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Silicon is a beneficial nutrient that has the potential to alleviate the abiotic stress of bok 
choy grown under salinity stress on entisols. Indonesia has wide areas of entisol soils along 
its coastline, which could be planted with bok choy. However, salinity conditions pose a 
problem in entisol soils. The objective of this research was to evaluate the effect of silicon 
on the agronomic performance of bok choy grown on an Entisols under salinity stress 
conditions. This research was conducted at the screen house of the Faculty of Agriculture, 
Jenderal Soedirman University, from May to August 2019. The experimental design was a 
completely randomized completely block design (RCBD) consisting of 16 treatments with 
three replications. The treatments comprised two factors: the dosage of silicon fertilizer, 
which was 0, 5, 10, or 15 g pot-1; and salinity stress, with a level of 0, 1, 2, or 3 dS m-1 pot-1. 
Observed variables included plant height (cm), number of leaves (strands), leaf area (cm2), 
fresh shoot weight (g), dry shoot weight (g), fresh root weight (g), dry root weight (g), fresh 
plant weight (g), and dry plant weight (g). The results showed that the provision of silicon 
(Si) fertilizer from zeolite and sugarcane bagasse compost (SCB) improved plant height, 
number of leaves, leaf area, fresh plant weight, and dry plant weight of bok choy plants 
under salinity stress conditions on entisol soil. At a silicon dosage of 10 g pot-1, fresh plant 
weight (production of bok choy) was 64.18% greater compared to the control. Increasing 
soil salinity up to 3 dS m-1 of soil decreased the plant height and number of leaves but did 
not significantly affect fresh shoot weight, dry shoot weight, fresh plant weight, dry fresh 
plant weight, fresh root weight, or dry root weight. 

How to Cite: Kharisun, Budiono, M. N., Prihatiningsih, N., Noorhidayah, R., and Lamorunga, N. (2020). Silicon (Si) and salinity 
stress on the agronomic performances of bok choy (Brassica rappa L.) in an Entisols. Sains Tanah Journal of Soil Science and 
Agroclimatology, 17(2): 108-114 (doi: 10.20961/stjssa.v17i2.37827) 

 

1. Introduction 

Bok choy is a popular vegetable in Indonesia, in very high 
demand for household needs and the food industry. 
However, despite the increasing demand for bok choy, the 
production of bok choy has recently decreased and is unable 
to fulfill the market demand (Husnaeni & Setiawati, 2018). 
One opportunity to increase bok choy production is the use 
of entisols as planting areas (Usfiani et al., 2016). This soil is 
spread along the vast coastal land area of Indonesia and has 
not been utilized optimally. The total length of Indonesia's 
coastline is 99,093 km (Auliani, 2013). However, these soils 
tend to have several complications, including a high salt 
content (salinity condition), low contents of clay particles, and 
a lack of organic matter (Sipayung, 2003). The salinity 

problem is commonly more severe during the dry season due 
to the interference of seawater in the soil. 

The negative effects of salinity on plants, such as retarded 
growth, fruit defects, amount of chlorophyll, and potassium 
contents induce hyperosmotic stress and ion imbalance, 
decreasing membrane integrity and protein synthesis 
(Deinlein et al., 2014; Liu et al., 2019; Mindari, 2009; Shahzad 
et al., 2012; Zare et al., 2015). Some mechanisms by which 
salinity decreases the performance of plant growth have been 
explored, including low external water potential, ion toxicity, 
and interference with the uptake of nutrients (Azizi et al., 
2016). Salinity leads to plant death by ionic and osmotic 
stress, which causes nutrient imbalance, membrane damage, 
and enzymatic inhibition (Hasanuzzaman et al., 2013). The 
negative effects of salinity stress can be corrected with the 
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application of proper fertilizers and soil amendments (Makoi 
& Verplancke, 2010). Silicon is deemed to be a potential 
nutrient to improve the agronomic performance of the plant 
and alleviate abiotic stresses such as the salinity problem in 
coastal Entisols (Ahmed et al., 2011; Hanafy Ahmed et al., 
2008; Nascimento et al., 2018; Sabaghnia & Janmohammadi, 
2015; Zare et al., 2015). Some other studies showed that 
Silicon also reduces the uptake of sodium by plants (Farooq 
et al., 2019; Ning et al., 2014) and increases the content of 
polyamines under salt stress (Yin et al., 2016), uptake of K 
(Ghassemi-Golezani & Lotfi, 2015; Soundararajan et al., 2017; 
Tantawy et al., 2015), increased resistance to essential 
nutrient deficiencies, and enhanced photosynthesis of plants 
(Ma & Takahashi, 2002). Azizi et al. (2016) stated that silicon 
nutrition could allow recovery of the chlorophyll content and 
the number of soluble proteins in Medicago scutellata plants 
under salinity stress. Therefore, silicon has the potential to 
alleviate the problem of salinity stress in plants. Most 
research on the application of Si to improve growth and 
production has used synthetic inorganic material. Some 
materials commonly used as sources of silicon fertilization to 
plants are calcium and magnesium silicate (Camargo et al., 
2013), sodium silicate (Azizi et al., 2016), silicon dioxide (SiO2) 
with 95 % silicon (Oliveira et al., 2016), and other inorganic 
materials. In this research, natural materials such as zeolite 
and sugarcane bagasse compost ( SCB) were used as sources 
of silicon because they are abundant in Indonesia (Yustinah, 
2013) and are capable of improving the productivity of entisol 
soil. Zeolite and SCB have a high cation exchange capacity and 
high water absorption capacity, which can counteract the 
main weaknesses of the entisol soil (Kertonegoro, 2001).  

Furthermore, no research has previously been conducted 
on the potential of silicon to alleviate salinity stress in bok 
choy, except for some research on other horticultural crops 
such as cucumbers, capsicums, strawberries, melons, and 
roses under several abiotic stresses including salinity stress. 
The objectives of this research are to evaluate the effects of 
silicon from zeolite and SCB in improving the growth 
performance of bok choy grown in Entisols under salinity 
stress conditions.  

 

2. Materials and Method 
The research consisted of a pot experiment conducted at 

the screen house of the Faculty of Agriculture, Jenderal 
Soedirman University from May to August 2019. The 
experimental design used was a factorial randomized block 
design (RBD) consisting of 16 treatments with 3 replications 
as blocks. The treatments consisted of two factors; the first 
factor was salinity stress, tested at 4 levels (control (K0), 1 dS 
m-1  (K1), 2 dS m-1  (K2), and 3 dS m-1  (K3)). The second factor 
was the dosage of silicon fertilizer (0 g Si pot-1 (S0), 5 g Si pot-

1 (S1), 10 g Si pot-1 (S2), and 15 g Si pot-1 (S3)). The salinity of 
the soil was measured and additional KCl was provided to 
achieve each desired level of salinity stress treatment. The 
control condition was the original salinity of the soil. The 
salinity stressor was applied 1 day before planting.  

The materials used for the silicon sources are SCB and 
zeolite, with 20 % of silicon coming from SCB and 80 % from 
the zeolite. The silicon was prepared by composting the SCB 

and crushing the zeolite to a 200 mesh size fraction.  SCB was 
composted for 3 months in a 25 kg drum composter with 
decomposing bacteria and molasses added. The result of 
composting showed that SCB had a SiO2 content of 5.82 %. 
The preparation of silicon from zeolite was conducted by 
crushing and grinding zeolite to pass through a 200 mesh size 
sieve. The zeolite was then thermally activated at 105o C in an 
oven for 24 hours. The activated zeolite SiO2 content was 
52.34%. The contents of silicon in the  SCB and activated 
zeolite were then used to obtain the desired proportions of 
silicon in each level of treatment, i.e., 0 g Si (0 g SCB and 0 g 
zeolite), 5 g Si (36.76 g SCB and 16.35 g zeolite), 10 g Si (73.52 
g SCB and 32.70 g zeolite), 15 g Si (110.29 g SCB and 49.05 g 
zeolite). The material for salinity treatment was KCl, which 
was applied to the soil in amounts calculated based on the 
electrical conductivity of the original soil as the control (Ayers 
& Westcot, 1985). 

The planting media used were Entisols collected from the 
coastal area of Jetis, Cilacap Regency (Table 1). The soil 
samples were dried, crushed, and passed through a 5.0 mm 
sieve to obtain a more homogenous soil. Prior to the 
measurement of the water content, the soil samples were air-
dried for about 2 weeks. The water content at the field 
collection site was also determined. The results of the analysis 
of some selected characteristics of the soil are presented in 
Table 1. The air-dried soil was then weighed and a weight 
equivalent to 6.5 kg of air-dried soil was placed in a pot. The 
water content of the soil in each pot was maintained at the 
field capacity by adding water as required. The pots were 
labeled according to their respective treatments. The silicon 
in the form of SCB and zeolite were weighed to obtain the 
desired weight to apply for each treatment and then mixed 
into the soil until a homogenous mixture was obtained. The 
soil mixture was incubated for 1 week before planting. KCl 
was applied by mixing the soil with KCL in accordance with the 
respective treatment amounts homogeneously, 1 day before 
planting. Before sowing, bok choy seeds were soaked in water 
containing Bio-P 60 for 1 hour and then germinated using 
tray-based tissue. The seeds were germinated for 2 days and 
then transferred to the nursery tray. The seeds grew in the 
nursery tray for 7 days before being transplanted to the pots. 
The variables observed were plant height, number of leaves, 
leaf area, fresh shoot weight, dry shoot weight, fresh root 
weight, dry root weight, fresh plant weight, and dry plant 
weight. Plant height was measured from the base of the 
rootstock to the highest leaf tip before harvesting (60 days 
after planting). The number of leaves was determined by 
counting the number of leaves growing on the plant. Leaf area 
was calculated after harvest using the gravimetric method. 
Three leaves were taken from among the shortest leaf, 
medium-sized, and the longest leaves, their areas were 
calculated using the gravimetric method, and the result was 
then averaged. Leaf area was calculated as the number of 
leaves multiplied by the average leaf area. Fresh shoot weight 
was measured after harvesting, by picking and weighing the 
newly-harvested bok choy. Plant shoot weight measurements 
were made by drying shoots in an oven at a temperature of 
70°C for 23 days until the weight, expressed in grams (g), was 
constant.
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Table 1. Selected characteristics of entisol soil 

Soil characteristics Value Soil characteristics Value 

Soil texture  Electrical conductivity  (dS m-1) 0.038 

    sand (%) 61 Salinity (mg L-1) 19 

    silt (%) 11 Exchangeable cations  

    clay (%) 28     Ca2+  (cmol kg-1) 8.34 
pH-H2O (1:5) 6.3     Mg2+ ( cmol kg-1) 4.22 

pH-KCl (1:5) 6.2     K+ ( cmol kg-1) 0.28 

Organic-C (%) 0.38     Na+  (cmol kg-1) 0.16 

Total-N (%) 0.04 CEC ( cmol kg-1) 14.55 

Total-P (%) mg P2O5 100g-1  155 Base saturation (%) 89 

Total-K (%) mg K2O 100g-1 54 Si (%) 0.17 

P-Olsen  (ppm) 39.1 Fe (%) 1.29 

Available K (ppm) 184 Al (%) 0.68 

 

Table 2. Effect of silicon and salinity on agronomic performance of bok choy observed after 60 days of growth   

Treat. 

Observed Variables 

PH     NL  LA FSW  DSW  FRW DRW  FPW  DPW  

(cm) (leaf plant-1) (cm2)  ---------------------------------(g plant-1) ---------------------------------- 
Si Fertilizer           

S0  18.05 b 14.42 c 60.51 a 32.51 b 3.04 a 2.81 a 0.74 a 35.32 b 3.78 a 
S1  19.62 ab       15.58 bc 64.22 a 46.42 a 3.33 a 3.41 a 1.05 a    49.84 ab 4.30 a 
S2  20.93 a 16.83 ab 74.47 a 52.54 a 3.75 a 5.67 a 1.27 a 58.21 b 5.02 a 
S3  21.25 a 17.17 a 78.80 a 51.42 a 4.18 a 4.88 a 1.37 a 56.30 b 5.55 a 
F cal 3.84 4.75 1.55 3.81 1.7 2.13 1.2 4.08 1.75 

Salinity                   

K0  20.73 a 16.25 a 73.09 50.20 a 3.65 a 3.75 a 1.04 a 53.95 a 4.68 a 
K1  20.98 a 16.71 a 68.91 50.44 a 3.7 a 3.81 a 1.02 a 54.25 a 4.72 a 
K2  20.50 a 16.67 a 78.32 47.91 a 3.58 a 4.75 a 1.15 a 52.66 a 4.72 a 
K3  17.64 b 14.38 b 57.68 34.34 a 3.38 a 4.47 a 1.23 a 38.81 a 4.57 a 

F cal 4.41 3.66 1.63 2.65 0.13 0.3 0.10 2.10 0.15 
Note:  PH = plant height, NL = number of leaves, LA = leaf area, FSW = fresh shoot weight, DSW = dry shoot weight, FRW = fresh  

root weight,  DRW = dry root weight, FPW = fresh plant weight, DW = dry plant weight;  K0= salinity 0 dS m-1 ; K1=salinity 
1 dS m-1 ; K2= 2 dS m-1 ; K3= and 3 dS m-1 ; S0= 0 g Si pot-1; S1= 5 g Si pot-1; S2= 10 g Si pot-1; S3= 15 g Si pot-1 

 

The data collected were analyzed for diversity using the F 
test at a 95% confidence level. If the F test shows significantly 
different, a further test is performed using the Duncan test 
(Duncan's Multiple Range Test, DMRT). 

 

3. Results 

3.1. The effects of silicon fertilizer on the agronomic 

characteristics of bok choy  

The provision of silicon from natural zeolite and SCB 
improved some aspects of the agronomic performance of bok 
choy, as represented by characteristics such as the plant 
height, the number of leaves, the fresh shoot weight, and the 
fresh plant weight of bok choy (Table 2). However, other 
agronomic characteristics did not improve significantly, such 
as dry shoot weight, fresh root weight, dry root weight, and 
dry plant weight. 

The improvements in the agronomic components of plant 
height, number of leaves, fresh shoot weight, and fresh plant 
weight were 17.76, %, 19.07 %, 61.61 %, and 64.81 %, 
respectively (Table 3). The best dosage for improving both 
plant height and the number of leaves was 15 g Si pot-1 (S3), 
while the best dosage for fresh shoot weight and fresh plant 
weight of bok choy was 10 g Si pot-1 (S2).  

The provision of silicon fertilizer did not significantly affect 
the agronomic performance of leaf area, dry shoot weight, 
fresh root weight, dry root weight, or dry plant weight 
although these characteristics did see an improvement 
compared to the control. The highest improvements for each 
component were 78.80 %, 35 %, 101.78 %, 85.14 %, and 46.83 
% for dry shoot weight, fresh root weight, dry root weight, 
and dry plant weight respectively (Table 3). The best dosage 
for leaf area, dry shoot weight, dry root weight, and dry plant 
weight of bok choy was 15 g Si pot-1 (S3), while the best 
dosage for fresh root weight of bok choy was 10 g Si pot-1 (S2). 

 

3.2. The effects of salinity stress on the agronomic 

performance of bok choy  

The addition of soil salinity decreased the plant height and 
number of leaves, with the greatest reductions in plant height 
and number of leaves of 14.91 % and 11.51 %, respectively, 
found at the dosage of K3 (3 dS m-1) (Table 3). The addition of 
salinity did not significantly affect leaf area, fresh shoot 
weight, dry shoot weight, fresh plant weight, dry fresh plant 
weight, fresh root weight, or dry root weight. However, it 
tended to decrease the characteristics of agronomic 
performance compared to the control.
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Table 3. Effect of silicon and salinity in the percentage of improvement and reduction of agronomic performance of bok choy 
observed after 60 days of growth 

Treat. 

Observed Variables 

PH NL LA FSW DSW FRW DRW FPW DPW 

(cm) (leaf plant-1) (cm2) ---------------------------------------- (g plant-1) ------------------------------------ 

Si Fertilizer 

S0 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
S1 8.70% 8.04% 6.13% 42.79% 9.54% 21.35% 41.89% 41.11% 13.76% 
S2 15.96% 16.71% 74.47% 61.61% 23.36% 101.78% 71.62% 64.81% 32.80% 
S3 17.76% 19.07% 78.80% 58.17% 37.50% 73.67% 85.14% 59.40% 46.83% 

Salinity                   

K0 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
K1 1.21% 2.83% -5.72% 0.48% 1.37% 1.60% -1.92% 0.56% 0.85% 
K2 -1.11% 2.58% 7.16% -4.56% -1.92% 26.67% 10.58% -2.39% 0.85% 
K3 -14.91% -11.51% -21.08% -31.59% -7.40% 19.20% 18.27% 28.06% -2.35% 

Note:  PH = plant height, NL = number of leaves, LA = leaf area, FSW = fresh shoot weight, DSW = dry shoot weight, FRW = fresh  root weight,  
DRW = dry root weight, FPW = fresh plant weight, DW = dry plant weight;  K0= salinity 0 dS m-1 ; K1=salinity 1 dS m-1 ; K2= 2 dS m-1 ; 
K3= and 3 dS m-1 ; S0= 0 g Si pot-1; S1= 5 g Si pot-1; S2= 10 g Si pot-1; S3= 15 g Si pot-1 

  

Table 4. Interaction of silicon and salinity on plant height (cm) 
of bok choy observed after 60 days of growth 

Salinity S0 S1 S2 S3 

K0 19.3 ba 21.7 aa 20.0 bb 21.9 aa 
K1 19.5 ca 19.9 cb 23.4 aa 21.1 ba 
K2 20.2 ba 20.1 bb 20.3 bb 21.4 aab 
K3 13.2 cb 16.7 bc 20.0 ab 20.6 ab 

Note:  Means followed by the same capital letter in the rows and 
the same small letter in the columns do not differ by DMRT 
at P<0.05. S = silicon treatment; K = salinity treatment;  K0= 
salinity 0 dS m-1 ; K1=salinity 1 dS m-1 ; K2= 2 dS m-1 ; K3= 
and 3 dS m-1 ; S0= 0 g Si pot-1; S1= 5 g Si pot-1; S2= 10 g Si 
pot-1; S3= 15 g Si pot-1 

 

 
Table 5. Interaction of silicon and salinity effects on the number 

of leaves of bok choy observed after 60 days growth 

Salinity S0 S1 S2 S3 

K0 13.8 dc 17.0 ba 16.2 cb 18.0 aa 

K1 16.0 ca 15.7 cb 18.3 aa 16.8 bb 

K2 16.3 ca 15.8 cb 16.7 bb 17.8 aa 

K3 11.5 cb 13.8 bc 16.2 ab 16.0 ac 

Note:  Means followed by the same capital letter in the rows 
and the same small letter in the columns do not differ 
by DMRT at P<0.05. S = silicon treatment; K = salinity 
treatment; K0= salinity 0 dS m-1 ; K1=salinity 1 dS m-1 ; 
K2= 2 dS m-1 ; K3= and 3 dS m-1 ; S0= 0 g Si pot-1; S1= 5 g 
Si pot-1; S2= 10 g Si pot-1; S3= 15 g Si pot-1 

 

Table 6. Interaction of silicon and salinity on the leaf area 
(cm2) of  bok choy observed after 60 days of growth 

Salinity S0 S1 S2 S3 

K0 66.8 ca 76.6 ba 63.5 cc 85.5 aa 

K1 63.1 ba 67.4 bb 79.9 ab 65.2 bc 

K2 66.7 ba 68.2 de 88.3 aa 90.1 aa 

K3 45.5 cb 44.7 cc 66.1 bc 74.4 ab 
Note:  Means followed by the same capital letter in the rows 

and the same small letter in the columns do not differ 
by DMRT at P<0.05. S = silicon treatment; K = salinity 
treatment; K0= salinity 0 dS m-1 ; K1=salinity 1 dS m-1 ; 
K2= 2 dS m-1 ; K3= and 3 dS m-1 ; S0= 0 g Si pot-1; S1= 5 g 
Si pot-1; S2= 10 g Si pot-1; S3= 15 g Si pot-1 

 

Table 7. Interaction of silicon and salinity on fresh plant weight 
(g) of bok choy observed after 60 days of growth 

Salinity S0 S1 S2 S3 

K0 33.96 56.55 56.44 53.81 

K1 42.17 50.06 61.86 47.66 

K2 37.98 49.31 49.26 55.07 

K3 15.90 29.75 42.59 49.11 

Note:  Means followed by the same capital letter in the rows 
and the same small letter in the columns do not differ 
by DMRT P<0.05. S = silicon treatment; K = salinity 
treatment;  K0= salinity 0 dS m-1 ; K1=salinity 1 dS m-1 ; 
K2= 2 dS m-1 ; K3= and 3 dS m-1 ; S0= 0 g Si pot-1; S1= 5 g 
Si pot-1; S2= 10 g Si pot-1; S3= 15 g Si pot-1 

 

The largest percentages by which these components were 
reduced were 21.08 %, 31.59 %, 7.40 %, 26.67 %, 2.35 %, 
26.67 %, and 18.27 % for leaf area, fresh shoot weight, dry 
shoot weight, fresh plant weight, dry plant weight, fresh root 
weight, and dry root weight respectively (Table 3). 

 
 

3.3. The effects of silicon fertilizer on the agronomic 

characteristics of bok choy under salinity stress 

conditions 

The experimental results showed that the interaction 
between the silicon fertilizer and salinity stress affected some 
agronomic performance characteristics of bok choy: plant 
height, number of leaves, and leaf area (Table 4, Table 5, and 
Table 6). The other variables showed no significant 
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interaction between the application of silicon fertilizer and 
salinity stress. 
Table 8. Interaction of silicon and salinity on dry plant weight 

(g) of bok choy observed after 60 days of growth 

Salinity S0 S1 S2 S3 

K0 3.28 3.83 3.66 3.81 

K1 2.98 3.65 3.83 4.30 

K2 3.07 3.83 3.41 3.97 

K3 2.81 1.99 4.08 4.64 

Note:  Means followed by the same capital letter in the rows 
and the same small letter in the columns do not differ 
by DMRT at P<0.05. S = silicon treatment; K = salinity 
treatment;  K0= salinity 0 dS m-1 ; K1=salinity 1 dS m-1 ; 
K2= 2 dS m-1 ; K3= and 3 dS m-1 ; S0= 0 g Si pot-1; S1= 5 g 
Si pot-1; S2= 10 g Si pot-1; S3= 15 g Si pot-1 

 

4. Discussion 

The capabilities of silicon fertilizer to improve fresh plant 
weight and dry plant weight at each level of salinity stress are 
presented in Table 7 and Table 8. The application of silicon 
significantly improved some agronomic performance 
characteristics of bok choy under salinity stress conditions, 
i.e., plant height, number of leaves, and leaf area (Table 3, 
Table 4, and Table 5). This showed that silicon can alleviate 
the negative effects of salinity stress on the growth of bok 
choy. The improvements in the number of leaves and leaf 
area enabled the plant to get more energy from sunlight and 
improve the process of photosynthesis to support the growth 
of plants under salinity stress conditions. These results are in 
line with findings by Liu et al., (2019) showing that the 
provision of silicon can alleviate salt stress in several plants, 
involving various regulatory mechanisms such as 
photosynthesis, detoxification of harmful reactive oxygen 
species using antioxidants, and non-antioxidants, and proper 
nutrient management. Similar results from Hussein & Abou-
Baker (2014) and Hussein et al., (2012) have shown that 
silicon has the ability to improve the growth performance of 
plants under conditions of salinity stress. This is consistent 
with the finding by Soundararajan et al. (2017) that silicon 
increased the abundance of photosynthesis and energy 
metabolism-related proteins in R. hybrida under salt stress. It 
is also supported by the finding by Muneer et al. (2014) that 
silicon application to tomatoes under salinity stress 
conditions increased total chlorophyll and carotenoid 
content, net photosynthesis rate, stomatal conductance, and 
transpiration, and alleviated the reduction in cytochrome 
b6/f and the ATP-synthase complex. The products of 
photosynthesis are distributed to all parts of the plant so that 
the agronomic performance of the plant increases. Putri et al. 
(2017) found that photosynthates in vegetative plants are 
distributed to and stored in roots, stems, and leaves for 
storage of food reserves, thus affecting the wet weight and 
dry weight of the plant. The improvement in the physiological 
process is also represented by the increases in fresh weight 
and dry weight of bok choy. In addition, the application of 
silicon was also able to alleviate the salinity stress on fresh 
plant weight and dry plant weight. As shown in Table 7 and 
Table 8, the availability of silicon at each level of salinity (K0, 

K1, K2, and K3) improved the fresh weight and fresh plant 
weight. This is similar to the results of some previous studies 
which showed that the provision of silicon to the saline soil 
could alleviate the negative effect of salinity stress on 
processes such as root growth and shoot growth (Zare et al., 
2015). The improvement in fresh weight and dry weight of 
plants was due to improvements in the physiological 
processes in the plants, which in turn improved the 
availability of other nutrients (Nascimento et al., 2018). This 
is supported by the finding of Azizi et al. (2016) that the 
application of silicon prevented Na+ accumulation and 
enhanced K+ content in Medicago scutellata plants. The 
improvement of nutrient absorption was presumably due to 
the improvement in the root system so that the absorption of 
nutrients by the bok choy was more effective. Table 2 shows 
that the fresh weight of the roots significantly increased. 

The improvement due to silicon application makes for a 
better root system that can absorb nutrients effectively 
(Amrullah et al., 2014; Putri et al., 2017). The higher 
occurrence of root hairs improves the capability of plants for 
the uptake of water and helps to alleviate stresses due to 
salinity, drought, and heavy metals (Singh et al., 2012). The 
findings of Soundararajan et al. (2018) on the application of 
silicon to R. hybrida also showed that silicon application in 
salt-stressed plants resulted in maintenance of the structural 
integrity of the root cell wall of the plant.  

The provision of silicon increased the agronomic 
performance of bok choy grown on the coastal Entisols in 
such aspects as the dry shoot weight, fresh root weight, dry 
root weight, and dry plant weight (Table 2). This showed that 
Si has the capability to improve the physiological processes in 
the bok choy plant, including photosynthesis. The availability 
of silicon in entisols and Cation Exchange Capacity (CEC) is 
very low (Table 1), such that the provision of silicon fertilizer 
to entisols was able to improve some agronomic 
performance. According to Prasetyo et al. (2010), one of the 
roles of silicon is to increase photosynthetic efficiency so that 
the plant’s production increases. Silicon accumulates with 
lignin in cell walls, increasing the dry weight of the canopy 
(Gerami et al., 2012). Silicon also increases the rate of 
photosynthesis and prevents chlorophyll damage, allowing 
the production of more photosynthates, which are able to 
increase the dry weight of the plant (Epstein, 2009). The 
improvements in the agronomic components of bok choy 
varied: the lowest improvement percentage was 17.76 % 
(plant height) and the highest improvement percentage was 
101.78% (fresh root weight) at a dosage of 15 g Si pot-1 (Table 3). 
The improvement in fresh plant weight (production of bok 
choy) was 64.18% with a dosage of 10 g pot-1 (Table 3) 
compared to the control, presumably due to the variation in 
the distribution of photosynthesis products to the specific 
organs of the plant in accordance with the distribution of 
silicon in the plant organs. Ning et al. (2014) found that the 
application of silicon fertilizer significantly improved the 
concentration of silicon in the leaves, stems, and grains of rice 
plants and that the concentration of silicon is different among 
the organs of the plant, in the order leaf>stem>grain. 

 

5. Conclusion 
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The provision of silicon from natural zeolite and SCB 
improved some aspects of agronomic performance such as 
plant height, number of leaves, fresh shoot weight, and fresh 
plant weight of bok choy, but it did not significantly affect the 
agronomic performance of dry shoot weight, fresh root 
weight, dry root weight, and dry plant weight. Increasing soil 
salinity by up to 3 dS m-1  of soil decreased the plant height 
and number of leaves, but did not significantly affect fresh 
shoot weight, dry shoot weight, fresh plant weight, dry plant 
weight, fresh root weight, and dry root weight. However, 
increasing salinity resulted in plants with agronomic 
performance lower than the control. The provision of silicon 
fertilizer from zeolite and SCB compost improved plant 
height, number of leaves, leaf area, fresh plant weight, and 
dry plant weight of bok choy plants under conditions of 
salinity stress in entisol soil. The fresh plant weight 
(production of bok choy) with a dose of 10 g pot-1 improved 
by 64.18% compared to the control. 
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