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ABSTRACT: In order to evaluate the effects of priming with polyethylene glycol (PEG 6000) on drought 
stress tolerance of barley (Hordeum vulgare L.), an experiment was conducted at laboratory of weed 
ecology of Faculty of Agriculture, University of Tabriz, in 2012. The experiment was including four levels 
of seed priming (0, -7, -10 and -14 MPa osmotic potential) and four levels of drought stress (0, -3, -6 and 
-9 MPa osmotic potential) that were imposed by PEG 6000. Results showed that the germination and 
seedling growth of barley reduced by increasing the drought stress potential. At all drought stress 
potentials, the priming increased the seed germination rate and percentage; root length and shoot length 
and weight. At -9 MPa drought stress potential the primed seeds with -14 MPa, had the highest 
germination rate and percentage. Also at -3 MPa drought stress potential, the highest root and shoot 
length was observed when the seeds were primed with -14 MPa osmotic potential. The root and shoot 
length of the primed seeds with -7, -10 and -14 MPa were not significantly different at -9 MPa drought 
stress potential. Therefore, the priming can be used as a technique to increase the germination and 
early seedling growth of barley under drought stress condition. 
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INTRODUCTION 
 

 In drought-prone environments, cereal germination tends to be irregular and can extend over long periods 
(Bougne et al., 2000). The resulting poor crop stands leave gape in the canopy, which are rapidly filled by 
vigorously growing weeds. Accelerating and homogenizing the germination process is a prerequisite for a good 
crop establishment, the efficient use of resources and to increase yields (Harris, 1996).  
 Seed viability and vigor can have an influence on the establishment and yield of crops. Also a vigorous early 
seedling growth has been shown to be associated with higher yields (Harris et al., 2000; Mussa et al., 1999). 
Drought stress could be detrimental or even lethal to the germinating seeds, especially if it occurred when the 
seeds were hydrated beyond critical moisture content (Chen et al., 2010).  
 The vigor of seeds can be improved by techniques generally known as seed priming, which enhance the speed 
and uniformity of germination (Heydecker et al., 1975). Priming has since been used to describe a wide variety of 
seed invigoration treatments. These have included soaking seeds in water or an osmoticum, mixing seeds with 
moist vermiculite or sand (Chiu et al., 2002). The term ‘priming’ was originally introduced in the context of 
polyethylene glycol (PEG) osmotic treatments at water potentials just below full imbibition; these treatments 
resulted in more rapid germination on subsequent sowing (Heydecker and Gibbins, 1978). The adverse and 
depressive effects of water stress on germination can be alleviated by various seed priming treatments (Basra et 
al., 2006). Priming of spinach (Spinacia oleracea L. cv. Bloomsdale) seeds with PEG enhanced desiccation 
tolerance in germinating seeds and the primed seeds exhibited improved germination rate and uniformity (Chen et 
al., 2010). The seedlings produced from seeds of chickpea (Cicer arietinum L.) that primed with manitol and water 
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had a greater shoot and root growth in comparison with unprimed seeds (Kaur et al., 2002). There are examples of 
priming increasing the rate of germination and increase in ability to germinate (Harris et al., 1999; Ajouri et al., 
2004; Rashid et al., 2006).  
 Barley (Hordeum vulgare L.) is a grain cereal in dry land farming systems of semi-arid areas of Iran (Karimi, 
2005). In these areas water deficit and unsuitable distribution of rainfall decrease the germination and 
establishment of barley. In such conditions the barley encounters with drought stress during seed germination and 
early growth stages. These stages are the most vulnerable to drought stress and presenting a challenge in barley 
production (Karimi, 2005). Although the effects of priming have been studied on some seed crops, but relatively 
little information is available on the effects of priming on seed germination of barley under drought stress. It seems 
that one way to achieve this requirement could be the use of seed priming treatments. Therefore the objective of 
this study was to evaluate the effect of priming with PEG on seed germination and early seedling growth of barley 
under drought stress conditions. 
 

MATERIALS AND METHODS 
 

 The experiment was conducted at weed ecology laboratory, Faculty of Agriculture, Tabriz University, Tabriz, in 
2012. The barley seeds were obtained from Agricultural and Natural Resources Research Institute, East 
Azerbaijan, Tabriz. The factorial experiment was used based on randomized complete block design with four 
replications. The factors were priming with polyethylene glycol (PEG 6000) at four osmotic potential levels including 
0, -7, -10 and -14 MPa and four levels of drought stress including 0, -3, -6 and -9 MPa osmotic potential. According 
to the method presented by (Michel and Kaufmann, 1973) solutions with different osmotic potential were prepared 
for priming and drought stress treatments.  

The barley (Cultivar Zarjou) seeds were surface sterilized with sodium hypochlorite 20% for 10 minutes before 
using. In both priming and drought stress experiments four replications of 50 seeds were germinated in 12 cm 
diameter glass Petri dishes. In priming stage the seeds were placed at temperature 15°C in a dark growth chamber 
for 7 days with different osmotic potentials (0, -3, -6 and -9 MPa) (10 ml osmotic solution was added to each Petri 
dish) and then were washed with sterilized distilled water and dried superficially. Then the seeds were placed at 
temperature 20°C with different drought stress (0, -3, -6 and -9 MPa osmotic potential) for germination test. At the 
end of the experiment, seed germination rate and percentage; root length and shoot length and weight of seedlings 
were measured. Seeds were considered to have germinated when the radicle emerged. The number of germinated 
seeds was counted daily. Germination rate (GRate) was calculated according to the following Maguire’s formula 
(1962): 

 
where En is the number of germinated seeds observed in the nth daily counting and Nn is the number of days after 
the seeds were put to germinate in the nth counting. 
          The data were analyzed using the general linear models (GLM) by SAS version 9.0.3 and the treatment 
means were compared using Duncan multiple range test. The data that were used in ANOVA met the assumptions 
such as normality and homogeneity of variance and did not require transformation.  
 

RESULTS AND DISCUSSION 
 

Germination rate and percentage 

 Analysis of variance (data not shown) indicated that seed priming and drought stress had significant effect on 

germination rate of barley seed but the interaction effect of them was not significant. Increasing the drought stress 

potential decreased the germination rate of all non-primed and primed seeds, significantly. At all drought stress 

potentials, the priming increased the germination rate of the barley seeds (Fig. 1).  At -6 MPa drought stress, the 

germination rate of primed seed with -10 and -14 MPa was not different and greater than those of 0 and -7 MPa 

priming treatment. At drought stress of -9 MPa, the germination rate of primed seed with -14 MPa was the highest 

and other priming treatments were not significantly different. The priming of spinach seeds with PEG enhanced 

drought tolerance in germinating seeds and primed seeds exhibited improved germination rate and final 

germination percentage at drought stress (Chen et al., 2010).   
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Figure 1. The effect of priming (0, -7, -10 and -14 MPa) and drought stress (0, -3, -6 and -9 MPa osmotic potential) on 

germination rate of barley (Hordeum vulgare L.) seeds. Different letters indicate significant differences at P ≤ 0.05. 

 

 The seed priming and drought stress had significant effect on germination percentage of barley seed but the 

interaction effect of these factors was not significant. At all drought stress potentials, increasing the priming osmotic 

potential increased the germination percentage of the barley seeds (Fig. 2). In the absence of drought stress, the 

primed seeds with different osmotic potentials had greater germination percentage than that of control. This result 

indicates that at normal conditions the seed priming could improve the barley seed quality. At high drought stress 

potentials (-6 and -9 MPa), the primed seeds with -10 and -14 MPa osmotic potential had the same and greatest 

germination percentage. The seed priming imposed with PEG increased the germination rate and percentage of 

barley seeds at all drought stress treatments. Also the seed priming of thick spike wheatgrass (Elymus lanceolatus 

(Scribn and Smith) Gould) and sandberg bluegrass (Poa sandbergii Vasey.) increased the germination and 

emergence rate (Stuart and Van Vactor, 2000; Kaur et al., 2002) showed that priming can contribute to improve 

germination rate and seedling emergence by increase of amylase and invertase activity. (Ajouri et al., 2004) also 

observed that the hydro-priming of barley seeds increased the germination rate (from 65% to 95%) and water use 

efficiency of drought-stressed plants. 

 

 
Figure 2. The effect of priming (0, -7, -10 and -14 MPa osmotic potential) and drought stress (0, -3, -6 and -9 MPa osmotic 

potential) on germination percentage of barley (Hordeum vulgare L.) seeds. Different letters indicate significant differences at P 

≤ 0.05. 

  

Root and shoot length 

 Results indicated that by increasing the drought stress potential, the root length of barley seedlings decreased 

at all priming treatments, except at -3 MPa drought stress the root length was increased in comparison with control 

treatment (Fig. 3). At 0 and -3 MPa drought stress potentials, priming with -10 and -14 MPa increased the root 
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length of barley seedlings significantly but at -6 and -9 MPa drought stress potentials, priming with -14 MPa 

increased the root length significantly. In other words at high drought stress conditions, priming with high osmotic 

potentials had the greatest effect on root elongation. Moreover, improved germination and radical growth under 

osmotic stress also were observed in Sorghum bicolor seeds primed with PEG (Patane et al., 2009). 

 

 
Figure 3. The effect of priming (0, -7, -10 and -14 MPa) and drought stress (0, -3, -6 and -9 MPa osmotic potential) on root 

length of barley (Hordeum vulgare L.) seedlings. Different letters indicate significant differences at P ≤ 0.05. 

 

 
Figure 4. The effect of priming (0, -7, -10 and -14 MPa) and drought stress (0, -3, -6 and -9 MPa osmotic potential) on shoot 

length of barley (Hordeum vulgare L.) seedlings. Different letters indicate significant differences at P ≤ 0.05. 

 

 Increasing the drought stress potential from 0 to -9 MPa reduced the barley shoot length significantly (Fig. 4 

and 5). At -3 MPa drought stress, priming with -14 MPa increased the shoot length; and at -6 and -9 MPa drought 

stress the primed seeds with different osmotic potentials had greater shoot length than control (0 MPa). These 

results indicate that at high drought stress conditions, the priming increased the barley shoot length, but increasing 

the osmotic potential from -7 to -14 MPa had no significant effect on this trait. The priming increased the barley root 

elongation especially at low drought stress. At drought stress condition the root growth is the most important factor 

at establishment period of seedlings and increasing the root length will improve the seedling establishment and 

subsequently the drought stress tolerance (Bewley and Black, 1994). The priming also increased the barley shoot 

growth at all drought stress potentials. Similar findings were reported for sunflower (Helianthus annuus L.) and 

wheat (Triticum aestivum L.) seeds where hydro-priming improved germination rate and seedling elongation under 

osmotic stresses imposed by PEG (Basra et al., 2006). 
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Shoot weight 

 Increasing the drought stress potential from 0 to -9 MPa reduced the barley shoot weight significantly (Fig. 5). 

At -3 and -9 MPa drought stress, priming with -7, -10 and -14 MPa increased the shoot weight. At -6 MPa drought 

stress, the shoot weight of all seeds was not significantly different. Generally results indicated that at low and high 

drought stress conditions, the priming with PEG increased the barley shoot weight in comparison with non-primed 

seeds (0 MPa).( Rashid et al., 2006) also reported that on-farm seed priming of barley, increased the grain yield up 

to 53% and the priming was more advantageous on saline-sodic than on saline soils. 

 

 
Figure 5. The effect of priming (0, -7, -10 and -14 MPa) and drought stress (0, -3, -6 and -9 MPa osmotic potential) on shoot 

weight of barley (Hordeum vulgare L.) seedlings. Different letters indicate significant differences at P ≤ 0.05. 

 

  Based on the results of germination and seedling growth of barley, we can conclude that the priming with PEG 

may possibly increase barley seed tolerance to reduced water uptake caused by drought stress. Also, it is possible 

that priming initiates certain protective mechanisms against drought stress. Drought stress is known to cause 

excessive accumulation of lipid peroxidation in plants (Mittler and Zilinskas, 1994). The improved drought stress 

tolerance of barley osmo-primed seeds may, in part, be due to more robust antioxidant systems. (Amini, 2011) also 

observed that the osm-opriming of barley seeds improved the germination rate and early seedling growth at 

drought stress condition. The results of this study indicated a significant improvement in germination and early 

growth of barley to priming treatment. Soaking of the barley seeds in PEG solutions, resulted in improving of 

germination rate and percentage under drought stress and also the normal conditions. The seed priming with high 

osmotic potentials had a greater influence on barley seed germination than seedling elongation. Therefore at 

drought stress conditions the number of seedlings established from planted seeds will be increased and high 

germination rate causes to pass drought stress season, easily. The priming with PEG could be as suitable, cheap 

and easy seed invigoration treatment for barley, especially when germination is affected by drought stress. 

Therefore we can use this technique to improve the seed germination and seedling establishment at drought stress 

conditions, consequently causes to increase the barley yield and tolerance to dry conditions. 
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