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Abstract
Faba bean (Vicia faba L.) is one of the most important legume crops worldwide. High salinity is a major constraint for faba 
bean productivity in many countries, including Egypt. Here, we examined the effects of salinity-induced toxicity on the 
growth of two local faba bean genotypes by analyzing physiological and biochemical responses to identify the salt-tolerant 
attributes between the genotypes. In vitro experiments were carried out to characterize the response of two faba bean geno-
types (Sakha 3 and Nubaria 2) to salinity imposed by different sea-salt concentrations (1000, 3000, 5000 and 7000 ppm). For 
both genotypes, salinity induced a marked reduction in dry matter gain along with a reduction in shoots height, roots length, 
leaves number and branches number. In addition, the photosynthetic pigments (chlorophyll a, b) were significantly decreased 
with the increase in salinity. Changes in tissue ion levels, peroxidase (POD) and polyphenol oxidase (PPO) activities depended 
on genotype, tissue and salinity level. The deteriorating effect of salt stress on the growth performance of genotype Nubaria 
2 was lower than that of Sakha 3. This is maybe ascribed to its better antioxidant enzymes activities. Moreover, Nubaria 2 
accumulated low quantities of Na+ in the shoots with a higher accumulation of ions in the roots compared to Sakha 3. The 
obtained results suggested Nubaria 2 seedlings have a strong ability to sustain sea-salt stress by the regulation of transport 
and distribution of ions and this genotype may be characterized as a salt excluder.
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Introduction

Environmental abiotic stress such as salinity and drought 
imposed undesirable effects on plant growth and productivity 
in many parts of the world specifically in arid and semi-arid 
regions. With climate change on the way, the problems will 
dramatically increase and salt stress becoming more severe 
as agriculture is intensified. Consequently, salinity may lead 
to increased pressure on food availability worldwide. The 
adverse effect of salinity on plants is a combination of ion 

toxicity, osmotic stress and production of reactive oxygen 
species (ROS) in plant cells which lead to damage lipids, 
proteins and DNA (Yasar et al. 2006). The negative effect 
of salinity on plant growth has been also attributed to physi-
ological disorder, such as severe ion imbalance and inhibi-
tion of enzyme activities; particularly those involved in the 
defense against oxidative stress (Türkan and Demiral 2009). 
High extracellular NaCl concentration is also well known 
to inhibit the expression of genes encoding carboxylation 
enzymes such as rubisco (Koch 1996) that could be the rea-
son for reduced plant development. Studying the response 
of crops to salinity and developing crops with elevated salt 
stress tolerance are long-held objectives of many research 
groups worldwide to expand the use of the saline area for 
cultivation. Therefore, understanding the mechanisms of 
salt-tolerance is imperative for crop improvement (Mahl-
ooji et al. 2018).

Plants react to changes in their environment by an array 
of biochemical and physiological alterations to cope with 
these challenges. The mechanisms of stress tolerance may 
vary from one plant species to another and even at different 
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developmental stages (Foolad and Lin 2001). For example, 
the plants developed an antioxidant system such as catalase 
(CAT), ascorbic acid (AsA), glutathione reductase (GR) and 
superoxide dismutase (SOD) to repair the oxidative damage 
to macromolecules (Ahmad et al. 2010).

Faba bean susceptibility to biotic and abiotic stresses is a 
major constraint to yield (Fouad et al. 2013). Genetic vari-
ation in salinity tolerance has been reported in many crops 
such as rice (Yeo and Flowers 1983), barley (Epstein et al. 
1980), wheat (Munns et al. 2000; Munns and James 2003) 
and alfalfa (Noble et al. 1984). However, little information 
is available regarding the genetic variability of salt tolerance 
in faba bean. The available data indicate that the source of 
salinity tolerance in this species may be more limited than 
in other crops (Cordovilla et al. 1999). In literature, there are 
many reports dealing with the evaluation of the salt tolerance 
of faba bean. The response of four Egyptian faba bean geno-
types (Misr 1, Giza 843, Giza 429 and Giza 3) was investi-
gated (Abdelhamid et al. 2010). They reported relative high 
salt tolerance of Giza 429, Misr 1 and Giza 843 genotypes 
and could be watered with 100 mM NaCl solution. They 
ascribed their results to the high degree of physiological 
tolerance characterizing these genotypes through creating 
osmotic adjustment by accumulation more quantities of N, 
P, K+, Ca2+, Mg2+ and lower quantities of Na+ and Cl–, as 
well as higher K+/Na+ and Ca2+/Na+ ratios.

In this connection, previous reports showed that salt 
stress activated the antioxidant enzymes such as superoxide 
dismutase (SOD) and polyphenol oxidae (PPO) in leaves, 
shoots and roots of faba bean (Adss and Eldakrory 2015; 
Anaya et al. 2017). Salt tolerant peas showed also a close 
correlation with antioxidant capacity (Hernandez et  al. 
2000). Salt stressed green bean (Phaseolus vulgaris L.) 
decreased the accumulation of the toxic ions in plant shoot 
to tolerate the adverse effect of salt stress (Assimakopoulou 
et al. 2015). Consequently, the purpose of the present work 
is to study the effect of different sea-salt concentrations on 
several plant growth parameters, ion contents, chlorophyll 
contents, peroxidase and polyphenol oxidase activities in 
shoots and roots of two commercial faba bean genotypes, 
widely distributed in Egypt to depict the response of these 
genotypes to salt stress.

Materials and methods

Plant material

Two genotypes, Sakha 3 and Nubaria 2 commonly cultivated 
in Egypt, were selected for this study based on our previous 
study that showed their low content of phenolic compounds 
with high in vitro regeneration ability (Hanafy Ahmed et al. 

2020). The seeds were obtained from Agriculture Research 
Center, Egypt.

Plant growth and treatments

Uniform seeds were surface sterilized and then sown on 
MS—basal medium (Murashige and Skoog 1962) supple-
mented with different concentrations (1000, 3000, 5000 and 
7000 ppm) of sea-salt (Sigma-Aldrich, S9883) for six weeks. 
The response of the two genotypes to salt stress was investi-
gated under in vitro culture condition. The vegetative growth 
of faba bean plants was characterized by measurement of 
shoot height, root length and counting the number of leaves 
and branches after six weeks of seed sowing. For the deter-
mination of total fresh and dry weights, five plants of each 
genotype from each treatment were harvested and weighted 
to determine the total fresh weight. These plants were then 
oven-dried at 65 °C for 48 h to record total plant dry weight. 
The fresh shoots and root samples were kept at -20 °C for 
further analyses. To determine the relative-salt stress toler-
ance of the plants, the tolerance indices were calculated by 
dividing the individual plant dry weights by the mean value 
of their corresponding controls. Tolerance indices (Ti) of 
faba plants to sea-salt stress were determined according to 
Shetty et al. (1995) as follows:

Tolerance index = Total dry weight of salt-treated plants 
/ total dry weight of control plants × 100.

Chlorophyll determination

The contents of chlorophyll (Chl a, Chl b), and total Chl 
(a + b) were determined spectrophotometry as described ear-
lier (Arnon 1949). The extraction of chlorophyll from the 
leaves was done according to Horborne (1973). Briefly, one 
gram of finely cut fresh shoots was homogenized in 20 ml 
of 80% acetone. Then, the homogenate was centrifuged at 
5000 rpm for 5 min. The supernatant was transferred to a 
new tube and the procedure was repeated till the supernatant 
became clear. The estimation of chlorophyll was done by 
measuring the OD of the solution at 645 nm and 663 nm 
in a UV–VIS spectrophotometer and calculated using the 
formula given by Arnon (1949).

Tissue ion accumulation

Oven (80 °C) dried samples (100 mg) were extracted in 
50 ml deionized water with continuous shaking and used 
for the determination of tissue ion percentage on a micropro-
cessor-based Ion Analyzer (Elico, India) using ion specific 
electrode to sodium (Na+), potassium (K+), calcium (Ca2+), 
Magnesium (Mg2+) and chloride (Cl−) according to Faithfull 
(2002).
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Activity of antioxidant enzymes

Enzymes were extracted from fresh leaves (0.5 g) using 
a mortar and pestle with 10 ml of ice –cold extraction 
buffer containing 50 mM phosphate buffer (pH 7.8), 1 mM 
Na2-EDTA and 2% polyvinylpyrrolidone (PVP). The 
homogenate was filtered through 4 layers of cheese cloth 
and centrifuged at 5000 xg for 10 min at 4ºC (Zhang et al. 
2007). The supernatant was collected to assay the activity 
of peroxidase (POD) and polyphenoloxidase (PPO) spec-
trophotometrically. POD activity was assayed in a reaction 
mixture containing 100 mM sodium phosphate buffer (pH 
5.8), 7.2 mM guaiacol, 11.8 mM H2O2 and 100 µl enzyme 
extract. The activity of POD was assayed according to Kato 
and Shimizu (1987). Samples of 3 ml of the reaction mix-
ture containing 100 mM sodium phosphate buffer (pH 5.8), 
7.2 mM guaiacol, 11.8 mM H2O2 and 100 µl enzyme extract 
was used for the assay. The absorbance was measured at 
470 nm and the change in O.D. was recorded at 30 s inter-
vals up to 3 min and the averages were calculated. POD 
activity was expressed as ∆ 470 min −1 g -1 FW. PPO activity 
was determined according to Mayer et al. (1966). The reac-
tion mixture consisted of 200 µl of the enzyme extract and 
1.5 ml of 100 mM sodium phosphate buffer (pH 6.5). The 
reaction was started by the addition of 200 µl of 100 mM 
catechol. The change in the absorbance was measured at 
490 nm and the change in O.D. was recorded at 30 s interval 
up to 3 min. The average of reading was calculated. PPO 
activity was expressed as ∆ 490 min −1 g −1 FW.

Statistical analysis

All of the experiments were conducted in at least triplicate 
and the results were tabulated as mean ± standard error (SE). 
Data were analyzed by analysis of variance (ANOVA). The 
means were compared using the least significant difference 
(LSD) test at the 0.05 probability level.

Results and discussions

Plant growth

Data recorded in Fig. 1, Table S1 and Table S2 show the 
effect of different levels of sea-salt stress (1000, 3000, 5000 
and 7000 ppm) on the growth of two faba bean genotypes 
(Sakha 3 and Nubaria 2). Shoot height (SH), root length 
(RL), leaves number (LN), branches number (BN), total 
fresh weight (FW), total dry weight (DW) and salt-tolerance 
indexes (Ti) of faba plants were recorded after sowing faba 
bean seeds in vitro for 6 weeks. In general, the obtained data 
reveal that the growth performance of faba bean genotypes 
were significantly affected, depending on the level of sea-salt 

stress (Table S1 and Table S2). This was more pronounced 
with a severe sea-salt stress level of 7000 ppm with both 
genotypes. Nubaria 2 exhibited the highest values of FW, 
DW and Ti under sea-salt level of 3000 ppm as compared 
to Sakha 3 (Fig. 1A, B, C and Table S2). The reductions in 
Ti were 10.2, 17.1, 53.88 and 78.55% at 1000, 3000, 5000 
and 7000 ppm of sea-salt stress in Nubara 2, respectively. 
However, the reduction in salt tolerance index in Sakha 3 
were 31.5, 66.44, 85.62 and 91.02% at 1000, 3000, 5000 and 
7000 ppm of sea-salt stress, respectively (Fig. 1C).

The decrease in plant growth and dry-matter accumu-
lation under salt stress has been reported in several crops, 
including legumes (Jamil et al. 2007; Kh et al. 2012; El-
Rodeny et al. 2014; Adss and Eldakrory 2015; Kaur et al. 
2022). The retardation of plant growth could be attributed 
to the inhibition of specific growth metabolism, impair-
ment of cell division and expansion due to the loss of cell 
turgor (Farooq et al. 2012; Ludwiczak et al. 2021). It has 
been reported that salt stress had a negative effect on growth 
performance and the physiological attributes of faba beans 
(Abdelhamid et al. 2010; Assimakopoulou et al. 2015; Eld-
ardiry et al. 2017; Rady et al. 2017; Alzahrani et al. 2019; 
Desouky et al. 2021). The obtained results are in accordance 
with El-Rodeny et al. (2014) and (El-Bastawisy et al. 2018) 
who mentioned that faba bean cultivar Nubaria 2 is relatively 
tolerant to salt stress.

Chlorophyll contents

High salt stress (5000 and 7000 ppm) caused a significant 
decrease in the concentration of Chl a in both genotypes 
(Fig. 2A), while the concentration of Chl b was unaffected 
by salinity stress of 5000 ppm of sea-salt in Nubaria 2 as 
compared with the results obtained with the same sea-salt 
level in Sakha 3 (Fig. 2B). There were no significant differ-
ences between the two genotypes in total chlorophyll under 
the salinity levels and it was reduced significantly under 
severe sea-salt stress of 5000 and 7000 ppm (Fig. 2C). The 
obtained data revealed that the relative reduction in the Chl 
b was lesser in Nubaria 2 compared to Sakha 3 under high 
salt stress of 5000 pm (Fig. 2B). The ANOVA table for chlo-
rophyll content is summarized in table S3.

The obtained results are in agreement with Radi et al. 
(2013); Hussein et  al. (2017) and Mogazy and Hanafy 
(2022) who reported the gradual reduction of photosyn-
thetic pigments with an increasing salt concentration in 
faba bean. Moreover, this phenomenon has been reported 
in many Fabaceae species such as Medicago ciliaris (Salah 
et al. 2011; Mbarki et al. 2020), Phaseolus vulgaris L (Turan 
et al. 2007; Azizi et al. 2022) and Vigna subterranea L (Taf-
fouo et al. 2010; Ambede et al. 2012). The reduction in chlo-
rophyll levels in salt-stressed plants has been identified as 
the main symptom of oxidative stress due to the excessive 
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accumulation of sodium ions in leaf tissues that leads to 
lesser biosynthesis, alteration of chlorophyll pigments and/or 
lesser photosynthetic efficiency (Najar et al. 2019). Also, the 
activity of a chlorophyll degrading enzyme, chlorophyllase 
maybe a vital reason for decreasing the Chl content under 
salt stress (Santos 2004; Hundare et al. 2022).

Ion accumulation

The response of the plants to cope with the toxicity of Na+ 
varies from one plant species to another. Some plants accu-
mulate sodium ions in the vacuole of the leaves, while others 
extrude the Na+ at the level of the roots (Tejera et al. 2006; 
Souana et al. 2020; Taïbi et al. 2021). However, enhanc-
ing the potassium uptake is also a well-known strategy to 
prevent the entry of sodium to plant cells (Serrano et al. 
1999; Souana et al. 2020). The increase of shoot K+ and Na+ 
in Sakha 3 under high sea-salt level (7000 ppm) indicated 
that sodium is accumulated in the shoots not being extruded 
(Fig. 3A, B). Moreover, the significant reduction in the K+ 
and Na+ in the roots of this genotype suggested that the 

mechanism to block Na+ transfer to growing tissues was not 
effective at high sea-salt concentration in Sakha 3 (Fig. 4A, 
B). However, the accumulation of K+ and Na+ in the shoots 
of Nubaria 2 under salinity stress was on the same level as 
in the control (Fig. 4A, B). On the other side, the signifi-
cant decrease of K+ and the increase of Na+ in the roots of 
Nubaria 2 under high salinity indicated that the mechanism 
to block Na+ transfer to growing tissues was effective at high 
sea-salt concentrations in Nubaria 2 (Fig. 4A, B). Notable, 
Nubaria 2 has a relatively effective mechanism to control 
the transport of Na+ from roots to shoots. These observa-
tions indicate that Nubaria 2 is more tolerant to salinity 
than Sakha 3. These results are in agreement with those of 
(Assimakopoulou et al. 2015) in Phaseolus vulgaris L. who 
reported that the salt-tolerant green bean cultivar "Corallo" 
tolerated NaCl stress better due to its ability to retain the 
Na+ in the roots, maintaining an appropriate K+/Na+ ratio 
and limiting the accumulation of Na+ into shoots. Also, they 
mentioned that the salt-sensitive green bean (cv. Romano) 
accumulated a higher concentration of Na+ in the leaves and 
a lower concentration in the roots in response to salt stress.

Fig. 1   Interactive effects of sea-salt stress on A plant fresh weight (g), B plant dry weight plant (g), and tolerance index of faba bean plants at six 
weeks after sowing. The vertical bars with different letters are significantly different from each other at P < 0.05 level of probability
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Calcium is crucial for the preservation of the membrane 
integrity under stress, influencing K+/Na+ selectivity and 
plays important role in osmoregulation (Rengel 1992). In 
the present study, shoots and roots Ca2+ percentage were 
unaffected under sea-salt stress treatments except under sea-
salt level of 7000 ppm where the Ca2+ percentage increased 
significantly in the shoots of Sakha 3 and in the roots of 
Nubaria 2 (Figs. 3C and 4C). Previous studies reported that 
Ca2+ uptake from the soil may be decreased due to ion inter-
actions, increase in ionic strength that resulted in the reduc-
tion of the Ca2+ activity and precipitation (Janzen and Chang 
1987; Ciriello et al. 2022). In accordance with the obtained 
results, the accumulation of Ca2+ showed differences with 
the increase of salt stress in alfalfa cultivars (Khorshidi et al. 
2009).

In the same line, sea-salt stress had a negligible effect 
on the shoot Cl− and Mg2+ contents measured in Sakha 3, 
but sea-salt level 1000 ppm significantly reduced the shoot 
Cl− (Fig. 3D) and sea-salt level 7000 decreased the root 

Mg2+ significantly in this genotype (Fig. 4E). However, salt 
stress-induced decreases in shoot Cl− and Mg2+ contents 
in Nubaria 2. Except at sea-salt level of 5000 ppm, Cl− and 
Mg2+ percentage were almost in the same percentage as 
control (Fig. 3D, E). While the root Cl− and Mg2+ contents 
of Sakha 3 were significantly decreased under severe sea-
salt stress of 7000 ppm, the roots Cl− and Mg2+of Nubaria 
2 were increased significantly under sea-salt stress of 
7000 ppm as compared with the control plants (Fig. 4D, E).

In addition to the role of Magnesium (Mg2+) in chloro-
phyll synthesis and as an enzyme cofactor, it plays an impor-
tant role in the export of photosynthesis in plants (Marschner 
and Cakmak 1989). In the present study, the accumulation 
of Mg2+ was either unaffected or reduced in the aerial parts 
of both genotypes (Fig. 3E). In contrary to the aerial parts, 
the root Mg2+ was significantly decreased in Sakha 3 and 
markedly increased in Nubaria 2 under severe sea-salt stress 
of 7000 ppm (Fig. 4E). Similar results were obtained in sun-
flower (Ashraf and O’leary 1997).

Fig. 2   Effect of different sea-salt stress levels on Chl a (A), Chl b (B) and total chlorophyll (C) content in faba bean genotypes Sakha 3 and 
Nubaria 2. The vertical bars with different letters are significantly different from each other at P < 0.05 level of probability
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Also, NaCl application decreased Mg2+ content in 
the roots of olive (Loupassaki et al. 2002). The obtained 
results of the current study in the line with those obtained 
by Khorshidi et al. (2009) and Ashrafi et al. (2018) who 
reported that Mg2+ concentration in alfalfa depended on 
the cultivar and the salinity level. Our results indicated 
that Nubaria 2 accumulated significantly low Cl− percent-
age in the shoots under severe sea-salt stress (7000 ppm) 
with high root Cl− relative to the control and the other 
genotype (Fig. 3D and Fig. 4D). The obtained results are 
in agreement with those reported by Lacerda et al. (2001) 
and de Oliveira et al. (2020) who found that the transfer 
of Na+ and Cl− to the shoots was higher in salt-sensitive 
sorghum genotypes. In general, the obtained data suggest 
that Nubaria 2 genotype is relatively tolerant to salinity 
and this is may be due to the plant ability to prevent the 
accumulation of toxic ions such as Na+ and Cl− or main-
taining the level of the essential ions at adequate concen-
trations in the plant aerial part. The ANOVA tables for 
ion accumulation in shoots and roots are summarized in 
table S4 and table S5.

Antioxidant enzyme activities

To overcome oxidative damage caused by abiotic stress, 
plants developed antioxidative systems to scavenge reac-
tive oxygen species (ROS) which caused severe oxidative 
damage to plant cell (Alscher et al. 2002). In this context, 
the activities of two important antioxidative enzymes were 
assayed under control and sea-salt stress conditions. Our 
results showed that salt stress had a negligible effect on the 
activity of POD in the shoots of Sakha 3. However, the activ-
ity of this enzyme was significantly increased with increas-
ing levels of sea-salt stress in shoots of Nubaria 2 (Fig. 5A). 
The activity of POD in the roots of Sakha 3 was significantly 
decreased under sea-salt stress levels of 3000, 5000 and 
7000 ppm (Fig. 5B). However, sea-salt stress had an insig-
nificant effect on the activity of POD in the roots of Nubaria 
2, except with a sea-salt level of 3000 where its activity 
was decreased significantly compared with that in the con-
trol plant (Fig. 5B). It was also observed that the activity of 
PPO was unchangeable in the shoots of Sakha 3 up to sea-
salt levels of 3000 ppm relative to control, after which its 

Fig. 3   Effect of different sea-salt stress levels on A potassium, B 
sodium, C calcium, D chloride and E magnesium ions in shoots of 
faba bean genotypes Sakha 3 and Nubaria 2 at 6 weeks after sowing. 

The vertical bars with different letters are significantly different from 
each other at P < 0.05 level of probability
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activity was significantly declined (Fig. 6A). The activity of 
this enzyme was adversely affected in the roots of Sakha 3 
under sea-salt stress of 3000, 5000 and 7000 ppm. Sea-salt 
stress reduced the PPO activity in the shoots of Nubaria 

2 under sea-salt levels of 3000 and 7000 ppm (Fig. 6A). 
Interestingly, PPO activity in the shoots of Nubaria 2 under 
sea-salt level of 5000 ppm was reached its level in control 
plants. However, sea-salt stress had a negligible effect on 

Fig. 4   Effect of different sea-salt stress levels on A potassium, B 
sodium, C calcium, D chloride and E magnesium ions in roots of 
faba bean genotypes Sakha 3 and Nubaria 2 at 6 weeks after sowing. 

The vertical bars with different letters are significantly different from 
each other at P < 0.05 level of probability

Fig. 5   Effect of different sea-salt stress levels on the activity of perox-
idase (POD) activity in A shoots and B roots of faba bean genotypes 
(Sakha 3, Nubaria 2) at 6 weeks after sowing. The vertical bars with 

different letters are significantly different from each other at P < 0.05 
level of probability
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PPO activity in the roots of this genotype (Fig. 6B). The 
results obtained are in agreement with Ashraf (2009) and 
Hassanein et al. (2009) who demonstrated that salt stress 
induced the activities of antioxidant enzymes in the leaves 
of Vicia faba. These findings confirm the fact that the activi-
ties of the antioxidant enzymes acting as a tolerant mecha-
nism against salt stress in different plants. Thus, it could be 
possible to suggest that Nubaria 2 was more tolerant than 
the other genotype, because the maximum values for these 
enzymes activity in the shoots were recorded compared to 
Sakha 3 genotype (Figs. 5A and 6A). In addition, the val-
ues of POD in the roots of this genotype were higher under 
severe salt stress than that in the roots of Sakha 3 (Fig. 5B). 
The ANOVA table for antioxidant enzyme activities in 
shoots and roots are summarized in table S6. The determi-
nation of reducing, non-reducing, total sugars, soluble phe-
nols, conjugated phenols and total phenols contents in shoots 
and roots of faba bean genotypes (Sakha 3, Nubaria 2) at 
6 weeks after sowing content in shoots and roots revealed 
no important differential differences between both genotypes 
(tables S7-S10). 

Conclusion

The results of the morphological, biochemical and physi-
ological traits assessed in this study showed significant 
genotypic variation, confirming that traits which show sig-
nificant genotypic variation may be used as screening crite-
ria for salinity tolerance in faba bean. Generally, the studied 
genotypes showed a significant difference in their tolerance 
to salinity. However, the studied traits of both genotypes 
were severely affected by salinity at varying degrees, indi-
cating that salinity tolerance differs between both genotypes 
which are widely used in Egypt. Nubaria 2 was found to be 
more tolerant compared to Sakha 3 based on the majority 
of growth parameters assessed, being the most differential 
factors are the biomass, ions translocation and antioxidant 

activities. The obtained results elucidate that several pro-
cesses are involved in salinity tolerance.
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