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ABSTRACT: The present research was carried out to investigate the effects of the seed vigour and 

pretreatment and osmotic and salt stresses on safflower seed germination and seedling development. For 
this purpose, a factorial experiment was conducted based on randomized complete block (RCB) design 
with three replications. The experimental treatments was also included in two levels of seed vigour, five 
levels of salinity and osmotic stresses and three levels of seed pretreatment. Our results showed that 
increasing seed deterioration level, salinity and osmotic strengths, had inhibitory effects on seed viability 
and germinability, germination speed, vigor index and seedling dry weight and length. Pretreatments 
increased percentage and speed of germination, vigour index and seedling length. Increasing the 
deterioration of seeds, and also the strengths of salt and osmotic stresses, were led to decrease of 
chlorophylls a and b content in safflower seedlings, while pretreatment improved chlorophylls a and b 
content of seedlings. 
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INTRODUCTION 

 
 About 75 percent of edible oils and fats are obtained from vegetable sources such as safflower (Gooding ., 2000). 
Safflower oil contains linoleic acid, which has been an unsaturated fatty acid that helps to lower cholesterol levels in 
the human body. Since this oil is fast drying, there is high demand for its use in the dyeing and emulsion industry 
(Velasco and Fernandez-Martinez, 2001). Using wide-ranging sources, cultivated safflower (Carthamus tinctorius L.) 
has been recorded as being grown for centuries in a wide area covering Iran and numerous other ‘Middle-East’ 
countries (Mündel and Bergman, 2009). 
 Seed germination and seedling emergence probably are the most important phenological events that influence 
the successful establishment of field crops (Forcella ., 2000). Early stages of seedling development especially 
germination process may influenced by environmental factors such as soil moisture and salinity status (Ouled 
Belgacem ., 2006; Soltani ., 2006). Available soil water is an essential factor for seed germination. Under the 
conditions of west and north-west prairies in Iran, soil moisture at sowing time (early spring) is often not adequate 
with significant variation in micro-pockets of the same field; a condition that results in irregular seed germination and 
subsequent crop stand. Salt and osmotic stresses are responsible for both inhibition or delayed seed germination 
and seedling establishment (Almansouri ., 2001; De-Figueiredo ., 2003; Ashraf and Foolad, 2005). 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 the germinating seed (Khajeh-Hosseini ., 2003). So far, the potential 
of seed vigour to influence crop yield through effects on environmental stress tolerance is much less documented. It 
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seems that seed vigour may influence stress tolerance of the crops, through effects on seedling size and vigour 
before and during stress occurrence. 
 Seed priming is a commercially used technique for improving seed germination and seedling vigour (Khan ., 
1978; Kuc, 1978). It involves imbibition of seeds in water under controlled conditions to initiate early events of 
germination, followed by drying the seed back to its initial moisture content. Its benefits include rapid, uniform and 
increased germination, improved seedling vigour and growth under a broad range of environments resulting in better 
stand establishment (McDonald, 2000; Beckers and Conrath, 2007). Roy and Srivastava (2000), Ashraf and Rauf 
(2001), Afzal . (2005) and Basra . (2006), suggested that the adverse effects of drought and salinity stresses on the 
seed germination of different crops can be alleviated by the priming techniques. For example, Kaya . (2006) reported 
that hydro-priming increased sunflower seed germination and seedling growth under salt and drought stresses. As 
well, Rawat . (2011) concluded that seed bio-priming reduced severity of the effects of salinity on seedling 
development of durum wheat. 
 The main objective of the present research was to investigate the effects of safflower seed vigour and priming 
upon their germination and subsequent seedling growth under PEG-induced osmotic and NaCl-induced salinity 
stresses. In this work we have evaluated treated and untreated safflower seeds with different levels of vigour in order 
to exploit better seed invigorative pre-treatment in relation to salt stress tolerance in this oilseed crop. This research 
is important as it reveals the role of seed and seedling vigour in affording stress resistance. 
 

MATERIALS AND METHODS 
 

 Seeds of a safflower (Carthamus tinctorius L. cv. Padideh; Agriculture Organization, Iran) were divided into two 
sub-samples. A subsample was kept as control or high vigour seed lot (SV1). The other sub-sample with about 16% 
moisture content was artificially deteriorated at 40°C for 72 hours (SV2). As a result, the two seed lots with 96% (SV1) 
and 80% (SV2) viabilities were provided. 
 Germination and early seedling growth (14 days) were studied using distilled water (control) and under osmotic 
potentials of -0.3 and -0.6 MPa, for NaCl or polyethylene glycol (PEG6000) (Michel and Kaufmann 1973). For hydro-
priming, safflower seeds were placed between two layers of moist paper towels at 25±1 ◦C for 9 h under dark 
conditions. The hydro-priming duration was determined by recording seed imbibition time until just before radicle 
protrusion. For salicylic acid (SA) pre-treatment, the seeds were moistened in one mM SA solution under the same 
conditions as they were hydro-primed. Thereafter, the seeds were rinsed with water. The treated seeds were dried 
back to their initial moisture content at room temperature determined by changes in seed weight. In this stage, gradual 
drying at low temperature is most critical; otherwise the seeds would be damaged. 
 Four replicates of 50 seeds were germinated between rolled germination papers with 10 ml of respective test 
solutions. The rolled papers containing seeds were put into sealed plastic bags to avoid moisture loss. Seeds were 
allowed to germinate at 25±1 ◦C in the dark for 14 days. The seedlings with short, thick and spiral formed hypocotyls 
and stunted primary root were considered as abnormally germinated (ISTA, 2008). Seedling length and dry weight 
was measured after the 14th day. The vigour index (VI) was calculated by the following formula: 
VI = seedling length (cm) × germination percentage 
The chlorophyll a and b content of fresh seedling leaves was estimated following the method suggested by Arnon 
(1949). 
 A factorial experiment on the basis of completely randomized design with four replications was conducted to 
evaluate osmotic and salt tolerance of safflower seedlings, affected by seed vigour level and priming techniques. All 
the measurements were repeated at least two times and data was statistically analysed by the two-way ANOVA. The 
means were compared in accordance with the Duncan’s multiple range test at p< 0.05. 
 

RESULTS AND DISCUSSION 
 

 Significant differences in germination percentage and chlorophyll a and b content were found among seed vigour 
levels, pre-treatments and drought and salinity stress conditions. The two priming techniques significantly influenced 
safflower seedling length and vigour index, compared to non-priming control. A significant (P < 0.05) two-way 
interaction (seed vigour and stress) was found for seedling length, dry weight and vigour index. The germination 
percentage and the chlorophyll a and b were significantly decreased with decreasing the vigour of seed lots (Table 
1). High vigour seed lot (SV1) had the highest percentage of germination (85.9%). The contents of chlorophyll a and 
b in safflower seedlings produced from deteriorated poor vigour seeds were reduced by 35 and 18% respectively, in 
comparison with control. In the present study, PEG-induced drought and NaCl-induced salt stresses with osmotic 
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potentials of -0.3 and -0.6 MPa were imposed. The germination percentage and the chlorophyll a and b reduced with 
decrease in osmotic potential in both PEG and NaCl solution; however, PEG declined these characteristics more 
compared to NaCl (Table 1). 
 When safflower seeds were hydro-primed and pre-treated with salicylic acid, germination percentage, seedling 
length, vigour index and chlorophyll a and b significantly increased (Table 1 and 2); but there was no significant 
difference between the two priming techniques in terms of the characteristics mentioned above. Greater reduction in 
seedling length due to PEG compared to NaCl was very evident (P < 0.05). The length, the dry weight and the vigour 
index of seedlings produced from the vigourous seeds was significantly higher than those from poor vigour ones, 
when no drought and salt stresses were imposed (Fig. 1, 2 and 3). Although, this superiority did not exist in terms of 
seedling length, when PEG and salt induced osmotic stresses were severed. On the other hand, vigourous seeds 
exhibited higher seedling growth due to all concentrations of NaCl salt (Fig. 1 and 2). Higher seedling dry weights 
were recorded from control and -0.3 MPa of salt (Fig. 2). 
 

 
Figure 1. The length of safflower seedling affected by different levels of seed vigour and drought and salinity condition 

 

 
Figure 2. The dry weight of safflower seedling affected by different levels of seed vigor and drought and salinity condition 

 

 
Figure 3. The vigour index of safflower affected by different levels of seed vigour and drought and salinity condition 

 

 Salt-induced inhibition of seed germination could be attributed to osmotic stress or to specific ion toxicity (Huang 
and Redmann, 1995; Misra and Dwivedi, 1995). The use of iso-osmotic concentrations of NaCl and solutes such as 
PEG could afford valuable information in distinguishing between these two components of salt stress. It is noticeable 
that in the present study, high PEG concentration was always more detrimental to final germination percentage than 
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iso-osmotic concentration of NaCl salt in each priming method (Table 1). These results were in agreement with Demir 
and Van De Venter (1999) in watermelon, Murillo-Amador . (2002) in cowpea and Kaya . (2006) in sunflower, they 
affirmed that drought or salinity may influence germination by decreasing the water uptake. Similar findings were 
reported in other species (Huang and Redmann, 1995; Almansouri ., 2001; Kaya ., 2006). It can be hypothesized 
that the presence of PEG, which is a non-penetrating solute, awfully hindered water uptake, while the defusing ions 
could have contributed to a reduction in the internal osmotic potential of the germinating structures, leading to water 
uptake and initiation of germination processes (Almansouri ., 2001). The strong inhibition of seedling length and dry 
weight increases recorded in the presence of PEG (Fig. 1 and 2) supports this hypothesis.  
 

Table 1. The germination percentage and chlorophyll a and b content of safflower affected by different levels of seed vigour, 
pretreatment and drought and salinity condition 

 
  Germination percentage  chlorophyll a 

(mg/g FW) 
chlorophyll b (mg/g FW) 

Seed  vigour 
SV1 (control) 85.9a 2.02a 0.98a 

     SV2 71.1b 1.31b 0.80b 

 
 

Salinity and Osmotic stress 

0MPa (control) 84.1a 2.19a 1.16a 
-0.3MPa (NaCl) 81.2b 1.95b 1.00b 

-0.6MPa (NaCl) 76.6c 1.34d 0.74d 
-0.3MPa (PEG) 81.4b 1.72c 0.88c 

-0.6MPa (PEG) 69.2d 1.14e 0.67e 

pretreatment 

P1 (control) 76.7b 1.62b 0.85b 

      P2 79.8a 1.71a 0.92a 
      P3 79.0a 1.67ab 0.89a 

 
Different letters indicate a significant difference in 5% 

 
 Priming can increase the germination percentage and speed of germination, under different environmental 
conditions, as well as improved seedling growth (McDonald, 2000). Kaya . (2006) reported that priming increased 
the percentage and speed of germination and seedling dry weight and reduce abnormal sunflower seedlings under 
drought stress. Elkoca . in (2007) reported that hydro-priming increased germination percentage of beans. The 
positive effects of SA both in saline and non-saline conditions has been confirmed (Kaydan ., 2007). Pre-treatment 
of barley seeds with salicylic acid in salinity conditions was caused the salt tolerance of seedlings (El-Tayeb, 2005). 
Improving effect of seed priming on the content of chlorophyll a and b in this research was consistent on findings of 
El-Tayeb (2005) and Azooz (2009). In the opposite direction of some previous researches (El-Tayeb, 2005; Kaya ., 
2006), none of the two seed pre-treatments showed alleviatory effect on drought and salinity stress conditions. On 
the other hand, the use of high vigour seed lot accommodated with reducing detrimental effects of PEG- and salt-
induced osmotic stresses. Hydro-priming and pre-treatment with salicylic acid clearly improved both seed 
germination and seedling growth under drought and salt stress conditions (Table 1 and 2). Furthermore, these two 
priming techniques resulted in increase of number of normal seedlings. The results are in line with the findings of 
Kaya . (2006) in sunflower and Yagmur and Kaydan (2008) in triticale. 
 In conclusion, we declared in this research that drought and salinity stresses delayed and inhibited germination 
processes in safflower by acting on different parameters in relation to water uptake, which is reduced in response to 
PEG while NaCl stress effects are probably linked to ion accumulation. Surprisingly in our work, hydro- and hormone-
priming techniques had no promotive effect on safflower seed germinability and seedling growth, when PEG- and 
NaCl-induced osmotic stresses were imposed. On the other hand, the beneficial effect of high vigour seeds on 
germination capacity and subsequent vigourous seedling development under stress conditions was clarified. 
 

Table 2. The vigour index and seedling length of safflower affected by seed pre-treatment 
 

Pre-treatment Vigour index 
Seedling length 

(cm) 
 

P1 (control) 14.264b 18.32b  
P2 15.617a 19.36a  

P3 15.193a 19.05a  

 
Different letters indicate a significant difference in 5% 
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