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ABSTRACT 
 

In order to effects of silicon carrier on grain yield and yield components in the two cultivars of rice a field 
experiment was carried out as split-plot design with four replications. Cultivars (Neda Tarom (C1) vs. Hashemi 
Tarom (C2)) were the main plots and silicon carrier was the subplots. The eight treatments are (T1) control, (T2) 
Straw, (T3) Silicon Fertilizer, (T4) Straw and Silicon Fertilizer, (T5) Husk, (T6) Husk and Straw, (T7) Husk and 
Silicon Fertilizer, (T8) Husk and Straw and Silicon Fertilizer in sub plots. Results indicated that in cultivar, 
grain, straw and biological yields and harvest index on 1% was significant. Grain and biological yields and 
harvest index cultivar of Neda Tarom with 667.46 g/m2, 1397.60 g/m2 and 47.72 % was more than Hashemi 
Tarom with 368.87 g/m2, 1264.12 g/m2 29.12 %. In silicon sources, the straw yield only on 5% probability level 
was significant. Straw yield was the lowest in T6 with 740 g/m2 and the highest in T1 with 863.75 g/m2. Harvest 
index of T8 and T1 with 39.49 and 37.52% were the lowest and highest, respectively. The number of filled 
spikelet per spike, the number of total spikelet per spike, stem length and panicle length in cultivars in 1% were 
significant. Neda Tarom had the highest number of filled spikelet per spike and the total number spikelet per 
spike with 109.70 and 128.25 spikelet and Hashemi Tarom was the lowest with 85.77 and 97.25 spikelet, 
respectively. Application of silicon carriers did not show any significant effect on grain yield and harvest index. 
In interaction silicon carriers × cultivar the number of filled spikelet and total spikelet per spike was significant 
in the 5%. So, the highest number of total spikelet and number of filled spikelet per spike with 137.60 (C2T2) 
and 117.40 (C2T2) spikelet and the lowest with 92.11 (C1T2) and 58.00 (C1T3) spikelet, respectively. 
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Introduction 
 

Intensive irrigated rice systems, with two crops 
per year (especially canola) in the same field, occupy 
the dominate portion of agricultural land in the 
lowland tropics and subtropics in the north of Iran. 
However, increasing quantities of crop residues are 
generated as the cropping intensity increases. In 
double rice-cropping systems, the second crop is 
usually established within 2 week after harvest of the 
first crop. Because of limited time between rice crop 
and a lack of alternative uses for crop residues, 
farmers often burn residue of the first rice crop in the 
open field instead of returning residue to the soil 
during land preparation of the second crop. The 
possibility of negative effects of incorporated straw 
on growth and grain yield of the next rice crop drives 
farmers to burn residues as a method of disposal. 

Even with the balanced use of NPK in long-term 
studies, high yield levels in rice could not be 
maintained because of other macro- and 
micronutrient deficiencies and deterioration in the 
soil physical ecosystem [30]. Rice is a known silicon 
(Si) accumulator and it benefits from silicon nutrition 

[31]. There is an acute disposal problem with respect 
to industrial wastes such as basic slag (16% Si) and 
fly ash (30% Si). In addition, there are also problems 
with agricultural wastes (e.g., rice straw, 4% Si) 
because of the reduction in animal power on the farm 
[30]. Rice husk on burning gives 14-20% ash which 
contains 80-95% silica in the crystalline form and 
minor amounts of metallic elements [6]. Rice husk is 
a by product in rice mills and creates disposal and 
pollution problems [6]. The major constituents of 
rice husk are cellulose, lignin and ash [13]. The 
chemical constituents are found to vary from sample 
to sample which may be due to the different 
geographical conditions, type of paddy, climatic 
variation, soil chemistry and fertilizers used in the 
paddy growth [6]. The rice husk ash is used as a 
good pozzolana in cement industry and also as a 
support material for metal catalysts [21]. Plant-
available silicon (Si) in the soil could be a possible 
soil-related cause of declining rice yields due to 
continuous higher mining by rice [27]. In California, 
rice straw production is 8 to 10 mg ha-1, and it 
contains 50 to 70 kg N ha-1 [4]. 
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One ton of crop residue after burning releases 
1515 kg CO2, 92 kg CO, 3.83 kg NOX, 0.4 kg SO2, 
2.7 kg CH4, and 15.7 kg non-methane volatile 
organic compounds [1]. About 40% of the N, 30-
35% of the P, 80-85% of the K, and 40-50% of the S 
absorbed by rice remain in the straw at maturity [8]. 
Typical amounts of nutrients in rice straw at harvest 
are 5-8 kg N, 0.7-1.2 kg P, 12-17 kg K, 0.5-1 kg S, 3-
4 kg Ca, 1-3 kg Mg, and 40-70 kg Si per ton of straw 
on a dry weight basis [7]. Straw burning decreases 
the return of C and nutrients, especially N, P, and S, 
to soil [24]. The rational behind applying preplant 
surface N is that the N is available for early season 
uptake until the root system develops sufficiently to 
access subsurface applied N. These 
recommendations were developed when rice residues 
were routinely burned. However, as a response to 
increased environmental legislation, most rice 
residue in California is incorporated in the fall and 
fields are flooded during the winter to accelerate 
residue decomposition. 

The N concentration of rice straw is 0.51 to 
0.71% [8]. Straw N has been shown to increase early 
season soil N availability and reduce the fertilizer 
requirement by up to 25 kg N ha–1 [9,19]. Recycling 
of crop residues has been suggested to improve 
overall soil fertility and to support sustainable rice 
production. از کيه. The benefits of incorporating 
undecomposed straw have also been recognized in 
tropical environments [10]. Kumar and Go., [18] 
reported that incorporation of crop residues is 
essential for sustaining rice soil productivity through 
replenishing soil organic matter (SOM). SOM is not 
only a key indicator of soil quality, but it also 
supplies essential nutrients upon mineralization (N, 
P, and S) and improves soil physical, chemical, and 
biological properties [18,5]. The present study aimed 
to evaluate different natural source as a source of Si 
for sustained rice yield and comparison the effect of 
recycling Si carriers through rice straw and husk 
compost in two cultivars of rice. 
 
Materials and Methods 

 
A field experiment was conducted in 2010 in the 

field at Seyedcola Village, Mazandaran Province, 
Iran (30 59 N, 113 56 E, 28 m asl). Soil was clay 
loam and properties for soil from the upper 30 cm 
were with pH of 7.84, with 1.56% organic carbon, 
1.1% total N, 44.9 mg/kg available Olsen-P, 231 
mg/kg exchangeable K, 1.36 ds/m EC, 53% S.P., 
27% clay, 42% silt, and 31% sand. Available N ha-1 
were measured as a alkaline permanganate method 
[29], available P ha-1 (0.5 M NaHCO3 extractable, 

colorimetric method; [23], available K ha-1 
(ammonium acetate method; [14] and 151.2 kg 
available Si ha-1 (acetic acid method; Barbosa Filho 
[3]. Soil pH and electrical conductivity (EC) were 
measured as a saturated soil paste [25]. Soil cation 
exchange capacity (CEC) was determined by barium 
acetate saturation and calcium replacement [15]. Soil 
particle size distribution was measured in soil 
suspension by the hydrometer method [12]. Total soil 
C and N were measured with a CHN gas analyzer 
[22]. Soil properties data listed in Table 1. The water 
was 7.2 pH and 2.36 ds/m EC. 

The field experiment is a split-plot design with 
four replications. Cultivars (Neda Tarom (C1) vs. 
Hashemi Tarom (C2)) were the main plots and silicon 
carrier was the subplots. The eight treatments are 
(T1) control, (T2) Straw, (T3) Silicon Fertilizer, (T4) 
Straw and Silicon Fertilizer, (T5) Husk, (T6) Husk 
and Straw, (T7) Husk and Silicon Fertilizer, (T8) 
Husk and Straw and Silicon Fertilizer in sub plots. 
The nutrients N, P, and K were applied in the forms 
of urea, superphosphate triple, and potassium sulfate, 
respectively. Coming from different sources, Si was 
applied as per treatment requirement. Nitrogen was 
applied in three splits: half as basal and the 
remaining half in two equal splits-at tillering and at 
panicle initiation. Total P and K were applied as 
basal. The cropping pattern was rice-rice. A uniform 
rice crop with conventional tillage, soil puddling, and 
no straw return was grown in the first season as early 
season rice. At maturity, 12 hills (0.32 m2) were 
sampled diagonally from a 5-m2 harvest area to 
determine aboveground total biomass, harvest index, 
and yield components. Panicle number of each hill 
was counted to determine the panicle per m2. Plant 
samples were separated into straw and panicles. The 
dry weight of straw was determined after oven-
drying at 70 0C to constant weight. Panicles were 
hand-threshed and the filled spikelets were separated 
from unfilled spikelets by submerging them in tap 
water. Dry weights of rachis and filled and unfilled 
spikelets were determined after oven-drying at 70 0C 
to constant weight. Aboveground total biomass was 
the total dry matter of straw, rachis, and filled and 
unfilled spikelets from a 5-m2 sampling area within 
each plot. Spikelets per panicle and harvest index 
(100 × filled spikelet weight/aboveground total 
biomass) were calculated. Grain yield was 
determined from a 5-m2 sampling area within each 
plot and adjusted to a moisture content of 0.14 g H2O 
g-1 fresh weight. Data were analyzed following 
analysis of variance [26] and means were compared 
based on the least significant difference (LSD) test at 
the 0.05 probability level. 

 
Table 1: Soil and water characteristics at the initiation of the experiment in 2010. 

Soil depth Text Clay Silt Sand K P O.C. O.M T.N.V S.P. EC PH 

cm  % % % mg/kg mg/kg % % % % ds/m  

0-30 C-L 27 42 31 231 44.9 1.56 2.69 1.1 53 1.36 7.84 



3655 
Adv. Environ. Biol., 5(11): 3653-3658, 2011 

 

 
 

Results: 
  

According to Table 2 grain, straw and biological 
yields and harvest index on 1% probability level was 
significant. Grain and biological yields and harvest 
index cultivar of Neda Tarom with 667.46 g/m2, 
1397.60 g/m2 and 47.72 % was more than Hashemi 
Tarom with 368.87 g/m2, 1264.12 g/m2 29.12 % 
(Table 3). But straw yield of Hashemi Tarom only 
with 888.48 g/m2 was higher than the Neda Tarom 
with 730.14 (Table 3). According to Table 2 the 
number of filled spikelet per spike, the number of 
total spikelet per spike, stem length and panicle 
length at levels cultivars in 1% level were significant. 
Neda Tarom had the highest number of filled spikelet 
per spike and the total number spikelet per spike with 
109.70 and 128.25 spikelet and Hashemi Tarom was 
the lowest with 85.77 and 97.25 spikelet, 
respectively (Table 3). Panicle length of Neda Tarom 
and Hashemi Tarom were the most and the lowest 
with 28.98 and 28.10 cm, respectively. But stem 
length of Hashemi Tarom with 120.45 cm was more 
than Neda Tarom with 85.19 cm. The main reason 
for the increase in straw yield Hashemi Tarom 
having stem height was high. 

Table 2 shows that in levels of silicon sources, 
also the straw yield only on 5% probability level was 
significant (Table 2). Application of silicon carriers 
significantly decreased straw yield. Silicon-
containing resource consumption is reduced straw 
yield and was the lowest in T6 with 740 g/m2 and the 
highest in T1 with 863.75 g/m2 (Table 3). Thus, large 
amounts of Si will be cycled through the crop and 
back into the soil if crop residues are incorporated 
[32]. The silicon content of the plant dry matter is 
directly dependent on the volume of water taken up 
by the crop and the concentration of monosilicic acid 
in soil solution [16], meaning that mass flow is the 
predominant supply mechanism [32]. This treatment 
(T1) has not silicon application from three resources. 
As a result, harvest index also decreased and 
maximum harvest index was noted with T8 (39.49%) 
and minimum harvest index was recorded with T1 
(37.52%) (Table 3). Although the biological yield 

was not significant, but according to Duncan test at 
different levels statistically were analyzed. So that 
the biological yield of T7 with 1400.50 g/m2 was the 
most and T4 with 1243.85 g/m2 was produced the 
lowest (Table 3).  

Silicon fertilizer application in all combination 
treatments increased biological yield except T4 and 
T8 because it has been rice straw application. 
Although the number of filled spikelet per spike in 
levels of silicon sources was not significant, but 
according to Duncan test at different levels 
statistically were analyzed. So, similarly, application 
T5 and T1 recorded the highest and lowest number of 
total spikelet and number of filled spikelet per spike 
with 119.54, 109.38 and 102.16, 94.59 spikelet, 
respectively (Table 3). Although number of filled 
spikelet per spike was statistically on apar with the 
other silicon carrier treatment, except the control. 
The longest stem length and panicle length were 
noted with T3 and T5, respectively. Although there 
were not significant but Duncan test was indicated in 
different level. The variable increase in straw and 
biological yield with the application of different 
silicon resource could be attributed to the sum of the 
increase or decrease in grain yield and yield 
components. 

Application of silicon carriers did not show any 
significant effect on grain yield and harvest index. 
However, the highest grain yield and harvest index 
was obtained with T7 (547.58 g/m2) and T8 (39.49 %) 
and the lowest was recorded with T4 (489.91 g/m2) 
and T1 (37.52 %), respectively (Table 3). This result 
could indicate that low biological yield in T4 duo to 
decrease grain yield in T4 and high biological yield in 
T7 duo to increase grain yield in T7. But, in harvest 
index, straw yield T1 was high and duo to decrease 
harvest index of T1. In interaction silicon carriers × 
cultivar the number of filled spikelet and total 
spikelet per spike was significant in the 5% level of 
probability. So, the highest number of total spikelet 
and number of filled spikelet per spike with 137.60 
(C2T2) and 117.40 (C2T2) spikelet and the lowest 
with 92.11 (C1T2) and 58.00 (C1T3) spikelet, 
respectively (Table 4). 

 
 
Table 2: Mean squares of effect silicon carrier on grain yield and yield components in the two cultivars of rice in 2010 in Iran. 

S.O.V df 
Biological 
yield 

Grain yield Straw yield 
Harvest 
index 

Number 
of filled 
spikelet 

Panicle 
length 

Stem length 
Number of 
total 
spikelet 

Replication 2 141340.32 47152.19 19181.65 12.33 273.37 3.95 1.54 179.21 
Cultivars 1 427600.51** 2139648.16** 601666.66** 4150.59** 6871.26** 9.41** 14925.20** 11787.60** 
Error (a) 2 19577.32 11058.76 6293.51 12.08 187.02 1.50 73.30 251.27 
Silicon 
carrier 

7 43089.40ns 4393.38ns 26830.16* 2.09ns 30.28ns 0.48ns 50.92ns 58.10ns 

Cultivar × 
Silicon 

7 20898.77ns 4447.21ns 9844.26ns 3.27ns 84.86* 0.66 ns 18.89ns 130.13** 

Error 28 21010.59 5910.03 8664.48 6.09 30.63 0.30 25.93 28.56 
C.V. (%)  3.85 5.24 4.06 6.42 5.66 1.94 4.95 4.73 

Levels of significance indicated: ns = non significant, *Significant at p< 0.05 and ** Significant at p< 0.01. 
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Table 3: Mean comparison of effect silicon carrier on grain yield and yield components in the two cultivars of rice in 2010 in Iran. 

Treatment 
Biological 
yield 

Grain 
yield 

Straw 
yield 

Harvest 
index 

Number of 
filled spikelet 

Panicle 
length 

Stem 
length 

Number of 
total spikelet 

Levels g/m2 g/m2 g/m2 (%) per spike cm Cm per spike 
C1 1264.12 b 368.87 b 888.48 a 29.12 b 85.77 b 28.10 b 120.45 a 97.25 b 
C2 1397.60 a 667.46 a 730.14 b 47.72 a 109.70 a 28.98 a 85.19 b 128.25 a 
T1 1387.25 a 523.5 a 863.75 a 37.52 a 94.59 b 28.36 ab 104.19 ab 109.38 b 
T2 1323.50 ab 514.75 a 808.75 ab 38.21 a 98.89 ab 28.91 a 101.23 b 114.85 ab 
T3 1397.40 a 538.66 a 858.75 a 38.13 a 97.22 ab 28.60 ab 108.53 a 112.77 b 
T4 1243.85 b 489.91 a 753.91 b 38.50 a 97.89 ab 28.09 b 99.42 b 112.56 b 
T5 1323.50 ab 514.75 a 808.75 ab 38.71 a 102.16 a 28.95 a 104.57 ab 119.54 a 
T6 1264.60 ab 497.50 a 740.00 b 38.77 a 98.33 ab 28.57 ab 101.28 b 111.22 b 
T7 1400.50 a 547.58 a 852.91 a 38.04 a 96.76 ab 28.41 ab 102.83ab 112.14 b 
T8 1306.35 ab 518.66 a 787.66 ab 39.49 a 96.03 ab 28.43 ab 100.51 b 110.90 b 

Within a column for each year, means followed by different letters are significantly different according to LSD (0.05). 
Cultivars of Hashemi Tarom (C1) and Neda (C2), treatments (T1) control (S0), (T2) Straw, (T3) Silicon Fertilizer, (T4) Straw and Silicon 
Fertilizer, (T5) Husk, (T6) Husk and Straw, (T7) Husk and Silicon Fertilizer, (T8) Husk and Straw and Silicon Fertilizer. 
 
Table 4: Mean comparison of effect silicon carrier on grain yield and yield components in the two cultivars of rice in 2010 in Iran. 

Treatments 
Number of 
total spikelet  

Stem 
length 

Panicle 
length 

Number of 
filled spikelet 

Harvest 
index 

Straw yield Grain yield 
Biological 
yield 

 per spike cm cm per spike % g/m2 g/m2 g/m2 
C1T1 97.71 def 124.15 a 28.19 cde 86.50 d 28.12 b 1950.00 a 761.66 c 2711.66 b-e 
C1T2 92.11 f 117.98 a 28.07 cde 80.38 d 28.76 b 1766.66 bc 714.66 c 2481.33 efg 
C1T3 96.88 def 122.72 a 28.10 cde 58.00 e 29.70 b 1868.33 ab 789.33 c 2657.66 b-f 
C1T4 94.25 ef 117.31 a 27.28 e 84.20 d 30.44 b 1591.66 de 714.33 c 2306.00 g 
C1T5 103.71 de 123.11 a 28.50 bcd 90.86 d 29.27 b 1843.33 ab 765.33 c 2608.66 c-f 
C1T6 92.03 f 117.97 a 27.88 de 83.10 d 28.33 b 1616.66 cd 688.00 c 2413.00 fg 
C1T7 104.45 d 121.92 a 28.40 bcd 89.00 d 28.52 b 1791.66 ab 712.00 c 2503.66 efg 
C1T8 96.86 def 118.47 a 28.37 bcd 87.13 d 29.85 b 1787.33 ab 756.66 c 2544.00 d-g 
C2T1 121.05 bc 84.23 c 28.54 bcd 102.68 c 46.92 a 1505.00 def 1332.33 ab 2837.33 bc 
C2T2 137.60 a 84.48 c 29.76 a 117.40 a 47.67 a 1468.33 def 1344.33 ab 2812.66 bcd 
C2T3 128.66 abc 94.35 b 29.11 abc 109.45 abc 46.56 a 1566.66 de 1365.33 ab 2932.00 ab 
C2T4 130.88 ab 81.52 c 28.91 a-d 111.58 abc 46.56 a 1424.00 ef 1245.33 b 2669.33 b-f 
C2T5 135.36 a 86.03 bc 29.40 ab 113.46 ab 48.16 a 1391.66 f 1293.66 b 2685.33 b-f 
C2T6 130.41 ab 84.59 c 29.26 ab 113.56 ab 49.21 a 1343.33 f 1302.00 b 2645.33 c-f 
C2T7 119.83 c 83.75 c 28.42 bcd 104.53 bc 47.56 a 1620.00 cd 1478.33 a 3098.33 a 

C2T8 124.95 bc 82.56 c 28.48 bcd 104.93 bc 49.13 a 1363.33 f 1318.00 b 2681.33 b-f 

Within a column for each year, means followed by different letters are significantly different according to LSD (0.05). 
Cultivars of Hashemi Tarom (C1) and Neda (C2), treatments (T1) control (S0), (T2) Straw, (T3) Silicon Fertilizer, (T4) Straw and Silicon 
Fertilizer, (T5) Husk, (T6) Husk and Straw, (T7) Husk and Silicon Fertilizer, (T8) Husk and Straw and Silicon Fertilizer. 

 
Discussion: 
  

In cultivars, Neda Tarom recorded a higher grain 
and biological yields than the Hashemi Tarom but 
straw yield of Hashemi Tarom was higher than Neda 
Tarom. Therefore, harvest index of Neda Tarom was 
obtained 47.72%. This could indicate that although 
produce dry matter was important because in 
translocation and distribution of assimilate was 
affect. But, ability of cultivar was significant at 
translocation in grain filling period. Although stem 
length of Hashemi Tarom was longer than Neda 
Tarom, whereas panicle length of Hashemi Tarom 
was lower than Neda Tarom. Therefore, the number 
of total and filled spikelet per spike of Neda Tarom 
was higher. There is the straw in treatments T2, T4 
and T6 and soil nitrogen uptake by the 
decomposition of straw has been to prevent plant 
vegetative growth that low stem height, confirming 
these treatments is important. Also, for a crop 
yielding 6 tonnes of grain plus straw, 300 kg Si 
would be taken up, of which about 80% is in the 
straw, compared to an uptake of about 100 kg N [32]. 
So we can get to use rice straw to increase the 
nitrogen fertilizer. But the rice husk was obtained 

this important result that the treatments T5 and T7 
was enhanced biological yield except T6 that straw 
lead to reduced biological yield. Wickramasinghe 
and Rowell, [26] indicated that when crop residues 
are incorporated into soil, the ultimate concentration 
of Si in soil solution is expected to depend on the rate 
of decomposition, dissolution of the phytolith-Si, 
adsorption of silica by the soil and other factors. 
 
Conclusion: 
 

Most biological yield was in the T7 with silicon 
fertilizer and rice husk application was obtained. It 
explains that despite the silicon fertilizer and rice 
husk application in the treatment T8 prevent 
excessive production of biological yield because 
there is straw we was also observed the same trend in 
grain and straw yields. So rice husk has better silicon 
natural source than the rice straw. The dissolution of 
straw-silica depends not only on the purity of the 
silica, but also on the degree of exposure of the 
phytoliths [26]. Surface dumbbell cells and 
protuberances are more exposed than the granular 
amorphous silica enclosed in the plant matrix [2] and 
are likely to be the source of the readily solubilized 
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fraction when straw is placed in solution or in the 
soil [20]. Decomposition of the straw will in the long 
term expose more silica because phytoliths will be 
released from the plant matrix and dissolved [17]. 
So, silicon used for Neda Tarom more favorable than 
Hashemi Tarom that due to lower growth period in 
Hashemi Tarom not has enough time to decompose 
straw but a longer growth period Neda Tarom 
decompose of straw and rice husk with silicon 
fertilizer for vegetative and reproductive growth and 
ultimately grain yield was more favorable. 
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