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 In order to survey the effect of osmotic stress on features of germination of 4 
cotton cultivars, a factorial experiment in a randomized complete block design 
with four replications was conducted in physiological lab of Gorgan University 
of Agricultural Sciences and Natural Resources in 2013. In this experiment the 
effect of 4 levels of osmotic stress including (S0), (S1) -0.4, (S2) -0.8, and (S3) -
1.6 MPa mannitol was surveyed on 4 cotton cultivars with names of Golestan 
(V1), Siokra (V2), Sahel (V3) and Armaghan (V4). Variance analysis results 
showed that the effect of osmotic stress treatment, surveyed cultivars and their 
mutual effect on all features was significant. Mean comparison results showed 
that the highest and lowest amount of germination was in 4th day, percentage 
and speed of germination was respectively from treatment zero and -1.6 MPa. 
In mean comparison between the surveyed cultivars, the highest amount of 
germination was in 4th day, percentage and speed of germination was for 
Golestan cultivar. This shows that Golestan cultivar has an active mechanism 
for water absorption and water maintenance. The mutual effect of osmotic stress 
and cultivar on percentage and speed of germination showed that different 
cultivars showed a relatively similar reaction in the absence of stress. 
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INTRODUCTION 

 
Germination is one of the most important stages of 

plant growth which could guarantee the ultimate 
durability and performance of crops by optimal 
establishment of seedlings (Khan et al., 2000). Different 
studies have shown that germination and growth of 
seedling is decreased under the influence of different 
abiotic stresses such as salinity, drought and cold (Ashraf 
and Foolad, 2005; Kaya et al., 2006; Atak et al., 2006). It 
has been determined that abiotic stresses such as salinity 
and cold result in decreased germination in Capsicum 
seeds (Patade et al., 2009). Drought stress of -6 times 
significantly decreases the germination of pea seeds 
(Gamze et al., 2005).  

Drought tolerance during the early stages of growth is 
important for the establishment of plants because weak 
germination and decreased growth of seedling results in 
weak establishment and sometimes destruction of the 
product (El-Keblawy and Al-Rawai, 2005). In arid and 
semi-arid regions which usually have drought stress, seed 
germination confronts some problems (Ashraf and Ali, 
2008). This stress accompanied by restrictions on water 

absorption result in decreased decomposition of storage of 
seeds, disorder in storage protein synthesis and ultimately 
decreased seed germination (Voigt et al., 2009).  

High percentage, speed and germination vigor under 
various environmental conditions are appropriate features 
of crops for cultivation, especially in arid and semi-arid 
regions. Germination speed is more sensitive to water 
stress than the germination percentage, and in higher 
osmotic potentials the germination percentage decreases 
with higher intensity. Genotype diversity between 
different types of crops results in a variety of different 
physiological characteristics under different 
environmental conditions. Previous surveys have shown 
such diversity between different varieties of wheat in 
terms of features such as percentage, speed and 
germination vigor are under a specific osmotic potential 
(Saeidi et al., 2007). Results achieved from the effect of 
water deficit stress caused by polyethylene glycol were 
reported to be significant on decreased germination speed 
and percentage of seeds of triticale (Yagmur and Kaydan, 
2008), sunflower (Demir Kaya et al., 2006), and cotton 
(Soltani et al., 2008). Toselli and Casenave (2003) 
reported that cotton germination was decreased under the 
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influence of water stress; whereas if the seed was irrigated 
before it would not have been affected by drought stress.  

As previous researches have shown, sensitivity 
during the early stages of growth under stressful 
conditions could have an effect on density and 
performance of crops per unit area. Nowadays in addition 
to the rising trend of development of dry lands in 
agriculture, decreased groundwater and increasing costs 
related to irrigation energy, costs related to cultivation are 
also increasing. Thus choosing drought resistant cultivars 
could be one of the corrective purposes. Cotton is one of 
the most important commercial products and usually it 
confronts stresses such as low temperature, salinity and 
drought during germination and early stages of growth. 
The aim of conducting the current research is determining 
the most appropriate osmotic concentration for 
germination of seeds of cotton cultivars and also 
surveying and studying the drought resistance of cultivars 
during germination. 

 
MATERIALS AND METHODS 

 
In order to determine the effect of different levels of 

osmotic stress on indicators of cotton germination, a 
factorial experiment in a randomized complete block 
design with four replications was conducted. In this 
experiment the effect of 4 levels of osmotic stress 
including (S0), (S1) -0.4, (S2) -0.8, and (S3) -1.6 MPa 
mannitol (as the first factor) was surveyed on 4 cotton 
cultivars with names of Golestan (V1), Siokra (V2), Sahel 
(V3) and Armaghan (V4) (as the second factor). In order to 
create each level of osmotic stress, specific mannitol 
amounts (0, 14.6, 29.2, 58.3g, respectively, in 500ml of 
distilled water) were used. Mannitol concentration was 
calculated according to the osmotic potential and by the 
use of Van,t Hoff equation and after preparation, osmotic 
potential of solutions was controlled by osmometer device 
(Hartman et al., 2007; Springer, 2005).  

Firstly, seeds were sterilized in alcohol 96% for 10 
seconds, and then in hypo chloride sodium 15% for 50 
seconds. Then they were washed with sterile distilled 
water. It must be noted that each stage was conducted 
quickly, in a quiet place without airflow (under sterile 
hood). After sterilizing the seeds, glass petri dishes with 
9cm diameter and 1.5 cm height were used. These petri 
dishes were also sterilized with hypo chloride sodium 
solution. Before starting the experiment, set of petri dishes 
and seedbed (filter paper) were sterilized in autoclave 
with 120˚C and pressure of 1 atmosphere for 2 hours. 
Then 100 seeds from each cultivar were separately put on 
filter paper inside each petri dish and for adding osmotic 
stress levels, specific amount of solution was added to 
each petri dish. At the next stage, petri dishes were put in 
germinator under the recommended temperature of 

25±1˚C. Counting germinations was conducted at 4th and 
7th day. The germination criterion was emergence of 2mm 
of radicle from the seed (Ghajari and Zeynali, 2003). 
Percentage and speed of germination were calculated 
through the following formulas (Ansari and Sharifzadeh, 
2011): 
 
Germination percentage= (No. of total seeds/No. of 
germinated seeds until ith day) ×100 
 
Germination speed= (Day of counting/No. of germinated 
seeds in the first count) + … + (Day of counting/No. of 
germinated seeds in the last count) 

Statistical data analysis was conducted with SAS 9.1 
software and mean comparison was conducted with 
Duncan's multiple-range test at probability level of 5%. 

 
RESULTS AND DISCUSSION 

 
Variance analysis results showed that the effect of 

osmotic stress treatments, surveyed cultivars and their 
mutual effect were significant on germination percentage 
at 4th day with probability level of 1% (Table 1). Mean 
comparison between different levels of osmotic stress 
showed that the highest and lowest amount of germination 
happened in the 4th day and respectively in zero treatment 
(S0), and (S3) -1.6 MPa. In mean comparison between 
surveyed cultivars, the highest percentage of germination 
happened in 4th day for Golestan cultivar (Table 2). In 
interaction of osmotic stress and cultivar, the results 
showed that highest percentage of germination happened 
in 4th day for Golestan cultivar under no-stress conditions 
(osmotic potential level of 0 MPa) (Table 3). Generally, 
by increasing the amount of osmotic stress, the percentage 
of germination decreases; but the high germination 
percentage in 4th day in osmotic potential of 0 MPa was 
somehow predictable, compared to other levels of osmotic 
potential. It seems that lack of osmotic stress in 
environment results in ease of water absorption and 
accelerating the beginning of germination level. On the 
other hand, the difference between surveyed cultivars in 
amount of germination could be related to the genetic 
differences of seeds of these cultivars which is consistent 
with results of Baluchi et al. (2011).  

Based on variance analysis results, the effect of 
osmotic stress, surveyed cultivars and the mutual effect of 
osmotic stress and cultivar were statistically significant at 
probability level of 1% on percentage of germination in 
7th day (Table 1). Among different levels of osmotic 
stress, the lowest amount of germination in 7th day was 
achieved from zero MPa treatment (S0). Among the 
surveyed cultivars, Armaghan cultivar had the lowest 
amount of germination in 7th day; whereas, there was no 
significant difference between amount of germination in

 
Table 1: Mean square of effect of osmotic stress and cultivar on some features of cotton germination 

Source of variation Df Germination in 4th day Germination in 7th day Total germination Germination speed 
Replication 3 1.45ns 7.59 ns 8.51 ns 0.07 ns

Osmotic stress 3 211166.20** 1758.81** 16774.93** 138.64** 
Cultivar 3 631.29** 25.01** 762.51** 6.32** 
Stress× Cultivar 9 125.43** 10.28** 86.90** 0.72** 
Error 45 190.12 122.95 294.20 2.45 
Coefficient of variation (%)  8.50 8.65 8.73 8.93 

ns, *, **, are insignificant, and significant, respectively at levels 5 and 1 %. 
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Table 2: Mean comparison of main effects of osmotic stress and cultivar on some features of cotton germination. 
Treatment  levels Germination 

in 4th day  (%)
Germination 
in 7th day (%)

Total  germination 
(%)

Germination speed 
(seed in day)

Levels of osmotic stress (S) 
0 MPa (S0) 
-0.4 MPa (S1) 
-0.8 MPa (S2) 
-1.6 MPa (S3) 

Cultivars (V)   
Golestan (V1) 
Siokra (V2) 
Sahel (V3) 

 
80.06a 

50.56 
11.40c 

1.18d 

 
43.37a 

38.26b 

30.19c 

 
2.81c 

4.06b 

24.56a 

4.00b 

 
9.87a 

9.00a 

7.06b 

 
82.25a 

54.62b 

36.00c 

5.20d 

 
52.62a 

47.56b 

37.25d 

 
7.48a 
4.96b 
3.27c 

0.47d 
 

4.78a 
4.32b 
3.39d 

Similar words indicate lack of significant difference between mean of treatments. 
 

Table 3: Mean comparison of mutual effects of osmotic stress 
and cultivar on some features of cotton germination. 

Osmotic stress×Cultivar 
(S×V) 

Germination in 
4th day (%) 

Germination 
in 7th day (%) 

S0×V1 
S0×V2 
S0×V3 
S0×V4 
S1×V1 
S1×V2 
S1×V3 
S1×V4 
S2×V1 
S2×V2 
S2×V3 
S2×V4 
S3×V1 
S3×V2 
S3×V3 
S3×V4 

93.00a 

84.50b 

73.00c 

69.75d 

64.25e 

55.25f 

42.75g 

40.00g 

14.75h 

13.00h 

7.50i 

10.50i 

1.50j 

1.50j 

1.25j 

0.50j 

4.00d 
2.75ef 
3.00e 
1.50f 
3.50e 
4.50cd 
5.00c 
3.25e 

24.75ab 
25.00a 
27.50a 
21.00b 
7.25c 
3.75de 
2.50ef 
2.50ef 

Similar words indicate lack of significant difference between 
mean of treatments. 
 

 
 
Fig. 1: Mutual effect of osmotic stress and cultivar on 
germination percentage of cotton 
 

 
 
Fig. 2: Mutual effect of osmotic stress and cultivar on 
germination speed of cotton 

Cultivars of Golestan, Siokra and Sahel in 7th day (see 
table II). Mean comparison of mutual effect of osmotic 
stress and cultivar showed that lowest amount of 
germination in 7th day belonged to Cultivar Armaghan in 
no-stress conditions (S0V4) (Table 3). It seems that 
increased germination in 7th day compared to 4th day in 
osmotic potentials of -0.8 and -1.6 MPa is caused by 
appropriate amount of water absorption by the seeds; 
because suppressing some germination inhibitors and also 
production of enzymes involved in germination need 
appropriate water absorption (Leopold and Vertucci, 
1989) and in these osmotic potentials compared to normal 
conditions (0 MPa) it takes more time. Surveying the 
effect of different levels of osmotic potential on cotton 
cultivars, Zangi and Ghajari (2001) reported that 
germination of cultivars of Sahel and Siokra did not have 
a significant difference in 5th day.  

Variance analysis results indicate the significant 
effect of osmotic stress treatment, cultivar and mutual 
effect of osmotic stress and cultivar on percentage of 
germination (see table I). In mean comparison between 
different levels of osmotic stress the highest (82.25) and 
lowest (5.2) germination was achieved from zero 
treatment (S0) and (S3) -1.6 MPa, respectively. In mean 
comparison between surveyed cultivars, the highest 
percentage of germination belonged to Golestan cultivar 
(see table II). Mean comparison of mutual effects of 
osmotic stress and cultivar on germination percentage 
showed that different cultivars showed relatively similar 
reaction in no-stress conditions (0 MPa) (Fig. 1). 
Decreased germination of seed under the influence of 
osmotic stress is attributed to decreased cell humidity and 
its effect on the protein synthesis and secretion of 
hormones; and due to decreased water potential of 
growing cells, the germination percentage in most plants 
decreases in humidity stress conditions (Amiri et al., 
2010). Difference in germination amount of seeds of 
cultivars could be caused by several factors. One of the 
most important factors in this field is water absorption in 
less time by cultivars resistant to drought stress during 
germination. Some researchers have pointed out the 
different enzyme activities of α- amylase and β- amylase 
in some cotton cultivars during osmotic stress conditions 
(Kohel and Lewis, 1993). Results observed in this 
research indicating decreased germination percentage 
during osmotic stress conditions are consistent with 
results of Stephanie et al., 2005 about Salvia Officinalis 
and Burnett et al., 2005 about Calendula Officinalis.  

Variance analysis results showed that effect of 
osmotic stress treatments, surveyed cultivars and their 
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mutual effect on germination speed were significant at 
probability level of 1% (see table I). Surveying different 
levels of osmotic potentials showed that highest and 
lowest germination speed was achieved in zero treatment 
(S0) and (S3) -1.6 MPa, respectively. By increasing the 
drought stress, the germination speed of different cultivars 
significantly decreased; the highest germination speed 
belonged to Golestan cultivar (see table II). Mean 
comparison of mutual effect of osmotic stress and cultivar 
showed that the lowest germination speed belonged to 
Armaghan cultivar at potential level of -1.6 MPa (Fig. 2). 
Decreased germination under the influence of osmotic 
stress could be related to decreased water absorption by 
seeds. Since in drought stress conditions the osmotic 
pressure is more negative and by negativity of osmotic 
pressure the water absorption decreases. If water 
absorption by seed is disturbed or the water absorption 
occurs slowly then the metabolic activities of germination 
happens slowly. As a result the duration of emergence of 
radicle from the seed takes longer and thus the 
germination also decreases (Ansari and Sharifzadeh, 
2011). On the other hand, it seems that by increased 
mannitol concentration this substance applies the osmotic 
effect of stress and thus the germination features decrease. 
Also decreased speed of germination may be attributed to 
the release capability of seed coat in highly negative 
potentials of water (Baluchi et al., 2011). Increased 
percentage and speed of germination in Golestan cultivar 
at high levels of stress could be due to the appropriate 
mechanism of drought resistance of this cultivar. This 
shows that there is an active mechanism in water 
absorption and maintenance of Golestan cultivar. 
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