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Abstract 

Lodging is a major constraint to rice farming in the coastal ecosystem of 

Bangladesh, particularly among traditional tall genotypes that are otherwise 

well-adapted to local stress conditions. This study was aimed to evaluate the 

effects of silicon (Si) supplementation on lodging resistance, growth, and yield 

performance of ten traditional rice genotypes under pot culture conditions. Two 

levels of silicon (0 and 100 mg Si kg⁻¹ soil) were tested in a factorial 

randomized design. Results revealed that Si application significantly reduced 

lodging percentage (from 21.4% to 15.4%) and enhanced grain yield (from 12.1 

g to 13.7 g pot⁻¹) and straw yield (from 30.8 g to 34.0 g pot⁻¹). Significant 

genotypic variation was observed for all measured parameters. Sakkorkhana and 

Kalojira showed the highest increases in grains panicle-1 (142.6% and 51.2%, 

respectively) under Si treatment. Moulata and Sadamota achieved the highest 

biomass and yield, while Dudhkalom exhibited strong lodging resistance. 

Silicon uptake and content in both grain and straw increased significantly with 

Si application and correlated positively with yield components. These findings 

suggest that silicon application enhances lodging resistance and yield in 

traditional rice genotypes, with varied responses among genotypes. Integration 

of silicon fertilization with genotype selection could be an effective strategy for 

improving rice production in coastal Bangladesh. 
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Introduction 

Rice (Oryza sativa L.) is the staple food crop for over half of the global population 
and plays a critical role in food security, particularly in countries like Bangladesh. 
The coastal ecosystem of southern Bangladesh contributes substantially to national 
crop production; however, its productivity is often limited by unique environmental 
constraints such as soil salinity, drought, poor nutrient status etc. (Sikder et al., 2016; 
Kumar et al., 2018; Khanam et al., 2020; Haque and Hoque, 2023). The high tidal 
inundation along with wave generated by gusty wind speed makes plant susceptible 
to lodging (Haque et al., 2023ab; 2024a). Frequent cyclone due to recent climate 
change seriously lodge standing crops and hamper production of multiple crops in the 
coastal ecosystem (Jodder et al., 2016; Hossain and Joshi, 2025; Haque et al., 2025a). 
Lodging, the bending or breaking of rice stems near the ground is a major 
physiological disorder that reduces photosynthetic capacity, hinders nutrient 
translocation, and ultimately diminishes grain yield and quality (Shah et al., 2019). 

Traditional rice genotypes are still widely cultivated in the coastal regions due to 
their adaptability and resilience under low-input and stress-prone environments 
(Haque et al., 2025b). However, these landraces are particularly vulnerable to lodging 
due to their tall stature and weak stem morphology (Akter et al., 2025; Pranto et al., 
2023). Efforts to enhance the lodging resistance of traditional genotypes without 
compromising their adaptability are crucial for sustainable rice production in these 
marginal environments. 

Silicon (Si), though not considered an essential nutrient, is recognized as a beneficial 
element for many crops, especially grasses like rice (Sultana et al., 2021; Akter et al., 
2021; Mobaswera et al., 2023). Silicon has been reported to strengthen plant cell 
walls, enhance mechanical strength, reduce susceptibility to pests and diseases, and 
improve tolerance to abiotic stresses including lodging, salinity, and drought 
(Epstein, 1994; Ma & Takahashi, 2002; Sume et al., 2023). Silicon enhances stem 
rigidity and resistance to bending by promoting silica deposition in plant tissues, 
especially in the epidermal cells and vascular bundles (Liang et al., 2007). It also 
contributes to improved photosynthetic efficiency, water use, and nutrient uptake, 
leading to better growth and higher yield (Jinger et al., 2020). 

In Bangladesh, research on the role of silicon in traditional rice genotypes remains 
limited, particularly under the unique edaphic and climatic conditions of the coastal 
zone. Identifying genotypes that are responsive to silicon supplementation could 
provide practical insights into integrated nutrient and genotype management 
strategies for lodging control and yield enhancement. Given the limited accessibility 
and high costs of modern lodging-resistant varieties for marginal farmers, enhancing 
the performance of indigenous genotypes through silicon fertilization may offer a 
more viable and cost-effective alternative. 

Therefore, this study aimed to evaluate the effects of silicon on plant growth, lodging 
resistance, and yield of ten traditional rice genotypes under controlled conditions 
using calcium silicate as a silicon source in the coastal ecosystem of Bangladesh 
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Materials and Methods 

Experimental site and duration 

The experiment was conducted at the net house of the Department of Soil Science, 

Patuakhali Science and Technology University (PSTU), Dumki, Patuakhali, 

Bangladesh. The study was carried out during the Aman season of 2023, under 

controlled pot conditions to simulate the coastal rice-growing environment while 

minimizing external variability. 

Experimental design and treatments 

The experiment was laid out in a two-factor Completely Randomized Design (CRD) 

with three replications. The two factors were: Silicon dose (Si0- 0 mg Si kg-1 soil and 

Si100- 100 mg Si kg-1 soil) and ten traditional rice genotypes (Sadamota, Lalmota, 

Mothamota, Komlamota, Karangamota, Dudhkalom, Moulata, Kalokhoia, Kalojira, 

and Sakkorkhana). A total 60 pots were used in the experiment (2 Si levels × 10 

genotypes × 3 replications). Calcium silicate (CaSiO₃) was used as the source of 

silicon. The 100 mg Si kg-1 soil was equivalent to 414 mg Si kg-1 soil. 

Soil preparation and pot setup 

Each pot was filled with 6 kg of air-dried, sieved, and homogenized soil collected 

from the coastal non-saline region of Patuakhali. The soil was characterized as silty 

clay loam with moderate fertility status. Baseline soil pH and nutrient levels were 

recorded before fertilizer application. The composite soil was used for physical and 

chemical analysis following Page et al. (1982). The soil was silty clay loam in texture 

having pH value of 5.9 and electrical conductivity of 1.65 dSm-1. The soil contains 

0.11% total N, 5.1 mg kg-1 available P, 0.24 cmol kg-1 exchangeable K, and 24 % 

total Si.  

Fertilizer application 

Fertilizers were applied at a rate of 120 mg N kg-1 soil using urea, 20 mg P kg-1 soil 

using triple superphosphate (TSP) and 100 mg K kg-1 soil using muriate of potash 

(MoP). Urea was applied in three equal splits at 7, 20, and 35 days after 

transplanting. The TSP and MoP was applied as basal. 

Seedling preparation and transplanting 

Seeds of the selected traditional rice genotypes were collected from local sources and 

germinated in seedbeds. Healthy seedlings of uniform size (21 days old) were 

transplanted into the pots on 9 August 2023, maintaining five seedlings per hill per 

pot. For rice transplanting in the field condition, 3-4 seedlings per hill is 

recommended by Bangladesh Rice Research Institute. In the pot condition sometimes 

all the seedlings cannot survive. Therefore, we have increased one seedling per hill 

for successful establishment of seedlings in all the pots. 
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Crop management 

The pots were maintained under ambient conditions in the net house. Irrigation was 

provided regularly to keep one centimeter water height above the soil surface. 

Manual weeding was done as required. Algal growth was removed as and when 

necessary. Insecticide was sprayed twice to control stem borer infestation.  

Data collection 

The growth and morphological traits including plant height (cm), number of tillers 

hill-1, panicle length and lodging percentage (%) was recorded pot basis. Lodging was 
assessed at maturity based on stem bending. The 0–100 score was used to measure 
the bending, where 0 indicates no lodging and 100 shows complete lodging of all 
tillers per pot. Chlorophyll a, chlorophyll b and total chlorophyll content was 
measured at the maximum tillering stage using acetone extraction method and 
spectrophotometry (Combs et al., 1985). The grain and straw yield data were 

recorded on pot basis and expressed on sun dry basis. 

Silicon analysis 

Silicon content in grain and straw samples was determined following digestion with a 
tri-acid mixture (nitric acid, perchloric acid and sulfuric acid at 5:2:1 ratio), and Si 

concentration was measured accordingly (Yoshida et al., 1976).  

Statistical analysis 

All collected data were subjected to analysis of variance (ANOVA) using statistical 
software (e.g., STAR). Treatment means were separated using Least Significant 
Difference (LSD) at 5% probability level. Correlation coefficients among traits were 
also calculated to examine inter-relationships between morphological, physiological, 

and yield parameters. 

Results 

Growth attributes 

The application of silicon (Si) at 100 mg kg⁻¹ soil had a marginal but positive 
influence on plant height of rice (Table 1). Silicon control treatment recorded plant 
height of 166 cm but it rose to 170 cm under 100 mg Si kg-1 soil treatment. Among 
the genotypes, Dudhkalom showed the highest plant height (185 cm), while 
Komlamota exhibited the lowest (152 cm). The positive response of Si was also 

noticed in tiller production having 10.9 tiller in Si control treatment and 11.3 tillers in 
100 mg Si kg-1 soil treatment. Moulata and Komlamota produced the highest tiller 
numbers per hill (12.0 and 12.2, respectively), suggesting greater vegetative vigor. 
Dudhkalom had the lowest tillering capacity (10.0). Like plant height and tiller 
production, the Si application also had a positive effect on panicle length of rice 
(Table 1). The Si control and 100 mg Si kg-1 soil treatments recorded panicle length 

of 26.5 and 26.7 cm, respectively. The longest panicle was recorded in Lalmota (28.8 
cm), while Sakkorkhana had the shortest (23.7 cm). Although plant height, tiller 
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number, and panicle length did not show statistically significant differences due to Si 
alone, a reduction in lodging percentage was observed with Si application (Table 1). 
Specifically, lodging decreased significantly from 21.4% in the control (Si₀) to 15.4% 

under Si₁₀₀ treatment (p < 0.001), indicating the mechanical strengthening effect of 
silicon. Moulata experienced the highest lodging (27.5%), whereas Dudhkalom was 
least affected (12.3%), highlighting substantial genotypic variability in lodging 
resistance. No significant interaction effects between silicon and genotypes were 
found for growth parameters, indicating that silicon’s effect on growth was generally 

uniform across genotypes. 

Table 1. Single and interaction effect of silicon and rice genotypes on different 

growth parameters of rice 

Treatments 
Plant height 

(cm) 

Tillers hill-1 

(no.) 

Panicle length 

(cm) 

Plant lodging 

(%) 

Silicon dose     

Si0 mg kg-1 soil 166 10.9 26.5 21.4 a 

Si100 mg kg-1 soil 170 11.3 26.7 15.4 b 

Significance level ns ns ns *** 

SE (±) 2.89 0.298  0.74 

Rice genotypes     

Sadamota 169 bc 10.5 bc 26.4 bcd 21.0 b 

Lalmota 161 cd 11.0 abc 28.8 a 16.8 cd 

Mothamota 170 bc 11.0 abc 26.5 bcd 18.2 bc 

Komlamota 152 d 12.2 a 27.7 abc 14.5 de 

Karangamota 166 bc 10.5 bc 28.3 ab 18.8 bc 

Dudhkalom 185 a 10.0 c 26.2 bcd 12.3 e  

Moulata 175 ab 12.0 a 27.5 abc  27.5 a 

Kalokhoia 166 bc 10.3 bc 25.6 cde 17.3 cd 

Kalojira 171 bc 11.7 ab 24.4 de 17.2 cd 

Sakkorkhana 164 bcd 11.5 ab 23.7 e 14.7 de 

Significance level ** * *** *** 

SE (±) 6.45 0.666  1.65 

Interactions     

Silicon×rice genotypes ns ns ns ns 

SE (±) 9.13 0.942 1.50 2.33 

CV (%) 6.66 10.4 6.91 11.02 

 Similar small letter in a column indicates that the mean values were not significantly different at 5% 

level. *-Significant at 5% level, **-Significant at 1% level, ***-Significant at 0.1% level, ns- Not 

significant; SE- Standard error of means; CV- Coefficient of variation 
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Yield component of rice 

Silicon application significantly increased the number of grains panicle⁻¹ across 

genotypes (p < 0.001) (Table 2). Notably, the increase in grains panicle⁻¹ varied 

widely among genotypes. Sakkorkhana exhibited the highest increase of 142.6%, 

followed by Dudhkalom (104.5%) and Kalojira (51.2%), indicating a strong positive 

response to silicon. In contrast, Moulata and Mothamota responded minimally, with 

only 0.6% and 0.5% increases, respectively. This differential response highlights the 

genotype-specific role of silicon in reproductive development. Interaction effects 

between silicon and genotype were statistically significant, suggesting varied silicon 

responsiveness among traditional genotypes. 

Table 2. Interaction effect of silicon and rice genotypes on the number of grains 

panicle-1 of rice 

Rice genotypes 
Silicon rate % increase over Si 

control Si 0 mg kg-1 soil Si 100 mg kg-1 soil 

Sadamota 73.6 cd 86.3 c 17.2 * 

Lalmota 67.0 cd 75.4 cd 12.5 ns 

Mothamota 64.3 d 64.7 de 0.5 ns 

Komlamota 61.3 d 62.2 ef 1.4 ns 

Karangamota 65.3 d 67.7 de 3.6 ns 

Dudhkalom 24.4 e 50.0 f 104.5 * 

Moulata 86.3 ab 86.9 c 0.6 ns 

Kalokhoia 66.0 d 67.0 de 1.6 ns 

Kalojira 93.7 a 141.7 b 51.2 * 

Sakkorkhana 78.3 bc 190.0 a 142.6 * 

Significance level: Single effect of Si-***, Single effect of rice genotypes-***, Silicon×rice genotypes 

interaction-*** 

Mean separation test: Similar small letter in a column indicated that the rice genotypes were not 

significantly different in each level of silicon. Silicon effect: ns-Not significant, *-Significant at 5% 

level 

SE (±): Single effect of Si-1.92, Single effect of rice genotypes-4.30, Silicon×rice genotypes interaction-

6.08, CV (%)- 9.47 

Yield performance of rice 

Application of 100 mg Si kg-1 soil significantly improved both grain and straw yields 

(p<0.001). Grain yield increased from 12.1 g pot⁻¹ in Si0 to 13.7 g pot⁻¹ in Si100 

(Table 3). Among genotypes, Moulata recorded the highest grain yield (17.5 g pot⁻¹), 

followed by Sadamota (15.8 g), whereas Dudhkalom had the lowest (7.4 g). The Si 

control and 100 mg Si kg-1 soil produced straw yield of 30.8 g and 34.0 g pot⁻¹, 
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respectively. Among the genotypes, Moulata produced the highest straw yield (41.2 g 

pot⁻¹), suggesting that it was the most productive genotype in terms of total biomass. 

The genotype Dudhkalom produced the least (28.4 g pot-1) straw in the experiment. 

Interaction effects of Si and genotype on grain and straw yield were not significant. 

Table 3. Single and interaction effect of silicon and rice genotypes on grain and 

straw yield of rice 

Treatments Grain yield (g pot-1) Straw yield (g pot-1) 

Silicon dose   

Si0 mg kg-1 soil 12.1 b 30.8 b 

Si100 mg kg-1 soil 13.7 a 34.0 a 

Significance level *** *** 

SE (±) 0.38 0.61 

Rice genotypes   

Sadamota 15.8 b 29.0 cd 

Lalmota 12.7 c 33.2 b  

Mothamota 13.3 c 32.6 b 

Komlamota 13.6 c 32.7 b 

Karangamota 13.6 c 32.1 b 

Dudhkalom 7.4 e 28.4 d 

Moulata 17.5 a 41.2 a 

Kalokhoia 12.2 cd 32.5 b 

Kalojira 10.9 d 31.0 bcd 

Sakkorkhana 12.0 cd 31.3 bc 

Significance level *** *** 

SE (±) 0.84 1.36 

Interactions   

Silicon×rice genotypes ns ns 

SE (±) 1.19 1.93 

CV (%) 11.29 7.28 

The grain:straw ratio of different rice genotypes under Si control and Si applied 

treatment has been shown in Fig. 1. Over the genotypes grain:straw ratio varied from 

0.26 to 0.54 having lowest in Dudhkalom and highest in Sadamota. The high grain 

production compares to straw indicating the high yielding property of Sadamota rice 

genotype. Silicon application had a positive effect on grain:straw in Sakkorkhana, 

Klojira, Kalokhoia and Lalmota rice genotype. Similar trend of grain:straw ratio was 

also found in harvest index of rice. Harvest index varied from 21 to 35% over the 

tested ten traditional rice genotypes (Fig. 2). The Sadamota had the highest harvest 
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index. All other genotypes had harvest index lower than 30, indicating their higher 

straw production compare to grain. 

 

Fig. 1. Grain:straw ratio of rice genotypes under different Si application treatments 

 

 

Fig. 2. Harvest index of rice as influenced by silicon application in different 

genotypes of rice 
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Silicon content in grain and straw 

Silicon application significantly enhanced Si content in both grain and straw 

(p<0.001) (Table 4). The grain Si content increased from 2.56% in Si0 to 3.07% in 

Si100, while straw Si content rose from 5.33% to 5.73%. The rice genotypes were also 

significantly varied for Si content both in grain and straw. Highest grain Si content 

(3.78%) was recorded by Dudhkalom; the Mothamota and Sakkorkhana had the 

second rank. The genotypes Kalokhoia and Kalojira had the least grain Si content 

(Table 4). Among the genotypes Moulata had the highest straw Si content (6.29%) 

which was similar with Mothamota (6.15%). Although the main effects were 

significant, the interaction of Si× rice genotype was not statistically significant, 

suggesting a general positive response to Si across genotypes. 

Silicon uptake by grain and straw 

The Si uptake by grain, and straw was significantly improved by silicon application 

in soil (p<0.001). The grain Si uptake rose from 0.305 g pot-1 in Si0 to 0.415 g pot-1 in 

Si100, similarly straw Si uptake rose from 1.65 g pot-1 in Si0 to 1.96 g pot-1 in Si100 

(Table 4). The total Si uptake in Si0 and Si100 were 1.96 and 2.37 g pot-1, 

respectively. The rice genotypes were significantly different for uptake of silicon by 

grain and or straw or total Si uptake (p<0.001). Among the genotypes, Moulata 

showed the highest total Si uptake (3.03 g pot-1), followed by Mothamota (2.45 g pot-

1). The lowest uptake was found in Kalojira (1.81 g pot-1). 

Table 4. Single and interaction effect of silicon and rice genotypes on silicon 

content and uptake by rice grain and straw of rice 

Treatments 
Grain Si 

content (%) 

Straw Si 

content (%) 

Grain Si 

uptake (g 

pot-1) 

Straw Si 

uptake (g 

pot-1) 

Total Si 

uptake (g 

pot-1) 

Silicon dose      

Si0 mg kg-1 soil 2.56 b 5.33 b 0.305 b 1.65 b 1.96 b 

Si100 mg kg-1 soil 3.07 a 5.73 a 0.415 a 1.96 a 2.37 a 

Significance level *** *** *** *** *** 

SE (±) 0.08 0.08 0.015 0.043 0.047 

Rice genotypes      

Sadamota 2.76 c 5.03 d 0.436 a 1.46 g 1.90 ef  

Lalmota 2.73 c 5.01 d 0.351 bc 1.68 def 2.03 de 

Mothamota 3.31 b 6.15 a 0.439 a 2.01 b 2.45 b 

Komlamota 2.66 c 5.96 ab 0.365 b 1.94 bc 2.31 bc 

Karangamota 2.88 c 5.67 bc 0.390 ab 1.82 bcd 2.21 cd 

Dudhkalom 3.78 a 5.48 c 0.283 cd 1.56 fg 1.84 ef 

Moulata 2.50 cd 6.29 a 0.439 a 2.59 a 3.03 a 
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Treatments 
Grain Si 

content (%) 

Straw Si 

content (%) 

Grain Si 

uptake (g 

pot-1) 

Straw Si 

uptake (g 

pot-1) 

Total Si 

uptake (g 

pot-1) 

Kalokhoia 2.13 d 4.95 d 0.258 d 1.60 efg 1.86 ef 

Kalojira 2.14 d 5.05 d 0.238 d 1.57 fg 1.81 f 

Sakkorkhana 3.28 b 5.72bc 0.404 ab 1.80 cde 2.20 cd 

Significance level *** *** *** *** *** 

SE (±) 0.19 0.18 0.033 0.097 0.106 

Interactions      

Silicon×rice genotypes ns ns ns ns ns 

SE (±) 0.28 0.27 0.047 0.137 0.150 

CV (%) 12.2 6.21 11.1 9.36 8.52 

Chlorophyll content 

Silicon application had no significant effect on chlorophyll a, chlorophyll b, or total 

chlorophyll content of rice leaf (Table 5). Likewise, there were no significant 

differences among genotypes or in Si × rice genotype interactions for chlorophyll 

traits, implying that Si did not influence photosynthetic pigment concentration under 

the studied conditions. However, although not significant but silicon application had 

a positive impact on improving chlorophyll a, chloropyll b and total chlorophyll 

content of rice. Under Si control condition the chlorophyll a, chloropyll b and total 

chlorophyll content were 3.85, 0.869 and 4.72 mg g-1 fresh leaf, and that under 100 

mg Si kg-1 soil treatment were 3.95, 0.898 and 4.85 mg g-1 fresh leaf, respectively. 

Table 5. Single and interaction effect of silicon and rice genotypes on chlorophyll 

content of rice  

Treatments 

Chlorophyll a 

content 

(mg g-1 fresh leaf ) 

Chlorophyll b 

content 

(mg g-1 fresh leaf ) 

Total chlorophyll 

content 

(mg g-1 fresh leaf ) 

Silicon dose    

Si0 mg kg-1 soil 3.85 0.869 4.72 

Si100 mg kg-1 soil 3.95 0.898 4.85 

Significance level ns ns ns 

SE (±) 0.093 0.027 0.111 

Rice genotypes    

Sadamota 3.69 0.823 4.51 

Lalmota 3.83 0.900 4.73 

Mothamota 3.89 0.917 4.81 
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Treatments 

Chlorophyll a 

content 

(mg g-1 fresh leaf ) 

Chlorophyll b 

content 

(mg g-1 fresh leaf ) 

Total chlorophyll 

content 

(mg g-1 fresh leaf ) 

Komlamota 4.07 0.957 5.03 

Karangamota 3.95 0.843 4.79 

Dudhkalom 4.19 0.928 5.12 

Moulata 3.62 0.882 4.51 

Kalokhoia 3.77 0.811 4.58 

Kalojira 4.02 0.890 4.91 

Sakkorkhana 3.97 0.881 4.85 

Significance level ns ns ns 

SE (±) 0.209 0.061 0.249 

Interactions    

Silicon×rice genotypes ns ns ns 

SE (±) 0.296 0.087 0.353 

CV (%)  12.07 9.04 

Pearson correlation analysis 

Pearson correlation analysis revealed several significant relationships among traits 

(Table 6). Grain yield was positively correlated with tiller number (r = 0.264, p < 

0.05), panicle length (r = 0.293, p < 0.05), grains panicle-1 (r = 0.309, p < 0.05), and 

negatively correlated with plant lodging (r = –0.357, p < 0.01), suggesting that 

lodging control is key to yield improvement. Total Si uptake was strongly correlated 

with both grain yield (r = 0.66, p < 0.001) and straw yield (r = 0.85, p < 0.001), 

confirming the central role of Si in biomass and grain productivity. Chlorophyll a 

was also significantly correlated with grain Si content (r = 0.291, p < 0.05), although 

this did not translate into statistically higher pigment levels in treatment means. 

Table 6. Pearson correlation coefficient of different plant parameters of rice 

 Plant 

height 

Tillers 

pot-1 

Panicle 

length 

Grains 

panicle-1 

Plant 

lodging 

Grain 

yield 

Straw 

yield 

Grain Si 

content 

Straw Si 

content 

Grain 

Si 

uptake 

Straw 

Si 

uptake 

Total 

Si 

uptake 

Chl. a 

content 

Chl. b 

content 

Tillers pot-1 

 

0.072              

Panicle 

length 

0.029 0.027             

Grains 

panicle-1 

0.119 0.364 0.268            

Plant 

lodging 

0.031 0.036 0.056 -0.169           

Grain yield 

 

-0.027 0.264* 0.293* 0.309* 0.357**          
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Straw yield 

 

-0.011 0.322* 0.176 0.220 0.166 0.59***         

Grain Si 

content 

0.28* 0.024 0.084 -0.032 -0.47*** 0.157 -0.047        

Straw Si 

content 

0.106 0.285* 0.121 0.126 -0.051 0.35** 0.47*** 0.38**       

Grain Si 

uptake 

0.143 0.265* 0.264* 0.296* -0.057 0.72*** 0.44*** 0.54*** 0.54***      

Straw Si 

uptake 

0.061 0.361** 0.173 0.207 0.102 0.57*** 0.88*** 0.164 0.82*** 0.56***     

Total Si 

uptake 

0.085 0.369** 0.211 0.245 0.071 0.66*** 0.85*** 0.270* 0.82*** 0.72*** 0.98***    

Chlorophyll 

a content 

0.073 -0.12 0.071 0.012 -0.42*** 0.35** 0.212 0.291* -0.021 -0.089 -0.154 -0.152   

Chl. b 

content 

0.054 0.040 0.179 -0.004 -0.253 0.147 0.047 0.205 0.132 0.034 0.100 0.092 0.592***  

Total chl. 

content 

0.075 -0.094 0.103 0.008 -0.42*** 0.33** 0.166 0.295* 0.014 -0.068 -0.104 -0.105 0.981*** 0.73*** 

*Significant at 5% level, **-Significant at 1% level, ***- Significant at 0.1% level 

Discussion 

The results of this study clearly demonstrate that silicon (Si) supplementation at 100 

mg kg⁻¹ soil had a beneficial impact on lodging resistance and yield performance of 

traditional rice genotypes grown under controlled coastal conditions. These findings 

align with previous research indicating that Si plays a vital role in enhancing plant 

structural integrity and physiological efficiency, particularly in gramineous crops like 

rice (Ma & Takahashi, 2002; Haque et al., 2023c; 2024b). 

One of the most notable outcomes was the significant reduction in lodging 
percentage with Si application. This supports the hypothesis that Si reinforces cell 
wall structure and stem rigidity, thereby minimizing stem bending or collapse (Liang 
et al., 2007). Reduction of lodging from 21.4% to 15.4% across genotypes with 
silicon application is consistent with findings by Soundararajan et al. (2014), who 
reported improved culm strength and lower lodging in rice with Si supplementation. 
Among genotypes, Dudhkalom and Komlamota exhibited the least lodging, 
suggesting innate structural advantages possibly enhanced by Si addition. 
Conversely, Moulata showed the highest lodging, despite high biomass production, 
indicating a mismatch between growth and structural support that was only partially 
mitigated by Si. 

Although silicon did not significantly alter plant height, tiller number, or panicle 
length at the aggregate level, genotypic differences were pronounced. Moulata and 
Komlamota produced the highest tiller numbers, while Dudhkalom grew the tallest. 
These differences are likely due to genotypic plasticity in response to nutrient 
availability, especially in traditional landraces that evolved under diverse 
agroecological niches (Akter et al., 2025). The nonsignificant Si × genotype 
interactions for growth traits suggest that while genotypes vary in growth potential, 
the effect of silicon on these parameters is relatively uniform. 



Silicon Application Improves Lodging Resistance and Grain Yield of Traditional Rice  105 

The positive and significant effects of silicon on the number of grains panicle-1 and 

grain yield corroborate earlier reports by Deren et al. (1994) and Farooq et al. (2011), 

who found that Si improved reproductive development and source-sink dynamics in 

rice. Genotypes such as Sakkorkhana, Kalojira, and Dudhkalom showed dramatic 

increases in grain number (over 100% in some cases), suggesting high 

responsiveness to silicon. Grain yield improvements (from 12.1 to 13.7 g pot⁻¹) 

indicate that silicon not only supported structural development but also enhanced 

reproductive success. The yield level found in the study is relatively low, which in 

fact was the typical of traditional tall rice varieties. The grain yield was positively 

correlated with grains panicle⁻¹, panicle length, and tiller number, indicating that Si’s 

yield-enhancing effects are multifaceted. Despite this, not all genotypes responded 

equally. Mothamota and Moulata, for example, exhibited minimal gains in grains 

panicle⁻¹ despite high biomass and tillering. This discrepancy highlights the need to 

match silicon management strategies with genotype-specific nutrient use efficiency. 

The enhanced Si content and uptake in both grain and straw under Si application 

confirm that calcium silicate was an effective Si source. Total Si uptake was highest 

in Moulata and Mothamota, correlating positively with both grain and straw yield. 

This supports the concept that Si uptake efficiency is an important physiological trait 

linked to biomass accumulation and stress mitigation (Jinger et al., 2020). Genotypic 

variation in Si uptake could be attributed to root morphology, transpiration rates, and 

transporter gene expression (Ma et al., 2007). Interestingly, even genotypes with 

lower yields like Dudhkalom showed high Si content, suggesting that internal Si 

partitioning and utilization efficiency may vary independently of absolute uptake. 

Contrary to expectations, chlorophyll content was not significantly affected by Si 

treatment. Although Si is known to enhance photosynthetic capacity under stress 

conditions, the controlled environment of this study may have masked such effects 

(Gong et al., 2005). The nonsignificant variation across genotypes and treatments 

indicates that pigment biosynthesis was not a major pathway influenced by Si under 

these conditions. 

Correlation analysis provided critical insight into interrelationships among traits. 

Grain yield was significantly and positively associated with Si uptake, grains panicle-

1, and straw yield. Interestingly, lodging showed a negative correlation with both 

grain yield and Si content, reaffirming that Si-mediated lodging control is a key 

driver of yield stability. Total Si uptake was also highly correlated with straw yield 

and grain Si content, supporting its potential use as a selection index in breeding 

programs aimed at enhancing nutrient use efficiency and stress tolerance. 

The findings of this study hold substantial promise for rice production in the stress-

prone coastal ecosystem of Bangladesh. Traditional genotypes, although well adapted 

to local conditions, are generally prone to lodging and have low yield potential. 

Supplementation with Si offers a sustainable agronomic strategy to bridge this yield 

gap without compromising genotype adaptability. Furthermore, genotype-specific 
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responses highlight the importance of selecting Si-responsive landraces for integrated 

nutrient-genotype management. 

Conclusion 

The study clearly demonstrates that silicon application at 100 mg kg⁻¹ soil 

significantly improves plant structural integrity, reduces lodging, and enhances grain 

and straw yields in traditional rice genotypes grown in coastal environments. While 

the overall response to silicon was positive across genotypes, the magnitude of 

improvement varied, indicating differential genotype responsiveness. Genotypes such 

as Sakkorkhana, Kalojira, and Dudhkalom benefited most from Si supplementation in 

terms of reproductive traits and lodging control, whereas Moulata and Sadamota 

achieved the highest biomass and yield accumulation. Enhanced silicon uptake and 

its strong positive correlation with yield and lodging resistance reinforce the 

importance of Si in the cultivation of tall, traditional rice varieties. These findings 

highlight the potential of combining silicon fertilization with genotype selection to 

improve rice productivity and resilience in the stress-prone coastal regions of 

Bangladesh. However, the findings presented in the paper were generated from a pot 

experiment which was the main limitation of the work; a comprehensive field study 

consist of several Si rates is suggested to validate the findings of the experiment.  
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