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Effects of Drought Stress on the Lipid Peroxidation and

Antioxidant Enzyme Activities in Two Canola
(Brassica napus L.) Cultivars
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ABSTRACT

Drought is one of the most important abiotic stresses affecting plant growth and
development. In the present study, the changes in lipid peroxidation rate and antioxidant
enzyme activities were determined at different concentrations of PolyEthylene Glycol
(PEG) 6000 (0, 5, 10, and 15% (w/v)) for two canola cultivars (SLM046 and Hyola 308).
In order to produce water deficit, 12 days old canola seedlings were treated with PEG
6,000 in half strength Hoagland solution for 24 hours. PEG treatments increased the
content of Malondialdehyde (MDA), a product of lipid peroxidation, in roots and shoots
of both cultivars; but for Hyola 308 cultivar, the rate of increase of MDA was higher than
SLLM046 cultivar. In addition, drought did not have any significant effect on MDA content
in roots of SLM046 cultivar. On the other hand, water stress increased Superoxide
dismutase (SOD), Peroxidase (POD), Catalase (CAT) and Ascorbate peroxidase (APX)
antioxidant enzyme activities of both shoots and roots of the studied cultivars; but activity
of these antioxidants in SLM046 cultivar was obviously higher than in Hyola 308 cultivar.

These results showed a higher water stress tolerance for SLM046 cultivar.
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INTRODUCTION

After cereals, oil seeds are the second
source of food, and canola is the third source
of oil seeds crop in the world after palm oil
and soybean (FAO, 2011). In Iran, a large
amount of vegetable oil for human
consumption is imported and, hence,
cultivation and appropriate management of
oil seeds to enhance yield is very important.
Canola (Brassica napus L.) species is
considered as a relatively moderately
drought-sensitive species within which there
is certain variability towards drought
tolerance (Omidi, 2010). With 240 mm
annual average rainfall, Iran is considered as
an arid and semi-arid country. Water

scarcity, high evapotranspiration, and other
factors may cause several limitations in crop
production; therefore, research on the effects
of drought stress and selection of
appropriate  cultivars is  encouraged
(Moradshabhi et al., 2004; Tohidi-Moghadam
et al., 2009; Youssefi et al., 2011).

Drought is considered as one of the most
important environmental stresses limiting
plant growth and crop productivity (Terzi
and Kadioglu, 2006). Up to 45% of the
world agricultural lands are subject to
continuous or frequent drought stress,
wherein 38% of the world human population
resides (Ashraf and Foolad, 2007). In
addition, water-stressed plants could be
more sensitive to other biotic or abiotic
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stresses such as pathogen attack and weeds,
which limit plant productivity (Caruso et al.,
2008). Drought can be defined as the
absence of adequate soil moisture necessary
for a plant to grow normally and complete
its life cycle (Manivannan ef al., 2008).

Osmotic solutions are used to impose
water stress reproducibly under controlled
conditions. PEG molecules with a M,> 6,000
(PEG 6,000) are inert, non-ionic, and
virtually impermeable chains that have
frequently been used to induce drought and
maintain a uniform water potential
throughout the experimental period (Van
den Berg and Zeng, 2006). Increasing
evidences suggest that water stress induces
oxidative  stress in  various  plants
(Manivannan et al., 2008), including both
free radical (O,-, superoxide radicals; OH-,
hydroxyl radical; HO,-, perhydroxy radical
and RO-, alkoxy radicals) and non-radical
(molecular) forms (H,O,, hydrogen peroxide
and 'O,, singlet oxygen) (Gill and Tuteja,
2010), which can destroy proteins, lipids,
carbohydrates, and nucleic acids (Bian and
jiang, 2009). To survive under such
unfavorable growth conditions, plants have
developed unique defense mechanisms and
processes for acclimation that increases their
tolerance to detrimental conditions (Xu et
al., 2008).

One of the defense mechanisms against
different stresses is the antioxidant enzymes
production.  Numerous studies have
determined that the activity of antioxidant
enzymes is correlated with plant tolerance to
abiotic stresses, such as responses to drought
stress in wheat (Shao et al., 2007; Abdullah
and Ghamdi, 2009; Hasheminasab et al.,
2012), alfalfa (Wang et al., 2009), rice
(Sharma and Dubey, 2005; Qin et al., 2010)
chickpea (Mohammadi et al., 2011), and
ornamental plants such as marigold (Sedghi
et al., 2012), responses to salt stress in
maize (Benavente et al., 2004; Molazem and
Azimi, 2011) and wheat (Esfandiari et al.,
2007; Kabhrizi et al., 2012), responses to cold
stress in barley (Radyuk ef al., 2012) and
strawberry (Luo et al., 2011).
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In addition, the degree of damage by
Reactive oxygen species (ROS) depends on
the balance between the product of ROS and
its removal by this antioxidant scavenging
mechanism (Azooz et al., 2009). On the
other hand, it has been reported that
membrane of plant cells are subject to rapid
damage with increase in water stress. This
leakage of membrane is caused by an
uncontrolled enhancement of free radical,
which cause lipid peroxidation. Damage to
fatty acids of membrane could produce
small hydrocarbon fragments including
Malondialdehyde (MDA) (Moussa and Aziz,
2008). MDA is the final product of plant cell
membrane lipid peroxidation and is one
important sign of membrane system injury
(Cunhua et al., 2010).

Therefore, in the present study, relative
significance of antioxidant enzyme activities
and lipid peroxidation have been examined
in seedlings of drought-tolerant and drought-
sensitive canola cultivars (SLMO046 and
Hyola 308, respectively). Finally, the
varietal differences in response to drought
and the differences between shoots and roots
of seedlings have been determined.

MATERIALS AND METHODS

Plant Material and Drought Stress
Induction

Homogenous seeds of two cultivars of canola
(Brassica napus L.), namely, SLMO046
(drought-tolerant) and Hyola 308 (drought-
sensitive), were obtained from the Seed and
Plant Improvement Research Institute,
Karaj, Iran, and used for the experiments. These
two cultivars were selected among thirteen
cultivars (Talaie, OKP, PF, Zarfam, Opera,
Elite, Licord, SLM046, Hyola 401, Hyola 308,
RGS003, Hyola 60 and Modena) based on
germination percentage and speed in different
PEG 6,000 concentrations (0, -0.3, -0.5, -0.7
and -0.9 MPa) (data are not shown). The seeds
were surface sterilized with a 2,5% (v/v)
sodium hypochlorite (NaOCl) solution for 20
minutes, rinsed 4-8 times with distilled water to
remove NaOCI, and were then germinated in
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petri dishes on two wet layers of filter paper in
a controlled incubator at 25°C in darkness.
After 6 days, seedlings were transferred to the
containers with half strength Hoagland solution.
The containers were placed in a controlled
growth chamber under conditions of 16-hours
photoperiod; 410 mol m” s' PAR. The
temperature and relative humidity were,
respectively, 23+2°C and 70%. After 6 days
acclimatization, drought stress was imposed by
adding O (control), 5 (-0.05 MPa), 10 (-0.15
MPa) and 15% (-0.3 MPa) (w/v) of PEG 6,000
(At first, we used different concentrations
of PEG i.e. 0, 5, 10, 15, 20, 25% PEG, then,
three PEG concentrations were selected
based on plant viability. Both cultivars died
in the concentrations higher than 15%
PEG.) to the half strength Hoagland solution.
Each treatment was replicated three times.
Shoots and roots were harvested after 24 hours.

Estimation of Lipid Peroxidation

Lipid peroxidation was determined by
measuring MDA content (Vos et al., 1991).
To this end, 0.2 g of frozen shoot and root
samples were homogenized in 3 mL of
TCA solution (10% w/v) and the aliquots of
filtrates were heated in 0.25% TBA for 30
minutes and then cooled in ice bath. The
absorbance of solution was recorded at 532
nm followed by correlation for the
nonspecific absorbance at 600 nm. The
amount of MDA was determined according
to extinction coefficient of 155 mM ™ cm™.

Estimation of Antioxidant Enzymes

Shoot and root samples (0.2 g) were
homogenized in 3 mL. HEPES-KOH buffer
(pH 7.8) with 0.1 mM EDTA. The
homogenate was centrifuged at 15,000 rpm
for 15 minutes at 4°C. The supernatant was
used as a source of SOD enzyme.
Superoxide dismutase (SOD) activity was
measured by a photochemical method
(Giannopolitis and Reis, 1977). The
reaction mixture (3 mL) contained 0.1 mM
EDTA, 50 mM HEPES-KOH buffer (pH
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7.8), 50 mM Na,CO; (pH 10.2), 12 mM L-
methionine, 75 NBT, 300 pL enzyme
extract and 1 uM riboflavin. The
absorbance was read at 560 nm and one
unit activity of SOD was defined as the rate
of enzyme required to result in a 50%
inhibition of rate of NBT reduction. APX
activity was determined by the method of
Nakano and Asada (1981). Samples of 0.2
g were homogenized in 1 mL of 50 mM
Na-phosphate buffer (pH 7.8) containing
0.1 mM EDTA, 5 mM ascorbate, 5 mM
DTT, 100 Mm NaCl and 2% (w/v) PVP.
The homogenate was centrifuged at 15,000
rpm for 15 minutes at 4°C. The supernatant
was used as a source of enzyme. The
reaction was initiated by adding H,O, to a
solution with final concentration of 44 uM.
The decrease in absorbance was monitored
at 290 nm. The rate of APX was calculated
using the extinction coefficient of 2.8 mM™
cm™ and correction was done for the non-
enzymatic oxidation of ascorbic acid that
was obtained prior to addition H,O,. CAT
activity was measured by the method of
Cakmak and Horsrt (1991). The reaction
mixture consisted of 2.6 ml of 25 mM Na-
phosphate buffer (pH 6.8), 400 puL. of 10
mM H,0,, and 40 pL. of enzyme. The
decomposition of H,O, was followed by the
decline of absorbance at 240 nm. Activity
of POD was determined in a reaction
mixture, which consisted of suitable
amount of 28 mM guaiacol, 5 mM H,0,, 25
mM Na-phosphate buffer (pH 6.8) and
enzyme (Ghanati et al., 2002). Soluble
protein content was estimated by the
method of Bradford (1976), and BSA was
used as a standard.

Statistical Analysis

Statistical analysis was performed using
one-way analysis of variance (ANOV A) and
differences between the means were
compared by least-significant difference
Least-significant difference (LSD). P< 0.05
were considered as significant.
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RESULTS

Effect of Drought on Lipid Peroxidation

The lipid peroxidation levels in roots and
shoots of two canola cultivars were
determined as the content of MDA. The
level of MDA showed variation with PEG
treatments. In the shoots of SLM046 (Figure
1-a), the level of MDA gradually increased
with increasing PEG concentration, but
stress did not have any significant effect on
MDA content in the roots of this cultivar
(Figure 1-b). In contrast, drought stress
caused significant rise in MDA content in
the shoots and roots of Hyola 308 cultivar
(Figures 1-a and -b).

Effect of Drought on Antioxidant
Enzymes

In the present study, antioxidant enzyme
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Figure 1. Effect of different PEG concentrations
on MDA content in shoots (LSD 0.05= 0.025) (a)
and roots (LSD 0.05= 0.045) (b) of SLM046 and
Hyola 308 cultivars. Values represent the mean of
three replicates. Vertical bars indicate +SE.

596

activities were enhanced with increase in the
PEG concentration.

As shown in Figures 2-a and -b, PEG
treatments increased the activity of POD in
shoots and roots of both cultivars. But, the
POD activity of SLM046 shoots and roots
was higher than that of Hyola 308. However,
in the control conditions and in both
cultivars, POD activity in roots was higher
than in shoots.

We also observed that drought resulted in
higher SOD activity in shoots and roots of
both cultivars. The increases in SOD activity
in the 15% PEG treatment were 30 and 14%
in shoots of SLMO046 and Hyola 308,
respectively, as compared to their controls.
In brief, SOD activity in SLMO046 was
higher than Hyola 308, after PEG treatments
(Figures 3-a and -b).

Drought stress induced CAT activity in
both tissues of the two studied cultivars.
This enhancement was higher in SLM046
than Hyola 308 (Figures 4-a and -b). In the
shoots of SLMO046, 5 and 10% PEG
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Figure 2. Effect of different PEG concentrations
on POD activity in shoots (LSD 0.05=0.76) (a) and
roots (LSD 0.05= 0.04) (b) of SLM046 and Hyola
308. Values represent the mean of three replicates.
Vertical bars indicate +SE.
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Figure 3. Effect of different PEG
concentrations on SOD activity in shoots
(LSD 0.05= 6.22) (a) and roots (LSD 0.05=
10.86) (b) of SLMO046 and Hyola 308
cultivars. Values represent the mean of three
replicates. Vertical bars indicate +SE.

significantly increased CAT  activity
compared to the control, but there was no
significant difference between 5 and 15%
PEG treatments. On the other hand, the
decrease of water potential in 5% PEG
increased CAT activity compared to the
control in shoots of Hyola 308, but it did not
show significant difference with its activity
in 10% PEG. In addition, the increase in
PEG concentration to 15% decreased the
CAT activity in Hyola 308 and there was no
significant difference with the control. In the
roots of the two cultivars, 5% PEG treatment
significantly increased CAT activity, while
it did not have significant difference with
activity of CAT in 10 and 15% PEG
treatments.

PEG treatment resulted in a significant
increase in APX activity in shoots and roots
of both cultivars of canola (Figures 5-a and -
b). Enhancement of this enzyme in SLM046
was higher than in Hyola 308 under the
same conditions. As compared to the
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Figure 4. Effect of different PEG
concentrations on CAT activity in shoots (LSD
0.05= 116.41) (a) and roots (LSD 0.05= 336.37)
(b) of SLM046 and Hyola 308 cultivars. Values
represent the mean of three replicates. Vertical bars
indicate +SE.
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Figure 5. Effect of different PEG concentrations
on APX activity in shoots (LSD 0.05= 0.0009) (a)
and roots (LSD 0.05= 0.034) (b) of SLM046 and
Hyola 308 cultivars. Values represent the mean of
three replicates. Vertical bars indicate + SE.
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control, APX activity in both tissues of
SLM046 was continuously enhanced with
increasing PEG concentration. In shoot of
this cultivar, APX activity was raised 13.72,
19.11, and 28.47% in 5, 10, and 15% PEG
treatments, respectively. But, in Hyola 308,
the significant increase in APX activity was
only observed in 10 and 15% PEG
treatments in shoots and 15% PEG induced
stress in roots. The rates of increased APX
activity in shoots of Hyola 308 were 2.89,
4.84, and 9.45% at 5, 10, and 15% levels of
PEG, respectively.

DISCUSSION

Water deficit is one of the most important
abiotic stresses limiting crop growth and
productivity. Oxidative stress is regarded as
a major detrimental factor in plants exposed
to a variety of abiotic stresses including
drought (Sharma and Dubey, 2005). Plants
have evolved a wide range of defense
mechanisms to survive continuous assault by
an arsenal of biotic attacks as well as
constantly changing weather and other
environmental conditions (Shao er al.,
2006). Drought, due to its osmotic effect in
natural and agricultural habitats can induce a
wide number of responses such as growth
inhibition and synthesis of some non-toxic
compounds to enhance the osmotic potential
of the cell and thus allow metabolic
processes to continue to increase of some
antioxidant enzyme activities (Turkan et al.,
2005). In the present research, we observed
a significant difference in the MDA content
and antioxidant enzyme activities between
SLM046 and Hyola 308 cultivars under
PEG stress condition.

Lipid peroxidation has been associated
with  damages provoked by some
environmental stresses (Abdul Jaleel et al.,
2008). The rise in MDA content under
different stress conditions showed that
drought could induce membrane lipid
peroxidation by means of ROS (Moussa and
Aziz, 2008). In this sense, low concentration
of MDA have been associated with drought
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tolerance in tomato (Sanchez-Rodriguez et
al., 2010), cowpea (Nair et al., 2008), maize
(Bai et al., 2006; Moussa and Abdel-Aziz,
2008), and chickpea (Mohammadi et al.,
2011). In our experiment, SLM046, with
low concentration of MDA in different PEG
concentrations, showed more tolerance to
drought stress.

To cope with detrimental effects of
oxidative stresses under extremely adverse
conditions, plants have developed an
antioxidant defense system that includes the
antioxidant enzymes SOD, APX, POD, and
CAT. The levels of antioxidant enzymes are
higher in tolerant species than in sensitive
ones under various environmental stresses
(Wang et al., 2009). Accordingly, we
observed higher SOD activity in SLM046
compared to Hyola 308 cultivar under
drought stresses, which suggest that the
drought-tolerant canola cultivar possesses a
better reactive oxygen species scavenging
ability.

These results are in agreement with prior
reports revealing the increased SOD activity
in drought-tolerant cultivar of bean (Turkan
et al., 2005), sesame (Fazeli et al., 2007),
alfalfa (Wang et al., 2009), and horsegram
(Bhardwaj and Yadav, 2012). In addition,
Abedi and Pakniyat (2010) and Tohidi-
Moghadam et al., (2009) showed that SOD
activity was increased in some other canola
cultivars (Licord, Zarfam, and RGS003),
which might lead to their higher protection
against drought stress. SOD converts the
toxic O, radicals to H,O, which must be
scavenged to O, and water by the antioxidant
enzymes such as CAT, POD, and APX
(Ozkur et al., 2009).

Increase in POD activity under various
stress conditions has been linked with
protection  from  oxidative  damage,
lignifications, and cross-linking of cell wall
to prevent from such adverse conditions
(Moussa and Abdel-Aziz, 2008). In our
study, drought induced POD activity in roots
and shoots of both cultivars. However,
activity of this enzyme in SLM046 cultivar
was higher than Hyola 308 in the control
and stress conditions, suggesting a better
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antioxidant system for removing H,0O, by
POD. The increased POD activity during
water stress has been reported in
Arabidopsis thaliana (Jung, 2004), wheat
(Shao et al., 2007, Hasheminasab et al.,
2012), and other canola cultivars (Abedi and
Pakniyat, 2010).

APX scavenges peroxidase by converting
ascorbic acid to dehydroascorbate (Ozkur et
al., 2009). In our experiment, drought stress
increased APX activity in SLM046 cultivar
higher than in Hyola 308. Higher activity of
APX in SLMO046 suggests a more effective
H,0; removal in this cultivar. Similar results
were also reported in Okapi canola cultivar
compared to RGS cultivar (Omidi, 2010)
and other plant species such as wheat
(Abdullah and Ghamdi, 2009), olive tree
(Sofo et al., 2008), and Kentuky blugrass
(Bian and Jiang, 2009).

Catalase is an antioxidant enzyme that
scavenges H,O, in cells (Shao et al., 2007).
High activity of CAT indicated drought
tolerance in Catharanthus roseus (Abdul
Jaleel et al., 2008), tomato (Sanchez-
Rodriguez et al., 2010), alfalfa (Wang et al.,
2009), peanut (Akcay et al., 2010) and some
of the canola cultivars (Omidi, 2010; Tohidi-
Moghadam et al., 2009). Abedi and Pakniyat
(2010) reported that CAT activity was
decreased in all studied canola cultivars,
except in Licord and Zarfam as tolerant
cultivars. Therefore, they concluded that the
reduction of CAT activity was supposedly
due to the inhibition of enzyme synthesis,
change in the assembly of enzyme subunits,
or protein degradation under drought stress.
In the present research, CAT activity in
SLMO046 was higher than its activity in
Hyola 308 in different PEG concentrations.
The high activity of CAT in SLMO046
cultivar during drought stresses
demonstrated more ability of this cultivar to
decompose H,O, in stress conditions.

From the results of this experiment, it can
be concluded that low concentration of
MDA and higher antioxidant activity in
drought stress conditions lead to higher
water stress tolerance of SLM046 cultivar.
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