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Abstract The effect of sodium chloride (NaCl) concentrations (0.0, 60, 120, 240 mM) on growth,

osmotic potential, chlorophyll content, protein content of (Vicia faba L.) seedlings was investigated.

NaCl caused an increase in plant height with low and medium concentrations and a decrease with

the highest concentration, in both measurement periods. No significant effect was observed in the

number of leaves or leaf area with low concentration, while a decrease was noticed for each, with

two higher concentrations and in both measurement periods.

Salinity increased both fresh and dry weights of the shoot in the two measurement periods.

Osmotic potential (O.P.) showed a significant decrease with the increase in concentrations, and

in the duration of the stress periods.

Salinity significantly reduced chlorophyll ‘a’ content in both measurement periods. It also signif-

icantly reduced chlorophyll ‘b’, total chl., and carotenoids contents after ten days of treatment.

An increase was observed in the protein content in the two measurement periods due to the

impact of salinity stress. A directly proportional relationship was found between protein content

and the increase in salt concentrations in the first measurement period, while it was inversely pro-

portional in the second.
ª 2010 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.
y. Production and hosting by

Saud University.
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1. Introduction

The over salinity of the soil is one of the main factors that lim-

its the spread of plants in their natural habitats. It is an ever-
increasing problem in arid and semi arid regions (Shanon,
1986). Fisher and Turner (1978) estimate that arid and semi

arid lands represent around 40% of the earth’s area.
The property of salinity tolerance is not a simple attribute,

but it is an outcome of various features that depend on differ-
ent physiological interactions, which are difficult to determine.

The morphological appearance presented by the plant in
response to salinity, may not be enough to determine its effect,

mailto:amira_m.s@hotmail.com
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so it is important to recognize other physiological and bio-

chemical factors, including toxic ions, osmotic potential, lack
of elements and other physiological and chemical disorders,
as well as the interactions between these various stresses (Mun-
ns, 1993, 2002; Neumann, 1997; Yao, 1998; Hasegewa et al.,

2000).
From the results of the studies, which looked at the effect of

salt stress on growth, one can notice a connection between the

decrease in plant length and the increase in the concentration
of sodium chloride (Beltagi et al., 2006; Mustard and Renault,
2006; Gama et al., 2007; Jamil et al., 2007; Houimli et al., 2008;

Rui et al., 2009; Memon et al., 2010). Numerous studies
showed the affection of leaf area negatively by using different
concentrations of NaCl (Raul et al., 2003; Netondo et al.,

2004; Mathur et al., 2006; Chen et al., 2007; Zhao et al.,
2007; Yilmaz and Kina, 2008; Rui et al., 2009).

The harmful influence of salinity on leaf number, also in-
creases with the increase in concentration, according to the

studies held by Raul et al. (2003), Jamil et al. (2005), Gama
et al. (2007), Ha et al. (2008).

Many studies have shown that the fresh and dry weights of

the shoot system are affected, either negatively or positively,
by changes in salinity concentration, type of salt present,
or type of plant species (Bayuelo Jimenez et al., 2002; Jamil

et al., 2005; Niaz et al., 2005; Saqib et al., 2006; Turan et al.,
2007; Saffan, 2008; Rui et al., 2009; Taffouo et al., 2009,
2010; Memon et al., 2010).

Changes in water relations of plants that are stressed by

salinity, can be seen in certain studies that confirm that, many
plants undergo osmotic regulation when they are exposed to
salt stress by increasing the negativity of the osmotic potential

of the leaf sap (Rodriguez et al., 1997; Gama et al., 2007, 2009;
Kaymakanova and Stoeva, 2008; Kaymakanova et al., 2008).

Many studies confirm the inhibitory effect of salinity on

biochemical processes, of which photosynthesis is the most
important. The effect on photosynthesis can be gauged from
the effect on the photosynthetic pigments. The results of spe-

cific studies (Sultana et al., 2000; Tort and Turkyilmaz, 2004;
Misra et al., 2006; Murillo-Amador et al., 2007; Taffouo
et al., 2010) clearly indicate that salinity reduces the content
of photosynthetic pigments in treated plants.

Protein content can also be affected negatively or positively,
by salt stress. The results of certain studies (Sultana et al.,
2000; Tort and Turkyilmaz, 2004; Beltagi et al., 2006; Chen

et al., 2007; Kapoor and Srivastava, 2010) demonstrate a
decrease, or increase, in protein content in plants treated with
different salt concentrations.

Agriculture plays a pioneering role in economical develop-
ment in many countries, especially in Saudi Arabia. However,
salinity, which affects most areas of the kingdom, represents

one of the main obstacles that limit the expansion of the agri-
cultural area or the increase in agricultural production for
many crops. High salinity is due to the high concentration of
soluble salts in irrigation waters and the high rate of evapora-

tion caused by the high temperatures in Saudi Arabia, ineffi-
cient drainage, or soil type. Bean is one of the important
economic cereal crops, a cereal used as food for both people

and animals, besides its capacity to tolerate salinity. In light
of this, our research aims to study the effect of salt stress, using
different concentrations of sodium chloride, on the growth and

metabolism of Vicia faba (L.) and to determine the extent of its
tolerance of salinity.
2. Materials and methods

2.1. Plant material

The experiments were carried out in a greenhouse, at princess
Nura Bint Abdul-RahmanUniversity, science sections, Riyadh,

using (Vicia fabaL.), ReinaMora; the seeds were obtained from
the local market and is one of the types grown in Saudi Arabia.

2.2. Preparing and sowing of seed

Intact seeds, which were homogeneous and identical in size

and colour, and free from wrinkles, were chosen then sterilized
with 10% Clorox for 10 min. A drop of (tween 20) per 100 ml,
was added to the solution, as a scattering material.

Twenty seeds were grown in each plastic pot, 45 cm in diam-
eter and 55 cm height, containing equal quantities of vermicu-
lite washed with filtrated water. The seeds were left to grow
inside the greenhouse under natural lighting, (25/15) ± 2 �C
(day/night) and 70% relative humidity. The pots were distrib-
uted randomly in lines, with each line comprising of all treat-
ments. The number of plants per pot was decreased to 10,

and only homogenous seedlings showing the strongest growth,
were selected and left to grow until they were 6 weeks of age
(from the beginning of germination), then treatments were

started. The selection of age was in accordance with Schreiber
and Stanberey (1965) and Day and Thompson (1975).

2.3. Treatments

We used different concentrations of sodium chloride (0, 60,
120, and 240 mM). Pots were irrigated every three days, alter-

natively with filtrated water and a (1· solution) nutrient solu-
tion, according to Etherton (1963), until they were 6 weeks
old. After that, homogeneous plants were divided into four

groups, each group comprising one of the concentrations of
sodium chloride. The control plants only received nutrient
solution. To avoid osmotic shock due to high concentrations,

plants were started on lower concentrations, then the concen-
tration was increased on a daily basis, until each group reached
the concentration determined for it; then plants were irrigated
with nutrient solution every three days (250 ml per day) with

the addition of sodium chloride to the nutrient solution every
two weeks. Each pot was washed with 500 ml filtrated water a
week before irrigation with saline solution to prevent the in-

crease in osmotic potential resulting from the accumulation
of salts by the succession of irrigation procedures.

A total of three replicates were chosen for each morpholog-

ical and physiological measurement (at an average of three
plants per replica). Specimens were collected on the 10th day
from the start of treatment, and when 40% of the fourth group

of plants on the highest concentration had died. The total age
of the plants at that time was 90 days.

2.4. Growth measurements

Growth measurements, for the plants exposed to saline treat-
ments, were taken at times mentioned previously, namely after

10 days of treatment and at the death of 40% of plants at the
highest concentration. The three replicates taken for each
treatment, were used to calculate the mean of each measure-

ment. The measurements taken were the following:
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� Length of the Shoot system.

� Number of plant leaves.
� Leaf area, as measured by an area meter (Area Meter CI,
202).

� Fresh and dry weights of the plants: root system weights
were taken immediately, then put in sacks and left to dry
in a drying oven at 70 �C until the weight was stable.
2.5. Physiological study

In our study, and for measuring the osmotic potential of the
leaf sap, an indirect method was used, namely the measure-

ment of the (refractive index) of the cellular sap after extract-
ing it from the leaf. Samples were quickly frozen in liquid
nitrogen in order to break cell walls, then the sap was extracted

rapidly by grinding the frozen leaves in a manual mortar. The
Measurement of the refraction index of total soluble solids
(T.S.S.) was done on a drop of cellular sap, at 20 �C, using a
Refractometer. The readings were converted to osmotic poten-

tial via the appropriate table, and according to Gusev (1960).

2.6. Chemical content

2.6.1. Photosynthetic pigments
One gram of fresh tissue, taken from the third and fourth leaf,
was extracted by grinding in a mortar using 20 ml 80% ace-
tone, a small amount of pure (Silica Quartz), and 0.5 g calcium
carbonate to equalize the cellular sap acidity. The extract was

filtered using a glass funnel (Sentered glass funnel G4) and col-
lected in a conical flask. The residue was re-extracted using the
same method, until it became devoid of color. All the filtrate

was collected in a standard flask and the volume completed
to a specific amount by adding 80% acetone. The optical den-
sity (O.D.) of the extract was measured at wave lengths 663,

645, and 440.5 nm (Smith and Benitez, 1955) to estimate chlo-
rophyll ‘a’ and ‘b’, and carotenes respectively, using a Spectro-
photometer (Spectronic 21D) and a vitreous cell (thickness of

photo route 1 cm). Three replicates were used for each treat-
ment, and the amount of pigment present in each sample
was calculated according to the following equations:

mg chlorophyll a=g-tissue

¼ 12:7 ðO:D:Þ 663� 2:69 ðO:D:Þ 645� v

w� 1000
mg chlorophyll b=g-tissue

¼ 22:9 ðO:D:Þ 645� 4:68 ðO:D:Þ 663� v

w� 1000
mg total chlorophyll=g-tissue

¼ 20:2 ðO:D:Þ 645þ 8:02 ðO:D:Þ 663� v

w� 1000
mg carotenoids=g-tissue

¼ 46:95 ðO:D: 440:5� 0:268� chlorophyll ‘a’þ ‘b’Þ

whereas W, the fresh weight by grams for extracted tissue; V,
the final size of the extract in 80% acetone; O.D., optical den-
sity at specific wave length.

2.7. Protein

2.7.1. Extraction of protein
>Sample (0.5 g) of dry tissue were ground in a mortar with

10 ml filtrated water then transferred quantitatively to test
tubes. One millilitre of trichloroacetic acid (10%) was added,
then the tubes were placed in an ice bath for 10 min. The

supernatant was separated from the precipitate and trans-
ferred to a centrifuge and run at 5000 rpm, for 10 min at
4 �C. The precipitate was clarified in 20 ml sodium hydroxide
(0.1 N) to dissolve the protein, and the volume was rounded

up to the nearest whole number, in accordance with Lowry
et al. (1951).

2.7.2. Determination of protein
Protein was determined using the Lowry method (Lowry et al.,
1951). In summary:

(1) 5 ml of copper solution was added to tubes containing
0.1 ml of the protein extract. The Copper solution com-

posed of

(a) 100 ml of sodium chloride (0.1 N) in which were

dissolved, 2 g of anhydrous sodium carbonates

and 1 ml of sodium tartrate (2.7%).
(b) 1 ml of copper sulphate (1%).
(a and b) were mixed immediately before use and the

tubes were left for 15 min, then the optical density
(O.D.) was measured at 570 nanometers.
(2) The same steps were repeated with the standard solution

(of known concentration) of Bovine Serum Albumin.
(3) Steps (1 and 2) were repeated thrice, and the mean value

of the 3 readings were compared with the standard curve

of Bovine Serum Albumin.
2.8. Statistical analysis

The results were analyzed by comparing (F) values obtained
from a one-way ANOVA using the SPSS statistical package
(Gerber et al., 1997). The lowest significant (LSD) between

the means, at the (5%) level, were determined for various treat-
ments, following the method of Steel and Torrie (1981).
3. Results and discussion

3.1. Effect of salt stress on plant growth

3.1.1. Plant height
By following the lengths of the plants under salt stress during
the treatment periods, Table 1 it appears there is a general

trend for the increase in the lengths of the plants using the con-
centrations, 60 mM and 120 mM. More precisely, the increase
is correlated inversely, after 10 days of treatment, with the in-
crease of the concentration of salt from 60 to 120 mM, whereas

the increase is correlated directly with the same concentrations
of salt, at the death of 40% of the plants. Then, the length of
plants decreases, in both periods, with the use of the highest

concentration (240 mM), however the decrease was significant
during the first measurement period only.

In general, statistical analysis demonstrated significant dif-

ferences, whether an increase or decrease, for the youngest
plants (after 10 days of the treatment), specifically when using
the concentrations 60 mM and 240 mM, whereas, there were
no significant differences between the plants of the control

experiment or at a later stage (i.e. at the death of 40% of the
plants), for the treated plants.

Other results that support what has been shown here, are

those by Hamada (1995) with his study on maize Zea mays



Table 1 Effect of treatment with different concentrations of

(NaCl) on the height (cm) of bean plants.

Number of days after

start of treatment

10 days after

treatment

At the death of

40% of plants

Concentration (mM) Mean ± Std. error Mean ± Std. error

Zero 50. 33 ± 0.882 86.00 ± 8.718

60 55.67 ± 2.028* 90.00 ± 10.00

120 51.33 ± 0.667 97.00 ± 1.528

240 43.67 ± 0.333* 75.00 ± 2.887

F 18.088 1.814

P value 0.001 0.223

Values are means of three replicates with three plants per replicate.
* P< 0.05.
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L., Misra et al. (1997) with their study on rice seedlings Oryza
sativa L. vr. Damodar, Dantus et al. (2005) in their study on
cowpea, Vigna unguiculata L., and finally by Memon et al.
(2010) in their study on Brassica campestris L. where they indi-

cated that the use of low concentrations of sodium chloride led
to increases in plants lengths, whereas higher concentrations
caused shortage. Contrary results were registered as well,

including the study done by Mathur et al. (2006) on moth bean
Vigna aconitifolia L., Jamil et al. (2007) on radish plant,
Raphanus sativus L., Taffouo et al. (2009) on cowpea Vigna

unguiculata L., and Kapoor and Srivastava (2010) on Vigna
mungo L. They found that increasing the concentrations of
NaCl developed a decline in the lengths of the plants.

Generally speaking, we may infer that, the elongation of the

stem when treated with low concentrations of salts may induce
osmotic adjustment activity in the plants which may improve
growth. On the other hand, the noticed decrease in the length

of the stem, also due to treatment with sodium chloride solu-
tion, could be due to the negative effect of this salt on the rate
of photosynthesis, the changes in enzyme activity (that subse-

quently affects protein synthesis), and also the decrease in the
level of carbohydrates and growth hormones, both of which
can lead to inhibition of the growth (Mazher et al., 2007).

3.1.2. Number of leaves
Results presented in Table 2 showed that higher levels of salin-

ity decrease leaf number throughout the experiment. It was
found that the general trend of the treatment reflects a gradual
decrease in the number of plant leaves with the increase of salt
concentration, compared with the plants of the control exper-

iment, except for the 60 mM treatment, which did not lead to
the decrease in the number of leaves on the plants after 10 days
of the treatment, whereas the same concentration led to a non
Table 2 Effect of treatment with different concentrations of

(NaCl) on the number of leaves of bean plants.

Number of days after

treatment

10 days after

treatment

At the death of

40% of plants

Concentration (mM) Mean ± Std. error Mean ± Std. error

Zero 5.000 ± 0.000 13.667 ± 0.882

60 5.000 ± 0.000 15.000 ± 0.000

120 4.667 ± 0.333 13.333 ± 0.882

240 4.000 ± 0.577 11.333 ± 1.333

F 2.000 2.756

P value 0.193 0.112

Values means of three replicates with three plants per replicate.
significant increase in the number of leaves in the second per-

iod (when 40% of the treated plants had died).
Statistical analysis did not show significant differences,

whether in the increase or decrease of leaves for plants exposed
to salt stress, compared with the control plants of both periods.

These results have been confirmed by the results of Karen
et al. (2002), with their study on Cirer arietinum L. and Raul
et al. (2003), with their study on the leaves of the teprary bean

(Phaseolus acutifolius L.), cowpea (Vigna unguiculata L.), and
wild bean (Phaseolus filiformis L). They mention that, the
treatment of sodium chloride reduced the number of leaves

compared with control plants.
One of the studies that supports these results also, is a study

by Jamil et al. (2005). They mention that, the treatment of

Cabbage Brassica oleracea capitata L. and Brassica oleracea
botrytis L. with the concentrations: zero, 4.7, 9.4, 14.1 dsm�1

NaCl, had a negative effect on leaf number of these plants.
The results of a study performed by Gama et al. (2007), on

beans (Phaseolus vulgaris L.), agree with our results, as well.
They mention that there is a decrease in the number of leaves
when treated with 50, and 100 mM of sodium chloride.

The decrease of leaf numbers may be due to the accumula-
tion of sodium chloride in the cell walls and cytoplasm of the
older leaves. At the same time, their vacuole sap cannot accu-

mulate more salt and, thereby decreases the concentration of
salt inside the cells, which ultimately leads to their quick death
and cut down (Munns, 2002).

3.1.3. Leaf area
Leaf area represents a measure of plant growth, which can be

affected by different stresses, including salt stress. The results
listed in Table 3 demonstrate the response of the leaf to salt
stress. Generally the results showed a decrease in leaf area with
increasing salinity in the two periods of treatment, after

10 days and when 40% of plants had died, except for the min-
imum concentration (60 mM), in the second period. Herein it
led to a non-significant increase in the leaf area, compared with

the control plants.
Looking at the statistical analysis for those values, it ap-

pears that the decrease in leaf area was significant in plants

after 10 days of treatment, using the concentrations 120 and
240 mM, while at the death of 40% of plants, it was significant
when using the highest concentration, 240 mM.

These results agree with what Mathur et al. (2006) reported,

that the stress of the moth bean plant (Vigna aconitifolia L.)
with increasing concentrations of sodium chloride, led to a de-
crease in leaf area. This decrease was inversely proportional to
Table 3 Effect of treatment with different concentrations of

(NaCl) on leaf area (cm2) of bean plants.

Number of days after

treatment

10 days after

treatment

At the death of

40% of plants

Concentration (mM) Mean ± Std. error Mean ± Std. error

Zero 16.667 ± 0.726 20.833 ± 0.601

60 15.667 ± 0.441 21.500 ± 0.500

120 13.167 ± 0.333* 19.667 ± 0.333

240 12.333 ± 0.167* 18.667 ± 0.882*

F 19.387 4.189

P value 0.000 0.046

Values are means of three replicates with three plants per replicate.
* P< 0.05.
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the concentrations. Also, a significant decrease in leaf area of

sugar cane (Beta vulgaris L.) in response to salt stress using
concentrations zero, 50, 100, 150 mmol of sodium chloride,
has been reported (Jamil et al., 2007).

Other supporting results, include those of Zhao et al.

(2007), With their study on oat (Avena sativa L.) and Yilmaz
and Kina (2008), with their study on Fragaria x ananssa (L.).
They found that the exposure to salinity by NaCl reduced leaf

area.
This notable decrease in leaf area, found in this study as a

result of the treatment with increased concentrations of so-

dium chloride, could be explained by the negative effect of salt
on photosynthesis that leads to the reduction of plant growth,
leaf growth, and chlorophyll content (Netondo et al., 2004).

3.1.4. Fresh and dry weight
Going through the data in Tables 4 and 5, it is obvious that

there is a positive effect for salt stress on the fresh and dry
weight of the bean. There is an increase in the fresh and dry
weights of the plants in general, and this applies to both mea-
surement periods. The maximum increase in fresh and dry

weight, after 10 days of the treatment, was achieved by using
the minimum concentration, 60 mM. This increase was signif-
icant for fresh weight, whereas a higher increase was achieved

during the second measurement period, for both fresh and dry
weights, when using the concentration 120 mM.

Comparing the achieved values for fresh weight with the

values of control plants, more closely, it is obvious that the dif-
ferences were significant in plants that were treated with the
minimum concentration, 60 mM, at the first measurement.

Also, using the concentration 120 mM showed a significant in-
crease at the second measurement. The differences were not
Table 4 Effect of treatment with different concentrations of

(NaCl) On fresh weight (g) of bean plants.

Number of days after

treatment

10 days after

treatment

At the death of

40% of plants

Concentration (mM) Mean ± Std. error Mean ± Std. error

Zero 3.862 ± 0.661 7.236 ± 0.497

60 6.911 ± 0.664* 8.279 ± 1.231

120 5.396 ± 0.961 10.459 ± 0.975*

240 5.168 ± 0.582 8.141 ± 0.178

F 2.919 2.724

P value 0.100 0.114

Values are means of three replicates with three plants per replicate.
* P < 0.05.

Table 5 Effect of treatment with different concentrations of

(NaCl) on dry weight (g) of bean plants.

Number of days

after treatment

10 days after

treatment

At the death of

40% of plants

Concentration (mM) Mean ± Std. error Mean ± Std. error

Zero 0.461 ± 0.056 0.790 ± 0.594

60 0.613 ± 0.077 0.890 ± 0.182

120 0.600 ± 0.057 1.035 ± 0.196

240 0.571 ± 0.067 0.867 ± 0.266

F 1.139 0.554

P value 0.390 0.660

Values are means of three replicates with three plants per replicate.
significant using the other concentrations in any at the two

measurement periods. Also, the significant differences disap-
peared for dry weight.

These results for fresh and dry weights for the shoot system
in this study, agree with the results presented by Andriolo et al.

(2005) in their study on lettuce (Lactuca sativa L.), where they
reported that the treatment with salt increased the fresh weight
by about 28%, and also agree with the results of a study by

Dantus et al. (2005) on cowpea (Vigna unguiculata L.), where
they report that using 10 mM of sodium chloride increased
fresh and dry weights of the shoot system of their seedlings.

Other supporting results include that of Niaz et al. (2005),
who report that the treatment of fodder beet (Beta vulgaris
L.) and sea beet (Beta maritime L.) with 200 mM of sodium

chloride increases the fresh weight of the shoot system, which
was significant for both kinds. Also, the study made by Orak
and Ates (2005) on common vetch (Vicia sativa L.), and
Nedjimi et al. (2006), on (Atriplex halimus L.) where they re-

port an increase in the fresh and dry weight for root and shoot
systems of the plants with concentrations of NaCl.

In spite of the fact that many studies have pointed to the

positive effect of sodium chloride on fresh and dry weight, there
are contrary results, as well, pointing to the negative effect of
salt stress on fresh and dry weight. These include a study by

Jamil et al. (2007) on radish plants Raphanus sativus L., a study
by Ha et al. (2008) on Kyllinigia peruviana L., a study by Rui et
al. (2009) on Bruguiera gymnorrhiza L., and finally a study by
Memon et al. (2010) on Brassica campestris L.

The increase in fresh weight of the shoot system may be due
to the ability of the plant to increase the size of its sap vacu-
oles, which allows for the collection of a lot of water, and this

in turn dissolves salt ions that have accumulated and leads to
the subsequent increase in fresh weight (Munns, 2002).

3.2. Effect of salt stress on internal water relations

3.2.1. Osmotic potential of the leaf sap
Results presented in Table 6 showed that increasing salinity
decreased the osmotic potential of the plant for both measure-
ment periods. This change is considered one of the defensive

means by which plants tolerate stress, as this increases its abil-
ity to absorb water. The values detected show an inverse
relationship between salt stress and osmotic potential for the

sap of bean leaves, where the reduction of osmotic potential in-
creases with the increase of sodium chloride added to the nutri-
Table 6 Effect of treatment with different concentrations of

(NaCl) on the osmotic potential (Bars) of bean plants.

Number of days

after treatment

10 days after

treatment

At the death of

40% of plants

Concentration (mM) Mean ± Std. error Mean ± Std. error

Zero �1.667 ± 0.333 �1.800 ± 0.058

60 �1.733 ± 0.088 �2.500 ± 0.116*

120 �2.300 ± 0.116* �2.767 ± 0.033*

240 �2.700 ± 0.058* �3.200 ± 0.153*

F 37.681 33.514

P value 0.000 0.000

Values are a means of three replicates with three plants per

replicate.
* P< 0.05.
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ent solution, as well as with the increase in the length of stress

exposure, as this was noticed in both measurement periods.
The statistical analysis demonstrated, that the reduction in

osmotic potential was significant with all concentrations in
both measurement periods, except the minimum concentration

60 mM after 10 days of the treatment.
The results registered by many researches in this field, cor-

respond to the results we obtained. For example, Yagmur et al.

(2006) recorded a significant decrease in the osmotic potential
of barley plant leaves (Hordeum vulgare L.), that were treated
with the concentrations of zero, 200, 400, and 600 mgk kg�1 of

potassium sulfate. Also a notable decrease in osmotic potential
of bean seedlings (Phaseolus vulgaris L.), which were treated
with sodium chloride was reported (Gama et al., 2007, 2009;

Stoeva and kaymakanova, 2008). Qin et al. (2009) registered
a significant reduction in osmotic potential for leaf sap of sea-
bukthorr (Hippophae rhamoides L.) when treated with the con-
centrations zero, 200, 400, and 600 mM of NaCl.

It can be said that, the ability of the plant to maintain its
osmotic potential at levels below that of the osmotic potential
of the soil surrounding the plant (Zhang et al., 1999; Zhu,

2001) is a means by which it tolerates the harmful effect of
the accumulation of salt inside its cells during salt stress
(Cachorro et al., 1995).
T
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3.3. Effect of salt stress on chemical content

3.3.1. Photosynthetic pigments
Table 7 demonstrates the effect of salt stress, using different
concentrations of sodium chloride, on the chlorophyll content

of the bean plants under study, including chlorophyll ‘a’, ‘b’
and total chlorophyll. The results show an inverse relationship
between salt concentration and chl. ‘a’ content. Whenever the

concentration increased, chlorophyll ‘a’ content decreased,
reaching its lowest content, 0.270 and 0.426 mg/g fresh weight,
at 240 mM, for both periods of measurement, compared to

control plant fresh weights, 0.528 and 0.532 mg/g, respectively.
A statistical analysis indicated that the observed differences

were significant, except for the minimum concentration,
60 mM, when 40% of plants had died.

On the other hand, it was noticed from the results that the
relationship between chlorophyll ‘b’ and total chlorophyll and
the same concentrations of sodium chloride had followed a dif-

ferent path for the two measurement periods. The general
trend for the treatment at the first measurement period (after
10 days of the treatment) reflects a gradual reduction in the

content. This reduction increased by increasing salt concentra-
tions. Whereas, this reversed in the second measurement peri-
od where salt stress led to the increase in chlorophyll ‘b’

content and total chlorophyll, and this increase was propor-
tional to the increase in salt concentration.

The reduction was significant in the first measurement per-
iod for all used concentrations. Also, the ‘‘increase’’ found

during the second measurement period, was also significant,
except for the concentration of 60 mM.

Our results regarding a decrease in chlorophyll ‘a’, ‘b’, and

total chl., agree with what Tort and Turkyilmaz (2004) re-
ported, that the exposure of barley (Hordeum vulgare L.) to
zero, 120, and 240 mM of sodium chloride led to the decrease

in chlorophyll ‘a’, chlorophyll ‘b’ and total chlorophyll content.
Also Lee et al. (2004) in their study on Paspalum vaginatum (L.)



Table 8 Effect of treatment with different concentrations of

(NaCl) on carotenoid content (mg/g Fw) of bean plants.

Number of days

after treatment

10 days after

treatment

At the death of

40% of plants

Concentration (mM) Mean ± Std. error Mean ± Std. error

Zero 0.148 ± 0.002 0.135 ± 0.001

60 0.127 ± 0.006* 0.135 ± 0.001

120 0.114 ± 0.006* 0.145 ± 0.001*

240 0.110 ± 0.001* 0.136 ± 0.001

F 15.568 25.568

P value 0.001 0.001

Values are mean of three replicates.
* P < 0.05.

Table 9 Effect of treatment with different concentrations of

(NaCl) on protein content (mg/g Dw) of bean plants.

Number of days

after treatment

10 days after

treatment

At the death of

40% of plants

Concentration (mM) Mean ± Std. error Mean ± Std. error

Zero 251.667 ± 22.482 245.667 ± 2.603

60 252.667 ± 22.183 256.333 ± 21.458

120 255.667 ± 16.756 253.667 ± 17.023

240 260.000 ± 19.035 251.33 ± 18.022

F 0.022 0. 076

P value 0.995 0.971

Values are means of three replicates.
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and Siler et al. (2007) in their study on Centaurium erythraea
(L.) reported that chlorophyll ‘a’, ‘b’ and total chlorophyll
decreased with the increase of salt concentrations. Supporting
results also include what Turan et al. (2007), on bean plant

Phaseolus vulgaris (L.), Cheruth et al. (2008), on Catharanthus
roseus (L.), Taffouo et al. (2009), on cowpea (Vigna unguiculata
L.) and Taffouo et al. (2010), on Vigna subterranean (L.).

Demonstrate that salt stress of sodium chloride caused a de-
crease in total chlorophyll content.

The results regarding the ‘‘increase’’ in chlorophyll content

with the increase of salt concentrations agree with results re-
ported by Misra et al. (1997). They indicated that stressing rice
seedlings Oryza sativa L. with sodium chloride increased sig-
nificantly the chlorophyll content of seedlings, which were

15 days old. Also, it was mentioned by Jamil et al. (2007) that
increased concentrations of sodium chloride (zero, 50,
150 mM) increased the total chlorophyll content of sugar cane

leaves (Beta vulgaris L.), and that it was a significant increase.
By following carotene content during exposure of the bean

plants to salt stress, it appears fromTable 8 that salt stress was

an inhibiting factor for the formation of carotenes inside the
stressed plants at the first stage of measurement (after 10 days
of treatment), where the carotene content decreased. There was

an inverse relationship between salt concentration and caro-
tene content, as it is obvious from the data in the indicated ta-
ble that the least carotene content appeared with the
concentration 240 mM, where it reached to 0.110 mg/g fresh

weight, while the value for control plants was 0.148 mg/g fresh
weight.

By studying the effect of the salt stress at the second period

of measurement, it appears from the data in the same table
that there was no effect using the treatment 60 mM, while
120 mM caused an increase, then a decreases in carotene con-

tent was noticed using the 240 mM concentration.
The differences according to the statistical analysis were sig-

nificant at the first measurement period with all the used con-
centrations. Whereas, there were no significant differences at

the second measurement period except for the concentration
of 120 mM.

The results obtained, regarding the reduction of carotene

content, agree with those registered by Tort and Turkyilmaz
(2004), where they observed that the stressing of barley seed-
lings (Hordeum vulgare L.) with zero, 120, 180, and 240 mM

of sodium chloride, reduced leaf content of carotenes. Also,
Mustard and Renault (2006) registered a reduction of carotene
content in seedlings of dogwood (Cornus sericea L.), which
were stressed with salt. On the other hand, our results regard-
ing the increase in carotene content using salt stress, agree with
those obtained by Misra et al. (1997) who found that submit-
ting rice seedlings Oryza sativa L. to salt stress by sodium chlo-

ride, led to a significant increase in carotene content for 15 day
old plants.

3.3.2. Protein content
Table 9 results indicate a positive effect for sodium chloride
using various concentrations on total protein of bean plant

shoots after 10 days. It appears from the data that there
was a general increase in protein content that corresponded
with the increase in salt concentrations, whereas there was a

general reverse in protein content, when 40% of the plant
had died. There appeared to be an inverse relationship be-
tween salt concentrations and protein content, although pro-

tein content was still higher than the controls. Statistical
analysis did not show a significant difference during the two
measurement periods.

The results obtained, in general agree with what Chao et al.

(1999) had presented. They noticed an increase of protein con-
tent of the tomato plant Lycopersicon esculentum (L.) in re-
sponse to salt treatment. Again, Sibole et al. (2003), reported

that the treatment of clover plant (Medicago citrna L.) for
30 days with concentrations of zero, 1, 50, 100, 200 mM. of
NaCl increased soluble protein content in the seedlings, com-

pared with control plants. Also, Tort and Turkyilmaz (2004)
recorded a big increase in protein content when treating barley
plant (Hordeum vulgare L.) with 120 mM of sodium chloride.
Results of a recent study by Kapoor and Srivastava (2010)

on Vigna mungo (L.) support the previous results. They ob-
served an increase in protein content when increasing salt
concentration.

Despite results of many researchers indicating a positive ef-
fect for salt stress on protein content, there are people who pre-
sented contrary results as well, indicating a negative effect for

salt stress. For example, Chen et al. (2007) found that exposing
Vigna unguiculata (L.) plants, at the age of 14 days, to salt
treatment using 75 mM of sodium chloride, reduced soluble

protein content in the plant.
The results of the previous study were confirmed by

Cheruth et al. (2008), with their study on Catharnathus
roseus (L.) and Khosravinejad et al. (2009) with their study

on barley Hordeum vulgare L. They observed that the treat-
ment with sodium chloride reduced protein content in the
plant seedlings.
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