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Priming is an effective technique that improves germination of several crop species. That’s why; 
this study was carried in order to evaluate the effect of NaCl seed priming techniques on germination  
and early  growth of  safflower  (Carthamus tinctorius L.).  Safflower seeds were primed with  four 
concentrations of NaCl as priming media (5, 10, 15 and 20 g/l) for 12, 24 and 36 hours. Results  
indicated that different priming concentrations and duration have significant on total germination  
percentage, mean germination time, germination index and coefficient of velocity of safflower seeds. 
It was also observed that 12 h priming duration had the most effect on studied traits as 5 g/l priming  
concentration treatment. In general, primed seeds showed better performance than control (non 
primed seeds) in all studied parameters.
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Rapid and uniform field emergence is essential 

to  achieve  high  yield  with  good  quality  and 

quantity  in  annual  crops  (Parera  and  cantliffe, 

1994; Subedi and Ma, 2005;  Yari et al.,  2010). In 

this  context,  many  research  studies  have 

demonstrated  that  seed  priming  is  an  effective 

technology  to  enhance  rapid  and  uniform 

emergence, and to achieve high vigor and better 

yields  in  vegetables  (Parera  and  Cantliffe,  1994; 

Bruggink  et al., 1999) and field crops (Chiu  et al., 

2002; Giri and Schillinger 2003; Basra  et al., 2005; 

Kaur et al., 2005; Farooq et al., 2006). In fact, this 

technique is a treatment that is applied to seeds 

before  germination  in  a  specific  environment. 

Seeds  are  partially  hydrated  to  a  point  where 

germination  processes  begin  but  radical 

emergence does not occur (Dell Aquila and Tritto, 

1991;  Giri  and  Schilinger,  2003;  Kaur,  2002).  It 

allows some of the metabolic processes necessary 

for germination to occur without germination take 

place. Seeds are soaked in different solutions with 

high  osmotic  potential;  this  prevents  the  seeds 

from  absorbing  enough  water  for  radicle 

protrusion,  thus suspending  the seeds in  the lag 

phase (Taylor et al., 1998). This method is used for 

improvement  of  germination  speed,  germination 

vigor, seedling establishment and yield (Talebian et  

al.,  2008).  In  addition  to  better  establishment, 
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farmers  reported  that  primed  crops  grew  more 

vigorously,  flowered  earlier  and  yielded  higher 

(Farooq et al., 2008).

Improvement  in  priming  is  affected  by  some 

factors such as plant species, priming media type 

and concentration, priming duration, temperature, 

vigor and seed primed storage condition (Mubshar 

et  al.,  2006).  Consequently,  priming  formula 

differed according to vegetables species type and 

priming  media  used.  In  fact,  Misra  and  Dwibedi 

(1980)  have  founded  that  seed  soaking  in  2.5% 

potassium chloride  (KCl)  for  12  h  before  sowing 

increased wheat yield by 15%. Paul and Choudhury 

(1991) also observed that seed soaking with 0.5 to 

1%  solution  of  KCl  or  potassium  sulfate  (K2SO4) 

significantly increased plant height and grain yield 

in wheat. According to Basra  et al. (1989) priming 

of  corn  seed  using  polyethylene  glycol  or 

potassium  salt  (K2HPO4  or  KNO3)  resulted  in 

accelerated germination. So, the objective of this 

study  was  to  evaluate  the  effect  of  NaCl  seed 

priming at different concentration and duration on 

safflower germination behavior.

MATERIALS AND METHODS

The study was conducted in the laboratory of 

the Department of Agronomy and crop science of 

the  High  Institute  of  Agriculture  Chott  Mariem, 

Tunisia  to  determine  seed  priming  effects  on 

germination,  and  seedling  growth  of  a  Tunisian 

safflower cultivar.

Safflower seeds were fully immersed in priming 

media  at  23  °C  for  12,  24,  and  36  h  at  four 

concentration (5, 10, 15 and 20 g/l) of NaCl priming 

media.  All  seeds  were  removed  from  priming 

media  at  the  same  time  and  then  rinsed 

thoroughly  with  distilled  water  and  hand  dried 

lightly using blotting paper and then allowed to dry 

for  24  h  at  room  temperature.  Unsoaked  seed 

(control)  and  primed  seeds  at  different 

concentrations  and  duration  were  put  to 

germinate  in  90-mm-diameter  Petri  dishes  on 

whatman No.2 filter paper moistened with 10 ml 

of distilled water. Twenty seeds from each of the 

treatments  were  placed  in  Petri  dishes.  The 

experiment was arranged factorial in a completely 

randomized  design  with  three  factors  which  are 

priming  media  (NaCl,  KCl  and  untreated  seed 

(control)), priming concentration (5, 10, 15 and 20 

g/l)  and priming duration (12,  24  and 36 h) in  a 

completely  randomized  design  with  five 

replications and 20 seeds per replicate. Seeds were 

kept  at  room  temperature  (23°C)  under  normal 

light.  Seeds  were  considered  germinated  when 

radicle protruded for 2 mm. Germination progress 

was measured at 24 h intervals and continued until 

fixed state at the 7th day. Parameters measured in 

this experiment are given below.

Total  germination  (TG)  measured  in  the 

seventh  day  using  the  formula  GT  (%)  =  (total 

number of germinated seeds/ total seed) x 100.

Mean  germination  time  (MGT)  calculated 

according the formula of Ellis and Roberts, (1981). 

MGT = ∑ (ni/di).  With  ni:  number  of  germinated 

seeds and di: day of counting.

Germination  Index  (GI)  according  to  the 

equation of Kader and Jutzi, (2004): GI = ∑ (TiNi). 

Ti: number of day after sowing and Ni: number of 

germinated seeds in the th day.

Coefficient  of  velocity  (CV)  =  (number  of 

germinated seeds per day) according to Kader and 

Jutzi formula, 2004. CV= (∑Ni /100) x (∑ Ti Ni).

All  the data  were subjected to an analysis  of 

variance,  using  SPSS  13.0  software  and  the 

difference  between  means  were  compared  by 
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Duncan multiple  range  test  at  5%  level  of 

probability.

RESULTS

According to the results, all studied traits were 

affected by the experimental factors and there was 

completely significant difference between control 

(non primed seeds) and primed seeds (Table 1-2). 

Total  germination percentage (TGP) was affected 

by  NaCl  concentration  as  well  it  was  decreasing 

(91%) by increased of NaCl concentration from 5 to 

20  g/l.  Also  TGP  was  decreased  (90.22%)  by 

increasing of NaCl priming duration from 12 h to 36 

h.  Mean  comparison  by  Duncan  multiple  range 

tests  displayed  significant  difference  between 

control and NaCl primed seeds as well more TGP 

was attained in NaCl primed seed than control in 

all concentrations (Table-2). Variance analysis and 

mean  comparison  results  displayed  that  mean 

germination time (MGT) was affected by different 

priming concentration and seed priming duration. 

The  least  MGT was  obtained  from 5  g/l  priming 

concentration  (3.84)  and  12  h  NaCl  priming 

duration  (3.48)  treatments.  Generally  less  MGT 

was  attained  from  NaCl  seed  priming  treatment 

than control (Tables 2). It supports that NaCl seed 

priming caused more rapid water uptake than the 

amount of water for germination. Variance analysis 

and  mean  comparison  results  displayed  that 

germination  index  was  affected  by  different 

priming concentration and seed priming duration. 

The highest germination index was attained for 12 

h  priming  duration  and  5  g/l  concentration  of 

priming (58.18 and 52.70 respectively). Meanwhile, 

germination  index  decreased  by  priming 

concentration and duration increment.  Generally, 

NaCl priming treatments, especially with 5 g/l at 12 

h,  significantly  increased  total  germination 

percentage,  germination  index  and  coefficient  of 

velocity and decreased mean germination time of 

safflower seeds compared to non-priming.

Table 1.  Variance analysis of germination behavior of safflower with NaCl priming

Source of Variation df Total Germination MGT GI CV
Duration (D) 2 6068.517* 15.413* 2463.347* 96.074*

Concentration (C) 3 1450.218* 3.331* 580.188* 22.650*

D x C 6 213.741* 0.098* 66.662* 2.397*

Error 24 1.158* 0.004* 0.603* 0.025*

Total 36
             (* ) Significant at the 5% levels of probability according to Duncan test

Table 2. Means comparison of studied traits in safflower by Duncan multiple range test.

Total germination 
(%) 

Mean Germination 
Time (days)

Germination Index Coefficient of 
velocity 

Duration (hour) 
12 81.62a 3.48c 58.18a 9.36a

24 54.96b 4.49b 42.73b 6.31b

36 36.92c 5.74a 29.55c 3.70c

Control (dry seed) 73.61 6.23 42.12 6.79
Concentration (g/l)

5 71.73a 3.84d 52.70a 8.40a

10 64.46b 4.33c 47.14b 7.02b

15 51.81c 4.90b 39.56c 5.62c

20 43.34d 5.21a 34.55d 4.79d

Control (dry seed) 73.61 6.23 42.12 6.79
(*) Means with the same letters in each column are not significantly different at 0.05 according to Duncan test
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DISCUSSION

According  to  emergence  uniformity  problem 

and  importance  of  safflower  in  Tunisia,  it  is 

necessary  to  improve  germination  and  growth  in 

this  species.  Basra  et  al.  (2003)  reported 

improvement in germination percent by using seed 

priming techniques. In fact priming induces a range 

of  biochemical  changes in  the seed that  required 

initiating the germination process i.e.,  breaking of 

dormancy,  hydrolysis  or  metabolism of  inhibitors, 

imbibitions  and  enzymes  activation  (Ajouri  et  al.,  

2004).  Some  previous  researcher  indicated  that 

some or all  process that precede the germination 

are triggered by priming and persist following the 

re-desiccation  of  the  seed  (Asgedom  and  Becker, 

2001). Thus upon sowing, primed seed can rapidly 

imbibe and revive the seed metabolism, resulting in 

higher germination percentage and a reduction in 

the  inherent  physiological  heterogeneity  in 

germination (Rowse,  1995).  Sung and Chiu  (1995) 

observed  that  MGT  was  accelerated  by 

hydropriming  without  changing  amount  of  water 

uptake  in  watermelon.  The  probable  reason  for 

early germination of primed seed maybe due to the 

completion of pre-germination metabolic activities 

making the seed ready for  radicle  protrusion and 

the  primed  seed  germinated  soon  after  planting 

compared  with  untreated  dry  seed  (Arif,  2005). 

Primed  seeds  had  lower  mean  germination  time 

(MET)  compared  with  un-primed  seeds.  These 

positive effects are probably due to the stimulatory 

effects  of  priming  on  the  early  stages  of 

germination process by mediation of cell division in 

germinating seeds (Sivritepe  et al.,  2003).  Ruan et 

al. (2002) has demonstrated that KCl and CaCl2 seed 

priming  had  improved  germination  index  of  rice. 

The efficiency of seed priming is possibly related to 

the  osmotic  advantage  that  K+ and  Ca2+ have  in 

improving cell water saturation, and that they act as 

co-factors  in  the  activities  of  numerous  enzymes 

(Taiz  and  Zeiger  2002). Demir  Kaya  et  al.  (2006) 

have reported that  NaCl  seed priming treatments 

was the most effective method for improving seed 

germination of sunflower. These results are in line 

with findings of Sivritepe et al. (1999) in melon and 

Khan  et  al.  (2009) in  hot  pepper. Improving 

germination and coefficient of velocity in safflower 

seeds after NaCl  priming may be explained by an 

increased rate of cell division in the seeds (Bose and 

Mishra,  1992). It  is  concluded that  priming media 

concentration  and  soaking  time  have  significant 

effects  on  germination;  when  those  parameters 

(priming  concentrations  and  duration)  increased, 

total  germination decreased,  this  could be due to 

the  toxic  effects  of  Na+ and  Cl- on  germination 

process (Khajeh-Hosseini et al., 2003). Primed seeds 

compared  to  non-primed  seeds  were  allowed  to 

imbibe water and went through the first  stage of 

germination  without  protrusion  of  radicle.  Better 

results of of NaCl priming (5 g/l for 12 h) treatment 

could be due to the uptake of Na+ and Cl- ions by 

the  seed,  maintaining  a  water  potential  gradient 

allowing  water  during  seed  germination  (Demir 

Kaya et al., 2006).

This  study  showed  that  NaCl  seed  priming 

especially  with  5  g/l  at  12  h  could  be  used  to 

increase germination percentage,  shortened mean 

germination  time.  Further  studies  needed  to 

investigate the effects of priming on later growth 

and development stages of this species. Overall, it 

could  be  concluded  that  the  suitable  priming 

conditions,  which  resulted  in  higher  germination 

percentage and seedling growth for safflower seeds 

is, 12 h duration at 5 g/l NaCl priming concentration 

at the temperature of 23°C. This information can be 

employed by safflower growers  for improving the 
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performance  of  crop  in  the  field  under  adverse 

abiotic conditions. 
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