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INTRODUCTION
Silicon (Si) is the second most abundant element in the Earth’s crust 
after oxygen, comprising approximately 28.8% of its mass and found in 
the form of silicon dioxide (SiO2), commonly known as silica (Xu et al., 
2022). Silicon performs an essential function in increasing the tolerance 
towards heavy metals and improves plant growth and yield, especially 
in stress conditions (Fauteux et al., 2005; Yan et al., 2018). Ma & Yamaji 
(2006) reported that the presence of Si in the leaves tissue leads to a 
decrease in the rate of transpiration from the cuticle and will increase 
the resistance to radiation, lodging, high and low temperature, UV, and 
drought stress (Tayade et al., 2022). In addition, the deposition of Si 
under the cuticle contributed to the toughness and strength of the cell 
wall of the plants (Ma & Yamaji, 2008). Silicon is taken up by plant 
roots in uncharged molecule form, known as soluble monocyclic acids 
(H4O4Si) (Ma & Yamaji, 2006). Plants can simply absorb and digest 
the Si in the form of monocyclic acids. It can be absorbed from the 
roots through passive uptake and transported to other parts required by 
plants via the process called transpiration (Datnoff et al., 2007).  

In cultivation, water and fertilizers are the two most crucial inputs 
and their effective management is significant for higher productivity and 
sustaining environmental quality. The fertigation system is the modern 
cultivation method using soilless media which has proven to improve 
the growth and yield of many high-cash crops including chili (Mohd 
et al., 2016). Fertigation allows the application of the right amounts 
of plant nutrients equally to the wetted root volume zone (Hu et al., 
2021; Kapoor et al., 2022). The use of fertigation technology is crucial 
in improving the growth and yield of chili besides increasing the income 
of farmers (Mohd et al., 2016). This is because, in a fertigation system, 
both fertilization and irrigation occur simultaneously and directly to the 
plant’s root area. This cultivation system has been very useful for chili 
farmers. The benefit of Si application as a foliar spray on chili planted 
in a hydroponic system has been well-documented in previous studies 
(Sukkaew et al., 2016; Magaña-López et al., 2022). The study conducted 
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ABSTRACT

Silicon (Si) is one of the most abundant elements naturally available in the soil. This element performs an essential 
function in improving plant growth. This present study was carried out to evaluate the impact of Si nutrient 
application on the growth performance of chili (Capsicum annuum L.). Chili plant grown using a fertigation system 
was subjected to manual application of a silicon nutrient solution in varying concentrations (0 ppm, 108 ppm, 180 
ppm, & 360 ppm) via root application. Each treatment was replicated five times, with five plants in each replicate, 
and all plants were grown in a shade house. The growth performance parameters measured were the number 
of leaves, stem diameter, plant height, plant biomass (dry weight), and Si accumulation in the stem, leave, and 
chili fruit. Results showed that Si nutrient application significantly affected the growth performances of chili plants. 
Application of T3 (360 ppm Si nutrient) was able to produce the highest stem diameter (8.92 mm), fresh weight 
(129.63 g), dry weight (67.23 g), as well as Si accumulation in stem (54 ppm), and chili fruit (24 ppm). On the other 
hand, applications with T2 (180 ppm Si nutrient) also demonstrated the highest plant height (20.98 cm), number 
of leave (27), and Si accumulation in leave (87 ppm). In conclusion, the application of silicon nutrients has the 
potential to enhance plant growth in numerous crops, making it a beneficial supplement to traditional agricultural 
practices. 
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by Sukkaew et al. (2016) revealed that the application of Si fertilizer at a rate of 2 g L-1 resulted in the highest plant 
growth and total silicon accumulation in plants. This finding was further supported by Magaña-López et al. (2022) 
recent study, which reported an increase in seedling length of up to eight times with Si application. However, the 
ability of chili plants to absorb Si nutrient through root application, especially in fertigation systems are still limited. 
Thus, to fill the gap, this study has been designed to investigate the benefit of combining a fertigation system and 
Si application in chili cultivation. The optimum Si concentration in enhancing chili plant growth was also evaluated.

MATERIALS AND METHODS
Seedling preparation 

In this experiment, chili plants were cultivated using a fertigation system and were conducted in Bukit Kor, 
Marang, Terengganu. Two shade houses were fitted with a fertigation system and covered with nets to prevent 
insect or pest infestation. Chilli variety Kulai was obtained from Bumi Agro Enterprise at Kuala Terengganu. Chili 
seeds were soaked in varying concentrations of Si nutrient solution overnight, as prepared below. For the control 
group, chili seeds were only soaked in sterile distilled water (SDW). After soaking, the treated seeds from varying 
Si nutrient concentrations including the control group, were placed between two layers of tissue paper that were 
wetted with the corresponding Si nutrient solution concentration. The seeds were left to germinate for approximately 
4 - 7 days. Once germinated, the seed was transferred into a germination tray filled with moist peat moss. The 
germination trays were placed under the shade house to avoid direct sunlight on the new emerging seedling. All 
seedlings were allowed to grow until 3-4 true leave before transplanting into the shade house. Seedlings were 
watered daily. 

Silicon nutrient preparation and application of chili seedling
In this experiment, chili seedlings were supplied with fertilizer AB using a fertigation system, while varying 

concentrations of Si nutrients were applied to the roots of the plants. The Si nutrient in the form of Silicic acid 
(H4O4Si: 72%) used in this study was obtained from Siben Agriculture Company, Taiwan. The Si nutrient was 
prepared in four different concentrations and labeled as Treatment 0 (T0): control with 0 ppm of Si, Treatment 
1 (T1): 108 ppm of Si nutrient, Treatment 2 (T2); 180 ppm of Si nutrient, and Treatment 3 (T3); 360 ppm of Si 
nutrient. The Si concentration prepared in this study was modified from Jayawardan et al. (2014). The Si stock 
solution was diluted with SDW to get the desired concentration and freshly prepared on the day of application to 
avoid crystallization. The experimental design used in this study was a randomized complete block design (RCBD), 
where each treatment was replicated five times, with five plants in each replicate.

Chilli seedlings in the germination tray were supplied with 1 mL of varying concentrations of Si nutrient 
prepared above every week. After transplanting into the fertigation system, Si nutrients continued to supply but with 
a higher volume of 40 mL to each plant according to the respective concentration every week. 

Data collection
Growth performance determination

In this experiment, non-destructive growth parameters namely stem diameter, plant height, and the number 
of leaves were assessed (Gallegos-Cedillo et al., 2021). All the assessments were done fortnightly. The diameter 
of the stem (mm) was measured in the middle stem by using a carbon fiber composite digital caliper. The height of 
the plant (cm) was measured starting from the ground until the plant shoot by using a measuring tape. The number 
of leaves was counted manually starting from the new shoot. The last parameter measured for growth performance 
was Absolute Growth Rate (AGR). AGR is the rate of increase in growth variable at time ʻtʼ. To measure AGR, the 
differential coefficient of the growth variable concerning time ʻtʼ was calculated. In this study, three growth variables 
as described above were calculated by using the following equation (Hunt et al., 2003):

where, P1 and P2 refer to the growth variable at the time T1 and T2, respectively. AGR is expressed in cm/
week and number/week.

The dry weight was measured after drying all harvested plant materials in an oven at 65 °C for 72 h 
recorded by using a digital balance.

The dry digestion method was used to prepare the plant samples (stem, leave, & fruit) for Si content 
determination using inductively coupled plasma optical emission spectrometry (ICP-OES). A total of 1 g of sample 
was dried in a furnace at 500 °C for 8 h. The dried sample was then treated with 2 mL of HCl (37% v/v) until it was 
evaporated. A total of 10 mL of HNO3 (20% v/v) was added to the samples, and the mixture was heated slowly in a 
water bath for 1 h at 70 °C to dissolve the residue. The mixture was transferred into a 100 mL volumetric flask and 
made up to the volume before being filtered through Whatman No. 2 filter paper. The resulting filtrate was then ready 
to be analyzed using ICP-OES. Blanks were prepared in the same way as the sample, but the sample was omitted. 

Statistical data analysis
The results were analyzed for statistical significance at a significance level of P≤0.05 using ANOVA in 

SPSS statistical software (version 20.0 for Windows). Tukey’s test was subsequently used for pairwise comparisons 
of the mean values.

RESULTS AND DISCUSSION
The average stem diameter of chili plants after 19 weeks is presented in Figure 1A. There was a significant effect 
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(P≤0.05) of Si concentration on the stem diameter. All the plants treated with Si were significantly different from 
the control. The greatest stem diameter showed by treatment T3 (8.92 mm), followed by T2 (8.23 mm), T1 (8.05 
mm), and T0 (5.96 mm). Therefore, the highest Si concentration leads to an increased diameter of the stem due to 
an increase in the experimental period. Moreover, the development of stem diameter by applying Si concentration 
was better than the control plant (T0) as shown in week 19. Si content in the stem could help in strengthens the 
cell walls of the chili plant and help the plant to build stronger stems. A greenhouse study by Magaña-López et al. 
(2022) has also found that the application of Si has improved seedling performance through the induction of plant 
defense indicators and improvement in the physiological functions during cultivation that leads to better growth and 
tolerance to abiotic stress. In separate studies, other researchers have reported that Si application contributed to 
the hardness of the stem of rock melon plant to support fruits weight Isbell (2021), and also acts as a plant defense 
mechanism (Epstein, 2009). Xylem and phloem play a vital role in the translocation of water and nutrients in the 
plant system (Lucas et al., 2013). Related to the current study, the Si treatment might increase the stem diameter 
and contribute to improving plant growth due to the transport of water and nutrients from the root through the stem 
and finally spread to the whole plant parts (Hosseini et al., 2012).

Figure 1B showed the average chili plant height from week 1 to week 19 after transplanting. There was a 
significant effect (P≤0.05) of Si concentration on plant height. The result showed that the chili plant height treated 
with Si was significantly higher than the control plant. The highest plant height was observed from plants treated 
with T2 (20.98 cm), followed by T1 (18.26 cm), T3 (17.00 cm), and T0 (11.81 cm). Starting from week 13, the height 
of chili plants in treatment T2 increased faster than other treatments and control plants. Because of the supply of 
Si in plants, the increase in plant height could be due to the stem elongation process. Balakhnina & Borkowska 
(2013), and Epstein (2009), in separate studies, reported that Si could deposit in the cell wall and thus strengthens 
the wall structure of the plants. Besides, the previous work by Yoshida et al. (1962) stated that the deposition of Si 
in cell walls can enhance rice plant height by making the leaves and stems straighter.

Figure 1C showed the number of leave after 19 weeks. There was a significant effect (P≤0.05) of Si 
concentration on the number of leave. The treatments of T2 (27) had significantly the highest leave number 
compared to T0 (18), and other treatments, T1 (22) and T3 (21). Thus, the greatest number of leaves produced 
by plants will improve the growth and development of plants by conducting more photosynthesis. According to 
Tominaga & Kawamitsu (2015), Si supplements enable the plant to collect more sunlight as an energy source to 
improve the photosynthesis process. Si treatment can lead to a reduction in leaf senescence (Sarto et al., 2014), 
resulting in a higher total number of leaves at the end of the assessment period compared to the control group, 
and it is also important to note that the leaf count will continue to increase with an increase in the amount of time. 

Fig. 1. Effects of varying concentrations of Silicon nutrient application on; A) stem diameter, B) plant height, and C) the number 
of leaves of chili. The means were significantly different at P≤0.05 using Tukey’s test.

Table 1 presents the mean values of absolute growth rate (AGR) for chili plants from week 1 to week 
19 after transplanting. As shown in the table, the application of Si had a significant effect on both stem diameter 
and plant height, as evidenced by their AGR. Specifically, the use of T3 resulted in the highest AGR (0.42 cm/
week) for stem diameter, which was significantly different from the other treatments. For plant height, T2 showed a 
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significantly higher AGR (0.52 cm/week) compared to T0 (0.28 cm/week), but no significance compared to T1 (0.45 
cm/week) and T3 (0.39 cm/week). 

A significant growth rate compared to the control shows that the use of Si is very effective in plant growth. 
This result is in line with research by Sudradjat et al. (2016), where silicon application significantly increased 
photosynthesis rate, leaf length, fruit thickness, and reduced unmarketable yield. Norhasanah (2012) also reported 
Si from rice husk ash applied as bio-fertilizer on pepper (Capsicum frustescents L.) increased the production of 
the crop. For the observation of the number of leaves, even though there was no significant difference exist, the 
application of T2 treatment still indicated the highest AGR (1.09 leaves/week) compared to the other treatments. 
Therefore, the application of Si, particularly between the range 180 - 360 ppm obtained from T2 and T3 treatments, 
showed positive results in promoting the growth of chili plants in terms of stem diameter, plant height, and a number 
of leaves. 

Table 1. Means for Absolute Growth Rate (AGR) of chili plant from week 1 to week 19 after transplanting
Mean

Treatment Number of leaves AGR 
(number/week)

Stem diameter AGR (cm/
week)

Plant height AGR (cm/week)

T0 (0 ppm Silicon nutrient; 
control)

0.72±0.08 0.25±0.01a 0.28±0.04a

T1 (108 ppm Silicon 
nutrient)

0.83±0.11 0.32±0.02b 0.45±0.07ab

T2 (180 ppm Silicon 
nutrient)

1.09±0.14 0.34±0.01b 0.52±0.06b

T3 (360 ppm Silicon 
nutrient)

0.85±0.15 0.42±0.01c 0.39±0.05ab

ANOVA between 
treatments

ns * *

*Means followed by the same letter within each treatment are not significantly different (P≤0.05) using Tukey’s test, ns: not significant

The biomass represented by the dry weight of chili plants treated with varying Si concentrations were 
presented in Figure 2. The result indicated that the significantly highest (P≤0.05) dry weight was obtained from 
T3 (67.23 g), but no significant differences were recorded in the dry weight of chili treated with T2 (39.03 g), T1 
(28.84 g), and T0 (16.72 g). Costa et al. (2016) found that higher concentrations of supplied Si led to a proportional 
increase in fresh plant biomass. This effect may be attributed to improvements in various growth performance 
parameters, such as increased number of leaves, stem diameter, plant height, and fruit production, observed in 
plants treated with Si. A study conducted by Sarto et al. (2014) found that the higher plant biomass in crops by the 
usage of Si concentration was about the alteration of plant structures, delay in senescence, and augmentation in 
stiffness of tissue structure, improvement of lodging and increase of photosynthesis. Moreover, Galindo et al. (2021) 
elaborate that Si amendment application enhanced leaf chlorophyll index, agronomic efficiency, and N-uptake in 
cereal plants, thus increasing the grain yield.

Fig. 2. Plant biomass represented in dry weight of chili plants treated with varying concentrations of Silicon nutrient assessed 
at week 19. Means followed by the same letter within each treatment are not significantly different (P≤0.05) using Tukey’s test.
 

Silicon accumulation in chili stem and leaves are presented in Figure 3. The significant effect (P≤0.05) of 
different Si applications was observed in the Si content in the chili stem (Figure 3A). The highest accumulation of 
Si in the stem was found in the chili plant treated with T3 (54.26 ppm), followed by T2 (30 ppm), T1 (27 ppm), and 
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T0 (24 ppm). The lowest amount of Si deposition in the control plant could come from the fertilizer applied in the 
fertigation system. The increase of Si deposition in the stem could lead to an increase in the thickening of the cell 
wall and reduce crop stem lodging. Previous studies reported that the use of Si as a treatment could improve the 
integrity of the cell wall structure for crop organs besides increasing the mechanical strength of the stem (Zhang 
et al., 2015). A similar study by Rea et al. (2022) claimed that the concentration of Si was maximum in potato stem 
treated with a basal application of Si compared to foliar-applied Si and untreated control. The deposition of Si in 
plant tissue could enhance the strength of the stem by increasing the thickness of the culm wall, the size of the 
vascular bundles, and preventing lodging. 

Fig. 3. Silicon content in chili plants treated with varying concentrations of Silicon nutrients after 19 weeks; A) Silicon content in 
chili stem, B) Silicon content in chili leaves, and C) Silicon content in chili fruit. Means followed by the same letter within each 
treatment are not significantly different (P≤0.05) using Tukey’s test.

Silicon accumulation in leaves is presented in Figure 3B. The results showed that there was a significant 
effect (P≤0.05) of Si application on the Si content in the leaves of chili plants. The leaves treated with Si regardless 
of the concentration accumulated higher Si compared to the control plant (T0). Treatment with Si in T2 (87 ppm) 
accumulated the highest Si content, followed by T3 (73 ppm), T1 (75 ppm), and T0 (68 ppm). Accordingly, in the 
present study, the highest Si deposition in each plant part depends on the different Si treatments. This is because, 
the higher total amount of Si availability in soil solution will influence the Si uptake in plants (Rea et al., 2022). The 
concentration of Si in the xylem sap is higher than in the external solutions, regardless of the external Si supply 
(Liang et al. 2005). A supporting study by Nikolic et al. (2007) reported that more than half of the Si taken up by roots 
was translocated to the leaves in cucumber. Reports also indicated that leaves that contain higher Si deposition 
could maximize carbon allocation to plant growth as it alleviates the stress of plants (Cooke & Leishman, 2011). 
In addition, the role of Si deposition in leaves increases the structural component of the plants and also creates 
a hard-outer layer (Bélanger et al., 2003). Also, previous studies reported that leaves with higher deposition of Si 
contribute to increasing mechanical strength and outer layer to enhance protection for the plants (Ma & Takahashi, 
2002; Epstein & Bloom, 2005).  

Figure 3C showed that the Si accumulation in chili fruit was significantly different (P≤0.05) between each 
treatment. Based on the data, the accumulation of Si was highest in fruits treated with T3 (24 ppm), followed by T2 
(20 ppm), T1 (14 ppm), and T0 (9 ppm). Although Si is abundantly present in the soil, it is an insoluble form which 
makes the absorption by the plant low. In this study, the application of Si directly to the plant’s root helped the plant 
to uptake more Si during the growth cycle. The plant must take up an adequate amount of Si because it provides 
numerous benefits to plants. For example, it contributes to the structural strength of the plant and plays an active 
role in various physiological processes, such as regulating the uptake of other plant nutrients. According to Yan et 
al. (2018), the application of Si fertilizers has become a common practice nowadays to improve the productivity 
and sustainable production of many crops. In addition, the application of Si to the plant can increase biomass 
accumulation and improve yield in both monocotyledonous and dicotyledonous crops including vegetables and 
fruits which absorb and retain high Si in their organs (Liang et al., 2006; Zhang et al., 2007; Liu et al., 2011; Al-
Wasfy, 2012; Babini et al., 2012; Al-Wasfy, 2013). Laane (2018) also reported that the Si uptake by a plant’s xylem 
will travel through the transpiration stream and can be deposited in various parts of the plant, such as the leaf, 
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stem, and fruit. Uptake of Si by plants has also been reported to decrease the level of diseases caused by bacteria, 
fungal pathogens, and physiological disorders (Kaluwa et al. 2010; Marais, 2015 Helaly et al., 2017). Besides that, 
the accumulation of Si in fruits not only helps to extend their shelf life but also increases the size of the fruits (Costa 
et al., 2015).  

CONCLUSION 
Based on this study, it is evident that the application of Si through root has a positive impact on the growth and 
development of chili plants. Si is translocated from the root to the leaves and spreads throughout the plant, which 
makes root application an effective method. The Si nutrient applied in various concentrations promoted better 
growth performance of the crops. These findings can be useful for farmers and researchers in optimizing the growth 
of chili plants, ultimately leading to increased crop yield and quality.
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