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Abstract: Salinity stress affected severely plant growth and production. Indeed, soil salinity represented one of 

the most important environmental stresses, which caused serious threats to agriculture and also results in the 

deterioration of environment. Accumulation of sodium, chloride, proline and soluble sugars was investigated in 

leaves, stems and roots of three alfalfa varieties (Hunterfield, Hyb.555 and Gabès) at the late bloom-early pod 

stage. The study was conducted in a greenhouse for 90 days of salt stress in whole-plants. Plants were irrigated 

with top water with four NaCl concentrations: (0 – 2.5 – 5 and 10g.l-1). Results showed that all varieties 

accumulated high Na+ and Cl- contents in leaves and stems. Gabès variety differed from Hunterfield and 

Hyb.555 with Na+ and Cl- contents significantly lower in leaves at the stressful treatments. Furthermore, Gabès 
proline content at 5 and 10g.l-1 NaCl in three organs was significantly higher than in the introduced varieties. 

Proline content in leaves, stems and roots increased with the rise of salt in pots, reaching a significantly higher 

level for Gabès at the stressful treatment (10g.l-1). Soluble sugar content in leaf tissue was higher in Gabès than 

those in the introduced varieties at the stressful treatments (5 and 10g.l-1). Contrary to the air parts (leaves and 

stems), soluble sugar contents in roots for Hunterfield and Hyb.555 are significantly higher, compared to Gabès 

variety, at the stressful treatment. This could be probably related to the difficulty in generating new leaves in 

Hunterfield and Hyb.555 varieties. 
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I. Introduction 
 Salinity affects plant growth and development due to harmful ion effects and water stress caused by 

reduced osmotic potential in the soil solution (Da Silva et al., 2008). Indeed, osmotic constraint is the first 

difficulty plants are confronted under saline medium. Soluble salts in the soil reduce the osmotic potential which 

according to Strogonov (1964) becomes in a state of "physiological drought", particularly for plants that cannot 

adjust their osmotic potential. Salinity reduces the ability of plants to take up water (Munns, 2002 and 2005; El-

Sayed Saffan, 2008). However, the absorption of ions (sodium and chloride) and the synthesis of proline and 

glycine betaine (Meloni et al., 2004; Ouiza et al., 2010) and soluble sugars (Klages et al., 1999; Sakamoto and 

Murata, 2002; Gill et al., 2001; Abebe et al., 2003; Ashraf and Bashir 2003; Murakeözy et al., 2003; Ashraf and 

Harris, 2004; Ahmad et al., 2006), allow the plant to overcome such failure and to reestablish a water potential 

gradient which gives it the possibility to absorb water and restore plant turgor (Xiong and Zhu, 2002). Proline is 

an osmoprotectant found in many higher plants (Holmström et al., 2000). Proline has a higher solubility in 
water, and at higher concentrations it has little or no perturbing effect on macromolecule solvent interactions 

(Yancey et al., 1982; Timasheff, 1993). Proline accumulation is a common metabolic response of higher plants 

to salinity or water stress (Voetberg and Sharp, 1991; Ben Khaled et al., 2003; Khedr et al., 2003; Kavi Kishor 

et al., 2005; Mattana et al., 2005). Proline is accumulated by leaves of many higher plant species grown in saline 

environments (Ashraf and Bashir, 2003; Mishra and Gupta, 2005; Rabie and Almadini, 2005; Jiménez-Bremont 

et al., 2006; Ahmed et al., 2008; Cha-Um and Kirdmanee, 2009; Chutipaijit et al., 2009; Razavizadeh et al., 

2009; Summart et al., 2010). In salinity or water stress, osmolyte accumulations in cells contribute substantially 

to cytoplasmic osmotic adjustment (Chinnusamy et al., 2005; Mishra and Gupta, 2005; El-Sayed Saffan, 2008; 

Turan et al., 2009). Selection for hydroxyproline-resistant mutants of barley and winter wheat (Dorffling et al., 

1993) and Arabidopsis thaliana (Mattana et al., 2005) has succeeded in identifying lines that accumulate greater 

quantities of proline than wild type. 

 Parida and Das (2005) suggested that the ability of plants to tolerate salt is determined by multiple 
biochemical pathways that facilitate retention and/or acquisition of water, protect chloroplast functions, and 

maintain ion homeostasis. Indeed, proline and soluble sugar, while participating to the osmotic adjustment, they 

protect plant physiological reactions (Paleg et al., 1981; Abraham et al., 2003) and constitute a non toxic source 

of carbon, nitrogen and energy reserves (Joyce et al., 1992). Moreover, these organic osmotica reduce excessive 
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accumulation of Na+ and Cl- in aerial plant parts (Lone et al., 1987). Among "includer ", the most salt tolerant 

species are those that limit the Na+ and Cl- transport to leaves, such as corn (Hajibagheri et al., 1987); sorghum 

(Pathamanabhan and Rao, 1976; Yang et al., 2003); soybean (Läuchli and Wieneke, 1976) and Arabidopsis 
thaliana (Shi et al., 2003). To compensate for this mineral deficiency, however, plants synthesize soluble 

organic substances of low molecular weight in order to re-establish osmotic balance. In saline condition, 

Kerepesi and Galiba, (2000) and Azevedo Neto et al., (2004) found that tolerant cultivars of wheat and different 

maize genotypes respectively accumulated more soluble carbohydrate than did sensitive ones. The aim of the 

present study is to compare soluble sugars, proline, sodium and chloride contents in alfalfa varieties grown 

under salt stress, with the objective to screen several lines tolerant for salt stress. 

 

II. Materials And Methods 
Plant material and experimental conditions  
 Three alfalfa varieties (Medicago sativa L.) were used in this study. The work contained the native 

Gabès variety, compared to two introduced alfalfa varieties Hunterfield and Hyb.555. Plants were cultivated in 

greenhouse at natural conditions. The seedling was carried out in plastic pots containing a basic soil pH (8.2), 

rich in active chalk (13%). It has a humidity varying between: 12.1% at wilting point, and 22.6% at field 

capacity. Pots were daily irrigated at the field capacity and continuously drained and drainage water was 

collected in small bottles. The quantities of water necessary for each irrigation treatment were determined using 

mini-lysimeters. 

 Each pot contained ten plants of the same variety. Young seedlings were first irrigated with tap water 

during establishment (20 days). At the four leaves trifoliate stage, young seedlings were irrigated with NaCl 

added water at 4 concentrations (0 - 2.5 – 5 and 10g.l-1). The experimental design included 12 treatments (3 

varieties x 4 levels of salinity), with randomized 4 replications, resulting in a total of 48 pots and 480 plants. 
 Chemical analysis was carried on plant samples harvested at the late bloom-early pod stage that is a salt 

stress period of three months. The measurement of the soluble sugars and the proline was done on lyophilized 

samples of leaves, stems and roots from the three alfalfa varieties. Sugars were extracted with boiling alcohol at 

70° using a spectrophotometer set at 520 nm wavelength. The extraction and the dosage of the proline were 

based on the technical of Dreier and Goring, (1974). Readings were determined by spectrophotometer at a 

wavelength of 528 nm. Extraction of ions was achieved using the nitric extraction technique (nitric acid to 

0.5%) on dry matter samples. The sodium was measured by a flame photometer (Eppendorf photometer). To 

avoid interference, dilutions were made so that Na+ concentrations were lower then 30mg.l-1. Chlorides were 

determined by coulometry (Chloridometer Buchler-Cotlove). The machine was calibrated with 0.5M NaCl 

solution. 

 

Statistical analysis  
 Confidence intervals were calculated to the threshold of 95% probability. General Linear Models of 

SAS was used to explain the degree of significance of each factor and of the interactions between different 

factors. The Duncan test was used to compare treatment means for all studied parameters. 

 

III. Results 
3.1. Amino-acid contents  

 Proline was more abundant in leaves and roots and poor in stems. The proline content increased in the 

different organs with the rise of salt concentrations. Gabès variety distinguished from the others varieties by a 

significant proline level in leaves, stems and roots under the stressful treatment. The introduced varieties had 
similar proline contents, particularly in stems (figure1). This was confirmed by the analysis of variance what is 

showed a highly significant effect for variety, salinity and their interaction on proline contents in the different 

organs of the three tested varieties. The Duncan test ranked the varieties in the following order: Gabès   
Hyb.555 > Hunterfield. 
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Figure 1. Proline contents (mg.g-1 DM) in leaves, stems and roots, after three months of salt stress. Intervals of 

confidence were calculated at α = 95% probability level. 

 

3.2. Soluble carbohydrates 

 The soluble sugars varied with the intensity of salt and depended on the plant organs. Indeed, the leaves 
soluble sugars of Gabès increased in concomitance with the rise of the intensity of the salt in pots and reached a 

significantly higher compared to Hunterfield and Hyb.555 varieties, at the stressful treatment (10g.l-1 of NaCl). 

Besides, the evolution of this carbohydrate in stem tissues of Gabès variety was not affected by the rise of NaCl 

in the medium. In contrast, the increasing of salt resulted in a decrease in leaves soluble sugar contents of 

Hyb.555 and especially Hunterfield. In root tissues, the soluble sugars increased strongly especially in the 

introduced varieties. However, the Gabès sugar contents stayed significantly lower compared to Hunterfield and 

Hyb.555 varieties at the most stressful treatment (figure 2). 

 

 
Figure 2. Sugar contents (mg.g-1 DM) in leaves, stems and roots, after three months of salt stress. Intervals of 

confidence were calculated at α = 95% probability level. 

 

3.3. Chloride and Sodium contents 

 Alfalfa exposure to salt stress for long time (three months) resulted in a very important chloride load in 

the aerial parts, particularly in leaves for all three varieties. However, an important difference for Cl- 

concentration was observed between varieties. Indeed, Gabès variety accumulated less Cl- content in leaves than 

Hyb.555 and Hunterfield. Compared to the other varieties, Hunterfield had a systematically higher Cl- content in 

leaves. 

 Concerning Na+, results showed a significant difference in the sodium accumulation between the three 

alfalfa varieties. The Na+ content in leaves, stems and roots of the three varieties rose with the rise of salt in the 
medium. Indeed, Gabès variety accumulated less Na+ in all parts, compared to Hyb.555 and Hunterfield 

varieties, especially in leaves. Hyb.555 and particularly Hunterfield accumulated more Na+ in leaves. Compared 

to leaves and stems, roots had the lowest Na+ content in the three varieties. For Hunterfield, the invasion of the 

leaf tissue by Na+ was proportional to NaCl concentration in the medium (figure 3). 
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Figure 3. Sodium and chloride contents in leaves, stems and roots, after three months of salt stress. Intervals of 

confidence were calculated at α = 95% probability level. 

 

IV. Discussion 
 The salt stress disrupted the growth and the mineral nutrition in cultivated plants by an osmotic effect 

(difficulty to uptake water) or by a toxic effect (excessive accumulation of Na+ and Cl-) especially in leaves 

(Munns and Tester, 2008). Proline content increased in all organs of the three alfalfa varieties with increasing 

NaCl in the medium, but with a higher intensity for Gabès. The rise of the proline (compatible solutes Chen and 

Murata, 2002) in Gabès tissue, in response to the medium enrichment with sodium chloride allows it to 

attenuate the invasion of its organs by the sodium and chlorine (López et al., 2008), and to adjust its osmotic 

potential (Mezni, 1999; Mishra and Gupta, 2005; Turan et al., 2009). Soluble sugars also participated to the 

osmotic adjustment in plants exposed to the salt stress. For the Gabès variety and at the most stressful 

treatments, the soluble sugar contents in leaves were higher than those of Hunterfield. In the roots, the situation 

is different than what has been observed. Root tissues of the two introduced varieties had higher soluble sugar 
contents. For Hunterfield and Hyb.555, the richness in soluble sugars in roots resulted from the acceleration of 

leaf senescence and the difficulty to generate new leaves. According to Skinner et al., (1999); Ta et al.,(1990) 

and Erice et al., (2007), the soluble sugars and vegetative storage proteins of the collar and taproots were be 

mobilized to support the growth and the establishment of new photosynthetic active leaves, after defoliation.  

 Results showed that the three alfalfa varieties exported high quantities of Na+ and Cl- into leaves and 

stems, which confirms the "inclusive" character of these varieties. This character was proven by similar Na+ and 

Cl- accumulation in leaves. These quantities were, however, more important then those accumulated in roots. In 

Hunterfield, the excessive accumulation of Na+ and Cl- reached toxic levels in leaf tissue, thus causing an 

important reduction in growth followed by a drying of aerial plant parts and the subsequent death of plants 

(Mezni et al., 1999). In contrast, the Na+ accumulation in Gabès leaf tissue was lower, compared to the 
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introduced varieties (Mezni et al., 2002; Munns, 2002; Munns and Tester, 2008). In addition, the Na+ content in 

Gabès stems exceeded that in leaves. This suggested that part of the sodium in the leaves of this variety is re-

exported towards stem through the phloem sap. This type of Na+ "trapping" in Gabès stems constitutes an 
efficient way to preserve physiological activities such as photosynthesis in leaves. Such behavior has been 

reported as a character of salt tolerance, in alfalfa and barley (Noble et al., 1984; Cramer et al., 1994).  

Based on the Na+ and Cl- uptake data, proline and soluble carbohydrate contents, it appears that salt stress 

increased the accumulation of Na+ and Cl- particularly in the introduced varieties where they reached a toxic 

level in leaves. Results also suggest that the relative tolerance of Gabès variety to salt stress is related to its 

ability to conserve photosynthetic activity and to maintain higher proline and carbohydrates in leaves. Such 

osmolytes participate to osmotic adjustment. Moreover, the study pointed out the prominence of Gabès as a salt 

tolerant variety in the alfalfa selection program. 
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