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Abstract

The aim of the study was to investigate the ability of young hydroponically
grown cucumber plants (Cucumis sativus L.) to recover from salt stress through Si-
treatment. It was established that exogenous Si enhances the antioxidant capacity
of plants, changes the activity of the antioxidant enzymes guaiacol peroxidase
(GPX), syringaldazine peroxidase (SPX), the polyphenol content, antiradical
activity (DPPH) and lipid peroxidation (LPO).
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INTRODUCTION

Silicon (Si) is the second most abundant element both on the surface of the
Earth’s crust and in the soils. Silicon is present as silicic acid Si(OH), in the soil
solution at concentrations normally ranging from 0,1 to 0,6 mM, roughly two orders
of magnitude higher than the concentrations of phosphorus in soil solutions
(Epstein, 1999).

The beneficial influence of silicon in decreasing the negative effects of
different stress factors like salinity, drought, metal toxicity, fungal infections, pest
invasion and many others have been studied. The mitigate effect of Si on salinity
has been examined in rice (Yeo et al., 1999), barley (Liang et al., 2003; 2005),
cucumber (Zhu et al., 2004), tomato (Al-Aghabary et al., 2005) and other plant
species.
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Si has not been considered as an essential element for higher plants, but it
has been proved to be beneficial for the healthy growth and development of many
plant species (Epstein, 1999; Ma et al.,, 2001). The beneficial effects of Si are
particularly distinct in plants exposed to abiotic and biotic stresses (Ma, 2004).
Over last two decades, more extensive and intensive studies have been performed
aiming at better understanding of the possible mechanism(s) for Si-enhanced
resistance and/or tolerance of higher plants to both abiotic and biotic stresses
(Liang et al., 2003).

The addition of Si significantly increases superoxide dismutase (SOD),
guaiacol peroxidase (GPX), ascorbate peroxidase (APX), dehydroascorbate
reductase (DHAR) and glutathione reductase (GR) activity and decreased
electrolyte leakage percentage (ELP), lipid peroxidation (LPO) level and H,O,
concentration in salt-stressed cucumber leaves. Si may act to alleviate salt stress
in cucumber by decreasing permeability of plasma membranes and membrane
lipid peroxidation, and maintaining the membrane integrity and function. A
significant increase in antioxidant enzymes of salt-stressed leaves by Si addition
suggests that Si may be involved in the metabolic or physiological activity in
cucumber exposed to salt stress (Zhu et al., 2004).

The aim of the present study was to investigate the influence of silicon on
plant defense system measuring syringaldazine peroxidase (SPX), guaiacol
peroxidase (GPX), lipid peroxidation (LPO), polyphenol content and antiradical
activity (DPPH).

MATERIALS AND METHODS

Seeds of cucumber, (Cucumis sativus L.), cultivar ,Gergana” were rinsed
thoroughly with distilled water, and germinated on moist filter paper in an incubator
at 22-23°C. After 10 days, the seedlings were transferred to plastic containers.
Each pot had 4 plants with 5 | of continuously aerated 1/2 Hoagland nutrient
solution. Each variant consisted of three replications of 12 plants. Daily
photoperiod was 12 h and the temperature was 22-23°C. The pH of the solution
was daily adjusted to 6,0-6,5 with 0,01 M KOH and 0,01 M H,SO,.

Salinity and silicon treatments were started by adding sodium chloride
(NaCl) and potassium silicate (K,SiO3) to the nutrient solution immediately after 10-
day-old seedlings were transplanted to the nutrient solution. Additional K
introduced by K,SiO; was subtracted from KNO3; and the resultant nitrate loss was
supplemented with dilute nitric acid. The initial pH of the nutrient solution after the
addition of potassium silicate was adjusted to 6,0 using H,SO, before
transplanting.

The experimental design consisted of a control (no added Si and NaCl) and
three treatments (50 mM NacCl, 1,5 mM Si, and 1,5 mM Si combination with 50 mM
NaCl) were arranged. Analyses of enzyme activity guaiacol peroxidase (GPX),
syringaldazine peroxidase (SPX), antiradical activity (DPPH), polyphenol content
and lipid peroxidation (LPO) were performed on the 3-th fully expanded leaves
after 10 days in hydroponics at the end of experiment.
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The total polyphenols were established by the method of Singleton and
Rossi (1965) with Folin-Ciocalteu reagent - spectrophotometrically at 765 nm
wavelength, and were expressed as galic acid equivalents (mg g'1 FW). The DPPH
(2,2-diphenil-1-picrylhydrazyl) assay was performed according to Brand-Williams et
al., (1995) spectrophotometrically at 515 nm. The reaction mixture was observed
against blank, which did not contain extract. Radical scavenging activity was
expressed as % inhibition. The activity of syringaldazine peroxidase was
determined spectrophotometrically by the method of Imberty (1985). The activity of
guaiacol peroxidase was determined spectrophotometrically by the method of
Bergmeyer (1974). The lipid peroxidatin (concentration of MDA) was determined
according to the method of Heath and Packer (1968).

Statistical analysis of the data obtained was performed using one-way
ANOVA (for P<0,05). Based on ANOVA results Tukey's test for the main
comparison at 95% confidential level was applied.

RESULTS AND DISCUSSION

Results on fig. 1 present that in leaves of cucumber exposed to salt stress,
the activity of enzyme GPX decreased significantly. The addition of Si considerably
decreased GPX activity of non-salt stressed leaves by more than 60% compared to
the control and increased GPX activity by 10% in variant 50 mM NaCl + Si
compared to variant 50 mM NaCl without Si. These results coincided with the
results of Zhu et al. (2004). They investigated the antioxidant enzyme activity of
cucumber plants and found that the enzyme activity of the Si-treated salt-stressed
plants increased significantly at the 10-th day.
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Fig. 1. Activity of GPX (U g™ FW) in leaves of cucumber plants (Cucumis sativus
L.): 1 — control; 2 — 50 mM NacCl; 3 - 1,5 mM Si; 4 — 50 mM NaCl + 1,5 mM Si.
Data are the mean + S.D. of three replicates. Different letters in one measure

indicate statistically siqnificant differences at P<0.05
Que. 1. AkmusHocm Ha GPX (U g~ FW) e nucma om kpacmasuya (Cucumis
sativus L.): 1 — koHmpona; 2 —-50 mM NaCl; 3-1,5 mM Si; 4 — 50 mM NaCl + 1,5
mM Si. [JaHHume ca cpedHu cmotiHocmu + S.D. om 3 noemopeHus. Pasnu4yHume
bykeu 8 eOHO omyumaHe rnokaseam cmamucmu4yecku 0oKasaHU passudusi rnpu
cmerieH Ha dokaszaHocm P<0.05

163



Analysis of the activity of the enzyme syringaldazine peroxidase (SPX) is
not widely used to evaluate the effect of silicon on plants under salt stress. The
value of the enzyme activity in salt stressed plants decreased by 29% compared to
the control. The silicon supply to the salt-stressed plants enhanced the value of
syringaldazine peroxidase in the leaves by 40%.

The value of the enzyme is lowest in the leaves of Si-treated non-stressed
plants. It is 65 % lower compared to the control (Fig. 2).
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Fig. 2. Activity of SPX (U g™ FW) in leaves of cucumber plants (Cucumis sativus
L.): 1 — control; 2 — 50 mM NacCl; 3 - 1,5 mM Si; 4 — 50 mM NaCl + 1,5 mM Si.
Data are the mean + S.D. of three replicates. Different letters in one measure

indicate statistically significant differences at P<0.05

duea. 2. AkmusHocm Ha SPX (U g'1 FW) e nucma om kpacmasuuya (Cucumis
sativus L.): 1 — koHmpona; 2 -50 mM NaCl; 3-1,5 mM Si; 4 — 50 mM NaCl + 1,5
mM Si. [JaHHume ca cpedHu cmotHocmu = S.D. om 3 noemopeHus. PaznuyHume
bykeu 8 eOHO omyumaHe rokaseam cmamucmu4yecku 0oKa3aHu pa3udus rnpu
cmerieH Ha dokaszaHocm P<0.05

Polyphenols are one of the most important groups of secondary
metabolites with anti-oxidative properties. Results in fig. 3 show that the polyphenol
content in the leaves of salt-stressed plants increased by 10% in comparison to the
control. Si addition decreased significantly the amount of polyphenols in the leaves
of salt stressed plants by 16%.

164



The lowest value of the polyphenol content is present in the leaves of non-
stressed cucumber plant supplied with Si. It is 18% lower compared to the control.
The tendency is similar in roots (Fig. 3). Hashemi et al. (2010) investigated the
effects of silicon nutrition in alleviating salinity stress in hydroponically grown
canola (Brassica napus L.).

In their research the amount of soluble polyphenols increased significantly
in the NaCl treatment in both roots and shoots in canola, which is in line with our
results. In their experiment Si nutrition did not have any significant effect on
polyphenol content in the roots and shoots.

07
a
0,6 b =
- c
0,5 d
E 1
- Ocontrol
o 0.4
g ONacCl
¢ 03 O Si
g NaCl+Si
ENaCl+SI
0,2 g
T b
0,1 b b
I
0 .
leaves roots

Fig. 3. Polyphenol content (mg GAE g™ FW) in leaves and roots of cucumber
plants (Cucumis sativus L.): 1 — control; 2 — 50 mM NacCl; 3 - 1,5 mM Si; 4 — 50
mM NaCl + 1,5 mM Si. Data are the mean + S.D. of three replicates. Different
letters in one measure indicate statistically significant differences at P<0.05

duz. 3. CuObpxaHue Ha nonugpeHonu (mg GAE g"l FW) e nucma u kopeHu om
kpacmasuuya (Cucumis sativus L.): 1 — koHmpona; 2 — 50 mM NaCl; 3 - 1,5 mM Si;
4 — 50 mM NacCl + 1,5 mM Si. JaHHume ca cpedHu cmotiHocmu £ S.D. om 3
rnosmopeHusi. Paznu4Hume 6ykeu 8 e0HO omyumaHe roka3eam cmamucmu4ecku
OoKa3aHu pasnu4us npu cmeneH Ha 0okasaHocm P<0.05

DPPH radical scavenging activity is a measure of non-enzymatic antioxidant
activity. Sodium chloride increased the DPPH radical scavenging activity in the
leaves of salt-stressed plants compared to the control by 58% and the presence of
Si decresed its value in variant NaCl + Si by 38% compared to the salt-stressed
plants without Si in nutrient solution (Fig. 4).
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Fig. 4. DPPH radical scavenging activity (% inhibition) in cucumber plants
(Cucumis sativus L.) (leaves): 1 — control; 2 — 50 mM NaCl; 3- 1,5 mM Si; 4 - 50
mM NaCl + 1,5 mM Si. Data are the mean  S.D. of three replicates. Different
letters in one measure indicate statistically significant differences at P<0.05

®ue. 4. AHmupadukanosa akmueHocm DPPH (% uHxubupaHe) 6 nucma Ha
Kpacmasuuya (Cucumis sativus L.): 1 — koHmpona; 2 — 50 mM NaCl; 3 - 1,5 mM Si;
4 —50 mM NaCl + 1,5 mM Si. JanHume ca cpedHu cmoiHocmu = S.D. om 3
rnosmopeHusi. Paznu4Hume 6yksu 8 e0HO om4yumaHe rioka3sam cmamucmu4YecKu
OoKa3aHu pa3snu4yus npu cmeneH Ha dokazaHocm P<0.05

Malondialdehyde (MDA) is a product of peroxidation of membrane lipids.
Under salt stress it can accumulate very fast. That leads to increase in permeability
of plasma membrane (Hernandez et al., 1993). In our experiment the content of
MDA in the leaves of salt-stressed plants without Si in the solution increased by
more than two times in comparison to the non-stressed control plants.

The presence of Si in the nutrient solution of salt-stressed variant
decreased the value of MDA by 60%. In variant with Si only the concentration of
MDA was 27% lower compared to the control (Fig. 5).

The decrease of lipid peroxidation level of the Si-treated salt-stressed
plants coincided with the results of Zhu et al. (2004) in cucumber and Liang et al.
(2003) in barley. Silicon addition decreased the permeability of plasma membrane
of cells and membrane lipid peroxidation. That improved the ultrastructure of
chloroplasts and protected the membrane integrity and functions of salt-stressed
cucumber plants (Zhu et al., 2004).
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Fig. 5. Lipid peroxidation (MDA nmol g'1 FW) in cucumber plants (Cucumis sativus
L.) (leaves): 1 — control; 2 — 50 mM NaCl; 3 - 1,5 mM Si; 4 — 50 mM NaCl + 1,5
mM Si. Data are the mean + S.D. of three replicates. Different letters in one
measure indicate statistically significant differences at P<0.05

@ua. 5. [lunudHa nepokcudayusi (MDA nmol g™ FW) @ nucma om kpacmasuua
(Cucumis sativus L.): 1 — konmpona; 2 — 50 mM NaCl; 3 - 1,5 mM Si; 4 - 50 mM
NaCl + 1,5 mM Si. [JaHHume ca cpedHu cmotiHocmu = S.D. om 3 noemopeHus.
Paznu4yHume 6ykeu 8 e0HO omyumaHe rokaseam cmamucmu4ecku 0oKa3aHu
pasnu4us npu cmerneH Ha dokazaHocm P<0.05

CONCLUSIONS

1. Silicon supply to the nutrient solution may considerably alleviate the
negative effects of salinity: the activity of enzymes GPX and SPX and the
polyphenol content increase, while the DPPH radical scavenging activity and the
concentration of MDA in leaves decrease.

2. Silicon is probably involved in the metabolism of young cucumber plants
exposed to saline stress, enhancing the antioxidant enzyme capacity and
protecting the cell membranes from oxidative damage. Silicon improves the rigidity
of the cell walls, acts as a mechanical barrier and alleviates the influence of biotic
and abiotic stress factors.
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