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 In order to study drought stress effect on germination indices of different bread wheat 

genotypes, an experiment was performed in laboratory. Effect of drought stress in 

levels of zero and – 0.5 Mpa of polyethylene glycol was studied on germination and 

seedling growth of 12 bread wheat genotypes as factorial on the basis of completely 

randomized design. The results showed that effect of different levels of osmotic 

potential was meaningful on most traits including coefficient of velocity of 
germination, germination index, germination rate index, mean germination time, final 

germination percentage, germination rate and mean daily germination. Evaluating 

average levels of stress, it was found that reducing the water potential of most under-
study traits, particularly germination indices reduced significantly. So that the highest 

percent of germination was belonged to two genotypes Sabalan and 4041. 
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INTRODUCTION 

 

 Bread wheat is the main food of people in many countries and about 70 percent calories and 80 percent 

protein of human is supplied from its consumption. Therefore, considering increasing country and world 

population and current shortage of food worldwide, evaluation of methods and strategies which lead to 

increasing production and optimal use of produced wheat is one of the important and significant issues. 

Environmental stresses, especially drought stress plays an important role in plant growth, especially during 

germination in arid and semi arid regions in Iran. Drought stress occurs in the plant when amount of water 

intake plant is less than its losses. Drought and salinity stresses in addition to restricting water uptake by seed by 

affecting on fluidity reserves and fetal protein synthesis cause to reduce germination. Osmotic and ionic 

compounds created by the stresses can be effective on these parameters, although the impact depends on the 

type of material that causes stress and type of cultivar [1].  

 In order to study the effects of water shortages and drought stress on the germination and seedling growth, 

we use from solutions containing polyethylene glycol (PEG). PEG as a factor causing drought stress by reducing 

water potential results in reducing growth in seeds germinated and stopping seedling growth so that this effect 

has been observed more in the shoot than primary roots [2]. Reduction of osmotic and water potential caused by 

PEG have positive correlation with proline accumulation, free amino acids, soluble proteins, carbohydrates and 

phenols and accumulation of these solutions lead to decreased osmotic potential and help to keep plant growth 

in stressed environments[3]. In fact, maintaining the turgor pressure in stressed conditions in tolerant cultivars is 

crucial for growth [4].  

 This experiment was conducted to evaluate the effects of drought stress resulting from polyethylene glycol 

on germination in 12 bread wheat genotypes. 

 

MATERIALS AND METHODS 

 

 The research was conducted in a laboratory of Islamic Azad University, Ardabil branch. The form of 

experiment was factorial based on completely randomized design with three replications. 12 bread wheat 

genotypes were cultivated (called Gascogen, Sabalan, 4057, Ruzi-84, Gobustan, Saratovskaya -29, Mv17/zrn, 

Sardari, 4061, 4041, Saissons and toos) in two different conditions (osmotic stress and non stress). -0.5 Mega 

Pascal (Mpa) osmotic pressure was created for drought stress treatment and zero Mpa was control. Thereby, we 

used polyethylene glycol 6000. 
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 Firstly, wheat seeds were disinfected with 3 percent sodium hypochlorite solution for 2 minutes. 50 seeds 

were cultured into the each Petri dish. Germination test was done in germinator with temperature 25°C, 70% 

relative humidity; and a light condition was 16 h in lightness and 8 h in darkness. In order to measuring 

germination indices, the counting germinated seeds was done on a daily basis and at the end of the last day traits 

including Coefficient of velocity of germination (CVG), germination index (GI), germination rate index (GRI), 

mean germination time (MGT), final germination percentage (FGP), germination rate (Rs) and mean daily 

germination (MDG) were calculated using the following formula [5]: 

1) The coefficient of velocity of germination (CVG): 

∑NiTi / ∑Ni × 100 = CVG 

Ni = number of seeds germinated per day;                

 Ti = days to start testing 

2) Germination index (GI) 

 (N10 × 1)( + .... + N2 × 9)( + N1 × 10) = GI 

Where N1 and N2, and ... are number of seeds germinated on the first day, second and subsequent days and the 

numbers 10, 9 and ... are weight imposed on the number of seeds germinated in the first day , second day and 

subsequent days, respectively. 

3) The germination rate index (GRI): 

X /Gx + …. + G2 / 2 + G1 / 1  = GRI 

G1 = first day of germination; 

G2 = percent germination in the second day and so on 

4) Mean germination time (MGT): 

∑Ni = 100 / CVG / ∑NiTi = MGT 

Ni = number of germinated seeds per day; 

Ti = number of days to start testing 

5) Final germination percentage (FGP): 

100 × Ng / Nt = FGP 

Ng = total number of germinated seeds;  

Nt = total number of seeds evaluated 

6) Germination rate (Rs): 

Si / Di ∑ =    Rs 

Si = number of seeds germinated on day i;  

Di = number of days to count n 

7) Mean daily germination (MDG) index, which is index of daily germination and was calculated from the 

following equation: 

FGP/d = MDG 

FGP = final germination percentage (viability); 

d = days to the maximum of final germination  

 Statistical calculations were performed using MSTATC software and SPSS-22. Charts and statistical tables 

took place as Excel and Word software. Average under-study traits were compared using Duncan’s multiple 

range test at 5% probability level. 

 

RESULTS AND DISCUSSIONS 

 

 Results of variance analysis showed that the coefficient of germination rate, germination index, germination 

index rate, the average duration of germination, final germination, germination rate and mean daily germination 

were affected by genotype and drought treatment significantly (0.01 ≥ P) (Table 1).  

 Of genotype, the highest germination rate was related to Gobustan with mean of 0.16 and the lowest was 

related to Gascogne with average of 0.153. The highest percentage of germination was related to Sabalan with 

average of 86.7% and the lowest was related to Sissons with average of 45.7%. The highest germination index 

and germination rate index was related to genotype 4041 with averages of 848.3 and 117.9, respectively; and 

lowest was related to Sissons with average of 292.27 and 43, respectively. The coefficient of germination rate, 

germination index, germination rate index, final germination percentage, germination velocity and mean daily 

germination decreased significantly with reducing osmotic potential. The results showed that the potential 

reduction was not effective in mean of germination velocity; and led to increasing the above mentioned traits 

(Table 2). Genotypes and drought levels were influenced the average daily germination percent (0.01 ≥ P) and 

also their interaction was not significant (Table 1). Mean comparison (Table 2) also showed that the highest 

daily average germination (8.7) was related to genotypes Sabalan, Gobustan and 4041 and lowest was related to 

Saissons with average of (4.6%). 
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Table 1: Analysis of variance for effect of genotype and drought on germination indices of bread wheat. 

S. O. V df MS 

Coefficient of 

Velocity of 

Germination 

Germination 

Index 

Germination 

Rate Index 

Mean 

Germination 

Term 

Final 

Germination 

Percent 

Rs Mean Days 

Of Germination 

Drought levels (A) 1 5.458** 1002001.13** 19999.901** 2.611** 3452.46** 0.00082** 38.307** 

Genotypes (B) 11 0.685** 146329.53** 2219.551** 0.265** 872. 37** 0.000092** 9.059** 

A× B 11 0.012ns 4209.8ns 73.752ns 0.025ns 70.859ns 0.000008ns 0.702 ns 

Erorr 48 0.02 8513.889 148.003 0.043 49.111 0.000008 0.511 

CV (%) 4.15 11.07 10.94 1.22 7.10 2.67 2.18 

* and ** Significantly at p < 0.05 and  < 0.01, respectively. 

 

Table 2: Means comparison of germination indices and seedling growth for genotype and drought levels in bread wheat. 

Characters Coefficient of 

Velocity of 

Germination 

Germination 

Index 

Germination 

Rate Index 

Mean 

Germination 

Term 

Final 

Germination 

Percent 

Rs Mean Days of 

Germination 

Genotypes        

Gascogne 14.09 d 603.03 c 84.4 cd 8.05 b 75. 7 bc 0.153d 7. 6 ab 

Sabalan 15.01 a 804 ab 112.5 ab 7.73 d 86. 7 a 0.159a 8. 7 a 

4057 14.88 ab 767.2 ab 107.6 ab 7.72 cd 84 ab 0.158ab 8.5 a 

Ruzi-84 14.48 bcd 706 bc 98.9 bc 7.93 bc 85 ab 0.154bcd 8.5 a 

Gobustan 14.99 a 813 ab 103.5 ab 7.68 d 85. 7 ab 0.16 a 8. 7 a 

Saratovskaya-29 14.19 cd 585.06 c 82.9 d 7.95 ab 72. 7 c 0.154 cd 7. 7 b 

MV17/Zrn 14.25 abc 729.2 ab 102.2 ab 7.79 cd 80 abc 0.157abc 8 ab 

Sardari 14.97 a 874.6 ab 108.9 ab 7.63 d 82. 3 ab 0.159a 8 ab 

4061 14.92 a 771.4 ab 108.2 ab 7.62 d 79.5 abc 0.159a 8. 3a 

4041 15.13 a 848.3 a 117.9 a 7.68 d 86. 2 ab 0.159a 8. 7 a 

Sissons 12.12 e 292.27 d 43.0 e 8.19 a 45. 7 d 0.149 e 4. 6 c 

Toos 14.75 abc 704 bc 99.8 bc 7.77 cd 80 abc 0.157abc 8 ab 

Drought levels        

Normal 15.99 833.80 122.40 7.02 93.05 .169 8.08 

-0.5 14.22 685.05 79.33 7.08 91.81 .149 7.02 

Differences between averages of each column which have common characters are not significant at probability level of 5%. 
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