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ABSTRACT 
 

Plants of Vicia faba (L.) were exposed to gradual salinity stress for four weeks. NaCl used to induce salinity was added 
in four concentrations (100, 200, 300 and 400 mM), so, gradual salinization was achieved by transferring the plants 
sequentially every week over all NaCl concentrations. The aim of this work is to determine the effect of salt stress on 
biometric, water status, biochemical and ion content characters of Vicia faba (L.). Application of salt treatments 
significantly increased glycine betaine, proline and soluble sugars content in leaves. The NaCl at high concentrations 
advantage osmoticum accumulation involved in osmotic adjustment mechanisms. Average water content of plants was 
not affected by salt stress. Chlorophyll a, b, total and carotenoids are declining during times of stress. The biosynthesis 
of chlorophyll pigments would be linked to the proline biosynthesis activity. Leaf K+/Na+ ratio records optimal results 
for plants treated with saline water. Results indicated that salinity caused plants lengths, fresh and dry weight significant 
reduction. The study showed that the salt has a depressive effect on growth. 
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INTRODUCTION 

 

Salinity is one of the main abiotic stresses limiting 

plant growth and productivity (Rasool et al., 2013, El 

Sabagh et al., 2017). Na+ and Cl- are most commonly 

associated with salt damage in plants (Shannon et al., 2000; 

Flowers 2004; Munns et al., 2006; Ghanem et al., 2009). 

The presence of salts in the culture medium limits the 

availability of water for the plant and consequently it is in 

a state of water deficit (Farissi et al., 2013).Salinity 

causes intracellular nutrient deficiencies due to Na+ and 

Cl- antagonism with nutrients such as K+, Mg2+, Ca2+, and 

NO-3 at root absorption zones (Cramer et al., 1987; 

Suhayda et al., 1990; Flowers and Colmer, 2008; Hu and 

Schmidhalter, 2005, Karimi et al., 2005; Alemán et al., 

2011). Salt stress is also accompanied by oxidative stress 

(Shen et al., 2013; Jayakannan et al., 2015). Plants 

develop a multitude of genetic, molecular and 

biochemical mechanisms to counter salt stress (Xiong and 

Zhu, 2002, Zhu et al., 2015). Stress would be perceived 

by membrane receptors that initiate a signal, transmitted via 

second messenger such as calcium (Ranty et al., 2016), 

active oxygen species (Singh et al., 2019) or ABA 

(Raghavendra et al., 2010).These messengers act on the 

target tissues by activating protein kinase phosphorylation 

cascades (MAPK, CDPK) (Quintero et al., 2002, Qiu et al., 

2002) which activate transcription factors such as MYB ( 

Tang et al., 2019), DREB (Sharma et al., 2018), bZIP 

(Banerjee and Roychoudhury, 2017) and WRKY (Jiang 

et al., 2016) .These factors regulate the expression of 

genes involved in the stress response in order initially to 

deflect cellular metabolism towards protective 

mechanisms and then towards an adaptive response (Seki 

et al., 2002; Kreps et al., 2002; Hirayama and Shinozaki, 

2010).Gene activation allows the restoration of osmotic 

equilibrium, protection of membranes and proteins, and 

detoxification by elimination of active oxygen species 

(Xiong and Zhu, 2002; Xiong et al., 2002; Wang et al., 

2003). The controlled accumulation of osmoticum 

(soluble sugars, amino acids, quaternary ammonium 

compounds, polyamines) is an osmotic adjustment 

allowing the cell to maintain its turgidity (Munns, 1988; 

Rassol et al., 2013). Osmoregulation provides protection 

for membranes and enzymatic systems (Ashraf and 

Foolad, 2007; Wang et al., 2017). The objective of this 

work is to study the action of NaCl on Vicia faba L, of the 

Fabaceae family, in order to specify its limit of tolerance 

during the pre-blooming phase. This study focused on the 

biochemical, physiological and biometric responses of the 

species under salt stress.
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MATERIALS AND METHODS 

 

Sowing preparation 

The culture was conducted in pots with a height of 90 

cm. The substrate is a mixture of sand and peat in the 

following proportions: 2/3 - 1/3. The sand was treated with 

salt spirit and washed extensively with distilled water. 

 

Application of saline treatment 

After two weeks of cultivation, the pots were divided 

into two lots, the first batch is the control, it is only watered 

with water and nutrient solution; the second batch is 

subjected to a saline treatment (NaCl) with a gradual 

concentration. The salt used to induce salinity was added in 

4 concentrations (100, 200, 300 and 400 mM), so gradually 

saline concentrations were achieved by transferring the 

plants sequentially every week. After six weeks of growth 

the plants are removed. 

 

Biometric study  

At the end of the saline treatment, the biomasses of the 

fresh and dry matter of the plants are measured as well as 

the final length of the plants. 

 

Average water content 

The average water content (AWC) of the plant allows 

to estimate hydric state of plants under stress conditions. 

The average water content is calculated according to the 

following formula: 

AWC (%) =  
(FW − DW)

FW
× 100 

FW: fresh weight 

DW: dry weight 

 

Determination of Na+ and K+ contents 

The concentration of Na+ and K+ is determined by the 

method of Sibole et al., (2003). From the obtained results, 

the K+/Na+ ratio is calculated. 

 

Determination of glycine betaine content 

The estimation of glycine betaine was carried out by 

the method of Grieve and Grattan (1983). 

 

Determination of proline contents 

The method of extraction by ethanol was used as 

recommended by A.O.A.C (1955) and modified by Nguyen 

and Paquin (1971). The analysis of free proline is carried out 

according to the technique of Bergman and Loxley (1970). 

 

Determination of soluble sugars contents 

Total soluble sugars are assayed by the method of 

Dubois et al. (1956). 

 

Determination of photosynthetic pigments contents 

The contents of chlorophyll a, chlorophyll b total 

chlorophyll and carotenoid are determined according to the 

method of Lichtenthaler (1987). The concentrations are 

calculated by the following formulas: 

Chlrophyll a (µg. mL−1) = 12,25. DO663 − 2,79. DO647 
Chlorophyll b (µg. mL−1) = 21,5. DO647 − 5,10. DO663 
Chlorophyll total (µg. mL−1) = 7,15. DO663 + 18,71. DO647 

Carotenoid (µg. mL−1) =
1000. DO470 −  1,82. chla − 85,02chlb

198
 

RESULTS 

 

Results indicate that salinity in growing medium 

affects negatively the stressed plants length (69.25±9.37 

cm) compared to control (100.16±10.79 cm). Saline stress 

has a highly significant negative effect on plant elongation 

(p = 0, α=0.05) (Table 1). 

Results also indicate a significant reduction in fresh 

and dry weight in Vicia faba (L.) treated plants compared 

to control. The NaCl has a highly significant depressive 

effect on fresh and dry weight of the studied plants (p= 0, 

α=0.05). Fresh weight increased from 112.57 ±19.39 g in 

control to 32.46 ±11.78 g in NaCl-treated plants 

respectively. Under optimal conditions, the dry weight 

plants registers higher values (8.59 ±1.6 g) compared to 

stressed ones (2.71 ±0.64 g). The statistical analysis shows 

that saline stress has no effect on the water content of plants 

(p=0.105, α=0.05). Analysis of the average water content 

indicates that treated plants water content does not appear 

to be affected; the content of the control plants is 92.36 ± 

0.48% compared to 91.27 ±1.40% stressed plants one. 

According to the results, the application of saline treatment 

leads to osmoticum accumulation in Vicia faba (L.) leaves, 

these results are strengthened by the Student test, the saline 

treatment has a positive and highly significant effect on 

glycine betaine accumulation (p = 0, α= 0.05) of proline (p 

= 0, α= 0.05) and soluble sugars (p = 0.003, α= 0.05). 

NaCl has a positive and highly significant effect on 

the accumulation of the studied osmoregulators (p = 0, 

α=0.05). Saline stress influences the accumulation of 

glycine betaine in leaves, with values ranging from 

1.78± 0.15 mg.g-1 of DW for controls and 2.73±0.30 

mg.g-1 of DW for leaves of plants treated with NaCl 

(Table 1). The saline solutions intake stimulated the 

synthesis of proline in Vicia faba (L.) leaves which 

recorded a value of 2.25 ±0.16 mg.g-1 of DW versus 

0.296± 0.02mg.g-1 of DW for control. 

The leaves of plants grown under saline stress showed 

an increase in soluble sugars content compared to control. 

An average value of 7.45±0.26 mg.g-1 of FW is recorded in 

the leaves of control compared to 9.84±0.93 mg.g-1 of FW 

for stressed ones. 

NaCl has a highly significant regressive effect on the 

various photosynthetic studied pigments (p = 0, α= 0.05). 

Chlorophyll content declined remarkably under saline 

conditions. Indeed, its content increases from 1.02±0.15 

mg.g-1 of FW in control plants leaves to 0.42 ± 0.10 mg.g-1 

of FW in NaCl treated leaves. Obtained results analysis 

(Table 1) shows that chlorophyll b content was negatively 

affected by excess salt depending to applied stress 

intensity. Chlorophyll b increased from a grade of 

0.27±0.04 mg.g-1 of FW in control leaves plants to 0.07±02 

mg.g-1 of FW in the leaves of plants treated with NaCl. 

Total chlorophyll has a similar behavior to chlorophyll 

a and b. The total chlorophyll content increases from 

1.30±0.19 mg.g-1 of FW in controls to 0.49 ±0.11 mg.g-1 

of FW in NaCl treated plants. 

Stress on plants effect has resulted in a carotenoid 

content decrease whereas the highest content is noted in 

control plants with a value equal to 0.35±0.04 mg.g-1 of FW 

and decreases in NaCl treated plant leaves to reach 0.15 

±0.04 mg.g-1 of FW. 
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Table 1: Effect of NaCl on chlorophyll a,chlorophyll b, 

chlorophyll total, carotenoids, glycine betaine, proline, soluble 

sugars,K+ , K+/Na+ contents , length, fresh weight ,dry weight, 

AWC of Vicia faba (L)plants 

Measurements Control Treated 

Chlorophyll a (mg.g-1 FW) 1.02±0.15a 0.42±0.10b 

Chlorophyll b (mg.g-1 FW) 0.27±0.04a 0.07±0.02b 

Chlorophyll total (mg.g-1 FW) 1.30±0.19a 0.49±0.11b 

Carotenoid (mg.g-1 FW) 0.35±0.04a 0.15±0.04b 

Glycine betaine (mg.g-1 DW) 1.78±0.15a 2.73±0.30b 

Proline (mg.g-1 DW) 0.29±0.02a 2.25±0.16b 

Soluble sugars (mg.g-1 FW) 7.45±0.26a 9.84±0.93b 

K+(mg.g-1 DW) 5.88±2.46a 1.69±0.25b 

K+/Na+ 0.18±0.03a 0.16±0.0a 

Lenght (cm) 100.16±10.79a 69.25±9.37b 

Fresh Weight (g) 112.57±19.39a 32.46±11.78b 

Dry weight (g) 8.59±1.6a 2.71±0.64b 

AWC (%) 92.36±0.48a 91.27±1.40a 

Results are expressed as means ± SD of 5 replications: Means 

followed by different letters in each line are significantly different 

based on Student test at p<0.05 
 

In addition, results indicate a decrease in potassium 

content for NaCl-treated leaves. Under normal conditions 

leaves record a value of 5.88±2.46 mg.g-1 of DW, however 

the regression of potassium levels is estimated at 1.69±0.25 

mg.g-1 of DW for plants treated with NaCl (Table1). Saline 

stress has a highly significant negative effect on potassium 

accumulation (P=0, α=0.05). The results show no 

significant difference between the K/Na ratio of treated and 

stressed plants 0.18±0.03 and 0.16±0.01, saline stress has 

no significant effect on the K/Na ratio (P=0.180, α=0.05). 

 

DISCUSSION 

 

The results analysis of the fresh weight, the dry weight 

and the lengths of the plants, shows that the salinity has a 

negative effect and the growth of the plants of Vicia faba 

(L.) is affected by the saline treatment. Salinity is a major 

factor affecting plants growth and its development 

(Bouaouina et al., 2000; Wang et al., 2019).Saline stress is 

known to cause a cell division reduction and its elongation 

(West, et al., 2004). The effect of salinity is generally 

manifested in most cultivated plants by growth and 

development reduction (Munns et al., 1993).One of the 

most common stress responses in plants is the 

overproduction of different types of compatible organic 

solutes (Serraj and Sinclaire, 2002).Genes involved in the 

biosynthesis of compatible solutes increases generally in 

salt stress conditions (Kahraman et al., 2019). In plants 

subjected to abiotic stress, osmotic regulation, protection of 

membrane integrity, protein stability, protection of 

photosynthetic activity, enzyme stability and detoxification 

of reactive oxygen derivatives (ROS) depend on 

accumulation of osmoprotectant (Mundree et al., 2002; 

Chen et al., 2007; Giri, 2011; Kurepin et al., 2015; Nouman 

et al., 2018). In response to saline treatment, proline 

accumulated in large quantities in the leaves of our plants. 

A high accumulation of proline is a sign of metabolic 

disturbance (M'hamed et al., 2008). Adaptation to salt 

stress increases the expression of genes involved in amino 

acid biosynthesis (Joshi et al., 2010; He et al., 2015). 

Proline is an osmoprotectant and has an important role in 

salt osmotic adjustment (Hernandez et al., 2000; Claussen 

2005; Debnath et al., 2008). It accumulates in the plant in 

unfavorable conditions (Sivaramakrishnan et al., 1988). 

Proline reduces salt stress damage and improves salt 

acclimation to plants (De Freitas et al., 2019).It should be 

noted that NaCl causes an accumulation of glycine betaine 

in the leaves of Vicia faba (L.). Under abiotic stress there 

is an activation of the genes that code for choline 

monooxygenase and betaine-aldehyde dehydrogenase 

(Ishitani et al., 1995; Russell et al., 1998), enzymes that 

convert choline to glycine betaine (Pan et al., 1981; 

Rathinasabapathi et al., 1997).Glycine betaine has an 

important role in osmotic adjustment (Annunziata et 

al.,2019). Glycine betaine is mainly present in chloroplasts 

(Robinson and Jones, 1986) and has a vital role in the 

protection of thylakoid membranes and consequently in the 

maintenance of photosynthetic efficiency (Tian et al., 

2017) and also in osmoprotection by stabilizing 

macromolecules and preserving membranes under stress 

(Papageorgiou and Murata,1995; Zhang et al., 2010; 

Hussain Wani et al., 2013).The applied saline 

concentrations cause an increase in soluble sugars in the 

leaves of Vicia faba L. under the action of salt stress. 

Soluble sugars such as fructose (Zhou et al., 2018), sucrose 

(Gupta and Kaur, 2005), and trehalose (John et al., 2017) 

acting as molecular signals for regulation of the different 

genes involved in the abiotic stress response (Sami et al., 

2016; Martínez-Noël and Tognetti, 2018). The 

accumulation of sugars is suggested as an index of 

resistance to salt stress (Munns et al., 2006). According to 

the obtained results, the accumulation of soluble sugars, 

proline and glycine betaine allowed the maintenance of the 

water balance in the plants of Vicia faba (L.) under salt 

stress. Osmotic adjustment is the major process that allows 

the cell to maintain its turgidity (Beauzamy et al., 2014). It 

also appears that the applied salt treatment leads to 

significant modifications in the biosynthesis of chlorophyll 

and accessory pigments. The levels of chlorophyll a, b, 

total and carotenoids of leaves of Vicia faba (L.) under 

stress conditions decrease considerably with the intensity 

of salt stress. During water or salt stress, the inhibition of 

photosynthesis induces a decrease in the content of 

photosynthetic pigments (Dat et al., 2000) down regulation 

of chlorophyll biosynthesis may be attributed to decreased 

activities of the enzymes responsible for the chlorophyll 

biosynthetic pathway, such as 5-aminolevulinic acid 

(ALA) dehydratase, porphobilinogen deaminase, 

coproporphyrinogen III oxidase, protoporphyrinogen IX 

oxidase, Mg-protoporphyrin IX chelatase and 

protochlorophyllide oxidoreductase (Turan and Tripathy, 

2015). Chlorophyll b seems more sensitive than 

chlorophyll a, this has been demonstrated by Kacabova and 

Natr (1986) and Vodnik et al. (1999). Potassium has a 

crucial role in many fundamental processes including 

enzymatic activation, protein synthesis, membrane 

transport and osmoregulation (Mengel, 2016). The results 

show that under saline stress the leaves of Vicia faba (L.) 

develop a potassium deficiency. Salinity decreases nutrient 

uptake and their accumulation in plants (Rogers et al., 

2003, Hu and Schmidhalter, 2005). It is observed, however, 

that the K+/Na+ ratio of Vicia faba leaves (L.) treated with 

NaCl approaches those of the control leaves. The K+/Na+ 

ratio is an index for the Na+ toxicity threshold, the higher it 

is, the accumulation of Na+ will be lower, the ability to 

tolerate salt is related to a good K+/Na+ selectivity (Wei et 
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al., 2003; Ashraf et al., 2005). The uptake and use of K+ as 

osmoticum are crucial to salt stress adaptation (Hamrouni et 

al., 2011; Niu et al., 2010; Aktas et al., 2006). Plant tolerance 

is related to low Na+ uptake and K+ accumulation to maintain 

an optimal K+/Na+ ratio in the cytoplasm of mesophyll cells 

(James et al., 2006; Munns and Tester, 2008). 

 

Conclusion  

Obtained  results conclude that the application of salt 

stress results in a decrease in the chlorophyll a, b, total and 

carotenoids content of Vicia faba (L.) leaves. Moreover, an 

increase in proline, soluble sugars and glycine betaine 

content are recorded in plants leaves. Average water 

content of plants was not affected under the salt condition. 

NaCl at high concentrations advantage accumulation 

osmoticum involved in osmotic adjustment mechanisms 

and also serve as osmoprotéctant. The accumulation of 

proline and soluble sugars could be an indicator of salinity 

tolerance. The biosynthesis of chlorophyll pigments would 

be linked to the proline biosynthesis activity. Leaf K+, Na+ 

ratio records optimal results for plants treated with NaCl, one 

of the key features of plant salt tolerance is the ability of plant 

cells to maintain optimal K+/Na+ ratio. Salt stress is one of 

the most serious limiting factors for crop growth. According 

to the results, fresh weight and dry weight of plants are 

affected negatively by salinity. The length of plants 

decreases under salt stress. 
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