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Abstract

The objective of this study was to investigate the effect of exogenous selenium (Se) supply (0, 2, 4, 8, 16 uM) on the growth,
lipid peroxidation and antioxidative enzyme activity of 100 mM NaCl-stressed melon (Cucumis melo L.) seedlings. Salt stress
significantly reduced the growth attributes including stem length, stem diameter, dry weight and increased antioxidative enzyme
activity [superoxide dismutase (SOD), peroxidase (POD), catalase (CAT)]. Moreover, the plant exhibited a significant increase in
electrolyte leakage and malondialdehyde (MDA) content under NaCl stress. Se supplementation not only improved the growth
parameters but also successfully ameliorated the adverse effect caused by salt stress in melon seedlings. However, the mitigation
of NaCl-stressed seedlings was different depending on the Se concentration. At lower concentrations (2-8 uM), Se improved
growth and acted as antioxidant by inhibiting lipid peroxidation and increasing in SOD and POD enzymes activity under salt
stress. At higher concentrations (16 uM), Se exerted diminished beneficial effects on growth. Whereas CAT activity was enhanced.
The result indicated that Se supplementation had a positive physiological effect on the growth and development of salt-stressed

melon seedlings.
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Introduction

Salt stress is a major abiotic stress reducing the productiv-
ity of crops in many areas of the world, despite the advanced
management techniques developed in recent years [1]. Salt-
induced ion toxicity, nutritional disruption and water deficit
lead to the overproduction of reactive oxygen species (ROS)
(2], such as superoxide (O,) hydrogen peroxide (H,0,), and
hydroxyl radical (-OH) [3]. Plants possess an antioxidant
system to mitigate the negative effects of ROS [4]. This system
evolves enzymatic and non-enzymatic antioxidants, of which
antioxidant enzymes include superoxide dismutase (SOD),
catalase (CAT), peroxidase (POD) and other enzymes of the
ascorbate-glutathione cycle [5].

However, notwithstanding considerable effort over decades,
there is no significant progress on preventing negative effects
of salt stress. Selenium (Se) is an essential micronutrient and
has important benefits for humans and animals nutrition [6]
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and has been recognized to ameliorate the adverse effects of
stress by improving antioxidant activity that can stimulate plant
growth [7]. Many reports have shown that Se can have a hopeful
influence on plant and may play a role in plant protection from
several types of abiotic stresses, such as salt [8,9], chilling [10],
and heavy metals [11]. However, it is not known if exogenous Se
treatment also induces salt stress tolerance in melon (Cucumis
melo L.) seedlings. Thus, the aim of the present study was to
investigate the effectiveness of Se application in the alleviation
of salt stress by ameliorating plant growth, the level of lipid
peroxidation and enzymes activities.

Material and methods

Plant materials, growth conditions and treatments

Seeds of melon (Cucumis melo L.) were purchased from
Hefei agriculture market. Seeds were sown on growth medium
containing a mixture of peat and vermiculite (7:3, v:v) in green-
house. When the first true leaf was fully expanded, seedlings
were grown in Hoagland’s nutrient solution [Ca(NO,),-4H,0
4 mM, KNO, 6 mM, NH,H,PO, 1 mM, MgSO,.7H,0
2 mM, Na Fe-EDTA 81 uM, FeSO, 99 uM, H,BO, 46 uM,
MnCl,-4H,0 9 uM, ZnSO,-7H,0 0.77 uM, CuSO,-5H,0 0.32
uM, (NH,) Mo,O, -4H,0 0.02 uM]. There were 8 seedlings
per 101 pot. The nutrient solutions were aerated continuously
with an air bubbler. The growth conditions were as follows:
photoperiod of 14/ 10 h (day/night), temperature of 25/ 17°C
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(day/night), and the maximal photosynthetic photon flux
density of 600 pmol m=s™".

When the third true leaves were fully expanded, seedlings
were employed to treatments. Detailed treatments were as
follows: Control (T0), 100 mM NaCl + 0 uM Se (applied as
Na,SeO,; T1), 100 mM NaCl + 2 uM Se (T2), 100 mM NaCl +
4 uM Se (T3), 100 mM NaCl + 8 uM Se (T4), 100 mM NaCl +
16 uM Se (T5). Each treatment had three replicates. All of fol-
lowing measurements were carried out using samples collected
around 10 days after processing.

Growth analysis

Stem length was surveyed by ruler. Stem diameter was mea-
sured with vernier caliper. And plant dry mass was determined
after drying the plant at 80°C to a constant weight.

Lipid peroxidation

Lipid peroxidation was estimated by measuring the content
of malondialdehyde (MDA) using the thiobarbituric acid (TBA)
assays as described by Yao et al. [12]. Leaves tissues (0.5 g) were
extracted in a solution of 20% (w/v) trichloroacetic acid contain-
ing 0.5% (w/v) TBA and 4% (w/v) butylated hydroxytoluene.
The mixture was heated at 95°C for 30 min, MDA content
was estimated by measuring A532-A600 and using a molar
absorption coefficient of 155 mM™" cm™.

Electrolyte leakage

Membrane permeability was evaluated by the relative elec-
trolyte leakage according to the method of Syeed et al. [13]. Leaf
samples were thoroughly washed with double distilled water
for 25°C at 6 h using rotatory shaker. Subsequently, electrical
conductivity (EC) was determined (ECI). Samples were then
again kept at 90°C for 2 h and then EC2 was recorded after
attaining equilibrium at 25°C.

Electrolyte leakage (%) = (ECI/EC2) x 100

Analyses of antioxidant enzyme activity

For the enzyme assays, leaves (0.3 g) were grounded with
a 2 ml ice-cold buffer containing 50 mM phosphate buffer
solution (pH 7.8), 0.2 mM ethylenediamine-tetraacetic acid,
2 mM Ascorbate and 2% (w/v) polyvinyl polypyrrolidone. The
homogenates were centrifuged at 12100 g for 15 min at 4°C and
the resulting supernatants were collected for the determination
of enzyme activity. All operations were performed at 4°C. SOD
activity was assayed by the photochemical method as described
by Stewart & Bewley [14]. The activity of POD and CAT was
measured using the method of Cakmak & Marschner [15]. In
this study, we used USA Beckman Kurt DU 800 spectropho-
tometer for the relevant indicators.

Statistical analysis

Measurements were analyzed using SAS 8.0 (SAS Institute,
Cary, NC) for the general linear models (GLM) procedure.
The least significant difference (LSD) was used to compare
the means.

Results

Plant growth
As shown in Tab. 1, significant reduction was observed in
melon seedling growth (stem length, stem diameter, dry weight)

under salt stress compared to the control. Authors found Se
supplementation with different concentrations promoted melon
seedling growth better than NaCl-stressed plants grown without
Se addition. However, all of Se treatments of melon seedlings
growth were lower than control. Our results revealed that at
low concentrations (2-8 uM), Se relieved the growth of NaCl-
stressed seedlings, especially 8 uM of Se treatment. A negative
effect of Se on growth was apparent at high concentration of
16 uM Se.

Tab. 1 Effects of Se supplementation on growth of NaCl-stressed
melon seedlings.

Treatments Stem length (cm) Sem diameter (mm) Dry weight (g)
T0 8.55+0.32a 3.23+0.17a 0.46 £0.03a
T1 7.33 £0.49¢ 2.84 +£0.07d 0.23 +0.03d
T2 7.92 £0.08b 2.88 +0.08cd 0.31 +0.02bc
T3 7.98 £0.04b 2.99 +0.02bc 0.34 +0.04bc
T4 8.10 £0.19b 3.04 £0.06b 0.36 +£0.02b
T5 7.83 £0.42¢ 2.93 £0.07bcd 0.30 £0.01c

Means within a column followed by the same letter(s) are not
significantly different (P < 0.05). Control (T0), 100 mM NaCl + 0
uM Se (T1), 100 mM NaCl + 2 uM Se (T2), 100 mM NaCl + 4 pM Se
(T3), 100 mM NaCl + 8 uM Se (T4), 100 mM NaCl + 16 pM Se (T5).

Lipid peroxidation

The membrane lipid peroxidation measured as MDA content
(Fig. 1). Compared to the control, salt stress caused a significant
increase in the content of MDA in melon seedlings. Whereas,
Se reversed the adverse effect of NaCl and caused a significant
decrease in MDA at Se concentrations, as compared with
salt-stressed without Se addition. These results indicated that
Se supplementation treatment significantly protected melon
seedlings from damage by salt stress.
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Fig. 1 Effects of Se supplementation on the content of MDA of melon
seedlings under salt stress. Means within a column followed by the
same letter(s) are not significantly different (P < 0.05). Control (T0),
100 mM NaCl + 0 uM Se (T1), 100 mM NaCl + 2 uM Se (T2), 100
mM NaCl + 4 uM Se (T3), 100 mM NaCl + 8 uM Se (T4), 100 mM
NaCl +16 uM Se (T5).

Electrolyte leakage
Data showed that the plants supplemented with NaCl ex-
hibited a significant increase in electrolyte leakage compared
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to control (Fig. 2). Whereas, 4-16 pM Se treatments alleviated
the adverse effect of NaCl and caused a significant decrease in
electrolyte leakage in seedlings, relative to NaCl-stressed plants
grown without Se addition. However, application of 2 M Se
on plants grown with NaCl did not decrease for this parameter.
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Fig. 2 Effects of Se supplementation on electrolyte leakage of melon
seedlings under salt stress. Means within a column followed by the
same letter(s) are not significantly different (P < 0.05). Control (T0),
100 mM NaCl + 0 uM Se (T1), 100 mM NaCl + 2 uM Se (T2), 100
mM NaCl + 4 uM Se (T3), 100 mM NaCl + 8 uM Se (T4), 100 mM
NaCl +16 uM Se (T5).

Activity of antioxidant enzymes

The effects of different concentrations Se treatments on
SOD, POD and CAT activities in melon seedlings exposed
to salt stress were shown in Fig. 3. Salt stress alone caused a
significant increased in the activities of SOD, POD and CAT
compared with the control.
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Fig. 3 Effects of Se supplementation on antioxidant enzyme activity
of melon seedlings under salt stress. Means within a column followed
by the same letter(s) are not significantly different (P < 0.05). Control
(T0), 100 mM NaCl + 0 pM Se (T1), 100 mM NaCl + 2 uM Se (T2),
100 mM NaCl + 4 uM Se (T3), 100 mM NaCl + 8 uM Se (T4), 100
mM NaCl +16 pM Se (T5).

The activities of SOD and POD in seedlings exhibited
similar changes in response to Se concentrations. SOD activity
increased progressively with Se concentrations (2-8 uM) was
being the highest value at 8 uM Se. However, POD activity

significantly increased at 4-8 uM Se treatments compared to
salt-stressed plant without Se supply. In plants treated with 2-8
uM Se, CAT activity remained unchanged in comparison with
NaCl-stressed plants grown without Se addition. Nevertheless,
CAT activity increased at 16 uM Se supplementation combined
with NaCl treatment.

Discussion

Restrained plant growth is an obvious result of salt stress;
many authors report that plant growth and development were
inhibited by salt stress [16,17]. In the present study, we also
found treatment with salt stress retarded of melon seedlings
growth. However, it was observed that Se supplementation
decreased the deleterious effect of salt stress on the growth of
melon (Tab. 1). Simultaneously, the optimum of salt-stressed
seedlings growth observed at concentration 8 pM of Se treat-
ment, whereas at high concentrations (16 uM) the beneficial
effect declined, the results are in agreement with Kong et al [9].
It might due to higher concentrations of Se decrease protein
synthesis and premature death of the plant [6]. Hawrylak-
Nowak [8] also reported that 5-10 uM Se resulted in notable
increase in roots and shoots biomass.

A wide range of environment stresses enhances production
of ROS and induces extensive lipid peroxidation [18]. The level
of MDA, a product of lipid peroxidation, has often been used
an indicator of oxidative damage in membranes [16]. Under
our experimental conditions, salt stress increased significantly
the MDA content compared to control. An increase in MDA
level in response to increasing salinity was also found by Ellouzi
et al. [19]. However, there was a decrease of MDA content in
all the Se treatments salt-stressed melon seedlings relative to
NaCl-stressed plants grown without Se addition. MDA content
decreased, this could be indicative of Se enhancement salt
tolerance and the decline of lipid peroxidation, as proved by
Hawrylak-Nowak et al. [8], who reported that application of
Se decreased MDA content in cucumber.

Electrolyte leakage has been thought to be another method
of oxidative stress assessment [4]. Treatment of seedlings with
salt stress resulted in a marked increase in electrolyte leakage.
However, electrolyte leakage of salt-stressed seedlings decreased
compared to salt-stressed without Se supply when exposed to
concentrations ranging 4-16 pM Se. Se supplication decreased
significantly the electrolyte leakage at salt stress indicating the
important role concerning membrane integrity in melon seed-
lings. A decrease in electrolyte leakage in response to increasing
Se treatments was also found by Kong et al. [9] in salt-tolerant
sorrel seedlings; they reported the reduced electrolyte leakage
may be a direct consequence of Se treatment.

SOD is a key enzyme that plays an important role of oxida-
tive stress [3]. In our experiments, the activity of SOD was
increased under salt stress, at the same time, a gradual increase
was observed in lower concentrations (2-8 uM) Se supply with
salt-stress seedlings (Fig. 3a). The reason of that Se might alter
SOD gene expression [20]. However, SOD enzymes activities
became weak at 16 uM Se treatment. The cause of Se might act
as an antioxidant at low concentrations, but as a pro-oxidant at
higher ones [21]. Moreover, plant under stress might produce
some else defense mechanisms to protect themselves from
harmful effect of oxidative stress [22], such as it could be
related to non-enzymatic antioxidative processes promoted
by antioxidant compounds [17].
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POD protects the cells from the damaging effects of H,0,
accumulation [20]. In our study, POD activity of salt-stressed
seedlings increased when exposed to concentrations 4-8 M
Se. However, at concentration16 puM Se, there were adverse ef-
fects on POD activity compared with that at 8 uM Se (Fig. 3¢).
Our result demonstrated that the role of Se could enhance the
POD activity. This is in agreement with the findings of Yao et
al. [12], who found that Se supply significantly increased POD
activity under drought stress.

Some authors indicate that the CAT/POD system might act
cooperatively to remove H,O, [23]. In our study, CAT activity
was significantly increased upon exposure to salt stress. In
addition, no increase was observed in lower Se concentration
(2-8 uM) compared to salt-stressed without Se supply (Fig. 3b).
Many authors also reported that CAT activity did not change
with Se addition [9,20]. Whereas 16 pM Se supplementation
salt-stressed seedlings significantly increased the activity of
CAT. The reason for this could be that CAT seems to play a
complementary role in seedlings in regulating the H,O, cellular
concentration [17].

Our results indicated that Se supplementation decrease of
lipid peroxidation and electrolyte leakage under salt stress. Se-
induced enhancement of anti-oxidative enzymes revealed that
melon has a high capacity to activate protective mechanisms
against the oxidative damage generated by salt stress. It is con-
cluded that Se supplementation alleviated the damaging effect
of salt stress through increasing antioxidant defense system. The
growth and physiological responses of seedlings were different
depending on the Se concentration.
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