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 Atriplex species was used as biological model for physiological and biochemical 

purpose for response to salt stress. The fact that this species is among those important 
ones being as forage crop in the arid and semi-arid zones and as a protecting crop to 

prevent soils from erosion as well, has justified the present topic. Well known as 

halophytic species, Atriplex has however numerous ways to express and translate its 
ability to behave under sub-optimal conditions. Thus, this contribution aims to get more 

information as to what extend the species can sustain progressive levels of salinity 

while undergoing stress. The mechanisms that have to be detected and quantified would 
constitute a kind of indirect and predictive tests for salt tolerance. The results that have 

been obtained showed that biomass was a function of salinity gradient. The content of 

chlorophyll pigments has decreased with high salt concentrations. As far as 
osmoregulation was concerned, except for total protein content, which seems to be of 

less importance, Prolin and soluble sugars accumulation confirmed that these two last 

parameters are worth to be selected as reliable salt tolerance indicators. Thus, the above 
results are worth to be integrated in a general frame of plant breeding program. Atriplex 

is considered as being an essential feed for local husbandry, sheep in particular, and a 

suitable species for soil integrity and covering in arid and semi arid zones as well. The 
new adopted strategies for abiotic stress, salt sodic stress in particular, aim to enhance 

the challenge of using indirect selection for a better behavior of the species under 

imposed environmental constraint.      
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INTRODUCTION 

 

In the arid and semi-arid zones, around the Mediterranean Sea, salinization of soils constitutes one of the 

major abiotic factors that reduce crop yields. 

The introduction of tolerant plants to salinity is one of the most used techniques to improve soils 

characteristics. Chenopodiaceous constitute one of the most important halophyte families; genus Atriplex is one 

example. 

In Algerian arid and semi- arid areas, drought that has been observed for long period, has led necessarily to 

salinization process [18]. This salinization is somehow linked to climatic conditions but to uncontrolled 

irrigation as well. 

Salinization is the major process of soil degradation and 10 to 15% of irrigated areas are suffering at 

different degrees, of salinization problems [16]. Soil salinity is a constraint to the development of plants [13, 

11]. 

In this soils, some species may disappear [7], others may show tolerance mechanisms [3], expressed by cell 

metabolism modifications [8]. 

In fact, in this salt media, plant adjusts osmotically [9] their cell contents by synthesizing amino acids such 

as free prolin [1]. 

Within the halophytic plants, the genus Atriplex (chenopodiaceous) contains xerohalophytic species well 

adapted to pedoclimatic conditions of arid and semi-arid zones [14]. 
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In these regions, Atriplex constitute an excellent feed for animals [19]. The important shoot and root 

biomass confers to this species a very efficient tool against soil erosion and desertification, especially in steppe 

zones [8]. As far as development and growth are concerned, salinity effects have been summarized as follow: 

delay in growth, tissue damage as necrosis, loss of turgor death of the plant [21]. The objective of the present 

study is to use new markers for sodic-salt tolerance. Among those, physiological and biochemical ones are 

explored in order to identify whether or not some traits could be selected as reliable criteria. Thus, some changes 

in plant mechanisms are occurring as a response of what is expected as far as Atriplex is concerned.   Levels of 

osmolytes and other physiological and biochemical accumulation have led to identify those of great interest in 

plant abiotic tolerance improvement. 

 

MATERIALS AND METHODS 

 

Plant material: Atriplex nummularia: 

Seedlings from steppe development agency, located in Tebessa (South East of Algeria) were transplanted in 

pots under semi- controlled conditions. The experiment was conducted by using facilities of plant breeding lab. 

Annaba. 

 

Experiment design: 

Four treatments were assigned  

 First treatment: check (without salt) 

 Second treatment: 50 meq of NaCl; 2.9 gl
-1

) 

 Third treatment: 150 meq of NaCl; 8.7 gl
-1

) 

 Fourth treatment: 200 meq of NaCl; 11.6 gl
-1

) 

Each treatment was repeated twice. The size of the pots that have been used was: 20 cm of diameter and 18 

cm depth. 

Soil composition: 1/3 sand and 2/3 pitch soil. 

Seedling transferred in pots has been irrigated by water only the first time with 250 ml/ pot, which was 

corresponding to field capacity. These irrigations were spaced twice a week between one irrigation and another, 

during two weeks. Salt stress started the 15
th

 day during four weeks, after which the first data’s were recorded 

and the first analysis run. 

Analysis that has been run concerned: 

 

Biomass: 

shoots and roots weights. Weights were executed with precise balance after a brief isothermal equilibrium. 

Dry weights were those of samples overnight drying in the oven at 85°C. 

 

Chlorophyll pigment content: 

The method that has been used is a classical one, established by Mc Kinney [15], and improved by Holden 

[12] which consist of maceration of plant tissues in acetone. 

 

Osmoprotectors accumulation: 

- Prolin content: 

was performed according to Monneveux and Nemmar [17]. 

 

- Soluble sugars: 

According to Shields and Burnett [20], using anthrone in sulfuric acid media. 

 

- Total proteins: 

Method of Bradford [6] was used with BSA (bovine serum albumin) as a check. 

 

Statistical analysis: 

Analysis of variance (ANOVA) for one factor of classification have been run in order to discriminate 

between treatments. The two means comparison way of several populations concerned random independent 

samples data. Value of F test allowed us to check the level of significance. 

Tukey test was performed in order to determine homogenous group means. 
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RESULTS AND DISCUSSION 

 

Plant biomass: 

 
 

Fig. 1: fresh matter expressed as salinity function (in grams) 

 

The present results show that concentration of NaCl increases plant biomass which confirm somehow the 

halophytic trend of the species. In general, shoot and root increased in weight when NaCl increased. 

 

 
 

Fig. 2: Dry matter expressed as salinity function (in grams) 

 

These results were similar to those obtained for fresh weight. An increase in weight is observed. Others 

results have been reported and confirmed that root weight was determined by salinity concentration [4].  
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Chlorophyll content: 

 

 
 

Fig. 3: Chlorophyll content expressed as salinity function (µgg
-1

) 

Chlorophyll a and b content have decreased with high salt concentration. This loss of cell tissues may be 

due to the fact that the species is saving its energy in order to develop other adaptive mechanisms. This can be 

verified in fact, by increase in biomass at high NaCl concentration. 

 

Osmoprotection: 

Prolin accumulation: 

 

 
 

Fig. 4: Prolin accumulation expressed as salinity function (µgg
-1

) 

 

in regard to the present results, the check registered the highest prolin content, as compared to the 

remaining treatments. This result suggests that Atriplex, because of its halophytic nature, has no need to 

accumulate amino acids, such as prolin, to be protected against salinity constraint. 

Amazingly, high prolin level in T0 (check) indicates that Atriplex was not in its natural biotope which is 

supposed to be somewhat salt containing substrate. 
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Soluble sugars accumulation: 

 

 
 

Fig. 5: Soluble sugars accumulation expressed as salinity function (µgg
-1

) 

 

Atriplex responded positively to salt concentrations, as far as soluble sugars are concerned. This expression 

of soluble sugars content is corroborating results of other researchers according to whom soluble sugars 

constitute a real stress tolerance marker, salinity stress in particular [5]. 

 

Total protein accumulation: 

 

 
 

Fig. 6: Total protein accumulation expressed as salinity function (µgg
-1

) 

 

Except for the treatment T2, Atriplex seems to be responding to salinity stress tolerance by total proteins 

content, which is with other biochemical traits, a reliable adaptive mechanism. This is true when it deals with 

how plants are behaving when faced to abiotic stress. 

 

Ranking and clustering of groups: 

 Biomass: 

fresh and dry matter, for shoots and roots as well, were of no significance and were gathered in only one 

homogenous group. (group A) 

 

 Chlorophyll content: 

salinity stress had a substantial effect on treatment clustering.  This is true for chlorophyll a and chlorophyll 

b. The results may allow us to deduce that the biochemical energy, expressed as an efficiency performance, is 

somehow linked to salinity stress severity. Test of Tukey showed three homogenous groups (the first one being 

the check, the second one is T1 treatment (2.9g.l
-1

) and the third one the T2 and T3 together. 

 

 Prolin: 

 groups are homogenous according to Tukey test ranking. 
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 Total proteins: 

 at high level of NaCl concentration, treatments are discriminating differently, in two main groups (A and 

B). 

 

 Soluble sugars: 

 only one homogenous group appears when using Tukey test. This may translate a similar response of 

Atriplex to the different treatments that have been applied. The analyses of variance, which show statistical 

difference, confirm thus the results obtained by using Tukey test. The question to whether or not soluble sugars 

have to be among those adaptive traits to salt stress, it is worth to suggest that Atriplex has other biochemical 

responses by which it can behave against salinity. 

In other terms, those traits are to be considered as specific ones to each particular condition. 

The date of application of the stress and severity of the stress (rate of NaCl content) determine the different 

pathways that permit to the species to overcome abiotic oppression, as far as salt is to be recognized as such.  

 

Conclusion: 

The present study has allowed us to conclude, based on the numerous analyses that have been conducted, to 

what extend Atriplex species can withstand an abiotic stress such as salt. In a general manner, increase of the 

biomass was a result of increasing rate of NaCl; which confirms halophytic behavior of Atriplex. This is true for 

fresh and dry matter as well. 

Chlorophyll pigments have decreased, suggesting that this could be a temporarily saving of energy. 

When osmoregulators are concerned the check has accumulated more free prolin when compared to the 

other treatments. Once again, Atriplex does not need to adjust its metabolism in presence of salt media, being 

genetically a species that has ability to face this environment. Soluble sugars have substantially increased and 

confer their role as a reliable biochemical marker for salt stress tolerance. Less importance is to be accorded for 

total proteins when it comes to select this parameter for salt stress tolerance.   

Measurements of metabolic change provide an insight into the mechanisms of plant production under salt 

stress, although no one process unequivocally meets the criteria of predicting improved productivity and yield 

stability. Thus, a combination of physiological and metabolic studies will provide information for selection and 

assessment of Atriplex to increase yield under sub- optimal conditions. 

Recently, use of biotechnology tools is offering more and more possibilities to explore and identify the 

genetic corpus by mapping. This may end by resolving the question whether or not salt tolerance can be 

inherited and transferred to glycophytes plants. This question mark belongs to the future, a near one we hope.    
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