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ABSTRACT 
 
The objective of this study was to evaluate the effect of salinity stress on 
physiological and biochemical traits of brassica cultivars. For this purpose, salt 
stress was imposed by irrigating with saline water at four levels of salinity 
(control, 4, 8, 12 dSm-1, respectively) with four cultivars (Hayola401, 
Hayola420, RGS and Sarighol). Leaf area index, height, relative water content, 
biomass, seed yield, chlorophyll a and b, proline and ions content were 
measured. Salinity stress significantly decreased relative water content, leaf 
area index, chlorophyll a and b, K+, K+/Na+ ratio, height, biomass and seed yield 
and increased Na+ and proline content in all cultivars. Sarighol and Hayola420 
had the highest and the least seed yield and were saline sensitive and tolerant 
cultivars respectively. Their differences were only in relative water content and 
leaf area index. Saline tolerant had a higher relative water content and lower 
leaf area index compared with Sarigol. The results suggest that brassica 
cultivars with low leaf area index are suitable for cultivating under saline 
condition.  
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INTRODUCTION 
 
Salinity stress is an important environmental stress that 
threat plants growth and production. Approximately, 45 
million hectares of irrigated lands was damaged by soil 
salinity (Munns et al., 2008). It is estimated that every year 
1.5 million hectares of irrigated land is going outside of the 
agriculture production and more than 50% of all arable 
land will suffer from salinization until the year, 2050 
(Wang et al., 2013;). According to increasing world 
population atnd need for food and water, humans will be 
encounter lack of soil and water recourses. Therefore, it 
will be necessary to use marginal lands, waste waters and 
saline soils.  

One of the strategies suggested against salinity stress is 
biological strategies which focused on developing salt 
tolerant crops (Athar and Ashraf, 2009). Salt stress has 

several effects on plant growth categorized to osmotic 
stress and ionic stress. Osmotic stress reduces water 
uptake from the soil, closes the stomata, decreases 
photosynthesis and also growth and yield. Some plants are 
able to cope with low water potential by increasing their 
osmotic potential through producing osmoprotectant and 
compatible solutes. By continuing stress due to 
accumulation of Na+ and Cl- ions, the ions toxicity effects of 
salt stress appear and older leaves start to fall. Plants have 
several mechanisms for coping with salt stress and they 
consist of (i) osmotic tolerance by synthesizing 
osmoprotectant and compatible solutes, (ii) exclusion 
mechanism by excluding Na+ and Cl- out of their cells and 
(iii) tissue tolerance with compartmentation of Na+ and Cl- 
in   their   tissues   (Ashraf   and Foolad, 2013; Munns et al.,  
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2008).   

Ashraf and Ali (2008) reported that Na+ selectivity trait 
is not a suitable trait for selection of canola salt tolerance 
plants and they suggested that antioxidant enzymes 
activity are a good indicator for salt tolerance, whereas, 
Munns et al. (2008) opined that there is no good 
relationship between salt tolerance and antioxidant 
enzymes. Pak et al. (2009) in their experiments selected 
two genotypes as a salt tolerant basis on high dry mass 
and said that salt stress changed chlorophyll content in all 
genotypes except salt tolerances. They suggested that 
ability of genotypes to accumulate Na+ in their tissues is a 
major criteria for salt tolerance in rap seeds. Moreover, K+ 
content in salt tolerances was higher than other genotypes.  

Ulfat et al. (2007) in appraisal physiological and 
biochemical traits of salt tolerance in canola said that 
photosynthetic capacity, proline accumulation ability and 
ion discrimination is a good indicator of salt tolerance, but 
they showed a weak relationship among salinity tolerance 
and leaf Na+, leaf K+/Na+ ratio and proline content in 
canola plants. In Iran, Canola (Brassica napus L.) is 
cultivated mainly for its edible oils and in fall-winter with 
late summer-early autumn sowing. Canola is a moderately 
salt-tolerant crop and it is the third important plant among 
the oil seeds (Ulfat et al., 2007). 

Investigation of salt effects on biochemical and 
physiological traits of Brassica cultivars is necessary to 
understand salt stress effects on plant growth and yield 
and identify important tolerance mechanisms used in 
canola plants. For this reason, leaf area, Na+, K+ and Ca2+ 

content, chlorophyll a, b, proline, realtive water content, 
biomass, height and yield in four canola cultivars were 
measured.  

The purpose of this study was investigating on yield 
changes simultaneous leaf area, Na+, K+ and Ca2+ content, 
chlorophyll a, b, proline, realtive water content and 
biomass by increasing salinity concentration. 
 
 
MATERIALS AND METHODS 
 
Planting procedure  
 
The study was conducted in artificially salinized pots 
(diagonal 38 cm and height 35 cm) in the greenhouse of 
the University of Zanjan (1663 m above mean sea level, 
36° 41’N and 48°24’ E) Iran. The pots were filled with sand 
to a height of 5 cm and then a mixture of arable soil sand 
and cattle manure (6:3:1) was used to fill the pots. The 
bottom of the plots was holed to improve drainage. The 
pots were irrigated with saline water consisting of two 
commercial salts that is, NaCl and CaCl2 in ratio of 3:1. The 
experimental design was factorial and comprised four 
levels of salt (control, 4, 8, 12 ds/m-1) with four cultivars 
(Hayola401, Hayola420, RGS and Sarighol) in Randomized 
Complete Block Design (RCBD) and three replicatons. 
Every treatment consisted of 2 pots. 

Leaf area (LF) 
 
For measuring leaf area, two plants from each pot was 
picked up thereafter, LAI was measured by a scanner (Area 
Meter VM-900 E/K) and expressed to cm2 / plant. 
 
 
Relative water contents (RWC) 
 
0.5 g fresh leaves were detached from each treatment and 
replicates and weighed immediately to record fresh weight 
(FW) after which the sample was dipped in distilled water 
for 12 h. Thereafter, leaves were weighed to record fully 
turgid weight (TW) and subjected to oven drying at 70°C 
for 24 h to record the dry weight (DW). The RWC was 
determined by the equation: 
 
 

RWC = FW – DW   × 100 
 
             TW - DW 
 

 
 
 
Proline  
 
Proline content was determined according to the modified 
method of Bates et al. (1973). Proline was extracted from 
0.5 g of leaf samples by grinding in 10 cm3 of 3% 
sulphosalicylic acid and the mixture was centrifuged at 
5000 × g for 10 min. The reaction mixture consisted of 2 
cm3 supernatant, 2 cm3 acid ninhydrin and 2 cm3 of glacial 
acetic acid, which was boiled at 100°C for 1 h. The reaction 
was terminated in a nice bath. The reaction mixture was 
then extracted with 4 cm3 of toluene. The tubes were 
allowed to stand for at least 20 min in darkness at room 
temperature to allow the separation of toluene and 
anaqueous phase. The toluene phase was then carefully 
collected into test tubes and absorbance measured at 520 
nm in a spectrophotometer. The concentration of proline 
was calculated from a standard curve using the equation: 
 

 

 
Where: P: proline (µmol g-1 leaf dry weight), p: proline in 
extract (mg), s: leaf sample (g). 
 
 
Chlorophyll content  
 
Chlorophylls and total carotenoids were extracted using 
acetone followed by incubating them at 4ºC for 48 h. The 
extracted solutions were measured using a UV-visible 
spectrophotometer (Thermo Electron Model Bio Mate 3, 
Massachusetts, USA) at wavelengths 662, 644 and 470 nm, 
respectively. The chlorophyll a (Chla) and chlorophyll b 
(Chlb)     concentrations   ( mg g-1   FW)      were     calculated  
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Table 1: The analysis variance (ANOVA) of  relative water content (RWC), leaf area (LAI), Chlorophyll a, b and total chlorophyll, proline, Na+, K+, K+/Na+, Ca+, height, biomass, 
seed yield at different salinity concentrations(* p<0,05;** p<0.01). 

 

 Analysis of 
variance 

Degree of 
freedom 

RWC LAI Chl a Chl b 
Total 

Chl 

 

 

proline Na+ K+ K+/Na+ Ca+ Height Biomass 
Seed 
yield 

Block 3 7.94ns 34174.04ns 0.0018ns 0.0003ns 0.003ns 213706ns 0.67ns 3.8ns 0.4ns 0.2ns 88.69ns 12.3ns 1.59ns 

Salinity 3 1384.8* 255767.16** 0.08* 0.03* 0.21* 2054193** 15.4* 23.78* 1.17* 0.86ns 220.20** 122.25** 24.8** 

Cultivar 3 71.27* 568683.1** 0.007* 0.005* 0.02* 2886962** 1.14ns 12.7* .22* 0.86ns 440.96** 6.15 ns 12.06** 

Cultivar * Salinity 9 19.92ns 34480.03ns 0.014ns 0.004ns 0.03ns 190170 ns 2.17ns 5.35* 0.16* 0.2ns 142.09** 16.05* 1.85ns 

Error 45 20.2 21518.1 0.003 0.001 0.006 254090 1.1 2.28 0.05 0.86 44.47 6.92 1.88 

 
 
 
according to the equation: 
 

  
 
Where di is the optical density at wavelength i. 
 
 
Determination of ion contents 
 
The total of fresh Brassica leaves for each treatment 
was oven-dried at 60°C separately for 3 days. 
Afterwards, 100 mg was digested with 2 cm3 HNO3 
for 30 min. Na+, Ca+ and K+ contents were then 
measured using flame photometry (Jenvey-PFP7 
Flame Photometer, Japan). 
 
 
Yield 
 
Yield was measured by harvesting of all plants in 
pots and calculated per plant. 
 
 
Statistical analysis  
 
Data subjected to analysis of variance (ANOVA) and 

means were compared using Duncan’s range test at 
P <0.05 and all calculations performed using SAS 
software, version 9.1. 
 
 
RESULTS AND DISCUSSION 
 
RWC and leaf area index (LAI)  
 
Salinity stress dereased RWC and LAI and by 
increasing salinity levels both of them decreased 
more than 27 and 47%, respectively (Table 1). 
Hyola401 had the highest RWC and the least LAI 
whereas Sarighol had the highest LAI and least RWC 
(Table 3). Salt stress decreased soil water potential 
and water availability in the soil for plant roots.  

Reduction in plant growth and water uptake 
under salt stress was reported by Misra and Dwivedi 
(2004). It seems that one of the reasons that 
Sarighol had theleast RWC among the cultivars was 
related to its high LAI. High LAI leads to high water 
evaporation and loss from leaves under saline stress 
condition. With increasing salt concentration in 
soils, soil osmosis potential decreases and causes 
water shortage symptoms to appear. This effect is 
the first phase of salt stress on brassica plants that 
decrease potential turgor necessary for cell growth. 
Decreasing RWC and water uptake in salt stress was 

reported by Ulfat et al. (2007), Siddiqui et al. (2008) 
and Bacarin et al. (2011). 
 
 
Height, biomass and yield 
 
Salinity stress significantly dereased hight, biomass 
and seed yield in all cultivars and by increasing 
salinity concentration the hight, biomass and seed 
yield reduction were more pronounced (Table 1). 
Sarighol, with the highest height and biomass in 
control had the most reduction under salinity stress 
and its height and biomass decreased more than 40 
and 59%, respectively as compared with the control. 
Moreover, the seed yield of Sarighol decreased 71% 
as compared with the control. The most reduction in 
yield was shown in 12 dsm-1 concentration (Table 2).  

In 12 dSm-1 Hayola401 had the least seed yield, 
but Sarighol had the most reduction in seed yield 
compared with other cultivars. Height, biomass and 
seed yield reduction in brassica plants were 
reported by researchers (Mass, 1990; Ashraf and 
McNeilly, 2004; Munns and Tester, 2008; Liu et al., 
2010). It was a high positive linear correlation 
(Pearson) between RWC and seed yield (r=0.545) in 
brassica cultivars. It seemed that cultivars with high 
RWC were able to cope with salinity stress and 
studies focused on increasing water absorption from  
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Table 2: Means of relative water content(RWC), leaf area (LAI), Chlorophyll a, b and total chlorophyll, proline, Na+, K+, K+/Na+, Ca+, height, biomass, yield at different salinity 
concentrations (* p<0,05 and ** p<0.01). Each data is the mean of three replicates. 

 

Salinity concentration 
(dSm-1)  

RWC LAI Chl a Chl b Total Chl 

 

 

proline Na+(ppm) K+(ppm) K+/Na+ Ca+(ppm) Height Biomass Seed yield 

control 70.57a 644.94a 0.35a 0.19a 0.55a 439c 7.12b 9.51a 1.36a 2.52a 46.57a 16.57a 5.51a 

4  60.52b 645.72b 0.29b 0.17b 0.46b 817b 7.15b 7.89b 1.1b 2.47a 44.61a 12.78b 3.96b 

8  50.95c 441.13bc 0.26b 0.14c 0.40c 864b 8.48a 6.96b 0.83c 2.01a 44.61a 11.96b 3.68b 

12  51.22c 341.33c 0.18c 0.09d 0.28d 1349a 9.08a 6.9b 0.78c 2.4a 38.08b 9.97c 2.48c 

 
 

Table 3: Value means of relative water content(RWC), leaf area (LAI), Chlorophyll a, b and total chlorophyll, proline, Na+, K+, K+/Na+, Ca+, height, biomass, yield 
at different cultivars (*p<0,05 and ** p<0.01). Each data is the mean of three replicates. 

 

Cultivars RWC LAI Chl a Chl b Total Chl Proline Na+(ppm) K+(ppm) K+/Na+ Ca+(ppm) Height Biomass Seed yield 

Hayola 401 60.04a 319.91c 0.25b 0.14b 0.40b 523.4b 8.09a 7.33b 0.94b 2.51a 37.48b 12.23a 4.20a 

Hayola 420 60.71a 348c 0.27ab 0.13b 0.40b 621.5b 8.21a 9.08a 1.17a 2.57a 39.43b 13.38a 4.42a 

RGS 58.09ab 493.09b 0.26b 0.15b 0.41b 844.5b 7.94a 7.07b 0.91b 2.27a 44.64a 13.33a 4.4a 

Sarighol 55.42b 732.16a 0.30a 0.17a 0.48a 1532.1a 7.59a 7.77b 1.04b 2.07a 48.08a 12.34a 2.61b 

   
 
saline soil by plants roots were suggested in future 
studies.  
 
 
Proline 
 
Proline contents in saline stress increased more than 
three fold as compared with the control (Table 2). 
By increasing the salt level from 4 to 12 dSm-1, 
proline content accumulated more than 67/4% 
compared with the control. There were not 
significant differences in proline content between 
salt stress at 4 and 8 dSm-1. Hyola401 and Sarigol 
cultivars had the least and the highest proline 
content (Table 3).  

Proline is one of the most important osmo-
protectants which has a key role in osmosis 
regulation in plants cells. An increase in proline 
content in all cultivars shows that this molecule is  

 
one of the first molecule that causes tolerance in salt 
stress condition. Proline with increased osmosis 
potential in plant cells maintain water potential 
higher than saline soil (Bian et al., 1988). Moreover, 
proline can act as a chaperon molecule protected 
from protein structures and improve enzyme 
activities (Ashraf and Foolad, 2007; Szabados and 
Savour'e, 2009). According to higher proline content 
in sensitive cultivar (that is, Sarighol), it seems that 
in brassica plants proline has no key role in osmosis 
regulation and cultivars with high seed yield in salt 
conditions were used with other osmoprotectants 
for their osmosis regulations or tolerance to salinity 
stress (Poustini et al., 2007). 
 
 
Chlorophyll content  
 
Increasing    salinity    levels    caused   a   decrease in 

 
chlorophyll a, b and total chlorophyll contents in all 
cultivars (Table 1). There were no significant 
differences between 4 and 8 d dSm-1 in chlorophyll 
content, but it was the least at 12 dSm-1. In all 
cultivars chlorophyll a, b and total chlorophyll in 12 
dSm-1 was significantly decreased as compared with 
the control. Reduction in chlorophyll a was more 
than chlorophyll b in 4 dSm-1 concentration but at 10 
dS m-1 cholorophyll reduction in both were equal. 
This results were similar to reports of Khan et al. 
(2010), Bacarin et al. (2011) and Chakraborty et al. 
(2012).  

The reason for decreasing chlorophyll content 
under saline condition is related to chlorophyll 
degradation by chlorophyllase or instability of 
photosynthesis apparatus proteins (Sabater et al., 
1978; Jaleel et al., 2007). Chlorophyll a, b and total 
chlorophyll content in Sarighol were significantly 
higher   than   other   cultivars   and   there    are     no  
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Figure 1: Mean value of K+ (ppm) and K+/Na+ratio in four brassica cultivars (Hayola401, Hayola420, RGS and 
Sarighol) under salinity stress (control, 4, 8, 12 ds/m-1). Error bars represent standard deviation of the mean of three 
replicates.  

 
 
 
significant differences among other cultivars (Table 3).  
 
 
Sodium content 
 
Salinity stress increased Na+ content in all cultivars and by 
increasing salinity concentration Na+ content was severly 
increased (Table 2). There were no significant differences 
among cultivars in Na+ content, however, Hayola420 and 
Sarigol had the highest and the least Na+ content among 
the cultivars, respectivly. Increasing Na+ content in 
brassica  cultivars were reported by Rameeh et al. (2004) 
and Tanveer et al. (2002). Zhu (2002) reported that Na+ 
cytotoxicity led to a replacement of K+ by Na+ in the 
biochemical process and disturbed amino acids positions 
and their protein function. Moreover, Na+ led to inbalance 
in metabolic, osmotic stress and nutritional deficiency 
under salinity condition that led to oxidative stress. It 
seems that in most brassica cultivars exclusion mechanism 
was not effective against salinity stress, but 
compartmentation was more effective under saline 
condition. Therefore, cultivars that could manage Na+ions 
in their leaves or shoots could produce high seed yield 
compared with others. Sarighol had the least Na+ content 
and seed yield among the cultivars, but could not manage 
Na+ ions in its leaves. 
 
 
Potassium content 
 
Salt stress decreased K+ content in all cultivars and there 
were no differences among cultivars in K+ content at 4, 8 
and 12 dSm-1 concentration. Salt stress hardly decreased 

K+ content at 12 dSm-1 compared with the control. 
Hayola420 and Sarigol had the highest K+ content among 
cultivars as compared with other cultivars ((Figure 1). K+ 

content reduction under salt stress in brassica cultivars 
were reported by Boem et al. (1994) and Ashraf and Sharif 
(1998) and in other plants by Munns and Tester (2008), 
Athar and Ashraf (2009) and Gupta and Huang (2014). 
Plant cells need 100 to 150 mM K+ concentrations for 
protein synthesizing. K+ absorption inhibits Na+ 

concentrations above 100 mM (Wyn and Pollard, 1983). In 
this experiment, Hayola420 had the highest K+ content and 
also had the highest biomass and seed yield, but Sarigol 
with high content of K+ had the least seed yield.  
 
 
Calcium content 
 
Salinity stress at different concentrations had no 
significant effect on Ca+ content in brassica cultivars and 
there were no significant differences among the cultivars 
(Tables 1, 2 and 3). It seems that CaCl2 which were used 
with NaCl to impose salt stress caused a decrease in the 
effects of salt stress on Ca+ content in brassica cultivars. 
This result is similar to reports in barley (Cramer et al., 
1990), wheat (Hu and Schmidhalter, 1997) and bean 
(Awada et al., 1995).  
 
 
K+/Na+ ratio 
 
Salinity stress significantly decreased K+/Na+ ratio in all 
brassica cultivars and by increasing salinity concentration 
a   reduction   was   observed.  Hayola420  had  the   highest  
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K+/Na+ ratio in control condition, but at 4 dSm-1 had the 
least K+/Na+ ratio. There were no significant differences 
among cultivars at 4 and 8 dSm-1, but Sarighol and 
Hayola420 had the highest K+/Na+ ratio at 12 dSm-1 

(Figure 1). It seemed that Sarighol with inhibiting Na+ ions 
uptake or exclusion Na+ ions tried to tolerate salinity stress 
since Na+ content had less change with increasing salinity 
concentration. Sarighol cultivar had the least seed yield in 
saline condition. It is suggested that exclusion mechanism 
was not a suitable mechanism in brassica cultivars. 
Hayola420 had a higher K+/Na+ ratio and K+ content at 12 
dSm-1. Hayola420 by compartment in sodium and 
potassium in its leaves could maintain ion homestasis and 
produce high seed yield. K+/Na+ ratio is an indicator of 
salinity tolerance in many plants (Maathuis and Amtmann, 
1999) and salinity stress usualy decreased K+/Na+ ratio. 
Reduction in K+/Na+ ratio was reported in brassica 
cultivars (Ashraf., 2004), green bean (Yasar et al., 2006), 
wheat (Hu et al., 2006) and legumes (Amador et al., 2007). 
 
 
Conclusion 
 
Salinity stress effects on biochemical and physiological 
aspects of brassica cultivars were evaluated by measuring 
leaf area index, height, relative water content, biomass, 
seed yield, chlorophyll a, b, proline and ions content. 
Salinity stress significantly decreased relative water 
content, leaf area, chlorophyll a, b and total chlorophyll, 
potassium content, K+/Na+ ratio, height, biomass, seed 
yield and increased Na+ and proline content in all cultivars. 
Sarighol had the least seed yield and was more sensitive to 
salt as compared to other cultivars. It had the highest 
K+/Na+ ratio, chlorophyll a, b and proline contents and the 
least Na+ compared with other cultivars, but it had the 
least relative water content that led to a decrease in 
biomass more than other cultivars. The most biochemical 
and physiological traits in Hayola420 were similar to 
Sarigol, but Sarigol had a higher relative water content and 
less leaf area index. 
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