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ABSTRACT

Different responses of three maize (Zea mays L.) cultivars SC 129, SC 13 and SC 155 (differently susceptible to salinity
stress) in pot experiment were investigated. The rate of oxidative injury on growth, lipid peroxidation and activities of
antioxidant enzymes in relation to NaCl-stress were tested. The cv. SC 129 tolerated NaCl up to 100 mM and cv. SC13 up to
50 mM, whereas cv. SC 155 was markedly affected even at the lowest salinity level used. Moreover, the cv. SC 155 died at a
concentration higher than 200 mM NaCl. Concomitantly, the activity of antioxidant enzymes catalase, peroxidase, ascorbate,
peroxidase and superoxide dismutase in the salt-tolerant cultivars (cv. SC 129 & cv. SC 13) increased markedly during salinity
stress, while they were mostly decreased by salinity stress in the salt sensitive cultivar (cv. SC 155). Consequently, this led to a
marked difference in the behavior of lipid peroxidation in the three maize cultivars. We concluded that the activities of
antioxidant enzymes and lipid peroxidation were associated with the dry mass production and consequently with the salt
tolerance of the three maize cultivars.
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Abbreviations: Ascorbate Peroxidase = APX; Catalase = CAT,; Cultivars = cvs; Malondialdehyde = MDA Nitroblue
tetrazolium = NBT; Peroxidase = POD; Polyvinylpyrrolidone = PVP; Reactive oxygen species = ROS; Superoxide Dismutase

= SOD; Trichloroacetic acid = TCA
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 (Flowers, 2004; Jaleel et al.,
2007; Athar et al., 2008). Thus, increased soil salinity has
become an increasingly important topic (Flowers &
Flowers, 2005). High exogenous salt concentrations cause
ionic imbalance in the cells resulting in ion toxicity and
osmotic stress (Demiral & Turkan, 2005; Mandhania et al.,
2006).

The response of plants to excess salinity is complex
and involves changes in their morphology, physiology and
metabolism (Parida & Das, 2005). Morphologically the
most typical symptom of saline injury to plant is reduction
of growth (Azooz et al., 2004; Jaleel et al., 2008), which is a
consequence of several physiological responses including
modification of ion balance, water status, mineral nutrition,
photosynthetic efficiency, carbon allocation and utilization
(Sultana et al., 2002; Ismail, 2003; Taylor et al., 2004;
Yildirim et al., 2006). Of the physiological and metabolic

changes possibly occurring as response to salinity stress are
the production of reactive oxygen species (ROS) such as
superoxide radicals (O;), singlet oxygen (O7), hydroxyl
radicals (OH") and concomitantly H,O, (Misra & Gupta,
2006). ROS have potential to interact with many cellular
components, causing significant damage to membrane and
other cellular structures, and consequently growth inhibition
(Verma & Mishra, 2005; Agarwal & Shaheen, 2007; Gao et
al., 2008). Some of the ROS are highly toxic and must be
detoxified by cellular responses, if the plant is to survive and
grow (Gratdo et al., 2005). 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 (Parida & Das,
2005). The scavenging of ROS is one among the common
defense responses against abiotic stresses (Vranova et al.,
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2002). The degree of damage by ROS depends on the
balance between the product of ROS and its removal by
these antioxidant scavenging systems (Demiral & Turkan,
2005; Khan & Panda, 2008).

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 (Azevedo Neto et al., 2006; Koca
et al,, 2007; Athar et al., 2008). Superoxide dismutase
(SOD; EC 1.15.1.1) is located in various cell compartments
and a major scavenger of superoxide radical (O;). This
enzyme converts O, to H,O, which is eliminated by
ascorbate peroxidase (POD; EC 1.11.1.7) at the expense of
oxidizing ascorbate to monohydroascorbate (Lee et al.,
2001; Masood et al., 2006). Hydrogen peroxide is also
scavenged by catalase (CAT; EC 1.11.1.6) and peroxidase
(POD) and converted into water and oxygen (Mittler, 2002;
Chaparzadeh et al., 2004).

The level of lipid peroxidation, measured as
malondialdehyde (MDA) content, has been consider an
indicator of salt-induced oxidation in cell membranes and a
tool for determining salt tolerance in plants (Hernandez &
Almansa, 2002). Lipid peroxidation rate was found to
increase with increase of salt stress especially in sensitive
cultivars (Azevedo Neto et al., 2006; Arora et al., 2008).

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 salt-
sensitive (Maas & Hoffman, 1977). The response of maize
cultivars antioxidant system to abiotic stress has been
studied under drought (Mohammadkhani & Heidari, 2007)
and salt stress (Azevedo Neto et al., 2006; Nawaz & Ashraf,
2007; Arora et al., 2008). 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,
lipid peroxidation and antioxidant enzyme activities (e.g.,
CAT, POD, SOD & APX) of three 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 three
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. Seeds of maize

(Zea mays L.) cultivars (SC 129, SC 13 & SC 155) were
obtained from the breeding program of Agricultural
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Research Center, Dokky, Cairo, Egypt. Ten seeds of each
cultivar were sown in weighed plastic pot (100 g) containing
dried silt soil (1.5 kg). The pots were left to grow in a
growth chamber maintained at 35/28°C day/night (12 h)
temperature cycles and light intensity of 110 mol m?™ and
irrigated with water up to seedling stage. After a week, the
pots were watered with NaCl solution to the salinization
levels: 0 (control), 50, 100, 150, 200 and 250 mM. Three
replicates (pots) were prepared for each maize cultivar for
each salt treatment. The growing plants were daily irrigated
with water to reach the above desired salinity levels. After
15 days from NaCl treatment, the leaves were used in
analysis of enzymes. To determine the dry matter yields, the
freshly harvested organs (roots, stems & leaves) were dried
in an aerated oven at 80°C to constant weight.

Enzyme extraction. The samples were prepared as
described by Mukherjee and Choudhuri (1983). A leaf
sample (0.5 g) was frozen in liquid nitrogen and finely
ground by pestle in a chilled motor, the frozen powder was
added to 10 mL of 100 mM phosphate buffer
(KH,POL/K,HPO,) pH 7.0, containing 0.1 mM Na,EDTA
and 0.1 g of polyvinylpyrrolidone (PVP). The homogenate
was filtered through cheese cloth, centrifuged at 15000xg
for 10 min at 4°C. The supernatant was recentrifuged at
18000xg for 10 min; the supernatant was stored at 4°C for
catalase (CAT; EC 1. 11. 1. 6), peroxidase (POD; EC 1. 11.
1. 7), ascorbate peroxidase (APD; EC 1. 11. 1. 11) and
superoxide dismutase (SOD; EC 1. 15. 1. 1) assays.

Assays of Antioxidant Enzyme Activities

Assay of CAT activity. CAT activity was assayed in a
reaction solution (3 mL) contained 50 mM phosphate buffer
(pH 7.0), 30% (w/v) H,O, and 0.5 mL of enzyme extract
(Aebi, 1984). The reaction was started by the addition of
enzyme extract. The activity of catalase was estimated by
the decrease of absorbency at 240 nm for 1 min as a
consequence of H,O, consumed (Havir & McHale, 1987).
Assay of POD activity. CAT activity was determined
according to (Maehly & Chance, 1954) by the oxidation of
guaiacol in the presence of H,O,. The increase in
absorbance due to formation of tetraguaiacol was recorded
at 470 nm (Klapheck et al., 1990). The reaction solution was
3 mL containing 10 mM (KH,PO,/K,HPO,) pH 7.0, 10 mM
H,0,, 20 mM guaiacol and 0.5 mL enzyme extract.

Assay of APD activity. The activity of APD was assayed
according to (Chen & Asada, 1992). The reaction mixture (3
mL) contained 50 mM phosphate buffer (pH 7.0), 0.5 mM
ascorbic acid, 0.5 mM H,0, and 0.1 mL enzyme extract.
The reaction was started by the addition of H,O,. The
activity of enzyme was assayed by measuring the decrease
in absorbance at 290 nm for 1 min of ascorbic as ascorbic
acid oxidized.

Assay of SOD activity. SOD activity was measured
according to the method of Dhindsa et al. (1981). Three mL
of the mixture contained 13 mM methionine, 0.025 mM
nitroblue tetrazolium (NBT), 0.1 mM EDTA, 50 mM
phosphate buffer (pH 7.8), 50 mM sodium bicarbonate and
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0.5 mL enzyme extract. The reaction was started by adding
0.002 mM riboflavin and the tubes were shaken and placed
under two 15-W fluorescent lamps. Illumination was started
to initiate the reaction at 30°C. The reaction was allowed to
proceed for 15 min, stopped by switched off the lights and
covering the tubes with black cloth. The reaction medium
without enzyme developed maximal color, while the non-
irradiated reaction mixture served as blanks. Absorbance
was measured at 560 nm. One unit of SOD activity was
defined as the amount of enzyme causing 50% inhibition of
photochemical reduction of NBT.

All the enzyme activates were calculated and
expressed as unit min™ g™ fresh weight.
Determination of lipid peroxidation. The level of lipid
peroxidation was determined by measuring the amount of
MDA produced by the thiobarbituric acid (TBA) reaction as
described by Heath and Packer (1968). A fresh leaf sample
(0.5 g) was homogenized in 10 mL of 5% trichloroacetic
acid (TCA). The homogenate was centrifuged at 15000 x g
for 10 min. To 2 mL aliquot of the supernatant, 4 mL of
0.5% thiobarbituric acid in 20% TCA were added. The
mixture was heated at 95°C for 30 min and then quickly
cooled in an ice bath and centrifuged at 10, 000 x g for 10
min, the absorbance of supernatant was recorded at 532 and
600 nm. After subtracting the non-specific absorbance at
600 nm, the MDA content was calculated using its molar
extinction coefficient (155 mM™ cm™) and the results
expressed as nmol (MDA) g™ fresh weight.
Statistical analysis. The data of all experiments were
subjected to analysis by the least significance differences
test (L.S.D) using SPSS program.

RESULTS

The dry matter production of the different organs
(root, shoot & leaves) of the three maize cultivars differed in
their response to salinity stress (Table 1). Plants of cv. SC
129 and SC 13 tolerated salinity up to the level of 100 and
50 mM NaCl, respectively, and decreased gradually.
However, cv. SC 155 displayed a highly significant
reduction in dry matter of different organs at the most
salinization levels as compared with the control. Generally,
the growth of the salt-sensitive cultivar (SC 155) was
extensively inhibited already at NaCl concentration lower
than 250 mM NaCl. Moreover it was died at 250 mM NaCl.
In contrast, the salt tolerant cultivars (SC 129 & SC 13)
developed up to 250 mM NaCl.

In the salt tolerant cultivar (SC 129) CAT activity
increased sharply in relative to the control (Table II). In the
other salt tolerant cultivar (SC 13) this enzyme activity
increased gradually up to the level of 200 mM NaCl, while
at the highest level (250 mM NaCl), the activity reduced but
still higher than the absolute control. On the other hand, all
salinization levels induced a highly significant reduction in
CAT activity in the salt sensitive cultivar (SC 155). POD
activity in cv. SC 129 increased markedly at the most
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salinization levels as shown in (Table I1). Moreover, POD
activity increased with increasing NaCl stress in cv. SC 13
leaves. However, in cv. SC 155, POD activity significantly
decreased by the rise of salinity level.

The data indicated a highly significant increase in
SOD activity in the salt-tolerant cultivars (SC 129 & SC13),
while in the salt sensitive cultivar (SC 155), there is no
visible change in the activity of this enzyme at the most
salinization levels in comparing with control (Table IlI).
Enzyme extract from the leaves of three maize cultivars was
assayed for APX activity after exposure to different salinity
concentrations (Table I11). In cv. SC129, APX activity was
non-significantly changed with increasing NaCl salinity in
the soil; while in cv. SC13, APX activity increased
markedly up to the level of 200 mM NaCl, then it reduced at
the level of 250 mM NaCl, where the percent of reduction
was 28.7% of the control. However, in cv. SC155 leaves,
APX activity increased with increasing NaCl levels.

Lipid peroxidation as MDA content in the leaves of
three maize cultivars exhibited variation among the tested
maize cultivars (Table IV). There was a great variation
among the three maize cultivars even at the level of control,
indicating that the cultivars were genetically different. There
was insignificant change in MDA content up to the level of
200 mM NaCl in cv. SC 129, but at the level of 250 mM
NaCl, it reduced (about 10.2%) in comparing with the
control. In cv. SC 13, MDA content markedly increased up
to the level of 200 mM NacCl, then a significant reduction
was recorded (about 6.1%) at 250 mM NaCl. On the other
hand, salinity induced a highly significant increase in MDA
content in cv. SC 155 leaves up to the level of 150 mM
NaCl; thereafter a non-significant increase was recorded,
but still was higher than the control.

DISCUSSION

The results obtained in the present work clearly
demonstrated that the three maize cultivars (SC 129, SC 13
& SC 155) displayed distinct variation in salinity tolerance
during vegetative growth stage. Accordingly, we ranked the
three maize cultivars in order from most to least tolerant; SC
129 > SC 13 > SC 155. This reduction in growth might be
due to toxicity of the ions or low osmotic potential as well
as a decrease in wall extensibility (Grieve et al., 2001;
Haplerin & Lynch, 2003).

Tolerance to NaCl-stress in higher plants correlates to
the levels of antioxidant systems and substrates (Jahnke &
White, 2003; Koca et al., 2007; Athar et al., 2008). To
overcome the effects of salinity—induced oxidative stress,
plants make use of a complex antioxidant system. Relatively
higher activities of ROS-scavenging enzymes have been
reported in tolerant genotypes when compared to
susceptible ones, suggesting that the antioxidant system
plays an important role in plant tolerance against
environmental stress. Thus, genotypes respond differently to
various stresses as a result of variations in their antioxidant
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Table I. Effect of salinity treatment on dry matter production (g plant™) of maize cvs. SC129, SC 13 and SC155

Maize cultivars  NaCl (mM) Root % Stem % Leaves % Total %
0 0.272 100 0.160 100 0.266 100 0.698 100
50 0.232 85.3 0.153 95.6 0.267 100.4 0.652 934
100 0.225 827 0.131 81.9 0.234 88.0 0.590A 845
SC 129 150 0.152B 55.9 0.104B 65.0 0.167B 62.8 0.423B 60.6
200 0.075B 276 0.078B 4388 0.155B 58.3 0.308B 441
250 0.068B 25.0 0.045B 28.1 0.097B 36.5 0.210B 30.1
L.S.D. 5% 0.048 0.025 0.070 0.090
1% 0.068 0.036 0.098 0.127
0 0.294 100 0.176 100 0.230 100 0.700 100
50 0.261 88.8 0.162 92.0 0.230 100 0.653 93.3
SC13 100 0.196B 66.7 0.148 84.1 0.182A 79.1 0.526B 75.1
150 0.127B 432 0.098B 55.7 0.141B 61.3 0.365B 52.1
200 0.105B 357 0.070B 39.8 0.130B 56.5 0.305B 436
250 0.089B 30.3 0.067B 38.1 0.115B 50.0 0.271B 38.7
L.S.D. 5% 0.042 0.033 0.044 0.066
1% 0.059 0.046 0.062 0.092
0 0.178 100 0.129 100 0.222 100 0.529 100
50 0.091B 51.1 0.098A 76.0 0.133B 59.9 0.322B 60.9
100 0.091B 51.1 0.074B 57.4 0.112B 50.5 0.277B 524
SC 155 150 0.061B 343 0.062B 48.1 0.103B 46.4 0.226B 42.7
200 0.043B 242 0.057B 442 0.089B 40.1 0.189B 357
250 IE IE IE IE IE IE IE IE
L.SD. 5% 0.021 0.024 0.012 0.027
1% 0.031 0.035 0.018 0.038

Means values in each column which are significantly different (P = 0.05) are followed by A letter and the highly significantly different (P = 0.01) are

followed by B letter as compared with control (0.0 NaCl).
In this and rest of the tables, IE is Injurious effects; plants failed to survive

systems (Sairam et al., 2000; Mohammadkhani & Heidari,
2007; Nawaz & Ashraf, 2007). In the the present study,
SOD activity increased sharply in the salt tolerant cultivars
(SC 129 & SC 13), whereas, there was no visible increase in
this enzyme activity in the salt sensitive cultivar (SC 155).
SOD is the key enzyme in the active oxygen scavenger
system and considered to be the first line of defense against
ROS (Hamilton & Heckathorn, 2001). The significant
increase observed in SOD activity in both salt tolerant
cultivars (SC 129 & SC 13) suggested that the enzyme may
function as a ROS scavenger by converting O, to H,0,
(Alscher et al., 2002; Costa et al., 2005). This implied that
the tolerance of cv. SC 129 and SC 13 may be at least
partially associated with increased SOD activity.

The CAT and POD destroy the H,O, produced by
SOD and other reactions (Foyer et al., 1994). In this study,
CAT and POD activities increased markedly in the salt
tolerant cultivars (SC 129 & SC 13), while they reduced in
the sensitive one (SC 155). This showed that plants of cvs.
SC 129 and SC 13 were more efficient scavenger of H,0O,,
which may result in better protection against H,O,. POD is
thought to be involved in various plant processes, including
lignification (Hendriks et al., 1991), oxidation of phenolics
(Largrimini, 1991), regulation of cell elongation (Fry, 1986)
and detoxification of toxic compounds such as H,O,, which
are produced as a result of oxidative stress (Chaparzadeh et
al., 2004). Moreover, increasing body of evidence suggests
that high salinity levels induce oxidative stress (Savouré et
al., 1999). The present results showed that at the highest
salinization level (250 mM NacCl), CAT decreased but still
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Table 11. Effect of salinity on catalase and peroxidase
activities (unit min™ g fresh weight) of leaves of maize
cvs. SC 129, SC 13 and SC 155

NaCl Catalase (CAT) Peroxidase (POD)

(mM) SC129 SC13 SC155 SC129 SC13 SC155
0 233 248 381 243 2.09 4.60
50 6.16B  2.74 1.72B 285 3.60B 3.92
100 6.53B  2.88 1.70B 341B 3.60B 3.24A
150 6.58B 442B 1.64B 3.57B 460B 3.21A
200 6.64B 519B 1.58B 4.49B 538B 2.52B
250 7.70B 3.00 IE 2.84B 5.69B IE
LSDatsy, 153 097 0.55 068 0.67 1.24
LSD.atyy, 215 137 0.79 095 0.94 1.77

Means values in each column which are significantly different (P = 0.05)
are followed by A letter and the highly significantly different (P = 0.01)
are followed by B letter as compared with control (0.0 NaCl).

higher than the control in cv. SC 13. Also, POD activity
revealed the same trend in cv. SC 129. Moreover, in the salt
sensitive cultivar, CAT and POD activities were inhibited,
which might have resulted in H,O, accumulation, which
react with (O,) to produce hydroxyl-free radicals (OH") via
the Herbert-Weiss reactions (Elstner, 1982; Bowler et al.,
1992). The tolerance of some genotypes to environmental
stresses has been associated with higher activities of
antioxidant enzymes. For example, the wild NaCl-tolerant
species Lycopersicon pennellii had higher activities of SOD,
POD and CAT than the cultivated species L. esculentum
(Shalata & Tal, 1998). Costa et al. (2005) suggested that a
strong correlation between salt tolerance and POD activity
in sorghum genotypes. Agarwal and Shaheen (2007)
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Table I11. Effect of salinity on superoxide dismutase and
ascorbate peroxidase activities (unit min® g% fresh
weight) of leaves of maize cvs. SC 129, SC 13 and SC 155

NaCl Superoxide dismutase (SOD) Ascorbate peroxidase (APX)
(mM) SC129 SC13 SC155 SC129 SC13  SC155
0 1.08 248 329 2.36 157 0.84

50 494B 272B  3.62 2.26 172 1.23

100 525B 482B 357 244 2.30 1.62

150 548B 492B 352 263A 274A  178A
200 417B 581B  3.56 243 381B  1.94A
250 328B 548B IE 2.02 112 IE
LSDatsy 0.53 0.83 0.36 0.26 0.81 0.93
LSD.atiw, 0.74 116 052 0.36 141 1.38

Means values in each column which are significantly different (P = 0.05)
are followed by A letter and the highly significantly different (P = 0.01)
are followed by B letter as compared with control (0.0 NaCl).

Table 1V. Effect of salinity on malondialdehyde content
(nmol g™ fresh weight) of leaves of maize cvs. SC 129,
SC 13 and SC 155

NaCl Malondialdehyde content (MDA)

(mM) SC 129 SC13 SC 155
0 104.4 135.2 336
50 105.1 154.2B 56.8B
100 109.8 156.0B 54.2B
150 105.7 160.9B 43.9B
200 101.5 146.5A 38.7
250 93.7A 126.9 IE
L.S.D. at 14 7.9 14.4 8.3

Means values in each column which are significantly different (P = 0.05)
are followed by A letter and the highly significantly different (P = 0.01)
are followed by B letter as compared with control (0.0 NaCl).

reported that a higher CAT activity in Monordica charantia
was associated with tolerance of plant to NaCl.

The APX also destroyed the H,0,. It is worthy to
mention that APX reversed the above criteria of CAT and
POD in SC 155. This implied that the chemical defense
might be by APX in this cultivar. In contrast, the activity of
APX did not affect in plant resistance to oxidative stresses
in the two tolerant cultivars (SC 129 & SC 13).

Malondialdehyde is a product of peroxidation of un-
saturated fatty acids in phospholipids, and the level of lipid
peroxidation has been used as an indicator of free radical
damage to cell membranes under stress conditions.
Therefore, MDA has been widely used as selection to assess
salt injury as criterion in various plants (Jain et al., 2001;
Katsuhara et al., 2005; Jaleel et al., 2007). Lipid
peroxidation can occur in both chloroplasts and
mitochondria (Elstner, 1982; Bowler et al., 1992). Our
results indicated a great variation in the three maize cultivars
even at the level of control, substantiating that the three
cultivars were genetically different. The increase in the
MDA content at all salinity levels in cv. SC 155 may be due
to oxidative damage affecting both organelles (chloroplasts
& mitochondria). The lower MDA level at the highest
salinization level in salt tolerance cultivars (SC 129 & SC
13) than the control is important in terms of salt tolerance as
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represented in different studies (Ruiz et al., 2005; Koca et
al., 2007; Jaleel, et al., 2007), and confirming with their
tolerance to salinity stress at the highest level (250 mM
NaCl) compared to salt sensitive (SC 155), which died at
this level. Thus, it is likely that MDA plays important role in
salt tolerance of maize cultivars as reported by Azevedo
Neto et al. (2006), Khan and Panda (2008).

CONCLUSION

The maize cultivars in this study showed differential
responses in the activities of the four enzymes measured. It
seems that the scavenging system in salt tolerant cultivars
(SC 129 & SC 13) depended often on CAT, POD and SOD
activities, whilst in the salt sensitive cultivar (SC 155), the
chemical defense might be achieved by APX activity. Thus
the salt tolerance of these maize cultivars seems to be linked
to the activities of these antioxidant enzymes. The salt
tolerance of maize cultivars could induce antioxidative
enzyme system more efficiently, resulting in growth
suppression and lower lipid peroxidation under salinity
stress.
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