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ABSTRACT: High salinity in soil or irrigation water and drought are common environmental problems 
affecting seed germination and plant growth especially in arid and semi-arid regions. Seed germination 
is the most sensitive stage to abiotic stress. Iranian catnip (Nepeta persica) is one of the important 
medicinal plants. This study was carried out in order to investigate the effects of osmotic and drought 
stresses at critical stage of plant life (seed germination). The effect of salt and drought stresses at the 
levels of 0, -3, -6, -9 and -12 bars induced by sodium chloride (NaCl) and polyethylene glycol (PEG) on 
germination and seedling growth of Iranian catnip (Nepeta persica). The objective was to determine the 
most sensitive component to stress. Germination rate and percentage (GR and GP), root length (RL), 
shoot length (SL), root to shoot ratio (R/S) and seedling fresh weights (SFW) were measured. Results 
showed that drought and salinity decreased GP, root length, shoot length and SFW significantly and 
seedling growth was more sensitive than seed germination. In addition, R/S was significantly affected by 
drought stress and water potential decreased, R/S increased which shows shoot growth is more 
sensitive than root growth to both salinity and drought stresses. 
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INTRODUCTION 

 
 The environmental stresses such as salinity and drought are serious obstacles for field crops especially in the 
arid and semi-arid regions of the world. Indeed, in the semiarid regions salinity and drought stresses are 
increasingly becoming primary limiting environmental condition that restricts successful establishment of crops. 
Seed germination is the most sensitive stage to abiotic stress (Patade et al., 2011; Shahi-Gharahlar et al., 2010a 
and 2010b; Khajeh- Hossaini et al., 2003). In fact, beside water scarcity, saline water used for irrigation or high soil 
salinity may exert an adverse effect upon seed germination in field, exposing the seeds to stress (Almodares et al., 
2007). Increased salinity leads to a reduction and/or delay in germination of both halophyte and glycophyte seeds 
(Albregts and Howard, 1973). Seeds of a number of species that fail to germinate in -0.75 to -2.25 Mpa (1-3%) 
NaCl, germinate well when transferred to distilled water (Waisel and Ovadia, 1972; Naidoo and Naicker, 1992). In 
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saline environment adaptation of plants to salinity during germination and early seedling stages is crucial for the 
establishment of species. Seedlings are the most vulnerable stage in the life cycle of plants and germination 
determines when and where seedling growth begins (Kaymakanova, 2009). Soil salinity may affect the germination 
of seeds either by creating an osmotic potential external to the seed preventing water uptake, or through the toxic 
effects of Na+ and Cl- ions on germinating seed (Khajeh-Hosseini et al., 2003). (Tavili and Biniaz, 2009) reported 
that saline concentration effects for seed germination percentage, length of the stem and radicle of Hordeum 
species. Seed germination decreased significantly by increasing salinity (NaCl, CaCl2 and KCl) levels. (Also Shahi-
Gharahlar et al., 2010b) in (Cuminum cyminum L and Jalali et al., 2010) in Festuca rubra indicated that salt (NaCl) 
stress decreased seed germination and seedling growth. Salinity imposes other stresses such as ion toxicity on 
plants, as a result of ion entry in excess of appropriate concentrations and nutrient imbalances, as commonly seen 
in the displacement of potassium by sodium. Salinity damage is mainly due to altered water relation caused by high 
salt accumulation in the intercellular spaces (Zhang et al., 2006). 
 Drought imposes one of the commonest and most significant constraints to agricultural production, seriously 
affecting crop growth, gene expression, distribution, yield and quality (Yang et al., 2004; Shi et al., 2009). Stages of 
seed germination and seedling emergence are critical stages for plant establishment in crops grown in arid and 
semi-arid regions. It is at these critical stages that crop stand density and final yield are determined (Hadas, 1976). 
It has been reported that water stress can reduce or delay germination or completely prevent germination (Turk et 
al., 2004). (Boureima et al., 2011) using some sesame mutants showed that germination, emegence and root 
length of sesame reduced under drought.  Effects of drought stress reported that emergence was the most and 
germination was the least affected. 
 Polyethylene glycol (PEG) has been used to control water potential in seed germination studies to assess plant 
drought tolerance at germination and seedling stages (Dodd and Donovan, 1999). Water potential can be 
controlled precisely in this method and a large number of treatments can be performed quickly, PEG with 6000 or 
higher molecular weight can not enter the pores of plant cells and PEG is not toxic to plant cells (Verslues et al., 
2006). The response of germination rate, germination percentage, root length, shoot length and ratio of root length 
to shoot length (R/S) to salt stress induced by sodium chloride was different depending on concentrations 
(Khoshsokhan et al., 2012). 
 Iranian catnip (Nepeta persica) is one of the important medicinal plants. Due to the existence of salinity and 
drought and sensitivity of some plants in most regions of Iran, there are many difficulties in the planting of herbal 
and medicinal plants. 
 Therefore the aim of the present study was to assess the effect of NaCl and PEG at germination and early 
seedling growth stage of Iranian catnip (Nepeta persica). 
 

MATERIALS AND METHODS 
 

 In this study we used mature seeds of Iranian catnip (Nepeta persica) that had been collected from Razavi-Khorasan 
province of Iran. Before starting the experiment, seeds were sterilized with solution of 3% sodium hypochlorite for two minutes. 
The experimental design arranged in a completely randomized design (CRD) with three replications. Iranian catnip (Nepeta 
persica) seeds were primed in solution of polyethylene glycol (PEG 6000) and NaCl at zero (control), -3, -6, -9 and -12 bars in a 
dark room. 25 seeds were germinated in 9-cm Petri dishes, on Whatman paper No.1 and wet with 10 ml of salt solutions. After 
that seeds were placed in a growth chamber. Germination conditions were 25°C, 70% relative humidity, and 16-hr photoperiod. 
The number of germinated seeds was recorded daily and in the last day traits such as: root length, shoot length, root to shoot 
ratio (R/S) and seedling fresh weight were measured using five samples from each replicates. Root and shoot lengths were 
measured using a ruler. Germination percentage (GP) and germination rate (GR) were calculated using these formulas:  
Germination percentage (GP) = S/T × 100 
Germination rate (GR) = (∑ Ni/Di)/S 
S: Number of germinated seeds 
T: Total of number seeds 
Ni: The number of germinated seeds in Di (day) 
Data analysis was carried out with MSTATC software, Mean comparison was performed with Duncan’s test at the 5% level of 
significance (P < 0.05) and graphs were drawn using Excel software. 

 
RESULTS AND DISCUSSION 

 

 In Table 1, the results of analysis of variance show the influence of salt and drought stresses on seed germination and 
seedling early growth of Iranian catnip (Nepeta persica). According to the Table 1, salt and drought stresses had significant 
effect (P< 0.01) on GP whereas their effects were no significant on GR. According to the results of mean comparison the 
minimum osmotic potential for decreasing GP in salt stress was -6 bars whereas in drought stress the minimum osmotic 
potential was -3 bars (Figure 1). According to the results of (Khoshsokhan et al., 2012), salt stress has not noticeable effect on 



Intl J Farm & Alli Sci. Vol., 2 (21): 895-899, 2013 

 

897 

GR and GP at low concentration of NaCl (-3 bar) but at the value of - 6 bar osmotic potential or higher levels of salt stress, both 
rate and percentage germination was significantly decreased compared to the control in Thymus species. Figure 1 shows that 
the change of trend in GP of Iranian catnip (Nepeta persica) seeds under both salt and drought stresses is approximately 
similar, but it is lower in drought stress than salt stress. Beside, root length, shoot length and seedling fresh weight were 
affected by salt (P< 0.01) and drought (P< 0.01) stresses but only R/S was affected by drought stress (P< 0.01) (Table 1). 
(Jamwal et al., 2012) reported that increase in osmotic potential showed significant decrease in germination percentage of 
Lycopersicon esculentum ‘Solan Sindhur’. According to their results, PEG at high concentration 5%, 10% and 15% decreased 
the seed germination rate. (Shahi-Gharahlar et al., 2010b) reported that increasing NaCl concentration showed decreasing in 
germination percentage in Cumin (Cuminum cyminum L.). (Farhoudi et al., 2007) showed that salt stress decreased canola 
seed germination. Elevated salinity slows down water uptake by seeds, thereby inhibiting their germination and root elongation 
(Werner and Finkelstein, 1995). (Jamaati-e-Somarin et al., 2010) reported that increasing osmotic potential from -3 to -9 had 
negative effects on different traits of canola cultivars such as germination and seedling early growth. Also, (Bahrami et al., 2012) 
reported that with increasing levels of drought stress the mean germination percentage reduced in sesame cultivars (Sesamum 
indicum L.). 
 Root length was affected by increasing the levels of salt and drought stresses (Figure 2). With increasing drought stress 
there was a dramatically increasing in root length in comparison with salt stress in -3 bars. But there was a steady trend (with 
low decreasing) with increasing of drought stress from -3 to -6 bars. Increasing osmotic potential up to -9 and -12 reduced root 
length in both salt and drought stresses. Root length reduced as drought level increased, in sesame cultivars (Sesamum 
indicum L.) and significant differences were observed between drought level and cultivar on root length (Bahrami et al. , 2012). 
(Bhattacharjee , Mukherjee, 2002; Farooq and Azam ,2006) reported that salt stress decreases growth of rice and wheat 
seedling. They suggested increased cell membrane leakage decreased seedling growth under salt stress. Salt stress decreased 
root length in high levels of NaCl in Cumin (Cuminum cyminum L.) seedling (Shahi-Gharahlar et al., 2010b). The results of 
(Jajarmi, 2008) study showed that with the increasing of drought stress level, radical length decreased in safflower cultivars 
(Carthamus tinctorius L.). Root elongation slowed down quite linearly with the increasing level of water stress in two cultivars of 
sweet sorghum (Patane et al., 2013). 
 Shoot length was affected by increasing the levels of salt and drought stresses (Figure 3). According to the Figure 3 the 
influence of salt stress in decreasing of shoot length is slightly more severe than drought stress in low levels but with increasing 
osmotic potential (-9 and -12) decreasing of shoot length is sharper in drought stress than the salt stress. Increasing salinity 
levels caused remarkably decreases in shoot length of safflower (Carthamus tinctorius L.) genotypes (Ghazizade et al., 2012). 
Shoot length was strongly affected by droughts stress levels, especially levels upper than -3 in (Jajarmi, 2008) study. 
 NaCl and PEG application at low concentration (-3 bar) significantly increased the ratio of root length to shoot length (R/S) 
(Figure 4). The increase root length with NaCl application at the low concentration would have the potential to enhance root’s 
absorptive capacity and nutrient uptake in natural and agricultural ecosystems. However, the ratio of root length to shoot length 
(R/S) was significantly increased by the application of higher levels of PEG and decreased by increasing NaCl concentration 
and this decrease was greater at the higher concentration. This suggests that the effect of NaCl stress on R/S biomass of N. 
persica a concentration dependent manner. Increasing salinity levels caused delay in seedling emergence as a result of 
reducing cell division and plant growth metabolism (Maas and Nieman, 1978). (Khoshsokhan et al., 2012) reported that the ratio 
of root length to shoot length (R/S) was increased with increasing of levels of drought (PEG) except at -9 bar osmotic level in 
Thymus species. 
 Seedling fresh weight was affected by both NaCl and PEG stress (Figure 5). Salt and drought stresses had negative effects 
on seedling fresh weight of N. persica. In -3 and -6 bars of osmotic potential in both salt and drought stresses there have seen 
approximately a similar decreasing in seedling fresh weight compare with control (0 bars). By increasing osmotic potential (from 
-6 to -9) there is a remarkable decreasing in seedling fresh weight of N. persica (Figure 5) and after -9 bars the seedling fresh 
weight is near zero. (Shahi-Gharahlar et al., 2010b) reported that increasing salinity concentration decreased seedling fresh 
weight of cumin. (Jamaati-e-Somarin et al., 2010) reported that increasing osmotic potential decreased seedling fresh weight in 
canola and amount of effect was different depend on cultivar and levels of stress. 
 

Table 1.  Analysis of variance of the effect of salt and drought stresses on Iranian catnip (Nepeta persica) seed germination under study 

  Mean of square 

 Source of variance GP GR Root length Shoot length R/S Seedling fresh weight 

 
Treatment (Salt 

stress) 
1514.00** 0.015 

ns
 2.324** 2.782** 1.319 

ns 
72.875** 

 Error 47.467 0.009 0.124 0.066 0.44 0.584 

 
Treatment (Drought 

stress) 
1917.20** 0.020

ns 
8.48** 4.296** 66.722** 76.275** 

 Error 45.46 0.027 0.320 0.033 12.613 0.477 

  
Ns: non significant   **: Significant at the 0.01 level of probability according to Duncan test    
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Figure 1. Effect of salt and drought on seed germination percentage of Iranian catnip (Nepeta persica). 

 

 
Figure 2. Effect of salt and drought on root length of Iranian catnip (Nepeta persica). 

 
Figure 3. Effect of salt and drought on shoot length of Iranian catnip (Nepeta persica). 

 
Figure 4. Effect of salt and drought on R/S of Iranian catnip (Nepeta persica). 

 

 
Figure 5. Effect of salt and drought on seedling fresh weight of Iranian catnip (Nepeta persica). 

 

CONCLUSION 
 

 Acceptable growth of plants in arid and semiarid lands which are under exposure of salinity stress is related to 
the potential of seeds for best germination under stress conditions, so necessity of assessment of salt resistance 
genotypes critical at primary growth stage. Therefore, it suggested that screening for salinity stress is necessary for 
different growth stages of plant. The present research studied the changes in germination traits and early seedling 
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growth of N. persica, exposed to a reduced water potential in PEG or NaCl solution under laboratory conditions. 
Our study showed that increased salt and drought stresses levels decreased seed germination percentage and 
growth of N. persica. The source of osmotic potential influenced the response of N. persica to the stresses. Salinity 
may also affect the germination of seeds and seedling growth by creating an external osmotic potential that 
prevents water uptake or due to the toxic effects of Na+ and Cl- ions on the germinating seed (Khajeh- Hosseini et 
al., 2003). From this study, it can be concluded that low water potential and salt stress (in high levels) inhibited 
germination and affected negatively growth of the N. persica.. 
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