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Effect of potassium silicate on reduction of boron accumulation and oxidative
damages in grape (Vitis vinifera cv. ‘Bidaneh Sefid’) under boron toxicity stress
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ABSTRACT

Stress induced by boron toxicity is one of the main problems in the arid and semi-arid area. One of the methods for
increasing plant resistance to abiotic stresses is silicon treatment. In order to study the effect of silicon on boron
toxicity reduction in ‘Bidaneh Sefid’ grape saplings, an experiment was conducted with three concentrations of boron
(0.2, 15 and 30 mg/l) and potassium silicate (0, 50 and 100 mg/l) in factorial arrangement based on randomized
complete block design with three replications. Three months after the treatments, accumulation of boron, relative
water content, ion leakage, proline, malondialdehyde, soluble sugars, soluble protein and guaiacol peroxidase enzyme
activity was measured. The results showed that accumulation of boron, ion leakage, proline and malondialdehyde
content, soluble sugars and total soluble protein of leaves increased with increasing boron concentration but relative
water content and guaiacol peroxidase enzyme activity decreased. Potassium silicate application significantly reduced
the accumulation of boron, malondialdehyde content and ion leakage in leaves and increased guaiacol peroxidase
enzyme activity and leaf relative water content. None of the treatments had a significant effect on soluble sugar
content. Boron accumulation in 30 ppm boron treatment was decreased 33 mg per kilograms dry weight by 100 mg/I
potassium silicate application compared to the same treatment with zero ppm potassium silicate concentration. The
results showed that grape saplings treatment with 100 mg/l potassium silicate alleviates oxidative damage caused by
boron toxicity by reducing boron accumulation in leaves.

Keywords: Biochemical characteristics, boron stress, hydroponic culture, ion leakage, soluble protein.
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Table 1. Effect of different levels of boron and potassium silicate on some biochemical parameters in ‘Bidaneh sefid’
grape leaves

Boron concentration  Potassium silicate concentration Proline Soluble sugar  Soluble protein  Guaiacol peroxidase
(ma/l) (mag/1) (mg/g fw) (mg/g fw) (mg/g fw) (UMH,O2/min/1gfw)
0 0.121% 85.904 0.004° 1.808°
0.2 50 0.105°¢ 88.614 0.020%* 1.396°
100 0.108° 85.020 0.023% 1.573%®
0 0.199% 91.586 0.025% 0.992°
15 50 0.146 ™ 87.349 0.011¢ 1.598%®
100 0.196"™ 87.992 0.013%f 1.686®
0 0.311% 88.615 0.062° 0.305°¢
30 50 0.223° 86.185 0.039° 1.662°
100 0.172™ 89.779 0.036™ 1.577%
(Treatment)
Boron concentration *x ns *x *x
Potassium silicate concentration folad ns * il
Boron* Potassium silicate folad ns i i

a0 g T a5l (Sl glaals wiz fygesT BL p ao,0 V Jleisl mhw 10 5)lo pime gl g o 40 S ie slod > b sla Sl

SIS Sma (g5 g s pd Y Jleas] a0 o ime T o0 0 Lo
Means with the same letter in each column are not statistically significant at the 1% level in Duncan’s Multiple Range Test. * Significant at 5%, **

Significant at 1% and "™ Non-significant.
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Figure 1. Mean comparison of the interaction effect of different levels of boron and potassium silicate on boron

accumulation in ‘Bidaneh sefid’ grape leaves. Means with the same letters are not significantly different at the 1%
probability level in Duncan’s Multiple Range Test.

70.00 A

ion leakage (%)

Boron (mg/l)

a
60.00 - b a a b
5000 { ¢
40.00
30.00
20.00
10.00 -
0.00 9.2 15 30 0 50 100

Potassium silicate (mg/l)

S Siles b dilagy ,6S0l (SlaS 5 10 Sgr el (i ey Ol g 7 alidee slaclale ,...L Ok dslan Y S

55105 Sl (gldsals diz 503l b 0o, B g oy ) Jleil mhan ;8 (5,l5 e gl 5 4 S e slacd >
Figure 2. Mean comparison of the effect of different concentrations of boron and potassium silicate on ion leakage in
‘Bidaneh sefid’ grape leaves. Means with the same letters are not significantly different at the 1 and 5% probability
level in Duncan’s Multiple Range Test respectively.
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Figure 3. Mean comparison of the effect of different concentrations of boron and potassium silicate on relative water
content in ‘Bidaneh sefid” grape leaves. Means with the same letters are not significantly different at thel and 5%
probability level in Duncan’s Multiple Range Test respectively.
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Figure 4. Mean comparison of the effect of different concentrations of boron and potassium silicate on
malondialdehyde content in ‘Bidaneh sefid’ grape leaves. Means with the same letters are not significantly different
at the 1% and 1% level in Duncan’s Multiple Range Test.
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