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  Abstract 

 

In order to investigation of silicon resources on nitrogen and phosphorus uptake on agronomical traits in rice, 

this experiment was carried out as factorial in randomized complete blocks design with three replications at Sari 

region, Mazandaran, Iran in 2012 and 2013. Treatments were silicon resources in four levels including calcium 

silicate and potassium silicate in soil use and Nano-silicon as foliar application and control , the nitrogen 

application from Urea resource were in two levels including 0 and 70 kg ha-1 and phosphorus application from 

P2O5 resource also were in two levels, 0 and 200 kg ha-1.The results showed that the maximum protein content in 

grain and straw and the maximum silicon content in grains and straw were derived for Nano-silicon foliar 

application in every two years. In first year the minimum phosphorus content in grains and straw was achieved 

by Nano-silicon foliar application and control treatment, respectively. Phosphorus use cause to increase 

phosphorus concentration in grain and straw in every two years, as cause to increase silicon content in grain and 

straw in second year was. Generally, silicon soil application could increase phosphorus uptake and Nano-silicon 

foliar application could be increase protein and silicon content of shoot in rice. 
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Introduction 

Rice is one of the most important crops in the world 

and after of wheat was accounted a second place in 

terms of annual production and makes up staple food 

for half the world's population. 

 

 Silicon is the second most abundant element in soil, 

as a very useful element for higher plants is discussed 

(Nakata et al., 2008). Silicon soluble form in soil is 

Si(OH)4 and so it can be absorbed similarly directly 

(Chen et al., 2010). The maximum concentrations of 

silicon in plants can be seen in places that have the 

highest evaporation (Henriet et al., 2006). As, 

Behtash et al., (2010) found that the use of silicon 

were significantly increased silicon concentration in 

leaves and roots. Fallah (2008) reported that sodium 

silicate use cause to increase silicon concentration in 

root, stem, leaves and panicle in rice, but nitrogen 

increase cause to decrease to silicon concentration in 

other parts of rice. Calcium silicate use equal to 500 

kg ha-1 cause to decrease nitrogen in grain and straw 

of rice (Ghanbari-Malidarreh et al., 2008).  

 

Greger et al., (2011) reported that potassium silicate 

use without change to root/shoot cause to increase 

dry weight and nitrogen concentration in all of 

studied plant but phosphorus rate in silicon 

application was increased in wheat. Kindomihou et 

al., (2011) expressed that SiO2 has positive correlation 

with P2O5 and magnesium but had negative 

correlation with calcium, but between SiO2 and 

nitrogen has not been correlation. Sandhya et al., 

(2011) found that silicon foliar application increased 

calcium and phosphorus rate of grain and straw, as 

1000-grain weight has significantly increased. In 

farming studies that treatment was N0P0K0, common 

application of NPK and NPK application with silicate. 

Results showed that potassium silicate application 

increased nitrogen use efficiency compare to control 

equal to 31.4% and 17.04% compare to conventional 

fertilizing method, as P2O5 use efficiency has increase 

equal to 24.9% compare to control treatment and 

14.5% compare to conventional fertilizing method, as 

K2O5 use efficiency increase 34.26% compare to 

control treatment and 27% compare to conventional  

fertilizing method (Wand and Du, 2011).  

 

Therefore, the main objective of this study was to 

evaluate the effect of silicon resource especially foliar 

application of Nano-silicon on nitrogen, phosphorus 

and silicon uptake in tall cultivar of rice in Iran. 

 

Materials and methods 

Experimental site  

In order to survey the effects of silicon, nitrogen and 

phosphorus fertilizers on straw and grain protein, 

phosphorus and silicon contents of rice (Tarom 

Hashemi variety), an experiment was done in Sari 

region, Mazandaran province (36°, 38' N , 53°, 12' E, 

14m elevation) from May to September during the 

2012 and 2013. 

 

Experimental design 

This experiment was conducted as factorial in 

randomized complete blocks design with three 

replications. Treatment was silicon resources in four 

levels including non-application or control (S1), 

calcium silicate (S2) and potassium silicate (S3) the 

land use and nano-silicon foliar (S4) application and 

as nitrogen application from Urea resource in two 

levels including 0 (N1) and 70 kg ha-1 (N2) and 

phosphorus application from P2O5 resource in two 

levels including 0 (P1) and 200 kg ha-1(P2). 

 

Land preparation and planting 

The practice of land preparation was carried out 

according to conventional procedure. Calcium 

silicate, potassium silicate and phosphorus after 

paddling (7 days before transplanting) without water 

mixed with soil. Nitrogen was used in three stage the 

top-dress; first stage equal to 60 kg Urea ha-1 (7 days 

after transplanting), second stage equal to 60 kg Urea 

ha-1 in initial heading stage (30 days after 

transplanting) and third stage was after full heading 

(60 days after transplanting) equal to 30 kg Urea ha-1. 

Time of nano-silicon foliar application with 20 ppm 

concentration was in three stages including start of 

tillering (15 days after transplanting), the end of 

tillering (30 days after transplanting) and after full 

heading (60 days after transplanting). The field was 
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properly levelled and 5×2 m2 size plots were 

earmarked with raised bunds all around to minimize 

the movement of watering and nitrogen. Channels 

were laid to facilitate irrigation to plots individually 

and each replication. When rice seedlings were of 20 

to 25 cm in height and 4 weeks old; they were 

uprooted and transplanted to experimental plots with 

16 seedlings per m2 (25×25 cm2). All operations like 

plant illnesses controlling and pests controlling were 

done during the growth process with chemical 

components. Weed control in specific plots was done 

by hand in several stages after transplanting. Water 

depth at different stages of rice growth was 5 to 6 cm. 

The results of soil analyses are shown in Table 1 and 

the weather conditions in growth season are shown in 

Table 2.  

 

During the growth stages, following characteristics 

were measured randomly from each plot.  

 

Measurements 

Tested to determine the amount of nutrients in rice 

from each plot equal to 20 g sample with 14% 

humidity, it was sent to the laboratory for testing. 

 

Silicon content of tissue samples were determined by 

first digesting 1.0 g of dried tissue, changed by Fallah 

(2004) and Yoshida (1975). Results obtained from 

plant analysis expressed in absorbance units (mV), 

were converted to percentages of SiO2 per kg of plant 

tissue (Fallah, 2004; Yoshida, 1975). For Phosphorus 

measurement device SPECTRONIC 20D with 

colorimetric method with the help of three solutions 

molibdovanat, standard phosphorus solution and 

food nutrition solution and results reported the ppm 

(Emami, 1997). For measurement of grain and straw 

protein first nitrogen percentage of grain and straw 

was achieved with Micro-Kjeldahl method, then 

6.25% multiplied achieved protein of grain and straw 

(Emami, 1997). 

 

Statistical analysis  

All the data were subjected to statistical analysis (one-

way ANOVA) using SAS software. Differences 

between the treatments were performed by Duncan’s 

Multiple Range Test (DMRT) at 5% confidence 

interval. 

 

Results and discussion  

Silicon content of grain and straw 

Silicon content of grain in first year was significant 

under silicon, nitrogen and phosphorus effect in 1% 

probability level, and interaction of silicon with 

nitrogen in 5%, and in second year had significant on 

silicon resource in 1% probability level and 

phosphorus rate in 5%, while silicon concentration of 

straw in first year only significant on silicon resource 

in 1% probability level and in second year on 

significant on silicon and nitrogen effect in 1% and 

phosphorus effect in 5% probability level (Table 3). 

 

Table 1. Soil analysis of experimental farm at 0-30 cm. 

Soil 

Texture 

Sand 

% 

Silt 

% 

Clay 

% 

O.M % O.C 

% 

Total 

N % 

P(ave) 

p.p.m 

K(ave) 

p.p.m 

PH of 

paste 

EC   

(ds/m) 

Depth  

(cm) 

Year 

CL 42 24 34 1.582 0.92 0.12 2.5 93 7.39 0.42 0-30 2012 

L-C.L 37 36 27 1.46 0.85 0.07 5.8 214 7.99 1.51 0-30 2013 

 

Silicon concentration in grain and straw was greatest 

in both years with Nano-silicon foliar application. 

Nitrogen application cause to increase silicon 

concentration of grain in first year, as silicon 

concentration of straw has increase in second year. 

As, the most silicon concentration of grain and straw 

in second year was arrived with phosphorus 

application (Table 4). The least silicon concentration 

of grain in first year was achieved at interaction of 

Si0N0. The most silicon concentration of grain was 

gained in Nano-silicon foliar application and N0 and 

N70 equal to 4 and 3.5 percentage, respectively (Table 

4). Dhamapurkar et al., (2011) found that with 

increasing amount of silicon were added on silicon 

content of grain and straw.  Application of calcium 

silicate equal to 3 ton per hectare had cause to 
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increase silicon concentration of grain and straw 

(Shashidhar, 2008). Silicon foliar application in 

millet had cause to increase of silicon in grain and 

straw (Sandhya et al., 2011). 

 

Protein content of grain and straw 

Statistically, protein content of grain in every two 

years was significant under effect silicon and nitrogen 

in 1% probability level, as in second year significant at 

interaction of silicon with nitrogen in 1% probability 

level, but protein concentration of straw in first year 

only effect by nitrogen and in second year significant 

effect by silicon and nitrogen in 1% probability level 

(Table 3). The most protein content of grain and 

straw in every two year was arrived with Nano-silicon 

foliar application. Protein rate of grain and straw has 

increased with nitrogen use in every two year but 

phosphorus use cause to increase protein content of 

grain in first year and protein content of straw in 

second year (Table 4). The maximum protein 

concentration of grain was achieved at interaction of 

silicon with nitrogen in first year for N70 and Nano-

silicon foliar application (Table 4). Silicon use was 

cause to reduce nitrogen and protein content of rice 

(Yimamu, 2008). Derena (1997) reported application 

of potassium silicate reduce nitrogen concentration in 

all of rice plant tissue. Potassium silicate application 

increased nitrogen use efficiency compare to control 

equal to 31.4% and 17.04% compare to conventional 

fertilizing method, as (Wand and Du, 2011). Elham et 

al., (2011) found that silicon application in triticale 

has increased total protein content.

 

Table   2. Mean temperature, relative humidity, total sunshine hours, monthly evaporation, amount of rainfall 

and number of rainy days from planting to harvesting 

Minimum 

Temperature     

(° C) 

Maximum 

Temperature   

(° C) 

Mean 
Temperature  (° 

C). 

Relative 

humidity 

(%) 

Total 

sunshin

e hours 

Monthly 

evaporatio

n (Mm) 

Amount of 

rainfall 

(Mm) 

Number  

of rainy 

days 

Year Date 

9.2 20.5 14.8 74 191.7 110.3 12.4 10 2012 20Mar-

20Apr 9.8 19.3 14.8 79 157.7 91.5 12 10 2013 
15.8 27.0 21.4 71 297.8 187.5 10.6 5 2012 20Apr-

20May 13.2 24.6 18.9 72 267.7 134.9 42.6 7 2013 
19.8 20.6 25.2 70 288.7 222.5 41.4 6 2012 20May-

20June 18.7 29.1 23.9 74 256.5 166.4 9.3 8 2013 
22.2 30.0 26.1 76 178.9 144.1 16.8 14 2012 20June-

20July 21.2 31.7 26.4 69 286.4 217.3 0 0 2013 
23.1 34.1 28.6 70 323.1 204.6 2.6 3 2012 20July-

20Aug 21.4 30.3 25.9 77 157 133.4 29.5 15 2013 
21.1 29.9 25.5 75 204.6 135.7 100.3 11 2012 20Aug-

20Sep 21.4 31.1 26.3 77 180.7 122.2 10.8 5 2013 

 

Table 3. Analysis of variance for experimental characteristics. 

S.O.V. DF Mean squares 

Grain Straw 

Silicon Protein Phosphorus silicon Protein Phosphorus 

2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 

Replication 2 0.15 0.77 0.028 1.40* 17.44 427.58 0.77 17.63** 0.00 4.94** 14.33 657.00** 

Silicon (S) 3 12.08** 2.97** 1.415** 3.33** 278.75** 433.19 20.24** 13.05** 0.02 3.44** 35.41** 27.37 

Nitrogen (N) 1 1.02* 0.04 37.56** 14.72** 481.33** 0.19 0.02 2.68** 0.63** 13.92** 295.02** 36.75 

S.N 3 1.08** 0.28 2.057** 0.57 8.89 543.58 0.30 0.31 0.00 0.14 10.69 40.92 

Phosphorus (P) 1 0.52 5.35* 1.210 0.66 47628.00** 16837.52** 1.69 7.16* 0.03 1.07** 3451.02** 2976.75** 

S.P 3 0.58 0.36 0.17 0.14 34.44** 813.69 0.41 0.14 0.00 0.02 3.24 79.14 

N.P 1 0.52 0.15 0.02 0.11 468.75 2.52 1.69 0.01 0.04 0.14 165.02** 200.09 

S.N.P 3 0.13 0.49 0.15 0.23 13.86 553.13 0.74 0.227 0.01 0.27 6.24 80.70 

Error 30 0.23 0.21 0.09 0.37 7.88 1064.76 0.48 0.293 0.01 0.13 7.73 69.71 

C V % 20.58 16.53 3.02 6.6 1.94 20.46 10.07 5.56 4.70 9.23 6.35 13.66 

 Ns, **, *: significant and non-significant, respectively, at the level of %1 and %5. 
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Table 4. Mean comparison for Grain Silicon, Grain protein, Grain Phosphorus, Straw Silicon, Straw Protein, 

Straw Phosphorus content. 

Treatments Grain   Straw 

Silicon  

(%) 

Protein 

 (%) 

Phosphorus 

 (ppm) 

 Silicon  

(%) 

Protein 

 (%) 

Phosphorus 

 (ppm) 

2012 2013 2012 2013 2012 2013  2012 2013 2012 2013 2012 2013 

S1 1.42 d 2.30 b 9.95 c 8.59 c 143.7 b 154.9 a  6.08 b 8.69 c 2.12 b 3.50 c 41.33 b 59.92 a 

S2 2.33 b 2.63 b 10.21 b 9.37ab 149.7 a 167.7 a  6.25 b 9.42 b 2.15ab 3.94 b 44.00 a 63.33 a 

S3 1.92 c 2.65 b 9.80 c 9.01ab 146.0 b 160.4 a  6.41 b 9.61 b 2.15ab 3.62 c 45.33 a 60.58 a 

S4 3.75 a 3.48 a 10.58 a 9.83 a 138.2 c 155.1 a  8.83 a 11.18 a 2.22 a 4.51 a 44.42 a 60.67 a 

N1 2.21 b 2.79 a 9.25 b 8.65 b 141.2 b 159.6 a  6.91 a 9.49 b 2.04 b 3.35 b 41.29 b 62.00 a 

N2 2.50 a 2.73 a 11.02 a 9.76 a 147.5 a 159.5 a  6.87 a 9.96 a 2.27 a 4.43 a 46.29 a 60.25 a 

P1 2.25 a 2.43 b 9.97 b 9.09 a 112.9 b 140.8 b  6.70 a 9.34 b 2.13 a 3.74 b 35.29 b 53.25 b 

P2 2.46 a 3.10 a 10.30 a 9.32 a 175.9 a 178.3 a  7.08 a 10.11 a 2.18 a 4.04 a 52.28 a 69.00 a 

S1N1 1.00d 2.23d 8.99d 7.80d 155.2a 140.2e  6.33b 8.60d 2.02b 2.933f 38.50e 61.83a 

S1N2 1.83c 2.36cd 10.91b 9.30bc 154.7a 147.2bc  5.83b 8.79d 2.22a 4.05bc 44.17bcd 58.00a 

S2N1 2.00c 2.62cd 9.83c 8.82c 160.7a 146.8bc  6.17b 9.22cd 2.05b 3.45de 41.17de 63.00a 

S2N2 2.67b 2.63cd 10.60b 9.93ab 174.7a 152.5a  6.33b 9.63bc 2.25a 4.42b 46.83ab 63.67a 

S3N1 1.83c 2.91bc 9.00d 8.75c 158.3a 143.8cd  6.33b 9.15cd 2.02b 3.20ef 42.17cd 63.50a 

S3N2 2.00c 2.40cd 10.60b 9.28bc 162.5a 148.2b  6.50b 10.08b 2.29a 4.05bc 48.50a 57.67a 

S4N1 4.00a 3.40ab 9.20d 9.24bc 164.2a 134.0f  8.83a 11.00a 2.09b 3.83cd 43.33bcd 59.67a 

S4N2 3.50a 3.53a 12.00a 10.44a 146.0a 142.3de  8.83a 11.35a 2.34a 5.18a 45.50abc 61.67a 

S1P1 1.50de 2.10d 9.80cd 8.33d 114.3e 144.7ab  5.67c 8.35d 2.09b 3.39d 33.17d 55.17bc 

S1P2 1.33e 2.50cd 10.11bc 8.87cd 173.0c 165.2ab  6.50bc 9.04c 2.13ab 3.61d 49.50b 64.67ab 

S2P1 2.33c 2.25d 10.10bc 9.37abc 116.3e 154.5ab  6.17bc 8.89cd 2.13ab 3.78cd 35.83cd 52.67c 

S2P2 2.33c 3.00bc 10.35ab 9.39abc 183.0a 180.8a  6.33bc 9.97b 2.15ab 4.08bc 52.17ab 74.00a 

S3P1 1.83cde 2.10d 9.49d 8.93cd 113.8e 133.7b  6.17bc 9.25c 2.10b 3.50d 37.00c 51.50c 

S3P2 2.00cd 3.22ab 10.11bc 9.10bcd 178.2b 187.2a  6.67b 9.98b 2.20ab 3.75cd 53.67a 69.67a 

S4P1 3.33b 3.27ab 10.56a 9.73ab 107.0f 130.3b  8.83a 10.88a 2.19ab 4.20ab 35.17cd 53.67c 

S4P2 4.17a 3.67a 10.61a 9.95a 169.3d 179.8a  8.83a 11.47a 2.24a 4.71a 53.67a 67.67a 

N1P1 2.00b 2.40b 9.12d 8.48b 112.8c 141.1b  6.92ab 9.12c 2.04c 3.26c 34.67c 52.08b 

N1P2 2.41a 3.18a 9.39c 8.81b 169.6b 178.1a  6.91ab 9.86b 2.04c 3.45c 47.92b 71.92a 

N2P1 2.50a 2.45b 10.84b 9.69a 112.9c 140.5b  6.50b 9.56bc 2.22b 4.23b 35.92c 54.42b 

N2P2 2.50a 3.00a 11.20a 9.83a 182.2a 178.4a  7.25a 10.37a 2.33a 4.63a 56.58a 66.08a 

S1N1P1 1.00f 2.00e 8.80d 7.39f 113.0ef 146.0abc  6.00b 8.28j 1.99f 2.75h 32.33f 58.33bcde 

S1N1P2 1.00f 2.47de 9.27d 8.21ef 167.3c 164.3abc  6.67b 8.92ghij 2.04ef 3.11fgh 44.67d 65.33abcde 

S1N2P1 2.00de 2.20e 10.89b 9.28bcde 115.7e 143.3abc  5.33b 8.42j 2.19bcde 4.02cd 34.00ef 52.00de 

S1N2P2 1.67ef 2.51cde 10.94b 9.51abcd 178.7b 166.0abc  6.33b 9.17fghij 2.24abcd 4.11bcd 54.33ab 64.00abcde 

S2N1P1 2.00de 2.40de 9.82c 8.64de 116.3e 154.3abc  6.33b 8.54ij 2.07def 3.34efgh 35.67ef 50.00e 

S2N1P2 2.00de 2.83bcde 9.83c 9.01cde 117.3b 167.0abc  6.00b 9.90defg 2.03ef 3.56defg 46.67d 76.00a 

S2N2P1 2.67cd 2.10e 10.33c 10.90abc 116.3e 154.3abc  6.00b 9.23efghij 2.21bcde 4.22bcd 36.00ef 55.33cde 

S2N2P2 2.67cd 3.17abcd 10.87b 9.77abcd 188.7a 194.7a  6.67b 10.03cdef 2.28abc 4.62bc 57.67a 72.00ab 

S3N1P1 1.67ef 2.017e 8.75d 8.78de 116.3e 122.3bc  6.00b 8.77hij 2.00f 3.04gh 35.67ef 49.33e 

S3N1P2 2.00de 3.800a 9.25d 8.70de 171.3c 194.3a  6.67b 9.53efghi 2.03ef 3.35efgh 48.67cd 77.67a 

S3N2P1 2.00de 2.17e 10.22c 9.07cde 111.3ef 145.0abc  6.33b 9.73efgh 2.21bcde 3.95cde 38.33e 53.67cde 

S3N2P2 2.00de 2.63cde 10.98b 9.49abcd 185.0a 180.0abc  6.67b 10.43bcde 2.37ab 4.14bcd 58.67a 61.67abcde 

S4N1P1 3.33bc 3.18abcd 9.19d 9.13cde 105.8g 141.7abc  9.33a 10.90abc 2.12cdef 3.89de 35.00ef 50.67de 

S4N1P2 4.67a 3.61ab 9.20d 9.35bcde 162.3d 186.7ab  8.33a 11.10ab 2.07def 3.77def 51.67bc 68.67abc 

S1N1P1 1.00f 2.00e 8.80d 7.39f 113.0ef 146.0abc  6.00b 8.28j 1.99f 2.75h 32.33f 58.33bcde 

S1N1P2 1.00f 2.47de 9.27d 8.21ef 167.3c 164.3abc  6.67b 8.92ghij 2.04ef 3.11fgh 44.67d 65.33abcde 

*Means with similar letters in each column are not significantly different at the %5 level of probability S1= non 

application or control, S2= Calcium silicate, S3= Potassium silicate, S4= Nano-silicon foliar application, N1= 0, 

N2=70 kg ha-1, P1= 0, P2= 200 kg ha-1 
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Phosphorus content of grain and straw 

As can be seen in table 3, phosphorus content of grain 

and straw in first year had significant on silicon 

resource, nitrogen and phosphorus in 1% probability 

level, as phosphorus content of grain was significant 

at interaction of silicon with phosphorus and 

phosphorus content of straw had significant at 

interaction of phosphorus with nitrogen in 1% but 

phosphorus content of grain and straw in second year 

only significant on phosphorus rate in 1% probability 

level. The least phosphorus content of grain and straw 

in first year was achieved with Nano-silicon foliar 

application and control treatment, as the maximum 

phosphorus concentration of grain was arrived in first 

year with calcium silicate application. Nitrogen use in 

first year was cause to increase phosphorus content of 

grain and straw and phosphorus use in every two year 

had increased phosphorus uptake of grain and straw 

(Table 4). The most phosphorus content of grain in 

first year had arrived at interaction of phosphorus use 

with calcium silicate application, but the least 

phosphorus content of grain in first year has achieved 

in first year with non-use of phosphorus with Nano-

silicon foliar application (Table 4). The maximum rate 

of straw phosphorus in first year was arrived at 

interaction of nitrogen and phosphorus application 

(Table 4). Jianfeng and Takahashi (1990) reported 

that when phosphorus use was low silicon had a 

significant effect on P uptake but when phosphorus in 

take was high when compared to the absence of 

silicon, silicon sorption strength increases. Therefore, 

silicon is essential to increase P uptake. Derena (1997) 

reported that silicon application has reduced nitrogen 

concentration in all of plant tissue but phosphorus 

concentration has increased. Wand and Du (2011) 

found that potassium silicate use in rice cause to 

increase phosphorus use efficiency has increase equal 

to 24.9 % compare to control treatment. Nitrogen use 

cause to reduce phosphorus content of grain (Janguo 

et al., 2013). Dinesh et al., (2012) reported that the 

highest use of phosphorus and nitrogen rate have the 

most phosphorus uptake of straw in rice. 

 

Conclusions 

Generally, silicon land use was increased phosphorus  

uptake and Nano-silicon foliar application were 

increase protein and silicon content in rice shoot 

significantly. 
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