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Abstract: Consider to critical role of pastures in soil erosion prevention providing livestock forage we evaluated osmotic stress 
induced by polyethylene glycol on alfalfa germination and determined superior genotypes in response to the stress. Experimental 
design was completely randomized design arranged in factorial with three replications. Twelve alfalfa genotypes were considered 
as min factor and different osmotic stresses (0, -0.4 and -0.8 MPa) were considered as second factor. Different osmotic potential 
was imposed using polyethylene glycol 6000. Alfalfa seeds were placed in 9 cm Petri dishes and put in germinator under 
controlled conditions. In this study, germination percentage, shoot and radicle length, germination stress index and radicle number 
were measured. There was significant variation between studied traits at 0.01 probability level. In addition, there was significant 
difference between osmotic stress level and genotypes. The highest shoot length was observed from KR2197 genotypes. On the 
other hand, KR2197 and ES058 produced the longest radicles. Furthermore, we found positive and significant correlation between 
studied traits. The highest germination stress index was related to ES0178 and ES008. In conclusion, ES0178, ES058 and KR 
2421 genotypes were known as superior genotypes compared with other genotypes.  
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Introduction 

Given the critical role of pastures in preventing soil erosion 
and provide livestock forage, reclamation of pastures and 
improve their productivity is unavoidable. Annual medics are 
considered as the most important pasture plants to pastures 
renovation. Direct cultivation of this plant in pastures leads to 
optimum use of pastures and increases forage production in 
inefficient and dry lands.  Environmental stresses cause some 
sort of morphologic and physiologic changes in plants. It has 
been reported that increase in drought stress tolerance is in 
parallel with increase in heat stress injuries (Gauch and 
Zobel.1988). Polyethylene glycol is a flexible and 
nonpoisonous polymer which is able to induce osmotic 
pressure. Polyethylene glycol does not react with other 
chemical and biologic substances, so this polymer is known as 
the most applicable substance to induce osmotic pressure in 
biology (Blum, 2005; Macar et al., 2009). Moreover 
polyethylene glycol is mentioned as suitable osmolite in 
biological experiments because of its specific characteristics 
such as immobility and non toxicity (Al- Baharany, 2002).   

Material and methods  

Current experiment was laid out in Payame-Noor University, 
Kermanshah, Iran in 2012. Experimental design was 
completely randomized design arranged in factorial with three 
replications. Twelve alfalfa genotypes (Table 1) were 
considered as min factor and different osmotic stresses (0, -0.4 
and -0.8 MPa) were considered as second factor. Data 
collection was performed on at least five germinated seed from 
each genotype group randomly. Different osmotic potential 
was imposed using polyethylene glycol 6000. Polyethylene 

glycol amount was calculated using Michel and Kaufmann 
equation (Michel and Kaufmann, 1972). Alfalfa seeds were 
surface sterilized by 96% ethanol for 10 second and 15% 
hypochloride sodium for 40 second and then rinsed with 
distilled water. Twenty seeds were placed in 9 cm Petri dishes 
with filter paper and then 10 ml of osmotic solutions was 
added to the plates. Distilled water was used for control 
treatments. After that plates were labeled and put in germinator 
under controlled conditions (20± 0.5  C, 16/8 day/night 
photoperiod) for ten days. At the end of germination period, 
germination percentage, radicle and shoot length were 
measured. Germination stress index was calculated using 
Bouslama and Schapaugh (1984) equation.  

PI=nd2 (1.0) + nd4 (0.8) + nd6 (0.6) + nd8 (0.4) +nd10 (0.2) 

GSI= [PI, under stress condition / PI, under non-stress 
condition] 

Where nd2, nd4, nd6, nd8 and nd10: number of germinated seed 
on second, fourth, sixth, eighth and tenth days, respectively. 
Germination percentage = germinated seeds till ith days/ 
number of total seeds × 100 
All data were subjected to SPSS and analysis of variance and 
phenotypic correlation between traits and also cluster analysis 
was performed.  
 
Results and discussion 
Analysis of variance: 
Analysis of variance results are shown in table 2 to 9. Based on 
obtained results, shoot length showed some variations at 0.05 
probability level while radicle to shoot length ration did not 
show any variation. Other traits indicate significant variation at 
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0.01 probability level. The results demonstrated that, 
germination percentage and radicle length were significant at 
0.05 probability level while sum of radicle and shoot length 
were significant at 0.01 probability level. Coefficient variation 
for germination percentage, radicle length and shoot length 
was 18.68, 20.48 and 24.35, respectively. According to table 7 
regarding to comparison of means following cases can be 
mentioned.  
Sum of radicle and shoot length: 
The highest radicle and shoot length was related to Es058 and 
KR2421 genotypes with value of 27 and 25.7 mm, 
respectively. By contrast, the lowest value (18.6 mm) was 
observed in Es05 genotype (Table 7) . 
Radicle length: 
Es05 and KR2421 genotypes produced the longest radicles 
(41.9 and 41.2 mm respectively) while Es05 and Es056 
represented the shortest ones (28.4 and 28.9 mm respectively) 
(Table 7). It has been reported that root growth in basil is 
affected by water deficit less than shoot growth (Hasani, 2006). 
In addition, in dill and fennel increase in stress intensity is 
parallel with decrease in root length (Boromand Rezazadeh and 
Kochaki, 2006).  
Shoot length: 
Es052 and KR2197 genotypes produced the longest shoot 
(12.1 and 11.7 mm respectively) while Es014 and Es056 
represented the shortest ones (8.47 and 8.7 mm respectively) 
(Table 7). Similar results were found in dill and fennel due to 
water deficit stress (Boromand Rezazadeh and Kochaki, 2006).  
Radicle to shoot length ratio: 
Es040 and Es012 genotypes showed the highest radicle to 
shoot length ratio while Es052 and Es056 represented the 
lowest ratio (Table 7). 
Shoot to radicle length ratio: 
Es052 and Es008 genotypes showed the highest and lowest 
shoot to radicle length ratio respectively (Table 7). 
Comparison between stress and non stress conditions: 
 Radicle and shoot length reduction due to -0.4 MPa was 25 
and 72% compared with control treatment. This reduction was 
more pronounced (75 and 96.7%) when -0.8 MPa stress was 

applied. Song and Park (1990) have shown that decrease in 
water potential germination and shoot length would decrease in 
Astragalus spp.  
Phenotypic correlation:  
 There was positive and significant correlation between radicle 
length and all studied traits. However, we found a negative 
correlation (-0.234) between radicle length and radicle to shoot 
length ration. The highest correlations were related to sum of 
radicle and shoot length (0.978), germination vigor index 
(0.947), shoot length (0.819), germination rate (0.825), and 
germination percentage (0.758). In addition, there was positive 
and significant correlation with shoot to radicle length ration 
(0.572). 
Radicle to shoot length ratio showed negative and significant 
correlation with shoot length (-0.373), shoot to radicle ratio (-
0.230), germination percentage (-0.240), germination rate (-
0.327), sum of shoot and radicle length (-0.295) and 
germination vigor index.  
Shoot length had positive and significant correlation with 
germination rate (0.715), germination vigor index (0.917), 
germination percentage (0.670), sum of shoot and radicle 
length (0.921) and shoot to radicle length ratio (0.872).  

 
Table 1: Alfalfa genotypes  
Number  Genotypes code  
1 ES178(control) 
2 KR2197 
3 ES056 
4 KR2421 
5 ES058 
6 ES052 
7 ES051 
8 ES040 
9 ES012 
10 ES008 
11 ES096 
12 ES014 

 

 
Table 2: Analysis of variance on sum of shoot and radicle length in alfalfa genotypes 

Source Type III Sum of 
Squares df Mean Square F Sig. 

Corrected Model 19109.917a 35 545.998 36.106 0.000 
Intercept 56302.433 1 56302.433 3.723E3 0.000 

Gen 524.672 11 47.697 3.154 0.002 
level 17807.547 2 8903.773 588.787 0.000 

level * Gen 777.698 22 35.350 2.338 0.004 
Error 1088.800 72 15.122   
Total 76501.150 108    
CV% 17.03 

 

Table 3: Analysis of variance on radicle to shoot length ration in alfalfa genotypes 
Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 4652.225a 35 132.921 2.160 0.003 
Intercept 4812.275 1 4812.275 78.213 0.000 

Gen 1095.513 11 99.592 1.619 0.112 
level 1534.388 2 767.194 12.469 0.000 

level * Gen 2022.325 22 91.924 1.494 0.104 
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Error 4429.985 72 61.528   
Total 13894.484 108    

 

Table 4: Analysis of variance on root length of alfalfa genotypes 
Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 33378.234a 35 953.664 18.091 .000 
Intercept 135759.322 1 135759.322 2.575E3 .000 

Gen 1865.677 11 169.607 3.217 .001 
level 29052.003 2 14526.001 275.553 .000 

level * Gen 2460.555 22 111.843 2.122 .009 
Error 3795.533 72 52.716   
Total 172933.090 108    
CV% 20.48 

 

Table 5: Analysis of variance on shoot to radicle length ratio of alfalfa genotypes 
Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 2.868a 35 0.082 7.274 .000 
Intercept 5.801 1 5.801 515.003 .000 

Gen 0.201 11 0.018 1.624 .110 
level 2.460 2 1.230 109.181 .000 

level * Gen 0.207 22 0.009 0.834 .675 
Error 0.811 72 0.011   
Total 9.480 108    

 

 

Table 6: Analysis of variance on shoot length of alfalfa genotypes 
Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 10369.182a 35 296.262 48.001 0.000 
Intercept 11242.441 1 11242.441 1.822E3 0.000 

Gen 131.807 11 11.982 1.941 0.048 
level 10035.702 2 5017.851 812.998 0.000 
Error 444.387 72 6.172   
Total 22056.010 108    
CV% 24.35 
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