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ABSTRACT: Canola (Brassica napus L.) is one of the most important oil seed crops in the world and Iran. Seed 

germination is the initial and most crucial stage in the life cycle of plants. Several environmental factors 

simultaneously influence germination. Salinity is a serious problem in many regions of the world including Iran. In 

order to investigation of NaCl and CaCl2 stress effect on germination indicators and seedling growth of canola, an 

experiment was conducted with four levels of salinity included (0, 50, 100 and 150 mmole) as a completely 

randomized design with four replication. Results showed that the effect of salinity on root length (RL), stem length 

(SL) and vigor index 1 (VI1) was significant. Control has the maximum stem length. Regression equations of 

germination rate (R50), SL, seedling dry weight (SDW) and maximum germination (Gmax) with salinity levels 

showed that all of these traits have negative strong relation with salinity levels. Control has the highest value of 

these traits and as with increase of salinity levels these traits were declined. The most strong relation was observed 

between SL with NaCl levels (y = -0.0178x + 8.418; R² = 0.9393). Results showed that with increase of mean 

germination time (MGT), R50 was declined as a linear model that this relationship in Nacl levels was stronger than 

CaCl2 levels. In conclusion the results of this study demonstrate that the shortened duration up to maximum percent 

of germination exists within canola seeds that exposed to lower salinity levels. 
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INTRODUCTION 

 

 Successful establishment of plants largely depends on 

successful germination. Seed germination is the initial and 

most crucial stage in the life cycle of plants (Grime and 

Campbell, 1991). Several environmental factors such as 

temperature, salinity, light, soil moisture, oxygen 

concentration and alkalinity simultaneously influence 

germination (Ungar, 1995; Huang et al., 2003; Zia and 

Khan, 2004; El-Keblawy and Al-Rawai, 2005, 2006; 

Guan, et al., 2009).  

 Abiotic environmental stress is one of the major 

factors to yield reductions (Ashraf et al., 2008). Salinity is 

a serious problem in many regions of the world including 

Iran (Bahrami and Razmjoo, 2012). There are about of 8 

million hectare agricultural land exposure to salt stress in 

the world (Munns, 2005). The deleterious effects of 

salinity on plant growth are associated with (i) low 

osmotic potential of the soil solution (water stress), (ii) 

nutritional imbalance, (iii) specific ion effects (salt stress), 

or (iv) a combination of these factors (Shannon, 1998). 

Salinity stress affects seed germination either through 

osmotic effects, by preventing or delaying germination or 

through ion toxicity, which can render the seeds unviable 

(Welbaum et al., 1990; Huang and Reddman, 1995; 

Almansouri et al., 2001; Zhu, 2003; Khajeh-Hosseini et 

al., 2003; Tobe et al., 2004).  

 Tolerance to salinity during germination is critical for 

the establishment of plants growing in saline soil of arid 

regions (; Ungar, 1995; Khan and Gulzar, 2003). Seeds 

contain all the essential plant mineral nutrients but their 

availability is hampered under stresses like cold, drought, 

salinity (Knight and Knight, 2001). Under such conditions, 

Ca
2+

 gains significance as it provides stress protection by 
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regulating many physiological and cellular events (Hirschi, 

2004; Tang et al., 2006). Calcium is an essential plant 

nutrient and has a role in metabolic activities, like 

stabilization of membranes, signal transduction through 

second messenger, and control of enzyme activity (Arshi 

et al., 2006). Ca
2+

 can help to remediate the adverse effect 

of salinity on plants. It helps in maintaining membrane 

integrity and ion-transport regulation and is essential for 

K
+
/Na

+
 and Ca2

+
/Na

+
 selectivity (Maathuis et al., 1999; 

Renault, 2005). Elevated Ca
2+

 concentration in nutrient 

solution mitigates the adverse effects of NaCl by inhibiting 

Na
+
 uptake (Marcar, 1986; Kaya et al., 2002; Nayyar, 

2003; Bonillaet al., 2004) and reducing membrane leakage 

(Tuna et al., 2007).  

 Canola (Brassica napus L.) is one of the most 

important oil seed crops in the world and Iran that its 

production has been notably extended in recent years 

(Mohammadi, 2009; Bybordi and Tabatabaei, 2009). 

Saline soils and saline irrigation waters present potential 

hazards to canola production. This problem adversely 

affects growth and development of crop and results into 

low agricultural production (Mohammadi, 2009; Bybordi 

and Tabatabaei, 2009). The present study was conducted 

to evaluate the effect of salinity on seed germination of 

canola “SPn21” under salinity conditions. 

 

MATERIALS AND METHODS 

 

 This experiment was conducted with four levels of 

salinity included of sodium chloride and calcium chloride 

(0, 50, 100 and 150 mmole) as a completely randomized 

design with four replication at seed laboratory of 

Agriculture and Natural Resources of Ramin University, 

Khozestan, Iran in 2012 (0= control, 50= NaCl(4) or CaCl2 

(4), 100= NaCl(8) or CaCl2 (8), 12= NaCl(12) or CaCl2 

(12)). At first seeds were disinfected with ethanol (96%) 

for 30 seconds, and then 50 seeds of canola „SPn21‟ were 

treated with each saline.  

Standard germination (SG).  
 seed samples were sown on moistened top paper and 

kept at a temperature of 20°C ± 0.5 in the dark and on the 

eighth day, normal seedlings were counted and data were 

expressed as percentage. 

Germination rate (GR). 

 Seed germination was tested in moistened top paper at 

a temperature of 20°C. Seeds were observed twice daily 

and considered germinated when the radicle was 

approximately 2 mm long or more. GR (R50, h
-1

) was then 

calculated as Soltani et al. (2001): 

 

R50 = 1/D50   (1) 

 

Where D50 is the estimation of time taken for cumulative 

germination to reach 50% of maximum where interpolated 

from the germination progress curve versus time. 

 

Seedling growth rate (SGR). 

 Seed samples were sown as for the SG test and 

normal seedling length and dry weight were measured 

after 8 days. 

 

Mean germination time (MGT).  

MGT was calculated as Eq.2 (Matthews & Khajeh-

Hosseini, 2007). 

 

MGT= ∑(F.X)/∑F (2) 

 

Where F equal to the new germinate seeds at X! day and X 

was number of computation day. 

 

Vigor index I and II. For calculation of vigor index Eq. 3 

and 4 were used (Vashisth & Nagarajan, 2010). 

 

VI 1= germination percentage×seedling length (Cm) (root 

length+stem lengt)     (3) 

 

VI 2=  germination percentage×seedling dry matter (mg) 

(root length+stem lengt)     (4) 

 

Statistical analysis. The data were subjected to analysis of 

variance in GenStat 12 edition (2009). 

 

RESULTS AND DISCUSSION 

 

 The results of ANOVA are presented in table 1. 

Results showed that the effect of salinity on RL, SL and 

VI1 was significant. Fisher‟s protected LSD was 

conducted for these traits (Fig.1). Maximum of root length 

belong to the CaCl2(8) that the was no significant different 

with Cacl2 and NaCl(8). The least root length was 

obtained in NaCl(12). Control has the maximum stem 

length and least of that related to the CaCl2(12). CaCl2(12) 

also has the least vigor index that there was no significant 

different with NaCl(12) and Nacl(4). It is reported that soil 

salinity suppresses shoot growth more than the root growth 

(Maas and Hoffman, 1977; Ramoliya and Pandey, 2003). 

 It seems that the levels of low CaCl2 have the positive 

effect on root length and VI1, That agreed with for 

overcoming the negative impact of high salinity, addition 

of supplemental Ca2
+
 to the growth medium as an 

ameliorative agent could be necessary. Present study 

showed that dry weights of shoots and roots were 

significantly reduced when NaCl is applied alone in 

comparison to the control. However, the reduction was 

less when NaCl and CaCl2 were added together. The 

reduction in biomass production that is shown in this paper 

could be due to the high concentration of Na
+
 and Cl

−
 

(Zhu, 2001).  

 External application of calcium can ameliorate the 

growth of salinised plants. This beneficial effect of 

calcium on the development of many species grown under 

saline conditions has been reported previously (Renault, 
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2005; Arshi, et al., 2006). There was a conducive, but not 

significant increase in dry growth in plants treated with 

CaCl2 alone compared with the control and when NaCl 

was applied with CaCl2 together. In previous studies it is 

known that the optimal growth of Atriplex halimus was 

recorded at 80 mM CaCl2 (Nedjimi et al., 2006). It would 

appear that the growth response at moderate salinities may 

be largely the consequence of an increased uptake of 

solutes that are required to induce cell expansion, since 

this maintains the pressure potential in plant tissues. 

 Means of salinity effect on other traits were shown in 

Fig.2 (Fisher‟s protected test were not run for these traits). 

Increased salt concentration caused a decrease in final 

germination percentage. Germination was greatly reduced 

at the highest level of salt especially at Nacl2 levels. The 

increase of NaCl concentration affected negatively the 

seeds germination rates and maximum of germination in 

canola. These results were in agreement with Guan et al., 

(2009), founded that high levels of soil salinity can 

significantly inhibit seed germination Seed germination is 

a major factor limiting the establishment of plants under 

saline conditions, since the germination process represents 

the first stage of plant growth in addition to its high 

sensitivity to nutritional and environmental conditions. 

 Salinity affects germination in two ways: There may 

be enough salt in the medium decrease the osmotic 

potential to such a point which retard or prevent the uptake 

of water necessary for mobilization of nutrient required for 

germination. The salt constituents or ions may be toxic to 

the embryo. Although the effects of high salt content on 

metabolic processes are yet to be fully elucidated, it is 

reported that salinity reduces protein hydration (Kramer, 

1983) and induces changes in the activities of many 

enzymes (Dubey and Rani, 1990; Garg et al., 1993) in 

germinating seeds. 

 Regression equations of R50, SL, SDW and Gmax 

with salinity levels (Nacl and CaCl2 0, 50, 100 and 150 

mmol) were shown at fig.3. All of these traits have 

negative strong relation with salinity levels. Control has 

the highest value of these traits and as with increase of 

salinity levels these traits were declined. The most strong 

relation was observed between SL with NaCl levels (y = -

0.0178x + 8.418; R² = 0.9393). 

 Results show that there were negative strong relation 

between R50 and mean germination time at levels of NaCl 

and CaCl2 (fig. 4). With increase of MGT, R50 was 

declined as a linear model that this relationship in Nacl 

levels was stronger than CaCl2 levels. Treatments with 

high MGT has the lower R50. Highest MGT and lowest 

R50 related to high level of salinity.

 

 
Table 1. ANOVA Results of salinity (S) on maximum germination (Gmax), Germination rate (R50), Germination uniformity (GU), Days to 5, 10, 50 90 and 
95% of germination (D05-D95), Root length (RL), Stem length (SL), Seedling dry weight (SDW), Vigor Index I and II (VI1, VI2) and  Mean germination 

time (MGT)   
S.o.V 

 
Gmax R50 GU D05 D10 D50 D90 D95 RL SL SDW VI1 VI2 MGT 

 
d.f M.S 

S 6 15.24 0.0002 222.3 1.035 4.141 49.27 254.8 30.1 20.679** 0.0052* 0.0003 313247** 5595 0.0824 

E 21 21.33 0.0001 444.4 0.827 3.31 34.27 464.1 518.8 3.822 0.0018 0.0002 72104 5887 0.0768 

Total 27 
              

*, **, significant in 5 and 1%, respectively. 

 
 

Figure 1. Fisher‟s protected LSD test for means of salinity levels for RL. SL and VI1 
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Figure 2. Relation between germination rate and mean germination time in NaCl (left) and CaCl2 (right) levels  

 

 

 

 
 
 

Figure 3. 
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Figure 4. 

 

 

CONCLUSION 

 

 In conclusion the results of this study demonstrate 

that the shortened duration up to maximum percent of 

germination exists within canola seeds that exposed to 

lower salinity levels. 

 According to Rajest et al. (1998), the presence of 

NaCl in high concentration inhibits the growth by 

imposition of an osmotic stress on the cell and by toxicity 

of sodium in the cytoplasm, thus reducing the provisioning 

of the young leaves of carbohydrates. These effects may 

result from changes in dry matter allocation, ion 

relationship, water status, physiological processes, 

biochemical reaction or a combination of these (Munns et 

al., 1995). 
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