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This study focuses on the effect of 0.05 mM Salicylic Acid (SA) on two species of Vigna: Vigna mungo 
L. and Vigna unguiculata L. under NaCl stress conditions at 150 and 300 mM. Salicylic acid is a key 
endogenous signal that mediates defence gene expression and disease resistance in a wide range of 
species. The aim of this study was to determine the role played by exogenous salicylic acid in reducing 
the sensitivity of two species of Vigna plants to salt stress. Content in proteins, Hydrogen Peroxide (H2O2) 
and Polyphenols were the biochemical parameters studied in plants aged three months, stressed for two 
weeks, on two organs: leaves and roots. In the presence of SA, a reduction in protein content was noted 
in both Vigna mungo L. and Vigna unguiculata L., as was more or less significant accumulation of 
hydrogen peroxide in the leaves of Vigna mungo L. and Vigna unguiculata L. and an increase in 
polyphenol content in Vigna unguiculata L. This increase was proportional to the degree of stress induced 
in the two species. 
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INTRODUCTION 

Salinity in soil and irrigation water is one of the 
main stress factors in arid and semi-arid regions, 
which represent one third of the surface of the 
globe or almost 400 million hectares. This stress 
leads to harmful effects at the physiological, 
biochemical, and molecular levels (Rasool et al. 
2013), such as continuous degradation of the soil, 
which results not only in a decrease in agricultural 
yield, particularly for fragile crops such as 
vegetables (Munns & Tester; 2008), but also the 
rarefaction, or even disappearance, of certain plant 
species (Omm, 2005), and seriously threatens an 
equivalent surface area (Legros, 2009). At the 
world scale, it is estimated that almost 800 million 
hectares of land are affected by salt, whether this 
is because of salinity (397 million hectares) or the 
sodisation conditions associated with sodium 

content (434 million ha).  
This degradation of the soil affects food 

production and can lead to problems of hunger and 
malnutrition (FAO, 2018). 

More than 20% of the irrigated soils in Algeria 
are affected by problems with salinity. Some works 
using satellite detection in the Oran region have 
shown the severity of the salinity and the 
accumulation of salts on the surface (Dehni, 2018). 

To assess the action of salinity on plants, our 
choice for experimental material was two species 
of the Vigna genus, which is a pulse composed of 
more than 100 species (Maxted et al.2004). 

Vigna is one of the main pulses used for food 
in the world (Mebdoua, 2011). It is a good source 
of protein, carbohydrates, and minerals (Suneja et 
al. 2011). To encourage the development of Vigna 
on Algerian soil and integrate it into agricultural 
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production, it is essential to better understand the 
species and its response in the plant phase 
regarding eco-systemic conditions. 

The aim of this study was to monitor the 
responses to certain biochemical parameters 
during the growth phase of two species of Vigna, 
Vigna mungo L. and Vigna unguiculata L. 
subjected to salinity treatment with NaCl to assess 
their threshold for adaptation to salt stress under 
the effect of salicylic acid. Improved tolerance to 
salinity would be of great value for moderately 
tolerant cultures such as these pulses cultivated on 
salty soils. 
 
MATERIALS AND METHODS 

Preparing the substrate for the crop 
Plastic pots were filled with a mixture of salt 

and loam in the proportion of 2 volumes of sand to 
1 volume of loam. 

Germination phase 
To disinfect the seeds and remove any 

germination inhibitor, the seeds from the two 
species were soaked in a 5% sodium hypochlorite 
solution for 3 min,then rinsed several times in 
distilled water. Ten seeds from each species were 
placed in a Petri dish measuring 90 mm in 
diameter, on a layer of sterile filter paper. The 
dishes were then moistened with equal quantities 
(5 ml) of distilled water. The process was repeated 
6 times for each species. The Petri dishes were 
then placed in an autoclave at 25°C. The crop was 
grown in a controlled greenhouse, with a daily 
temperature varying between 22 and 25°C. After 
germination with a duration of 4 days, one 
germinated seed was replanted in each pot at a 
depth of approximately 1 cm, then watered with 
demineralised water. 

The Vigna plants were treated after 2 months 
of growth with different concentrations of sodium 
chloride. Each concentration was used for 6 pots 
(repetition) for Vigna unguiculata L. and Vigna 
mungo L. The control plants were watered with 
demineralised water every 2 days for 15 days. The 
plants were also sprayed with 0.05 mM salicylic 
acid simultaneously with NaCl (150 and 300 mM). 
The study of certain biochemical parameters was 
carried out on the leaves and roots of both species 
of Vigna. 

Total soluble proteins (Bradford, 1976) 
Take 0.1 g of fresh plant matter from the leaves 

and roots using 1.5 ml of extraction buffer: 0.1 M 
pH 7 phosphate buffer. To prevent denaturing of 
the proteins and to stabilise the chemical reaction, 

the extraction was done cold (mortar in crushed 
ice) then centrifuged at 12000 rpm for 20 minutes. 

We took a sample of 100 µl for the assay and 
added 2 ml of Bradford reagent. After 2 min of 
incubation and 30 min in darkness, the optical 
density was measured at a wavelength of 595 nm 
using a spectrophotometer. The calibration 
solutions were set with bovine serum albumin 
(BSA).  

H2O2 assay 
We took 0.1 g of fresh plant matter from the 

leaves and roots using 2 ml of extraction buffer: 
(TCA) at 0.1%, the extraction was done cold 
(mortar in crushed ice) followed by centrifugation at 
12000 rpm for 20 min. 

We treated 1 ml of supernatant from each 
sample with 5 ml of potassium phosphate buffer 
(KH2PO4/K2HPO4) 10 mM, pH=7, then added 2 ml 
of potassium iodide (KI at 1 M). The absorbance 
was measured at 390 nm, using the extinction 
coefficient 26.6 M- 1cm-1. The results are 
expressed in µmol.g-1 of fresh material (Velikova et 
al. 2000). 

Molar extinction coefficient: 
Σ=26.6 M-1.cm-1  

Polyphenol assay  
We mixed 0.1 g of fresh plant matter with 1 ml 

of methanol. The result was incubated for 24 h at 
4°C, then centrifuged for 15 min at 15000 rpm. 

The reagent was composed of a mixture of 
phosphotungstic acid (H3PW12O40) and 
phosphomolybdic acid (H3PMo12O40). During 
oxidation of the phenols, it was reduced to a 
mixture of blue tungsten and molybdenum oxides. 
The colouring produced, for which the maximum 
absorption was between 725 and 750 nm, was 
proportional to the quantity of polyphenols present 
in the plant extracts (Gallet and Lebreton, 1995). 

We added 100 µl of methanolic extract to 500 
µl of Folin-Ciocalteu reagent (diluted 10 times with 
distilled water). The mixture was agitated in a 
vortex then left to rest for 5 min at room 
temperature. 400µl of NaCO3 at 7.5% was added 
and the result was placed in the dark at room 
temperature for 60 min. The optical density for 
each mixture was measured with a 
spectrophotometer at a wavelength of 735 nm. 

Statistical analysis  
The experiments were run in triplicate with 

three different lots of samples. The data were 
presented as mean±standard deviation. Statistical 
analysis was performed by SPSS software.  
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RESULTS  

The effect of salt stress and salicylic acid on 
certain biochemical parameters in Vigna 
mungo L.and Vigna unguiculata L. 

Total protein content in Vigna mungo L. 
Figure 1shows that total protein content varies 

in relation to the concentration of NaCl and the 
organ studied with the presence of exogenous SA. 
The results obtained show a significant decrease in 
total proteins at the level of the leaves at different 
salt concentrations compared to the control plants. 

On the other hand, at the level of the roots, 
there was a sig In the leaves of the control plants, 
the total protein content was 299.07 mg.gl-1 FW; it 
then regressed when the plants were watered with 
150 mM and 300 mM of NaCl, to 110.28 mg.gl-1 FW 
and 56.94 mg.gl-1 FW of proteins, respectively. 

In the roots, the total soluble protein content 
increased with the increase in salt concentration, 
rising from 51.02 mg.gl-1 FW (at stress of 150 mM) 
to 94.86 mg.gl-1 FW (at stress of 300 mM). 

Total Protein content in Vigna unguiculata L.  
From the analysis of Figure 2, it can be seen 

that the total protein content decreased at the level 
of the leaves as the NaCl concentration (150 and 
300 mM), reaching values of 353.47 and 220.55 
mg.gl-1 FW respectively, and 175.92 mg.gl-1 FW for 
the control.  

At the level of the roots, the accumulation of 
total proteins underwent the same variations as the 
aerial parts of the plants. The protein content was 
significantly reduced by the effects of salinity. In the 
controls, this content thus remained higher 
compared with that measured in the plants treated 
with NaCl (150 and 300 mM), where it went 
respectively from 123.33 to 87.77 mg.gl-1 FW. The 
greatest reductions were observed in the presence 
of 300 m M/L of NaCl+0.05 mM of salicylic acid. 

At the level of the roots, the accumulation of 
total proteins underwent the same variations as the 
aerial parts of the plants. The protein content was 
significantly reduced by the effects of salinity. In the 
controls, this content thus remained higher 
compared with that measured in the plants treated 
with NaCl (150 and 300 mM), where it went 
respectively from 123.33 to 87.77 mg.gl-1 FW. The 
greatest reductions were observed in the presence 
of 300 m M of NaCl+0.05 mM of salicylic acid. 

Hydrogen peroxide content (H2O2) 

H2O2 content in Vigna mungo L. 
Hydrogen peroxide content (Figure 3) 

decreased in relation to the salinity. The results 
indicate that the roots that had not undergone any 
salt treatment retained 0.14 µmol.g-1 FW of H2O2, 
while in the plants that underwent a salinity 
treatment, a slight reduction at 150 mM 
corresponded to a concentration of 0.10 µmol.g-1 of 
FW, and this figure regressed at 300 mM and 
revealed a concentration of 0.07 µmol.g-1 FW. 

In the leaves, the content increased with 
salinity, with the most marked increase at 300 mM 
(0.76 µmol.g-1 FW). The content decreased more 
or less at 150 mM (0.32 µmol.g-1 FW) which was 
lower than in the control. 

H2O2 content in Vigna unguiculata L.  
Figure 4 shows a clear variation in H2O2 

content between the treatments. For the leaves, we 
recorded a slight decrease at 150 mM (0.08 µmol.g-

1 FW in relation to the control 0.12 µmol.g-1 FW), 
while at 300 Mm NaCl, this content was amplified, 
reaching its maximum (0.56 µmol.g-1 FW). 

The lowest H2O2 content was recorded at the 
level of the roots. We observed a slight increase at 
150 mM corresponding to 0.06 µmol.g-1 FW in 
relation to the control (0.05 µmol.g-1 FW), but this 
content decreased progressively as the 
concentration increased to 300 mM, reaching 0.04 
µmol.g-1 FW. 

Polyphenol content 

Polyphenol content in Vigna mungo L. 
From the results shown in Figure 5, we can 

observe that the polyphenol concentration in the 
plants that had not been salt stressed was high, 
more at the level of the leaves than the roots (16.73 
and 14.63 mg.g-1 FW respectively). Applying 150 
and 300 mM of NaCl with the addition of 0.05 mM 
of SA reduced this content to 15.50 and 14.34 
mg.g-1 FW respectively at the level of the leaves, as 
well as in the roots (13.77 and 11.28 mg.g-1 FW). 

Polyphenol content in Vigna unguiculata L.  
Figure 6 shows relatively high polyphenol 

content in the leaves of the plants that were 
subjected to salt stress with 0.05 mM of SA at 150 
mM (15.94 mg.g-1 FW) in relation to the control. 
This content decreased as the salt concentration 
increased, to 13.15 mg.g-1 FW, but still remained 
higher than in the control (13.09 mg.g-1 FW). 

In the roots, there was a slight increase at 150 
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mM of NaCl in relation to the control (12.86 versus 
11.93 mg.g-1 FW), and this increase continued up 
to 15.92 mg.g-1 FW) when the NaCl concentration 

was increased to 300 mM. 
 

 

 
 
 

Figure 1: Total protein content (mg.gl-1FW) of the leaves and roots of Vigna mungo L. plants 
treated with a combination of NaCl and salicylic acid at 0.05mM. 

 
 

 
 

Figure 2: Total protein content (mg.gl-1FW) in the leaves and roots of the Vigna unguiculata L. 
plants, treated with a combination of NaCl and salicylic acid at 0.05mM. 

 
 
 
 
 

 
 

Figure 3: Hydrogen peroxide content (µmol.g-1 FW) in the leaves and roots of the Vigna mungo L. 
plants treated with a combination of NaCl and salicylic acid at 0.05 mM. 
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Figure 4: Hydrogen peroxide content (mg.gl-1FW) in the leaves and roots of Vigna unguiculata 
L.plants treated with a combination of NaCl and salicylic acid at 0.05mM. 

 

 
 

Figure 5: Polyphenol content (mg.g-1FW) of the leaves and roots of Vigna mungo L. plants after 
treatment with a combination of NaCl and salicylic acid at 0.05 mM. 

 
 

 
 

Figure 6 :Polyphenol content (mg.g-1 FW) in the leaves and roots of Vigna unguiculata L. plants 
treated with a combination of NaCl and salicylic acid at 0.05 mM. 

 
  Control 150 mM 300 mM 
 Vu 240.41a±113.50 171.94a±59.52 155.83a±64.13** 

Proteins Vm 180.97a±155.11 168.15a±101.81 108.84a±73.73** 

 Vu 0.14a±0.14 0.16b±0.22 0.38a±0.45 

H2O2 Vm 0.36a±0.24 0.2b±0.18 0.52a±0.5 
 Vu 12.51b±4.48 14.4a±3.97 14.54b±4.00 

Polyphenols Vm 18.23b±0.69 15.36a±2.57 11.8b±3.76 

 
 
 
 

Table 1: Averages and standard deviations observed on three repetitions. Asterisks in the means 
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of each column (*) indicate a significant difference between the means (test, p <0.05) and the 
controls. Vu: Vigna unguiculata L., Vm: Vigna mungo L. 

 
 Species Explant Concentration Protein H2O2 Polyphenols 

Species 1      

Explant 0 1     

Concentration 0 0 1    

Protein 0.185 -0.544 -0.322 1   

H2O2 -0.204 -0.702 0.244 0.122 1  

Polyphenols -0.173 -0.076 -0.236 0.018 0.011 1 

Table .2 – Pearson correlation coefficient between total proteins, H2O2 and polyphenols 
(The coefficient indicates that the correlation is negative, and this, in a highly significant manner between 

the concentration and the protein content (r = -0.322**, p˂0.001), as well as polyphenol content (r = -
0.236**, p˂0.001), and was also highly significant between the species (r = -0.204**, p˂0.001) and 

explant (r = -0.702**, p˂0.001)). 

 
DISCUSSION 

In our study, the protein content decreased 
noticeably at the level of the leaves and roots at 
150 and 300 mM in the presence of salicylic acid 
for Vigna unguiculata L. and increased at the level 
of the roots for Vigna mungo L. 

Our results are in harmony with those in the 
work of Hamsas (2014), who recorded a decrease 
in protein content at the level of the leaves of okra 
(Abelmoschus esculentus L.) at concentrations of 
salicylic acid of 0.05, 0.25 and 0.5 mM added to 50 
mM of NaCl in relation to plants stressed at the 
same concentration of NaCl, and at 0.05 mM and 
0.5 mM of salicylic acid in plants treated with 150  
mM of NaCl. Our results are also in line with those 
of Boukraâ et al. (2013) in chickpeas during 
germination at 0.05 mM of SA. 

The same is true for the results obtained by 
Benlaldj (2017) at the level of the roots at 100 and 
200 mM of NaCl, only in Vigna unguiculata L at the 
germination stage, in Vigna radia L. (Abdel 
Haleem, 2007), by Amini et al. (2007) in the tomato, 
and Khosravinejad et al. (2009) for barley. This 
decrease encourages the synthesis of new 
compounds, such as proline in wheat (Anosheh & 
Emam, 2012).  

The increase in protein compound content in 
response to saline chemical aggressions is 
relatively well known. A similar result has been 
indicated in tomatoes stressed at 80 mM of NaCl 
added to 0.5 mM of salicylic acid (Agamy et al. 
2013).  

This increase could be the result of the plant’s 
defence mechanisms against stress (Lepengue et 
al.2012) as proteins accumulate under salt stress 
conditions and act as osmotic regulators, like the 
proteins HSE (heat shock elements) and LEA 

(Hand et al. 2011). This increase is the result of the 
conversion of carbohydrates into soluble proteins 
(osmoregulators) (Tammam et al. 2008), or a form 
of nitrogen deposit that might be reused when the 
stress is interrupted (Amini and Ehsanpour, 2005). 
These results were confirmed by Shakeel and 
Mansoor (2012), who worked with concentrations 
of 50, 100, 150 and 200 mM on Vigna radiata L. In 
addition, the works by Ben Kaddour (2014) 
revealed that the increase in stress encouraged 
major accumulation of total proteins, the content of 
which was proportional to the NaCl concentration 
applied. Our results indicate that protein content 
varies between species, organ, and salt 
concentration.  

The effect is seen in a slight decrease in the 
H2O2 content of the roots in Vigna mungo L. and in 
Vigna unguiculata L. at 300 mM, which is in line 
with the results in the works by Es-Sbihi (2015) in 
Mentha sauveolens, Coriandrum sativum and 
Ocimum gratissimum. According to Baha (2015), 
the synthesis of hydrogen peroxide can be 
explained by reduced production of the catalase 
which can degrade H2O2. 

On the contrary, the content increases 
significantly at the level of the leaves in both 
species at high concentrations. Similar results were 
observed in the plant model Arabidopsis thaliana L. 
(Ben Rejeb et al. 2015), in young leaves and 
radicles in Vigna mungo L., Vigna unguiculata L. 
and Vigna radiata L. (Benlaldj, 2017), in Oryza 
sativa L. (Yamane et al. 2012), as well as in Atriplex 
halimus L. and Atriplex canescens L. stressed at 
100, 300 and 600 mM of NaCl (Mahi et al. 2015). 

According to Wang et al. (2009), increased 
activity in anti-oxidating enzymes was observed as 
a mechanism for adapting to salt stress. Shafi et al. 
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(2015) added that this hydrogen peroxide played a 
role in the transmission of a signal during abiotic 
stress in the plant. 

Mishra et al. (2013) demonstrated that salinity 
induced oxidative stress, and that there was a 
possible relationship between the state of the 
elements in the antioxidant defence system and 
tolerance to salt; rice genotypes (Oryza sativa L.) 
revealed high levels of H2O2 and MDA. 

Our results show that the phenolic compounds 
faltered when a saline solution (NaCl) was applied 
in the presence of 0.05 mM of SA in Vigna mungo 
L., which agreed with first Dong et al. (2010) for the 
species Salvia miltiorrhiz, and then Hamsas (2013) 
in okra. 

However, in Vigna unguiculata L., we observed 
a growing accumulation of polyphenols with 
increasing salinity combined with 0.05 mM of SA. 
Similar increases have been observed in several 
other plants, such as corn (Hajlaoui et al. 2009), 
artichokes (Rezazadeh et al. 2012) and Anethum 
graveolens L. (Mehr et al., 2012). In this study by 
Lipinguo et al. (2014), total phenolic compound 
content in cabbages increased significantly with a 
treatment of 160 mM of NaCl. 

According to first Khandelwal et al. (2010) and 
then Boukraâ et al. (2016), the decrease in 
polyphenol content maybe caused by the effect of 
salicylic acid, which may activate the 
polyphenoloxidase. 

The polyphenolic compounds play a part in the 
defence against reactive oxygen species (ROS), 
which are inevitably produced when photosynthetic 
metabolism is disrupted by environmental stress, 
such as salinity (Waskiewicz et al. 2013). 

The results that we observed for this parameter 
were similar to those of Yuan et al. (2010) in their 
study on radish seedlings, Raphanus sativus L., 
and those of Mane et al. (2011) on Vetiveria 
zizanioides L. where the polyphenol content 
increased significantly at 100 mM of salt. This 
shows the antioxidant effect of these metabolites in 
the fight against oxidative stress provoked by the 
salinity of the soil and water. We can also cite other 
studies, such as Lepengue et al. (2012) on corn 
(Zea mays var. LG 60), Mane et al. (2010) on 
Cymbopogon nardus and Nouman et al. (2012) on 
Moringa oleifera. 

CONCLUSION 
The results show that salt stress in association 

with salicylic acid provokes oxidative stress, which 
in turn provokes an accumulation of hydrogen 
peroxide, particularly at the level of the leaves in 
both species. 

In response to the oxidative stress, the plants 
induced the synthesis of non-enzymatic 
antioxidants. The results obtained showed the 
accumulation of total polyphenols in Vigna 
unguiculata L. following the increase in NaCl 
accumulation in the culture milieu in the presence 
of exogenous SA. On the other hand, the content 
in total proteins was reduced 
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