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Abstract 
Si fertilizer was never used in rice cultivation by farmers in Indonesia. To evaluate the effect of Si application on 
blast disease, plant morphologies, and stomata formation on rice plant, a field experiment was conducted in West 
Java, Indonesia. Two treatments, Si+ (with 1000 kg·ha-1 of silica gel) and Si- (without Si application) were set in 
a randomized complete block design. The results showed that Si application in soil with high available Si 426 
mg SiO2 kg-1 significantly reduce leaf (p < 0.01) and neck (p < 0.05) blast disease infection and increased 
stomata density (p < 0.01). Si- had severer leaf blast infection than Si+ which could reach up to score 4 and 5. Si 
deposited on the tissue surface acts as a physical barrier by thickening the Si layer in cuticle which could 
decrease the number of blast lessions on leaf blades by limiting hypa penetration and invasion. Recently there 
was no report to prove whether Si deposition improves or changes the stomata density. The results confirmed 
that Si application have the potential of improving rice growth and yield through the increase of resistance to 
blast infection and increment in stomata density although they did not result in the yield increment in the present 
study.  
Keywords: Si application, West Java, leaf blast, neck blast, stomata density 
1. Introduction 
Indonesia is a major producer of agricultural products in the world. The major food crops, ranked by area 
harvested are rice, corn, cassava, soybeans and peanuts (Ministry of Agriculture, 2015). Indonesia is known as 
the world’s third-largest rice producer following China and India (FAO, 2015) and is also one of the world’s 
biggest rice comsumers, indicating that rice is the most important food crop in Indonesia. Rice production is 
heavily concentrated on the islands of Java and Sumatera, with nearly 60% of total production emanating from 
Java island. At the same time, Java is the most densely populated island in the world and home to nearly 60% of 
the nation’s population (approximately 143.8 million). In Indonesia, rice cultivation is rise up to three crop 
rotation per year with an average rice productivity of about 5.3 ton ha-1. Mostly Indonesian farmers cultivate rice 
in lowland area which known as sawah. The term “sawah” in the present study refers to a leveled and bounded 
rice field with an inlet and an outlet for irrigation and drainage respectively (Wakatsuki et al., 1998). However, 
nowdays, known that the rice productivity in Indonesia has fluctuated and stagnated over the past decade 
(FAOSTAT 2005-2015). This situation might be because of several factors such as changes climatic factors and 
also the decline in soil fertility (Husnain, 2009). Declining crop yields are strongly related to soil quality 
degradation, particularly nutrient depletion (Roy et al., 2003). Apart from nutrient depletion, the occurrence of 
plant disease also plays a role on decreasing yield.  
Beforehand due to the stagnated condition of rice yields, several cultivation methods have been adopted to 
improve rice production in Indonesia such as the extension of fertilizer, irrigation systems and also use high 
yielding rice varieties which are components of the green revolution technologies. The common fertilizers 
applied in Indonesia are nitrogen (Urea), phosphorous in form of triple super phosphate and super phosphate 
(SP-36), potassium (KCl) and compound fertilizer containing N, P and K. However silicon (Si) application in 
rice production has not been appreciated in Indonesia because it was not considered as an essential nutrient. The 
non application of silica fertilizer on rice cultivation trigger the occurence of blast disease in rice plants.  



www.ccsenet.org/jas Journal of Agricultural Science Vol. 8, No. 6; 2016 

138 

Silicon (Si) is the second most abundant element on earth, 26. 8% by weight and is present in all mineral soils 
(Ingri, 1978; Iller, 1979; Faure, 1991; Klein & Hurlburt, 1985). Kawaguchi and Kyuma (1977) reported that the 
soil-available Si content in tropical Asia rangedfrom 104 to 629 mg SiO2 kg-1. Si is not an essential element, but 
it has been proved to be beneficial elements for the growth and development of rice and sugarcane (Ma et al., 
2006; Matichenkov & Calvert, 2002; Epstein, 1999; Imaizumi & Yoshida, 1958). Absorption of Si by crops is in 
the form of silicic acid which changes to irreversible amorphous silica. Therefore, availability of Si is very little 
as most sources of Si are insoluble and not available to crops (Epstein, 1994). Many species of wetland grasses, 
notably rice (Oryza sativa L.), accumulate 5% Si or more in their leaf tissue. High concentrations of Si in rice 
plants enhance canopy photosynthesis, increased biotic and abiotic stress resistance, and contribute to healthy 
growth and high yield (Ma & Takahashi, 2002).  

Application of Si fertilizer is routine for rice or sugarcane in Japan, China, Brazil and other countries (Ma & 
Takahashi, 2002; Korndorfer, 2001), while in Indonesia, Si fertilizer were never use in rice cultivation by 
farmers. This is as a result of limited research on soil available Si and its role in rice growth in Indonesia. Among 
the few research, report state that over the past three decades, soil Si availability has decreased by 11-20% 
(Darmawan et al., 2006) and dissolved Si (DSi) concentration in irrigation water in Indonesia has also decreased 
by 10-20% (Husnain et al., 2008). Kawaguchi (1966) and Miyake (1993) stated that Si depletion can occur in 
traditional rice soil from the continuous monoculture of high-yielding cultivars with intensive cultivation 
practice especially if farmers are nor replacing Si remove by rice uptake. In essence, decreasing rice productivity 
in Indonesia might be due to the depletion of available Si in the soil (Husnain et al., 2008). Husnain et al. (2011) 
stated that 76% from about 200 sawah sites studied in Sumatera and Java Islands, 76% of total 92 sites in West 
Sumatera, 22.5% of total 59 sites in West Java while in Central Java and East Java less than 3% of total sites in 
both provinces were found to contain less than 300 mg SiO2 kg-1. This condition is reflected on the occurence of 
blast disease in Indonesian rice cultivation which might affect rice productivity. Rice blastcaused by the fungus 
Pyricularia grisea (Cooke) Sacc. [= Magnaporthe grisea (Hebert) Barr], is one of the most devastating diseases 
of rice plant. In Indonesia, this disease has been reported to cause severe damage to plant in many parts of the 
country. Hasanuddin (2004) stated that blast disease caused significant yield losses in area of 1,781, 1,084, 624, 
395, and 200 ha in West Java, South Sumatera, North Sumatera, Central Kalimantan, and West Nusa Tenggara 
provinces, respectively. There is a tendency that the disease has become increasingly important,on account of the 
recent data indicating that 10,604 ha and 11,929 ha of rice field throughout the country were damaged by blast 
disease in 2010 and 2011, respectively (Wibowo, 2011). Up to the present, fungicides have been used effectively 
to control blast but not with Si application. In the present study, a field experiment was conducted to evaluate the 
effect of Si application on blast disease infection which greatly influence rice yield in Indonesia together with the 
effects of Si application on plant morphology including plant height, tiller numbers, and stomata formation were 
also evaluated.  

2. Materials and Methods 
2.1 Sites and Soils 

Field experiment was conducted in farmer’s field in Bojong Village, Sukabumi District, West Java province 
during the 2013 rainy season. Sukabumi district is one of endemic area for blast disease specialy neck blast. This 
location lies on 6°58′1.5″S-106°49′30.4″E. Rice variety “Ciherang” was used which is common variety 
recommended by Ministry of Agriculture of Republic of Indonesia. Ciherang rice variety which was released in 
2000 is an indica rice categorized as short-duration vaiety (116-120 days). It has an average yield of 6 ton ha-1 
and is suitable for planting in rainy and dry season. This study consisted of two treatments, Si+ (with Si 
application of 1000 kg·ha-1 of silica gel) and Si- (without Si application). We used a silica gel fertilizer “Super 
Inergy” imported from Japan. Randomized complete block design with 8 replications was used. The plot size 
was 3 m × 3 m for each treatment. We installed plastic sheet on the treatments boarders from the soil depth of 30 
cm to avoid contamination from surrounding plots. Each plots had an inlet and outlet for irrigation.  

Initial soil analysis (Table 1) showed that the soil in experimental site had soil available Si of 426 mg SiO2 kg-1 
which is higher than critical level proposed by Sumida (1992) and Dobermann and Fairhurst (2000): 300 and 86 
mg SiO2 kg-1 respectively.  

The parent material of the study site is dominated by volcanic breccia, breccia andesitic-basaltic, locally 
agglomerate (Effendi et al., 1998). Andesitic-basaltic was known to contain 53-57 wt% SiO2 (Le Maitre, 2005) 
which influenced of high soil Si available in this experimental site.  
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Table 1. Initial soil analyses 

Soil Properties Values Criteria* 

pH (H2O) 5.57 Slightly acid 

EC (dSm-1) 3.41  

Total C (gkg-1) 21.63 Moderate 

Total N (gkg-1) 2.09 Moderate 

Exchangeable cations (cmolc kg-1)   

Ca 9.01 Moderate 

K 0.21 Low 

Mg 1.36 Moderate 

Na 0.17 Low 

Available Si (mg SiO2 kg-1) 426.54 High** 

Note. *: Refered to Indonesian Soil Research Institute (2005); **: Refered to Sumida (1992). 

 

2.2 Plant Cultivation 

Land preparation was done by conventional tillage with two times plowing followed by leveling. Silica gel was 
applied before transplanting. Seedling from 21 days old nursery was transplanted into the puddled field with two 
seedlings per hill and row spacing of 25 cm × 25 cm. The fertilizer dosage was 300 kg·ha-1 of NPK compound 
fertilizer (15:15:15) and 50 kg·ha-1 for Urea. NPK compound fertilizer was applied in three times, at 7, 30 and 45 
days after transplanting (DAT). Meanwhile, Urea was applied once time at 7 DAT. For seedling, 2 kg Urea and 
10 kg of commercial organic fertilizer ‘Petroganik’ per seedbad (10 m × 5 m) were applied. Irrigation was 
applied one week prior to transplanting. On water condition, flooding condition about 5 cm water depth was kept 
from transplanting until 15 days before harvest and then the field was drained.  

2.3 Sampling and Analysis 

Soil samples for initial analysis were collected at depths of 0-15 cm, air dried, grinded and sieved through 2 mm 
diameter (USDA No. 10) sieve. The soil available Si was extracted by 1 mol L-1 acetate buffer (pH 4.0) at a ratio 
of 1:10 for 5 h at 40 °C with occasional shaking (Imaizumi & Yoshida, 1958). Although Sumida (1991) reported 
that the acetate buffer method was not suitable for soils previously amended with silicate fertilizer, this was not a 
problem in Indonesia because no silicate fertilizer had been applied. The extracted Si content in the soil samples 
was determined using atomic absorption spectrophotometer (Z-5000; Hitachi, Tokyo, Japan). The soil pH was 
measured using the glass electrode method with a soil:water ratio of 1:2.5 (IITA, 1979; McLean, 1982). For 
determining soil exchangeable cation, soil samples were extracted with 1 M NH4OAc at pH 7 (Thomas, 1982) 
and measured by Inductive Coupled Plasma Spectroscopy (ICPE-9000 Shimadzu Co, Kyoto, Japan).  

Stomata samples were collected with clear nail polish method (Radoglou & Jarvis, 1990). Epidermal impression 
was prepared by coating the rice leaf surface with nail polish which was peeled off, once nail polish was dried, it 
was mounted onto a slide by a cello tape. The impression approach was used to determine the number of stomata. 
These impressions were observed by light microscopy (Olympus BX51) and number of stomatas were 
investigated in a field of 0.03 mm2 then we calculated the number of stomata in mm2 leaf area.  

Blast disease infection was observed at 30, 45 and 60 DAT for leaf blast and 75 and 90 DAT for neck blast. 
Sixteen plant samples were observed from each treatment for blast disease intensity. We observed leaf blast 
disease intensity using score value which was employed by IRRI System (1996). Score value for each symptom 
category of blast disease are 0: no lesions; 1: small brown specks of pin-point size or large brown specks without 
speculating centre; 2: small roundish to slightly elongated, necrotic grey spots about 1-2 mm in diameter with 
distinct brown margin; 3: same as score 2, but a significant number of lesions are on the upper leaves; 4: typical 
susceptible blast lesions 3 mm or longer, infecting less than 4% of leaf area; 5: typical blast lesion infecting 4-
10% of leaf area; 6: typical blast lesion infecting 11-25% of the leaf area; 7: typical blast lesion infecting 26-50% 
of the leaf area; 8: typical blast lesion infecting 51-75% of the leaf area and 9: more than 75% leaf are affected. 
Moreover plant growth paramater consists of plant height and number of tillers also obeserved.  

SPSS software for Windows version 20 was used for the statistical analysis. Values were expressed as means±SD. 
Student’s t-test was performed at p < 0.01 to compare the effect of Si application.  
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3.2 Effect of Si Application on Rice Plant Growth and Yield 

The effect of Si application on plant growth and yield are shown on Table 2. Statistically there was no significant 
difference between Si+ and Si- treatment on number of tillers, dry matter and yield. In yield even though not 
significant, but was slightly higher in Si+ treatment when compare to Si- treatment.  

 

Table 2. Effect of treatments on plant growth and yield of Ciherang variety 

Treatment 
Plant growth 

Yield (kg/plot) 
Plant height (cm) Tillers Dry matter (g) 

Si+ 92.1 ± 1.2 ns 17.4 ± 1.5 ns 59.2 ± 6.7 ns 4 ± 0.2 ns 

Si- 92.1 ± 1.1 ns 16.7 ± 1 ns 55.4 ± 10.9 ns 3.9 ± 0.3 ns 

Note. ns: There was no significant difference (p < 0.05) between Si+ and Si-. 

 

3.3 Effect of Si Application on Stomata Density 

Observations of stomata density showed that Si application significantly (p < 0. 01) increased stomata density at 
7, 40 and 90 DAT for abaxial and 40 and 90 DAT for adaxial (Figure 3). The average of stomata density in 
abaxial leaf epidermis were 326 ± 59 and 276 ± 76 at 7 DAT, 526 ± 60 and 353 ± 23 at 40 DAT and 638 ± 102 
and 455 ± 111 mm-2 at 90 DAT for Si+ and Si- treatments, respectively. For adaxial leaf epidermis, it was 299 ± 
40 and 217 ± 29 at 7 DAT, 366 ± 33 and 265 ± 28 at 40 DAT and 342 ± 54 and 247 ± 20 mm-2 at 90 DAT for Si+ 
and Si- treatments, respectively. Stomata density of Ciherangrice rice variety was higher on abaxial surface than 
adaxial surface of which coincide with what is obtainable with other rice varieties in previous study (Willmer & 
Fricker, 1996a; Gao et al., 2006).  

 

 

Figure 3. Stomata density of Ciherang variety 

Note. **: Significant different at p < 0.01. 

 

3.3 Effect of Si Application on Stomata Length 

The results of stomata length was listed on Table 3. The data showed that Si application on stomata length were 
not significant on both in abaxial and adaxial surface. Moreover, the results from three observations (7, 40 and 
60 DAT) showed that the stomata length tends to decrease slightly as the stomata density increases in both 
treatments.  
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Table 3. Effect of treatments on stomata length (mm) 

Treatment 
Stomata length (× 10-9 mm) 

7 DAT 40 DAT 90 DAT 

 Abaxial 

Si+ 16 ± 2.2 a 14 ± 1.4 a 12 ± 0.6 a 

Si- 15± 2.2 a 14± 0.9 a 11 ± 0.7 a 

 Adaxial 

Si+ 15 ± 0.9 a 14 ± 0.5 a 13 ± 0.4 a 

Si- 15 ± 0.9 a 14 ± 0.1 a 13 ± 0.7 a 

Note. Means followed by the same latter in the colum do not differ significantly at p < 0.05. 

 

4. Discussion 
The result showed that Si application could suppress the severity of leaf blast infection (Figure 1). This indicates 
that Si application reduces the expansion of lesion as score 4 and 5 only appeared on Si- treatment. This might be 
as a result of physical barrier created by Si in the cuticle layer to reduce lesion, through organo silicon compound 
that accumulated in the wall of epidermal cell (Volk et al., 1958; Rodrigues et al., 2001).  

Si application clearly gave the positive effect on decreasing leaf and neck blast infection on Ciherang variety as 
reported in other rice varieties in different countries such as in Japan, Brazil and Thailand (Seebold, 1988; 
Prabhu et al., 2001; Hayasaka et al., 2005; Wattanapayapkul et al., 2011). The specific mechanisms responsible 
for Si ability to increase plant resistant to blast disease are not fully understood. Related to our result, we believe 
that Si deposited on the tissue surface acts as a physical barrier by thickening the Si layer in the cuticle known as 
Si-cuticle double layer which could decrease the number of blast lessions on leaf blades and also improved 
stomata control (Yoshida, 1965; Datnoff & Rodrigues, 2005). Also Si-cuticle double layer probably limits hypa 
penetration and invasion by acting as a physical barrier (Kim et al., 2002).  

The usage of fungicides is the most common method to control blast disease in Indonesia beacause it is easy to 
access and to apply for local farmers. Yuliani and Maryana (2014) stated that fungicide application could suppres 
leaf and neck blast infection by 40-60% and 60-80% respectively. However when the farmers delay the planting 
season, fungicide application will be ineffective on suppressing blast disease. Delaying planting season cause the 
heading stage to concide with the period of high dew which is favorable for blast disease infestation (Santoso & 
Nasution, 2009). In addition, the study site had expeienced severe blast incidence for the past five years due to 
continuous use of the fungicides on rice cultivar against Pyricularia grisea. The fungus over time tends to shift 
inpopulation as it become resistance to fungicides, making the rice cultivar susceptible to the attack 
(Tangdiabang & Pakki, 2006). On this regard Si application could be an effective and sustainable strategy to 
control blast disease.  

The soil initially contained available Si of 427 mg·kg-1 which was 4.5 times higher than the criterion of Si 
deficient level by Dobermann and Fairhurst (2000). Nevertheless, Si application could give significant effect on 
reducing leaf and neck blast disease infection in this site. This agreed with previous studies, Si application in soil 
that had available Si level higher than the critical level, about 437-581 mg·kg-1 still gave significant effect on 
increasing the yield (IRRI, 1964; Su et al., 1983) and decreasing blast disease severity (Wattanapayapkul et al., 
2011) without any toxic side effects as Ma et al. (2001) reported. In the present study also, we have not observed 
any negative effect of Si application although it resulted in no significant effect on the yield but reduces blast 
disease infection.  

Generally previous studies reported that addition of Si could increase the rice yield due to the balanced nutrient 
management that includes Si fertilization (Savant et al., 1997; Epstein, 1999). However, our result did not show 
significant difference. This might be due to application period of Si fertilizer. The most effective period of Si 
application for increasing yields was reproductive stage in which Si uptake and dry matter production are most 
vigorous (Savant et al., 1997). In the present study, we applied Si fertilizer before transplanting in order to 
improve plant resistance to blast disease from early growth stage. As rice plant takes up Si, it gradually 
accumulates in the leaf and creates Si cuticle double layer which can act as physical barrier against to blast 
disease infection (Ma, 2004). Although the yield was not increased by Si application, in this present study Si 
application has potential to improve the yield through supressing blast disease especially neck blast since it often 
causes severe yield losses due to the reducing the number of filled grains.  
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In relation to Si application on stomatal behaviour, i.e. stomata conductance has been focused on while less 
attention has been paid to stomatal formation, observed as morphology and density. Some of previous studies 
presumed that Si plays a role in decreasing the transpiration rate by changing the stomatal movement rather than 
affecting its morphology and density (Gao et al., 2006; Zargar & Agnihotri, 2013). In contrast, Dias et al. (2014) 
showed similiar result with the present study which stated that there is indication that addition of Si as sodium 
silicate promoted the development of higher stomata density.  

Salisbury (1927) reported that stomatal density is determined by stomatal initiation during ontogenesis and by 
epidermal cell expansion at a later leaf growth stage. In this research, it was observed that stomata density 
increases at the leaf growth stage in both Si+ and Si- treatments. Stomata density in abaxial surface increased 
from 7 to 40 DAT by 61 and 28 % in Si+ and Si- treatment respectively. The increase in stomata density at 40 
DAT to 90 DAT were 21 and 29 % for Si+ and Si- treatment respectively. Meanwhile in adaxial surface, the 
increase only occured from 7 DAT to 40 DAT and it was relatively small, about 22% and was the same for Si+ 
and Si-. Although it is not clearly understood how stomatal density is controlled during leaf growth (Bergmann, 
2004).  

The increament of stomata density on Si+ treatment might be related to the Si deposition that caused the cuticle 
layer to become thicker. As Si is deposited beneath cuticle layer and forming a fine cuticle-Si double layer, it acts 
as physical barrier that protects against various environmental stresses (Shepherd & Griffiths, 2006). 
Alternatively cuticle layer profile may alter permeability to water, CO2 and other signalling compound that 
influences stomata development. CO2 and light levels have also been known to elicit changes in stomata 
numbers (Woodward, 1987). In many species, the trend is for a reduction in stomata density and index with 
increases in CO2 level. Si in leaf epidermis might prevent CO2 diffusion through increase in stomata density. On 
the orther hand, Soares et al. (2012) stated that Si treatments reduced the development of the stomata 
characteristic such as stomata density and also stated that in the absense of Si, the stomata might be more 
capable of capturing CO2 and preventing water loss.  

Stomata are cell complexes specialized for gas exchange between plants and their environments. Stomatal 
movement, density, and distribution determine plant water and CO2 exchange, including photosynthesis and 
transpiration. Stomatal density affects gas exchange, transpiration, conductance, and instantaneous water use 
efficiency (Woodward & Bazzaz, 1988).  

In relation to yield, some previous study stated that the improvement on morphological characteristics of stomata 
such as stomata density could improve the yield (Jones, 1992; Ishimaru et al., 2001). However, in the present 
study the result of the yield showed not significant different although Si+ was significantly higher than Si- in 
stomata density. This result showed that stomata density indirectly regulates photosynthesis rate and transpiration 
rate which affect yield improvement. This present result was in agreement with Ohsumi et al. (2007), who stated 
that improvement of the morphological characteristic of stomata on the yield is not evident because consistent 
relationship have not been proven between morphological characteristic of stomata with stomatal conductance in 
correlated with photosynthesis. This explained why with higher stomata density in Si+ treatment showed no 
significant different on yield compared to Si- treatment. However, the potential of Si application on improvement 
of plant growth and yield through blast disease suppression and increasing stomata density is visible in the 
present study.  

From the observation on stomata at 40 and 90 DAT in abaxial surface, we found that for Si+ treatment the 
pattern of stomata is arranged in single file in low phyllotaxis leaves with two adjacent stomata rows, meanwhile 
for Si- treatment the pattern is arranged only in single file (Figure 4). This appearence of adjancent stomata rows 
in Si+ treatment might be the reason for the increase in stomata density per unit area which was observed in 
abaxial surface of the flag leaves in Si+ treatment compared to Si- treatment. Stomata were usually arranged in a 
single file in low phylotaxis leaves and two or more adjacent stomatal rows (Luo et al., 2012) which was 
observed in Si+ treatment.  
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