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Abstract 

 

A serious abiotic stress in the world is salinity, which leads to great losses in the quality and quantity of products in 

agriculture. To investigate the tolerance mechanisms to salinity, a two-dimensional electrophoresis approach was adopted to 

visualize proteins achieved from the second-freshly-developed leaf of canola cv. Safi-7 seedlings, after plants had been 

treated with 0 and 300 mmol/L NaCl. Treatment with NaCl (300 mmol/L) significantly decreased the fresh and dry weights 

as well as the plant height, and promoted the proline content compared with the control group. Any changes were not 

significant neither quality nor activities of catalase and peroxidase. Out of 110 repeatable protein spots, 37 spots were 

differentially changed according to induction factor index. Among differentially changed proteins, five were significantly 

showed the changes. These proteins have roles, to produce the energy, and scavenge and suppress ROS, and in 

photosynthesis. 
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Introduction 

 
Salinity is an abiotic stress, which imposes 

undesirable effects on the quality and yield of products in 
agriculture, so much that 20% of cultivation in the world 
is affected by salinity (Zhao et al., 2007). Besides 
negative effects, salinity causes to over produce oxygen 
reactive species, commonly known as ROS, in the plant 
cells (Khan & Panda, 2008). These are very active and 
toxic molecules which lead the death of cells, through 
damaging proteins, lipids in the plasma membrane and 
nucleic acids (Morant-Manceau et al., 2004).In early 
stages of growth, salinity reduces attributes such as the 
length of rootlet and young stem, dry and fresh weight of 
rootlet and young stem as well as the weight and leaf area 
index (Sexcion et al., 2009; Jianjie et al., 2013).  

Correlation between anti-oxidant activity of enzymes 

and salt tolerance, through comparisons in many sensitive 

and tolerant plant cultivars disclosed the fact that the anti- 

oxidant defense system includes both enzymatic 

(including superoxide dismutase (SOD), catalase (CAT), 

peroxidase (POX or POD, andAscorbate peroxidases 

(APX) and non-enzymatic anti-oxidants (such as proline, 

betaine, ascorbate) (Silva et al., 2008). Mitigating 

oxidative damage and increasing the tolerance against 

environmental stresses are often associated with oxidative 

system (Raskin, 1992). Besides enzymes scavenging 

Reactive oxygen species (ROS), another approach, 

namely synthesizing organic compounds, including 

proline and betaine is utilized by plant defense system in 

response to a myriad stresses (Serraj & Sinclair, 2002). It 

is well established by now that these compounds 

contribute to balance the osmotic pressure (Rhodes & 

Hanson 1993), enzyme activity (Mansour, 2000), ROS 

detoxification (Ashraf & O’Leary 1994), and plasma 

integrity protection (Bohnert & Jensen, 1996).  

Notwithstanding, identifying proteins involved in salt 

tolerance and their functions can help to set up an 

efficient breeding program (Shavrukov et al., 2010). In 

the meantime, proteomics which was developed 

sequential to develop other techniques, such as extraction, 

separation, and identification of proteins, played an 

undeniable role in the collection of proteins with 

biological functions (Wang et al., 2011). This is an 

approach, based on two-dimensional electrophoresis 

(2DE) method, which provides reliable tools for 

identifying the candidate genes coding for tolerance 

(Chen & Harmon 2006). However, it needs to investigate 

the dynamic expression of proteins under salinity 

condition (Guo et al., 2012). Comparative proteomics 

provides useful information concerning defense 

mechanisms against salinity before and after stress 

imposition (Mustafa Kamal et al., 2010). A lot of 

researches, so far, have used this approach to tackle the 

issue, and many proteins have been identified their 

expressions in sync with protein concentration (Jiang et 

al., 2007). Bandehagh et al., (2011), for example, studied 

salt tolerance in canola by extracting proteins from 

seedlings. The results indicated that Na tends to 

accumulate in sensitive cultivars more than tolerant ones. 

Also, when detected proteins were analyzed, researchers 

found thatout of 900 spots, 44 and 31 repeatable spots in 

tolerant and sensitive cultivars bore significant changes in 

expression, respectively. They concluded that 

photosynthetic proteins play important biochemical roles 

to tolerate salt stress (Bandehag et al., 2011) 
Oilseeds, in general, are placed third, after cereals 

and pulses, in terms of food. Brassicaceae family, which 
canola belongs to, holds the third rank in all category of 
oil seeds category (Shirazi et al., 2011). Among different 
species, canola is the first in terms of importance, because 
its oil has less erucic acid, hence giving good quality to 
cooking oil. Yet, its production is the minimum due to 
different stresses including salinity (Francois et al., 1994). 
Therefore, in the current study, the aim was to tackle 
some of the issues related to the effects of salinity stress 
on the morphological, physiological and protein profile as 
well as identifying proteins and other compounds 
involved in the defense mechanisms, using 2DE and other 
laboratory techniques. 
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Plant materials and trait measurements: This study 

was implemented as a completely randomized design and 

seven replications under greenhouse condition in 2014. 

Treatments were included salinity in two levels (control 

or 0 and 300 mmol NaCl) and canola cultivar. The canola 

cultivar ״Safi 7״ was used in this experiment. Plants were 

grown in hydroponic culture system as explained by 

Bandehagh et al., (2008). 34 day-old seedlings were 

treated with 300 mmol of NaCl. Ten days after imposing 

salt stress treatment, leaves were collected and immersed 

into liquid N2 and stored at -80oC for protein extraction. 

Fresh weight and plant height were measured at the 

sampling moment. An oven was used to dry plants at 70ᵒC 

for 48h and dry weight was determined. 

 

Measurement of free proline: Proline content was 

measured by using ninhydrin reaction method (Bates et 

al., 1973). Homogenization of 0.2 g leaves was conducted 

with 5 ml of 3% sulphosalicylic and centrifuged at 25oC 

for 7 min. Then, the filtered extract (1 mL) was taken to 

analyze with 1 ml ninhydrin reagent and 1 ml glacial 

acetic acid. The mixture was kept in 100oC water bath. 

The extraction of reaction mixture was conducted with 2 

ml toluene, and the measurement of chromophore 

absorption was conducted at 250 nm against toluene as 

blank with spectrophotometer (Beckman, Fullerton, CA, 

USA). Proline content was calculated from an L-proline 

standard curve. 

 

Enzyme extraction: 0.15 g fresh leaf was ground up by 

the liquid N2 to a fine powder, then, 1.5 ml buffer 

phosphate 50 mmol (PH=7.5) containing PVP 1% and 2 

mmol EDTA were added, and ground some more. The 

obtained extract was centrifuged at 20000 g at 4oC for 20 

min. The clear and floating supernatant was used to assay 

catalase (CAT) and peroxidase (POX). 

 

Peroxidase assay: POX activity was evaluated according 

to (MacAdam et al., 1992). 0.5 g of the root specimen 

was homogenized in cold potassium phosphate buffer 0.1 

M (PH=7.5) containing 0.5 mmol EDTA. Homogenized 

samples were centrifuged at 15000 g for 15 min. 20 µl of 

the homogenized supernatant was added to 0.81 ml 

potassium phosphate buffer 0.1 M (PH=6.6). 90 µl of 1% 

guaiacol was added to the product. The solution was 

poured in a cuvett. and, 90 µl of 3% H2O2, as the electron 

receptor, was added a seconds before measuring the 

reaction speed. Absorbance measurement was conducted 

at 470 nm at 25oC for 60 seconds in a spectrophotometer. 

Enzymatic changes recorded as the changes of absorption 

in minute mg-1 protein. 
 

CAT assay: For CAT, the assessment was carried out 

according to Pereira et al., (2002). First, 3.5 ml of 

peroxide hydrogen 3% was taken and mixed with 50 ml 

double distilled water. From the solution, then, 17.5 µl 

was taken and mixed with 707.5 µl PVP- and EDTA-free 

potassium phosphate buffer. Afterward, 20 µl of the 

sample was added and, finally, absorption was recorded at 

240 nm at 25oC for 60 seconds with spectrophotometer. 

Leaf proteins extraction and quantitation: Total protein 

was extracted from approximately 0.5 g of frozen leaf per 

each biological replicate and ground to a fine powder in 

cold acetone containing 10% TCA and 0.07% 2-

Mercaptoetanol. The resultant powder was dissolved in 

Lysis buffer, which contained 7 M urea, 2 M thiourea, 2% 

chaps, 60 mmol DDT and 1% ampholyte (pH: 3-10). The 

amount of protein was determined by Bradford assay 

(Bradford, 1976). 

 

Two-dimensional electrophoresis and image analysis: 

The crude protein (400 mg, 100 µL) was separated by 2-

DE (O'Farrell 1975) in the first dimensional isoelectric 

focusing (IEF) in tube gels and, in the second stage, by 

SAS-PAGE. An IEF tube gel of 11 cm length and 3 mm 

diameter consisted of 8 M urea, 3.5% polyacrylamide, 2% 

NP-40, 2% ampholyte (pH: 3-10 and 5-8), ammonium 

persulfate and TEMED was prepared. The voltage set for 

the IEF was 200 v for 30 min, 400 v for 16 h and 600 v 

for 1 h. Then, tube gels were retrieved from the glass 

tubes and subjected to the second dimensional (SDS-

PAGE) by transferring onto a 15% acrylamide separating 

gel and 5% acrylamide stacking gel. The staining of gels 

was conducted with coomassie brilliant blue (G-250). 

The scanning of analytical gels was implemented 

using GS-800 calibrated densitometer (Bio-Rad) at 600 

dpi resolution. The scanned gels were saved as TIFF 

images for subsequent analysis using PDQuest software 

(version 8.0, Bio-Rad). Spot detection, spot measurement, 

background subtraction and spot matching were 

performed. After the automated spot detection, images of 

gel were correctly edited. Three well-separated gels of 

each treatment were applied to make replicate groups. 

Statistic, quantitative and qualitative "analysis sets" were 

made between each of control group and corresponded 

treated group. The quantity of the protein spot was 

explained as the intensities of all the proteins on gels 

determined by the migration of protein spots along the 11 

cm IEF (5-8 linear).  Protein identification was performed 

using searching program against the NCBI canola protein 

database, and matching the Isoelectric Point (pI) and 

Molecular Weight (MW) values of the changed spots with 

those from the protein databank. 

 

Statistical analysis: Statistical analysis of traits were 

performed using IBM.SPSS Statistics v21 computer 

software package. Means comparison were tested using 

the t-test at the 1% probability level. 
 

Results  
 

Summary of mean comparisons is provided in Table 

1. Reduction in aerial fresh weight (g), dry weight (g), 

plant height (cm) and proline content (µg/g fresh weight) 

are significant at 1% probability, according to the results.  

It turned out that CAT and POX didn’t undergo 

significant changes under stress conditions. Applying 300 

mmol NaCl changed the average for above-mentioned 

traits, according to the Fig. 1. Out of 110 repeatable 

protein spots, which were detected in cultivar Safi 7, 37 

spots showed significant changes in expression, based on 

Induction Factor (IF) index. After performing the t-test, a 
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total of 5 protein spots (assigned as A, B, C, D and E on 

the Fig. 2) were recognized significant at 5%. Spot A was 

overregulated, while the others showed down-regulation. 

Table 2 shows the features of protein spots illustrated in 

Fig. 3. The changes of expression for proteins in the 

treatments and control. 

 

Table 1. Mean Comparisons of NaCl influence on the measured 

parameters of the cultivar of Safi 7. 

POX CAT Proline 
Plant 

height 

Dry 

weight 

Fresh 

weight 
 

0.30 1.99 33.34b 34.26a 1.30a 17.33a Normal 

0.40 1.31 305.85a 21.69b 0.74b 5.90b Stress 

-

0.430ns 
0.824ns -10.966** 8.699** 4.514** 8.248** t statistic 

** and ns represent significant at 1% and non-significant, respectively (a: 

maximum mean and b: minimum mean) 

 

Salinity stress causes the reduction in the quantity of 

fresh and dry weights of plants, which is due to the 

presence of toxic ions, osmotic effects and imbalanced 

hormone secretion and nutrition distribution (Ashraf, 

2009). Farhoudi (2011) reported that the fresh and dry 

weights in canola were decreased under salinity condition. 

Other researchers indicated that toxic ion accumulation in 

the rhizosphere imposed osmotic stress, dehydration, and 

reduction in water uptake in plants. Resistance to water 

uptake, retarded cell growth and development are primary 

causes, following salt stress, to restrict root growth 

(Cavalcanti et al., 2007).  

Salinity influences aerial parts of canola as well as 

the roots, as it causes the reduction in fresh and dry 

weights (Jamil et al., 2014). In that condition, root and 

shoot growth are impeded as turgor shrinks as a 

consequence of the reduction in water potential in 

rhizosphere (Alam et al., 2004). The same was reported 

for plant height (Ghuge et al., 2011).  

Ashrafijou et al., (2010) reported that proline 

accumulation in canola was increased with NaCl 

concentration. Maximum and minimum amount of proline 

were produced with 300 mmol treatment and the control, 

respectively. Proline is an important osmolyte, which is 

common in microorganisms and plants under stress 

conditions, and play a role as a protectant. Some believe 

that its accumulation in plants is due to low anti-oxidative 

activity of antioxidant enzymes (Sudhakar, 2001). 

Salinity causes oxidative stress through over 

producing ROS, including H2O2, OH- and O-
2 (Gomez et 

al., 2004). To eliminate ROS, plants produce, through 

evolution, antioxidant defense mechanism which includes 

the enzymatic and non-enzymatic processes (Apel & Hirt, 

2004). H2O2 production is dangerous, because it damages 

lipids in cell plasma membrane as well as other bio-

molecules (Mittler, 2002). Therefore, it has to be 

eliminated immediately after synthesis, an action 

performed mostly by CAT in glyoxysomes and 

peroxisomes, and by POX in chloroplasts, mitochondria, 

and apoplast (Shigeoka et al., 2002). SOD, another 

important antioxidant enzyme, eliminates O-
2 molecules, 

producing H2O2 and O2 (Tuna et al., 2008). 

 
 

Fig. 1a. Average values of fresh weight measured in the leaves 

of canola grown under two treatments, 0 and 300 mmol NaCl. 

(a: maximum mean and b: minimum mean). 
 

 
 

Fig. 1b. Average values of dry weight measured in the leaves of 

canola grown under two treatments, 0 and 300 mmol NaCl. (a: 

maximum mean and b: minimum mean). 

 

 
 

Fig. 1c. Average values of plant height measured in the leaves of 

canola grown under two treatments, 0 and 300 mmol NaCl. (a: 

maximum mean and b: minimum mean). 

 

 
 
Fig. 1a. Average values of proline measured in the leaves of 

canola grown under two treatments, 0 and 300 mmol NaCl. (a: 

maximum mean and b: minimum mean). 
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Fig. 2. An illustration of proteins detected with 2DE under normal (no salt, A) and stress (300 mmol salt, B) conditions. 
 

Table 2. Detailed characteristics for the protein spots with changes in expression detected under 300 mmol influence of NaCl. 

Spot 

designated 

Accession 

number 

pI/MW 

Exp. 

pI/MW 

Theo. 
Protein name 

Change in 

expression type 

(A) gi/49343245 5.72/33 5.7/35.80 Cytosolic Malate dehydrogenase Increase 

(B)  gi/223018643 5.85/42.31 5.95/42.21 Chloroplastic fructose-bisphosphate aldolase Decrease 

(C)  3273753 6.03/24/96 6.28/22 Copper/Zinc SOD Decrease 

(D)  15230324 6.43/36.03 5.92/35 PSBO-2/PSBO2 (PhotosystemII subunit O-2) oxygen evolving Decrease 

(E)  gi/1174745 6.6/31.47 6/31.95 Triosephosphate isomerase Decrease 

 

 
 
Fig. 3. The changes in expression of proteins detected in canola 

leaves under the Control and 300 Mmol NaCl stress conditions. 

 

Increased anti-oxidative activity of enzymes upon 

salt stress, gives the idea that these are involved in salt 

tolerance in plants (Gao et al., 2008). However, 

influenced by some mechanisms, which are unknown, 

amount and activity of these enzymes remained 

unchanged. In experiments on potatoes (Benavides et al., 

2000), and rice (Lin & Kao, 2000), for example, 

researchers found no change in CAT activity. Cultivars of 

Slm and Opera in rapeseed showed no change in the 

activity of POX under salinity stress (Farhoudi et al., 

2015), which was consistent with our results herein. 

Protein spot A, which is likely cytosolic malate 

dehydrogenase, was over-regulated (Fig. 2). This is the 

enzyme which catalyzes malate to oxaloacetate by 

transformation and reverse reactions. In cytosol, 

mitochondria and peroxisome, the enzyme is dependent on 

NAD+, while in chloroplast, it is dependent on NADP+ for 

its functions. Cytosolic NAD+-dependent malate 

dehydrogenase catalyzes oxaloacetate to malate by 

transformation, then, it is transported into mitochondria 

through dicarboxylatecarriers, therein, consumed in the 

tricarboxylic acid cycle (TCA). The process enhances the 

cycle. Besides, oxaloacetate is used as a precursor for a few 

amino acids. It is said that enhancement to malate 

dehydrogenase activity is meant to keep the TCA and to 

synthesize amino acids as well (Kumar et al., 2000). 

Protein spot B, probably chloroplastic bisphosphate 

aldolase, is down-regulated in the cultivar studied. There 

are two isoforms of this enzyme in plants, namely, 

cytosolic and chloroplastic. The chloroplastic isoform is 

involved in the starch production, in the process of 

producing fructose1, 6 bisphosphates from D-gliseradehid-

3-phosphate and dihydroxy acetone. The reduction in 

production may lead to ATP and NADPH accumulation in 

chloroplast, hence protect plants from photo-oxidative 

damage (Michaelis & Gepstein, 2000). Chloroplastic 

bisphosphate aldolase showed down-expression in wheat 

under salinity stress, likewise (Caruso et al., 2008).  

Protein spot C, a Cu/Zn SOD showed down-

expression (Fig. 2). It is related to a group of antioxidant 

enzymes, under the name of SOD involved in transforming 

superoxide radicals into oxygen molecules, which account 

for the main process in plants for scavenging ROS. It is 

also said that they constitute the first mechanism against 

ROS, which changes superoxide to H2O2, a less toxic 

molecule. In the lack of enough CO2 as an electron 

receptor, electrons flow across photosynthetic membranes 

to join oxygen molecules to form superoxide ions, in the 

Mehler process (Cakmak, 2005).  
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There are three identified distinct groups of SODs. 
One SOD is dependent on Cu and Zn and unavailability 
of Zn, for whatever reason, may put a dent in enzyme’s 
activity (Sun et al., 2006). In response to salinity stress, 
the availability of Cu/Zn SOD is reduced (Komatsu & 
Tanaka, 2004). Congruent to our findings, the activity of 
Cu/Zn-SOD was also reduced in a sensitive cultivar under 
salinity stress (Ashraf & Harris, 2004). The plunge, 
however, is thought associating with a sudden peak in the 
production of OH- radicals in the chloroplast of the leaves 
stressed by salinity. In other words, over- production of 
ROS, following salinity stress, interrupts normally-
established balance between ROS production and 
scavenging under oxidative stress (Sun et al., 2006). 

Spot D, likely a Photosystem II subunit O-2 oxygen 
evolving (PSBO-2/PSBO2), also showed down-
expression (Fig. 2). Based on oxygen-evolving family, 
this enzyme stabilizes manganese group as the main 
center of water hydrolysis (Kumar et al., 2003). 
Downsized activity of this enzyme showed that salinity 
stress affect the photosynthesis processes, namely, oxygen 
release and photosystem complex II. Therefore, it plays a 
critical role in leaves senescence and gradual die 
(Komatsu & Tanaka, 2004). 

Finally, the E spot, probably a Triose-phosphate 
isomerase, likewise, showed down-regulation in our 
study. It catalyzes the two-way transformation of 
dihydroxy acetone phosphate and D-Glyceraldehyde tri-
phosphate. Two isomers of this enzyme were identified; 
one cytosolic and one chloroplastic. The last is involved 
in kelvin cycle (Gao et al., 2011). It seems that over-
production of chloroplasticTriose-phosphate isomerase is 
to maintain energy force required for detoxification of 
ROS and recovering from the damages caused by thereof 
(Wang et al., 2008; Gao et al., 2011). It also seems as 
though, for cytosolic isoform, the synthesis increases in 
response to methylglyoxal, according to Sharma et al., 
(2012), on transgenic rice. In contrary, its activity reduces 
in occasions when stress is followed by an unexpected 
increase in the production of ROS, hence the expression is 
based on how to regulate its transcription. Our findings 
are consistent with the stated researches. 
 

Conclusion 
 

In this research, application of salinity on a Canola 
cultivar created significant changes in dry and fresh 
weights, plant height as well as proline content at 1% 
probability according to the results. Results showed that 
salinity stress (300 mmol) decreased fresh and dry 
weights and plant height, whereas proline content was 
increased. Any significant changes were not found in CAT 
and POX. Among differentially changed proteins, five 
spots were statistically recognized significant at 5% 
probability level. It seems that the activities of SOD and 
triose phosphate isomerase (OscTPI) are down-regulated 
under the influence of ROS compared to the control, 
according to 2DE results. Increased activity of Malate 
dehydrogenase helped to maintain TCA cycle and amino 
acid synthesis. Considering the destroying effects of 
salinity on the productivity of crop plants, many other 
investigations seem to be necessary to thoroughly 
comprehend the mechanisms attendant to mitigate stress 
influence, understand plants’ short and long-term response 
to salinity as well as identifying proteins. 

References 

 

Alam, M.Z., T. Stuchbury, R.E. Naylor and M.A. Rashid. 2004. 

Effect of salinity on growth of some modern rice cultivars. 

J. Agron., 3: 1-10. 

Apel, K. and H. Hirt. 2004. Reactive oxygen species: 

metabolism, oxidative stress, and signal transduction. Annu. 

Rev. Plant Biol., 55: 373-99. 

Ashraf, M. 2009. The Biotechnological approach to improving 

plant salt tolerance using antioxidants as markers. 

Biotechnol. Adv., 27: 84-93. 

Ashraf, M. and J.W. O’leary. 1994. Responses of some newly 

developed salt-tolerant genotypes of spring wheat to salt 

stress. 1. Yield components and ion distribution. J. Agron. 

Crop Sci., 176: 91-101. 

Ashraf, M. and P.J.C. Harris. 2004. Potential biochemical indicators 

of salinity tolerance in plants. Plant Sci., 166: 3-16. 

Ashrafijou, M., S.A. Sadat Noori, A. Darbandi and S. Saghafi. 

2010. Effect of salinity and radiation on proline 

accumulation in seeds of canola (Brassica napus L.). Plant 

Soil Environ., 56: 312-317. 

Bandehagh, A., G.H. Hosseini Salekdeh, M. Toorchi, S.A. 

Mohammadi and S. Komatsu. 2011. Comparative 

proteomic analysis of canola leaves under salinity stress. 

Proteomics, 11: 1965-1975. 

Bandehagh, A., M. Toorchi, S.A. Mohammadi, N. Chaparzadeh, 

G.H. Hosseini Salekdeh and H. Kazemnia. 2008. Growth 

and osmotic adjustment of canola genotypes in response to 

salinity. J. Food Agri. Environ., 6: 201-208. 

Bates, L.S., R.P. Waldren, I.D. Teare. 1973. Rapid determination of 

free proline for water-stress studies. Plant Soil, 39: 205-207. 

Benavides, M.P., P.L. Marconi, S.M. Gallego, M.E. Comba and 

M.I. Tamaro. 2000. Relationship between antioxidant 

defense systems and salt tolerance in Solanum toberosum. 

Aust. J. Plant Phys., 27: 273-278. 

Bohnert, H.J. and R.G. Jensen. 1996. Strategigies for 

engineering water stress tolerance in plants. Trends. 

Biotech., 14: 89-97. 

Bradford, M.M. 1976. A rapid and sensitive method for 

quantitation of microgram of protein utilizing the principle 

of protein-dye binding. Anal. Biochem., 72: 248-254. 

Cakmak, I. 2005. The role of potassium in alleviating the 

detrimental effects of abiotic stresses in the plants. J. Plant 

Nutr. Soil Sci., 168: 521-530. 

Caruso, G., C. Cavaliere, C. Guarino, R. Gubbiotti, P. Foglia and 

A. Lagana. 2008. Identification of changes in Triticum 

durum L. leaf proteome in response to salt stress by two-

dimensional electrophoresis and MALDI-TOF mass 

spectrometry. Anal. Bioanal. Chem., 391: 381-390. 

Cavalcanti, F., J.P. Lima, S. Silva, R. Viegas and J. Silveria. 

2007. Roots and leaves display contrasting oxidative 

response during salt stress and recovery in cowpea. J. Plant 

Phys., 164: 591-600. 

Chen, S. and A.C. Harmon. 2006. Advances in plant proteomics. 

Proteomics, 6: 5504-5516. 

Farhoudi, R. 2011. Effect of salt stress on physiological and 

morphological parameters of rapeseed cultivars. Adv. 

Environ. Biol., 5: 2501-2508. 

Farhoudi, R., A. Modhej and A. Afrous. 2015. Effect of salt 

stress on physiological and morphological parameters of 

rapeseed cultivars. J. Sci. Res. Dev., 2: 111-117. 

Francois, L.E. 1994. Growth, seed yield and oil content of canola 

grown under saline conditions. Agron. J., 86: 233-237. 

Gao, L., X. Yan, X. Li, G. Guo, Y. Hua, W. Ma and Y. Yan. 2011. 

Proteome analysis of wheat leaf under salt stress by two-

dimensional difference gel electrophoresis (2D-DIGE). 

Phytochemistry, 72: 1180-1191. 



SOHEYLA MOHAMMADI ALAGOZ & MAHMOUD TOORCHI 

 
852 

Gao, S., C. Ouyang, S. Wang, Y. Xu, L. Tang and F. Chen. 2008. 

Effects of salt stress on growth, antioxidant enzyme and 

phenylalanine ammonia-lyase activities in (Jatropha curcas 

L.) seedlings. Plant Soil Environ., 54: 374-381. 

Ghuge, S.A., A.N. Rai, B.G. Khandagale and S. Penna. 2011. 

Salt-induced stress responses of Brassica (Brassica napus 

L.) genotypes. Arch. Agron. Soil Sci., 57: 127-136. 

Gomez, J.M., A. Jimenez, E. Olmos and F. Sevilla. 2004. 

Location and effects of long-term NaCl stress on 

superoxide dismutase and ascorbate peroxidase isoenzymes 

of pea (Pisum sativum cv. Puget) chloroplasts. J. Exp. Bot., 

55: 119-30. 

Guo, G., P. Ge, C. Ma, X. Li, D. Lv, S. Wang, W. Ma and Y. Yan. 

2012. Comparative proteomic analysis of salt response 

proteins in seedling roots of two wheat varieties. J. 

Proteomics., 75: 1867-1885. 

Jamil, M., S. Rahman and E.S. Rha. 2014. The Response of 

growth, PSII photochemistry and chlorophyll content to salt 

stress in four Brassica species. Life Sci., 11: 139-145. 

Jiang, Y., B. Yang, N.S. Harris and M.K. Deyholos. 2007. 

Comparative proteomic analysis of NaCl stress-responsive 

proteins in Arabidopsis roots. J. Exp. Bot., 58: 3591-3607. 

Jianjie, S., W. Shu, X. Zhijie, Q. Si, L. Tingting, Y. Yimin, C. 

Qitao, X. Yuying, Z. Song, Bang-Lian H and H. Bangquan. 

2013. Comparison of salt tolerance in brassicas and some 

related species. Am. J. Plant Sci., 4: 1911-1917. 

Khan, M.H. and S.K. Panda. 2008. Alterations in root lipid 

peroxidation and antioxidative responses in two rice 

cultivars under NaCl-salinity stress. Acta Physiol. Plant., 

30: 81-89. 

Komatsu, S. and N. Tanaka. 2004. Rice proteome analysis: a 

step toward functional analysis genome. Proteomics, 4: 

938-949. 

Komatsu, S. and N. Tanaka. 2005. Rice proteome analysis: a 

step toward functional analysis genome. Proteomics, 5: 

938-949. 

Kumar, R., K. Shah and S.R. Dubey. 2000. Salinity induced 

behavioral changes in malate dehydrogenase and glutamate 

dehydrogenase activities in rice seedlings of differing salt 

tolerance. Plant Sci., 156: 23-34. 

Kumar, S.G., A.M. Reddy and C. Sudhakar. 2003. NaCl effects 

of proline metabolism in two high yielding genotypes of 

mulberry (Morus alba L.) with contrasting salt tolerance. J. 

Plant Sci., 165: 1245-1251. 

Lin, C.C. and C.H. Kao. 2000. Effect of NaCl stress on H2O2 

metabolism in rice leaves. J. Plant Growth Regul., 30: 151-

155. 

Macadam, J.W., C.J. Nelson and R.E. Sharp. 1992. Peroxidase 

activity in the leaf elongation zone of tall fescue. Plant 

Physiol., 99: 827-878. 

Mansour, M.M.F. 2000. Nitrogen containing compounds and 

adaptation of plants to salinity stress. Biol. Plant., 43: 491-500. 

Michelis, R. and S. Gepstein. 2000. Identification and 

characterization of a heat-induced isoform of aldolase in 

oat chloroplast. Plant Mol. Biol., 44: 487-498. 

Mittler, R. 2002. Oxidative stress, antioxidants and stress 

tolerance. Trends Plant Sci., 7: 405-410. 

Morant-Manceau, A., E. Pradier and G. Tremblin. 2004. 

Osmotic adjustment, gas exchanges and chlorophyll 

fluorescence of a hexaploid triticale and its parental species 

under salt stress. J. Plant Physiol., 161: 25-33. 

Mustafa Kamal, A.H., K. Kim, K. Shin, J. Choi, B. Baik, H. 

Tsujimoto, HY. Heo, C. Park and SH. Woo. 2010. Abiotic 

stress responsive proteins of wheat grain determined using 

proteomics technique. Aust. J. Crop Sci., 4: 196-208. 

O'farrell, P.H. 1975. High-resolution two-dimensional 

electrophoresis of protein. J. Biol. Chem., 250: 4007-4021. 

Pereira, G.J.G., S.M.G. Molina, P.J. Lea and R.A. Azevedo. 

2002. The activity of antioxidant enzymes in response to 

cadmium in crotalaria juncea. Plant Soil, 239: 123-132. 

Raskin, I. 1992. The role of salicylic acid in plants. Annu. Rev. 

Plant Physiol. Plant Mol. Biol., 43: 439-463. 

Rhodes, D. and A.D. Hansson. 1993. Quaternary ammonium and 

tertiary sulfonium compound in higher plants. Annu. Rev. 

Plant Physiol. Plant Mol. Biol., 44: 375-384. 

Serraj, R. and T.R. Sinclair. 2002. Osmolyte accumulation: can it 

really help increase crop yield under drought conditions? 

Plant Cell Environ., 25: 333-341.  

Sexcion, P.S.H., J.A. Egdane, A.M. Ismail and M.L. Dionisio-

Sese. 2009. Morpho-physiological traits associated with 

tolerance of Salinity during seedling stage in rice (Oryza 

sativa L.). Philipp. J. Crop Sci., 34: 27-37. 

Sharma, S., A. Mustafis, S.L. Singla-Pareek, P.S. Srivastava and 

S.K. Sopovy. 2012. Characterization of stress and 

methylglyoxal inducible triose phosphate isomerase 

(OscTPI) from rice. Plant Signaling Behav., 7: 1337-1345. 

Shavrukov, Y., N. Gupta, J. Miyazaki, M. Baho, K. Chalmers, 

M. Tester, P. Langridge and N. Collins. 2010. HvNax3. A 

locus controlling shoot sodium exclusion derived from wild 

barley (Hordeum vulgare ssp. spontaneum). Funct. Integr. 

Genomics., 10: 277-291. 

Shigeoka, S., T. Ishikawa, M. Tamoi, Y. Miyagawa, T. Takeda 

and Y. Yabuta. 2002. Regulation and function of ascorbate 

peroxidase isoenzymes. J. Exp. Bot., 53: 1305-19. 

Shirazi, M.U., M.T. Rajput, R. Ansari and S. Tahir. 2011. Salt 

tolerance in Brassica species at the early seedling stage. 

Sind Univ Res. J. (Sci Ser)., 43: 203-208. 

Silva, C., V. Martinez and M. Carvajal. 2008. Osmotic versus toxic 

effects of NaCl on pepper plants. Biol. Plant., 52: 72-79. 

Sudhakar, C., A. Lakshmi and S. Giridaramkumar. 2001. 

Changes in the antioxidant enzyme efficacy in two high 

yielding genotypes of mulberry (Morus alba L.) under 

NaCl salinity. Plant Sci., 161: 613-619. 

Sun, Y., R.A. Ahokas, S.K. Bhattacharya and I.C. Gerling. 2006. 

Oxidative stress in aldosteronism. Cardiovasc. Res., 71: 

300-309. 

Tuna, A.L., C. Kaya, M. Dikilitas and D. Higa. 2008. The 

combined effects of gibberellic acid and salinity on some 

antioxidant enzyme activities, plant growth parameters and 

nutritional status in maize plants. J. Exp. Bot., 62: 1-9. 

Wang, J., X. Li, Y. Liu and X. Zhao. 2011. Salt stress induces 

programmed cell death in Thellungiella halophile suspension-

cultures cells. J. Plant Physiol., 167: 1145-1151. 

Wang, X., P. Yang, Q. Goa, X. Liu, T. Kuang, S. Shen and Y. He. 

2008. Proteomic analysis of the response to high salinity 

stresses in Physcomitrella patens. Planta, 228: 167-177. 

Zhao, G.Q., B.L. Ma and C.S. Ren. 2007. Growth, gas 

exchange, chlorophyll fluorescence, and ion content of 

naked oat in response to salinity. Crop Sci., 47: 123-131. 

 

(Received for publication 19 May 2017) 
 


