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Environmental stresses such as drought are among the most significant factors for reduced plant growth, specifically at the 
germination stage. The present study was conducted in 2021 to evaluate the germination indices in purslane (Portulaca 
oleracea) treated with various polyethylene glycol levels as an experiment with a completely random design in three 
iterations. The studied treatments included drought stress at six levels (0, -0.5, -0.75, -1, -1.5, and -2) obtained from 
polyethylene glycol (PEG 6000) with the load potential of zero considered as the control. Polyethylene glycol solution 
obtained using the method proposed by Michel and Kaufmann (1973) was used to induce drought stress. The traits of 
germination speed and percentage, average germination time, radicle length, epicotyl length, epicotyl to radicle length 
ratio, and dry and wet seedling weight were evaluated in the present experiment. Results of variance analysis of the 
studied traits indicated significant differences between all the studied traits at various polyethylene glycol levels at the 1% 
significance level. The drought stress applied on the plants using polyethylene glycol treatment influenced germination 
indices significantly. The highest germination percentage was observed at -0.75megapascal (92.33%) which outperformed 
control plants (86.33%) contrary to expectations. Lowering water potential down to -0.5megapascal resulted in no 
significant difference between the treatments in terms of germination speed, but the speed declined sharply after this 
point. Comparison of germination in seeds indicated that the seeds germinated in all drought stress levels except for -
2megapascals, but germination percentage and speed declined quickly with the increase in drought levels. Results of the 
present study regarding purslane indicated that cultivating purslane under drought stress of over -1megapascal reduced its 
germination and growth significantly.  
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INTRODUCTION 
Many of the plants in the rich Iranian flora which 
comprises 7,500 plant species are plants that are 
considered as pharmaceutical herbs for some reason. 
Given the adverse side effects of synthetic and chemical 
medicine, humans showed a positive approach towards 
replacing chemical drugs with pharmaceutical products 
obtained from plants, which has increased the economic 
importance of pharmaceutical herbs (Boyd and Van Acker, 
2004, Bi et al. 2021, Chen et al. 2021, Cheng et al. 2021, 
Gholamin and Khayatnezhad, 2020a, Guo et al. 2021, 
Hou et al. 2021, Huang et al. 2021). Purslane (Portulaca 
oleracea) is a plant awarded the title of "global elixir" by 
the World Health Organization (Ashraf and Waheed, 
1990). What makes this plant distinct from other 
pharmaceutical herbs is that its leaves are rich resources 
of fatty acids including omega-3 (linolenic acid) and 
omega-6 (linoleic acid) (Safaee Khorram et al. 2008). 
Water is among the most imperative needs of plant 
growth. Since germination starts with water absorption, 
water shortage at this stage results in no germination or 

germination with reduced speed and percentage 
depending on the duration and intensity of the stress 
(Gholamin and Khayatnezhad, 2020c, Jia et al. 2020, Li et 
al. 2021, Li et al. 2022, Ma et al. 2021a, Ma et al. 2021b). 
The severe water limitations in the country have rendered 
drought stress one of the most significant stresses 
affecting plants and a limiting factor for plant yield 
(Baalbaki et al. 1999, BOROUMAND and KOUCHAKI, 
2006). Hence, developing strategies to optimize water 
consumption efficiency plays a crucial role in improving 
yield per unit area (Khayatnezhad and Gholamin, 2020a, 
Si et al. 2020, Sun et al. 2021, Tao et al. 2021, Wang et 
al. 2021). Drought is a meteorological phenomenon 
occurring due to no rainfall over a period. As a result of 
drought stress, the water available to the soil decreases 
while water loss through transpiration and evaporation 
increases persistently (Abdi, 2021, Alizadeh, 2021b, 
Karasakal, 2021b, Mohammadzadeh, 2021, Radmanesh, 
2021). Drought stress is among the most significant non-
biological factors reducing crop growth and yield in most 
regions of the world, and all regions of Iran except 
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Caspian Sea coasts and small regions in the northwest of 
the country are considered among the arid and semi-arid 
areas (Khayatnezhad and Nasehi, 2021, Wang et al. 
2022b, Xu et al. 2021, Zhang et al. 2021, Zheng et al. 
2021). Plants have been reported to be influenced by 
drought stress for at least a portion of their growth period 
due to reduced water uptake or excessive water loss 
(Emmerich and Hardegree, 1990, Ghani et al. 2009, 
Hosseini and Moghaddam, 2006). Germination is the first 
stage when a plant might face drought. Water shortage 
during germination results in no germination or 
germination with reduced speed and percentage 
depending on the duration and intensity of the stress since 

this stage starts with water absorption (Finch‐Savage et 
al. 2001). Various definitions have been proposed for 
germination. Physiologists define germination as the 
growth of root out of the seed coat (Khayatnezhad and 
Gholamin, 2020b, Wang et al. 2022a, Yin et al. 2021). 
Germination is among the significant and sensitive stages 
of plant life and a key process in seedling growt. Drought 
stress is among the factors preventing seeds from 
germination since it gradually reduces the percentage and 
speed of germination, and eventually delays the 
establishment of seedlings. The seed's water absorption 
capacity also depends on the water potential available to 
the soil. Negative water potentials make it difficult for the 
seed to absorb water, which can damage germination and 
plant growth significantly. The germination process is 
controlled by both hormonal and environmental factors, 
among which oxygen, light, temperature, and water 
availability play a crucial part (Gholamin and 
Khayatnezhad, 2020d, Karasakal et al. 2020b, Zhu et al. 
2021b). Water reserve in the soil is among the most 
significant environmental factors controlling germination 
and seedling establishment. The germination capability of 
seeds under water stress leads to higher chances of plant 
establishment and higher density which results in 
increased yield (Kaya et al. 2006, Narimani et al. 2017). 
Germination and initial seedling growth are considered 
among the most sensitive stages to environmental 
stresses in many crops (Gholamin and Khayatnezhad, 
2020b, Peng et al. 2021). Polyethylene glycol is used in 
petri dish cultures to induce drought stress. This material 
has broad applications due to its ability to create 
conditions similar to natural environment stresses 
(Alizadeh, 2021a, Karasakal, 2021a, Mohammadzadeh, 
2021). Polyethylene glycol (PEG) is a non-toxic flexible 
polymer capable of creating negative osmosis pressure. 
PEG does not tend to react with biological and chemical 
materials, which makes it one of the most beneficial 
molecules used to create negative osmosis pressure in 
biochemical experiments (particularly osmotic stress). 
Given the significance of pharmaceutical herbs and 
drought stress, the present study seeks to investigate the 
reaction of purslane to various drought stress levels 
resulting from polyethylene glycol at the germination 
stage.  

  
MATERIALS AND METHODS 
The present study was conducted in 2021. For this 
purpose, an experiment with a completely random design 
was conducted in three iterations. The studied treatments 
included drought stress at six levels (0, -0.5, -0.75, -1, -
1.5, and -2) obtained from polyethylene glycol (PEG 6000) 
with the load potential of zero considered as the control. 
Polyethylene glycol solution obtained using the method 
proposed by Mensah (2006) was used to induce drought 
stress, and the polyethylene glycol concentration was 
obtained from the following equation: 

 
The desired polyethylene glycol was calculated at the 
temperature of 22 degrees Celsius since it is the best 
temperature for purslane germination. 5ml of the prepared 
solution was added to each 10cm petri dish containing a 
sterilized filter paper, and 30 seeds were transferred to 
each dish. The Petri dishes were sterilized in an autoclave 
at 150°C for three hours. Two filter papers and 30 seeds 
were disinfected with Vitavax fungicide in between the 
papers were placed in each petri dish. After being 
weighed and recording their weights, the Petri dishes were 
cultivated and kept in a germinator at the daily 
temperature of 23°C and nightly temperature of 18°C, as 
well as a light regime of 8 hours of darkness and 16 hours 
of light. To prevent the change n potential due to water 
evaporation during the experiment, the Petri dishes were 
weighed daily and received as much distilled water as 
they had lust throughout the previous day. The number of 
germinating seeds during the experiment was recorded 
daily. Seeds with radicles longer than 2mm were 
considered to have germinated. By the end of day 14, the 
traits of radicle, epicotyl, and seedling dry weight were 
measured in millimeters using a ruler. The seedling 
lengths were considered as the sum of radicle and 
epicotyl lengths.   
The following equation was used to obtain the germination 
percentage (Tobe et al. 2001): 

 
 Where G stands for germination percentage, n is the final 
number of germinated seeds, and N is the number of 
cultivated seeds.  
To calculate dry radicle and epicotyl weights, they were 
separately placed in an oven at 72°C for 48 hours at the 
end of the experiment, and their dry weights were 
measured using a scale with an accuracy of 0.00001g in 
each iteration. The seedling weights were considered as 
the sum of radicle and epicotyl weights.  The following 
equation was used to obtain germination speed: 
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The data underwent statistical analysis using SAS 
software and the means were compared at the 5% 
significance level using Duncan's multiple range tests. The 
present study was conducted in 2021. For this purpose, 
an experiment with a completely random design was 
conducted in three iterations. The studied treatments 
included drought stress at six levels (0, -0.5, -0.75, -1, -
1.5, and -2) obtained from polyethylene glycol (PEG 6000) 
with the load potential of zero considered as the control. 
Polyethylene glycol solution obtained using the method 
proposed by Mensah (2006) was used to induce drought 
stress, and the polyethylene glycol concentration was 
obtained from the following equation: 

 
The desired polyethylene glycol was calculated at the 
temperature of 22 degrees Celsius since it is the best 
temperature for purslane germination. 5ml of the prepared 
solution was added to each 10cm petri dish containing a 
sterilized filter paper, and 30 seeds were transferred to 
each dish. The Petri dishes were sterilized in an autoclave 
at 150°C for three hours. Two filter papers and 30 seeds 
were disinfected with Vitavax fungicide in between the 
papers was placed in each petri dish. After being weighed 
and recording their weights, the Petri dishes were 
cultivated and kept in a germinator at the daily 
temperature of 23°C and nightly temperature of 18°C, as 
well as a light regime of 8 hours of darkness and 16 hours 
of light. To prevent the change n potential due to water 
evaporation during the experiment, the Petri dishes were 
weighed daily and received as much distilled water as 
they had lust throughout the previous day. The number of 
germinating seeds during the experiment was recorded 
daily. Seeds with radicles longer than 2mm were 
considered to have germinated. By the end of day 14, the 
traits of radicle, epicotyl, and seedling dry weight were 
measured in millimeters using a ruler. The seedling 
lengths were considered as the sum of radicle and 
epicotyl lengths.   
The following equation was used to obtain the germination 
percentage (Tobe et al. 2001): 

 
 Where G stands for germination percentage, n is the final 
number of germinated seeds, and N is the number of 
cultivated seeds.  
To calculate dry radicle and epicotyl weights, they were 
separately placed in an oven at 72°C for 48 hours at the 
end of the experiment, and their dry weights were 
measured using a scale with an accuracy of 0.00001g in 
each iteration. The seedling weights were considered as 
the sum of radicle and epicotyl weights.  The following 
equation was used to obtain germination speed: 

 

The data underwent statistical analysis using SAS 
software and the means were compared at the 5% 
significance level using Duncan's multiple range tests. 
 
RESULTS AND DICUSSION 

Comparison of various polyethylene glycol (PEG) 
levels in terms of germination presentation revealed that 
germination percentage did not change significantly up to 
the potential of 0.75megapascal, but declined since 
(Figure 1). However, the highest germination percentage 
was observed at the -0.75megapascal potential (92.33%) 
which was higher than the control (86.3%) contrary to 
expectations (Figure 1). Fast water absorption appears to 
be the reason for reduced germination percentage in the 
control (distilled water) compared to this potential, which is 
consistent with the results of Youshi et al. (2005). 
Germination percentage was revealed to have a 
significant and positive relationship with the traits of 
germination speed (*0.891) and wet and dry seedling 
weight (*0.882 and *0.883) (Table 2). 

 

  
Figure 1: Comparison of the mean effect of drought 
stress levels (polyethylene glycol) on germination 
percentage 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
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Table 1: results of variance analysis of the studied traits 

Mean of Square df S.O.V 

Dry weight of 
seedlings 

Fresh 
weight of 
seedlings 

Root to stem 
length ratio 

Stem 
length 

Root 
length 

Average 
germination 
time 

Germination 
speed 

Germination 
percentage 

0.39** 351.19** 1.13 0.025 0.143 0.374* 0.403 62.05* 2 Rep 

10.45** 9410.7** 4.78** 2.735** 9.04** 11.42** 181.17** 4634.8** 5 PEG levels 

0.037 33.09 0.478 0.016 0.118 0.113 0.31 11.056 1
0 

Error 

        C.V.% 

*, ** Significant at the level of five and one percent probability 

 
The dryness of ions and organic solutions accumulated in 
cells, and the adverse PEG impact on germination is due 
to the osmotic effect resulting from the accumulation of 
these organic solutions and ions (Gholamin and 
Khayatnezhad, 2021, Karasakal et al. 2020a). Various 
levels of drought induced by polyethylene glycol had 
significant impacts on germination speed, germination 
percentage, and radicle length, so reducing the water 
potential would significantly decrease germination speed 
and percentage, which is consistent with the present study 
(Mensah et al. 2006). Drought stress and limited water 
absorption by the seed through influencing seed reserves 
and protein synthesis in the embryo are probably the 
reasons behind reduced germination percentage 
(Upadhyaya et al. 2006, Sun and Khayatnezhad, 2021). 
Researchers have demonstrated that seeds need to 
absorb adequate water for germination, and soluble 
substances such as polyethylene glycol in the cultivation 
environment reduce seed water absorption and, 
consequently, germination delay and discontinuation 

(Murillo‐Amador et al. 2002).  
Germination speed is another seed quality index. The 
faster the seed can achieve higher germination 
percentages, the higher quality and power it will have. 
Less vigorous seeds or the ones that are in a dormant 
period will not be capable of desirable germination over a 
specific period if placed under germination conditions, 
which would result in many problems such as uneven 
vegetation cover, fungi, and pest attacks, and late-
germinating seeds being exposed to adverse weather 
conditions which eventually leads to seed loss and 
reduced yield (Ren and Khayatnezhad, 2021, Zhu et al. 
2021a). Results of variance analysis revealed that various 
levels of drought stress had significant impacts on 
germination speed (Table 1). Reducing the water potential 
to -.5megapascal had no significant impact on the 
germination speed of the treatments, from which point 
they slumped quickly (Figure 2). Mensah et al. (2006) 
reported similar results. Reduced germination speed due 
to drought stress might be associated with reduced water 
absorption by the seeds. Should the water absorption by 
the seed be interrupted or slowed down, metabolic 
activities associated with germination will take place 
slowly, which will result in an extended germination time 
and, hence, and slower germination speed (Khayatnezhad 

and Gholamin, 2021a). 
 

 
Figure 2: Comparison of the mean effect of drought 
stress levels (polyethylene glycol) on mean 
germination speed 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
Results of variance analysis indicated that varying drought 
stress levels left a significant impact on mean germination 
time (Table 1). Mean germination time did not change 
significantly by lowering the water potential down to -
0.5megapascal, but lower water potentials left a significant 
and negative effect on germination time and extended it. 
The longest germination time was associated with the -
1.5megapascal treatment and the shortest was associated 
with the -2megapascals treatment (Figure 3), which is 
consistent with the results of the study conducted by Zhu 
et al. (2006) on germination.  
 

 
Figure 3: Comparison of the mean effect of drought 
stress levels (polyethylene glycol) on mean 
germination time 
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The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
Variance analysis results indicated that varying drought 
stress levels influenced radicle and epicotyl lengths 
significantly (Table 1). Reducing the water potential leads 
to a significant decline in radicle and epicotyl lengths 
(Figure 4). 
 

 
Figure 4: Comparison of the mean effect of drought 
stress levels (polyethylene glycol) on radicle and 
epicotyl lengths 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
One of the reasons behind reduced epicotyl length under 
drought stress is the decline or lack of nutrient transfer 
from seed storage tissues to the embryo (Khayatnezhad 
and Gholamin, 2021b). Another reason has been reported 
to be the lack of nutrient transfer from cotyledons to the 
embryo. Besides, the reduced water absorption by the 
seed placed under stress will reduce hormone release and 
enzyme activity which leads to disrupted seedling growth 
(containing radicle and epicotyl) (KALEFETOĞLU et al. 
2009). Results of variance analysis indicated that varying 
levels of drought stress left a significant impact on radicle 
to epicotyl length ratio (Table 1). Reducing the water 
potential revealed to result in a significant increase in the 
radicle to epicotyl length ratio (Figure 5). Radicle length 
was revealed to have a significant and positive 
relationship with epicotyl length and wet and dry seedling 

weight (Table 2).  
 

 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
 
Figure 5: Comparison of the mean effect of drought 
stress levels (polyethylene glycol) on radicle to 
epicotyl length ratio 
 
Results of variance analysis revealed that varying the 
drought stress level left a significant impact on dry and wet 
seedling weight (Table 1). Dry and weight seedling weight 
reduced significantly as the water potential declined. The 
highest dry and wet seedling weights were observed in the 
control treatment (no stress) and the lowest weights were 
observed in the -2megapascals treatment (Figure 6 and 
7). These results are consistent with the results of Zhu et 
al. (2006) regarding germination. The correlation between 
the traits (Table 2) indicated that wet seedling weight had 
a significant and positive relationship with dry seedling 
weight.  

 
 
Figure 6: Comparison of the mean effect of drought 
stress levels (polyethylene glycol) on wet seedling 
weight 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 
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Table 2: the correlations between the studied traits 

 
Germination 
percentage 

Germination 
speed 

Average 
germination 

time 

Root 
length 

Stem 
length 

Root to 
stem 

length 
ratio 

Fresh 
weight of 
seedlings 

Germination speed .891* 1      

Average 
germination time 

-0.065 -0.408 1     

Root length 0.799 .913* -0.372 1    

Stem length 0.69 .846* -0.392 .979** 1   

Root to stem 
length ratio 

0.429 0.133 0.782 0.09 -0.024 1  

Fresh weight of 
seedlings 

.882* .928** -0.228 .950** .930** 0.175 1 

Dry weight of 
seedlings 

.883* .928** -0.228 .951** .930** 0.176 0.97** 

 
 
Figure 7: Comparison of the mean effect of drought 
stress levels (polyethylene glycol) on dry seedling 
weight 
The presence of different letters indicates a significant 

difference by Duncan test at the level of 5% probability. 

CONCLUSION 
The drought stress applied by polyethylene glycol 
treatment influenced germination traits significantly. 
Comparison of seed germination indicated that the seeds 
germinated under all drought stresses except -
2megapascals, although germination speed and 
percentage declined significantly as a result of increased 
drought level. Results obtained from the present study 
suggest that cultivating purslane under the conditions of 
drought stress over -1megapascal would reduce 
germination and vegetative growth traits of this plant 
significantly.  
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