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Abstract 

Silicon accumulation in plants reduces transpiration rate, confers resistance against pests, diseases, and improves the productivity of 

crops. In the present study, the effect of Silixol (liquid source of silicon) treatments in different rice genotypes such as DRRH-3, PA-

6129, PA-6201, PA-6444, PHB-71 and BPT-5204 was evaluated under field condition at G. B. Pant University of Agriculture and 

Technology, Pantnagar. The results obtained from the application of 0.2% aqueous solution of Silixol showed improved than control 

plants. Further, the silicon treated plants were less affected as compared to control plants. It also provides resistance to biotic stresses, 

and the further exploitation of present study may be useful in understanding its role in essentiality for rice crop. 
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Introduction 

Rice (Oryza sativa L.) is the staple food and the main foodstuff 

of more than half population of the earth. It is very adaptable to 

environmental conditions and grown all over the world, under 

various climatic conditions [1]. Silica is one of the most common 

substances present in the earth crust and plants ashes. The 

concentration of silicon in soil solution ranges from 0.1 to 0.6mM 
[2, 3]. Plants actively absorb the silicon in the form of mono silisic 

acid Si(OH)4, which accumulates in cell walls as silica gel.4 

Silicon is mainly found in the blade epidermis, sclerenchyma, 

vascular tissues, and bundle sheaths of the aerial parts of rice 

plant. In roots, silica is found in all tissues [2, 4]. It is more 

abundant in older leaves as compared in young leaves. 

Accumulation rate of silicon is often several times higher than the 

different essential macro nutrients such as nitrogen, phosphorus 

and potassium [5, 6]. Monocots store more silicon in comparison 

to dicots [7]. Rice and wheat actively absorb the silicon as 

compared to other crops. In rice silicic acid is transported through 

the Lsi2 transporters at the proximal side of these cells.8 In 

several plant species, orthologues of rice Lsi1 and Lsi2 have 

involved in the absorption of silicon [9-12]. In the application of 

silicon fertilizers and solubilizers, rice can accumulate silicon in 

the stem and leaves up to 10- 15% of its dry weight [13]. 

Due to several positive effects of silicon on growth and 

developmental processes, it is considered a necessary element for 

rice crop [14, 15]. It’s concentration does not cause any damage to 

the plant.16 Silicon reduces chaffiness and shattering of grain [13, 

17]. Silicon makes rice plants more resistant to fungal, diseases 

and insect infection, because thick silica cuticle double layer 

formed in rice leaves become render them and difficult for the 

sucking and chewing pests for feeding and for penetration by 

pathogenic fungi [18, 19]. It induces resistance to pathogen attack 

in plants by accumulating phenolics and phytoalexins4 and  

upregulating the phenylpropanoid pathway [19]. The proper 

amount of silicon has been found to reduce the probability of 

plants being grazed by herbivores. The poor silicon uptake led to 

enhances the susceptibility to diseases such as rice blast, leaf 

blight of rice, stem rot and grain discoloration of rice [20, 21]. 

Due to the beneficial effect, silicon act as a important nutrient 

element in rice plants [3, 22-24]. 

The productivity of rice reported to be higher in temperate 

regions as than the tropics [4, 25]. Silicon for rice cultivation 

enhanced the quality and yield. Silicon play an important and 

benificial micronutrient for development and growth of all 

cereals including rice [26]. Further, it also providing improved loss 

of transpiration and tolerance to several stresses in plants by 

maintaining antioxidant machinery [24, 27-29].  

Therefore, the present study is intended to evaluate beneficial 

effects of silicon solubilizer on biotic stress response in different 

genotypes of rice. This study showed that silicon improves rice 

productivity, and confers resistance to different diseases in rice 

genotypes 

Materials and Methods 

Experimental site and Plant material 

In order to study the effect of silicon solubilizer on biotic stress 

response in rice crop during Kharif 2014, an experiment was 

conducted in the Norman E. Borlaug Crop Research Centre 

(CRC) and Department of Plant Physiology of G. B. Pant 

University of Agriculture and Technology, Pantnagar 

(Uttarakhand), India, using six rice genotypes namely DRRH-3, 

PA- 

6129, PA-6201, PA-6444, PHB-71 and BPT-5204. The 

experiment was carried out using the split plot design with three 

replications. 
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Field preparation and silicon treatment 

To conduct the experiment, nursery was raised with six genotypes 

of rice. In case of liquid silicon treatment, first the seeds of 

different genotypes of rice were dipped in 0.2% silixol (liquid 

source of liquid) for 24 hours and then grown in nursery. For the 

control seeds, dipping was not done. After 21 days, seedlings 

were transplanted to the puddled field. Phosphorus and potassium 

were applied as basal dose at the time of puddling and the 

concentration was 45 kg/ha and 60 kg/ha. Nitrogen @ 100 kg/ha 

(in the form of urea) was applied in three split doses as 50% of N 

at 10-15 days after transplanting, 25% at the time of tillering and 

25% at the time of panicle initiation. Foliar application of silixol 

was given at the time of tillering, panice initiation (PI), and 

flowering and milky grain stage. 

Diseases and insects infestations were recorded in percentage at 

the time of panicle initiation and flowering. For this purpose, 

number of injuries either by disease or by insect (Blast, bacterial 

blight, yellow stem borer (YSM), leaf folder) was calculated by 

numbers from each plot. On the basis of rating score the number 

of infected plants was counted in percentages. For this purpose 

the calculation was done by this formula (number of infected 

plant/total number of plant) x 100. 

Statistical Analysis 

The data were analysed using two-way analysis of variance 

(ANOVA) by using STPR statistical software followed by test at 

a significance level of p < 0.05.  

 

Result & Discussion 

The effect of silicon solubilizers on rice genotypes namely 

DRRH-3, PA-6129, PA- 

6201, PA-6444, PHB-71 and BPT-5204 was evaluated on the 

bases of number of diseases and insects’ infection and are shown 

in (Table 1-2). 

 

Number of diseases and insects Infection 

Results showed that the silicon treated plants were less affected 

as compared to control plants. At PI stage, BPT-5204 and PHB-

71 were highly resistant genotypes and PA-6201, PA- 

6129 and DRRH-3 were most susceptible for the infection. 

Similarly, at flowering, BPT-5204, PHB-71 and PA-6444 were 

found highly tolerant and PA-6129, PA-6201 and DRRH-3 were 

found highly susceptible genotypes. In both stages disease and 

insects infection percentages is less than 20% (Table 1). 

 
Table 1: Effect of foliar application of silicon solubilizers on diseases & insects infection in different rice genotypes 

  

Name of the 

rice 

genotypes 

Number of Diseases & Insects Infection (%)(Panicle Initiation) 

Blast Bacterial blight YSM Leaf folder 

Control 

Liquid silicon 

Solubilizer 

treatment 

Mean Control 

Liquid silicon 

solubilizer 

treatment 

Mean Control 

Liquid silicon 

solubilizer 

treatment 

Mean Control 

Liquid silicon 

solubilizer 

treatment 

Mean 

DRRH-3 16±1.15 10±1.15 13.0 18±1.15 10 ±1.15 14.0 18 ±1.15 12±1.15 15.0 13±1.15 08±1.15 10.5 

PA-6129 14±1.15 10±1.15 12.0 16±1.15 12±1.15 14.0 16 ±1.15 08 ±1.15 12.0 10±1.15 08±1.15 09.0 

PA-6201 14± 1.15 12±1.15 13.0 14±1.15 12 ±1.15 13.0 16 ±1.15 10 ±1.15 13.0 10 ±1.15 06±1.15 08.0 

PA-6444 10±1.15 06±1.15 08.0 08 ±1.15 04±1.1 0 06.0 14 ±1.15 06 ±1.15 10.0 10±1.15 04±1.15 07.0  

PHB-71 08±1.15 04 ±1.15 06.0 06±1.15 2.6 ± 0.6 4.30 14 ±1.15 04±1.15 09.0 08±1.15 04 ±1.15 06.0 

BPT-5204 06 ±1.15 2.6±0.66 4.30 04 ±1.15 2.6 ±0.66 3.33 11.3 ±0.6 06 ±1.15 8.66 5.3 ±0.81 2.6 ±0.66 04.0 

Mean 11.3 7.44  11.0 7.22  14.8 7.66  9.38 5.44  

 Genotype(G Treatment(T) TxV Genotype (G) Treatment (T) TxV Genotype (G) Treatment(T) TxV Genotype(G) Treatment(T TxV 

S.Em. ± 0.37 0.65  0.30 0.53  0.22 0.39  0.27 0.47  

CD at 5% 1.11 1.92 2.72 0.89 1.55 2.19 0.66 1.15 1.63 0.79 1.38 1.95 

 

The effects of silicon as a beneficial element is imperative to 

enhances the crop productivity and improve nutritional value for 

the plant and also enhance resistance to biotic stresses including 

fungal pathogens and insect pests.16 The results revealed the fact 

that silicon solubilizer treatment had a significant effect on 

infestation by disease and insects. Further, silicon also made rice 

plants more resistant to fungal diseases therefore elevated the 

percentage panicle per square meter of area. Application of 

silicon in rice plants increased the thickness of cell wall, thereby 

imparting mechanical resistance to the penetration of fungi. This 

study suggests that silicon could be key player in the sustainable 

production of rice. Multiple reports suggests the a mechanical 

role as a barrier for the invading pathogen either by reducing the 

rate of progress of the disease or by restricting the lesion size and 

production of spores for secondary infection, and by inducing 

host resistance by enhancing the levels of preformed inhibitors 

like phenolics or by mediating the synthesis of post infectionally 

formed antifungal phyotalexins or by activating oxidative 

enzymes.30 

Apart from its as a beneficial element in promoting plant growth 

and developmental processes, silicon enhances resistance to 

bacterial blight of soilless- and soil-cultured rice.24 It has been 

shown that the foliar application of silicon on plants usually 

reduce the development of the infection. Plant defence were 

stimulated through the production of phenolic compounds callose 

or methyl aconitate.31 Therefore, its potential application in 

agriculture practices might be a solution for environmental 

constraint and thereby sustainable rice production. 

 

Conclusion 

In conclusion, silicon application on rice plant offers promising 

results with respect to reducing susceptibility to stress. The 

genotype which was highly benifitted by the application of 

silicon in terms of fungal, bacterial diseases and insect infestation 

such as BPT-5204, PHB-71, PA-6444 were found to be 

mitigated. These genotypes significantly performed better as 

compared to other genotypes. Silicon acts as an important 

element for plant growth but beneficial effects of this element on 

the growth, development, and disease resistance observed in rice 

plant species. Further, silicon element plays a most striking and 

unique function in conferring tolerance in plants against various 

abiotic stresses such as low and high temperature, salinity and 

drought, and heavy metal stresses. The outcome of the present 

study will comprehend researchers and growers for the usefulness 
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of silicon and its potential application in agriculture sector for 

both realizing into crop protection and production and 

improvement, suggesting a practical solution of sustainably 

managing plant diseases and environmental stresses to advance 

the different physiological traits in rice crop. 
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