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Abstract 
 

Silicon (Si) has been considered a beneficial element for plant growth. We have assessed the effects of Si application on 
rice (Oryza sativa L.) growth and its grain yield at field level. For this, we performed two experiments. In experiment 1, we 
applied Si of three different concentrations (liquid Si-10, 25 and 36%) to the seedbed of rice before transplantation into 
paddy field. The results of this experiment showed that Si application to rice seedbeds did not affected the rice plant height 
and shoot fresh weight but its application significantly increased the pushing resistance of rice plants from 12.2~16.7% as 
compared with water applied control plants. The lodging index of Si treated rice plants significantly decreased (13.7% on 
LS-25) as compared with control. Similarly, Si treated plants had significantly higher yield. Upon Si treatment (LS-36), the 
grain yield per 10 acre and panicles per plant were 15.1% and 6.3% higher than the water treated control plants respectively. 
The best concentration (LS-36%) revealed in the first experiment was foliar applied at 10 days before heading stage, initial 
tilling stage and panicle initiation stage to the rice leaves and we observed that shoot biomass was not significantly different 
between control and Si treated plants. However, significantly higher pushing resistance (10.5%~13.8%) and plant height 
(12.2%~16.7%) were observed while lower lodging index (7.6~7.8%) was recorded for Si treated plants as compared to 
control plants. Similarly, Si application increased the number of panicles per plant as well as the grain yield per 10 acre as 
compared to control. In conclusion, the Si application can significantly regulate plant growth and yield if applied at proper 
time with feasible concentration.   

 
Introduction 
 

In Asia, rice is one of the three most important food 
crops. Especially, in the vast monsoonal areas of tropical 
Asia, rice gives the highest food-staple cereal yield from a 
fixed land area of arable land (Datta, 1986; Köster et al., 
2009). Rice (Oryza sativa L.) is classified a typical 
monocotyledon plant and also separated as semi-aquatic 
plant because of its growing at both the seedling and adult 
stages (Kende et al., 1998). Rice is known to accumulate 
high amount of silicon approximately 10% of its dry 
weight (Epstein, 1994, 1999). Silicon (Si) is second 
abundant element in soil and is an essential element for 
animals and has been implicated in optimal bone and 
connective tissue growth and development in the human 
body (Mitani et al., 2008). In higher plants, Si is 
consumed from the rhizosphere through root in the form 
of Si(OH)4 and SiO2 while its uptake and accumulation 
varies greatly among different plant species (Kim et al., 
2011; Parveen & Hussain, 2008; Takahashi et al., 1990). 
Through recent studies, uptake and transport of Si in 
plants have revealed by two ways i.e., (i) from apoplast 
into symplast and (ii) loading of Si into xylem (Hattori et 
al., 2008). Rice has both types of transporter, and their 
high activity allows rice to take up considerable amounts 
of silicon from soil solution (Hattori et al., 2008; Mitani 
& Ma, 2005). After Si uptake in plants, Si has various 
physiological actions to plants in its regulation of biotic 
and abiotic stresses.  

Numerous studies have elucidated its beneficial 
effects on plant growth and development under biotic 
(diseased and pests) and abiotic stresses (salinity, metal 
toxicity, drought, radiation damage, nutrient imbalances, 

high temperature, freezing, etc.) conditions (Kim et al., 
2011). Si has many effect which Si improve cell wall 
thickness below the cuticle and it also improves leaf angle, 
making leaves more erect, thus reducing self-shading, 
especially under high nitrogen rate (Mauad et al., 2003). 
Si treatment has acted as effective improvements of leaf 
water status by decreasing excess transpiration via 
modification of stomatal action and reduction in cuticular 
transpiration during abiotic stress conditions (Agarie et al., 
1999; Hattori et al., 2008; Matoh et al., 1991). The 
beneficial effect of Si application other than rice plants 
has also been reported. Studies have revealed that Si is a 
beneficial element to higher plants, particularly for 
grasses and various cultivated crops like rice, wheat, 
tomato, cucumber (Ahmed et al., 2011; Chen et al., 2011; 
Epstein, 1994, 1999; Hamayun et al., 2010; Hattori et al., 
2005; Kim et al., 2011; Liang et al., 1996, 1999, 2002; 
Parveen & Ashraf, 2010). In last decade or so, various 
studies have revealed the mitigating role of Si under 
various biotic (plant diseases and pests) and abiotic 
stresses (heavy metals, drought and salinity) to crop 
plants (Ahmed et al., 2011; Chen et al., 2011; Epstein, 
1994, 1999; Hamayun et al., 2010; Hattori et al., 2005; 
Liang et al., 1996, 1999, 2002; Parveen & Ashraf, 2010). 
In mitigation of abiotic stress, according to many research 
reports, Si has beneficial effects to be applied during 
cultivation of rice (Ando et al., 2002; Savant et al., 1997; 
Yoshida et al., 1962). However, few reports also suggest 
that applying Si-containing fertilizers to paddy fields can 
suppress both leaf and panicle blast in irrigated rice 
(Datnoff et al., 1991; Seebold et al., 2000). Further 
studies are needed at field levels to elucidate the effects 
on the economically important agronomics. The effects of 
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different concentration of Si application to seedbeds and 
different rice growth stages and grain yield components 
have not been well understood and sparsely investigated 
(Nwugo & Huerta, 2008). In the present study, we aimed 
to assess the effect of different Si application with 
different methods (seed bed and foliar) on the growth and 
yield of rice plants.  
 
Materials and Methods 
 
Plant material and cultivation method: Rice seeds 
(130 g/seedbed) sowed in a seedbed cover with nursery 
bed soil and grown in nursery for thirty days. Rice 
seeding was planted to paddy field in Gun-wi (36° 06´ N, 
128° 38´ E, altitude 129 m), Kyungsangbuk-do, 
Republic of Korea with the help of rice-planting 
machine on 11 June, 2009. In our research, chemical 
fertilizer N, P2O5, and K2O was applied as 90-45-57 
kg/ha in paddy field before rice transplanting. N was 
applied three times during cultivation period (land 
preparation; 50%, tillering stage; 30%, panicle initiation 
stage; 20%). P2O5 was applied as basal @ 45 kg/ha, and 
K2O was applied as 70%-0%-30% @ 57 kg/ha. The 
fertilizer application time of each stage was depending 
on rice growing and weather conditions. 

Si application concentration, method and time: In the 
present study, we used three kinds of different Si viz., 
liquid Si 10% (LS 10, SiO2 10%), liquid Si 25% (LS 25, 
SiO2 25%) and liquid Si 36% (LS 36, SiO2 16% + 
Calcium phosphate 20%). On the basis of these 
concentrations, we performed two different of 
experiments. 
 
Experiment 1: LS 10, LS 25 and LS 36 were 10 fold 
dilutions (100 ml/1 L) using sprayer. Si treated to each of 
10 rice seedbeds on rice transplanting date (11 June, 
2009). Rice seeding treated with Si was planted by 6 row 
rice-planting machine as shown in Fig. 1A. 
 
Experiment 2: On the transplanting date (11 June, 2009), 
Si was not treated to seedbed and rice seeding transplant 
to paddy field by a rice-planting machine. Through the 
experiment 1, a suitable Si application concentration (LS 
36) to plant growth characteristics and yield component 
was revealed. We used LS 36 treatment as 500 fold 
dilutions (2 ml/1L) in experiment 2. Si (LS 36) was 
treated to leaf of growing rice at different growth stages 
such as initial tilling stage (IS; 10 July, 2009), panicle 
initiation stage (PS; 28 July, 2009) and 10 days before 
heading stage (10 BHS; 13 August, 2009) (Fig. 1B). 

 
(A) 

 

(B) 

 
Fig. 1. Shows the field layout of the experiment. Dotted line shows the rice plants to be assessed for Si application and its effects on 
plant growth characteristics and grain yield. Each row is individual rice planting area. (A) Si of different concentration applied to the 
rice plant in seed bed stage. Three Si concentrations were used. LS-10 is liquid Si 10%; LS-25 is liquid Si 25%; LS-36 is liquid Si 
36% with Calcium phosphate. (B) Shows the LS-36 applied to rice plants at different stages of the rice growth viz. initial tilling stage 
(IS), panicle initiation stage (PS) and 10 days before heading stage (10 BHS).  
 
Survey of growth characteristics, lodging index and 
grain quantity data 
 
Experiment 1: After Si application to seedbed on rice 
transplanting date, concerning the lodging index and 
growth characteristics data were surveyed on 20 days 
after heading date (18 September, 2009) through 

harvesting in each treatment of 20 samples. Determination 
of lodging index was used by Force gauge (AD-4932A-
59N, A&D, Japan) from 3rd internodes of rice. Rice grain 
quantity-related data like spikelet panicle number per 
square meter, number per panicle, ripened grains rate, 
1,000 grain weight and yield in rice per 10a surveyed on 
50 days after heading date (18 October, 2009). 



SILICON TREATMENT TO RICE PERIODS AND ITS EFFECTS ON GROWTH AND GRAIN YEILD 893

Experiment 2: Rice growth characteristics data, lodging 
index data and grain quantity-related data were measured on 
same period as equal methods in mentioned at experiment 1. 
 
Climate data collection: During cultivation period, 
weather data (minimum, maximum and average of 
temperature and relative humidity) is showed in Table 1. 
All the data was collected by datalog (MicroLogPRO 
EC750, Fourier Systems Ltd. USA). During the 
experiments, we couldn’t find any specific difference about 
temperature, relative humidity and total rainfall (Table 1). 
 
Statistical analysis: Duncan Multiple Range Test 
(DMRT) was carried out to determine whether significant 
(p<0.05) differences occurred between individual 
treatments. To analyze the data SAS version 9.1 (SPSS 
Inc) was used. 
 
Results  
 
Experiment 1: After Si application to the rice during 
growth in seed bed, the plant height and shoot fresh 
weight data was recorded and shown in Fig. 2. Rice plant 
height data showed that the plant height of control, LS 10, 
LS 25 and LS 36 were 94.4, 92.1, 90.5 and 93.3 cm 
respectively. Though the rice plant height was slightly 
lower than control plants however, this was not 
significantly different between control and Si applied 
plants. A similar effect was also observed for the shoot 
fresh weight. The shoot biomass of Si treated rice plants 
was significantly not different than the control plants. The 
shoot fresh weight after Si treated to seedbeds was 
ranging from 10.0 g~10.3 (Fig. 2). 

Pushing resistance and lodging index after Si 
treatments to rice seedbeds before rice transplanting date 
shown in Fig. 3. In the control, pushing resistance was 
900 g/plant while the pushing resistance of Si treated 
plants was 1010~1050 g/plant. Thus, Si application to rice 
seedbeds before rice transplanting date significantly 
increased the pushing resistance from 12.2 to 16.7% as 
compared to control plants. Among Si treatments, pushing 
resistance was significantly increased upon LS25 
treatment than LS10 and LS 36 (Fig. 3A). Lodging index, 
on the other hand, was significantly decreased upon Si 
treatments to rice seedbeds before as compared with 
control. It decreased approximately13.7% in LS 25 as 

compared to control and lodging index in the different Si 
application concentration indicated that it has a little 
difference among Si treatment as from 89.7% to 93.1% 
however; these results were not significantly different 
among Si treatments as statistical analysis (Fig. 3B). 

Si treated rice plants in seedbeds were transplanted to 
the paddy field and we recorded the grain yield and yield 
components of the rice (shown in Table 2). Panicles 
number per square meter before rice seeding transplanting 
showed 344.8~397.0 ea/plant upon Si treatments. Thus, 
LS10 and LS25 treatments were not significantly different 
than control while in the LS 36, panicles number per 
square meter was significantly different in comparison 
with control (Table 2). The Si treatments to rice seedbeds 
before rice seeding transplanting, value of spikelets per 
panicle, spikelet filling and grain weight per 1000 seeds 
revealed similarity among treatments. Grain yield 
(polished rice) per 10a recorded as 510.1~542.7 kg/10a, 
grain yield of LS10 and LS25 increased about 0.3% to 
1.1% respectively however, statistically, these results 
were not different in comparison with control. Grain yield 
in LS36 also increased approximately 6.3% as 
comparison with control and it was significantly different 
(Table 2). To conclude, spikelets per panicle, spikelet 
filling and grain weight were regulated by Si application 
but value of panicles per square meter was considerably 
increased by Si application of the rice plants in seedbeds 
and hence the grain yield was increased (Table 2). 
 
Experiment 2: Experiment 2 was conducted by using LS 
36 (SiO2 16% + Calcium phosphate 20%) treatment to 
rice plant at initial tilling stage (IS; 10 July, 2009), panicle 
initiation stage (PS; 28 July, 2009) and 10 days before 
heading stage (10 BHS; 13 August, 2009). Plant height 
and shoot fresh weight was recorded and shown in Fig. 4. 
Shoot height was increased by different Si application 
during rice growth stages as compared with the control 
(Fig. 4A). In case of Si treatment (LS36), at PS and 10 
BHS, the shoot height was significantly increased 
(7.6~7.8%) than control while upon Si application at IS, 
the height was not significantly different in comparison 
with control (Fig. 4A). Shoot fresh weight of rice was 
10.1 ~ 10.3g per plant. Contrarily, the shoot biomass was 
not significantly different upon all Si application during 
different rice growth stage (Fig. 4B). 

 
Table 1. Condition of weather during cultivation period of rice plant.  

All the data means were recorded on monthly basis. 
Weather conditions 

Cultivation period 
T1) (°C) HT2) (°C) LT3) (°C) RH4) (%) TRF5) (mm) 

May 18.0 27.0 9.5 61.9 117.4 
June 22.2 29.4 15.6 65.5 63.6 
July 24.1 29.4 19.7 78.0 288.9 
August 24.1 30.0 19.3 75.9 88.8 
September 20.4 27.7 14.5 74.6 69.9 
October 13.2 23.0 5.6 71.5 9.4 
November 6.1 13.2 0.5 70.1 31.4 
1)T= Average temperature, 2)HT= High temperature, 3)LT= Low temperature, 4)RH= Relative humidity, 5)TRF= Total rainfall 
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Fig. 2. Effect of different Si treatments concentration on plant height and shoot fresh weight of rice plants. Si treated to seeding 
seedbeds on rice transplanting date (11 June, 2009) and rice height and shoot fresh weight measured on 20 days after heading date (18 
September, 2009). Error bars indicated standard error (n=20). 
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Fig. 3. Effect of different Si treatments concentration on plant height and shoot flesh weight of rice plant. Si treated to seeding 
seedbeds on rice transplanting date (11 June, 2009) and pushing resistance and lodging index measured on 50 days after heading date 
(18 October, 2009). Error bars indicated standard error (n=20). 
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Fig. 4. Effect of Si treatments in different rice growth stage on plant height and shoot flesh weight of rice plant. Si treated to plants 
leaf by high pressure sprayer. IS, PS and 10 BHS indicated the rice growth stage such as initial tilling stage (10 July, 2009), panicle 
initiation stage (28 July, 2009) and 10 days before heading stage (13 August, 2009) respectively. Rice plants height and shoot flesh 
weight measured on 20 days after heading date (18 September, 2009). Error bars indicated standard error (n=20). 
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Table 2. Effect of Si application to seedbeds on grain yield and yield components of rice. 

Treatments 
Panicles/m2 

(ea/plant) 
Spikelets/panicle 

(ea/plant) 
Spikelet filling 

(%) 
Grain weight 
(g/1000 seeds) 

Grain yield/10a 
(kg) 

Control 344.8 ± 16.5b 78.4 ± 13.5a 81.8 ± 3.5a 21.8 ± 1.2a 510.1 ± 18.9b 
LS 10 364.8 ± 15.8b 80.1 ± 7.8a 82.5 ± 4.1a 21.4 ± 0.7a 511.8 ± 23.6b 
LS 25 355.2 ± 21.6b 77.3 ± 9.6a 82.9 ± 3.3a 21.6 ± 1.8a 515.8 ± 10.8b 
LS 36 397.0 ± 9.7a 76.9 ± 10.4a 82.1 ± 3.7a 21.4 ± 1.7a 542.7 ± 19.7a 

LS 10= SiO2 10%; LS 25= SiO2 25%; LS 36= SiO2 16% + Calcium phosphate 20% 
Mean ± standard error (n=20) and same letter in each column indicated insignificantly different at p<0.05% by DMRT 

 
Our results showed that pushing resistance and 

lodging index were found higher in Si-treated rice growth 
stage (Fig. 5). The effect of Si application to IS, PS and 
10 BHS on pushing resistance were significantly different 
in comparison with control and among the Si treatments, 
pushing resistance showed difference between Si 
treatments. Pushing resistance reveled as 900 g/plant in 
control while, it was 1050 g/plant at IS, 1030 g/plant at 

PS and 1010 g/plant at 10 BHS. Thus, Si treated to IS, PS 
and 10 BHS increased about 12.2%~16.7% (Fig. 5A). 
Lodging index after Si application to different rice growth 
stage showed that Si-treated rice growth stage found 
lower than control. Especially, Lodging index was highly 
suppressed approximately 13.8% in the IS compare to 
control and it also suppressed from 10.5% to 11.1% in PS 
and 10 BHS comparison with control (Fig. 5B). 
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Fig. 5. Effect of Si treatments in different rice growth stage on pushing resistance and lodging index of rice plant. Si treated to plants 
leaf by high pressure sprayer. IS, PS and 10 BHS indicated the rice growth stage such as initial tilling stage (10 July, 2009), panicle 
initiation stage (28 July, 2009) and 10 days before heading stage (13 August, 2009) respectively. Rice plants height and shoot flesh 
weight measured on 20 days after heading date (18 September, 2009). Error bars indicated standard error (n=20). 
 

Si treatments to different rice growth stages have 
increased the panicles per square meter and grain yield 
per 10a (Table 3). Especially, Si applications when it 
applied to PS stage of rice were most effectively acted at 
panicle per square meter and grain yield per 10a and also 
in the treatments when Si treated to IS and 10 BHS, 
panicles per square meter and grain yield per 10a were 

slightly increased about 5.9%~6.3% in panicles per square 
and 6.8%~7.1% in grain yield per 10a compare to control 
(Table 3) however, spikelets per panicle, spikelet filling 
and 1,000 grain weight were not affected by Si 
application to IS, PS and 10 BHS in comparison with the 
control (Table 3). 

 
Table 3. Effect of Si treatments in different rice growth stage on grain yield and yield components of rice. 

Treatments Panicles/m2 

(ea/plant) 
Spikelets/panicle 

(ea/plant) 
Spikelet filling 

(%) 
Grain weight 
(g/1000 seeds) 

Grain yield/10a 
(kg) 

Control 347.2 ± 17.1c 78.4 ± 9.7a 81.9 ± 1.4a 21.2 ± 1.3a 502.3 ± 22.4c 
IS 367.8 ± 13.2b 80.2 ± 6.8a 82.8 ± 2.6a 21.5 ± 0.8a 537.9 ± 19.8b 
PS 371.5 ± 18.4a 81.7 ± 10.2a 83.4 ± 3.6a 22.9 ± 1.5a 559.2 ± 13.1a 

10 BHS 369.1 ± 19.4b 79.7 ± 9.2a 81.5 ± 3.1a 21.7 ± 2.0a 536.5 ± 25.7b 
IS=Initial stage (10 July, 2009); PS=Panicle initiation stage (28 July, 2009); 10 BHS=10 days before heading stage (13 August, 2009). 
Mean ± standard error (n=20) and same letter in each column indicated insignificantly different at p<0.05% by DMRT 
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Discussion 
 

The rice plant uptake the soil silicon along with the 
essential elements such as nitrogen, phosphorus and 
potassium. The endogenous Si has been known to improve 
the plant growth and mitigates environmental stresses 
(Epstein, 1999; Kim et al., 2002; Ma et al., 2001; Parveen 
& Hussain, 2008; Kim et al., 2011). These effects were 
confirmed through several previous studies (Ahmed et al., 
2011; Chen et al., 2011; Epstein 1994, 1999; Hamayun et 
al., 2010; Hattori et al., 2005; Kim et al., 2011; Liang et al., 
1996, 1999, 2002; Parveen & Ashraf 2010) which state that 
Si plays a favorable role in plant growth, mineral nutrition, 
mechanical strength, and resistance to fungal diseases. The 
physiological studies suggests that silicon increases defense 
response and cell silicification of rice leaves completely 
contribute to the silicon-induced rice resistance against 
disease and herbivore insect (Chen et al., 2011). In 
agricultural pestology, Si has a very important role which 
Si accumulation of rice plant reduces the severity of 
important diseases of rice such as blast, brown spot, sheath 
blight, stem rot and leaf scald (Datnoff et al., 1991; Elawad 
& Green, 1979). 

Our results showed that Si application to rice seedbeds 
and Si treated to different growth stage affect the pushing 
resistance and lodging index of rice. According to research of 
Mobasser et al., (2009), Terashima et al., (1994) and Won et 
al., (1998), pushing resistance and lodging index in rice are 
determined by morphometric characteristics of rice such as 
root morphology; stem bending strength and other 
characteristics. Other factors like accumulation of lignin, 
cellulose, hemicelluloses and carbohydrate contents of rice 
stems are related to pushing resistance and also high amount 
of Si accumulation in rice affect to pushing resistance, 
lodging index and physical strength (Jones et al., 2001; 
Kashiwagi et al., 2006; Li et al., 2003; Ma et al., 2002; 
Mobasser et al., 2009; Tanaka et al., 2003; Yang et al., 2001). 
Especially, Si accumulation in rice directly increase 
epidermal cell wall thickness of rice (Kim et al., 2002) 
therefore, in our results, pushing resistance and lodging 
index of increasing or decreasing have been induced because 
Si treatment to rice seedbeds and different rice growth stage 
in rice plant induced epidermal cell wall thickness. Thus, 
effects of Si application to rice seedbeds and IS, PS and 10 
BHS are in conformity with previous studies (Kim et al., 
2002; Tanaka et al., 2003; Yang et al., 2001). 

Panicles number, spikelet number, spikelet filling and 
grain weight are important components of rice yield 
therefore improvement of these components ultimately 
caused the increase of rice production. In rice cultivation, 
promotion technique for panicles number, spikelet number, 
spikelet filling and grain weight have been known to 
trigger the increase in rice productivity. In our 
experiments, Si application to seedbeds and rice plants on 
different growth stage increase the panicles number 
comparison with non-Si treatment so our results 
suggested that grain yield per square meter was increased 
by Si application. Those results can be accessed from two 
aspects. First, due to Si application, form for light-
interception of rice leaf was improved so photosynthetic 
capacity also increased. Second, increased-photosynthetic 
capacity induce the increase of anabolite in rice plant as 

well as, increased-anabolite in rice plant was affected to 
panicles number of rice through various metabolic 
process. This phenomenon was confirmed by many 
researches. According to Matoh et al., (1991), if high 
amount of Si accumulate in plant tissue it helps to 
alleviate the water stress in the plant through reducing 
transpiration and also high accumulation of Si causes the 
photosynthetic capacity by keeping the leaf blade erect 
thereby improving form for light interception of plant. 
Hattori et al., (2005) showed that Si application to 
sorghum induced plant dry matter and also induced 
nutrient assimilation rate and photosynthesis rate. 
Zuccarini (2008) showed that Si application to the 
irrigation water can mitigate negative effects NaCl on 
growth and on important ecophysiological parameters 
connected with it, such as stomatal conductance, 
photosynthetic rate and relative water content, as well as 
reduce mineral absorption such as Na+ and Cl- in plant 
tissues under various concentrations of salt stress 
conditions. As above, most of experiment about Si 
concentrated on effect of Si application on plant growth 
and photosynthetic rate under stress conditions however, 
appropriate Si treatment concentration and treatment 
period has been an important preposition to be studied for 
further assertion of Si role at field levels.  
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