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The response of three wheat (Triticum aestivum L.) cultivars Banysoif 1 (C1), Sakha 68

(C2) and Seds 1 (C3) to salinity stress (–1.11 MPa NaCl) at germination and early seedling

growth was investigated. According to the germination, dry weight production and tissue wa-

ter content, C1 seemed to be more or less unaffected by salinity, whereas C3 was severely re-

duced and C2 was almost intermediated. Consequently, carbohydrate, protein and free amino

acids contents were increased in C1 and C2, while the opposite occurred in C3 (except soluble

proteins and free amino acids). On the other hand, while proline content decreased in C2 and

C3, it markedly increased in C1 as a result of salinity stress. Na+/K+ ratio was higher in C3 than

in C1. C2 was intermediate. Significant increase in SOD activity was observed in seedlings of

C1 and C2. On the other hand, SOD activity was markedly decreased in C3 cultivar. Seedling

extracts exhibited three SOD activity bands (SOD1, SOD2 and SOD3) in C1 and C2. While in

C3 seedling, only two SOD activity bands (SOD1 and SOD3) were identified, whereas the

SOD2 isozyme was not expressed under control or NaCl conditions in this cultivar. Salinity

stress significantly increased POD activity in C1 and C3, but it markedly decreased the activity

of POD in C2. Two isozymes of POD (POD1 and POD2) were observed in all groups of C1.

The intensity and density of POD1 and POD2 markedly increased under salinity stress versus

control group. In C2, salinity stress resulted in disappearance of POD1 as compared with con-

trol group. In C3, salinity stress induced the appearance of POD1 which disappear under con-

trol group. CAT activity in C1 and C2 was markedly increased under NaCl salinity. On the

other hand, CAT activity was markedly decreased in C3. NaCl salinity did not affect APX ac-

tivity in three wheat cultivars. In addition, lipid peroxidation level of salt-sensitive C3 mark-

edly increased, indicating more damage to membrane lipids due to –1.11 MPa NaCl. Lipid

peroxidation did not change in the salt-tolerant C1 at the same concentration of NaCl. C2 was

intermediate.

These results suggest that at seedling stage, C1 is appeared to be more tolerant than C2 and

C3 under salinity stress.

Keywords: dry weight production, germination ratio, physiological changes, isoenzymes

patterns, salinity tolerance, wheat cultivars

Abbreviations: APX = Ascorbate peroxidase; C1 = Banysoif 1; CAT = Catalase; cvs =

Cultivars; DW = Dry weight; FW = Fresh weight; MDA = Malondialdehyde; POD =

Peroxidase; PAGE = Polyacrylamide gel electrophoresis; ROS = Reactive oxygen species; C2

= Sakha 68; C3 = Seds 1; SOD = Superoxide dismutase; WC = Water content

0133-3720/$20.00 © 2010 Akadémiai Kiadó, Budapest

Cereal Research Communications 38(1), pp. 43–55 (2010)
DOI: 10.1556/CRC.38.2010.1.5

* E-mail: arafataa@yahoo.com



Introduction

Salt stress is certainly one of the most serious environmental factors limiting the produc-

tivity of crop plants (Ashraf 1999). This is due to the fact that salinity affects most aspects

of plant physiology, growth and development (Borsani et al. 2003). One metabolic re-

sponse to salt stress is the synthesis of compatible osmolytes. These organic compounds

are thought to mediate osmotic adjustment, protecting subcellular structures and oxidative

damage by their free radical scavenging capacity (Hare et al. 1998).

Wheat was one of the first domesticated food crops and for 8000 years has been the ba-

sic staple food of the major civilizations. According to FAO (Food and Agriculture Orga-

nization) publications, Egypt was classified to be one of the heavy users of wheat. The im-

ports of this basic crop are exceeding the production. In order to remove this gap, it is im-

portant to extend the area of cultivation and to enhance the productivity of the already cul-

tivated lands. Increases in agricultural productivity are closely related to irrigation. Irriga-

tion practices, however, leads to increased soil salinity. In Egypt the problem of soil salin-

ity is more pronounced and has many causes, like using highly saline water in irrigation,

excessive use of chemical fertilizers or may be due to insufficient drainage. Selection and

breeding of the cultivars that can grow and produce economic yield under the saline condi-

tions are more permanent and complementary solutions to minimize the detrimental ef-

fects of the salinity (Foolad 1996).

It is hypothesized that modulation of the activities of antioxidant enzymes at early

growth stage may be important in imparting resistance to a plant against environmental

stresses. Therefore, in the present work, in addition to germination, growth, carbohy-

drates, proteins, free amino acids, proline, Na+, K+ and MDA measurements, the effect of

NaCl on antioxidant mechanism and isoenzymes patterns in seedling stage of three wheat

cultivars (Banysoif 1, Sakha 68 and Seds 1) was studied.

Materials and Methods

Seeds of three wheat (Triticum aestivum L.) cultivars Banysoif 1 (C1), Sakha 68 (C2) and

Seds 1 (C3) were obtained from Faculty of Agriculture, Assiut University, Egypt. The

seeds were surface sterilized by dipping in 1% mercuric chloride solution for 2 min and

rinsed thoroughly with sterilized distilled water. Twenty seeds were germinated in steril-

ized Petri dishes on filter paper beds containing appropriate amount of water (control) or

–1.11 MPa NaCl treatment (three replicates from each) and incubated at 25 °C in dark.

Distilled water was added as needed to compensate for evaporation loss. The emergence

of radical/plumule from seed was taken as an index of germination. The germination per-

cent was recorded daily up to 5 days. After 10 days the seedlings were harvested. Dry

weight (DW) was determined after drying the freshly harvested seedlings in an aerated

oven at 70 °C to constant weight. Water content as a percentage of fresh weight (FW) was

calculated using the formula: WC (%) = [(FW–DW)/FW] × 100. Carbohydrates were de-

termined by the anthrone sulphuric acid method described by Badour (1959). Protein frac-

tions were determined according to the method described by Bradford (1976). Free amino
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acids were extracted and estimated according to the method of Lee and Takahashi (1966).

Proline content was estimated according to Bates et al. (1973). Sodium and potassium

contents were determined by flame-photometer and their concentrations were expressed

on mg g–1 dry weight basis. The level of lipid peroxidation in seedling samples was deter-

mined in terms of malondialdehyde (MDA) content according to the method of Madhava

Rao and Sresty (2000).

Superoxide dismutase (SOD; EC 1.15.1.1) activity was determined according to

(Beuchamp and Fridovich 1971). Catalase (CAT; EC 1.11.1.6) activity was estimated ac-

cording to the method of Bergmeyer (1970). Peroxidase (POD; EC 1.11.1.7) activity was

determined according to the method of Herzog and Fahimi (1973). Ascorbate peroxidase

(APX; EC 1.11.1.11) activity was determined according to Nakano and Asada (1981).

SOD isoforms were detected according to the method described by Beuchamp and

Fridovich (1973). Electrophoretic POD separation was done according to Seevers et al.

(1971). The data of all experiments were subjected to analysis by the least significance dif-

ferences test (L.S.D ) using SPSS program. Each data point was the mean of three repli-

cates (n = 3) and comparisons with P-values < 0.05 were considered significantly differ-

ent. In all the figures, the spread of values is shown as error bars representing standard de-

viation (± S.D.) of the means.

Results

Plant growth

Salt tolerance at germination stage is important factor, where soil salinity is mostly domi-

nated at surface layer. The effect of salinity on germination (Fig. 1) was much lower in C1

and C2 than C3, where the reduction in germination of C1, C2 and C3 was 13% (P > 0.05),

51% and 65% (P < 0.05), respectively. Salinity affected dry weight, water content of wheat

cultivars seedlings, but to a different degree (Table 1). Dry weight and water content were

significantly decreased. The decrease in dry weight in C1, C2 and C3 was about 12% (P >

0.05), 29% (P < 0.05) and 50% (P < 0.05), respectively, as compared with control groups.
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Table 1. Effect of salinity treatment on dry weight (DW) (mg–1 seedling) and water content (WC %)

of three wheat cultivars

Cultivars 10 days Decrease ratio

Control NaCl (%)

C1 DW 12.50a±0.57 11.00a±0.32 88.00

WC (%) 90.32a±0.30 89.91a±0.21 99.54

C2 DW 11.90a±0.43 8.40±b0.21 70.58

WC (%) 89.52a±0.61 88.31b±0.35 98.64

C3 DW 12.60a±0.41 6.30b±0.71 50.00

WC (%) 88.94a±0.52 86.92b±0.68 97.72

Notes: Values are mean ± S.D. of three replicates (n = 3). Means followed by the same letters are not signifi-

cantly different (P < 0.05).



Carbohydrates content

The contents of carbohydrates were considerably increased in response to salinity in C1 (P

< 0.001) and C2 (P < 0.05), while in C3, they were decreased (P < 0.05). In addition, the

content of total carbohydrate was much higher in C1 (more than 2-fold) than that of C3,

while C2 was intermediate (Table 2).

Proteins content

The contents of soluble, insoluble and total protein content in response to salinity were

highly significantly increased C1 (P < 0.001). The soluble proteins content was signifi-

cantly increased in C2 and C3 (P < 0.05), the accumulation of soluble proteins in C2 and

C3 was about 68% and 34%, respectively, versus the control groups. On the other hand,
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Figure 1. Effect of salinity treatment on germination (%) of three wheat cultivars (C1, C2 and C3). Values are

mean ± S.D. of three replicates. Bars with different letters in each cultivar are significantly different at

P < 0.05

Table 2. Effect of salinity treatment on carbohydrates content (mg g–1 DW) of three wheat cultivars

Cultivars 10 days Increase ratio

Control NaCl (%)

C1 Soluble carbohydrates 25.82 a±0.23 50.91c±2.37 97.17

Insoluble carbohydrates 60.93 a±0.41 110.74c±1.62 81.74

Total carbohydrates 86.75 a±0.33 161.65c±0.32 86.34

C2 Soluble carbohydrates 33.35 a±1.13 44.36b±0.71 33.01

Insoluble carbohydrates 55.47 a±4.40 80.38c±1.30 44.87

Total carbohydrates 88.82 a±1.35 124.74c±0.88 40.44

C3 Soluble carbohydrates 30.51 a±2.21 20.13b±0.67 –34.03

Insoluble carbohydrates 53.72 a±0.91 47.74b±1.39 –11.14

Total carbohydrates 84.23 a±0.54 67.87b±1.01 –19.43

Notes: Values are mean ± S.D. of three replicates (n = 3). Means followed by the same letters are not signifi-

cantly different (P < 0.05).



insoluble and total proteins were significantly decreased in both cultivars as compared

with non-salinized seedlings (P < 0.05) (Table 3).

Free amino acids and proline content

Free amino acids and proline exhibited variation among the tested wheat cultivars (Fig. 2).

In comparing with the control groups, salinity resulted in a marked accumulation of total

free amino acids of the three wheat cvs (P < 0.05). This accumulation was more obvious in

C3 than C2 and C1. Opposite trend was observed in proline content (except in C1) where

free proline content was markedly increased (P < 0.001).
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Table 3. Effect of salinity treatment on proteins content (mg g–1 DW) of three wheat cultivars

Cultivars 10 days Increase ratio

Control NaCl (%)

C1 Soluble proteins 24.56 a±2.42 46.79c±0.88 90.51

Insoluble proteins 120.12 a±1.08 155.33c±0.76 29.31

Total proteins 144.68 a±0.34 202.12c±0.66 39.70

C2 Soluble proteins 13.41 a±0.88 22.55b±1.92 68.15

Insoluble proteins 112.13 a±1.04 90.37b±0.22 –19.41

Total proteins 125.54 a±1.19 112.92b±0.54 –10.06

C3 Soluble proteins 17.24 a±2.64 23.18b±0.56 34.45

Insoluble proteins 114.56 a±2.22 92.38b±1.30 –19.37

Total proteins 131.80 a±1.07 115.56b±0.69 –12.33

Notes: Values are mean ± S.D. of three replicates (n = 3). Means followed by the same letters are not signifi-

cantly different (P < 0.05).
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Figure 2. Effect of salinity treatment on free amino acids and proline content (mg g–1 DW) of three wheat

cultivars (C1, C2 and C3). Values are mean ± S.D. of three replicates. Bars with different letters in each

cultivar are significantly different at P < 0.05
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Minerals content

The content of Na+, K+ and Na+/K+ ratios (Table 4) as responses to salinity stress reveal

that, there is a marked increase in the concentration of Na+ and K+ (P < 0.05) of three

wheat cultivars, except in case of C3, K+ content was markedly decreased (P < 0.05).

MDA content

The content of lipid peroxidation in seedlings of the C2 and C3 cultivars under –1.11 MPa

NaCl was increased. This increase of MDA in C3 and C2 was 60% (P < 0.001) and 36% (P

< 0.05), respectively, indicating higher oxidative damage to C3 cultivar. However, NaCl

concentration had not any significant effect on MDA content in C1 cultivar (P > 0.05)

(Fig. 3).
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Table 4. Effect of salinity treatment on Na+, K+ and Na+/K+ ratios (mg g–1 DW) of three wheat cultivars

Cultivars 10 days Increase ratio

Control NaCl (%)

C1 Na+ 15.71 a±0.35 22.82b±0.38 45.25

K+ 43.95 a±0.22 89.77c±0.56 104.25

Na+/K+ 0.357 a±0.014 0.254b±0.01 –28.86

C2 Na+ 20.63 a±0.18 32.84c±0.09 59.18

K+ 41.02 a±0.442 49.11b±0.21 19.72

Na+/K+ 0.502 a±0.041 0.668b±0.022 33.06

C3 Na+ 30.73 a±0.66 67.11c±0.42 118.38

K+ 42.14 a±0.37 36.66b±0.41 –13.01

Na+/K+ 0.729 a±0.043 1.830c±0.035 151.02

Notes: Values are mean ± S.D. of three replicates (n = 3). Means followed by the same letters are not signifi-

cantly different (P < 0.05).
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Figure 3. Effect of salinity treatment on malondialdehyde (MDA) concentration (nmol–1 gFW) of three wheat

cultivars (C1, C2 and C3). Values are mean ± S.D. of three replicates. Bars with different letters in each

cultivar are significantly different at P < 0.05
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SOD activity

Figure 4 shows the changes in SOD activity after exposure to NaCl. Compared to control,

–1.11MPa NaCl treatment significantly increased SOD activity in C1 (P < 0.001) and C2

(P < 0.05). The increase in SOD activity was higher in C1 (more than 2-fold). On the other

hand, SOD activity markedly decreased in C3 (P < 0.001). In order to determine whether

the increase in SOD activity was due to induction of new isoforms or due to an increase in

the activity of constitutive isozymes, we subjected tissue extracts to native PAGE (Fig. 5).

Three SOD activity bands (SOD1, SOD2 and SOD3) were identified in seedling of C1

(Lanes 1 and 2) and C2 (Lanes 3 and 4). While in C3 seedling, only two SOD activity

bands (SOD1 and SOD3) were identified, whereas the SOD2 isozyme was not expressed

under control or NaCl conditions in this cultivar (Lanes 5 and 6). In C1, the intensity of

SOD2 and SOD3 was increased by NaCl treatment (Lane 2) versus the control group

(Lane 1). This increase in the intensity was more obvious in SOD3 than SOD2. In C3, the

intensity of the SOD3 was increased in control group (Lane 5) more than NaCl group

(Lane 6). These observed changes in SOD isoform patterns explain the increase in total

SOD activity in C1 described above.
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Figure 4. Effect of salinity treatment on superoxide dismutase (SOD), catalase (CAT), peroxidase (POD),

ascorbate peroxidase (APX) activities in seedlings of three wheat cultivars (C1, C2 and C3). Values are mean

± S.D. of three replicates. Bars with different letters in each cultivar are significantly different at P < 0.05

Control NaCl
Control NaCl
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POD activity

Like SOD, POD activity in NaCl-treated seedlings of three wheat cvs showed a significant

increase in both C1 and C3 (P < 0.001) as compared with control groups (Fig. 4). POD ac-

tivity was increased by 4-fold and 2-fold in C1 and C3, respectively. On the other hand,

the activity of POD activity in C2 was significantly decreased under NaCl treatment

(P < 0.05). Moreover, analysis of native PAGE and activity staining for POD activities in

the seedlings of wheat cultivars (Fig. 6) showed two isozymes of POD (POD1 and POD2)

were observed in all groups of C1 (Lanes 1 and 2). The intensity and density of POD1 and

POD2 markedly increased under salinity stress (Lane 2) versus control group (Lane 1).

This increase in POD activity bands seems to account for the higher POD activity seen in

this cultivar. In C2, salinity stress resulted in disappearance of POD1 (Lane 4) as com-

pared with control group (Lane 3). In C3, salinity stress induced the appearance of POD1

(Lane 6) which disappear under control group (Lane 5).

CAT activity

CAT activity in C1 and C2 was markedly increased under NaCl salinity. This increase was

more pronounced in C1 (2.5-fold) (P < 0.001) than in C2 (1.6-fold) (P < 0.05) as com-

pared to control groups. On the other hand, CAT activity was markedly decreased in C3 (P

< 0.001), this decreased was 60% versus control group (Fig. 4).

APX activity

–1.11 MPa concentration of NaCl did not affect APX activity in three wheat cvs (P>0.05)

as compared with control groups (Fig. 4).

Discussion

In this study, the germination percentage of the three tested wheat cultivars decreased un-

der salinity treatment, the reduction in germination was greater in C3 (less-salt tolerant)

rather than C2 (intermediate) and C1 (more-salt tolerant). Our results are in line with the

findings of Rahman et al. (2008) that germination was directly related to the amount of

water absorbed and delay in germination to the salt concentration of the medium.

Dry weight production and tissue water content seemed to be more or less unaffected in

C1 by salinity, whereas the C3 was severely reduced, C2 was almost intermediate. Ac-

cordingly, the three wheat cultivars can be arranged in the following order from most to

least tolerant; C1 > C2 > C3. This reduction in growth might be due to toxicity of the ions

or low osmotic potential as well as a decrease in wall extensibility (Azooz et al. 2009).

Present results suggest that at least in the seedling stage of growth, an increased sugars

synthesis can be considered as a promise for salinity tolerance. Our data showed that

higher amount of total carbohydrates in C1, might be responsible for higher salt tolerance.

At the early step of this study we found that C1 has higher seed germination and better

growth under salt stress conditions. One reason for that may be due to higher capacity for

carbohydrates accumulation.
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The amount of sugars in C1 was more than 2-fold comparing with C3. Moreover, the

soluble carbohydrate in C1 was nearly 2-fold under NaCl salinity than of control, while in

C3, it was significantly reduced. Thus, the superiority of C1 was closely associated with

its ability to accumulate carbohydrates, whereas the sensitivity of C3 was linked with the

marked depletion of sugars. This consequently increased the tissue water content of C1 as

compared with C3. Thus, C1 is considered to be more “water saving” compared to the

other wheat cultivars investigated.

In this work, when NaCl induced markedly increase the soluble protein in three wheat

cultivars. On the other hand, insoluble and total protein were significantly decreased (ex-

cept in C1) as compared with non-salinized seedlings. The same results were observed by

Wimmer et al. (2003). They reported that salt stress induces quantitative and qualitative

changes in protein content of the plant cells. In our experiments accumulation of proteins

in wheat cultivars grown under saline condition may provide a storage form of nitrogen

that is re-utilized when stress is over and may play a role in osmotic adjustment. Increasing

of soluble proteins may be due to synthesis of osmotin like protein or structural protein in

particular synthesis of those proteins which are involved in modification of cell wall. In-

terestingly, as in the case of the soluble carbohydrates, the soluble proteins in salt affected

C1 approached 2-fold in comparing with C3. Thus, it can be concluded that C1 (more-salt

tolerant) accumulated protein fractions under salinity stress for two interrelated processes

(survival and osmotic adjustment), while C3 (less-salt tolerant) failed to acquire these in-

terrelations.

There is surprising situation in the criteria of free proline among the three wheat

cultivars, where, salinity stress accumulated proline in C1 (the most tolerant cultivars), the

opposite occurred in C3, where the percent reduction approached 50% as compared with

control. Ashraf (1994) reported that, the salt-tolerant population accumulated greater

amount of proline compared with non-tolerant. Additionally, there is another interesting

situation in the criteria of free amino acids, where the amounts of amino acids in C3 were

much higher than that of C1, even at the level of control. Thus, the accumulation of amino

acids was in parallel with proline in C1 and in contrast in the other two cultivars. Since the

accumulation of free amino acids in C2 and C3 might be at the expense of proline, while in

C1 is not. This means that the strategy of osmoregulation was different among the tested

wheat cultivars. The salt tolerance of C1 was associated with a marked equilibrium and

interconversion between sugars and nitrogen metabolism for osmoregulation and growth,

while the sensitivity of C3 was accompanied with obvious disturbance in the synthesis and

interconversion of both components, these metabolic disturbances lead to the depletion in

the accumulation of sugars, insoluble and total proteins, and even proline at the expense of

soluble proteins and free amino acids for survival only.

Considerable variations in Na+ and K+ content within the three wheat cultivars showed

that, K+ content was higher, while Na+ was lower in C1 and C2 than that of C3. Conse-

quently, under salinity stress Na+/ K+ ratio was decreased to less than 1 in C1 (about 0.254)

and C2 (about 0.668) and increased to more than 1 in C3 (about 1.830). Thus, in our re-

sults, Na+ /K+ ratio is a good index for salt tolerance of the three wheat cultivars.
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The lower MDA in C1 indicated that this cultivar has a better protection from oxidative

damage caused by salt treatment. The improved protection of C1 may reflect a more effi-

cient antioxidant system as evidence by a higher activity of SOD, POD and CAT. How-

ever, the significant increase in MDA level in C3 cultivar appeared to be correlated with a

decrease in the activity of SOD and CAT enzymes. C2 cultivar was almost intermediate.

The SOD activity increased in C1 and C2 and decreased in C3 seedlings. Increased activ-

ity of SOD during salt stress may provide protection from oxidative stress (Ardéc et al.

2009). The decline in SOD activity under stressed conditions was thought to be associated

with oxidative damage (Boo and Jung 1999). These results suggest that the tolerant C1 is

better protected against ROS under salt stress conditions than the sensitive C3.

In order to determine whether the increase in SOD activity was due to the induction of

new isoforms or to an increase in activity of constitutive SOD isoenzymes, tissue extracts

were subjected to native PAGE. Three SOD activity bands were identified in the seedlings

of C1 and C2. On the other hand, in C3 only two SOD isoenzymes were identified. NaCl

treatment differentially affected SOD isozyme activities. In C1, the increase in SOD activ-

ity was due to an increase in the intensity of SOD3 and SOD2, on the other hand, the de-

crease in SOD activity in C3 was due to the inhibition of SOD2. These results are in line

with the findings of Sreenivasulu et al. (2000) that high SOD isozyme activity was de-

tected in salt tolerant compared to salt sensitive seedling cultivar of Foxtail millet (Setaria

italica).

In this study, POD activity was increased in both C1 and C3. However, the rate of this

increase was higher (4-fold) in C1 than in C3 (2-fold). Similar results have been reported

Dioscorea rotundata (Jaleel et al. 2008). Peroxidase isozymes were reported to play a key

role in salt tolerance (Sreenivasulu et al. 1999). Similar results from the present study indi-
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Figure 5. Native-polyacrylamide gel electrophoresis (PAGE) and activity staining for SOD activities in the

NaCl-treated of three wheat cultivars seedlings (10 days)

Lanes 1, 3, 5: control groups of C1, C2 and C3 cultivars, respectively

Lanes 2, 4, 6: –1.11 NaCl stress groups of C1, C2 and C3 cultivars, respectively

SOD1

SOD2

SOD3

1 2 3 4 5 6



cated that there is a greater activity of peroxidase isozymes in seedlings of tolerant C1 un-

der NaCl stress could be related to the salt adaptation of this cultivar. The intensity and

density of POD1 and POD2 bands in salt treated C1 cultivar were higher under salt com-

pared to the control. These results indicated that salt stress increased the accumulation of

the POD enzyme and that encoding gene (s) which may accelerate in response to salt stress

in both treated and untreated treatments, but the rate of acceleration was markedly higher

in the former than the later case. These results are in harmony with the findings of

Sreenivasulu et al. (1999) who stated that high peroxidase isozyme activity was detected

in salt tolerant cultivar compared to salt susceptible cultivar of fox-tail millet which re-

lated to the salt adaption process. It worthy to mention that the appearance of the

isoenzymic form POD1 in the seedlings of C3 treated with salt as compared to control

shows that salinity directly affected the plant cellular metabolism.

The effects of NaCl salinity on the CAT activity vary widely depending on the plant

species. For instance, while increased NaCl concentration reduced CAT activity in

rootstock CAB-6P (Prunus cerasus L.) (Chatzissavvidis 2008), it induced activities of this

enzyme in wheat (Afzal et al. 2006). In the present study, increased CAT activity in the

seedlings of C1 and C2, but decreased activity in C3 was recorded.

In the present study, unlike SOD, POD and CAT, APX activity did not change in C1

under NaCl concentration tested. Therefore, it may be logical to assume that H2O2 under

NaCl stress might be scavenged mainly by POD and CAT in C1. Similarly, Ardéc et al.

(2009) found that CAT activity probably had a more important role than APX activity in

H2O2 detoxification in two chickpea (Cicer arietinum L.) cultivars. In C2 and C3, APX ac-

tivity did not change compared to control groups. Therefore, these results indicate a lower

efficiency of the APX in three wheat tested cultivars.
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Figure 6. Native-polyacrylamide gel electrophoresis (PAGE) and activity staining for POD activities in the

NaCl-treated of three wheat cultivars seedlings (10 days)

Lanes 1, 3, 5: control groups of C1, C2 and C3 cultivars, respectively

Lanes 2, 4, 6: –1.11 NaCl stress groups of C1, C2 and C3 cultivars, respectively



From the above results, it can be concluded that, there were significant differences in

salt tolerance between the tested wheat cultivars. Based on the ability of experimental

wheat cultivars to cope with salinity stress, C1 was the most salt tolerant, C2 was moder-

ately salt tolerant, while C3 was salt sensitive. The salt tolerance of three wheat cultivars

was associated with variation in antioxidant enzymes, isoenzymes profiles and other rele-

vant physiological activities.
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