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Abstract       The aim of this work was to evaluate the changes in the amino 
acid, proline accumulated in plants under salt stress conditions. Fourteen 
wheat genotypes  were grown in the  salinity levels (control,150mM NaCl, 200 
mM NaCl , 240 mM NaCl).  
The results of this study showed that salinity stress led to generally high free 
proline levels.From this parameters stand point the genotypes with a  salt 
tolerance correlated with high values of proline was presented by cultivars:, 
Glossa, Capo, Apache, Iosef.   
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Salinity is one of the major factors reducing 

plant growth and productivity worldwide, and affects 

about 7% of the world’s total land area [7]. The 

percentage of cultivated land affected by salt is even 

greater, with 23% of the cultivated land being saline 

and 20% of the irrigated land suffering from secondary 

salinization. Furthermore, there is also a dangerous 

trend of a 10% per year increase in the saline area 

throughout the world [14]. 
Salinity stress involves changes in various 

physiological and metabolic processes, depending on 

severity and duration of the stress, and ultimately 

inhibits crop production [9, 16, 20 ]. Initially soil 

salinity is known to represses plant growth in the form 

of osmotic stress which is then followed by ion toxicity 

[9, 15]. 
High salinity affects plants in several ways: 

water stress, ion toxicity, nutritional disorders, 

oxidative stress, alteration of metabolic processes, 

membrane disorganization, reduction of cell division 

and expansion, genotoxicity [ 8,12,26]. Together, these 

effects reduce plant growth, development and survival. 
Among the best known compatible solutes, proline and 

glycine betaine (GB) have been reported to increase 

greatly under salt and drought stresses [12,18] and 

constitute the major metabolites found in durum wheat 

under salt stress, as in other Poaceae [ 2,5,17]. Proline 

accumulation is a well-known measure adopted for 

alleviation of salinity stress [4, 11, 21].  Accumulation 

of proline in higher plants is an indication of disturbed 

physiological condition, triggered by biotic or abiotic 

stress condition. Free proline content can increase upon 

exposure of plants to drought, salinity, cold, heavy 

metals, or certain pathogens. Determination of free 

proline levels is a useful assay to monitor physiological 

status and to assess stress tolerance of higher 

plants.Proline has been proposed to act as an important 

compatible osmolyte and osmoprotective compound, 

acting as molecular chaperone in osmotic adjustment 

and protection of cellular structures, proteins, and 

membranes during osmotic stress. Proline can protect 

proteins by stabilizing their structures and preventing 

aggregation during refolding [19, 23].  
 

Material and Method 

 
Experiment were conducted in the laboratories 

of the Faculty of Horticulture and Forestry Timisoara, 

Departament of the Genetic Enginering in agriculture. 
Biological material used in that study was represented 

by fourteen genotypes of Romanian and foreign wheat. 

The control taken was represented by the cultivar Alex 

that presented a good tolerance being well adapted to 

the environmental conditions of the Banat Plain. The 

experiment was realized under normal (V0 H2O) and 

salt stress V1-150mM NaCl, V2-200mM NaCl  and 

V3-240mM NaCl conditions.  Salt solution was 

prepared artificially by dissolving a calculated amount 

of commercially available NaCl with normal water. For 

the experiments, the plants were grown in vegetation 

pots in same sizes. The plants were kept in greenhouse, 

in a 14/10 hour day/night at 20/22
O
C night/day 

temperature. Ten days after sowing, sufficient 

quantities of salt solution was applied in each treated 

pot. Proline was determined according to the method 

described by Bates et al. (1973).  Experimental data 

had been processed by statistical methods: the variance 

analysis and test t [6]. The significance of differences 

between the varieties was noted with symbols (*, 0). 
 

Results and Discussions  

 
The proline content in leaves  for the studied genotypes 

registered values between 0.056 mg/g for the Exotic 

variety and 0.139 mg/g for the Apache variety (Table 
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1). Besides the Apache variety the Glossa and Capo 

varieties recorded a higher proline content than the 

control therefore, the obtained results are having a very 

significant statistical ensuring.

 

Table 1 

Leaf proline content of different wheat genotypes as influenced by salinity levels in pot culture 

No. Genotypes 
Average 

mg/g Vo 

Average 

mg/g V1 

Average 

mg/g V2 

Average 

mg/g V3 

1 Alex (mt) 0,109 0.383 0.653 0.942 

2 Glosa 0,117*** 0.422*** 0.740*** 0.859
 ooo

 

3 Esperia 0,088 
ooo

 0.285
 ooo

 0.498
 ooo

 0.828
 ooo

 

4 Capo 0,116
***

 0.447*** 0.882*** 1.047*** 

5 Iosef 0,108 0.325
 ooo

 0.764*** 1.009*** 

6 Cerere 0,085 
ooo

 0.285
 ooo

 0.559
 ooo

 0.741
 ooo

 

7 Genesi 0,087 
ooo

 0.286
 ooo

 0.512
 ooo

 0.664
 ooo

 

8 Apache 0,139
***

 0.399*** 0.955*** 1.283*** 

9 Soissons 0,079 
ooo

 0.261
 ooo

 0.469
 ooo

 0.610
 ooo

 

10 Exotic 0,056 
ooo

 0.213
 ooo

 0.459
 ooo

 0.527
 ooo

 

 11 Solenio 0,068 
ooo

 0.235
 ooo

 0.464
 ooo

 0.605
 ooo

 

12 Zaphyr 0,078 
ooo

 0.266
 ooo

 0.505
 ooo

 0.682
 ooo

 

13 Cubus 0,092 
ooo

 0.295
 ooo

 0.566
 ooo

 0.720
 ooo

 

14 Calisol 0,087 
ooo

 0.288
 ooo

 0.555
 ooo

 0.741
 ooo

 

 LDS 5% 0,003 0.004 0.011 0.031 

 LDS 1% 0,004 0.005 0.015 0.042 

 LDS 0.1% 0,005 0.006 0.020 0.056 

  

In the situation in which the culture medium 

was added NaCl of 150 mM concentration, the proline 

content had values between 0.213 mg/g for the Exotic 

variety and 0.447 mg/g for the Capo variety. From the 

studied material only the Glossa, Apache and Capo 

varieties exceeded the control thus the results were 

statistically assured. In the situation in which the salt 

concentration grew at 200 mM, the genotypes that 

exceeded significantly the control variety were Apache, 

Iosef, Capo and Glossa. 
 At a concentration of 240 mM salt in medium 

the amount of proline accumulated ranged between 

0.527 mg/g  for the Exotic variety and 1.283 mg/g for 

the Apache variety. Also, in this situation the Apache 

variety is one of the varieties that have significantly 

exceeded the control. This shows that it has a good 

behavior in conditions of salinity. The proline level in 

leaf was found to be significantly influenced by the 

combined effect of salinity level and wheat genotypes.  
Accumulation of proline in response to excess 

NaCl has been described in several plants [13]. It is 

reported by Ashraf et al. (1998) that proline is an 

important osmolyte to adjust the plant under drought or 

saline conditions. 
The accumulation of compatible solutes, such 

as proline, a preferred organic osmoticum in many 

plant species, is one of the key mechanisms used by 

higher plants to respond to salt-stress conditions [10 ]. 

Compatible solutes are used for osmotic adjustment 

and for maintaining the functional state of 

macromolecules, probably by scavenging ROS [26,27]. 

Proline accumulates more in the leaves of plants that 

are more tolerant to salinity stress than in salt sensitive 

plants [24].  The increase in proline content during the 

vegetative growth phase in the NaCl treatments 

suggests that the plants tried to stabilize their 

protection mechanism [20] with increased salt 

accumulation in the leaves. Also, in wheat plants, a salt 

stress provoked an increase in leaf proline content, but 

higher accumulation was recorded at the vegetative and 

boot stages than at the reproductive stage [1]. An 

increase in leaf proline content also depends on 

environmental stress factors, such as drought stress 

reported in barley [25]. 
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Fig.1. Graphyc representation regarding NaCl influence upon proline content  

 

Conclusions 

 
The higher efficiency of the proline 

accumulation in genotypes can  be considered as one of 

the factors responsible for its tolerance to salt stress. 

From the material taken in study, it can be observed 

that genotypes Apache, Capo, Iosef, Glossa have 

accumulated a higher amount proline, proving to be 

more tolerant to the action of stress. Genotypes that 

have accumulated a lower amount of proline were 

variety Exotic, Soisson, Solehlio, these proved to be 

more susceptible to salt stress 
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