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Antioxidant Responses of Two Barley Varieties to Saline Stress
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Abstract: Antioxidant enzymes are related to the resistance to various abiotic stresses including salinity. Barley
1s relatively tolerant to saline stress among crop plants, but little information 1s available on barley antioxidant
enzymes under saline stress. We investigated antioxidant responses of activities of Superoxide Dismutase
(SOD), Catalase (CAT), Ascorbate Peroxidase (APX) Andguaiacol Peroxidase (GPX) to saline stress in two
barley varieties named Hordewm vulgare L. var. Afzal and var. EMB82-12 treated with 50, 100, 200, 300, 400 mM
NaCl for 3 days. The MDA contact of Afzal plants grown under different salt regimes remained nearly constant
but it largely increased m EMB82-12 plants under the same conditions. There was a liner and significant
correlation in CAT, APX, SOD, GPX activities in Afzal plants in response to increased salt concentration. The
strong and positive correlation between antioxidant enzymes and salt concentrations, may account for the
MDA level of Afzal plants remaining constant in response to different salt regimes. In general, the activities
of antioxidant enzymes were increased n the root and shoot under saline stress. But the increase was more
significant and consistent in the root. Among the antioxidant enzymes, CAT activity was increased the most

drastically.
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INTRODUCTION

Increased use of fertile agricultural lands for human
activities other than crop production pushes crop
cultivation to less productive lands, including saline
areas. Plants in saline areas are easily exposed to multiple
abiotic stresses. Among these stresses, high salmity 1s
the most severe factor limiting plant growth in the areas.
Equipped with an array of enzymatic and non-enzymatic
antioxidant molecules to alleviate cellular damage caused
by Reactive Oxygen Species (ROS) (Foyer and Noctor,
2000; Apel and Hirt, 2004). Multiple antioxidant enzymes
systems are involved in the enzymatic scavenging of
ROS. Superoxide Dismutases (SOD) react with the
superoxide radical to produce H202. Hydrogen peroxide
15 scavenged by Catalases (CAT). Among peroxidases,
Ascorbate Peroxidases (APX) and Guaiacol Peroxidase
(GPX) which use ascorbate and a guaiacol electron
donors, respectively, are well known for their role m H202
detoxification m plants. A large body of evidence has
shown that the antioxidant enzyme systems are altered
under abiotic stresses, including salinity. The quantitative
and qualitative aspects of changes are often related to the
levels of resistance to salimty. In rice, the salt-tolerant
varieties have higher SOD activity and lower lipid
peroxidation than the salt-sensitive varieties (Dionisio-

Sese and Tobita, 1998). In tomato and citrus, salt-
tolerance 1s attributed to the increased activities of SOD,
APX and CAT (Gueta-Dahan et al., 1997, Mittova et al.,
2004). Further supporting evidence on the involvement of
antioxidant enzymes in salt tolerance has been provided
by transgenic plants with a reduced or an increased
expression of antioxidant enzymes. The antisense plants
with reduced CAT activity are hypersensitive to salt and
other oxidative stresses (Willekens ez al., 1997). Increased
protection to salt stress has been demonstrated by the
overexpression of cytosolic APX (Torsethaugen ef af.,
1997). Enhanced oxidative stress tolerance was also
observed in the plants overexpressing Fe- SOD (Van
Camp et al., 1996). Barley is relatively tolerant to salt
stress compared to other crop plants and considered to be
used at the early stage of cultivation trial of newly
acclimated tideland. Even though much supporting
evidence on the role of antioxidant enzymes in salt
tolerance 1s available, there 13 little information on barley
antioxidant enzymes under salimty stress.

MATERIALS AND METHODS

Plant materials and growth conditions: Tow
genotypes of Barley (Hordeun: vulgare 1..) were used: var.
Afzal and var. EMB82-12 which was obtained from the
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Agricultural Research Center of West Azerbaijan, Tran.
seeds were surface sterilized m 0.5% sodium hypochloride
solution for 20 min and grown in pots containing
Vermiculite. Plants were watered every second day using
half strength of Hoagland nutrient solution m controlled
growth room for 4 days (Hoagland and Arnon, 1938), then
seedlings were subjected to treatment with 50, 100, 200,
300, 400 mM NaCl for 3 days. Leaves and roots to be used
for biochemical determinations were frozen and stored in
liquid nitrogen immediately after harvest until enzyme
extraction.

Measurement of MDA content: MDA content was
measured using a 2-thiobarbituric acid reaction (Heath
and Packer, 1968). Thus 1 g of fresh tissue was
homogenized in 5 mL. of 5% (w v") trichloroacetic acid
and the homogenate was centrifuged at 10000 g fir 15 min
at room temperature. The supernatant was mixed with an
equal volume of 2-thiobarbutic acid (0.5% in 20% (w v ")
trichloroacetic acid) and the mixture was boiled for 25 min
at 95°C, followed by centrifugation for 5 min at 7500 g to
clarify the solution. Absorbance of the supernatant was
measured at 532 nm.

Determination of enzyme activity: The activities of
APX, CAT, GPX andSOD were determined
spectrophotometrically. APX activity was determined
following the oxidation of ascorbate to dehydroascorbate,
as described by Asada and Chen (1989). CAT activity was
assayed by measuring the conversion rate of hydrogen
peroxide to water and oxygen molecules (Beers and Sizer,
1952). GPX activity was determined following the
oxidation of guaiacol, as described by Upadhaya et al.
(1985). SOD activity was assayed by determining the
inhibition rate of nitroblue tetrazolium reduction with
xanthine oxidase as a hydrogen peroxide generating
agent (Obeley and Spitz, 1984). Assays were conducted
for the three-replicated treatments and the enzyme
activity and MDA content data were analyzed using the
SPSS program.

Statistical analyses: Mean values were calculated from
measurements of four replicates and the SE of the means
were determined. One-way ANOVA and Tukey HSD s
multiple range test (p<0.05) was applied to determine the
significance of the result between different treatments. All
statistical analyses were done using Statistical Package
for Social Sciences (SPSS) for Windows (version 13.0.0).

RESULTS
Effect of water stress on lipid peroxidation (MDA

content): MDA 13 one of the end products witch 1s
produced as a result of lipid peroxidation damage by free
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radicals. Tn two varieties, MDA content significantly
increased about 4 times in response to 400 mM NaCl
compared to control (Fig. 1). MDA content of Afzal plants
increased more than it of EMBR82-12 plants grown at same
NaCl levels. In two varieties, MDA content was in roots

more than shoot.

Effect of water stress on enzymes activities: Under saline
stress, protective enzymes (APX, CAT, GPX and SOD) in
barely roots and shoots increased in both varieties. APX
activity increased in response to increasing WNaCl
concentration of soil m two varieties andits activity was
4-folds higher in presence of 400 mM NaCl compared to
control (Fig. 2). APX activity in Afzal plants increased
more than that in EMB82-12 plants in the various NaCl
concentrations. The activity in the root was more than
that in the shoot. CAT activity in Afzal plants
significantly increased as increased in NaCl concentration
and plants.
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Fig 1: Effect of different NaCl concentrations on lipid
peroxidation (MDA content) in roots (a) and
shoots (b) of two barely cultivars. Results are
shown as meantstandard grown at 400 error
(p=0.05), obtained from four replicates
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Fig. 2: Effect of different NaCl concentrations on APX activity in roots (a) and shoots (b) of two barely cultivars. Results
are shown as meantstandard error (p<0.05), obtamed from 4 replicates
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Fig. 3: Effect of different NaCl concentrations on CAT activity in roots (a) and shoots (b) of two barely cultivars.

Results are shown as meantstandard error (p<0.03), obtained from 4 replicates
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Fig. 4. Effect of different NaCl concentrations on GPX activity in roots (a) and shoots (b) of two barely cultivars.
Results are shown as meantstandard error (p<0.05), obtained from 4 replicates
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Fig. 5. Effect of different NaCl concentrations on SOD activity in roots (a) and shoots (b) of two barely cultivars.
Results are shown as meantstandard error (p<0.03), obtained from four replicates

M NaCl showed greater CAT activity (more than 5-times
mncreased compared to control) andthe increase was same
in shoot and root (Fig. 3). In EMB&2-12 plants CAT
activity mncreased following various NaCl treatment. CAT
activity was increased in the root and shoot by the NaCl
treatment, but the activity m the root was about 2.5-times
higher than that in the shoot.

In two varieties, GPX activity increased in response
to increasing NaCl concentration, but the increase was
greater in Afzal plants. GPX activity was mcreased
significantly in the root and shoot by NaCl treatment
(Fig. 4).

SOD activity increased significantly in both varieties
n response to 400 mM NaCl andthe mcrease was greater
in Afzal (less than 7-times in Afzal and more than 6-times
m EMBRg2-12). SOD activity was increased m the root and
shoot under salt stress, but its respornse patterns were
variable in the tissues. The activity was in roots more than
shoot (Fig. 5).

DISCUSSION

The activities of barley antioxidant enzymes in both
varieties were increased in the root and shoot under the
NaCl stress. But the increase was more significant and
consistent i the root. The activities of SOD, CAT, APX
and GPX were increased significantly in the root in
response to increasing NaCl stress, indicating rapid
responses of antioxidant enzymes to salt stress in barley
roots. In glycophytes, the root 1s the primary site of salt
stress and the ability to maintain ion homeostasis and
redox potential 15 critical for the normal root growth and
function under saline stress andoften related to salinity
resistance (Greenway and Munns, 1980, Hasegawa et al.,
2000). The observations also strongly imply a possibility
that antioxidant enzyme systems are also utilized m barley
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to alleviate oxidative stress caused by salinity, thus
protecting the cells from oxidative damage. Detoxification
of excess ROS produced during stress is important to
reduce ROS-mduced membrane lipid peroxidation, enzyme
inhibition andnucleic acid damage (Mittler, 2002).
Enzymatic scavenging of ROS could be efficiently
achieved through the complex, but elaborate coordination
among the enzymes involved (Foyer and Noctor, 2000,
Apel and Hirt, 2004). The increased activities of the
antioxidant enzymes upon salt stress are often related to
the enhanced tolerance to salt stress (Gueta-Dahan et o,
1997, Mittova et al, 2004). Furthermore, each enzyme
showed specific quantitative and qualitative responses
under salt stress. The major ROS scavenging mecharnisms
of plants include SOD, APX and CAT (Mittler, 2002).
Increase of APX activity was relatively low compared with
that of CAT m the NaCl-treated barley root. A rapid and
continued increase in CAT activity might indicate that
CAT is a major enzyme detoxifying hydrogen peroxide in
barley under salt stress. Since ROS are produced through
the multiple pathways including the SOD reaction under
salt stress, over 2-fold higher increase in CAT activity
than in SOD could better contribute in maintaining
steady-state levels of cellular hydrogen peroxide. Also,
direct evidence from CAT-deficient mutant barley
demonstrates the essential role of CAT i stress
resistance of barley. The CAT-deficient barley plants
develop severe necrotic lesions and barely survive field
stress conditions (Acevedo et al., 2001).

REFERENCES

Acevedo, A, AD. Paleo and M.L. Federico, 2001.
Catalase  deficiency reduces survival and
pleiotropically affects agronomic performance in
field-grown barley progeny. Plant Sci., 160: 847-855.



Res. J. Biol. Sci., 3 (5): 486-490, 2008

Apel, K. and H. Hirt, 2004. Reactive oxygen species:
Metabolism, oxidative stress andsignal transduction.
Ann. Rev. Plant Biol., 55: 373-399.

Asada, K. and G.X. Chen, 1989. Ascorbate peroxidase in
Tea leaves occurrence of two 1sozymes and
differences 1in their enzymatic and molecular
properties. Plant Cell Phisiol., 30: 987-998.

Beers, R.F. and 1. Sizer, 1952. A spectrophotometric
method for measuring the breakdown of hydrogen
peroxide by catalase. J. Biol. Chem., 1: 95-133.

Dionisio-Sese, M.L. and S. Tobita, 1998. Antioxidant
responses of rice seedlings to salinity stress. Plant
Sei., 135:1-9.

Foyer, CH. and G. Noctor, 2000. Oxygen processing in
photosynthesis: Regulation and signaling. New
Phytol., 146: 359-388.

Greenway, H. and H. Mumns, 1980. Mechamsms of salt
tolerance in nonhalophytes. Ammu. Rev. Plant
Physiol., 31: 149-190.

Gueta-Dahan, Y., 7. Yaniv, B.A. Zilinskas and G. Ben-
Hayyim, 1997. Salt and oxidative stress: Similar and
specific responses and their relation to salt tolerance
in citrus. Planta, 203: 460-469.

Hasegawa, P.M., R.A. Bressan, J. K. Zhu and H. Bohnert,
2000. Plant cellular and molecular responses to lugh
salmity. Annu. Rev. Plant Mol Biol., 51: 463-499.

Heath, R.L. and L. Packer, 1968. Photoperoxidation in
1solated chloroplasts. Arch. Biochem. Biophys.,
125 189-198.

Hoagland, D.R. and D.I. Ammon, 1938. The water culture
method for growimng plant without soil. California
Agric. Exp. Station Circular, 3: 346-347.

490

Mittler, R., 2002. Oxidative stress, antioxidants and stress
tolerance. Trends Plant Sci., 7: 405-410.

Mittova, V., M. Guy, M. Tal and M. Volokita, 2004.
Salinity upregulates the antioxidative system in root
mitochondra and peroxisomes of the wild salt-
tolerant tomato species Lycopersicon pennellii. T.
Exp. Bot., 55: 1105-1113.

Obeley, L. W. and Spitz, D. R. 1984. Assay of superoxide
dismutase activity in tumor Methods
Enzymol., 105: 457-464.

Torsethaugen, G., L.H. Pitcher, B.A. Zilinskas and E.T.
Pell, 1997. Overproduction of ascorbate peroxidase in
the tobacco chloroplast does not provide protection
against ozone. Plan Physiol., 114 529-5337.

Upadhaya, A., D. Sankhla, T.D. Davis, N. Sankhla and
B.N. Smit, 1985. Effect of paclobutrazol on the
activities of some enzymes of activated oxygen
metabolism and lipid peroxidation in senscing
soybean leaves. Plant Physiol., 121: 453-461.

Van-Camp, W., K. Capiau, M. Van-Montagu, D. Inze and
L. Slooten, 1996. Enhancement of oxidative stress
tolerance in transgenic tobacco plants overproducing

tissue.

Fe-superoxide dismutase in chloroplasts. Plant
Physiol.,, 112: 1703-1714.
Willekens, H., 8. Chamnongpol, M. Davey,

M. Schraudner, C. Langebartels, M. Van-Montagu
and W. Van-Camp, 1997. Catalase 1s a sink for H202
and is indispensable for stress defense in C-3 plants.
EMBO I, 16: 4806-4816.



