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ABSTRACT 

 
Lodging causes a yield loss of approximately 1 ton per hectare as 20% of the total rice production. Silicon 
(Si) fertilisers significantly improve paddy grain yield, and lodging resistance by improving leaf firmness 
besides promoting better plant canopy and boosting photosynthesis. The objective of this study was to 
determine the effects of Si derived from calcium silicate (CaSiO3), rice husk ash, and rice straw on paddy 
plant growth. A pot study was conducted at MARDI Seberang Perai during the main season (2019/2020) 
and the off-season (2020) using the MRQ 76 rice variety to evaluate 10 Si carriers. The growth parameters 
of the paddy plants such as number of tillers, plant height, and chlorophyll content at different growth stages 
were evaluated. During season 1, treatment with 100% CaSiO3 (T4) significantly improved the plant height. 
Nevertheless, the organic Si (T1, T2, and T3) and combination between organic Si with CaSiO3 (T5, T6, 
T7, and T8) resulted in the tallest plants during season 2. Treatment T7 increased the tillering number per 
meter square during season 1 whereas in season 2 treatment T8 performed better compared to the standard 
fertiliser (T9) and control (T10). However, the treatments evaluated in this study did not significantly affect 
the chlorophyll content of the paddy plants. Applying a combination of rice straw (50%) and rice husk ash 
(50%) a day before transplanting, followed by CaSiO3 (100%) as a silicate material during panicle initiation, 
along with additional NPK fertiliser (17:3:25:2MgO) during heading stage (T7), and without additional 
NPK fertiliser (17:3:25:2MgO) at the heading stage (T8) were most effective in enhancing crop growth and 
maintaining the paddy cultivation. Therefore, the findings in this study suggested the potential of using 
inorganic and organic Si to improve the growth and development of aromatic rice variety.  

Keywords: Aromatic rice, lodging, silicon fertiliser, soil amendment. 
 
 

INTRODUCTION 
 
Rice (Oryza sativa L.) is the staple food of Malaysia and an essential source of income for small-scale 
agricultural Malaysian farmers. In the coming years, rice production is projected to continue increasing due 
to ongoing urbanisation and global population growth. Nonetheless, lodging, which is the bending or 
breaking of rice plants, significantly contributes to rice yield losses.  

In the Philippines, lodging led to a one-ton per-hectare yield loss, accounting for approximately 
20% of the total rice production, while Southern India recorded a 26 kg/ha (Duwayri et al., 2000). The 
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impact of lodging is also evident in the Muda granary region in Malaysia. The area, which covers 98,860 
hectares and represents 25% of the total rice production in the country, documented a substantial loss of 
41% in rice yield (MOA, 2008).  

Typically, lodging occurs just before the harvest, when the lower portion of the rice plant stems 
becomes incapable of supporting the weight of their panicles. According to Gowariker et al. (2009), lodging 
could occur in three forms which are stem bending at the base or breakage along its length or root lodging. 
Consequently, maintaining an appropriate paddy plant height with shorter basal stems is crucial to prevent 
lodging (Zhang et al., 2014).  

The application of silicon (Si) is an effective approach in enhancing lodging resistance. This 
fertiliser improves leaf firmness, promotes better canopy development, and indirectly increases the overall 
photosynthesis rate of paddy, thus improving rice grain production (Tamai and Ma, 2008). Dorairaj et al. 
(2017) also found that carbon and Si fertilisers enhanced crop lodging resistance. Furthermore, organic 
carbon and Si fertilisers boost lignin biosynthesis enzyme activities and upregulate gene expression 
associated with the enzymes. The improvements would lead to increased lignin accumulation in the culm, 
ultimately enhancing the ability of the paddy plants to withstand lodging (Hu et al., 2022). Moreover, Gong 
et al. (2021) discovered that applying Si fertiliser improved the flexural strength of individual stems and 
increased Si, lignin, and cellulose levels in rice stalks. The accumulation of Si in plant cell walls translates 
into enhanced resilience to diseases, pests, and lodging.  

Nitrogen (N) fertilisers often lead to droopy rice leaves, whereas Si aid in keeping them upright. 
Moreover, Yoshida (1981) reported that appropriate Si management in maintaining erect leaves resulted in 
a 10% increment in crop photosynthesis. The findings also highlight the significance of employing adequate 
Si fertilisation primarily in lowland rice cultivations with highly weathered tropical soils and generous N 
fertiliser employment.  

Rice grain yield response to Si fertiliser considerably depends on available Si, Si sources, soil pH, 
and environmental factors, including climate (Wang et al., 2014). Although calcium silicate (CaSiO3) is 
widely recognised as the ideal source of inorganic Si, its high cost renders it unaffordable for most 
Malaysian paddy farmers. Therefore, exploring alternatives and more affordable and abundant sources in 
Malaysia is essential. 

Rice straw is a significant Si reservoir, storing approximately 86% of the total Si content in rice 
plants (Klotzbücher et al., 2015). Furthermore, rice straw contains essential nutrients, such as N, phosphorus 
(P), and a substantial quantity of potassium (K) (Ismail et al., 2013). Rice plants absorb silicic acid from 
soils and transport it through their xylems, which are deposited as phytoliths. Phytolith deposition varies 
among different plant parts and cultivars. Commonly, rice straws contain approximately 10% phytoliths, 
while rice husks could store up to 20% (Sun et al., 2019). Phytoliths are crucial in providing structural 
support to paddy plants, enhancing rice yields and resistance to pests and diseases, and preventing lodging 
(Patil et al., 2017).  

Exploring cost-effective recycling alternatives is imperative as paddy plants, a C3 crop, are rich in 
Si, and rice cultivation generates abundant biomass residues. Utilising rice straw and rice husk ash as 
supplementary inorganic Si fertilisers are promising. Therefore, the objective of this study was to determine 
the effects of Si derived from CaSiO3, rice husk ash, and rice straw on the growth of paddy plants. 

 
 

MATERIALS AND METHODS 
 

Experimental Sites and Plant Materials 
 

The pot study was conducted at the Malaysian Agricultural Research and Development Institute (MARDI) 
in Seberang Perai, Pulau Pinang, during season 1 (main season 2019/2020) and season 2 (off-season 2020). 
The MRQ 76 variety of aromatic rice was selected as the test crop. The MRQ 76 seeds were soaked in 
water for 24 h and kept in a moist and shaded environment for 36 h to ensure good establishment (Othman 
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et al., 2008). Subsequently, the rice seedlings were nursed for 18 days before being transplanted. Five 
seedlings were planted in each planting point at a 20 cm × 20 cm distance. 
 

Experimental Design and Treatments 
 

Table 1 summarises the physical and chemical properties of the soil (Paramanathan, 2000) and the 
amendments used in this study. The present study utilised three soil amendments. Rice straw and rice husk 
ash were incorporated as the basal application (a day before planting), which represented organic Si. During 
panicle initiations, CaSiO3 was applied as inorganic Si.  
 

Table 1. The physical and chemical properties of the soil and the amendments used 
 

Properties  Soil Rice straw Rice husk ash CaSiO3 

pH 5.54 5.83 8.23 - 
EC (mS/cm) 63.93 8.42 0.23 - 
Bulk density (g/cm3) 1.31 - - - 
Total N (%) 0.22 0.73 0.50 - 
Total Si (%) 15.73 43.49 62.41 70.00 
Total calcium (Ca) (mg/100 g) 6.07 0.36 0.10 17.00 

 
This study used a completely randomised design (CRD), and a 1.2 m × 1.2 m trough was set with 

10 treatments and four replications (Figure 1). The treatments evaluated were as follows: 
 

i. T1: 100% rice straw, 
ii. T2: 100% rice husk ash,  
iii. T3: 50% rice straw + 50% rice husk ash,  
iv. T4: 100% CaSiO3,  
v. T5: 100% rice straw + 100% CaSiO3,  
vi. T6: 100% rice husk ash + 100% CaSiO3,  
vii. T7: 50% rice straw + 50% rice husk ash + 100% CaSiO3 with additional NPK fertiliser 

(17:3:25:2MgO) at 50 kg/ha during the heading stage,  
viii. T8: 50% rice straw + 50% rice husk ash + 100% CaSiO3 without additional NPK fertiliser 

(17:3:25:2MgO) at 50 kg/ha at the heading stage,  
ix. T9: Lestari Fertiliser (LF), a standard fertiliser package containing a total NPK of 120:70:80 kg N, 

P2O5, and K2O per ha, and   
x. T10: No fertiliser (control plot) 

 
Treatment plots T1 to T9 were applied with standard fertilisers at four different stages which were 

the three-leaf [7 days after transplanting (DAT)], active tillering (25 DAT), panicle initiation (45 DAT), 
and heading (65 DAT) stages. The standard fertiliser (T9) was applied at the recommended fertiliser 
application rate based on Lestary Fertilizer (LF) Package (Othman et al., 2008) with the details listed in 
Table 2. 
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Figure 1. The cultivation plots and treatment arrangements based on the CRD experimental design with four 
replications in a plant house at MARDI Seberang Perai Station, Pulau Pinang, Malaysia 

 
 

Table 2. The standard LF fertiliser application rates 
 

[Note: Total NPK = 120:70:80 kg N, P2O5, and K2O/ha, Padi 1 = NPK 17.5:15.5:10, and additional NPK 
fertiliser = NPKMg 17:3:25:2MgO] 

 
Plant Height 

 
Using a measuring tape, the plant height was recorded from the soil surface until the tip of the highest leaf 
(or panicle, whichever is longer) at 35, 60, and 90 (DAT) (Figure 2(a)). 

 
Number of Tillers 

 
The number of productive tillers was obtained by manually counting the number of tillers that grew from 
the main stem of the paddy plants at 35, 60, and 90 (DAT) (Figure 2(b)). The recorded data were then 
converted to per square metre.  
 

Relative Chlorophyll Content 
 

The chlorophyll measurements were conducted using a chlorophyll meter (SPAD-502, Minolta Camera 
Co., Osaka, Japan) (Figure 2(c)). Four fully expanded uppermost leaves (Y leaf or flag leaf) were selected 
at four different growth stages (35, 60, and 90 DAT, and at maturation days). The chlorophyll readings 
obtained from the SPAD meter were averaged to represent the mean SPAD readings for each plot (IRRI, 
2002). 
 

DAT Padi 1  
(kg/ha) 

Triple super phosphate 
(TSP) (kg/ha) 

Muriate of potash 
(MOP) (kg/ha) 

Urea 
(kg/ha) 

Additional NPK 
fertilizer (kg/ha) 

7 140 57 42   
25    80  
45 107   12 100 
65    20 50 
Total 247 57 42 112 150 
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Figure 2. Measuring the (a) height, (b) number of tillers, and (c) relative chlorophyll content of the paddy 
plants with a SPAD meter 

 
Statistical Analysis 

 
The treatment effects were analysed using analysis of variance (ANOVA), and the means of the treatment 
were compared using Duncan’s New Multiple Range Test (DNMRT) at a significant level of p < 0.05. The 
statistical analysis was performed with Statistical Analysis System (SAS) version 9.4 (SAS Institute 2011, 
Gary, NC). 
 

 
RESULTS AND DISCUSSION 

 
The Effects of CaSiO3, Rice Straw, and Rice Husk Ash on Paddy Plant Height 

 
The height of a plant is directly linked to the centre of gravity of the culm on the plant (Okuno et al., 2014). 
Shorter plants possess lower centres of gravity, therefore improved resistance against shoot self-weight 
movements, an advantage against lodging (Okuno et al., 2014). Consequently, achieving the appropriate 
paddy plant height is crucial in rice cultivation as it directly affects the overall yield. 

Although taller paddy plant varieties often possess higher yield potential, their denser canopies 
could diminish their ability to withstand lateral forces, thereby increasing their lodging index. Plant height 
is a practical and simple measurable trait for assessing the lodging behaviours of cultivars (Navabi et al., 
2006). A common hypothesis suggests that various physicochemical processes are restricted in shorter 
plants, hence reducing yield (Navabi et al., 2006). Zhang et al. (2017) stated that shorter rice varieties are 
less prone to lodging, but the decreased height resulted in weak growth that ultimately led to low rice yields.  

In this study, the MRQ 76 aromatic rice variety reached the optimal and suitable plant height, which 
enabled benefits including effective weed suppression and efficient light absorption while maintaining 
structural integrity. Furthermore, the potential yield of the rice variety was maximised by avoiding lodging.  
Nonetheless, the season and treatment applied significantly influenced the height of the MRQ 76 rice 
variety.  

Throughout season 1, the plants treated with T10 consistently recorded the shortest plant height at 
all growth stages assessed, measuring 62.34, 77.06, and 97.83 cm at 35, 60, and 90 DAT, respectively, 
while in season 2, the plants recorded 62.11, 70.94, and 96.73 cm, at 35, 60, and 90 DAT, respectively. 
Treatment (T10) consistently showed the shortest plant height in both seasons, followed by the standard 
fertiliser (T9) and the 100% CaSiO3 alone (T4). 

b a c 
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The observations highlighted that using organic Si alone (T1, T2, and T3) and combining organic 
and inorganic Si (T5, T6, T7, and T8) along with NPK fertilisers were particularly effective in promoting 
plant height and sustaining overall plant growth.  

Stewart and Roberts (2012) suggested that applying fertilisers could lead to a substantial increase 
in yield, ranging from 30 to 50%. Moreover, adding Si in conjunction with fertilisers could synergistically 
affect the rice N use efficiency (NUE) and total biomass production (Savant et al., 1997). Si deposition in 
paddy plant cell walls also plays a crucial role in enhancing cultivar heights by promoting more upright 
leaves and stems. The vertical growth pattern facilitated improved light absorption, hence increasing 
photosynthetic rates in the plant. The upright leaves and stems also reduced mutual shading caused by 
densely populated plants (Pati et al., 2016). 

During season 1 (main season 2019/2020), the treatment involving 100% CaSiO3 (T4) exhibited 
the highest plant height, measuring 75.49, 88.70, and 120.50 cm at 35, 60, and 90 DAT, respectively (Figure 
3). Nevertheless, the height documented at 90 DAT was comparable to the reading obtained from the plants 
treated with the standard fertiliser (T9) at 120.86 cm. This finding aligned with a previous study by Cuong 
et al. (2017), which reported that the application of silicon (Si) fertiliser resulted in increased plant height, 
although no significant differences were observed among different treatments. Pati et al. (2016) also found 
that adding Si fertilisers enhanced the height of paddy plants compared to those without Si supplements.  

Mahmad-Toher et al. (2021) revealed that treating the MR219 rice variety with CaSiO3 alone led 
to the best height performance, followed by a rice husk ash and manganese combination. The findings 
provided additional evidence supporting the effectiveness of incorporating CaSiO3 to enhance rice plant 
heights. In another study, Kowalska et al. (2021) investigated the effects of different forms of silicon 
fertilisers on wheat. The liquid Si formulation (monosilicic acid solution) was more effective than the 
powder version (diatomaceous earth). The Si stimulations promoted growth, which increased ear numbers 
and plant height, thus leading to higher yields. Furthermore, soil and foliar applications of Si were more 
effective than only treating the soil or leaves. 

The paddy plants cultivated in season 2, which was the off-season in 2020, documented height 
improvements when treated with organic (T1, T2, and T3) and combinations of organic and inorganic (T5, 
T6, T7, and T8) Si compared to the application of 100% CaSiO3 (T4), standard fertiliser (T9), and the 
control treatment, which was without fertiliser (T10) (Figure 4). The T8 treatment resulted in the highest 
plant height of the MRQ 76 at 35 DAT, measuring 83.81 cm, comparable to the plants supplemented with 
T6, T2, and T3.  

At 60 DAT, the highest plant height obtained from the plants cultivated in season 2 was from the 
T6 treatment plot, which reached 96.85 cm, followed by the T2, T5, T7, T8, T3, and T1-treated plot, 
resulting in 95.80, 95.66, 95.14, 94.93, 94.61, and 94.39 cm, respectively. The trend continued at 90 DAT, 
where the T6 treatment showed the most significant plant height of 123.31 cm, followed by the plants 
treated with T2, T3, T7, T5, T8, and T1, at 122.48, 122.43, 121.80, 121.63, 121.26, and 118.59 cm, 
respectively. Conclusively, the control treatment (T10), which did not include fertilisers, documented the 
shortest plant across all growth stages for both seasons, thus indicating that fertilisers are required for 
optimal plant growth (height) (Figures 3 and 4). 

 
The Effects of CaSiO3, Rice Straw, and Rice Husk Ash on Number of Tillers per Meter Square 

 
Tillering capacity is vital in determining rice grain yield as it is closely associated with the number of 
panicles per unit area (Pati et al., 2016). Supplementing with Si fertilisers, inorganic and organic, reportedly 
positively affected the number of tillers per square metre of rice plants (Pati et al., 2016). The enhancement 
in tillering capacity could improve grain yield potential in rice cultivation (Pati et al., 2016).  

In this study, the number of tillers per meter square demonstrated a significant difference among 
the treatments when assessed at 35, 60, and 90 DAT during the main season (2019/2020) and off-season 
(2020) (Figures 5 and 6). The T8 treatment, which involved combination of rice straw (50%) and rice husk 
ash (50%) a day before planting, followed by CaSiO3 (100%) during the panicle initiation without additional 
NPK fertiliser (17:3:25:2MgO) at the heading stage, resulted in an increased number of tillers per meter 
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square at 35 and 60 DAT in both seasons compared to the plants treated with standard fertiliser (T9) and 
the control (T10) plot.  

At 90 DAT, the treatment T7 recorded the highest tiller number during season 1, while in season 
2, the T8 treatment performed better. The findings revealed that incorporating inorganic and organic Si 
fertilisers enhanced rice growth by increasing the number of tillers per plant. The results supported the 
observations reported by Pati et al. (2016), where an improved number of tillers per hill occurred with the 
supplementation of Si fertiliser in paddy fields. Hosseini et al. (2011) also reported a significant increase in 
tillering with higher SiO2 levels (10 g SiO2). In another study, Yasari et al. (2012) also observed a notable 
enhancement in tillering after application of 250 kg Si per hectare.  
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Effects of treatments on the paddy plants height during main season 2019/2020. Note: Same 
alphabet indicates insignificant difference between treatment means using DNMRT at p< 0.05 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Effects of treatments on the paddy plants height during off season 2020. Note: Same alphabet 
indicates insignificant difference between treatment means using DNMRT at p< 0.05 
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Figure 5. Effect of treatments on tillers number per metre square of paddy plants during main season 
2019/2020. Note: Same alphabet indicates insignificant difference between treatment means using 

DNMRT at p< 0.05 
 

 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 6. Effect of treatments on tillers number per metre square of paddy plants during off season 2020. 
Note: Same alphabet indicates insignificant difference between treatment means using DNMRT p< 0.05 

 
The Effects of CaSiO3, Rice Straw, and Rice Husk on Chlorophyll Content 

 
The SPAD chlorophyll meters are commonly utilised in agricultural systems to assess the N levels in plant 
leaves, which is required for photosynthesis (Xiong et al., 2015). Dobermann and Fairhurst (2000) reported 
that the optimal SPAD threshold for direct-seeded rice in the Philippines with 800 productive tiller planting 
densities was within the 29 to 30 range. Nonetheless, it is essential to maintain a minimum 1.4 g N/m2 N 
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concentration in the uppermost fully expanded leaf to achieve the maximum yield target, regardless of the 
genotypes (Dobermann and Fairhurst, 2000). The treatments applied in this study did not significantly affect 
the chlorophyll contents of the paddy plants at 35, 60 and 90 DAT and during harvest for both seasons 
(Figures 7 and 8), suggesting that the N applied was sufficient. 

Si fertilisers enhance the optimal N rate due to their synergistic effects, thus improving crop yields 
(Elawad and Green, 1979). Li et al. (2023) discovered that Si nanoparticles (SiNPs) enhanced chlorophyll 
levels and net photosynthetic rate of wheat. The study also observed that SiNPs positively influenced the 
expression of genes involved in chlorophyll synthesis, potentially leading to higher chlorophyll a and b 
concentrations in wheat leaves. Furthermore, a remarkable 17.8% enlargement in leaf areas where SiNPs 
were applied was recorded compared to the control group. Leaf area expansions could also enhance 
photosynthesis and contribute to increased biomass production.  

Sandhya and Prakash (2017) reported that applying CaSiO3 and rice hull significantly affected 
various growth parameters and enabled rice plant component yields in acidic and alkaline soils. Si 
treatments facilitate the mobility and translocation of iron (Fe) within the xylems of plants, thus promoting 
the remobilisation of Fe from older leaves to younger leaves (Pavlovic et al., 2013). The mechanism 
potentially contributes to improved chlorophyll content (SPAD values) observed in rice plants treated with 
Si sources. The applied treatments produced a noticeable influence on the chlorophyll content of the paddy 
plants cultivated during season 1 (main season 2019/2020), with lower chlorophyll content compared to 
season 2 (off-season 2020) (Figures 7 and 8). The difference in chlorophyll contents between the plants 
from both seasons could be attributed to the distinct environmental conditions during the periods of this 
study.  

In a study conducted in the granary areas of Peninsular Malaysia, Tan et al. (2021) found that the 
main season is characterised by higher rainfall levels and lower average minimum and maximum 
temperatures compared to the off-season. The abundance of rainfall during the main season translates into 
highly moist soils and ample water availability for plant uptake. The optimal water supply facilitates active 
photosynthesis and stimulates chlorophyll synthesis, hence a higher chlorophyll content.  

Restrepo and Garcés (2013) noted that paddy leaves exhibited higher chlorophyll contents when 
exposed to lower light levels, as measured by SPAD meters. The ability of paddy plants to adapt and thrive 
in diverse conditions is closely linked to the synthesis and breakdown of their photosynthetic pigments, 
which primarily occurs in the presence of light (Zervoudakis et al., 2012). Conversely, the off-season is 
characterised by higher temperatures and increased solar radiation, which could exacerbate water stress and 
accelerate chlorophyll molecule degradation. Moreover, elevated temperatures enhance processes 
involving photo-oxidation, which leads to diminished chlorophyll content.  

Strong winds and heavy rains during extreme weather events and excessive N fertiliser 
supplementations could increase the risk of crop lodging. Consequently, applying Si could enhance light 
interception by modifying leaf architecture and promoting sclerenchyma development, vascular tissues, and 
vascular sheaths in wheat and rice to mitigate lodging (Hernandez-Apaolaza, 2014). Berahim et al. (2021) 
conducted a study using PadiU Putra rice variety, observed that the foliar application of Si resulted in the 
highest mean SPAD value of 32.52 units at 55 DAT. However, no significant differences were recorded 
between the plants evaluated at 75 DAT with Si top-dressed and control groups.  

The mean SPAD values recorded during season 1 in this study varied between 33.98 and 36.14, 
32.96 and 35.74, 28.20 and 38.72, and from 25.41 to 28.93 at 35, 60, 90 DAT, and harvest, respectively 
(Figure 7). While in season 2, the mean SPAD values ranged from 36.06 to 38.59, 34.06 to 36.31, 31.10 to 
33.16, and 26.23 to 29.01 at the corresponding growth stages (Figure 8). Nevertheless, the relationship 
between the SPAD values and leaf N concentration might vary due to different growth stages, plant variety, 
solar radiation, and local conditions. The differences could be attributable to varied leaf thickness or specific 
leaf weight (Turner and Jund, 1994; Dobermann and Fairhurst, 2000; Peng et al., 1993).  
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Figure 7. Effects of treatments on SPAD value of the paddy plants during main season 2019/2020. Note: 
Same alphabet indicates insignificant difference between treatment means using DNMRT at p< 0.05 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Effects of treatments on SPAD value of the paddy plants during off season 2020. Note: Same 
alphabet indicates insignificant difference between treatment means using DNMRT test at p< 0.05. 
 

 
CONCLUSIONS 

 
The combined use of organic Si, between rice straw (50%) and rice husk ash (50%) as a soil amendment 
prior to transplanting, along with the application of CaSiO3 (100%) as an inorganic Si source during panicle 
initiation, with additional NPK fertiliser (17:3:25:2MgO) at the heading stage (T7), and without application 
of additional NPK fertiliser (17:3:25:2MgO) at the heading stage (T8), improved paddy plant height and 
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tillers number per meter square. The study suggests that the combined use of (50%) rice straw and (50%) 
rice husk ash as organic Si, along with 100% CaSiO3 as an inorganic silicate material, can be a beneficial 
approach to boost paddy crop growth and ultimately improve paddy productivity. 
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