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ABSTRACT 
 
 Investigate the effects of salt stress on some physiological and morphological traits in eight varieties and 
three salinity levels, including K3615/1, S.C704, B73, S.C302, Waxy,K3545/6, K3653/2, and Zaqatala  and 
Zero (control), 50 and 100  mM NaCl in three replicates for the factorial experiment in randomized complete 
block design was carried out. Treatments were planted in pots. During the experiment, Leaf area per plant, 
Number of leaves, Plant height, Superoxide dismutase (SOD), Catalase (CAT) and  Peroxidase (POD) were 
measured. The rate of oxidative injury on growth, activities of antioxidant enzymes in relation to NaCl-stress 
were tested. Plant height decreased with increasing salinity. Between varieties in condition without salt, a 
significant differences in plant height was observed. Maximum plant height in SC704 with 126.7 cm was 
measured. With increasing salinity to 50 mM and 100mM, reduced leaf number in most varieties. Varieties 
k3653\2 in 50 mM salt was removed.  Maximum of leaf number was seen in SC302, that With Zaqatala, 
SC700,BC666, K3545\6 and SC301  were no significant differences. In concentration of 100 mM salt, 
Maximum and minimum leaf number was seen in SC301 with 10.33 and SC302 with 6 in plant respectively. 
With increasing salinity to 50 mM, reduced leaf area index in all varieties. Maximum leaf area index  in 50 
mmol, was seen in Zaqatala with451.6 cm2. In concentration of 100 mM salt, the maximum leaf area index  was 
found in sc700 with 343.7 cm2. which did not show significant difference with  sc704,Zaqatala and Sc301. With 
increasing salinity to 50 mM and 100mM, increased SOD in most varieties. Maximum of SOD in 50 mM, was 
seen in K3545/6 with 20.62 unit/min g fw, that With SC302 and Sc700 were no significant differences, But with 
other varieties had significant differences. In Concentration of 100 mM, there was no significant differences 
between varieties in ascorbate peroxidase (APX) enzyme. In this conditions Maximum and minimum amount of 
(APX) was seen In Sc704 with8.533 unit/min g fw and Bc666 with 3.898 unit/min g fw respectively. In 
Concentration of 100 mM, there was a significant difference between varieties in (CAT) enzyme. In this 
conditions Maximum and minimum amount of (CAT) was seen In Sc302 and Sc704 respectively. 
 
Key words: Antioxidant; Salt stress; Zea mays. 
 
Introduction 
 
 Plants in saline areas are often exposed to 
multiple abiotic stresses. High salinity is one of the 
most important abiotic stress factors limiting plant 
growth and productivity of a wide variety of crops 
[14,23,7]. Thus, increased soil salinity has become an 
increasingly important topic [15]. High exogenous 
salt concentrations cause ionic imbalance in the cells 
resulting in ion toxicity and osmotic stress [12,30]. 

 Involves changes in their morphology, 
physiology and metabolism [37]. Morphologically 
the most typical symptom of saline injury to plant is 
reduction of growth [6,23], which is a consequence 
of several physiological responses including 
modification of ion balance, water status, mineral 
nutrition, photosynthetic efficiency, carbon 
allocation and utilization [40,41,44,22]. Of the 
physiological and metabolic changes possibly 
occurring as response to salinity stress are the 
production of reactive oxygen species (ROS) such as 
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superoxide radicals (O2-), singlet oxygen (O-1), 
hydroxyl radicals (OH-) and concomitantly H2O2 
[32]. ROS have potential to interact with many 
cellular components, causing significant damage to 
membrane and other cellular structures, and 
consequently growth inhibition [42,16,2]. Some of 
the ROS are highly toxic and must be detoxified by 
cellular responses, if the plant is to survive and grow 
[19]. ROS scavenging depends on the detoxification 
mechanism, which may occur as a result of 
sequential and simultaneous action of a number of 
antioxidant enzymes, including catalase (CAT), 
peroxidase (POD), superoxide dismutase (SOD) and 
ascorbate peroxidase (APX). 
 Plants under stress display some defense 
mechanisms to protect themselves from the 
damaging effect of oxidative stress. Plants with high 
constitutive and induced antioxidant levels have 
better resistance to damage [37]. The scavenging of 
ROS is one among the common defense responses 
against abiotic stresses [43]. The degree of damage 
by ROS depends on the balance between the product 
of ROS and its removal by these antioxidant 
scavenging systems [12,26]. 
 A correlation between the antioxidant enzyme 
activity and salinity tolerance was demonstrated by 
comparison of tolerant cultivar with sensitive cultivar 
in several plants. The activities of these antioxidant 
enzymes were reported to increase under salinity 
stress and closely related to salt tolerance of many 
plants [5,27,7]. Superoxide dismutase (SOD; EC 
1.15.1.1) is located in various cell compartments and 
a major scavenger of superoxide radical (O2-). This 
enzyme converts O2- to H2O2, which is eliminated 
by ascorbate peroxidase (POD; EC 1.11.1.7) at the 
expense of oxidizing ascorbate to 
monohydroascorbate [28,31]. Hydrogen peroxide is 
also scavenged by catalase (CAT; EC 1.11.1.6) and 
peroxidase (POD) and converted into water and 
oxygen [33,9]. 
 Comparing the response of cultivars of the same 
species to salinity provides a convenient and useful 
tool for unveiling basic mechanisms involved in salt 
tolerance. Maize (Zea mays L.) is a main food and 
economical crop grown in the Mediterranean region 
and classified as a saltsensitive [29]. The response of 
maize cultivars antioxidant system to abiotic stress 
has been studied under drought [34] and salt stress 
[35,3,5]. However, studies related to the comparative 
analyses of NaCl-dependent antioxidant protection 
between tolerant and sensitive maize cultivars are 
still scarce. 
 The aim of this work was to study the 
comparative effects of different concentrations of 
salinity on growth,  antioxidant enzyme activities 
(e.g., CAT, SOD & APX) of eight maize cultivars to 
analyze the significance of these parameters in 
salinity stress tolerance and to assign the most 
tolerant of these cultivars to salinity stress. 
Comparison of these parameters in eight maize 

cultivars differing in salt tolerance may be helpful in 
developing a better understanding and provide 
additional information on the mechanisms of salt 
tolerance. 
 
Materials and Methods 
 
Plant material and growth conditions: 
 
 The experiment was carried out in 2009 in 
Ardabil Azad University Research Farm. 
Geographical coordinates 48° 30΄ east and 38° 15΄ 
north latitude and altitude of 1350 m from the sea. 
Physical and chemical properties of soils were 
analyzed before filling the pots. 
 Investigate the effects of salt stress on some 
physiological and morphological traits in eight 
varieties and three salinity levels, including K3615/1, 
S.C704, B73, S.C302, Waxy,K3545/6, K3653/2, and 
Zaqatala  and Zero (control), 50 and 100  mM NaCl 
in three replicates for the factorial experiment in 
randomized complete block design was carried out. 
Treatments were planted in pots. During the 
experiment, Leaf area per plant, Number of leaves, 
Plant height, Superoxide dismutase (SOD), Catalase 
(CAT) and Ascorbate Peroxidase (APX) were 
measured. Leaf area per plant was determined 
following the formula of Carleton and Foote. Leaf 
area (cm2) = maximum leaf length x maximum leaf 
width x 0.75 (0.75 = Correction factor). Number of 
leaves per plant was counted and average value for 
each treatment was calculated. 
 Plant height was measured in centimeters. For 
determination of antioxidant enzyme activities, fresh 
leaf samples (0.3 g) from control and treated plants 
were ground with liquid nitrogen, and suspended in 
specific buffer and pH for each enzyme extraction. 
The homogenates were centrifuged at 14.000 rpm for 
20 min at 4 °C and resulting supernatants were used 
for enzyme assay. Superoxide dismutase (SOD) 
activity was determined based on the inhibition of 
education of nitro-blue tetrazolium in the presence of 
riboflavin in the light at 560 nm as described by 
Giannopolitis and Ries [17]. A unit of SOD activity 
is defined as the amount of enzyme, which caused 
50% inhibition of the reaction in the absence of 
enzyme.  Catalase activity was measured 
titrimetrically [10], whereas, peroxidase activity was 
measured on colorimeter, using purpurogallin for 
standard curve [10]. The activity of APX was 
assayed according to [11]. The reaction mixture 
(3mL) contained 50 mM phosphate buffer (pH 7.0), 
0.5 mM ascorbic acid, 0.5 mM H2O2 and 0.1 mL 
enzyme extract. The reaction was started by the 
addition of H2O2. The activity of enzyme was 
assayed by measuring the decrease in absorbance at 
290 nm for 1 min of ascorbic as ascorbic acid 
oxidized. 
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Statistical Analysis: 
 
 Two factor completely randomized design 
(Analysis of variance technique) of the data was 
computed for all attributes by using the MSTAT 
Computer Program. Two factors were varieties and 
levels of salt treatments. The Duncan's New Multiple 
Range test at 5% level of probability was used to test 
the differences among mean values following Steel 
and Torrie [39]. 
 
Results and Discussion 
 
1- Analysis of Variance: 
 
 Analysis of variance table for the studied traits 
are shown in Table 1. For the traits ascorbate 
peroxidase, superoxide dismutase, leaf number, leaf 
area and plant height at different levels of salinity 
was a significant difference at 5% probability level. 
Between the varieties for catalase enzyme significant 
difference was seen in 1% probability level, But 
there was no significant interaction between varieties 
in salinity. In enzyme ascorbate peroxidase, 
significant differences were obtained between 
varieties in 1% level. But there was no significant 
interaction between varieties in salinity. In enzyme 
superoxide dismutase, significant differences were 
obtained between varieties in 1% level. But there was 
no significant interaction between varieties in 
salinity. . In traits leaf area and plant height, 
significant differences were obtained between 
varieties in 1% level.  The interactions between 
salinity in varieties for these traits were significant in 
5% probability level. Azooz et al [6] in the activity 
of antioxidant enzymes in maize Cultivar showed 
that in the control (no salt) with salinity levels 
significant differences was seen, but between salinity 
50, 100 150 and 200 differences were not significant. 
Coca et al, Atari et al, showed that superoxide 
dismutase activity in resistant varieties to salinity 
increases sharply.  
 
2- Means comparison: 
 
 Plant height decreased with increasing salinity. 
Between varieties in condition without salt, a 
significant difference in plant height was observed. 
Maximum plant height in SC704 with 126.7 cm was 
measured. This showed no significant difference with 
sc700, bc666 and sc301. Minimum plant height in 
K3653/2 with 53.33 cm was measured. With 
increasing salinity to 50 mM, reduced plant height in 
most varieties. Maximum plant height in 50 mmol, 
was seen in Zaqatala with111 cm. In concentration of 
100 mM salt, the maximum plant height was found 
in sc301 with 97 cm. which showed no significant 
difference with sc704. With increasing salinity to 50 
mM and 100mM, reduced leaf number in most 
varieties. Varieties k3653\2 in 50 mM salt was 

removed.  Maximum of leaf number was seen in 
SC302, that With Zaqatala, SC700, BC666, K3545\6 
and SC301 were no significant differences. In 
concentration of 100 mM salt, Maximum and 
minimum leaf number was seen in SC301 with 10.33 
and SC302 with 6 in plant respectively. Leaf area 
index decreased with increasing salinity. Between 
varieties in condition without salt, a significant 
differences in leaf area index was observed. 
Maximum leaf area index in SC700 with 502.3 cm2 
were measured. This showed no significant 
difference with Zaqatala, sc704, bc666 and sc301. 
Minimum leaf area index in Sc302 with 292.5 cm2 
were measured. With increasing salinity to 50 mM, 
reduced leaf area index in all varieties. Maximum 
leaf area index in 50 mmol, was seen in Zaqatala 
with451.6 cm2. In concentration of 100 mM salt, the 
maximum leaf area index was found in sc700 with 
343.7 cm2. Which did not show significant difference 
with sc704, Zaqatala and Sc301. Similar results were 
also reported by Iqbal et al. [21], Ashraf et al. [4], 
Khan et al. [26], Oncel and Keles [36] and 
Almodares et al. [1]. In the control condition, there 
was no significant difference between varieties in 
superoxide dismutase enzyme. In this conditions 
Maximum and minimum amount of SOD was seen 
In Sc302 and Sc704 respectively. With increasing 
salinity to 50 mM and 100mM, increased SOD in 
most varieties. Maximum of SOD in 50 mM, was 
seen in K3545/6 with 20.62 unit/min g fw, that With 
SC302 and Sc700 were no significant differences, 
But with other varieties had significant differences. 
In this condition minimum amount of SOD was seen 
In Sc704 with 4.318 unit/min g fw. In concentration 
of 100 mM salt, Maximum of SOD was seen in 
Zaqatala with 26.45 unit/min g fw, that With SC301 
and Sc700 were no significant differences, but with 
other varieties had significant differences. In this 
condition minimum amount of SOD was seen in 
Bc666 with 7.971 unit/min g fw.  
 In the control condition, there was a significant 
difference between varieties in ascorbate peroxidase 
(APX) enzyme. In this conditions Maximum amount 
of ascorbate peroxidase (APX) enzyme was seen In 
Sc302, which did not show significant difference 
with Sc301. Minimum (APX) were measured in 
Sc700. In Concentration of 50 mM, Maximum 
amount of ascorbate peroxidase (APX) in sc302 was 
obtained, that with the other varieties were 
significant difference. Varieties k3653\2 in 50 mM 
salt was removed. In Concentration of 100 mM, there 
was no significant difference between varieties in 
ascorbate peroxidase (APX) enzyme. In this 
conditions Maximum and minimum amount of 
(APX) was seen In Sc704 with8.533 unit/min g fw 
and Bc666 with 3.898 unit/min g fw respectively. 
 In the control condition, there was a significant 
difference between varieties in catalase (CAT) 
enzyme. In this conditions Maximum amount of 
catalase (CAT) enzyme was seen In Bc666 with 
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43.33 unit/min g fw, which did not show significant 
difference with Sc301with 35.22 unit/min g fw. 
Minimum (CAT) were measured in K3653\2 with 
2.493. In Concentration of 50 mM, Maximum 
amount of (CAT) in sc302 was obtained, which did 
not show significant difference with Zaqatala, Bc666 
and Sc301. In Concentration of 100 mM, there was a 
significant difference between varieties in (CAT) 
enzyme. In this conditions Maximum and minimum 
amount of (CAT) was seen In Sc302 and Sc704 
respectively. 
 
3- The correlation of traits: 
 
 A correlation between the antioxidant capacity 
and NaCl tolerance has been demonstrated in some 
plant species [18,13,20]. Several studies have pointed 
out that salt-tolerant species increased their 

antioxidant enzyme activities and antioxidant 
contents in response to salt treatment, whereas salt-
sensitive species failed to do so [12,38]. Between 
plant height and leaf area(0.841), leaf 
number(0.753), APX(0.458) were positive and 
significant correlation at the 1% level. Between plant 
height with catalase (0.296) were positive and 
significant correlation at the 5% level. Between 
catalase with SOD(0.234), leaf area(0.274) were 
positive and significant correlation at the 5% level 
and with leaf number(0.305), . Between catalase with 
SOD(0.234), proline(0.284), leaf area(0.274) were 
positive and significant correlation at the 5% level 
and with stem diameter(0.321), leaf number(0.305), 
LRWC(0.313), were positive and significant 
correlation at the 1% level.were positive and 
significant correlation at the 1% level. 

 

 

 

 

 
 
 
 
 



3956 
Adv. Environ. Biol., 5(13): 3952-3958, 2011 

 

Table 1: Analysis of variance of understudy characteristics in eight cultivars of the maize. 
 

S.O.V 
 

df 
Mean Square 

Leaf 
number 

Leafarea Catalase Ascorbate 
peroxidase 

plant height Superoxide 
dismutase 

 
 

Replication 
Salinity 

Genotype 
Salt*Genotype 

Error 

 
2 
2 
7 
14 
46 

 

 
12.065ns 

120.987** 
56.237** 
14.390** 

4.132 

 
6.927ns 

246.618** 

134.727** 

22.293* 

11.157 
 

 
5.492* 

0.122ns 

4.988** 

1.436ns 

1.572 
 

 
0.191ns 

1.264** 

0.591** 

0.198ns 

0.137 
 

 

1678.613** 
16049.472** 

7875.827** 
662.759* 
271.215 

 
3.281ns 

2.328** 

1.559** 

0.479ns 

0.485 
 

CV% 20.88 19.02 20.04 6.43 21.22 11.79 
*   significant difference in probability level of 5%                      ** significant difference in probability level of 1% 
 
Table 2: Comparing the average of understudy characteristics in eight cultivars of the maize. 

sa
li

ni
ty

 

variety plant height(cm) 
Superoxide 
dismutase 
Unit/ming fw 

Leaf 
number 

Ascorbate 
peroxidase 
Unit/ming fw 

Catalase 
Unit/ming fw 

Leafarea 

C
on

tr
ol

 

zaqatala 
Sc704 
Sc700 
K3653\2 
Sc302 
Bc666 
K3545\6 
Sc301 

107.3 bc 

126.7 a 

122.7 ab 

53.33 d 

100.7 c 

123.7 ab 

67.33 d 
114.3 abc 

 

6.044 a 

3.701 a 

7.021 a 

4.858 a 

10.06 a 

5.494 a 

9.914 a 
6.801 a 

 

11.67 a

11.33 a

11.33 a

11.00 a

12.67 a

12.67 a

12.67 a
11.33 a

7.794 cd 

9.464 cd 

6.681 d 

11.69 bc 

18.37 a 

8.908 cd 

10.35 cd 
15.59 ab 

9.963 b 

10.32 b 

7.833 b 

2.493 b 

3.560 b 

43.33 a 

14.95 b 
35.22 a 

 

468.3 a 

430.3 a 

502.3 a 

322.8 b 

292.5 b 

499.8 a 

311.9 b 
455.4 a 

 

50
m

M
 

zaqatala 
Sc704 
Sc700 
K3653\2 
Sc302 
Bc666 
K3545\6 
Sc301 

107.3 bc 

126.7 a 

122.7 ab 

53.33 d 

100.7 c 

123.7 ab 

67.33 d 
114.3 abc 

 

8.971  bcd  

4.318  cd  

14.59  ab  

0.000  e  

15.28  ab  

7.384  bcd  

20.62  a  
10.61  bc  

 

11.33  ab  

10.33  b  

11.00  ab  

0.000  c  

12.67  a  

10.67  ab  

12.00  ab  
12.00  ab  

 

7.794  b  

9.464  b  

7.238  b  

0.000  c  

16.42  a  

7.294  b  

6.124  b  
10.60  b  

21.70  ab  

7.750  bc  

9.480  bc  

0.0000  d  

30.07  a  

20.88  ab  

5.250  bc  
23.48  ab  

451.6  a  

429.6  ab  

425.8  ab  

0.000  d  

344.0  bc  

418.4  ab  

284.0  c  
283.0  c  

 

10
0m

M
 

zaqatala 
Sc704 
Sc700 
K3653\2 
Sc302 
Bc666 
K3545\6 
Sc301 

107.3 bc 

126.7 a 

122.7 ab 

53.33 d 

100.7 c 

123.7 ab 

67.33 d 
114.3 abc 

 

26.45  a  

8.641  cde  

18.59  ab  

0.000  f  

17.20  bc  

7.971  de  

14.00  bcd  
26.37  a  

 

6.933  cd  

9.333  ab  

8.667  abc  

0.000  e  

6.000  d  

8.000  bcd  

9.667  ab  
10.33  a  

 

8.258  a  

8.533  a  

6.404  a  
0.000  c 
6.124  a  

3.898  ab  

5.011  a  

7.794  a  

28.46  a  

2.123  c  

24.19  a  

0.000  d  

29.93  a  

21.60  ab  

5.650  bc  
27.52  a  

 

263.5  ab  

310.5  a  

343.7  a  

    0.000  e  

117.5  d  

214.0  bc  

130.3  cd  
263.9  ab  
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variety plant height(cm) 
Superoxide 
dismutase 
Unit/ming fw 

Leaf 
number 

Ascorbate 
peroxidase 
Unit/ming fw 

Catalase 
Unit/ming fw 

Leafarea 

C
on

tr
ol

 

zaqatala 
Sc704 
Sc700 
K3653\2 
Sc302 
Bc666 
K3545\6 
Sc301 

107.3 bc 

126.7 a 

122.7 ab 

53.33 d 

100.7 c 

123.7 ab 

67.33 d 
114.3 abc 

 

6.044 a 

3.701 a 

7.021 a 

4.858 a 

10.06 a 

5.494 a 

9.914 a 
6.801 a 

 

11.67 a

11.33 a

11.33 a

11.00 a

12.67 a

12.67 a

12.67 a
11.33 a

7.794 cd 

9.464 cd 

6.681 d 

11.69 bc 

18.37 a 

8.908 cd 

10.35 cd 
15.59 ab 

9.963 b 

10.32 b 

7.833 b 

2.493 b 

3.560 b 

43.33 a 

14.95 b 
35.22 a 

 

468.3 a 

430.3 a 

502.3 a 

322.8 b 

292.5 b 

499.8 a 

311.9 b 
455.4 a 

 

50
m

M
 

zaqatala 
Sc704 
Sc700 
K3653\2 
Sc302 
Bc666 
K3545\6 
Sc301 

107.3 bc 

126.7 a 

122.7 ab 

53.33 d 

100.7 c 

123.7 ab 

67.33 d 
114.3 abc 

 

8.971  bcd  

4.318  cd  

14.59  ab  

0.000  e  

15.28  ab  

7.384  bcd  

20.62  a  
10.61  bc  

 

11.33  ab  

10.33  b  

11.00  ab  

0.000  c  

12.67  a  

10.67  ab  

12.00  ab  
12.00  ab  

 

7.794  b  

9.464  b  

7.238  b  

0.000  c  

16.42  a  

7.294  b  

6.124  b  
10.60  b  

21.70  ab  

7.750  bc  

9.480  bc  

0.0000  d  

30.07  a  

20.88  ab  

5.250  bc  
23.48  ab  

451.6  a  

429.6  ab  

425.8  ab  

0.000  d  

344.0  bc  

418.4  ab  

284.0  c  
283.0  c  
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10
0m

M
 

zaqatala 
Sc704 
Sc700 
K3653\2 
Sc302 
Bc666 
K3545\6 
Sc301 

107.3 bc 

126.7 a 

122.7 ab 

53.33 d 

100.7 c 

123.7 ab 

67.33 d 
114.3 abc 

 

26.45  a  

8.641  cde  

18.59  ab  

0.000  f  

17.20  bc  

7.971  de  

14.00  bcd  
26.37  a  

 

6.933  cd  

9.333  ab  

8.667  abc  

0.000  e  

6.000  d  

8.000  bcd  

9.667  ab  
10.33  a  

 

8.258  a  

8.533  a  

6.404  a  
0.000  c 
6.124  a  

3.898  ab  

5.011  a  

7.794  a  

28.46  a  

2.123  c  

24.19  a  

0.000  d  

29.93  a  

21.60  ab  

5.650  bc  
27.52  a  

 

263.5  ab  

310.5  a  

343.7  a  

    0.000  e  

117.5  d  

214.0  bc  

130.3  cd  
263.9  ab  

 

*Within each column, same letter indicates no significant difference between treatments (p<0.05) 
 
Table 3: Simple Correlation between antioxidant enzyme and some growth characteristics in eight maize cultivars 

 Catalase APX SOD plant height Leaf number leafarea 

Catalase 1 0.098 0.234* 0.296* 0.305** 0.247* 

APX  1 0.058 0.458** 0.573** 0.356** 

SOD   1 0.037 0.198 0.085 

plant height    1 0.753** 0.841** 

Leaf number     1 0.711** 

**. Correlation is significant at the 0.01 level 
*. Correlation is significant at the 0.05 level 

 
Abbreviations: Ascorbate Peroxidase = APX; 
Catalase = CAT; Cultivars = cvs; Nitroblue 
tetrazolium = NBT; Reactive oxygen species = ROS; 
Superoxide Dismutase = SOD; Leaf area index=LAI 
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