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Abstract: Salinity is one of the most important abiotic stresses reducing wheat yield in most parts of the 

world. This study was conducted to evaluate the response of two wheat cultivars namely; ‘Karkheh’ (salt 

sensitive) and ‘Golestan’ (salt tolerant) to salinity stress grown in hydroponic system. The seedlings with 

4-5 leafs were incubated under two conditions; lack of salinity (control) and salinity (200 mM NaCl) for 

14 days. The results showed significant increase for activities of antioxidant enzymes such as catalase 

(CAT), ascorbate peroxidase (APX) and guaiacol peroxidase (GPX) in ‘Golestan’ under salinity. 

Furthermore significant increase in CAT activity was found in ‘Karkheh’ under saline situations 

compared the control. Salt stress elevated the amounts of malondialdehyde (MDA) in both cultivars. 

However, the increasing rate in ‘Karkheh’ was more than (two times) that of ‘Golestan’. Moreover, 

unlike with ‘Karkheh’, membrane stability index was not affected by salinity in ‘Golestan’. Both cultivars 

displayed increasing trend in Na
+
 content and Na

+
/K

+
 ratio. However, Na

+
/K

+
 ratio of ‘Golestan’ was 

greater than one due to salinity. Also, this cultivar obtained significantly higher amounts for soluble 

sugars content under salt stress compared to control. The studied parameters elucidated that salt resistance 

of ‘Golestan’ might be due to increased activity of antioxidant enzymes, low lipid peroxidation, 

assumingly minimum change in membrane stability index and more Na
+
/K

+
 ratio along with significant 

increase in soluble sugars and its probable ability to isolate Na
+
 in vacuoles. 
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Tuzluluğun İki Buğday Çeşidinin Bazı Fizyolojik ve Biyokimyasal Özellikleri Üzerine 

Etkilerinin Değerlendirilmesi 
 

Özet: Tuzluluk, dünyanın birçok bölgesinde buğday verimi azaltan en önemli abiyotik stres koşullarından 

birisidir. Bu çalışma, hidroponik sistem ortamında iki buğday çeşidinin [Karkheh (tuza duyarlı) ve 

Golestan (tuza tolerant)] tuz stresine karşı reaksiyonlarını değerlendirmek amacıyla yürütülmüştür. 4-5 

yapraklı fideler 14 gün boyunca tuzsuz ve tuzlu (200 mM NaCl) koşullara tabii tutulmuştur. Sonuçlar, tuz 

stresi altında katalaz(CAT), askorbat peroksidaz(APX) ve GPX gibi antioksidan enzimlerin Golestan 

çeşidinde önemli bir artışa neden olduğunu göstermiştir. Ayrıca, Karkheh çeşidinde kontrolle 

karşılaştırıldığında CAT aktivitesinde önemli bir artış bulunmuştur. Tuz stresi her iki çeşitte de 

MDA(Malondialdehit) miktarını arttırmıştır. Bununla birlikte Karkheh çeşidindeki artış oranı Golestan 

çeşidine göre iki kattan daha fazla olmuştur. Ayrıca, Karkheh çeşidinin aksine Golestan çeşidinde 

memran stabilite indeksi tuzluluktan etkilenmemiştir. Her iki çeşit, Na
+
  içeriğinde ve Na

+
 / K

+ 
oranında 

artış eğilimi göstermiştir. Bununla birlikte Golestandaki Na 
+
 / K

 + 
oranı Golestan çeşidinde Karkheh fazla 

olmuştur. Ayrıca,  bu çeşit kontrolle karşılaştırıldığında önemli ölçüde çözünebilir şeker miktarına sahip 

olmuştur. Araştırma sonunda incelenen parametreler Golestan çeşidinde tuz toleransı nedeni olarak 

antioksidan enzim aktivitesinde artış, düşük yağ peroksidasyonu, memran stabilite indeksinde minimum 

değişiklik ve Na
+
/K

+
 oranının yüksek olmasının yanı sıra çözünür şeker miktarında önemli bir artış ve 

vakuollerdeki Na
+
 izolasyon yeteneğine bağlı olabileceğini göstermektedir. 

 

Anahtar kelimeler: Antioksidan enzimler, Buğday, Oksidatif gerilim, Tuzluluk 
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Introduction 

 

Salinity has been defined as one of the major abiotic stresses that adversely affect crop germination, 

growth, productivity and quality (Sairam et al. 2002; Chinnusamy and Zhu, 2003). Sodium chloride 

(NaCl) is the predominant form of salt in most saline soils (Zörb et al. 2004; Tejera et al. 2006). 

 

Salinity decreases soil water potential and causes osmotic stress (Chinnusamy and Zhu, 2003; Karlberg et 

al. 2006). Osmotic un-adjustment imposes on the plants the subsequent secondary drought stress and 

reduces their ability to obtain nutrients from the root medium (Sairam et al. 2002). Furthermore, salinity 

directly affects nutrient uptake. It causes not only high sodium (Na
+
) and chloride (Cl

−
) accumulation in 

plants, but also antagonistically affects the uptake of essential nutrient elements such as potassium (K
+
), 

calcium (Ca
2+

) and magnesium (Mg
2+

) in competition with Na
+
 and also nitrate (NO3

−
) in contrast with 

Cl
−
 (Sairam et al. 2002; Zörb et al. 2004; El-Hendawy et al. 2005). Moreover, salt stress increases the 

saturation degree of membrane fatty acids and leads to conformational changes and loss of function of 

membrane proteins. Changes in the membrane structure/ composition in turn enhance plasma membrane 

permeability (Azizpour et al. 2010).  

 

Another problems resulting from salinity lead to the reduced water absorption and gas exchanges in plant 

(Munns and Tester 2008). Furthermore, ionic and osmotic stress resulting from salinity goes to oxidative 

stress in plant cells due to the increased production of ROS(Reactive Oxygen Species)(Katsuhara et al. 

2005; Hussain et al. 2008). ROS are partially reduced forms of molecular oxygen which are produced in 

plants common ongoing processes such as photorespiration, photosynthesis and respiration (Mittler et al. 

2004). In order to water assembly in these processes, four electrons are required for complete reducing of 

oxygen. ROS typically result from the transference of one, two and three electrons, respectively, to O2 to 

form O2
·
-

, H2O2 and HO· (Mittler 2002). These oxygen species are highly cytotoxic and can seriously 

react with vital biomolecules such as lipids, proteins, nucleic acids and etc., causing lipid peroxidation, 

protein denaturing and DNA mutation, respectively (Katsuhara et al. 2005; Esfandiari et al. 2007b). The 

resulting injuries lead to metabolic disorders which by itself highlights the crucial roles of biomolecules 

in cellular structure and metabolism.  

 

Furthermore, the damages resulting from ROS as well as other bio-toxic compounds (such as 4-

hydroxynonenthal) leads to oxidation of biological substances contribute to planned cellular death (Marrs 

1996). These toxic compounds may be generated even when the environmental conditions are favorable 

(Edreva 2005). That is why plant cells must be equipped with specific defense mechanisms to combat the 

pernicious effects of these compounds whether in normal or stress conditions (Asada 2000). 

 

Fortunately, plants have evolved various protective mechanisms to eliminate or reduce ROS, which are 

effective at different levels of stress-induced conditions. Enzymatic antioxidant system such as 

SOD(superoxid dismutase) is one of the protective mechanisms found in various cell compartments, 

catalyses the disproportionation of two O2
·
 

radicals to H2O2 and O2 (Scandalios, 1993). Moreover, H2O2 is 

eliminated by various antioxidant enzymes such as CAT(Catalase) and POX(Peroxidase) which convert 

H2O2 to water. Other enzymes with functional role in ROS scavenging system are GR(Glutathione 

Reductase), MDHAR(Monodehydroascorbate Reductase) and DHAR(Dehydroascorbate Reductase ) 

located at ascorbate-glutathione cycle.  

 

Considering the wide distribution of salinity across agricultural lands, and important nutritional role of 

wheat in human diet, necessitate related works on salinity response evaluation. Salt stress, as illustrated 

above, negatively affects various stages of plant development, thereby threatening food security of human 

society. Furthermore, knowledge on physiological behavior of cells is necessary to overcome 

environmental restrictions and guarantee food security. In the present study the effects of NaCl salinity 

stress were investigated on antioxidant defense dynamics of two wheat cultivars.  
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Materials and Methods 
 

Plant Material and Induction of Salt Stress 

 

Seeds of two bread wheat [Triticum aestivum L.], cultivars, ‘Karkheh’ (salt sensitive) and ‘Golestan’ (salt 

tolerant) were obtained from the Seed and Plant Improvement Institute, Karaj, Iran. They were surface 

sterilized with 10% H2O2 for 20 minutes. Then, the seeds were washed out several times with deionized 

water. The sterilized seeds were germinated in 25 °C and dark conditions on filter paper for two days. 

Seedlings were hydro-cultured initially in aerated water and were grown inside the growth chamber under 

light conditions of 16:8 light and darkness, 25 °C, 65% relative humidity and light intensity of 6000 Lux. 

The source of light inside the growth chamber was a combination of yellow and white florescent lamps 

(Azizpour et al., 2010). Seven and 14 days after germination of the seeds, the tap water was replaced by 

half and full-strength Hoagland’s nutrient solution (Hoagland and Arnon, 1950) respectively. The 

composition all amounts the nutrients in solution in mmol were 1 calcium nitrate [Ca(NO3)2] 4H2O]; 0.1 

mono-potassium phosphate (KH2PO4); 0.5 potassium sulfate (K2SO4); 0.5 magnesium sulfate (MgSO4) 

and in μmol for boric acid, 10 (H3BO3); manganese chloride, 20 (MnCl2 4H2O); zinc sulfate, 0.5 (ZnSO4 

7H2O); copper sulfate, 1 (CuSO4 5H2O); molybdenum trioxide, 0.1 (MoO3), and iron sulfate, 100 (FeSO4 

7H2O). These solutions were continuously aerated by electrical pumps (Resun, AC 9904, China) and 

renewed every three days. 

 

The pH of the nutrient solution was measured by a pH meter (HANNA, HI9811, Hanna Instruments, 

Padova, Italy) and adjusted to 5.5 by adding 1 N sulfuric acid (H2SO4). Once the seedling grew up to 4 to 

5-leaf stage, salt stress was applied by using 200 mM NaCl. Plants were kept under stress conditions for 

14 days. Then full expanded leaf samples were transferred to liquid nitrogen and maintained at -20°C 

until measurement of biochemical parameters. At the same time, samples for membrane stability index 

assay collected from fully expanded leaves were brought into the laboratory in ice buckets. For 

measurement of physiological parameters the second group of fully expanded leaves was dried at 70°C 

during two days. 

 

Measuring physiological and biochemical parameters 

 

The MSI(Membrane Stability index), Na
+
, K

+
 and soluble sugars content were determined according to 

the methods presented by Aizipour et al. (2010), Bandehhag et al. (2004) and Sairam et al. (2002), 

respectively. Antioxidant enzymes were extracted according to the method developed by water stress, 

antioxidant enzyme activity and lipid peroxidation in wheat seedling (Esfandiari et al 2007b). SOD, CAT, 

GPX(Guaiacol Peroxidase), APX(Ascorbate Peroxidase) and the amount of lipid peroxidation were 

measured through the methods offered by Sen Gupta et al. (1993), Aebi (1984), Panda et al. (2003), 

Yoshimura et al. (2000) and Stewart and Bewley (1980), respectively. 

 

Statistical analysis 

 

The factorial experiment (cultivar and salinity as factors) based on completely randomized design was 

carried with five replications. All physiological and biochemical parameters were recorded. The data were 

analyzed with MSTATC software. Mean comparison were carried out by LSD method (Steel et al., 1996).  

 

Results and Discussion 

 

The amount of MDA(Malondialdehyde) significantly increased compared to control due to salinity in 

both studied cultivars. This increase in the case of ‘Karkheh’ was approximately twice as much as that in 

‘Golestan’ (Fig 1A). Moreover, the MSI content was meaningfully decreased in the case of ‘Karkheh’ 

compared to control. The level of MSI did not vary in ‘Golestan’ (Fig 1B).    

In both studied cultivars SOD activity was significantly decreased compared to the control under salinity 

conditions (Fig 2A). Furthermore, APX and GPX activities were statistically higher in ‘Golestan’ under 

salinity conditions. Meanwhile, in ‘Karkheh’, the activities of these enzymes were low compared to 

control (Fig 2B and C). Under salinity condition, the activity of CAT, another H2O2 scavenger, was 

predominantly increased in both cultivars compared to control (Fig 2D). 
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Salinity caused a notable increment in total soluble sugars content in ‘Golestan’. But its variation was not 

significant in ‘Karkheh’ (Fig 3A). K
+
 content of ‘Golestan’ decreased due to salinity (P  5%). But salt 

stress did not affect the K
+
 level in ‘Karkheh’ (Fig 3B). Na

+
 content of both cultivars increased compared 

to the control due to salinity (P  5%). It is worthy of note that Na
+
 content of ‘Karkheh’ was about 5 and 

2.5 folds higher than control and ‘Golestan’ respectively (Fig 3C). There was a declining pattern in 

K
+
/Na

+
 ratio in both cultivars under salinity stress conditions compared to control (Fig 3D). Moreover, 

K
+
/Na

+ 
ratio in ‘Golestan’ was significantly higher than ‘Karkheh’ at salinity conditions. SOD activity 

was significantly dropped at salt stressed plants in both cultivars. The decrease in SOD activity level leads 

to the accumulation of O2
-
 radical. This active oxygen radical is extremely cytotoxic, invading vital 

metabolisms in cells. The increase in the amount of this radical causes photosynthesis to diminish as a 

result of destroying protein D1 in PSII.    

 

H2O2 is among the most deteriorate types of ROS which are produced in vital processes in the cell. The 

augmentation of H2O2 is liable to damage special positions in the cell, leading to metabolic disturbances 

including inactivity or lack of activity of bisphosphatase and ribulose monophosphate kinase, the two key 

enzymes involved in Calvin cycle (Yamazaki et al. 2003). Any interruption in the activity of these two 

enzymes may lower the CO2 fixation. As a consequence, the NADP
+
/NADPH, H

+
 ratio will come down 

due to the imbalance between the output of photo-stage in photosynthesis and the consumption of them in 

Calvin cycle (Vaidyanathan et al. 2003; Esfandiari et al. 2007b). Reduced NADP
+
/NADPH, H

+
 ratio, 

leads to cease in electron transfer chain and subsequently higher and renewed ROS production within 

chloroplast.  

 

Many researchers have been related the increased activity of antioxidant enzymes to a higher level of 

resistance against salt stress (Dalton et al. 1994; Milone et al. 2003; Srivalli et al. 2003; Costa et al. 2005; 

Koca et al. 2006; Esfandiari et al. 2007a; Gapinska et al. 2008; Mahmoud et al. 2009). The reason is that 

the amount of ROS in plant cells is restricted as a result of any increase in the activity of antioxidant 

enzymes which, in turn, mitigates the damages imposed on vital bio-molecules and metabolic 

disturbances explicated above. Hence, the cell is restored to a better conditions and oxidative stress is 

prevented. Srivalli et al. (2003), Costa et al. (2005), Koca et al. (2005),  Gapinska et al. (2008) and 

Mahmoud et al. (2009) have asserted that increased activity of POX and CAT contributed to the plant 

resistance against salt stress. Similarly in this study, the activity of APX and GPX diminished 

significantly in the case of salinity-sensitive cultivar, ‘Karkheh’ (Fig 2B, C). Since, APX is active in both 

glutathione-ascorbate (Halliwell, 2006) and Mehler (Asada, 2000) cycles any decrease in its activity led 

to the lower efficiency at these two cycles in terms of ‘Karkheh’.  

 

Our result regarding in increased lipid peroxidation in wheat cultivars are in agreement with the findings 

of Morita et al. (1994); Gomez et al. (1999); Sairam and Srivastava (2002); Mahmoud et al. (2009)  in 

rice, pea, wheat, potato, respectively. Membranes damage in ‘Karkheh’ is assumed to be due to 

diminished activity of O2
-
 and H2O2

-
scavenging enzymes and the subsequent accumulation of these toxic 

molecules. In the case of ‘Golestan’, in spite of added lipid peroxidation (Fig1A), the evident increase in 

the activity of antioxidant enzymes exceptionally SOD (Fig2A-D), is indicative of the fact that toxic and 

damaging metabolites have overcome the defense mechanisms. Moreover, Esfandiari et al. (2007b) 

Reported that ascorbate had the potential to scavenge the O2
-
 as well as this antioxidant is potent to 

prevent oxidative damage under low SOD activity situation. 

 

Salinity caused depletion of potassium and concomitant increase in sodium content (Fig 3A-B). Sairam et 

al. (2002) and Azizpouer et al. (2010) have previously reported similar results in wheat. Meanwhile, leaf 

potassium concentration decreased due to salinity, potassium content in ‘Karkheh’ generally seemed to be 

unaffected. ‘Golestan’ had more potassium content compared to ‘Karkheh’ under salinity condition (Fig 

3A). El-Hendawy et al. (2005) speculated that more potassium content observed in the salt-resistant 

genotypes might explain their higher tolerance to salinity. In both cultivars of wheat, salinity increased 

sodium content. Earlier studies have demonstrated that salt tolerance is not necessarily correlated with the 

content of leaf sodium in several plant species, including rice (Yeo and Flowers, 1983), maize (Cramer et 

al. 1994), and cotton (Leidi and Saiz, 1997). Similarly, Munns and James (2003) reported that several 

salt-tolerant tetraploid wheat genotypes do indeed demonstrate very high leaf sodium levels under saline 

sodic conditions. These genotypes may have a special ability to tolerate high internal levels of sodium. 

The higher concentration of sodium may result from greater capabilities for compartmentation of this ion 

within the vacuoles. It seems, therefore, that ‘Golestan’ had the ability to sequester sodium into the 
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vacuole more efficiently than ‘Karkheh’, and thus avoided sodium toxicity of the cytoplasm. According 

to Wyn Jones et al. (1979) potassium/sodium ratio for non-halophytes should be higher than one for 

normal functioning of all metabolic processes. In the present study, above ratio increased in both varieties 

by salt treatment, although value was higher than 1 in the tolerant cultivar, ‘Golestan’ (Fig 3C). Potential 

for maintenance of high potassium content may act as the major cationic osmoticum in the presence of 

external salt (Reggiani et al. 1995; Baalbaki et al. 2000; Chartzoulakis and Klapaki, 2000). Furthermore, 

vacuolar sequestration of sodium is another important strategy for osmotic adjustment (Niu et al. 1995; 

Blumwald et al. 2000). Although the use of ions for osmotic adjustment may be energetically more 

favorable than biosynthesis of organic osmolyte under salt stress, many plants accumulate organic 

osmolytes (Chinnusamy et al. 2005) to protect their cells by balancing the osmotic pressure of cytosol 

with that of vacuole and external environment (Gadallah, 1999). In the present study, in agreement with 

Misra and Dwivedi (2004) an important effect of higher osmolyte concentration was reflected by 

maintenance of higher MSI under salinity stress in ‘Golestan’ (Fig 1B). Decrease in MSI under salinity 

conditions has been reported by Bhattacharjee and Mukherjee (1996) and Azizpour et al. (2010) in 

Amaranthus lividus and wheat, respectively. Similar to our results, other studies have indicated that salt 

tolerant cultivars always show lower decrease in the MSI as compared to salt sensitive cultivars in the 

saline environments (Mansour and Stadelmann, 1994; Mansour and Salama, 1996; Mansour, 1997). 

 

Conclusions  
 

In conclusion, at the present study the main reasons for salt tolerance in ‘Golestan’ may be due to the 

increase in contents of some of antioxidant enzymes especially H2O2 scavenging ones as well as higher 

K
+
/Na

+
 ratio under saline situation. Furthermore, great potential of ‘Golestan’ for soluble sugars 

accumulation and also its high sodium blockage in vacuole are other aspects of salinity tolerance. The 

final role of the above mentioned physiological parameters would be the appropriate control of cell 

damaging factors. 

 

 

 

 

a
a

b

a

0

20

40

60

80

100

Karkheh Golestan
 

M
em

b
ra

n
e 

st
a

b
il

it
y

 

in
d

ex
 (

%
) 

c c

a

b

0

20

40

60

80

100

120

140

Karkheh Golestan
 

M
D

A
 c

o
n

te
n

t 

(n
M

/g
F

W
) 

 

Fig 1: The effect of salinity on malondialdehyde content (A) and membrane stability index (B) in two 

wheat cultivars.  
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Fig 2: The effect of salinity on antioxidant enzymes activity in two wheat cultivars. 
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Fig 3: The effect of salinity on Sugar (A), Na+ (B), K+ (C) and K+/Na+ (D) in two wheat cultivars.  

 

References 
 

Aebi H (1984). Catalase in vitro. Method of Enzymology 105: 121-126. 

Asada K (2000) The water-water cycle as alternative photon and electron sinks. Phill Trans R Soc Lond B 

355: 1419-1431. 

Azizpour K, Shakiba MR, Khosh Kholgh Sima N, Alyari H, Moghaddam M, Esfandiari E, Pessarakli M 

(2010). Physiological response of spring durum wheat genotypes to salinity. Journal of Plant 

Nutrition 33: 859-873. 

Baalbaki RZ, Zurayk RA, Adlan MA, Saxena MC (2000). Effect of nitrogen source and salinity level on 

salt accumulation of two chickpea genotypes. Journal of Plant Nutrition 23: 805–814.  

Bandehhag A, Kazemi H, Valizadeh M, Javanshir A (2004). Salt tolerance of spring wheat (Triticum 

aestivum L.) cultivars during vegetative and reproductive growth. Iranian Journal of Agriculture 

Science 35: 61–71. 

Bhattacharjee S, Mukherjee AK (1996). Ethylene evolution and membrane lipid peroxidation as 

indicators of salt injury in leaf tissues of Amaranthus lividus seedlings. Indian Journal of 

Experimental Biology 34: 279–281. 

A B 

C D 

A B 

D C 



 147  

Blumwald E, Aharon GS, Apse MP (2000). Sodium transport in plant cells. Biochemica et Biophysica 

Acta 1465: 140–151. 

Chartzoulakis K, Klapaki G (2000). Response of two greenhouse pepper hybrids to NaCl salinity during 

different growth stages. Scientia Horticulturae 86: 247–260. 

Chinnusamy V, Jagendorf A, Zhu JK (2005). Understanding and improving salt tolerance in plants. Crop 

Science 45: 437–448. 

Chinnusamy V, JK Zhu (2003). Plant salt tolerance. Topics in Current Genetics 4: 241–270. 

Costa P, Neto A, Bezerra M, Prisco J, Filho E (2005). Antioxidant enzymatic system of two sorghum 

genotypes differing in salt tolerance. Brazilian Journal of Plant Physiology 17: 353-361. 

Cramer GR, Alberico GJ, Schmidt C (1994). Salt tolerance is not associated with the sodium 

accumulation of two maize hybrids. Australian Journal of Plant Physiology 21: 675–692. 

Dalton R, Gossett EP, Millhollon M, Cran L, Marye M (1994). The effects of NaCl on antioxidant 

enzyme activities in callus tissue of salt-tolerant and salt-sensitive cotton cultivars (Gossypium 

hirsutum L.). Plant Cell Report 13: 498-503. 

Edreva A (2005). Generation and scavenging of reactive oxygen species in chloroplasts: A submolecular 

approach. Agriculture, Ecosystems and Environment 106: 119-133. 

El-Hendawy SE, Hu Y, Schmidhalter U (2005). Growth, ion content, gas exchange, and water relations of 

wheat genotypes differing in salt tolerances. Australian Journal of Agricultural Research 56: 123–

134. 

Esfandiari E, Shakiba MR, Mahboob S, Alyari H, Toorchi M (2007b). Water stress, antioxidant enzyme 

activity and lipid peroxidation in wheat seedling. Journal of Food, Agriculture and Environment 5: 

148-153. 

Esfandiari E, Shekari F, Shekari F, Esfandiari M (2007a). The effect of salt stress on antioxidant enzymes 

activity and lipid peroxidation on the wheat seedling. Not. Bot. Hort. Agrobot. Cluj. 35: 48-56. 

Gadallah MAA (1999). Effect of proline and glycine betaine on Vicia faba responses to salt stress. 

Biologia Plantarum 42: 247–249. 

 Gapinska M, Sklodowska M, Gabara B (2008). Effect of short and long term salinity on the activities of 

antioxidative enzymes and lipid peroxidation in tomato roots. Acta Physiologiae Plantarum 30: 11-

18. 

Gomez JM, Hernandez JA, Jimenez A, del Rio LA, Sevilla F (1999). Differential response of 

antioxidative enzymes of chloroplasts and mitochondria to long term NaCl stress of pea plants. 

Free Radical Research 31:11-18. 

Halliwell B (2006). Reactive species and antioxidants. Redox biology is a fundamental theme of aerobic 

life. Plant Physiology 141: 312-322. 

Hoagland DR, Arnon DI (1950). The water culture method for growing plants without soil. California 

Agricultural Experiment Station Circular, No. 347. Berkely, CA: University of California. 

 Hussain T, Chandrasekhar M, Hazara Z, Sultan B, Gopal G (2008). Recent advances in salt stress 

biology – a review. Biotechnology and Molecular Biology Review 3: 8-13. 

Karlberg L, Ben-Gal A, Jansson PE, Shani U (2006). Modelling transpiration and growth in salinity-

stressed tomato under different climatic conditions. Ecological Modelling 190: 15–40.  

 Katsuhara M, Otsuka T, Ezaki B (2005). Salt stress induced lipid peroxidation is reduced by glutathione 

S-transferase, but this reduction of lipid peroxidase is not enough for a recovery of root growth in 

arabidobsis. Plant Science 169: 369-373. 

 Koca H, Ozedemir F, Turkan I (2006). Effect of salt stress on lipid peroxidation and superoxide 

dismutase and peroxidase activities of Lycopersicon esculentum and L. pennellii. Biologia 

Plantarum 50: 745-748. 

Leidi EO, Saiz JF (1997). Is salinity tolerance related to Na+ accumulation in upland cotton (Gossypium 

hirsutum) seedlings? Plant and Soil 190: 67–75. 

Mahmoud M, Taoufik B, Harbaoui Y, Mougou A, Patrick J (2009). Insight into the role of catalases in 

salt stress in potato (Solanum tuberosum L.). Biotechnologie, Agronomie, Société et 

Environnement 13: 373-379. 

Mansour MMF (1997). Cell permeability under salt stress. In: Strategies for Improving Salt Tolerance in 

Higher Plants, eds. PK Jaiwl, RP Singh, and A. Gulati, pp. 87–110. Enfield, NH: Science 

Publishers. 

Mansour MMF, Salama KHA (1996). Comparative responses to salinity in wheat genotypes differing in 

salt tolerance. 1.-seeding growth and mineral relations. Egyptian Journal of Physiological Sciences 

20: 1–15. 

http://www.springerlink.com/content/0137-5881/


E. ESFANDIARI  A. POURMOHAMMAD 

 

 148 

Mansour MMF, Stadelmann EJ (1994). NaCl-induced changes in protoplasmic characteristics of 

Hordeum vulgare cultivars differing in salt tolerance. Physiolgia Plantarum 91: 389–394. 

Marrs K (1996). The functions and regulation of glutathione S-transferase in plants. Annual Review of 

Plant Physiology and Plant Molecular Biology 47: 127-158. 

 Milone MT, Sgherri C, Clijsters H, Navari-Izzo F (2003). Antioxidative responses of wheat treated with 

realistic concentration of cadmium.  Environmental and Experimental Botany 50: 265-276. 

Misra N, Dwivedi UN (2004). Genotypic difference in salinity tolerance of green gram cultivars. Plant 

Science 166: 1135–1142. 

Mittler R (2002). Oxidative stress, antioxidants and stress tolerance. Trends in Plant Science 7: 405-410. 

Mittler R, Vanderauwera S, Gollery M, Breusegem FV (2004). Reactive oxygen gene network of plants. 

Trends in Plant Science 9: 490-498. 

Morita S, Tasake M, Fujisawa H, Ushimaru T, Tsuji H (1994). A cDNA clone encoding a rice catalase 

isozyme. Plant Physiology 105: 1015-1016. 

Munns R, James RA (2003). Screening methods for salinity tolerance: A case study with tetraploid wheat. 

Plant and Soil 253: 201–218. 

Munns R, Tester M (2008). Mechanism of salinity tolerance. Annual Review of Plant Biology 59: 651-

681. 

Niu X, Bressan RA, Hasegawa PM, Pardo JM (1995). Ion homeostasis in NaCl stress environments. Plant 

Physiology 109: 735–742. 

Panda SK, Singha LB, Khan MH (2003). Does aluminum phytotoxicity induce oxidative stress in 

greengram (Vigna radiate)?. Bulgarian Journal Plant Physiology 29: 77-86. 

Reggiani R, Bozo S, Bertani A (1995). The effect of salinity on early seedling growth of seeds of three 

wheat (Triticum aestivum L.) cultivars. Canadian Journal of Plant Science 75: 175–177. 

Sairam RK, Rao KV, Srivastava GC (2002). Differential response of wheat genotypes to long term 

salinity stress in relation to oxidative stress, antioxidant activity and osmolyte concentration. Plant 

Science 163: 1037–1046. 

 Sairam RK, Srivastava GC (2002). Changes in antioxidant activity in sub-cellular fractions of tolerant 

and susceptible wheat genotypes in response to long term salt stress. Plant Science 162: 897-904. 

Scandalios JG (1993). Oxygen stress and superoxide dismutase. Plant Physiology 101: 712-726. 

Sen Gupta A, Webb R, Holaday A, Allen R (1993). Overexpression of superoxide dismutase protects 

plants from oxidative stress. Plant Physiology 103: 1067-1073. 

Srivalli B, Sharma G, Khanna-Chopra R (2003). Antioxidant defense system in an upland rice cultivar 

subjected to increasing intensity of water stress followed by recovery. Physiologia Plantarum 119: 

503-512. 

Steel RGD, Torrie JH, Dickey DA (1996). Principles and procedures of Statistics. A biometrical 

approach. McGraw-Hill, New York.  

Stewart RRC,  Bewley JD (1980). Lipid peroxidation associated aging of soybean axes. Plant Physiology 

65: 245-248. 

Tejera N, Soussi M, Lluch C (2006). Physiological and nutritional indicators of tolerance to salinity in 

chickpea plants growing under symbiotic conditions. Environmental and Experimental Botany 58: 

17–24. 

 Vaidyanathan H, Sivakumar P, Chakrabarsty R, Thomas G (2003). Scavenging of reactive oxygen 

species in NaCl-stressed rice (Oryza sativa L.)- differential response in salt-tolerant and sensitive 

varieties. Plant Science 165:1411-1418. 

Wyn Jones RG, Brady CJ, Speirs J (1979). Ionic and osmotic-regulation in plants. In: Recent Advances in 

Biochemistry of Cereals, eds. DL Laidman and RG Wyn Jones, pp. 63–103. London: Academic 

Press. 

Yamazaki J, Ohashi A, Hashimoto Y, Negishi E, Kumagai S, Kubo T, Oikawa T, Maruta E, Kamimura Y 

(2003). Effects of high light and low temperature during harsh winter on needle photodamage of 

Abies mariesii growing at the forest limit on Mt. Norikura in Central Japan.  Plant Science 165: 

257-264. 

Yeo AR, Flowers TJ (1983). Varietal differences in the toxicity of sodium-ions in rice leaves. Physiologia 

Plantarum 59: 189–195. 

Yoshimura K, Yabute Y, Ishikawa T, Shigeoka S (2000). Expression of spinach ascorbate peroxidase 

isoenzymes in response to oxidative stresses. Plant Physiology 123: 223-233. 

Zörb C, Schmitt S, Neeb A, Karl S, Linder M, Schubert S (2004). The biochemical reaction of maize (Zea 

mays L.) to salt stress is characterized by a mitigation of symptoms and not by a specific 

adaptation. Plant Science 167: 91–100. 

http://www.google.com/url?q=http://www.annualreviews.org/journal/arplant&sa=U&ei=h5j7TPb6JcfusgbvrP2TBA&ved=0CBUQFjAA&usg=AFQjCNFscBgDlWfzrJZuO3yaxVgZbIJJKQ
http://www.google.com/url?q=http://www.annualreviews.org/journal/arplant&sa=U&ei=h5j7TPb6JcfusgbvrP2TBA&ved=0CBUQFjAA&usg=AFQjCNFscBgDlWfzrJZuO3yaxVgZbIJJKQ

