
Introduction

Maize (Zea mays L.) is one of the most important crops
both for human and animal consumption. This crop is cul-
tivated on more than 142 million ha of land worldwide and
it is estimated to produce around 913 million tons of grain
in 2012/13 [1], accounting for one third of total global grain
production [2]. In the current global climate change sce-
nario one expected threat is the increase in land salinization
[3]. Over 6% of the world’s land is affected by salinity and
its extent is increasing regularly throughout the world [4].

Nowadays, high salinity in soils is a very serious problem
for crop production because most of the cultivated plants
are sensitive to salt stress (glycophytes) [5]. Thus land
salinization is a major global issue because of its adverse
impact on agricultural productivity and sustainability, and
as a threat to the food supply. In arid and semiarid regions,
the issue is aggravated due to poor soil management prac-
tices together with limited rainfall, high evapotranspiration,
and high temperature [6].

One of the common responses to different environmen-
tal stresses, both abiotic and biotic, is the accelerated gen-
eration of reactive oxygen species (ROS), including
superoxide (O2

•¯), perhydroxy radical (HO2
•¯), hydrogen
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Salinity is one of the environmental limiting factors in agricultural production. For the aim of investi-
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and 100 mM increased SOD in most varieties. Maximum SOD in 50 mM was seen in K3545/6 with 20.62

unit/min g fw, that with SC302 and B73 were no significant differences, but with other varieties had signifi-

cant differences. In concentrations of 100 mM, there was no significant difference between varieties in ascor-

bate peroxidase (APX) enzyme. In these conditions maximum and minimum amount of (APX) was seen in

Sc704 with 8.533 unit/min g fw and K3615.1 with 3.898 unit/min g fw, respectively. In concentrations of 100

mM, there was a significant difference between varieties in (CAT) enzyme. In these conditions maximum and
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peroxide (H2O2), hydroxyl radical (OH•), alkoxy radical
(RO•), peroxy radical (ROO•), singlet oxygen (|O2), organic
hydroperoxide (ROOH), and so forth [7-10]. Accumulation
of ROS imposes ultimately oxidative stress, exacerbating
cellular damage [9, 11].

Thus, plants need to have appropriate detoxification sys-
tems to allow rapid removal of these compounds. They con-
stantly sense the level of ROS and reprogram their gene
expression to respond to changes in their environment [12].
The most common mechanism to detoxify ROS produced
during salt stress response is the induction of ROS-scaveng-
ing enzymes, such as superoxide dismutase (SOD) and cata-
lase (CAT) [9]. SOD converts O2

•¯ to H2O2 and then CAT
converts H2O2 to water and molecular oxygen in peroxi-
somes. A correlation between antioxidant capacity and NaCl
tolerance has been demonstrated in several plant species
[13]. Despite the several mechanisms developed by plants to
detoxify the excess of ROS production, most of the cultivat-
ed plants are glycophytes, and under high salinity in the soil
they cannot cope with the extra production of ROS [5].

Materials and Methods

Our study began in spring 2010 in a region of Ardabil
branch Islamic Azad university near Hassan Baroagh village
(geographical coordinates 48 and 30 of east length and 38
and 15 of north width with a height of 1,350 m a.s.l.). The
climate of this region is cold and semidry. It has a long dry
season, especially in summer. The soil of the region is clay
that is poor with respect to organic material. For the purpose
of investigating all factors, the analysis of soil was conduct-
ed to determine the limiting factors of growth in pot and to
be sure that there isn't any primary limit in EC (Table 1).

Eight cultivars of maize, including K3615/1, S.C704,
B73, S.C302, Waxy, K3545/6, K3653/2, and Zaqatala on
zero salinity level (control), 50, 100, and 150 mM of chlo-
ride sodium were cultivated on pot coincidently of the form
of factorial test on 3 replications. For the aim of growth lim-
iting factors determination, the percent of its juice was
determined and the amount of the needed salt to reach to
investigate salinity was calculated using saltcalc software.
To do the test we used plastic pots, all of which were filled
with leaf soil and sandy soil and fertilizer and cultivated soil
by the ratio of 3:2:2:1. The bottoms of the pots were pierced
for drainge, and a thin layer of clay was used. To avoid
decreasing salt content all pots were placed in another con-
tainer simultaneously with doing the cultivated salinity. The
cultivation was done on 3.5.2010. Irrigation was conducted

in normal environmental conditions. Among the growth
period, handle weeding was conducted to avoid the growth
of loose grasses. We used fertilizers twice in this period
considering the feeding needs of the plants in pot condition,
in all pots. 

During the experiment, leaf relative water content
(LRWC), superoxide dismutase (SOD), catalase (CAT), and
ascorbate peroxidase (APX) and proline were measured. 

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 specif-
ic buffer and pH for each enzyme extraction. The
homogenates were centrifuged at 14,000 rpm for 20 min. at
4ºC and resulting supernatants were used for enzyme assay.
Superoxide dismutase (SOD) activity was determined
based on the inhibition of education of nitro-blue tetrazoli-
um in the presence of riboflavin in the light at 560 nm as
described by Giannopolitis and Ries [14]. 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 by the
Chance and Maehly method [15], whereas peroxidase
activity was measured on a colorimeter using purpurogallin
for standard curve. The activity of APX was assayed
according to Chen and Asada method [16]. The reaction
mixture (3 mL) 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.

Photosynthetic pigments (chlorophyll a and b) were
measured using the method of Arnon [17] and Ashraf [18]
in fresh leaf samples, a week before the harvest. One plant
per replicate was used for chlorophyll determination. Prior
to extraction, fresh leaf samples were cleaned with deion-
ized water to remove any surface contamination. Leaf sam-
ples (0.5 g) were homogenized with acetone (80% v/v), fil-
tered, and made up to a final volume of 5 ml. Then the solu-
tion for 10 minutes away in 3,000 (rpm) centrifuged.
Pigment concentrations were calculated from the
absorbance of extract at 663 and 645 nm using the formula
given below:
a) Chlorophyll a (mg/g FW) = [12.7×(A663) – 2.69×

(A645)]×0.5
b) Chlorophyll b (mg/g FW) = [22.9×(A645) – 4.69×

(A663)]×0.5
c) Chlorophyll a+b (mg/g FW) = [20.2×(A645) – 8.02×

(A663)]×0.5
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Table 1. Chemical and physical characteristics of the experimented pot soil.

% Pwp % FC % Silt % Sand % Clay
Potassium

ppm
Phosphorus

ppm

%
Organic
carbon

%
Organic
carbon

% of 
neutral
respon-
dends

The total
acidicy
of satu-
rated

Ec
Mmols/

cm
% SP

18 30 36 15 49 453 9.3 0.091 0.86 13.3 7.8 0.52 46



Free proline accumulation was determined using the
method of Bates et al. [19]. 0.04 gram dry weight of leaves
was homogenized with 3% sulfosalicylic acid and after 72
h that proline was released; the homogenate was cen-
trifuged at 3,000 g for 20 min. The supernatant was treated
with acetic and acid ninhydrin, boiled for 1 hour, and then
absorbance at 520 nm was determined by a Uv-visible
spectrophotometer.

Leaf relative water content (LRWC) was calculated on
the basis of the Yamasaki and Dillenburg method [20]. Two
leaves were randomly chosen from middle parts of the
plants in each repetition. At first, leaves were separated
from the stems and their fresh masses (FM) were calculat-
ed. In order to measure the saturation mass (TM), they were
placed into the distilled water in closed containers for 24
hours at 22ºC for the purpose of reaching their greatest
amount of saturation mass, and then they were weighed.
Then leaves were placed inside the electrical oven for 48
hours under at of 80ºC and the dry mass of the leaves (DM)
was obtained (DM). All of the measurements were done by
scales with 0.001g accuracy and were placed into the fol-
lowing formula: 

LRWC (%)= [(FM – DM)/(TM – DM)] ×100

Statistical analysis of the data was done on the basis of
randomized complete block design. The average of atten-
dances was calculated on the basis of Duncan method at 5%
probability level.

Result and Discussion

Analysis of variance for the studied traits are shown in
Table 2. For the traits ascorbate peroxidase, superoxide dis-
mutase, chlorophyll a, chlorophyll b, and LRWC at differ-
ent levels of salinity were a significant difference. Azooz et
al. [21] in the activity of antioxidant enzymes in maize
Cultivar showed that in the control (no salt) with salinity
levels significant differences was seen [21]. Drought and
salinity stresses are two of the most important environmen-
tal factors limiting plant growth and productivity world-
wide [22]. The tolerance to salinity or water stress could be
related to different genetically determined capacity of
plants to cope with oxidative stress events [23]. Therefore,
the identification of physiological and biochemical compo-
nents of the antioxidative defense system, which have the
potential to confer drought or salinity tolerance, could be
essential for the characterization of stress-tolerant plant
species [24].
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Table 2. Analysis of variance of understudy characteristics in eight cultivars of maize.

SOV DF

Mean Square

Chlorophyll a LRWC Chlorophyll b Catalaz
Ascorbate 
peroxidase

Proline
Superoxide 
dismutase

Replication 2 0.001ns 471.911ns 0.001ns 5.492* 0.191ns 31.179ns 3.281ns

Salinity 2 0.007** 3054.333** 0.002* 0.122ns 1.264** 2.356ns 2.328**

Genotype 7 0.001* 3186.795** 0.0001ns 4.988** 0.591** 95.916** 1.559**

Salt×Genotype 14 0.0001ns 865.230** 0.001ns 1.436ns 0.198ns 70.857** 0.479ns

Error 46 0.0001 293.617 0.001 1.572 0.137 22.279 0.485

% CV 0.35 23.89 1.26 20.04 6.43 25.20 11.79

* Significant difference in probability level of 5%, ** significant difference in probability level of 1%

                
Fig. 1. Diagram of physiological characteristics in eight cultivars of the maize under salinity.
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Activities of both CAT and SOD showed dramatic
increases in plants under moderate salt stress (150 mM NaCl)
compared with control, similar to findings by Barakat [25].

Between the varieties for catalase enzyme, chlorophyll
a, LRWC, ascorbate peroxidase, superoxide dismutase, and
proline, significant difference was seen in 1% probability
level, but there was significant difference in interaction
between varieties in salinity for only proline and LRWC. In
enzyme ascorbate peroxidase, significant differences were
obtained between varieties at the 1% level. But there was
no significant interaction between varieties in salinity. 
In enzyme superoxide dismutase, significant differences
were obtained between varieties at the 1% level. But there
was no significant interaction between varieties in salinity. 

Comparing the average of understudy characteristics
are shown in Table 3. In the control condition, there was no
significant difference between varieties in superoxide dis-
mutase enzyme. In these conditions maximum and mini-
mum amounts of SOD were seen in Sc302 and Sc704,
respectively. With increasing salinity to 50 mM and 100
mM, increased SOD in most varieties (Fig. 1). Tuna et al.
[26] in effect of gibberellic acid and salinity on antioxidants
and growth parameters on corn plant showed that with
increasing salt concentration, a significant decrease in dry
weight, relative amount of chlorophyll, and leaf water con-
tent was seen.

Maximum of SOD in 50 mM, was seen in K3545/6 with
20.62 unit/min g fw, that with SC302 and B73 were no sig-
nificant differences, but with other varieties had significant
differences. In this condition a minimum amount of SOD

was seen in Sc704 with 4.318 unit/min g fw. Koca et al. [27]
and Athar et al. [28] showed that superoxide dismutase
activity in resistant varieties to salinity increases sharply.

In concentration of 100 mM salt, maximum of SOD
was seen in Zaqatala with 26.45 unit/min g fw, that with
Waxy and B73 there were no significant differences, but
other varieties had significant differences. In this condition
a minimum amount of SOD was seen in K3615.1 with
7.971 unit/min g fw. In the control condition, there was a
significant difference between varieties in ascorbate perox-
idase (APX) enzyme. In these conditions maximum
amount of ascorbate peroxidase (APX) enzyme was seen in
Sc302, which did not show a significant difference with
Waxy. Minimum (APX) were measured in B73. In concen-
tration of 50 mM, maximum amount of ascorbate peroxi-
dase (APX) in sc302 was obtained, that with the other vari-
eties saw a 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 these conditions maximum
and minimum amounts of (APX) were seen in Sc704 with
8.533 unit/min g fw and K3615.1 with 3.898 unit/min g fw
(Fig. 2).

In the control condition there was a significant differ-
ence between varieties in catalase (CAT) enzyme. In these
conditions maximum amount of catalase (CAT) enzyme
was seen in K3615.1 with 43.33 unit/min g fw, which did
not show a significant difference with Waxy with 35.22
unit/min g fw. Minimum (CAT) were measured in K3653\2
with 2.493. In concentrations of 50 mM, maximum amount

                       

                       
Fig. 2. Diagram of physiological characteristics in eight cultivars of the maize under salinity.
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of (CAT) in sc302 was obtained, which did not show a sig-
nificant difference with Zaqatala, K3615.1, and Waxy. 
In concentrations of 100 mM, there was a significant dif-
ference between varieties in (CAT) enzyme. In these condi-
tions maximum and minimum amounts of (CAT) were seen
in Sc302 and Sc704, respectively. In normal conditions,
between variety, in terms of chlorophyll a, chlorophyll b,
and leaf relative water content was not significantly differ-
ent. Reduced chlorophyll content during stress recorded
under the present investigation confirmed the harmful
effects of ROS on photosynthetic pigments and ultimately
on photosynthesis. This is in line with results reported in
sunflower [29], rice [30], bean [31], maize [32], and wheat
[33]. In normal conditions the maximum proline content in
K3653.2 obtained with K3545.6 showed no significant dif-
ference. Proline content increased significantly under

drought and severe salt stress conditions in A. altissima
seedlings, supporting its role as a protective agent under
oxidative stress conditions [34].

Simple correlation between antioxidant enzyme and
some growth characteristics shown in Table 4. Between cata-
lase with SOD (0.234) and proline (0.284) we found positive
and significant correlation at the 5% level. Significant posi-
tive correlation between proline with ascorbate peroxidase,
catalase, and superoxide dismutase were observed. Between
leaf relative water content with antioxidant enzymes and
proline significant positive correlation was calculated.
Between chlorophyll with ascorbate peroxidase and leaf rel-
ative water content, a significant positive correlation was
computed. Significant positive correlation between ascor-
bate peroxidase, with leaf relative water content, proline, and
chlorophyll a and b were calculated. Although these correla-
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Salinity Cultivar
Chlorophyll b

mg/gfw
LRWC

%
Chlorophyll a

mg/gfw

Superoxide
dismutase 

Unit/ming fw

Proline 
µmol/gFw

Ascorbate 
peroxidase 

Unit/minq fw

Catalase 
Unit/minq fw

Control

Zaqatala 0.1933 a 77.51 a 0.4900 a 6.044 a 298.9 c 7.794 cd 9.963 b

Sc704 0.3100 a 82.21 a 0.4867 a 3.701 a 378.5 bc 9.464 cd 10.32 b

B73 0.1833 a 85.41 a 0.4633 a 7.021 a 237.3 c 6.681 d 7.833 b

K36532 0.2800 a 78.43 a 0.4533 a 4.858 a 602.0 a 11.69 bc 2.493 b

Sc302 0.1667 a 82.72 a 0.4900 a 10.06 a 236.4 c 18.37 a 3.560 b

K3615.1 0.3733 a 81.92 a 0.5933 a 5.494 a 268.1 c 8.908 cd 43.33 a

K35456 0.3800 a 82.06 a 0.5100 a 9.914 a 482.9 ab 10.35 cd 14.95 b

Waxy 0.4167 a 77.30 a 0.4367 a 6.801 a 268.5 c 15.59 ab 35.22 a

50 mM

Zaqatala 0.3233 abc 84.36 a 0.2400 bc 8.971 bcd 574.0 a 7.794 b 21.70 ab 

Sc704 0.5167 a 86.07 a 0.1133 cd 4.318 cd 325.1 b 9.464 b 7.750 bc 

B73 0.2233 bcd 87.55 a 0.2233 bc 14.59 ab 325.6 b 7.238 b 9.480 bc 

K36532 0.0000 E 0.000 b 0.010 e 0.000 e 0.000 c 0.000 c 0.00 d 

Sc302 0.3833 ab 84.01 a 0.2300 bc 15.28 ab 471.8 ab 16.42 a 30.07 a 

K3615.1 0.2867 abc 82.78 a 0.5333 a 7.384 bcd 304.4 b 7.294 b 20.88 ab 

K35456 0.1867 bcd 88.97 a 0.2633 bc 20.62 a 426.8 ab 6.124 b 5.250 bc 

Waxy 0.09333 cd 86.82 a 0.3933 ab 10.61 bc 337.1 b 10.60 b 23.48 ab 

100
mM

Zaqatala 0.1367 ab 76.79 a 0.0966 abc 26.45 a 533.1 ab 8.258 a 28.46 a 

Sc704 0.02333 b 71.72 ab 0.0900 bc 8.641 cde 461.7 abc 8.533 a 2.123 c 

B73 0.1467 ab 79.28 a 0.2367 ab 18.59 ab 397.3 bc 6.404 a 24.19 a 

K36532 0.0000 c 0.000 d 0.0100 d 0.000 f 0.000 d 0.000 c 0.000 d 

Sc302 0.03333 b 55.56 bc 0.1700 abc 17.20 bc 537.0 ab 6.124 a 29.93 a 

K3615.1 0.1733 ab 57.10 bc 0.2833 a 7.971 de 312.6 c 3.898 ab 21.60 ab 

K35456 0.02000 b 51.31 c 0.1633 abc 14.00 bcd 584.4 a 5.011 a 5.650 bc 

Waxy 0.2967 a 81.39 a 0.2800 a 26.37 a 375.4 bc 7.794 a 27.52 a 

Table 3. Comparing the averages of understudy characteristics in eight cultivars of maize.

* significant difference in probability level of 5%, ** significant difference in probability level of 1%



tions between pigment content and antioxidant capacity
were higher than those reported by Zilic et al. [35], these
authors also found that a higher content of pigments in the
maize kernel contributes to their higher antioxidant capacity.
Other authors have also found that dark color is associated
with higher antioxidant capacity [36, 37].

Abbreviations

Ascorbate peroxidase – APX 
Catalase – CAT
Nitroblue tetrazolium – NBT
Reactive oxygen species – ROS 
Superoxide dismutase – SOD
Leaf relative water content – LRWC
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