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Abstract       Romania is one of the European countries with vast areas of low 
productivity soils containing toxic salts, being frequently associated with 
poverty. The problems determined by osmotic stress are associated mostly 
with other abiotic stress factors, as drought and phosphorus deficit. The 
osmotic potential of a colloidal solution can mimic the soil water potential, and 
that is a most important parameter in controlling seed germination under 
normal farming conditions. The effects of osmotic stress on seed germination 
and early embryo growth were investigated in laboratory in three cultivars of 
sorghum – cv. “F135ST”, cv. „Sugargraze I” and „Sugargraze II”– to verify 
how stress may limit crop growth during the very early stages of growing 
season. Two water potentials (ψ) of the germination solution (from 0 to-0,3 
and -0,6 MPa) in polyethylene glycol (PEG-6000) for osmotic stress tests 
were studied.  The experimental design was Completely Random Design 
(CRD), which was based on factorial with 3 replications. In the experiment, 
seeds were germinated in covered, sterilized, disposable Petri dishes. Daily 
germination was recorded, radicle and shoot lengths were measured during 7 
days after initial germination. Seed germination was reduced in stress 
conditions, and shoot/ root growth was adversely affected. Four parameters, 
namely germination percentage, germination rate, germination index and 
coefficient velocity of germination were estimated. The results of this study 
showed that different levels of the osmotic stress had significantly affected the 
germination percentage, germination rate, germination index and coefficient 
velocity of germination. The evaluation of the three varieties showed that 
F135ST (V1) had a higher germination percentage (89%) than the 
Sugargraze I (86%) and Sugargraze II (76,66%).The maximum germination 
index (624) and coefficient velocity of germination (74,88) were retrieved from 
F135ST. The cultivar with the longest coleoptil at the highest PEG 
concentration was F135ST and radicle at the highest PEG concentration was 
Sugargraze I.   
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Due to their sedentary mode of life, plants resort to 

many adaptive strategies in response to different 

abiotic stresses such as high salt, dehydration, cold, 

heat and excessive osmotic pressure, which ultimately 

affect plant growth and productivity (7). 

Among the stages of the plant life cycle, seed 

germination is one of the most important key processes 

in the survival and growth of plants (1). Seed 

germination is usually the most critical factor 

determining success or failure of plant establishment 

(2).  

The temperature changes have a major impact on a 

number of processes which regulate seed germ inability 

including membrane permeability, activity of 

membrane-bound as well as cytosolic enzymes (9) and 

its interaction with the variable soil water content in 

surface layers of the soil (3,8). 

Abiotic factors such as water stress brough about by 

drought limiting plant germination and growth during 

early seedling stages (6), continues to be a widespread 

problem around the world (10). 

A better understanding of how seeds germinate under 

osmotic stress, germination percentage, rate of 

germination, germination index and the coefficient of 

velocity of germination will allow a better knowledge 

and the development of new varieties that can have a 

higher yield in these situations (4,5). 

The specific objectives of the study were: 

 To compare tolerance level of three sorghum 

varietes to osmotic stress 

 To determine the relative osmotic stress and 

germination responses of the sorghum varietes 

to different levels of osmotic stress 
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Material and Methods 
 

The experiment was conducted in the Plant Physiology 

Laboratory of Faculty of Horticulture and Forestry at 

Banat University of Agricultural Sciences and 

Veterinary Medicine of Timisoara, Romania. The 

germination experiments were carried out in January 

2012. The seeds were incubated at laboratory 

conditions at 25°C and were monitored until the end of 

the germination period of 7 days. Seeds of the three 

sorghum cultivars namely, cv. “F135ST”, cv. 

„Sugargraze I” and „Sugargraze II”. Seeds were 

surface sterilized with NaOCl 5% for 7 minutes, then 

rinsed three times with sterilized distilled water. To 

hurry the germination, after sterilization the seeds were 

stored in sterilized distilled water for six hours at 

normal light and room temperature. The seeds were 

germinated in covered, sterilized, disposable Petri 

dishes lined with filter paper and moistened with 

distilled water (control), or polyethylene glycol (PEG-

6000) solution (from 0 to-0,3 and -0,6 MPa). Three 

replicates of 100 seeds were used for each treatment 

and cultivar. 

Every second day, 5 ml of the respective treatments 

were applied to each Petri dish and to maintain 

adequate moisture.  

This experiment was arranged in a Completely 

Randomized Design (CRD). There were 3 replicates 

per treatment.  

Every day biometrical measurements were estimated, 

namely daily germination, radicle and shoot lengths 

were measured during 7 days after initial germination. 

Four parameters, namely germination percentage, 

germination rate, germination index, coefficient of 

velocity of germination were estimated.  

For germination percentage, only the total number of 

seeds germinated at the end of experiment was 

considered. 

Germination rate was calculated using the following 

formula:  

 

∑GT1/T1 + …. + GTn/Tn  (5) 

 

where, GT is seeds germinated each day and T refers to 

the day during the trial.  

The Germination Index (GI) was calculated based on 

the following formula:  

 

GI = (5xn1) + (4xn2) + … + (1xn5) (5) 

 

where, n1, n2, n3, n4 and n5 are the number of seeds 

germinated on days 5, 4, 3, 2 and 1, respectively.  

The Coefficient of Velocity of Germination (CVG) was 

estimated from the formula:  

 

CVG = (N1 + N2 + • • • + Nx)/100 x (N1T1 + • • • + 

NxTx) (5) 

 

where:  

N = No. of seeds germinated each day  

T = No. of days from seeding corresponding to N. 

Average and standard deviation were calculated for 

each treatment. 

 

Results 
 

The results of this study showed that different levels of 

osmotic stress significantly affected the germination 

percentage, germination rate, germination index and 

coefficient of velocity of germination. 

The highest germination was observed at cultivar 

F135ST, even at the highest PEG concentrations, 

meanwhile Sugargraze II was the most affected by the 

increase of osmotic stress. Considering the germination 

rate, the highest mean values at V0 were registered at 

Sugargraze II and F13ST cultivars, but in the same 

time Sugargraze II was seriously affected by the 

increase of PEG concentration. The highest 

germination speed at V2 was at F135ST cultivar. 

Germination index presents very high variability 

amongst the cultivars and PEG concentrations. Thus 

F135ST cultivar has an average germination index at 

Vo variant above 600, and at V2 variant, the values 

decrease below 500. The Sugargraze I cultivar has 

slightly lower values of germination index than 

F135ST, but the mean values vary similarly. Instead, at 

Sugargraze II we could observe a more drastic decrease 

of germination index, from 575,33 at V0 variant, to 

244 at the highest PEG concentration of V2. Very 

similar to this index is the variation of coefficient 

velocity of germination (Table 1).
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Table 1 

Parameters of germination for sorghum cultivars 

Variants Germination (%) 
Germination 

rate 

Germination 

index 

Coefficient velocity of 

germination 

F135ST     

V0 95,66 ± 1,52 135,23 ± 6,45 624 ± 11,35 74,88 ± 1,91 

V1 89 ± 3,60 111,98 ± 9,73 587,66 ± 20,98 71,85 ± 1,54 

V2 66,33 ± 3,78 63,61 ± 7,53 435 ± 24,33 52,1 ± 2,83 

Sugargraze I         

V0 88,33 ± 4,16 107,94 ± 10,70 584,66 ± 27,06 72,30 ± 2,65 

V1 86 ± 3,00 105,37 ± 10,67 565,66 ± 16,16 69,22 ± 1,99 

V2 64,66 ± 0,58 60,57 ± 1,04 423,66 ± 5,13 50,83 ± 0,93 

Sugargraze II     

V0 90,66 ± 2,52 135,99 ± 4,55 575,33 ± 21,03 65,91 ± 3,53 

V1 76,66 ± 6,43 98,51 ± 20,12 485,66 ± 36,75 54,72 ± 3,10 

V2 38,33 ± 9,71 24,98 ± 12,13 244 ± 62,96 27,94 ± 7,28 

 

It can be concluded that there is a very high variability 

amongst the three sorghum cultivars regarding osmotic 

stress tolerance in germination phase. 

A very high variability of coleoptil and radicle 

development under different PEG concentrations at the 

three sorghum cultivars was observed. After 7 days of 

development, the cultivar with the longest radicle at V0 

was Sugargraze I, and the highest osmotic stress 

cultivar Sugargraze I developed also the longest 

radicles. Development of the coleoptil was even more 

affected by the osmotic stress. The cultivar with the 

longest coleoptil at the highest PEG concentration was 

F135ST (Table 2). 

The result of this study is similar with some other 

related papers in regarding the osmotic stress effect on 

seeds growth and germination. (1,5).
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Table 2 

 

The effect of osmotic stress on the radicle and coleoptil growth, mean and standard deviation. V0 - control, V1 - PEG -0.3 MPa, V2 - PEG -0.6 MPa 

 

 

Number of 

days 

F135ST Sugargraze I Sugargraze II 

V0 V1 V2 V0 V1 V2 V0 V1 V2 

Radicle (mm) 

1 4,87±0,51 2,87±0,31 2±0,62 8,93±0,91 5,53±0,06 3,4±0,1 4,9±0,53 5,5±0,4 2,97±0,12 

2 10,2±0,74 6,2±0,56 4,03±0,29 18,4±1,62 11,7±0,4 7,33±0,21 10,4±1,18 11,5±0,6 6,47±0,23 

3 19,5±2 11,1±0,44 6,8±0,35 31,3±2,25 20,5±1,78 10,4±0,76 18,2±2,4 17,4±1,99 7,93±0,31 

4 29±2,85 17,1±1,18 9,7±0,69 37,7±3,85 28,7±0,81 16,8±0,62 28,3±2,86 22,2±2,27 11,1±0,91 

5 40,3±3,46 23,8±1,81 12,7±0,66 55,6±3,1 34,5±2,77 18±0,7 29,5±2,76 26,3±1,88 11,3±0,87 

6 47,2±3,61 29±3,33 14,4±0,72 57,7±2,93 36±3,18 18,7±0,51 30,5±3,16 27,4±2,06 11,6±0,95 

7 52,6±4,86 33,6±4,91 16±0,85 62,4±3,92 37,9±2,89 19,8±0,32 32,2±2,76 28,5±2,09 12,1±1,11 

Coleoptil   

1 2,34±0,4 0,4±0,2 0,00±0,00 2,43±0,29 0,5±0,3 0,00±0,00 1,84±0,32 1,38±0,2 0,03±0,06 

2 5,6±0,95 1,37±0,5 0,03±0,06 5,27±0,42 1,5±0,53 0,07±0,06 4,43±0,42 3,1±0,26 0,33±0,06 

3 13,9±0,38 3,03±1,12 0,23±0,06 10,5±0,75 3,4±0,56 0,43±0,25 8,3±1,41 5,27±0,5 0,53±0,06 

4 20,3±0,21 4,83±2,11 0,7±0,17 18,9±2,36 6,37±1,14 0,97±0,49 15,9±0,83 6,43±0,46 0,73±0,06 

5 26,2±1,86 7,33±2,97 1,43±0,21 27,6±2,78 7,03±1,35 1,13±0,55 25,8±1,66 7,73±0,4 0,8±0,1 

6 35,7±1,31 10,5±3,27 1,63±0,4 29,8±2,26 8,07±1,35 1,63±0,4 36,7±2,15 9,3±0,61 0,87±0,15 

7 44,1±2,45 13,6±3,3 2,8±0,66 42,3±4,9 10,1±1,7 2,33±0,42 41,3±2,86 10,5±0,85 0,9±0,17 
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Conclusions 
 

The speed and successfulness of germination and also, 

the growth of radicle and coleoptil of embryo is highly 

affected by the osmotic stress. To be cultivated in saline 

soils, it is important for sorghum cultivars to germinate 

and develop even if in soil is a high osmotic stress, thus 

is crucial to make a selection of cultivars to find the 

proper genotype for every environmental conditions.  

Under osmotic stress conditions. the cultivar with the 

best germination (germination rate, germination speed, 

germination index and coefficient velocity of 

germination) is F135ST, followed by Sugargraze I and 

Sugargraze II.  

After germination, the growth of embryo is also affected 

by PEG solution with simulates the osmotic stress. The 

cultivars which developed the best under higher PEG 

conditions are F135ST (coleoptil) and Sugargraze I 

(radicle). 
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