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Abstract - The present work describes whether the changes in the activities of antioxidant enzymes and 
the levels of some non-enzymatic antioxidants could be used as markers of salt tolerance in common bean 
(Phaseolus vulgaris L.) inoculated by rhizobia strain (Ar02) that belonging to the sinorhizobium genera. 
Common bean-rhizobia symbiosis was exposed to NaCl i.e., (100mM) in perlite culture. Nodulation, 
plant dry weight, total phenols, proline content, hydrogen peroxide (H2O2), peroxidase (PO), polyphenol 
oxidase (PPO) were analyzed. The results indicated that salt stress decreased nodulation and growth 
parameters. Under salt stress, shoot exhibiting the highest in N content (60%). In addition, K+ and Na+ 
uptake in shoot under salt stress was increased significantly by 8.55% and 53.17% respectively. This 
constraint (100mM) affected levels of H2O2 remained. Salt stress markedly enhanced the activities of 
H2O2 and PPO in leaves of common bean-rhizobia symbiosis. Salt stress exhibited the root phenols 
secretion and proline accumulation. Extent increase was noted at flowering stage (10.93 %) that show the 
highest values of phenol content (160mg.g-1 FM). Increase of different parameters in plant need many 
investigations of mechanisms that improve the Common bean-rhizobia symbiosis efficiency under salt 
stress. 
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1. Introduction 
Common bean (Phaseolus vulgaris L.) is the world’s most important food legume for human 
consumption, especially in Latin America and Africa (CIAT 1992). It is known to be sensitive to several 
environmental factors such as salinity recorded that is one of the major factors limiting plant growth and 
productivity (Ghoulam et al. 2002). It was reported that the high level of salinity mediated by NaCl 
concentrations affects plant growth and development through the osmotic stress and the injurious effects 
of toxic levels of Na+ and Cl- ions (Farissi et al. 2011).  To cope with the abiotic constraint, plants have 
developed several adaptive strategies. Among the various mechanisms to acquire tolerance to salt stress, 
enhanced enzymatic and physiologic reactions and phenols secretion were of important significance. It is 
generally assumed that salt tolerant genotypes have higher levels of antioxidant enzymes than those of 
salt sensitive ones (Logan 2005). From all these reports, it was suggested that the induction or increase in 
antioxidant enzymes/molecules is at least a proportion of the mechanism of salt tolerance in Common 
bean (Phaseolus vulgaris L.). Under salt stress, Common bean- rhizobia symbiosis showed  a variation 
over time of hydrogen peroxide concentration, total phenols content, proline content and the activities of 
both peroxidase and polyphenol oxidase (Noren and Ashrafa 2009). However, although a wide range of 
genetic adaptations to saline conditions have been observed in a number of vegetable legumes species, 
while the underlying mechanisms of oxidative stress tolerance in vegetable plants including common 
bean are poorly understood. Furthermore, salinity affects nutriments assimilation and development by 
imposing osmotic stress on plants, causing specific ion (Na+) toxicity and affecting activity of major 
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cytosolic enzymes by disturbing intracellular potassium homeostasis in plant cells (Marschner 1995; 
Sairam and Srivastava 2002; Cuin and Shabala 2007; Chen et al. 2007). So that, the above effects take 
place in both roots and shoots tissues but operate in different timescales. Specific Na+ toxicity in leaves 
becomes critical only after many days (even weeks) after onset of salinity treatment (Munns and Tester 
2008). Also, both massive depletion of cytosolic K+ in plant shoot and roots (Shabala et al. 2006). 
Additional, Cassman (1981) recommended that an adequate distribution of P between the shoots and roots 
was reported as an interesting parameter that may influence P use efficiency in N2 fixing symbiosis. 
Plants are known to involve several mechanisms to increase their P absorption efficiency (Kaous et al. 
2009). Consequently, this study is among the first reports investigating morphological, physiological and 
oxidative metabolism changes in plant of N2-fixing Common bean under salt stress. Therefore, the major 
objectives of the present study were to assess the extent of regulation of various antioxidants and 
metabolites and whether these antioxidant metabolites show a positive association with the degree of salt 
pea tolerance. 
 
2. Materials and methods 
The seeds of Phaseolus vulgaris L. widespread agricultural use in Tunisia were inoculated separately with 
salt-tolerant strain nodulating Common bean in Tunisian soils belonging to the sinorhizobium genera. 
Seedlings were grown in controlled environmental, under greenhouse conditions with plant growth in 
pots. They were sterilised in 2% calcium hypochlorite, washed with sterile distilled water and germinated 
at 28 °C in soft agar containing 100 ml of Bergersen solution (Vincent 1970). The rhizobial inoculant was 
prepared from salt-tolerant rhizobia strains, preserved in tubes at 4 °C on YEM media (Vincent 1970). 
Rhizobia were grown in liquid YEM solution into an Erlenmeyer with agitation during 2 days at 28 °C, in 
darkness. Inoculation was performed by soaking 4-day-old seedlings with 100 ml of inoculants containing 
approximately 108 cells ml-1. The seedlings were transplanted into plastic pots containing 0.5 kg of the 
sterilised perlite. Afterwards, they were separated into two groups (four plants per treatment) and irrigated 
with nutrient solution supplemented with 0 (control), 100mM of NaCl. Plants were harvested at flowering 
stage of culture. They were separated into shoot, nodule and root components. They were dried at 70 ºC 
for 3 days to constant weight. Dry matter were then determined. 
 
2.1. Determination of N and P contents in shoots and roots 
Shoots and roots P were determined by the molybdate blue method (Murphy and Riley 1962). 0.3 g of dry 
weight were incinerated and filtrated (through Whatman No.1 filter paper) and a final volume taken up to 
50 ml with distilled water. 100 µl of each extract was added to 2.5 ml of a reactive mixture prepared with 
ammonium molybdate (2.5%) and hydrazine sulfate (0.15%). Thereafter, absorbance was read at 820 nm 
after incubation at room temperature for 30 min. For N determination, 0.5 g shoot and root subsamples 
were used and analyzed by the Kjeldahl method. 
 
2.2.  Determination of K+ and Na+ contents in shoots and roots 
The dry mass (0.3g) were incinerated and filtrated (through Whatman No.1 filter paper) and final volume 
was made up to 50 ml with distilled water. The determination of levels of Na+ and K+ was performed by a 
spectrophotometer Jenway flame types. The results were expressed as mg. Kg-1 dry weight. 
 
2.3.  Content of leaves and nodules H2O2 
Leaves H2O2 content was determined according to the method of Velikova et al. (2000). An aliquot of 100 
mg of leaf sample was ground in 2 ml of TCA (20 %) and then centrifuged at 15000g for 15 min at 4 ° C. 
The supernatants were then collected to determine the H2O2 content of these extracts. To 0.5 ml of the 
extract was added 0.5 ml of potassium phosphate buffer (10 mM, pH 7) and 1 ml of potassium iodine 
(1M) was then determined at 390 nm after 1 hour of incubation in the dark. The H2O2 content was 
expressed in micromol per g of fresh weight in reference to a standard prepared under the same conditions 
with known concentrations of H2O2 range. 
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2.4.  Enzyme extractions and assays 
The enzyme extract of peroxidase (PO) and polyphenol oxidase (PPO) was prepared at 0-4°C by 
homogenizing 100 mg of leaves samples with 10 % (w/w) polyvinyl polypyrrolidone and 1 mL of 0.1 M 
phosphate buffer (pH 7.0). The homogenate was centrifuged at 13000 rpm for 20 min at 4 °C and the 
supernatant was used to determine the activities of these enzymes (Tejera et al. 2004). The PO activity 
was determined according to Diani et al. (2009). The reaction mixture consisted of 200 µL of H2O2 at 0.3 
%, 300 µL of guaiacol at 20 mM, 2 mL of phosphate buffer (0.1 M, pH 6), 1 mL of distilled water and 50 
µL of enzymatic extract. PO activity was determined by following the decomposition of H2O2 at 470 nm. 
For PPO activity assay (Hori et al. 1997), the reaction mixture consisted of 500 µL catechol at 1.6 % in 
phosphate buffer (0.1 M, pH 6), 250 µL of distilled water, 200 µL of phosphate buffer (0.1 M, pH 6) and 
100 µL of enzymatic extract. Thereafter the absorbance was recorded at 410 nm. For both enzymes, 
reading of the optical density was checked once every 60s during 3 min of incubation against a control 
where enzymatic extract was replaced by distilled water. Enzyme activities were expressed as the amount 
of protein decomposing 1 µmol of H2O2 per g FM. 
 
2.5.  Proline contents 
The proline content was determined using the method described by Bates et al. (1973). Proline was 
extracted from leaves, roots and nodules samples of 100 mg fresh weight with 2 ml of 40% (methanol: 
water). The tubes were incubated in a water bath at 85 °C for 30 min, then 1 ml of extract was mixed with 
1 ml of a mixture of glacial acetic acid and orthophosphoric acid (6 M) (3: 2; v/v) and 25 mg ninhydrin. 
After 1 h incubation at 100°C, the tubes were cooled and 5 ml of toluene was then added. The absorbance 
of the upper phase was spectrophotometrically determined at 528 nm. The proline concentration was 
determined using a standard curve obtained using reference proline solutions. 
 
2.6.  Total phenols content 
Frozen roots from the different treatments were reduced to a fine powder using a pestle and a precooled 
mortar and were extracted three times with 80% methanol at 4°C under continuous stirring. The 
homogenate was centrifuged for 3 min and the supernatants were analyzed by spectrophotometer. Total 
phenols content was estimated based on the Foline-Ciocalteu method adapted from Dicko et al. (2002) 
and absorption at 760 nm was read using Cary100-UV spectrophotometer. A calibration curve was 
generated with freshly prepared solutions of (+)-catechin. Results were calculated as mg equivalent (+)-
catechin per g of fresh weight (mg eq. (+)-catechin/g fresh weight (FM)). 
 
2.7.  Statistical analyses 
The experiments were performed in a completely randomized design. All data were subjected to three-
way analysis of variance (ANOVA) and the means were compared by LSD test at 1 % probability. 
Results are means of five replicates for both growth and nodulation and four replicates for all the 
remaining tested parameters. Data followed by the same letter are not significantly different at the level of 
1 % probability. 
 
3. Results and discussion  
3.1.  Plant growth and nodulation 
Under salt stress, plant growth and nodulation were examined in Phaseolus vulgaris-rhizobia symbiosis. 
Obtained results revealed a significant decrease in biomass production of all examined symbiosis 
combination (Table 1). Similarly, Bargaz et al. (2013) and (Krouma et al. 2008) observed the same results 
under phosphorus and iron deficiency. Overall, salt decrease root length and root dry weigh; the decrease 
was in order to 5.88 %. The same idea was detected on nodule number and dry weights that were 
decreased in response to salt stress in P.vulgaris-rhizobia symbiosis (Table 1). Comparable type of 
observation was reported by Abdi et al. (2012). 
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3.2.  Shoot and Root N content 
Interestingly, shoot N content increased significantly for all tested treatment (Figure 1). Shoot N content 
increase in order to 40%. The same results were observed with root N content. The decrease was in order 
to 75% under salt stress (Figure1).  Although, 100mM NaCl supply accumulated significantly N in shoot 
and root of Phaseolus vulgaris L. inoculated with Ar02. Cordovilla et al. (1996) mentioned that plants 
dependent on nitrogen fixation are not always more sensitive to salinity. Under salt stress (100mM), shoot 
N content was three times more than in control treatment (Figure 1). Examination of oxidative stress in 
shoot and root is not only to advance understanding of salt stress tolerance in N2-fixing legumes, but also 
to point out this stress that has so far not been studied in common bean growth parameters up to now. 

 

 
Figure 1: Nitrogen content in shoot and root of Common bean-rhizobia combinations grown under salt stress. Data are means 

and SE of five replicates harvested at flowering stage. 

 

3.3. Shoot and Root P, K+ and Na+ contents 
Results showed in Table 2 that salt stress caused significant increase of phosphorus content in shoot and 
root of P.vulgaris L. - rhizobia symbiosis that was in order to 31.81% and 1.62% respectively. The same 
idea was observed with potassium and sodium content. Results showed significant increases of two 
elements on comparison to control treatment. Overall, salt stress severely increased P uptake and K+ and 
Na+ absorption (Table 2). In our study we did report a significative decrease in biomass after main salt 
treatment, shoot and root biomass was almost superior to control treatment and this was despite plants had 
higher K+ and Na+ content under salt stress (Table 2). This suggests that Na+ was efficiently sequestred in 
vaccuoles during salt stress treatments. The proposed scenario to describe this strategy in that Na+ is 
pumped into vaccuole to prevent cytosolic Na+ toxicity (Blumwald et al. 2000, Shi et al. 2003) ; and even 
if some K+ may leak from the cytosol, it is quickly replenished from vacuole. 
 
 
 
 
 
 

Table 1. Phosphorus, potassium and sodium content in shoot and root of Common bean-rhizobia symbiosis grown under salt 
stress (100mM). Data are means and SE of four replicates harvested at flowering stage.  

Treatments Nodulation NDW (g/Pl.) Shoot lenght SDW (g/Pl.) Root Lenght RDW (g/Pl.) 

Control 0±0.00 0±0.00 26.256±0.267 0.221±0.111 18.16±2.40 0.243±0.033 

Ar02 1.6±2.07 0.02±0.02 26.754±0.613 0.366±0.190 20.4±2.12 0.266±0.036 

Ar02+100mM 0±0.00 0 26.130±0.210 0.318±0.120 19.2±3.11 0.28±0.035 
 
Mean values labelled with the same letter were not significantly different at P<0.01. 
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3.4.  H2O2 content 
Under salt stress, leaves H2O2 content significantly increased in the combinations of P-vulgaris and 
rhizobia strain (Fig.2). Worth to mention that highest level of H2O2 content was detected at flowering 
stage that was in order to 31µmol.g-1 FM in the symbiotic combination under 100mM NaCl. Concerning 
the H2O2 content in leaves, significant differences were noted in regard to control treatment (Figure 2).   
 

 
Figure 2: H2O2 content in leaves of Common bean- rhizobia combinations grown under salt stress (100 mM). Data are means 

of four replicates harvested at flowering stage of culture. 

 
3.5. Peroxidase and polyphenol oxidase activities 
Concerning the activity of PO in leaves, results showed a significant increase. PO was in order to 1.2 
µmol g-1FM under salt stress. However, this activity was in order to 0.3 µmol g-1FM in controlled 
treatment. In general, salt stress affected slightly PO activity (Figure 3). The same for PPO activity that 
did not increased and was not exceed 10 µmol g-1FM . Compared to PO, salt stress slightly stimulated 
PPO activity in leaves (Figure 4). In this aspect,  the observation of present study are contradictory with 
Aroca et al. (2003); Shanker et al. (2004) and Mandhania et al. (2006) those who reported  in leaves of 
plant a significant variation of PO as an evidence of oxidative damage comparatively to control.  
 

 
Figure 3: PO content in leaves of Common bean- rhizobia combinations grown under salt stress (100 mM). Data are means of 

four replicates harvested at flowering stage of culture. 

Table 2. Nodules number, nodule dry weight and biomass production (Shoot, Root length and dry weight) of pea-rhizobia 
combinations grown under optimal conditions and salt stress.  

Treatments Shoot P 
content 

(mg/kg DW) 

Shoot K 
content 

(mg/kg DW) 

Shoot Na 
content 

(mg/kg DW) 

Root P content 
(mg/kg DW) 

Root K 
Content 

(mg/kg DW) 

Root Na  
content 

(mg/kg DW) 
Control 0.9±0.00 33.26±0.00 3.256±0.267 1.21±0.245 18.16±2.40 26.24±0.011 
Ar02 1.09±0.07 33.89±0.02 3.324±0.013 1.22±0.140 18.32±1.23 28.46±0.636 
Ar02+100mM 1.32±0.00 36.37±0.08 6.94±0.510 1.23±0.00 18.49±0.11 41.20±0.435 
 
Data are means and SE of five replicates harvested at flowering stage. 
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Figure 4: PPO content in leaves of Common bean- rhizobia combinations grown under salt stress (100 mM). Data are means 

of four replicates harvested at flowering stage of culture. 
 
3.6.  Effect on proline contents 
The results indicated that salinity induced a significant increase in proline accumulation in leaves of 
common bean-rhizobia symbiosis (Figure 5). A higher accumulation of proline in leaves under salt stress 
(100mM NaCl) was in order to 0. 3 µM. 100mg FM-1. The proline contents in control root were 0.1µM. 
mg FM-1. Ghoulam et al. (2002) observed that the salt tolerance of Beta vulgaris L. varieties is closely 
related with the accumulation of proline in leaves. The proline may act not only as an osmolyte, but it 
may also help the cells to overcome oxidative stress in salt stressed plants (Rajendrakumar et al. 1994). 
Also, it has been demonstrated that salt tolerance in plant such as alfalfa ecotypes was associated with 
proline accumulation (Monirifar and Barghi 2009; Farissi et al. 2011). 
 

 
Figure 5: Proline amount (µM.100 mg-1 FM) of the leaves, roots of Common bean-rhizobia symbiosis under salt stress (100 

mM NaCl). Data are means and SE of four replicates at flowering stage. 
 
3.7. Total phenol content 
Roots of salt stress symbioses P-vulgaris increased significantly their total phenol content (Figure 6). 
Extent increase was noted under salt stress treatment that show the highest values of phenol content (155 
mg.g-1 FM). After inoculation, combination was shown the increase roots phenol contents. In the whole, 
the total phenol content in the roots did show a significant difference between control and salt stress 
treatment (Figure6).  Zeyen et al. (1995) and Abdi et al (2012) reported that root phenols content was a 
type of resistance of plants to a biotic stress. In the same idea, many studies have reported that phenols 
concentration has been found to be higher in tolerance stress than in stress sensitive plants (Ashraf and 
Harris 2004). 
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Figure 6: Phenols content in roots of Common bean- rhizobia combinations grown under salt stress (100mM). Data are means 

of four replicates harvested at flowering stage of culture. 
 
4. Conclusion  
In conclusion, the results of this study indicate that common bean  inoculated with Ar02 demonstrated a  
variation in tolerance to  NaCl concentration (100 mM NaCl). Of various antioxidant enzymes and 
metabolites activity such as PPO, H2O2 and proline content as well as the amounts of total antioxydants 
were found to be associated with the differential response of common bean-rhizobia symbiosis to salt 
stress. Moreover, despite the fact that the leaves are the organ of antioxidant activity analysis, the 
enzymatic reaction varies differently against salt stress. Significant variation exists between the redox 
states after inoculation in the leaves, which can help prevent the toxic accumulation of variability in the 
plant host under conditions of contrast over time. 
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