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This experiment was seed germination and seedling growth in two wheat (Triticum aestivum 

L.) cultivars, with 2 phytohormone salicylic acid (SA) and Cytokinines (CKs). This study 

consisted of two separate experiments. Each experiment was a factorial arranged as a 

completely randomized design with four replications. In experiment 1 and 2, we tested priming 

with CK and SA, respectively in five concentrations (0, 50, 100, 150 and 200 ppm) in four 

times (12, 18, 24 and 30 h) on germination parameters in two wheat cultivars. The results 

showed that there were significant differences between seed priming and non seed priming 

treatment. The best treatment in both experiments was seed priming with CK and SA at 50 ppm 

concentration in12 hours. 
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Abbreviations:CKs,Cytokinins; SA, salicylic acid; GP, germination percentage; MGR, mean 
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Introduction 
 

Cytokinins (CKs) are involved in various processes in the growth and 

development of plants including cell division, apical dominance, root 

formation, leaf senescence, stomatal behaviour, and chloroplast development 

(Brault and Maldiney, 1999; Davies, 1995). The known interactions of 

cytokinins with other plant hormones as well as with environmental signals 

(Brault and Maldiney, 1999; Roshotteet al. 2005), suggest that cytokinins 

modulate developmental processes in plants under stress full environments. 

Cytokinins are often considered abscisic acid (ABA) antagonists (Dru and shco, 
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1992). Auxins and cytokinins have also been shown to interact in several 

physiological and developmental processes, including apical dominance, 

control of the cell cycle, lateral root initiation, regulation of senescence and 

vasculature development (Brault and Maldiney, 1999; Swarupet al., 2002). 

Naturally occurring cytokinins are adenine derivatives with distinct 

substitutions attached to the N6-position of the adenine ring. Therefore, the 

differences in structure are likely to affect the function of the cytokinin (Iqbal 

and Ashraf, 2006). For example, Biddington and Thomas (1976) demonstrated 

that benzyl amino purine (BAP) is more active than any other cytokinin in 

increasing germination rate, and in breaking dormancy of celery and lettuce 

seeds. SA is considered as a hormone-likes substance, which plays an important 

role in regulating a number of physiological processes such as growth, 

photosynthesis, nitrate metabolism, ethylene production and flowering (Raskin 

1992; Hayat 2007) and also provide protection against biotic and abiotic 

stresses such as salinity ( Kaya et al., 2002) in plants. SA is recognized as an 

endogenous signal molecule mainly involved environmental stress tolerance in 

plants (Hussein, 2007). SA also had been reported which is an essential 

component of the plant resistance to pathogens and participates in the plant 

resistance to adverse environmental conditions (Bosch, 2007) and 

Complementary biochemical and genetically approaches are being used to 

dissect the signaling network that regulates the innate immune response in 

plants (Bosch, 2007). Receptor- mediated recognition of abiotic and biotic 

stresses triggers a signal amplification Loop that is based on synergistic inter 

actions between nitric oxide, reactive oxygen intermediates and salicylic acid 

(Bosch, 2007). The exact mechanisms which SA caused tolerance in plants 

against salinity are not known (Bosch, 2007). Wheat grain is a staple food used 

world wide.  Poor germination and seedling establishment are the results of soil 

salinity (Grag and Gupta, 1997). It is an enormous problem adversely affecting 

growth and development of crop plants and results in to low agricultural 

production (Grag and Gupta, 1997). Germination percentage, rate of seedling 

emergence and seedling establishment have been low in various area due to a 

variety of  unfavorable factors such as drought, high and low temperatures, 

poor quality of seeds and untimely sowing (Tosellli and Casenava, 2002). 

Rapid seed germination and stand establishment are critical factors for 

crop production under stress conditions. In many crop species, seed 

germination and early seedling growth are the most sensitive stages to stresses. 

Seed priming is known as the seed treatment which improves seed performance 

under environmental conditions (Ashraf and Foolad, 2005). Priming will cause 

more uniformity in seed germination and better seedling establishment in the 

field (Eisvand, 2008). Primed seeds pass phases imbibition and lag phase of 
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germination and are ready for germination in the base of physiological and 

biochemical conditions (Eisvand, 2008). Positivepriming effects such as 

improvement in germination and emergence have been shown in most plants 

especially in vegetables (Kauret al., 2002). Seed priming is a technique by 

which seeds are partially hydrated to a point where germination processes begin 

but radicle emergence does not occur (Bradford, 1986). Priming allows some of 

the metabolic processes necessary for germination to occur without germination 

take place. In priming, seeds are soaked in different solutions with high osmotic 

potential. This prevents the seeds from absorbing in enough water for radicle 

protrusion, thus suspending the seeds in the lag phase (Taylor et al., 1998). 

Seed priming has been commonly used to reduce the time between seed 

sowing and seedling emergence and to synchronize emergence (Parera and 

cantliffe, 1994). Seed priming treatments have been used to accelerate the 

germination and seedling growth in most of the crops under normal and stress 

conditions (Basra et al., 2003). Reported that primed crops grew more 

vigorously, flowered earlier and yielded higher (Farooqet al., 2008). It has also 

been reported that seed priming improves emergence, stand establishment, 

tillering, allometry, grain and straw yields, and harvest index (Farooqet al., 

2008). Typical responses to priming are faster and closer spread of times to 

germination and emergence over all seedbed environments and wider 

temperature range of germination, leading to better crop stands and hence 

improved yield and harvest quality, especially under sub-optimal and stress 

condition,  growing conditions in the field (Halmer, 2004). El- tayeb etal. 

(2005) found an improvement in germination of these seeds pretreated with SA 

solution than those of un-treated seeds. Khodary (2004) who reported that SA 

increased the fresh and dry weight of shoot and roots of salt stressed maize 

plant. Presoaking seeds with optimal concentrations of CKs has been shown to 

be beneficial to germination, growth, and the yield of some crop species grown 

under saline conditions (Kauret al., 2002; Khan et al., 2002). The purpose of 

this study was that we can get solutions for rapid and uniform germination and 

seedling establishment to show appropriate. 

 

Materials and methods 
 

The experiment carried out at the Seed Research Laboratory of 

Agriculture Faculty of Razi University, Kermanshah, Iran, from August to 

December 2011 to determine seed priming effects on germination and seedling 

growth of two winter wheat cultivars (CrosAlborz and Sardari). Seeds of wheat 

(Triticumaestivum L.) cv. Cross Alborz and Sardari were obtained from 

Dryland Agricultural Research Center Sararood, Kermanshah, Iran. These 

cultivars are among widely cultivated bread wheat cultivars under 
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Drylandfarming conditions in Kermanshah, Iran. In August of 2011 and, 250 g 

of seed of both cultivars was placed in individual nylon net bags and immersed 

in liquid priming media. Before the start of each experiment, seeds were surface 

sterilized in 1% sodium hypochlorite solution for 3 min, then rinsed with 

sterilized water and air-dried. The study consisted of two experiments. Each 

experiment was as factorial with four replications. In experiment 1, we tested 

priming with SA in five concentrations (0, 50, 100, 150 and 200 ppm) in four 

times (12, 18, 24 and 30 h) on two wheat cultivars. In experiment 2, we tested 

seed priming with CKs in five concentrations (0, 50, 100, 150 and 200 ppm) 

and in four times (12, 18, 24 and 30 h) on two wheat cultivars. After treatment 

seeds were given three surface washings with distilled water and retried to 

original weight with forced air under shade at 23± 2°C (Basra et al. 2003). 

Primed and non-primed seeds were placed in 9 cm glass Petri dishes on a layer 

of filter paper (Whatman # 41). Twenty five seeds were placed in each Petri 

dish and filter paper moistened with 10 ml of distilled water. Seed was kept at 

room temperature (20°C) in dark conditions. Seeds were considered germinated 

when radicle protruded for 2 mm. Germinated seeds were recorded daily up to 

day 7 after the start of the experiment. Germination percentage (GP) was 

calculated based on following equation (Ashraf and Abu-shakra, 1978): 

 

 
 

Then the mean germination rate was calculated according to the following 

equation (Ellis et al., 1987): 

 

MGR= n / Dn 

 

Where MGR is the mean germination rate, n is the number of seeds germinated 

on day and Dn is the number of days from the start of test. Shoot and radicle 

length, shoot and radicle dry weight, speed of germination and germination 

percentage were measured eight days after beginning of the test. Data in each 

experiment separated were analyzed using SAS (Statistical software, SAS 

institute, 2002) and treatment means were compared using duncan's multiple 

range test at 5% level of probability. 

 

Results  
 

Low germination percentage and rate were observed in control treatment 

compared with seed priming in both the cultivars (Table 2, 4). The seeds treated 
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with CKs showed significant difference (P<0.05) to control. The germination 

percentage and rate in 50ppm CKs treatment were different to 100, 150 and 200 

ppm CKs treatments. So, 50 ppm CKs was found most suitable treatment 

(Table 2). Both 150 and 200 ppm concentration of CKs and SA did not show 

any major difference in respect of germination. This result showed the higher 

concentration that was not as good as the lower concentration, rather it 

decreased the germination percentage and rate. Root height, germination rate 

and percentage in both cultivars declined severely with increasing of CKs 

concentration (Table 3). The germination percentage was decreased when the 

concentration increased, which showed that higher concentration inhibited 

germination (Table 3, 4). Maximum shoot and radicle length, shoot and  radicle 

dry weight, speed of germination and germination percentage in 

cv.CrossAlborz  and cv. Sardari were observed when the seeds primed by CKs 

50 ppm for 12h (Table 3). Observations revealed that both the growth 

hormones response uniformly to radicle elongation (Table 3, 4). The longest 

radicle length was observed at seed priming whit 50 ppm CKs (14.7 cm) in cv. 

Cross Alborz (Table 2). Substantial variation on aspects of germination was 

found between both the wheat species (Table 1, 3). In generally, it was 

observed that for germination enhancement of Cross Albors and Sardari 

cultivars, CKs with lower concentrations were better (Table 3). SA treatment 

affected significantly (P < 0.05) on final germination percentage and rate in 

cultivars (Table 4). Seed treatment with Salicylic acid, particularly the 

concentration of 50 ppm was effective in increasing germination rate in two 

cultivars (Table 3). In contrast, high concentrations of SA inhibited germination 

(Table 4). The best treatment Salicylic acid in both cultivars was observed in 

concentration of 50 ppm for 12 hours (Table 4). However, plants derived from 

seeds treated with the different priming agents improved shoot dry weights for 

both cultivars. 

 

Table 1.Means comparison of cv. Cross Alborz compared withcv.  Sardari in 

CKs treatments 
 

Wheat 

Cultivar  

Shoot 

dry 

weight 

(mg) 

Radicle 

dry 

weight 

(mg) 

Shoot 

length 

(cm) 

Radicle 

length 

(cm) 

Speed of 

germination 

Germination 

percentage  

Cross 

Alborz 

152.42 
b
 93.32

a
 11.35

a
 6.55

a
 14.90

a
 80.76

a
 

Sardari 

CV% 

162.80
 a 

10.4 

85.26
b 

9.7 

9.92
a 

11.3 

7.15
a 

10.2 

16.03
a 

8.5 

87.79
a 

8.9 
*
Values with at least one same letter in column, do not have significant difference (P<0.05). 
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Table 2.Means comparison of cv.CrossAlborz compared with cv.  Sardari in 

SA treatments 
 

Cultivar 

wheat 

Shoot 

dry 

weight 

(mg) 

Radicle 

dry 

weight 

(mg) 

Shoot 

length 

(cm) 

Radicle 

length 

(cm) 

Speed of 

germination 

Germination 

percentage  

Cross 

Alborz 

169.48
a
 94.88

a
 10.88

a
 7.78

a
 15.16

a
 89.24

a
 

Sardari 

CV% 

173.58
a 

12 

87.46
b 

11.7 

8.78
b 

10.7 

8.09
a 

10.3 

15.14
a
 

7.4 

86.10
a 

8.01 
*
Values with at least one same letter in column, do not have significant difference (P<0.05). 

 

Table 3.Means comparison of cv. Cross Alborz and Sardari with control in 

Cytokinins treatments 
 

CK 

Concentrations 

(ppm) 

Times Shoot dry 

weight 

(mg) 

Radicle dry 

weight (mg) 

Shoot 

length 

(cm) 

Radicle 

length 

(cm) 

Speed of 

germination 

Germination 

percentage (%) 

cv. Cross Alborz control 202b 115bcd 11.91def 10.10cd 17.74c-f 97.50ab 

50 

50 

50 

50 

12 

18 

24 

30 

229.50a 141.50a 15.90a 14.70a 23a 100a 

184.25c 104.25d-g 13.37dc 7.55de 14.87d-i 91abc 

145e-i 82.75i 12.40edf 5.32fe 13.12f-i 81.25d-h 

92.75j 65j 7.05jk 2.77h 8.72jk 63.50ij 

100 

100 

100 

100 

12 

18 

24 

30 

185c 123b 13cde 10.3b 8.3k 87.90cde 

181.50c 113bcd 12.62edf 7.47de 18.20a-e 89.75bcd 

141.25f-i 101.25d-g 11.72edf 5.57fe 19.25a-d 73.75e-h 

90.25j 80.25i 6.54k 3gh 14.01e-i 62ij 

150 

150 

150 

150 

12 

18 

24 

30 

176.30c 103.75d-g 13.12cde 8cd 11.17h-j 85c-f 

160de 81i 12.40fde 7.40de 15.05d-i 89.50bcd 

143.50e-i 64j 11.97def 5.07fg 18.75a-e 79.75e-h 

89.75j 63.75j 6.80k 3.52fgh 11.70g-i 61.5ij 

200 

200 

200 

200 

12 

18 

24 

30 

182c 105c-g 13.75cde 7.30de 10.67igk 76gh 

144.25e-i 101.31d-g 11.80def 5.10fe 11.95h-j 90.50bcd 

138hi 79.75i 12.05fde 4.75fgh 12.20g-i 79.60e-h 

88j 62.50j 6.55k 3.02gh 12g-i 65i 

cv.Sardari control 175.75c 111.25b-f 11fe 10.44b 17.67c-f 97ab 

50 

50 

50 

50 

12 

18 

24 

30 

215ab 143.50a 15.40a 14.50a 22.40a 100a 

180c 122b 12.25fde 8.30cd 19a-e 88cde 

158fe 112.75bcd 9hi 5.52fe 15.50d-h 76.75gh 

139.75ghi 97.25fg 7jk 3.77fgh 12g-i 57.50ij 

100 

100 

100 

100 

12 

18 

24 

30 

185c 124b 12def 9.80bc 21.25abc 92abc 

172.25c 123.25b 11fe 8.55bcd 18.50a-e 87c-f 

160.25de 112.5bcd 9.42gh 5.70fe 16d-g 78fgh 

140.75f-i 97.75efg 7.75jhi 3.57fgh 12.50g-i 56.25ij 

150 

150 

150 

150 

12 

18 

24 

30 

178.75c 119bc 10.90fe 9.70bc 21.75abc 90abc 

160.78de 118.75bc 12def 8.05cd 18.40a-e 86c-f 

156.75efg 110.70b-f 8.75jhi 5.8fe 14.50d-i 74.75h 

137.75hi 94.50gh 7.50jik 4.52fgh 12g-i 58.75ij 

200 

200 

200 

200 

12 

18 

24 

30 

CV% 

175cd 119bc 11.25fe 7.55de 14.01e-i 85.25c-g 

154.25e-h 106.25c-g 9hi 6.80de 14e-i 73.75h 

142f-i 100d-g 8.20jhi 5.05fg 12.30g-i 65i 

136.25i 

9.7 

94g-h 

10.3 

6.25k 

11.2 

4.05fgh 

9.9 

10.75h-i 

10.4 

55.75j 

10.8 
*
Values with at least one same letter in column, do not have significant difference (P<0.05). 
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Table 4. Means comparison of cv.CrossAlborz and Sardari with control in 

Salicylic Acid treatments 
 

SA 
Concentrations 

(ppm) 

Times Shoot dry 

weight 

(mg) 

Radicle 

dry 

weight 

(mg) 

Shoot 

length 

(cm) 

Radicle 

length 

(cm) 

Speed of 
germination 

Germination 

percentage 

(%) 

cv. Cross 

Alborz 

control 204.75b 119b 12.62b 9.59c-f 17.75c 97ab 

50  

50  

50  

50   

12 

18 

24 

30 

231.75a 140.5a 15.50a 12.55a 23.75a 100a 

188c 113bc 12.80b 9.12e-g 16.90cd 89.30bcd 

171.75cd 95cf 10.70b-f 6.90h-k 14.25fgh 83.25fde 

144.30e 76.75f-i 8.50g-j 7.55g-j 13.12h 75.54fgh 

100  

100  
100  

100  

12 

18 
24 

30 

185.50cd 120b 12.30bc 9.70cde 17cd 89bcd 

184cd 110.75b-e 11.80bcd 8.55c-h 16.55d-f 88.25bcd 
169.30cd 93.75d-g 10.20c-f 6.40igk 13.75h 82.25d-g 

142.25e 74.75ghi 7.80hig 6.80h-k 12.87h 74.25gh 

150 
150  

150  

150  

12 
18 

24 

30 

185.70cd 116.50b 12.42b 8.92c-h 15e-h 90bcd 
172cd 112bcd 12.30b 8.80ch 16.65d-f 89.50bcd 

168.75d 93efg 9.70e-i 7.75e-i 13.50h 83.75fde 

141.75e 75.75f-i 9g-j 6.30ijk 12.64h 77.25e-h 
200  

200  

200  
200 

12 

18 

24 
30 

169.50cd 110.50b-e 11.87bcd 10dc 12.10h 76e-h 

143e 91fg 10.6b-f 8.80c-h 16.30c-g 87.75bcd 

140e 70.75hi 9.95d-h 6.20ijk 13.40h 81.25d-g 
139e 68i 7.50ij 6.37ijk 12.35h 69h 

cv.Sardari control 175.50cd 115.75b 11.32b-e 9.62cde 17.79c 97ab 

50  
50  

50  

50  

12 
18 

24 

30 

203b 135a 14.90a 12.40a 21.25b 100a 
169cd 96c-f 7.72ij 7.30g-k 16.75cde 96ab 

168.5d 77.75f-i 7.70hij 8.25d-i 14.57e-h 85.75cde 

176.75cd 71hi 7.15j 5.75kg 12.87h 72.50h 
100  

100  

100  
100  

12 

18 

24 
30 

181cd 111.75bcd 12.50b 10.10dc 16.50d-f 100a 

173cd 92fg 7.80hij 8.30d-i 16.25c-g 96ab 

169.25cd 76.50fi 7.70hij 7.27g-k 14.32e-h 85.3cde 
176.75cd 67i 7.47ij 5.42k 12.62h 72.70h 

150 

150  
150  

150  

12 

18 
24 

30 

174cd 95c-f 12.17bc 10.35bc 12.50h 85cde 

176.20cd 93fg 7.78hij 8.34d-i 165c-g 94ab 
170cd 77.50f-i 7.55ij 7.24g-k 14.60d-h 85.24cde 

168cd 72hi 7.105j 5.80kj 12.83h 72.80h 
200  

200  

200  
200 

12 

18 

24 
30 

CV% 

176cd 91fg 8.20g-i 9.90cd 15.90c-g 70h 

173.50cd 75.90f-i 7.50hij 8.75ch 16.30c-g 95.30ab 

170.50cd 74f-i 7.60hij 7.37g-k 14.07gh 85de 
150de 

11 

65.705i 

10.7 

7.17j 

8.4 

5.37k 

9.2 

12.37h 

8.2 

72h 

10.6 
*
Values with at least one same letter in column, do not have significant difference 

(P<0.05). 
 

Discussion 
 

In view of some earlier studies it is now evident that pre-soaking or 

priming of seed of different crops causes improvement in germination, seedling 

establishment and in some cases enhances crop yield (Ahmad et al., 1998; 

Harris et al., 1999). Presoaking seeds with optimal concentrations of CKs has 

been shown to be beneficial to germination, growth, and the yield of some crop 

species grown under saline conditions (Kauret al., 2002; Khan et al., 2002). 



 2164 

However, an adequate CK supply is essential for normal plant 

development (Takei et al., 2002; Schmulling et al., 1997). The results of the 

present study are in agreement with Aldesuquy and Ibrahim (2001) indicated 

that improvement in wheat productivity (grain yield) due to the increased 

germination rate by hormone pretreatment and Gadallah (1999), Debez et al. 

(2001) demonstrated that concentrations of phytohormones has been shown to 

be beneficial to the germination, growth, and yield of some crop species, 

possibly by increasing nutrient reserves through increased physiological 

activities and root proliferation (Darraet al., 1973). Our results showed that 

seed priming with CKs and SA increased the germination parameters, which is  

in agreement with yarnia et al. (2012) showed that hormones type, time of seed 

priming and hormone concentration had significant effect in root and seedling 

length, germination percent and seedling dry weight, Priming by 6, 12 and 18 

hours with hormones increased germination percentage and against  Iqbal et al. 

(2006) reported that cytokinins-priming did not show consistent effects on 

germination and early seedling growth.  Lada et al. (2004) stated that hormonal 

priming enhanced germination in low temperature (5C) after priming the seeds 

of two carrot cultivars with salicylic acid and gibberellin. In present experiment 

we observed that both 150 and 200 ppm concentration of CKs and SA were not 

observed any major difference in respect of germination. So, the higher 

concentrations were not as good as the lower concentration rather it decreased 

the germination percent and rate. Our results are in agreement with Eisvand et 

al. (2011) indicated that increase in hormone concentration caused the reduced 

emergence percentage. Similarly, Mazaheri and Tehrani (2005) reported that 

high concentrations of SA reduced the germination of canola (Brassica napus 

L). Increasing of salicylic acid concentration enhances ABA synthesis which 

can stop the seed germination (Wu et al., 1998). Shakirova et al. (2003) found 

that soaking of wheat seeds in (0.05 mM) SA reduced the damaging effects of 

salinityon seedlings growth and accelerated the growth processes. Our results 

indicated that salicylic acid can increase shoot and root length that are in 

agreement withdelavari et al. (2010) indicated that Priming with SA showed 

maximum root length. 

 

Conclusion 
 

Seed priming had significant positive effect on different aspects of seed 

germination. Our results showed significant improvement in germination and 

early growth of wheat due to CK priming and SA priming treatment Compared 

to control. The best treatment was seed priming with CK and SA at 50ppmin 12 

hours. 
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