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Abstract       Salinity effects were evaluated on seed germination of fourtheen  
bread wheat cultivars (Triticum aestivum L.) Salinity treatments measuring 
(150mM, 200mM, 240mM ) were achieved by adding NaCl in deionized water. 
A control (distilled water) was maintained for each cultivar for comparison. 
Data regarding germination attributes were recorded. Results revealed that 
increasing concentration of NaCl solution resulted in gradual reduction in 
seed germination in all wheat genotypes.   
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Salinity is one of the most important abiotic 

stresses limiting crop production in arid and semiarid 

regions, where soil salt content is naturally high and 

precipitation can be insufficient for leaching (17, 21).  

Salinity affects many morphological, physiological and 

biochemical processes, including seed germination, 

plant growth, and water and nutrient uptake (3). Wheat 

(Triticum aestivumL.) is the staple foods for more than 

35% of world population (4). 

New sources of salinity tolerance are needed for crops 

grown on salt-affected land (Rengasamy, 2002). More 

than 900 million hectares of land world-wide, approx. 

20 % of the total agricultural land (FAO, 2007), are 

affected by salt, accounting for more than 6 % of the 

world's total land area. NaCl is the predominant salt 

causing salinization, and it is unsurprising that plants 

have evolved mechanisms to regulate its accumulation 

(16). Seed germination is an important and vulnerable 

stage in the life cycle of terrestrial angiosperms and 

determines seedling establishment and plant growth. 

Despite the importance of seed germination under salt 

stress (3), the mechanism(s) of salt tolerance in seeds is 

relatively poorly understood, especially when 

compared with the amount of information currently 

available about salt tolerance physiology and 

biochemistry in vegetative plants (10; 8; 12 20,14). 

Salinity affects seed germination through osmotic 

effects (2), ion toxicity (9) or a combination of the two 

(11). In vegetative plants, salt stress causes reduced 

cell turgor and depressed rates of root and leaf 

elongation (22; 7), suggesting that environmental 

salinity acts primarily on water uptake. Furthermore, 

high intracellular concentrations of both Na
+
 and Cl

−
 

can inhibit the metabolism of dividing and expanding 

cells (18), retarding germination and even leading to 

seed death. Ionic effects may be distinguished from 

osmotic effects by comparing the effect of salt 

solutions and iso-osmotic solutions of an inert 

osmoticum such as polyethylene-glycol (PEG; 

technically primarily a matricum) that cannot penetrate 

the cell wall.  

The objective of this research was to determine the 

effects of salinity on seed germination at various 

concentrations of NaCl, and selection of saline tolerant 

cultivars for breeding programs. 

 

Material and Methods 

 
Biological material was represented by a collection of 

Romanian and foreign varieties of wheat. Before 

cultivation, seeds were surface-sterilized for 5 min in 

sodium hypochlorite solution (10%) and then they 

were 3-5 times rinsed with distilled water. After 

sterilization, seeds were transferred into 9 cm sterile 

Petri dishes on filter paper and then were wetted with 7 

ml distilled water (control) or saline water solution at 

0,  150 , 200  and 240mM NaCl. To prevent infection 

and evaporation of solution, all of the plates were 

closed with parafilm. All operations were performed 

under laminar flow. The Petri dishes were labeled and 

incubated in a germinator at 25°C and 18/6 h day/night 

illumination. 

 

Preparation of NaCl solution 

Saline condition were simulated by employing aqueous 

NaCl solution. For this purpose, different concentration 

(V1-150mM, V2-200mM, V3 -240mM) of NaCl 

solution were made by  disolving  analytical grade 

NaCl (Merck USA) in distilated water. A distilled 

water control  was run for comparation. 

Germination of seeds was recorded on  daily  basis 

according to AOSA (1990) until  a constant count was 

achieved. Seed was considered to be germinated when 

radicle lenght exceeded 2 mm.  

Germination index (GI) was calculated as described 

by AOSA (1983): 

GI= (No of emerged seeds/Days of first count)+---+(   

No of emerged seeds/Days of final count). 
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Final germination percentage (FGP) was taken as 

the ratio of number of seeds germinated to the total 

number of seeds sown and is expressed as percentage. 

 

Data analysis 
 

The data were analyzed using the Fisher’s analysis of 

variance technique under randomized complete block 

design and the treatment means were compared by 

Least Significant difference (LSD) test at 0.05 

probability level. 

 

Results and Discussions 

 
In table 1.1 is recorded the germination rate of each 

genotype normally hydrated, these results being 

considered the starting point of highlighting the 

influence of the germination medium on the 

germination of seed and germination rates of the three 

osmotic pressures. These results were recorded after 

three days. 

Germination ranged from 50% to 100%. 

Compared with the control variety Alex, genotypes 

with higher germination were: Soissons, (100%), 

Cubus, Calisol, Cerere, Apache (99%). With a lower 

germination compared to the control genotypes Alex 

were Exotic, the results recorded for this genotype 

being significantly negative in statistical terms. 

Increasing NaCl salinity level adversely afected 

germination atributes of the wheat cultivars (table1) . 

Wheat cultivars respond differentialy to different 

salinity level. 

 When the salt concentration was 150mM 

NaCl the genotypes with a lower germination capacity 

compared to the control were Cerere (25%) and Exotic 

(25%) the results have statistical significance. In this 

conditions the cultivars with higher germination were 

Kappo (60%), Genesi (60), Solehlo and Soissons 

(75%), the results being significant positive. 

In case of an increased salt concentration the 

germination percentage was between 15% and 70%. 

The genotypes that have registered significantly 

negative differences from control were Exotic, Esperia 

Iosef. Increasing  NaCl salinity  (240mM) determined 

decreased of germination from 65% to 10%.

 

 

Table 1  

Effect of salinity on germination percentage of different wheat genotypes 

Cultivars  

Avera 

ge V0 

Relative 

value % 

Differen 

ce/ Signif 

Average 

V1 

Relative 

value % 

Differ

ence/ 

Signif 

Average 

V2 

Relative 

value % 

Differen 

ce/ Signif 

Averag

e 

V3 

Relative 

value % 

Differe

nce/ 

Signifi

cance 

Alex 96 100,000 0,000 40 100,000 0 35 100,000 0 30 100 0 

Cerere 99 103,125 3,000 25 62,500 -15  O 25 71,429 -10 18 60 -12 OOO 

Esperia 98 102,083 2,000 30 75,000 -10 20 57,143 -15 OO 16 53,33 -14 OOO 

Apache 99 103,125 3,000 28 70,000 -12 22 62,857 -13 O 30 100 0 

Glosa 98 102,083 2,000 50 125,000 10 35 100,000 0 25 83,33 -5 

Kappo 95 98,958 -1,000 60 150,000 20 ** 50 142,857 15** 35 116,66 5 

Exotic 50 52,083 

-46,000 
OOO 25 62,500 -15 O 15 42,857 -20 OOO 15 50 -15 OOO 

Genesi 93 96,875 -3,000 60 150,000 20** 40 114,286 5 25 83,33 -5 

Iosef 96 100,000 0,000 30 75,000 -10 15 42,857 -20 OOO 10 33,33 

-

20  OOO 

Zephyr 97 101,042 1,000 30 75,000 -10 25 71,429 -10 18 60 -12 OOO 

Calisol 99 103,125 3,000 45 112,500 5 25 71,429 -10 15 50 -15 OOO 

Cubus 99 103,125 3,000 50 125,000 10 42 120,000 7 10 

33,3333

3 

-

20  OOO 

Solehlo 96 100,000 0,000 75 187,500 35** 65 185,714 30*** 45 150 15*** 

Soissons 100 104,167 4,000 75 187,500 35** 70 200,000 35*** 65 

216,666

7 35 *** 

   LSD5% 5,212  LSD5% 12,986  LSD5% 10,673  LSD5% 5,497 

   LSD1% 7,034  LSD1% 17,525  LSD1% 14,403  LSD1% 7,418 

   LSD0.1% 9,387  LSD0.% 23,388  

LSD0.1

% 19,221  

LSD0.1

% 9,900 

 
Increasing salinity concentrations often cause osmotic 

and/or specific toxicity which may reduce germination 

percentage (21). Similar declines in seed germination 

have been reported in the literatures (24;). In this sense, 

genetic variability within a species offers a valuable 

tool for studying mechanisms of salt tolerance 

(Gregorio et al., 2002). Na+ and Cl- penetrate into 

plant cells and can accumulate in the vacuole of 

tolerant plants or in the cytoplasm of sensitive cultivars 

(26). One of the salt tolerance mechanisms depends on 
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the capacity for osmotic adjustment which allows plant 

growth to continue under saline conditions. Under salt 

stress, osmotic adjustment is accomplished by uptake 

and accumulation of inorganic ions, mainly Na+ and 

Cl- (25). 

 

Table 2  

The final germination percentage 

  

Average 

V0 % DIF.MT. 

Average 

V1 % DIF.MT. 

Average 

V2 % DIF.MT. 

Average 

V3 % DIF.MT. 

  100 100 0 75 100 0 60 100 0 58 100 0 

Cerere 100 100 0 90 120 15 73 121,6667 13** 68 117,2414 10 

Esperia 100 100 0 35 46,66667 -40 OOO 28 46,66667 -32 OOO 30 51,72414 -28 OOO 

Apache 100 100 0 70 93,33333 -5 66 110 6 40 68,96552 -18  OO 

Glosa 100 100 0 65 86,66667 -10 O 60 100 0 40 68,96552 -18 OO 

Kappo 99 99 -1 87 116 12** 67 111,6667 7 47 81,03448 -11 

Exotic 88 88 -12 OOO 70 93,33333 -5 50 83,33333 -10 O 45 77,58621 -13 O 

Genesi 95 95 -5 90 120 15 80 133,3333 20*** 75 129,3103 17 ** 

Iosef 96 96 -4 90 120 15 85 141,6667 25*** 80 137,931 22*** 

Zephyr 97 97 -3 90 120 15 75 125 15*** 80 137,931 22 *** 

Calisol 99 99 -1 95 126,6667 20*** 95 158,3333 35*** 80 137,931 22 *** 

Cubus 99 99 -1 95 126,6667 20 *** 90 150 30*** 85 146,5517 27*** 

Solehlo 96 96 -4 90 120 15 87 145 27*** 85 146,5517 27 *** 

Soissons 100 100 0 95 126,6667 20 *** 92 153,3333 32*** 87 150 29*** 

    DL5% 5,343   DL5% 8,591   DL5% 7,853   DL5% 12,154 

    DL1% 7,211   DL1% 11,594   DL1% 10,598   DL1% 16,402 

    DL0.1% 9,623   DL0.1% 15,473   DL0.1% 14,144   DL0.1% 21,89 

 
Final germination was inhibited with increase 

in NaCl concentration (table 2). Maximum germination 

was found in variety Soissons  and maximum 

inhibition was found to be in case of Esperia (30%), 

Glosa(40%) and Exotic (45%) genotypes at at 240mM 

salinity level. These results were in good harmony with 

those obtained by( 4; 1,15). 

Significantly lower germination indices over control 

were recorded under the influence of different salinity 

level, yet Soissons scored higher GI value at all salinity 

level than rest of wheat genotypes.

 

 
 

Fig1. Effects of NaCl salinity on germination index by seeds of wheat (Triticum aestivum L.) cultivars 

 
 

Conclusions  

 
In general, it can be concluded that under control con-

dition (no salt stress) all genotypes of wheat had good 

germination. But they showed different response to 

higher levels of salinity. However, salinity reduced all 

germination properties of wheat cultivars. These results 
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indicate that genetic variation exists among wheat 

cultivars under sever salt stress.  
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