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Abstract: Tomato (Solanum lycopersicum) imports have increased in Malaysia due to high demand. 
One of the constraints to local production is excessive salinity in soils that leads to toxicity in crops, 
reduction in soil fertility and reduction of availability of water to tomato plant that is known to be 
sensitive to high salinity. Nevertheless, silicon nutrient proven could protect plants from abiotic 
stress. Therefore, the objectives of this study were to determine the plant growth of tomato plant 
treated with silicon (Si) under salinity stress and to observe the physical changes of stems. A total of 
ten treatments (T1 – T10) were applied with different concentrations of silicon: 0.5% Si (v/v), 1.5% 
Si (v/v), 2.5% Si (v/v), potassium silicate as positive control whereas negative control (only water 
and 0.5% NaCl) and a mixture of equal volumes of the silicon and potassium silicate treatments with 
0.5% NaCl. The treatments were applied once a week (40 ml for each plant pot). Throughout this 
study, plant growth data was collected (plant height, diameter of stems, time of anthesis, number 
of fruits, and chlorophyll content). Results showed that with 0.5% Si (v/v) and 1.5% Si (v/v) (with 
0.5% NaCl), the tomato plants grow well especially in plant height, number of leaves and chloro-
phyll contents. Furthermore, cross section of stems showed a significant difference (p<0.05) in stem 
diameter among treated plants [2.5% potassium silicate (T4), 0.5% Si (v/v) + 0.5% NaCl (T6) and 
2.5% potassium silicate + 0.5% NaCl (T9)] and control (0.5% NaCl). However, the largest vascular 
bundle width was recorded in plants treated with 1.5% Si (v/v). This study has proven that tomato 
plants could uptake silicon and improve the plant growth under salinity stress conditions and giving 
potential for Si as biostimulant to other Solanaceae family (potato, pepper and eggplant).
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Introduction 
Tomato (Solanum lycopersicum) belongs to the 
family Solanaceae and its genus, Solanum,  is 
the largest genus in the Solanaceae family 
(Bergougnoux, 2014). Fresh tomatoes are 
widely used for cooking, canning, juices, 
pulp and sauces and a very good source of 
lycopene, β-carotene and vitamins (A and C) 
(Bergougnoux, 2014; Massaretto et al., 2018). 

The production and marketing of tomatoes 
in Malaysia over the past decade has become a 
serious concern with a decrease in production 
and an increase in importation (Islam et al., 
2012). One of the key constraints to tomato 
production is the salinity levels of the growing 
media. Saline soils generally occur in low rainfall 
region in Malaysia and the global climate change 

causing precipitation changes that will impact 
on soil salinization and agriculture production 
(Teh & Koh, 2016). Increasing salinity causes 
reduction in leaf photosynthesis (Maggio et al., 
2007), leaf transpiration and plant water status 
(Romero-Aranda et al., 2001; Maggio et al., 
2004) which give an impact on tomato plant 
yield. 

Researchers have reported on the 
importance of silicon application to crop 
production (Miyake & Takahashi, 1986; Ma 
et al., 2004; Datnoff et al., 2007; Epstein, 
2009; Adrees et al., 2015). Although it is not 
considered an essential plant element, the 
effect of silicon application ameliorating metal 
toxicities (Hammond et al., 1995; Iwasaki 
et al., 2002) and overcoming salinity stress 
in plants has been intensively studied (Ma, 
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2004; Liang et al., 2007; Zhu & Gong, 2014). 
Silicon has been reported to reduce salt stress in 
wheat (Ahmad et al., 1992), barley (Liang et al., 
1998), mesquite (Prosopis juliflora) (Bradbury 
& Ahmad 1990), spinach and tomato (Gunes et 
al., 2007; Hoffmann et al., 2020). Si application 
could reduce water loss from plants and increase 
the plant water status in salinity stress conditions 
(Avestan et al., 2019).

Moreover, polymerization of silicic acid 
within the apoplast, leads to the formation of 
an amorphous silica barrier (biosilicification) 
(Exley, 2015), which can help alleviate abiotic 
stresses from potential toxicants such as 
aluminum (Al), manganese (Mn), cadmium 
(Cd), zinc (Zn), and sodium (Na), into the 
symplast and/or transpiration stream (Rogalla 
& Römheld, 2002; Wang et al., 2004; Fauteux 
et al., 2005; Saqib et al., 2008; Ma et al., 
2015; Guerriero et al., 2016). In addition, Si 
also increased cell-wall binding of Na+ in the 
root whereas its transport to the shoot proven 
decreased (Ahmad et al., 1992; Saqib et al., 
2008). This study was therefore designed to 
observe the effect of silicon nutrient in tomato 

plant growth that is classified as sensitive to 
high salinity.

Materials and Methods 
Planting Material and Experimental Plot 
Design 
Seeds of the tomato hybrid Super Star (Green 
World Genetics Sdn. Bhd.) was chosen and 
seed viability was tested. The study was in two 
phases: the first phase was a seed germination 
study (20 days) and the second phase was the 
100 days field assessment (plant growth). The 
tomato plants were grown inside a polybag with 
a standard growth media ratio 3:2:1 (top soil: 
sand: compost) and arranged in a completely 
randomised design block (CRBD). 

Treatments and Treatment Preparation 
The silicon nutrient Sika (72% silicic acid) was 
obtained from Siben Ltd. (Taiwan) whereas the 
potassium silicate and sodium chloride were 
both from R&M chemicals (UK). The treatments 
were prepared with distilled water and applied 
as scheduled (Table 1).  

Table 1: Ten treatments were applied in this study by applying silicon (Si), potassium silicate (positive 
control) and negative control (NaCl and only water) in the second phase of plant growth (100 days)

*Treatment Detail
T1 0.5% silicon (v/v)
T2 1.5% silicon (v/v)
T3 2.5% silicon (v/v)
T4 2.5% Potassium silicate (positive control)
T5 Only water (negative control)
T6 0.5% silicon (v/v) + 0.5% NaCl
T7 1.5% silicon (v/v) + 0.5% NaCl
T8 2.5% silicon (v/v) + 0.5% NaCl
T9 2.5% Potassium silicate + 0.5% NaCl
T10 0.5% NaCl (negative control)

               *40 ml per plant pot 	

Germination Test 
In the germination study, 1.5 mL, 2.5 mL and 
5 mL of the 0.5% Si (v/v) treatments were 
given to each 10 seedlings (four replicates) 

grown inside peat moss media. The number of 
seeds germinating per treatment replication was 
counted and recorded whereas seedlings were 
observed and, data was collected every four days 
for 20 days. 
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Field Assessments
Data was collected on plant growth parameters 
such as plant height, diameter of stem, and leaf 
chlorophyll content. Data on anthesis, fruiting 
and the cross section of stem (vascular bundle) 
was assessed as well. 

Plant Height and Stem Diameter
The plant height and stem diameter were 
measured with a measuring tape on the 100th day 
after transplanting. Plant height was measured 
from the media surface to the top of the plant 
canopy while stem diameter was measured 10 
cm above the growing media surface. 

Leaf Chlorophyll Content
Measurement of leaf chlorophyll content was 
determined by using SPAD-502 chlorophyll 
metre (Konica Minolta, Japan).  The SPAD 
502 meter is an alternative method for the 
measurement of relative leaf chlorophyll levels 
since the conventional method is destructive. 
The SPAD values were recorded once every two 
weeks.

Anthesis and Fruiting
The number of flowers appearing and setting 
fruits were counted and recorded for each 
treatment replication. Fruit set was then 
calculated; TFs/TFr x 100 where TFs: the total 
number of fruits setting per plant and TFr: the 
total number of flowers appearing on the same 
plant (Alburquerque et al., 2004).

Physical Changes of Stems
A cross-section of the stems of the tomato 
plants from each treatment was made and 
observed under the microscope. The sections 
were transferred gently into a petri dish and a 
drop of toluidine blue stain was added. After 
five minutes, stain was removed by blotting 
with filter paper. Distilled water was added into 
the petri dish for cleaning the stains and this 
was repeated until the excess stain was washed 

out. The sections were then transferred gently 
onto a microscopic slide and a filter paper was 
used to blot out the excess water. Two drops of 
mountant were added (glycerol:water, 1:1) and 
then covered with a coverslip. The sections 
were observed at 4 x magnification under a 
compound microscope and photos were taken. 
The thickness of the vascular bundle of the 
sections was then measured.

Statistical Analysis
Data was computed and graphs were generated 
with Microsoft Excel files.  ANOVA was carried 
out with SPSS version 20.0 and values were 
compared with Tukey’s HSD. Differences were 
considered significant when the P value was less 
than 0.05. 

Results and Discussion 
Germination Test 
Results from the germination test showed 
that each treatment had different effects on 
the rate of germination of the tomato seeds. 
The application of 2.5 ml showed the greatest 
performances in seed germination except T1 
(Figure 1). Nevertheless, T1 was the greatest 
in seed germination compared to others when 
amount of Si was 1.5 ml (Figure 1). There was 
a significant difference (P < 0.05) of 1.5 ml Si 
treated plants with plants given abiotic stress 
(T10-0.5% NaCl) (Figure 1). Results also 
showed that seedling growth was better for 1.5 
ml of Si and 2.5 ml compared to the highest 
volume being applied, 5 ml (Figure 1) for both 
Si treated plants and mixed with NaCl. Only 2.5 
ml potassium silicate with an add on 0.5% NaCl 
seedlings were well germinated (Figure 1). 

The toxic effects of sodium on seeds will 
prevent germination, and high salinity had 
been proven to reduce enzymatic actions that 
are favourable for seed germination (Romero 
et al., 2001). Thus, the improvement in the 
germination values recorded in the silicon 
treated seeds can therefore be attributed to Si 
ions having the ability to prevent the Na ions 
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absorption (Hashemi et al., 2010).  Furthermore, 
under salt stress, Si had caused increase of K, 

Figure 1: Mean number of seeds germinated after being treated with different amounts of 0.5% Si (v/v) and 
0.5% NaCl (salinity stress) for 20 days (treatments were given at a four-day interval)

Figure 2: Plant height of tomato plants was observed on day 60 after transplanting and treated with silicon 
and potassium silicate (Table 1). Only plants given silicon were growing well (T6, T7, T8 and T9) under 

abiotic stress compared to control T10 (0.5% NaCl)

Ca and Mg due to a salt dilution effect that will 
improve seedlings growth (Li et al., 2015).

Plant Height and Stem Diameter 
Differences in plant height were observed 
between the treatments with some plants 
showing a faster growth rate on day 60 after 
transplanting (Figure 2). Results showed that 
there was a significant difference (P<0.05) of 
the plant height T10 (0.5% NaCl) with other 
treatments T1, T2 and T6 [0.5% silicon (v/v); 
1.5% silicon (v/v) and 0.5% silicon (v/v) + 
0.5% NaCl, respectively] (Fig. 3). There is a 

possible indication that Si could improve saline 
condition, especially T6 with additional 0.5% 
silicon (v/v) tomato plants were growing well 
(Figure 3). Also, T6 stem diameter (7.48cm) was 
significantly different (P<0.05) with T10 (5.08 
cm) (Figure 4). The others great stem diameter 
were significantly different (P < 0.05) with 
T10 e.g., T4 (2.5% potassium silicate) and T9 
(0.25% potassium silicate + 0.5% NaCl), 7.80 
cm and 7.38 cm, respectively (Figure 4).
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Saberi et al. (2011) had reported that both 
tomato and forage sorghums stem diameter was 
one of the growth parameters which decreased 
with increasing salinity. However, Epstein 
(1999) indicated that the favourable effects 
of Si on crop plants seem to originate from 
reinforcement of the cell walls due to deposition 
of Si in form of amorphous silica (SiO2.nH2O) 
and opal phytoliths which increases the plant 
growth. Thus, increases in catalase activity of the 
whole plant and cell wall under stress conditions 
may likely be the cause of growth in plant height 

and stem diameter after silicon treatments had 
been reported in tomato and barley (Liang et 
al., 2003; Al-aghabary et al., 2005). Lee et al. 
(2010) found that the application of silicon 
to plants increases endogenous gibberellins 
and reduces the levels of ABA and proline in 
plants under stress that improve plant growth. 
In addition, potassium is recognized as an 
essential macronutrient for optimal plant growth 
by promoting cell growth and contributed to 
development of plants (White & Karley, 2010; 
Oosterhuis et al., 2014). 

Figure 3: Mean of tomato plant height (cm) after plants were given silicon, 
potassium silicate and NaCl (Table 1) for 100 days (40 ml per plant pot)

Figure 4: Mean of tomato stem diameter after plants were given silicon, potassium silicate 
and NaCl (Table 1) for 100 days (40 ml per plant pot)
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Leaf Chlorophyll Content (SPAD Units)
There were significant differences (p<0.05) 
in chlorophyll content between some of the 
treatments from week four until week 14 (Table 
2). In week four, T1 treated plants [0.5% Si 
(v/v)] recorded the highest chlorophyll content 
then in week 8, T6 [(0.5% Si (v/v) + 0.5% 
NaCl] followed by T2 [(1.5% Si (v/v)] for week 

12 and week 14 (Table 2). The result from 
plants treated with 0.5% NaCl (T10) showed 
the least chlorophyll content in SPAD units in 
week four until week 14 (Table 2). However, 
Si and potassium silicate showed a significant 
difference (p<0.05) (T6, T7, T8 and T9) when 
applied into tomato plants with abiotic stress 
conditions (applied 0.5% NaCl) (Table 2).

Table 2: Mean of leaves chlorophyll content (SPAD units) from 
week four until week 14 of tomato plants growing

Treatment Week 4 Week 8 Week 12 Week 14

T1 [0.5% silicon (v/v)] 36.80±0.83a 49.43±0.93a 55.91±2.24ab 59.07±0.83ab

T2 [1.5% silicon (v/v)] 34.94±1.27a 46.9± 0.58ab 59.97±2.88a 61.64±1.54a

T3 [(2.5% silicon (v/v)] 35.05±0.65a 47.73±2.78a 49.13±2.18ab 56.55±2.72ab

T4 (potassium silicate; positive control) 35.41±2.31a 50.73±1.63a 51.74±2.23ab 57.72±1.75ab

T5 (only water; negative control) 33.86±2.04ab 51.49±2.02a 53.79±2.74ab 61.10±1.98a

T6 [0.5% silicon (v/v) + 0.5% NaCl] 32.14±1.4ab 49.76±.2.13a 56±2.70ab 58.22±0.85ab

T7 [1.5% silicon (v/v) + 0.5% NaCl] 33.44±0.92ab 45.95±0.91ab 54.09±2.39ab 56.03±1.24ab

T8 [2.5% silicon (v/v) + 0.5% NaCl] 35.74±1.75a 46.11±1.8ab 54.26±2.20ab 55.04±0.92ab

T9 (potassium silicate) + 0.5% NaCl) 34.34±2.09ab 48.51±1.6a 54.35±2.60ab 61.27±0.52a

T10 (0.5% NaCl; negative control) 29.96±2.11b 43.80±1.77b 50.18±2.24b 51.35±0.98b

Values are means ± standard error. Values with different letters are statistically significantly different 
at p<0.05

Silicon application has been proven to 
influence the absorption of plant macronutrients 
and micronutrients that enhances the 
photosynthetic rates of plants (Liang et al., 
1996; Adams, 2002; Savvas et al., 2002). The 
micronutrient Ferum (Fe) is one of the most 
essential for increasing the concentration 
of photosynthetic pigments and found to be 
absorbed well together with Si (Teixeira et al., 
2020). In strawberry plant, chlorophyll content, 
leaf number, leaf area and petiole length were 
increased significantly when potassium silicate 
was applied (Dehghanipoodeh et al., 2018).  

Anthesis and Fruiting
Results showed that the highest number of 
flowers was from the tomato plants treated with 
2.5% potassium silicate (T4) whereas there 
were no flowers in plants treated with NaCl 
(T10) as well as no fruits until at the end of 100 
days (Table 3). The greatest percentage of fruit 
set (63.6%) was T9 (potassium silicate + 0.5 
% NaCl) and followed by T3 (41.6%) and, T4 
(36.8%) whereas others were below 30% of fruit 
set (Table 3). In addition, fruits that had been 
affected with blossom end rot were not properly 
intact. 
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Table 3: The flower and fruit setting of tomato plants days after 
transplanting until final harvesting (100 days)

Treatment
Total Flower 

(TF)
Intact 

Fruit (IF)
Damaged 
Fruit (DF)

Total Fruit 
(TFr)

Fruit Set 
Percentage (%) 

T1 [0.5% silicon (v/v)] 	 17 3 2 5 29.4

T2 [(1.5% silicon (v/v)] 15 4 0 4 26.6

T3 [(2.5% silicon (v/v)] 12 3 2 5 41.6

T4 (positive control; 
potassium silicate)

19 4 3 7 36.8

T5 (negative control; only 
water)

17 4 1 5 29.4

T6 [0.5% silicon (v/v) + 
0.5% NaCl]

12 3 0 3 25.0

T7 [1.5% silicon (v/v) + 
0.5% NaCl]

8 1 1 2 25.0

T8 [2.5% silicon (v/v) + 
0.5% NaCl]

13 1 0 1 7.70

T9 [positive control; 
potassium silicate + 0.5% 
NaCl)

11 4 3 7 63.6

T10 (negative control; 0.5% 
NaCl)

0 0 0 0 0

Previous study of silicon fertilization in the 
form of potassium and calcium silicates showed 
that it could increase the tomato yield and reduce 
the occurrence of cracked fruits (Marodin et al., 
2014). Similar results with Si applied directly to 
soil bed that showed tomato yield could reach 
up to 15.9%, compared to on average by 12.0% 
without Si (Liang et al., 2015). 

Stem Tissues
The thickest vascular bundle was T2 [1.5% Si 
(v/v)] tomato plants and there was a significant 
difference (P<0.05) of vascular bundle thickness 
between T10 (0.5% NaCl) and other treatments 
(Figure 5a). Microscopic view showed thicker 

stem epidermis of Si treated plants than control 
(without Si) (Figure 5b).

Several works have confirmed that 
Si supported plant cell division, nutrients 
absorption and plant enzyme activation are 
causing physical changes in plant parts (Savvas 
et al., 2002; Liang et al., 2003; Al-aghabary et 
al., 2004). Rice with problem of Si deficiencies 
have reduced vascular bundle formation and low 
lignin levels leading to plant logging (Ma et al., 
2002; Inanaga et al., 2002). This study showed 
potential of silicon and potassium silicate to 
improve vascular bundle, and consequently 
reduce the deleterious effect of the saline 
conditions.
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Figure 5: (a) Mean of vascular bundle size and values with different letters are 
significantly different statistically at p<0.05 (See Table 1; treatment T1 – T10). 

The thickness off stem epidermis staining with toluidine blue (arrow) showed differences 
between control (without silicon, b) and plants with silicon (c and d)

Conclusion
This study has confirmed that although silicon is 
not classified as an essential plant nutrient, it is 
beneficial to improve growth and development 
of tomato plants especially under abiotic stress 
conditions. Moreover, the positive effects 
observed in the Si treated tomato plants indicated 
they could uptake silicon in silicic acid form 
despite the low capacity as Si-accumulator plant, 
by improving vegetative growth. Therefore, 
supplementing Si and P concentrations could 

aid tomato cultivars under NaCl stress. Further 
Si research on other Solanaceae family such as 
potato, pepper and eggplant will give benefits in 
controlling biotic and abiotic stress.  
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