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Abstract 
Field experiment was conducted to study the effect of silicon on vegetative growth and root characteristics of rice during 
Kharif season during (July-Nov2019) at Department of Agronomy, Annamalai University, Tamil Nadu, India. The experiment 
was laid out in split plot design with two replications. The main plots comprised of M1- Dry Seeded Rice (DSR), M2- Wet 
Seeded Rice (WSR) and M3- Transplanted Rice (TR) and sub plots are S1- RDF, S2 - S1 + 100 kg Si ha-1 through Calcium 
Silicate + Silicate solubilising bacteria (SSB), S3 - S1 + 200 kg Si ha-1 through Calcium Silicate + SSB, S4 - S1 + 100 kg Si ha-1 

through Diatomaceous Earth, S5 - S1 + 200 kg Si ha-1 through Diatomaceous Earth, S6 – S1 + 100 kg Si ha-1 through Fly ash + 
SSB and S7 – S1 + 200 kg Si ha-1 through Fly ash + SSB. Among the methods of rice establishments, transplanted method 
registered higher vegetative growth (plant height, number of tillers, chlorophyll content, leaf area index and dry matter 
production) and root characteristics (root length and root volume) of rice, which was followed by wet seeded rice, With respect 
to silicon sources and its levels, application of 200 kg Si ha-1 through Diatomaceous Earth along with RDF recorded higher 
vegetative growth (plant height, number of tillers hill-1, chlorophyll content, leaf area index and dry matter production) and 
root characteristics (root length and root volume) of rice. This was closely followed by 100 kg Si ha-1 through Diatomaceous 
Earth along with RDF. The interaction effect between establishment methods and silicon was significant. The treatment 
combination of Diatomaceous Earth @ 200 kg Si ha-1 earth along with RDF and transplanted method registered its superiority 
over others and recorded higher vegetative growth (plant height, number of tillers hill-1, chlorophyll content, leaf area index 
and dry matter production) and root characteristics (root length and root volume) of rice. Thus it can be concluded that silicon 
fertilization through Diatomaceous Earth @200 kg Si ha-1 + RDF to transplanted rice holds immense potentially to enhance the 
vegetative growth of rice.  
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Introduction 
Globally, rice is being widely cultivated in tropical regions 
and it is cultivated in an area of 161.28 million hectares with 
an annual production of 715.75 million tonnes (MoAFW, 
2018) [12]. In India, the project production of rice during 
2020-2021 is 102.36 million tonnes (Parida et al, 2020) [14]. 
In Tamil Nadu, rice is cultivated in an area of 2.08 million 
hectares with the production of 6.57 million tonnes (MoA 
yearbook, 2019) [11]. To meet the growing demand of 130 
million tonnes of milled rice the productivity needs to 
increase by 4.03 tonnes ha-1 thereby maintaining the present 
level of food sufficiency (Soumya et al, 2020) [21]. Silicon is 
the second most abundant element in the earth’s crust. 
(Bhatt and Sharma, 2018) Silicon is absorbed by the plant 
roots through a passive process regulated by transpiration 
stream, which occurs via xylem along with water or by 
inactive process through transporters located in the plasma 
membrane of root cells. The most noticeable beneficial 
effect of Si is an enhanced resistance to both biotic and 
abiotic stresses (Ma & Yamaji, 2006) [10]. Various studies 
had indicated that Si accumulated in plants exerts several 
beneficial effects on plant growth (Swain and Rout, 2018). 
Silicon is especially important in typical Si-accumulating 
plants, such as rice (Oryza sativa) [14, 18, 21] for healthy 

growth and high productivity (Epstein & Bloom, 2005) [4]. 
Role of silicon seemed significantly effecting in plant health 
and growth has been investigated in silicon accumulating 
crops (Jinab et al, 2010) [5]. Many scientists working on role 
of silicon in plant growth have concluded that reduced 
amount of silicon in plant develops necrosis, growth 
retardation and reduces grain yield in rice crop (Shashidhar 
[17] et al, 2008). Silicon is an important micronutrient for 
healthy and competitive growth of all cereals including rice 
in Asia (Singh et al, 2020) [18, 23]. Silicon is the only element 
that does not damage plants with excess accumulation. It 
has been demonstrated to be necessary for healthy growth 
and stable production. For this reason, Si has been 
recognized as an agronomically essential element in Japan 
and silicate fertilizers have been applied to paddy soils 
(Malav et al, 2018). The positive effects of silicon on rice 
growth and production, manifested when it was specifically 
supplied during the reproductive growth stage (panicle 
initiation to heading) than that of vegetative and ripening 
stages, which exerted a feed-forward effect on 
photosynthesis coupled with increased in both stomatal 
conductance and biochemical capacity to fix CO2 (carbon 
dioxide) (Lavinsky et al, 2016) [8]. Although silicon has not 
been considered important for vegetative growth but it aids 
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the plant in healthy development under stresses in different 
grasses especially in rice (Khan et al, 2018) [6]. Plant tissue 
analysis has revealed that the optimum amount of silicon is 
necessary for cell development and differentiation (Liang et 
al, 2005) [9]. Therefore, field experiment was conducted to 
study the effect of silicon on vegetative growth and root 
characteristics of rice. 
 
Materials and Methods 
Field experiment was conducted in the Department of 
Agronomy, Annamalai University, Cuddalore district during 
Kharif season (July- Nov2019) to study the effect on 
vegetative growth and root characteristics of rice. The soil 
of the experimental field is clay loam in texture with 
moderate fertility. The experiment was laid out in split plot 
design with two replications. The main plots comprised of 
M1- Dry Seeded Rice (DSR), M2- Wet Seeded Rice (WSR) 
and M3- Transplanted Rice (TR) and sub plots are S1- RDF, 
S2 - S1 + 100 kg Si ha-1 through Calcium Silicate + SSB, S3 - 
S1 + 200 kg Si ha-1 through Calcium Silicate + SSB, S4 - S1 + 
100 kg Si ha-1 through Diatomaceous Earth, S5 - S1 + 200 kg 
Si ha-1 through Diatomaceous Earth, S6 – S1 + 100 kg Si ha-1 

through Fly ash + SSB and S7 – S1 + 200 kg Si ha-1 through 
Fly ash + SSB. Rice variety ASD-16 was used for this study 
and was fertilized with 120:40:40 kg NPK ha-1. Entire dose 
of P2O5 was applied as basal. N and K were applied in four 
equal splits at basal, tillering, panicle initiation and heading 
stages. Silicon sources and SSB were applied as basal as per 
the treatments. Observations for vegetative growth (plant 
height, number of tillers hill-1, chlorophyll content, leaf area 
index and dry matter production) and root characteristics 
(root length and root volume) were recorded at tillering and 
flowering stages. Statistical analysis was performed using 
the split plot design as suggested by Gomez and Gomez 
(1984). 
 
Results and Discussion  
Vegetative growth and root characteristics 
Vegetative growth (plant height, number of tiller hill-1, 
chlorophyll content, leaf area index and dry matter 
production) and root characteristics (root length and root 
volume) of rice was significantly influenced by 
establishment methods and silicon fertilization (Table 1, 2 
and 3). With respect to establishment methods, transplanted 
rice attained the highest vegetative growth (plant height-
47.78 and 68.65 cm, number of tillers hill-1-11.32 and 14.89, 
chlorophyll content-3.83 and 5.48 mg g-1, leaf area index -
3.51 and 4.45 and dry matter production- 5901 and 7181 kg 
ha-1) and root characteristics (root length - 19.92 and 22.42 
cm and root volume -26.49 and 31.78 cm3) at tillering and 
flowering stages over wet and dry seeded rice. This could be 
due to lower competition in space, sunlight and nutrients in 
transplanted crop than other establishment methods (Pandey 
et al. 2018) [13]. and also deep penetration of roots resulting  

in efficient use of water and nutrient uptake (Kumhar et al, 
2016) [7]. Regarding silicon sources and its levels, 
application of silicon through diatomaceous earth @ 200 kg 
ha-1 increased the vegetative growth (plant height- 50.26 and 
70.23 cm, number of tillers hill-1- 11.73 and 15.59), 
chlorophyll content- 5.21 and 3.63 mg g-1), leaf area index- 
3.62 and 4.57), dry matter production- 6055 and 7544 kg ha-

1) and root characteristics (root length- 18.08 and 20.98 cm 
and root volume - 25.38 and 30.77cm3) at tillering and 
flowering stages. Tallest plant height could be due to 
deposition of silicon in leaf tissues and maintained leaf in 
erected position (Lakshmi et al. 2020). Maximum number 
of tillers hill-1 is recorded due to production of expanding 
auxiliary buds which clearly depend upon the nutritional 
condition of mother clump because tillers receive nutrients 
from mother clump at early growth stages so that silicon 
improves the nutritional condition of mother clump 
automatically, mother clump produces more number of 
tillers hill-1 (Singh et al, 2006) [18, 23]. Highest chlorophyll 
content by the application of silicon could be the possible 
reason for increasing SPAD readings due to maintenance of 
high photosynthetic activity, higher utilization of light and 
translocation of assimilated product to sink (Sivaranjani et 
al, 2020) [19]. Si treatments to plants induces accumulation of 
enzymes involved in photosynthesis and detoxification of 
reactive oxygen species (Schmidst et al, 1999) Higher leaf 
area index may be due to higher nutrient uptake by the 
plants (Soumya et al, 2020) [21]. Vasudevan et al. (2019) [22] 
reported that higher leaf area index could be due to higher 
leaf number plant-1, erectness of leaves and also improves 
high interception of light by keeping leaves erect thereby 
stimulated canopy photosynthesis in rice. Dry matter 
production increases with increased levels of silicon. This 
might be due to the efficient utilization of sun light by 
making plant leaves more erect. Such ideal crop stand 
enhanced photosynthetic activity and translocation of 
assimilated product from source to sink. This ultimately 
resulted in higher dry matter accumulation (Patil et al, 2017) 

[15]. Increase in root length and root volume of rice might be 
due to the optimization of Si nutrition increases mass and 
volume of roots. Silicon addition increase the erectness of 
leaf of rice, it strengthens air canal, leading to more efficient 
oxygen supply to roots and limited loss of water. It plays an 
important role in the root formation of secondary and 
tertiary cells which is controlled by monosilicic acid in soil 
solution (Aravinthkumar, 2019) [1]. 
Combined effect between establishment methods and silicon 
fertilization, transplanted method of rice cultivation applied 
with silicon through diatomaceous earth @ 200 kg Si ha-1 
recorded increased vegetative growth and root 
characteristics of rice. This could be due to seedlings 
planted in well puddled soil condition favoured the crop 
growth and adequate supply of plant available silicon to the 
crop during critical stages of crop growth. 

http://www.botanyjournals.com/


International Journal of Botany Studies  www.botanyjournals.com 

11 

Table 1: Effect of silicon on plant height, number of tillers hill-1, chlorophyll content, leaf area index and dry matter production of rice at 
tillering stage 

 

 
 

Table 2: Effect of silicon on plant height, number of tillers hill-1, chlorophyll content, leaf area index and dry matter production of rice at 
flowering stage 

 

 
 

Table 3: Effect of silicon on root length and root volume of rice at tillering and flowering stages 
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