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ABSTRACT 
 

A field experiment was conducted at Department of Agronomy, University of 

Agriculture, Faisalabad during 2013 to study the influence of silicon application 

on lodging resistance, blast incidence and other qualitative and quantitative 

traits of rice (Oryza sativa L.) in two cultivars namely Basmati-515 and Super 

Basmati. The experiment was replicated three times, conveyed in randomized 

complete block design (RCBD) with factorial arrangement. The treatments 

comprised  of  five  levels  of  silicon i.e.  S1 = 0, S2 = 50 ppm,  S3  =  100 ppm,  

S4 = 150 g/ha and S5 = 300 g/ha. Sodium silicate (Na2SiO3) was used as source 

of silicon having 20.35% Si. 30 days old seedlings of rice were transplanted 

maintaining a hill to hill distance of 22.5 cm. A net plot size of 2.5 m × 4 m was 

maintained. Observations on blast incidence, lodging resistance, crop growth, 

agronomic parameters and kernel quality parameters were recorded during the 

course of study. The data recorded was analyzed statistically using Fisher’s 

analysis of variance technique and differences among treatment means was 

compared by applying least significant difference (LSD) test at 5% probability 

level. All treatments of silicon application performed well in reducing blast 

incidence and lodging occurrence and also in enhancing the rice yield as 

compared to control where S3 = 100 ppm (foliar) was found to be the best of all 

treatments.  
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INTRODUCTION 
 

Rice (Oryza sativa) is an important crop which feeds more than half 
population of the world. It has been proved to be the best source of calories 
as compared to other cereals. It was sown on an area of 164 million hectares 
during 2013 with production of 744.9 million tonnes wheres, its global 
utilization during 2013 was 490.3 million tonnes which is higher than 2012. 
Increase in world population suggests the increased demand for rice. Asian 
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countries produced 90% of total world production and Pakistan ranked 11
th
 

place in world rice production (FAO 2014). Average yield of rice in Pakistan is 
only 2.4 t/ha (40% fine rice and 60% coarse rice) which are considerably 
lower (2) and common reasons for this low yield are unsuitable irrigational 
water, nutritional imbalance and attack of different biotic and abiotic stresses 
on this crop. Balanced nutrition always includes both micro as well as 
macronutrients (18). Rice blast is a troublesome fungal disease caused by 
Pyricularia oryzae, which is also known as Magnapathe oryzae. This fungus 
develops in a particular dome-shaped cell called asappressorium which 
generates massive turgor pressure and physical energy, allowing the fungus 
to break the host cuticle and invade plant tissue (23).Similarly, a5-10% yield 
loss during 1960, 8 percent during 1970 and 14 percent during 1981 was 
reported due to rice blast by India, Korea and China, respectively. The 
highest yield losses (50-85%) were recorded during 1963in Philippines (IRRI) 
due to this blast. 
 
Amongst different abiotic stresses, lodging is the most crucial which causes 
yield loss in most of the cereal crops including rice. Due to this lodging, 
shoots of plants are displaced from their vertical stance affecting negatively 
both grain yield and its quality. This abiotic stress in some serious situations 
can rupture the stem and pulls the plant roots out of soil restricting the 
transportation of water and minerals which ultimately impede photosynthesis. 
Because about 60-80% reduction in rice canopy photosynthesis caused by 
lodging clearly influence its biological yield. Practically, it reduces working 
efficiency about 25 percent in machine harvesting and time required to 
harvest the lodged crop is double than normal crop and field losses of grains 
are also higher (21). Keeping this in view, the present study was planned with 
main objective to enquire effect of silicon on biotic and abiotic stresses in rice 
crop. Many other scientists across the globe have also reported the remedial 
effect of silicon on these stresses. Epstein, 1994 (7) has reported that the 
silicon is the second most abundant element after oxygen in the earth's crust 
and is a main component of plant tissues as well as cell walls. Although, it is 
not a constituent of any cellular component but supply of soluble silicon in 
plants provides stronger, tougher and rigid cell walls which serve as a 
mechanical barrier against lodging and attack of sucking and piercing 
insects. Continuous removal of silicon from the soil due to extensive crop 
cultivation has created its deficiency in the arable soils. Sugarcane also 
removes a high amount of silicon from the soil like rice causing severe 
deficiency in the soil. Silicon present in the soils is mostly in unavailable 
polymerized form which needs to be depolymerized to make it available for 
crops. The impact of silicon application on growth and development of 
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transplanted rice at different developmental phases was studied by Kim et al. 
(15) wherein the results showed that lodging index was decreased while grain 
yield and number of panicles per plant were improved significantly. Pushing 
resistance of stem against wind was increased significantly from 12.2 to 
16.7%. Essential nutrients are mostly applied to plants as soil application but 
in this study silicon was applied as foliar spray to rice leaves to control blast. 
Potassium silicate (K2SiO3) in different doses as 0, 1, 2, 4, 8 and 16 gL

-1
 was 

applied 22 days after emergence. Pathogen inoculums were introduced 25 
days after emergence and the disease indication was evaluated 10 days after 
inoculation. Buck et al., (5) also reported that silicon application significantly 
reduces the rice blast incidence and greatest control was observed at 4 gL

-1
 

silicon during his study. Location of silicon in rice leaves and its possible 
association to rice blast were investigated by electron microscopy and X-ray 
microanalysis. Outer region of epidermal cell wall were analyzed with 
increasing levels of silicon. Presence of silicon was reported mainly in 
epidermal cell walls, intercellular spaces and middle lamellae. Results 
suggest that silicon induced cell fortification of rice leaves might be closely 
associated with increase in plant resistance against rice blast host (15). 
 
Keeping in view the role of silicon in reducing biotic and abiotic stresses in 
rice crop, a field experiment was carried out under the prevailing agro-
climatic conditions of Faisalabad with the objectives to evaluate the effect of 
silicon application through foliar and soil application on blast resistance, 
lodging reduction and yield and quality related traits of rice. 

 

MATERIALS AND METHODS 
 
A field experiment was conducted at Department of Agronomy, University of 
Agriculture, Faisalabad during 2013 (RCBD) on a sandy clay loam soil. The 
experiment was laid out in randomized complete block design (RCBD) with 
factorial arrangement, having three replications. The experiment was laid out 
in an area of 645 m

2
 having 30 experimental units with 10 experimental units 

in each replication and a net plot size of 2.5 m × 4 m. Fine rice varieties i.e. 
Super Basmati and Basmati 515 were used to study the effect of different 
levels of silicon on lodging resistance, blast incidence, yield and its quality 
related traits. The experiment comprised of S1 (Control), S2 (50 ppm silicon), 
S3 (100 ppm silicon), S4 (150g silicon/ha), S5 (300g silicon/ha) silicon 
treatments. Nursery of the both varieties was raised by broadcasting the 
seed in standing water on 15

th
 June, 2013 using a seed rate of 12.5 kg per 

hectare. Nursery was irrigated daily for one week to create flooded conditions 
for appropriate growth of the nursery. Irrigation was stopped one week prior 
to transplantation. The field for rice was ploughed twice followed by planking 
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prior to transplanting the nursery. This procedure was done 3 times with 2 
days interval. After irrigating the field the planking was carried out twice to 
acquire puddling conditions to create hardpan for reduction of water loss 
through leaching. Weeds were allowed to germinate during soil preparations 
which were controlled by planking the field. Nursery of 30 days was 
transplanted in the field under flooded condition by maintaining a row to row 
distance of 22.5 cm. The fertilizer was applied @ 115, 62, 62 NPK kg per 
hectare, respectively. The whole dose of phosphorus and potassium along 
with 1/3

rd
 of nitrogen was applied at the time of seedbed preparation. 

Remaining nitrogen was applied in two splits i.e. one 25-30 days and other 
45-50 days after transplanting the nursery. Other agronomic practices were 
kept uniform and according to the general recommendations for rice crop. 
Appropriate plant protection measures were also adopted. Harvesting was 
done manually when panicles were ripened to the final extent with 
appropriate moisture contents (14-16%). 
 

RESULTS AND DISCUSSION 
 

Table 1 show that the silicon application had no valuable effect on number of 
branches per panicle, days to heading, days from heading to maturity, 
panicle length and straw yield. However, it had significant effect on various 
yield components such as productive, non-productive and total tillers, 
biological yield, paddy yield and harvest index. Silicon treatment also 
improved the quality of grains by enhancing percentage of normal kernals 
and reducing percentages of abortive kernals, opaque kernals, sterile kernals 
and chalky kernals as well.  
 

Percentage 
 

Maximum percentage of lodged plants (16.65%) was observed in control (S1) 
treatment followed by S5 (9.32%) which was statistically similar to S4 (8.99%) 
and S2 (8.15%) as foliar application. Least lodging was observed in S3 
treatment which was 5.34%. Interaction between varieties and silicon levels 
was non-significant. More lodging was observed in Basmati 515 (10.53%) as 
compared to Super Basmati (8.84%). This difference may be due to more 
height of Basmati 515 (V1) as compared to semi dwarf super basmati (V2). 
These results are similar to the findings of Kim et al. (15) who reported that 
the application of silicon solution to rice reduced the lodging index 
significantly as compared to control plants due to increase in culm thickness 
and minor bending movement. Fallah, (2012) also reported the significant 
decrease of lodging percentage and increase in breaking resistance and 
internodal length with the application of silicon solution.  
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Blast incidence 
 
Highest incidence of blast disease was observed in S1 control treatment 
which was (51.5%) followed by (33.5%) in S4 150 g/ha silicon and (27.5%) 
in(S5) 300 g/ha silicon. The least incidence of disease was recorded in foliar 
application of 300 ppm (S3) silicon solution (15%). The interactive effect 
between varieties and silicon levels was found non-significant. These results 
are in accordance with the findings of Datnoff et al. (5) who reported that the 
calcium silicate slag reduced the blast attack severity up to 35 percent and 
silicon was found in high amounts in straw tissue which was responsible for 
the low disease severity. Snyder et al. (22) also reported that silicon 
accumulation in rice husk and was responsible for disease resistance. Buck 
et al. (4) and Ashtiani et al. also reported similar findings and proposed the 
possible mechanism of disease suppression by silicon that it deposit on the 
cell wall (epidermal cell) and form a mechanical barrier on cuticle which resist 
against the penetration of fungal hyphae to protect the cell wall from 
enzymatic degradation of different enzymes secreted by fungus. However, 
Rodrigues et al. (20); Borel et al. (4) and Fawe et al. (11) reported that silicon 
activates certain enzymes and antifungal compounds like phytoalexins which 
reduce fungal attack in addition to the mechanical barrier. 
 

Productive tables 
 
All silicon treatments enhanced number of tillers and number of productive 
tillers as maximum number of tillers (275.8) and productive tillers (258) were 
observed with the 100 ppm silicon application (S3) while least number of 
tillers (232.67) and productive tillers (206.33) were observed in the control 
treatment (S1). Minimum number of non-productive tillers (17.83) were 
observed with the 100 ppm silicon application (S3) whereas maximum 
number of unproductive tillers (24.67) were observed in the control treatment 
(S1). These results are similar to the findings of Fabricio et al. (8); Mobasser 
et al. (19) and Li et al. (17). They reported that application of silicon 
enhanced the total number of tillers per m

2
 in rice significantly. 

 

Biological yield (t/ha) 
 

Effect of different silicon levels on biological yield was found significant. 
Difference amongst varieties as well as interaction between varieties and 
silicon levels was found non-significant. Maximum biological yield (21.27 t/ha) 
was observed with the application of (S3) 100 ppm silicon followed by (19.75 
t/ha) with (S5) 300 g/ha silicon and (18.58 t/ha) with application of (S2) 50 
ppm silicon. Lowest biological yield (17.07 t/ha) was observed with the 
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application of (S4) 150 g/ha silicon and (16.83 t/ha) with control (S1) 
treatment. These results are similar to the research outcome of Faraz et al. 
(10); Mobasser et al. (19); Junior et al. (14) and Ahmad et al. (1). They 
reported that the silicon application either basal or foliar in rice crop might 
significantly enhance the biological yield. 
 

Paddy yield (t/ha) 
 

Silicon application also significantly affected the paddy yield as all silicon 
levels increased paddy yield as compared to control (S1) whereas 100 ppm 
silicon application (S3) yielded highest paddy yield (4.91 t/ha) followed by 
(3.96 t/ha) observed with (S5) 300 g/ha silicon which was statistically similar 
to 3.86 tonnes per hectare observed in (S2) 50 ppm silicon. 150 g/ha silicon 
(S4) produced 3.4 tonnes per hectare paddy yield as against the lowest 
paddy yield (3.24 t/ha) was observed with no silicon application (S1).There 
was non-significant interaction between varieties and silicon levels. These 
observations are in agreement with Mobasseret al. (19) and Junior et al. (14). 
 

Normal kernals (%) 
 

Silicon application significantly increased the percentage of normal kernals 
and varietal difference was also significant. Highest percentage of normal 
kernals (66.23%) was observed with S3 solution followed by 52.96% in S5,  
51.72% in S2 and 50.37% in S4 while least percentage of normal kernals 
(43.19%) was observed in S1 control treatment. Regarding varieties super 
basmati (V2) has high percentage of normal kernals (53.51%) as compared 
to basmati 515 (V1) with corresponding value of 52.27 percent. Interaction 
among silicon levels and varieties was non-significant. Increase in 
percentage of normal kernals might be due to reduction of biotic and abiotic 
stresses by the application of silicon. Similar findings had also been reported 
by Kim et al. (15) and Ahmad et al. (1). 
 

Foliar application of 100 ppm silicon solution (S3) was found best amongst all 
the silicon levels as least percentage of lodging, blast incidence, non-
productive tillers. Highest number of total tillers, productive tillers, biological 
yield, paddy yield and normal kernals were also observed with 100 ppm 
silicon (S3) application. As regard the rice cultivars, there was non-significant 
effect in the number of productive, non-productive and total tillers, blast 
incidence, kernals per panicle, biological yield, paddy yield. Basmati 515 (V1) 
due to tall stature had more lodging incidence. On the other hand, super 
basmati had more normal kernals as compared to basmati 515 (V1). These 
findings suggested that foliar application of silicon @ 100 ppm solution can 
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be helpful in controlling blast and lodging in rice which ultimately contribute 
towards increase in grain yield and rice quality improvement. 
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