. S. (1991): Drought stress, enzymes of glutathione metabolism,
oxidation injury, and protein synthesis in Tortula muralis. PIl. Physiol.,
95: 648-651

El-baky, A.; Hanaa, H.; Amal, A. and Hussein, M. M. (2003): Influence of
salinity on lipid peroxidation, antioxidant enzymes and electrophoretic
patterns of protein and isoenzymes in leaves of some onion cultivars.
Asian J. Plant Sci., 633-638.

Grill, E, Winnacker, E. L., Zenk, M. H. (1985): Phytochelatins: the principal
heavy-metal complexing peptides of higher plants. Sci., 230: 674-676

Hamada, A. M. and Al-Hakimi, A. M. A. (2001). Salicylic acid versus salinity-
drought induced stress on wheat seedlings. Rostlinna Vyroba, 47: 444-
450.

Hare, P. D., Creaa, W. A. and Van Staden, J. (1998): Dissecting the role of
osmolyte accumulation during stress. Plant Cell Environ., 21: 535-553.

Hayat S., Ahmad, A. (2007): Salicylic Acid: A Plant Hormone, SPRINGER
(Ed) Dortrecht, The Netherlands.

Hoque, M.A., Okuma, E., Banu, M.N.A., Nakamura, Y., Shimoishi Y. and
Murat, Y. (2007). Exogenous proline mitigates the detrimental effects of
salt stress more than exogenous betaine by increasing antioxidant
enzyme activities. J. Plant Physiol., 164: 553-561.

Jain, M., Mathur,G., Koul, S. and Sarin, N. B. (2001): Ameliorative effects of
proline on salt stress-induced lipid peroxidation in cell lines of
groundnut (Arachis hypogaea L.). Plant Cell Rep., 20: 463-468.

Jaleel, C. A., Gopi, R., Sankar, B., Manivannan, P., Kishorekumar, A.,
Sridharan, R. and Panneerselvam, R. (2007). Studies on germination,
seedling vigour, lipid peroxidation and proline metabolism in
Catharanthus roseus seedlings under salt stress. South Africa J. Bot.,
73: 190-195.

Kavi-Kishor, P. B., Sangam, S., Amrutha, R. N., Sri Laxmi, P., K.R., Naidu,
Rao, K. R. S. S.,, Rao, S., Reddy, K. J., Theriappan, P., and
Sreenivasulu, N. (2005): Regulation of proline biosynthesis,
degradation, uptake and transport in higher plants: Its implications in
plant growth and abiotic stress tolerance. Curr. Sci., 88:424-438.

Khan, A., Ahmad, M. S. A, Athar, H. R. and Ashraf, M. (2006): Interactive
effect of foliary applied ascorbic acid and salt stress on wheat (Triticum
aestivum L.) at the seedling atage. Pak. J. Bot., 38: 1407-1414.

Khan, M. A. and Gul, B. (2002): Salt tolerance plants of Coastal Sabkhas of
Pakistan In: A Sabakha Ecosystems, Barth, H. and B. Boer (Eds.)
Kluwer Academic Press, Netherlands.

Khan, M. H. and Panda, S. K. (2008): Alterations in root lipid peroxidation and
antioxidative responses in two rice cultivars under NaCl-salinity stress.
Acta physiol Plant., 30, 91-89.

688



J. Plant Production, Mansoura Univ., Vol. 2 (5), May, 2011

Khedr, A. H. A, Abbas, M. A., Wahid, A. A. A., Quick, W. P. and Abogadallah,
G. M. (2003). Proline induces the expression of salt-stress-responsive
proteins and may improve the adaptation of Pancratium maritimum L.
to salt-stress. J. Exp. Bot., 54:2553-2562.

Kurban, H., Saneoka, H., Nehira, K., Adilla, R. Premachandra, G. S. and
Fujuta, K. (1999): Effect of salinity on growth, photosynthesis and
mineral composition in leguminous plant Alhagi pseudoalhagi (Bieb.).
Soil Sci PI. Nutr., 45:85-862 .

Lappartient, A. G. and Touraine, B. (1996). Demand-driven control of root
ATP sulfrylase activity and sulfate uptake intact Canola. Plant Physiol.,
111: 147-157.

Le Rudulier, D. (2005): Osmoregulation in rhizobia : The key role of
compatible solutes. Grain Legume. 42: 18-19.

Martinoia E, Grill, E., Tommasini, R., Kreuz, K. and Amrhein, N. (1993): An
ATP-dependent glutathione S-conjugate "export" pump in the vacuolar
membrane of plants. Nature 364 247-249

Meister A, Anderson ME (1983): Glutathione. Annu Rev Biochem 52: 711-
760.

Mao, H., lwanaga, F., Yamanaka, N. and Yamamoto, F (2008): Growth,
photosynthesis, and ion distribution in hydroponically cultured Populus
alba L. cuttings grown under various salinity concentrations. Landscape
Ecol Eng., 4:75-82.

Munns, R. and Tester, M. (2008): Mechanisms of salinity tolerance. Annual.
Review of PI. Biol., 59: 651-681.

Nawaz, K., Talat, A., Igra, H. K and Majeed, A. (2010): Induction of salt
tolerance in two cultivars of sorghum (Sorghum bicolor L.) by
exogenous application of proline at seedling stage. Word Appl. Sci. J.,
10: 93-99.

Nieto-Sotelo J., Ho, T. D. (1986): Effect of heat shock on the metabolism of
glutathione in maize roots. PI. Physiol., 82 :1031-1035

Razmijoo, K., Heydarizadeh, P. and Sabzalian, M. R. (2008): Effect of salinity
and drought stresses on growth parameters and essential oil content of
Matricaria chamomile. Int. J. Agric. Biol., 10: 451-454.

Rhodes, D. and Hanson, A. D (1993): Quaternary ammonium and tertiary
sulfonium compounds in higher plants. Annu. Rev. Pl. Physiol. Plant
Mol. Biol., 44: 357-384

Rudolph A. S., Corwe, J. H. and Corwe, L. M. (1986). Effects of three
stabilizing agents — proline, betaine and trehalose — on membrane
phospholipids. Arch Biochem Biophys 245:134—143.

Varma, S. K. (1981): Specific ion effect on the early growth in wheat (Triticum
acstivum L.) Indian J. PI. Physiol. 24:291-294.

Sarwat, M. |. and EI-Sherif, M. H. (2007). Increasing salt tolerance in some
barley genotypes (Hordeum vulgare) by using Kinetin and
benzyladenin. World J. Agric. Sci., 3: 617-629.

689



Younis, M. E. et al.

Sa’nchez-Ferna’ndez, R., Fricker, M., Corben, L. B., White, N. S., Sheard,
N., Leaver, C. J., Van Montagu, M., Inze, D. and May, M. J. (1997):
Cell proliferation and hair tip growth in the Arabidopsis root are under
mechanistically different forms of redox control. Proc. Natl. Acad. Sci.
USA., 94: 2745-2750.

Savvas, D. and Lenz, F. (2000): Effects of NaCl or nutrient-induced salinity
on growth, yield and composition of eggplants grown in rockwool. Sci
Horti., 84:37-47.

Scandalios, J. G. (1993): Oxygen stress and superoxide dismutase. Plant
Physiol 101:7-12.

Shaddad, M. A., Radi, A. F., Abdel-Rahaman, A. M. and Azooz, A. A. (1990):
Response of seed of Lupimis termis and Vicia faba to the interactive
effect of salinity and ascorbic acid or pyridoxine (B6). Plant and Soil,
122:177-183.

Shalata, A and Neumann, P. M. (2001). Exogenous ascorbic acid (Vitamin C)
increases resistance to salt tolerance and reduced lipid peroxidation. J.
Exp. Bot., 364: 2207-2211.

Shakirova F. M., Sakhabudinova, A. R., Bezrukova, M. V., Fakhutdinova, R.
A., Fakhutdinova, D. R. (2003): Changes in the hormonal status of
wheat seedlings induced by salicylic acid and salinity. PI. Sci. 164:317-
322.

Szepesi, A., J. Csiszar, S. Bajkan, K. Gémes and F. Horvath., 2005. Role of
Salicylic acid pre-treatment on the acclimation of tomato plants to salt-
and osmotic stress. Acta Biol. Szegediensis, 49: 123-125.

Taffouo, D., Meguekam, L., . Kenne, M., Magnitsop, A., Akoa A. and Ourry,
A. (2009). Salt stress effects on germination, plant growth and
accumulation of metabolites in five leguminous plants. Afric. Crop Sci.
Conference Proceedings, 9: 157- 61.

Talaat, I. M. and Aziz, E. E. (2005). Stimulatory effects of glutathione,
nicotinic acid and ascorbic acid on matricaria. Egypt. J. Appl. Sci., 20:
218-231.

Tanaka, K., Masuda, R., Sugimato, T., Omasa, K., Sakasi, T. (1990): Water
deficiency induced changes in the contents of defensive substrates
against active oxygen in spinach leaves. Agric Biol Chem., 54:2629-
2634.

Wingate, V. P. M., Lawton, M. A. and Lamb, C. J. (1988): Glutathione causes
a massive and selective induction of plant defense genes. PIl. Physiol
87:206-210

Yamaguchi, T. and Blumwald, E. (2005): Developing salt-tolerant crop plants:
Challenges and opportunities. Trends PI. Sci., 12: 615-620.

Yazici, I., Turkan, I., Sekmen, A.H. and Demiral, T. (2007). Salinity tolerance
of purslane (Portulaca oleracea L.) is achieved by enhanced
antioxidative system, lower level of lipid peroxidation and proline
accumulation. Environ. Exp. Bot., 61: 49-57.

Younis, M. E., Hasaneen, M. N. A., Ahmed, A. R. and El-Bialy, D. M. A.
(2008): Plant growth, metabolism and adaptation in relation to stress
conditions. XXI. Reversal of harmful NaCl-effects in lettuce plants by
foliar application with urea. Aust, J of Crop Sci., 2:83-95.

690



J. Plant Production, Mansoura Univ., Vol. 2 (5), May, 2011

Younis, M. E., Hasaneen, M. N. A., and Kazamel, A. M. S. (2009): Plant
growth, metabolism and adaptation in relation to stress conditions.
XXVII. Can ascorbic acid modify the adverse effects of NaCl and
mannitol on amino acids, nucleic acids and protein patterns in Vicia
faba seedlings? Protoplasma, 235 : 33-47

303&& émw\éﬂJw\cJAgJGLJJMY\ J\J.J\J;\AJM\J;JB
wabeall g agllall Jodll il 4e gliall Jodll Hody B il g AS) G
S U 2 slad 5 Grlea (A Lo cuad daaa (ud g L) 3 gaaa

3 saiall dady - aglad) A0S — i) aud

oaen Ol ) s Jads 4y ) sansV) o) gl U5 A jal A o) pal Canll A 8 a3
Aa slall el 5 slaall gald) J sl hiaa <l ol sai e bl (man 5 ¢ 5 lall el ) S
saad oLl g 5 il JleSiad 5 delu Y 5add 3 san¥) Jillaall b sl ol 3yl e elld
_@N\ J\.@A.Y\ g_'qj)l:'ul\;ﬁeﬁ. V¢

@ ol 53 Voo 500 (S alakall Jplae (8 )5l il o 2 jall il & el
i s slall o glaall Caiiall el ol il e Lagd ol palll gaill YYD aian (A (5 sime gl i )
) A san¥) ol sl Al die 5 saill YYD (A sina 83 pedal 2 5 el a s 3a 0 5SS
Laaal s el S 5 saill YYD 8 A gina 830 ) 5 d gale (e o yelal Ll Aalall 2513400 Lol Y)
Goa Yoo 1S5 e Liajuad saill Y (g oy o 31 5 Gulusal) Ciinall (e o sliall Ciiall
essall 25K e o (ol 2

Losine 33 (A asn saall 35l mlay ubiaad) g gl Jsill aial 43l 5300 alelas
S e Aaal 53l 0 S 5 USIAN (e i) SIVY (ot IS 5 g gall sanSl (35 el 3
sehoaldl e Ll ¥ LDl <) 8 Lo 13- guiiall 8 o 00 seall ) 518 mle (g (ol g 6 2 Y
el (5 e pmia ) ol Lgiamy il Jgill s Aallall Tl s¥1 1) &35 51 o) sall L) xic
Leti i e — LA (e sl SISV Copusd Jane i lliS 5 25l LAY 3 g saall gauslill (358
s 25 5aus1 ) sl 51 (sl Jshaall (4l 5l

S e el i 5 da el dakiaal) CLSAS 5 g b Lo Juaniall gl s 5 a8
st layiad A il 5 ) saned Adlall 5) (o) sans¥) 151 o gand esall 61 gus 3 gans¥) 3 5al

cealall el A 3 el

Gl assaly ol
b guaial) daala — 4o 3 A4 ohadnl) 3 gana dla pran [ 3
o guaial) daaly — Jalrads a glall 4408 i) daaa daae i /3,

691



J. Plant Production, Mansoura Univ., Vol. 2 (5): 673 - 691, 2011

Table 1: Effects of increasing concentrations of NaCl as alone or in combination with the optimum
concentrations of SA, ASA, Pr and GSH on % germination and growth parameters (fresh mass ; g
seedling™, dry mass; g seedling”, water content; g seedling”, RGI; % of control, RGR mg g” d”,
length of radicle (cm seedling™) and length of plumule (cm seedling) of germinating salt-
sensitive broad beans after priming, 7 and 14 days.

Growth stages After priming After 7 days After 14 da
Fresh | Dry % % |Fresh| Dry % % Fresh| Dry
[Treatments mass | mass RGI germination [change| mass | mass RGI | RGR germination| change | mass| mass RGI |RGR
Control(1/10 Hoagland soln.)| 0.943 | 0.245 | 0.00 100 0.00 [ 112 [ 030 | 0.00 | 0.009 100 0.00 190 | 041 [ 0.00 [0.016
50 mM NaCl 0.917* | 0.220* | 89.80 o7* -3.00 [ 1.09 | 0.27 [ 90.00 | 0.008 98* -2.00 [1.88*] 0.38" | 92.68 [0.016
300 mM NaCl 0.767* | 0.199* | 81.22 0.0* -100.00] 0.0 | 0.00 | 0.00 [-0.033* 0.0* -100.00 [ 0.0* | 0.0* | 0.00 [0.00*
0.40 mM Pr 0.988* | 0.260* [106.12 100 0.00 | 1.26 | 0.33 [110.00] 0.012* 100 0.00 [2.22* [ 0.50* [121.95]0.024*
50 mM NaCl+0.40 mM Pr [0.965* | 0.254* [103.67] 97.44* 256 | 119 | 0.35 [116.67] 0.016* 98.86 -1.14  [2.07* | 053" [129.27]0.026*
300 mM NaCl+0.40 mM Pr| 0.790* | 0.220* | 89.80 4.22¢ -95.78 | 1.05 | 0.28 [ 93.33 | 0.010 5.25* -94.75 |1.80* | 0.39* [ 95.12 [0.016
4.0 mMASA 0.993* | 0.265* [108.16 100 0.00 | 1.30 | 0.34 [113.33] 0.013* 100 0.00 |2.30* [ 0.52* [126.83|0.026
50 mM NaCl+4.0 mM AsA[0.975* | 0.262* [106.94 98.63 -1.37 | 121 ] 0.37 [123.33] 0.018* 99.24 -0.76 [ 2.10* | 0.55* [134.15]0.026%
300 mM NaCl+4.0 mM AsA| 0.795* | 0.223* | 91.02 6.22* -93.78 [ 1.08 | 0.29 | 96.67 | 0.011* 8.05* -9195 |1.86*| 040 [97.56 [0.016
GSH1.0 mM 0.980* | 0.253* [103.27 100 0.00 | 124 | 0.32 [106.67] 0.011* 100 0.00 [2.18*[ 0.49* [119.51|0.024%
GSH50 mM NaCl+1.0 mM] 0.960* | 0.250* [102.04]  97.23* -2.77 1 117 | 0.33 [110.00] 0.013* 98.15 -1.85 [2.05* | 0.52* [126.83]0.027*
GSH 300 mM NaCl+1.0 mM]| 0.787* | 0.218* | 88.98 311* -96.89 | 1.03 | 0.27 [ 90.00 | 0.009 4.88* -95.12 | 1.76* | 0.37* [ 90.24 [0.014%
0.09 mM SA 0.999* | 0.270* [110.20 100 0.00 | 1.33 | 0.36 [120.00] 0.015* 100 0.00 [241*[ 0.55* [134.15/0.027*
0.09 mM SA50 mM NaCl+[ 0.980* | 0.266* [108.57]  98.92 -1.08 | 1.23 | 0.39 [130.00] 0.021* 99.64 -0.36 [ 2.13* | 0.56* [136.59]0.024*
300 mM NaCl+0.09 mM SA 0.800* | 0.226* | 92.24 755 -9245[ 111 [ 0.30 [100.00] 0.012* 8.15* -91.85 [1.91* | 042 [102.44[0.017

*The mean difference is significant at the .05 level.

Table 1: Continued

After priming After 7 days After 14 days
Growth stages|

Water | % |Water| % [SNgth o | Length i o | yyater | o |Lengthi o jlengthi o
Treatments content/change|content| change radicle change plumule change [content|change radicle change plumule change
Control (1/10 Hoagland soln.) | 0.698 | 0.00 [ 0.820 0.00 1.31 0.00 1.20 0.00 1.49 0.00 3.92 0.00 3.56 0.00
50 mM NaCl 0.697 | -0.14 | 0.820 0.00 1.20* | -840 1.12* -6.67 1.50 0.67 3.70* -5.61 348 | 225
300 mM NaCl 0.567* | -18.77 | 0.00* [ -100.00 | 0.00* [-100.00] 0.00* |-100.00 [ 0.0* [-100.00| 0.0* [-100.00 | 0.0* [-100.00
0.40 mM Pr 0.728* | 430 | 0.930* [ 1341 | 1.55* | 18.32 1.30* 8.33 172 | 1544 | 476" | 2143 | 4.05* [ 13.76

50 mMNaCl+040 mM Pr [ 0.711 1.86 | 0.840* | 244 125" | 458 1.15* 417 1.54* 3.36 3.85* -1.79 348 | 225
300 mM NaCl+ 040 mM Pr| 0.570* | -18.34 | 0.770* | -6.10 | 1.12* | -14.50 1.02* -15.00 | 141* | 537 | 337 | -14.03 | 3.09* | -13.20
4.0 mM ASA 0.728* | 430 | 0.960* [ 17.07 | 1.58* | 20.61 1.32* 10.00 [ 1.78* | 1946 | 478" | 21.94 | 428 | 20.22
50 mMNaCl+ 4.0 mMAsA | 0.713* | 215 | 0.840* | 244 1.28* | 229 1.17* -2.50 1.55* 4.03 3.88* -1.02 3.50* | -1.69
300 mM NaCl+ 4.0 mMAsA| 0.572* | -18.05 | 0.790* | -366 | 1.15* | -12.21 1.05* -1250 | 1.46* | -2.01 347* | 1148 | 3.12* [ -12.36
1.0 mM GSH 0.727* | 415 [ 0.920* [ 1220 | 1.50* [ 145 1.28* 6.67 169" | 1342 | 474" | 2119 | 4.00* [ 12.36
50 mMNaCl+ 1.0 mMGSH | 0.710* | 172 | 0.840* | 244 1.22* | -6.87 1.14* -5.00 1.53* 2.68 3.82* -2.55 346* | -2.81
300 mMNaCl+ 1.0 mMGSH| 0.569* | -1848 | 0.760* | -7.32 | 1.07* [ -18.32 [ 0.98* -18.33 | 1.39* | -6.71 3.35° | -14.54 | 3.03* | -14.89
0.09 mM SA 0.729* | 444 ] 0970* [ 1829 | 1.60* | 22.14 1.35 1250 | 1.86* | 24.83 | 4.80* | 2245 | 4.30* | 20.79
50 MM NaCl+0.09 mM SA | 0.714* | 229 | 0.840* | 244 1.30* | -0.76 1.19 -0.83 1.57* 5.37 3.90* -0.51 354* | -0.56
300 mM NaCl+0.09 mMSA | 0.574* | -17.77 | 0.810* | -122 | 1.16* | -11.45 1.06* -11.67 149 0.00 348 | -11.22 | 3.15* | -11.51
*The mean difference is significant at the .05 level.
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Table 2: Effects of increasing concentrations of NaCl as alone or in combination with the optimum
concentrations of SA, ASA, Pr and GSH on % germination and growth parameters (fresh mass ; g
seedling'1, dry mass; g seedling'1, water content; g seedling'1, RGI; % of control, RGR mg g d’
length of radicle (cm seedling™) and length of plumule (cm seedling™) of germinating salt-tolerant
broad beans after priming, 7 and 14 days .

Growth stages After priming After 7 days After 14 days

Fresh | Dry % % |Fresh| Dry % % |Fresh| Dry
[Treatments mass | mass RGI germination [change| mass | mass RGI | RGR germination| change | mass | mass RGI | RGR
Control (1/10 Hoagland soln.) 0.946 [0.248| 0.00 100.00 0.00 [115] 033 | 0.00 | 0.014 100 0.00 [ 200 | 048 | 0.00 | 0.021
50 mM NaCl 0.955* [0.256% 103.23 100.0 0.00 |[1.19*] 0.36* [109.09| 0.017* 100.00 0.00 [211*] 0.53* [11042] 0.024*
300 mM NaCl 0.776* |0.208% 83.87 30.0 -70.00 [ 1.06* | 0.30* [ 90.91 | 0.015 38.00 -62.00 | 1.88* | 0.44* [ 91.67 | 0.020
0.40 mM Pr 0.995* |0.266% 107.26 100.0 0.00 |1.32*] 0.39* [118.18] 0.021* 100.00 0.00 [238*| 0.60* [125.00] 0.030*

50 mM NaCl+040 mM Pr_ |0.977%]0.260* 104.84|  100.00 0.00 [1.26*| 0.40* [121.21]| 0.024* 100.00 0.00 [258*| 0.63* [131.25] 0.033*
300 mM NaCl+0.40 mM Pr_ | 0.796* |0.225* 90.73 30.9* -69.11[1.09* | 0.31* | 93.94 | 0.015 39.16* -60.84 | 1.94* [ 0.46* | 95.83 | 0.021
4.0 mM ASA 0.999* |0.270* 108.87 100.0 0.00 [1.35°| 0.39* [118.18| 0.021* 100.00 0.00 |251* | 0.64* |[133.33] 0.036*
50 mM NaCl+ 4.0 mM AsA | 0.988*|0.266* 107.26  100.00 0.00 [1.28*| 041* [124.24| 0.024* 100.00 0.00 [276* | 0.65* [135.42| 0.034*
300 mM NaCl+4.0 mMAsA [0.803*[0.230* 92.74 31.4* -68.64 [ 1.12*| 0.32 | 96.97 | 0.016* 40.12* -59.88 [ 1.97* | 047 [97.92 [ 0.021
GSH0.01 mM 0.988* |0.263* 106.05 100.0 0.00 [1.30*| 0.37* [112.12| 0.020* 100.00 0.00 |233*| 0.58* [120.83] 0.030*
GSH 50 mM NaCl+0.01 mM [ 0.973* [0.259% 104.44|  100.00 0.00 [1.25*| 0.40* [121.21]| 0.024* 100.00 0.00 |249* | 0.61* [127.08] 0.030*
GSH 300 mM NaCl+ 0.01 mM [ 0.792* [0.223*] 89.92 30.4* -69.56 [ 1.06* [ 0.30* [ 90.91 | 0.013 38.41* -61.59 | 1.89* [ 0.44* | 91.67 [ 0.020
0.09 mM SA 1.02* |0.276* 111.29 100.0 0.00 [1.38*| 0.40* [121.21]| 0.021* 100.00 0.00 |263*| 0.73* [152.08] 0.047*
0.09 mM SA50 mMNaCl+ |0.997%]0.270* 108.87|  100.00 0.00 [1.30*| 0.43* [130.30| 0.027* 100.00 0.00 [2.77*| 0.67* |139.58| 0.034*
300 mM NaCl +0.09 mM SA | 0.806* |0.232* 93.55 32.2* -67.78 | 1.14 | 0.33 |100.00| 0.017* 40.34* -59.66 | 2.02* | 049 [102.08] 0.023*
* The mean difference is significant at the .05 level.

Table 2 : Continued
Growth stages| After priming After 7 days After 14 days

Water % Water % Leg h % Length % Water % Length % Leg?th %
Treatments content | change | content| change radicle change |of plumule| change| content | change (of radicle| change plumule change
Control (1/10 Hoagland soln.) 0.698 0.00 [ 0.820 | 0.00 1.59 [ 0.00 122 0.00 152 0.00 4.30 0.00 419 0.00
50 mM NaCl 0.699 014 [0.830" [ 122 | 1.66* [ 4.40 1.26* 327 | 1.58* 3.95 450° | 465 | 4.33° 3.34
300 mM NaCl 0.568* | -18.62 [ 0.760* [ -7.32 | 1.14* [ -30.20 1.16* 492 | 144" [ 526 | 316" [-2651[ 4.00" [ 4.53
0.40 mM Pr 0.729* | 444 10930* | 1341 [ 218 [ 37.11 1.56* 2787 | 178" [ 17.11 590 [ 3721 | 546 | 30.31

50 mM NaCl +0.40 mM Pr 0717 | 272 [0860* [ 4.88 | 1.85* [ 16.35 1407 1475 | 1.95% [ 2829 | 505° | 1744 [ 500" [ 19.33
300 MM NaCl+ 040 mM Pr | 0.571* [ -18.19 [ 0.780" [ 4.88 | 147" [ -7.55 1.18% -328 | 148" [ 263 | 411° | 442 | 412" | 167
4.0 mMMASA 0.729* | 444 10960 | 17.07 [ 219* | 37.74 157* 2869 | 187 [ 2303 | 597 | 3884 | 549° | 31.03
50 MM NaCl+ 40 mMAsA | 0722 | 344 [0870"[ 610 | 1.90* | 19.50 1.44* 1803 | 211 [ 3882 | 515° | 19.77 [ 511" [ 21.96
300 mMNaCl+ 40 mMAsA | 0573" | -17.91 [ 0.800" [ -244 | 149" [ -6.29 1.19° 246 | 150" [ -132 | 415" [ -349 | 416" | -0.72
0.01 mM GSH 0.725* | 387 [0930% [ 1341 | 2.16* | 35.85 1.56* 2787 | 175 [ 1513 | 588" | 36.74 | 544* | 29.83
50 MM NaCl+ 0.01 mMGSH]| 0.714* | 229 [0.850*[ 366 | 1.83" | 15.09 1.39* 1393 | 1.88° | 2368 | 4.96* | 1535 | 4.89* | 16.71
300 MM NaCl+ 0.0TmM GSH| 0.569* | -1848 | 0.760* | -7.32 | 141 | -11.32 1147% 409 | 145" | 461 408" [ 512 | 410* | -2.15
0.09 mM SA 0.744* | 659 [0980* [ 19.51 | 2.21* [ 38.99 1.59* 30.33 | 190" | 2500 | 6.00* [ 39.53 | 551* | 31.50
50 MM NaCl+0.09 mM SA [ 0727 | 415 [0.870" [ 6.10 | 1.95" | 22.64 1.46% 1967 | 210° [ 3816 | 529 | 23.02 [ 522" [ 24.58
300 MM NaCl+0.09 mMSA | 0574 | -17.77 | 0.810° | 122 | 1.50* | -5.66 1.20° -1.64 153 0.65 418" [ 279 | 417 | 048

*The mean difference is significant at the .05 level.
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Table 3: Effects of increasing concentrations of NaCl as alone or in combination with the optimum
concentrations of Pr, ASA, GSH and SA osmoregulators on lipid peroxidation (mmole MDA / 100 g
fresh mass) and electrolyte leakage (% ion leakage) of germinating salt-sensitive broad beans after
priming, 7 and 14 days .

Growth sta After priming After 7 days After 14 days
Treatments 988 ™ Lipid % |[Electrolyte] % Lipid % |Electrolyte] % Lipid % |Electrolyte] %
peroxidation|change| leakage |change| peroxidation |change| leakage | change |peroxidation| change | leakage | change
Control (1/10 Hoagland soln.) 40.22 0.000 | 50.72 0.000 48.21 0.00 60.3 0.00 52.61 0.00 66.14 0.00
50 mM NaCl 45.22* 1243 | 54.51* 747 54.69* 1344 | 70.46* 16.85 60.22* 14.46 80.22* 21.29
300 mM NaCl 53.36* 3267 | 60.26* | 18.81 0.0* -100.00] 0.0 -100.00 0.0* -100.00 0.0* -100.00
0.40 mM Pr 39.29% -2.31 | 4955° | -2.31 47.69* -1.07 | 59.50* -1.32 52.09* -0.99 65.62* -0.79

50 mM NaCl +0.40 mM Pr 45.12* 12.18 | 54.05 6.57 5541* 14.93 | 64.42* 6.83 66.56* 26.51 73.77* 11.54
300 mM NaCl+ 040 mM Pr 50.44* 2541 | 5844* | 1522 60.51* 2551 | 70.00* 16.08 67.22* 2777 | 77.20* 16.72
4.0 mMASA 38.89* -331 [ 49.12* | -3.15 47.66* -1.14 | 59.46* -1.39 52.04* -1.08 65.51* -0.95
50 mM NaCl+ 4.0 mM AsA 44.59* 10.87 | 53.66* 5.80 53.94* 11.88 | 64.30* 6.63 64.90* 2336 | 73.62* 11.31
300 MM NaCl+ 40 mMAsA | 50.13* 2464 | 57.26* | 12.89 60.11* 2468 | 69.35 15.01 65.70* 2488 | 77.11* 16.59
1.0 mM GSH 39.64* -144 | 49.72* | -1.97 47.70* -1.06 | 59.00* -1.16 52.12* -0.93 66.00* -0.21
50 mM NaCl+ 1.0 mM GSH 45.19* 12.36 | 54.21* 6.88 56.30* 16.78 | 65.14* 8.03 66.67* 26.72 | 74.21* 12.20
300 MM NaCl+ 1.0 mMGSH|  52.22* 29.84 | 59.60* | 17.51 63.44* 3159 | 71.08* 17.88 69.60* 3229 | 78.03* 17.97
0.09 mM SA 38.11* -525 | 49.02* | -3.35 47.12* -2.26 | 59.26* -1.72 52.00* -1.16 65.30* -1.27
50 mM NaCl +0.09 mM SA 44.41* 1042 | 53.14* 4.77 53.70* 11.39 | 63.64* 553 63.24* 2020 | 72.55* 9.69
300 mM NaCl +0.09 mM SA 49.22* 22.38 | 56.92¢ | 12.22 59.40* 2321 | 68.62* 13.80 65.14* 23.82 | 76.00* 14.91
*The mean difference is significant at the .05 level.
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Table 4: Effects of increasing concentrations of NaCl as alone or in combination with the optimum
concentrations of Pr, ASA, GSH and SA osmoregulators on lipid peroxidation (mmole MDA / 100 g
fresh mass) and electrolyte leakage (% ion leakage) of germinating salt-tolerant broad beans after
priming, 7 and 14 days.

Growth stages| After priming After 7 days After 14 days
Lipid % |Electrolyte| % Lipid % Electrolyte| % Lipid % |Electrolyte| %
Treatments peroxidation| change | leakage | change |peroxidation| change | leakage |change|peroxidation/change| leakage |change
Control (1/10 Hoagland soln.) 32.16 0.000 38.23 0.000 38.81 0.000 42.31 0.000 41.60 0.00 45.03 0.00
50 mM NaCl 34.52* 7.34 40.14* 5.00 43.69* 1257 4832 | 14.21 47.26* 13.61 52.26* 16.06
300 mM NaCl 40.92* 2724 | 43.22* 13.05 50.21* 29.37 58.41* | 38.05 58.27* 40.07 | 62.56* 38.92
0.40 mM Pr 31.66* -1.55 37.44* -2.07 38.53* -0.72 41.95* -0.85 41.48* -0.29 44.92* -0.29
50 mM NaCl +0.40 mM Pr 34.20% 6.34 39.63* 3.66 43.26* 11.47 43.90* 3.76 49.63* 19.30 | 49.22F 9.30
300 mM NaCl+ 040 mM Pr 40.21* 25.03 | 42.66* 11.59 48.66* 25.38 4844* | 1449 52.20* 2548 | 52.11* 15.72
4.0 mM ASA 31.14* -3.17 37.22* -2.64 38.40* -1.06 41.92* -0.92 41.36* -0.58 44.82* -047

50 mM NaCl+ 4.0 mM AsA 33.58* 442 39.55* 345 43.15 11.18 43.88* 3.71 48.86" 1745 | 48.66* 8.06
300 mM NaCl+ 4.0 mM AsA 39.55* 2298 | 42.38* 10.86 48.00* 23.68 47.41* | 12.05 51.60* 2404 | 51.22* 13.74
0.01 mM GSH 31.70* -143 37.80* -1.12 38.60* -0.54 4199 | -0.76 41.51* -0.23 | 44.96* -0.16
50 mM NaCl + 0.01 mM GSH 34.33* 6.75 40.00* 463 43.56* 12.24 44.85% 6.00 50.11* 2046 | 50.50* 12.15
300 mM NaCl+ 0.01mMGSH| 4045* 2578 | 43.02* 12.53 48.85* 2587 48.08* | 13.64 52.39* 2594 | 52.40* 16.37
0.09 mM SA 30.55* -5.01 37.00* -3.22 38.15* -1.70 41.80* | -1.21 41.30* -0.72 | 4463 -0.89
50 mM NaCl +0.09 mM SA 33.42* 3.92 39.24* 264 42.22* 8.79 43.60% 3.05 45.72* 9.90 48.02 6.64
300 mM NaCl +0.09 mM SA 39.16* 2177 | 41.15* 7.64 47.36* 22.03 4732 | 11.84 51.30* 2332 | 51.14* 13.57
*The mean difference is significant at the .05 level.




