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Abstract

Background: Coal burning activities at PLTU leave large amounts of waste every year, which can
become a problem of environmental pollution. Bottom ash is known to contain nutrients needed by
plants. This study aims to determine the effect of adding a mixture of compost to ameliorate bottom
ash on the pH and plant growth of Capsicum annuum. Methods: The study used a completely
randomized design (CRD) with three replications and four formulations, namely BO = coal waste
(200g); B1 = 100g of bottom ash: 100g of planting medium; B2 = 50g bottom ash: 150g planting
medium, and B3 = 150g bottom ash: 50 g planting medium. Parameters observed included plant
height, number of leaves, root length, number of roots, total Biomass, and pH. Results: The results
showed that treatment BO had the highest pH and B2 had the lowest pH. Treatment B2 successively
showed the most heightened plant height, the largest total Biomass, and the most increased root
length and had a significant effect on leaf number but had no significant effect on root number.
Conclusions: The application of bottom ash with soil compost media impacted the pH and the growth
of C. annuum plants, especially in plant height, number of leaves, total Biomass, and root length of C.
annuum plants.
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Introduction

Coal-burning activities at PLTU leave large amounts of waste every year. Coal
combustion produces around 5% of solid pollutants in fly ash and bottom ash (Damayanti,
2018), of which around 10-20% is bottom ash and about 80-90% of fly ash of the total ash
produced (Noviardi, 2013). Increasing the supply of electrical energy by constructing new
power plants correlates with an increase in coal waste produced. If coal waste is not used
optimally, it will become a problem of environmental pollution (Utami, 2018).

Chemically, coal ash is an aluminosilicate mineral that contains many elements such as
Ca, K, and Na while also containing small amounts of parts C and N (Hermawan, Sabaruddin,
Marsi, Haryati, et al.,, 2014). Other nutrients in coal ash that are needed in the soil for plants
include Boron (B), phosphorus (P), and elements such as Cu, Zn, Mn, Mo, and Se (Dwivedi &
Jain, 2014). Generally, coal ash is alkaline (pH 8-12). Physically, it has a silt-sized particle
size and has moderate to high water-binding capacity characteristics (Yuyun, 2015).

So far, research on coal waste has been used for agriculture and construction (Prasetia et
al., 2014). Several studies have focused a lot on the use of fly ash in agriculture, such as
research by Utami (2018), which states that using fly ash as a mixture of organic fertilizers
can increase the pH of the fertilizer, namely with a pH of 8.52. However, fly ash does not
affect the amount of N content, P, and K. Bottom ash is still limited to its use as a building
construction material (Ria Nur et al., 2020).

Fly ash is more often used than bottom ash as a soil conditioner in recent research on

coal ash because fly ash has a smaller size, namely 0.001 - 100 m, compared to bottom ash
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(0.1-10 mm) (Agustini & Wahdaniyah, 2017). According to Noviardi (2013), Besides
containing toxic materials, bottom ash also contains nutrients plants need. The chemical
composition of bottom ash is mainly composed of the elements Si, Al, Fe, and Ca, as well as
Mg, S, Na, and other chemical aspects. The silicate and alumina content contained in bottom
ash is active because it can react with other components. Silica in bottom ash plays a role in
helping the dissolution of element P in planting media containing the nutrient phosphate
(Kinasti et al., 2018).

The soil's acidity can be corrected by liming, but acid soils require large amounts of
liming and are given continuously, so it is expensive (Ilham et al.,, 2021). Using coal bottom
ash as a substitute for lime is considered more efficient because it utilizes unused waste.
Previous research conducted by Kinasti et al. (2018) used bottom ash from PLTU Suralaya as
a hydroponic medium for Kangkung (Ipomea autica), kale (Brassica rapa var.) and lettuce
(Lactuca sativa). However, this research is still not optimal due to excess nutrients in the
nutrient water. So, it is necessary to find alternatives for utilizing bottom ash as a planting
medium with other additions such as compost soil. Based on this, seeing the potential of
bottom ash which can be utilized as organic fertilizer, it is necessary to research to
determine the effect of bottom ash and compost soil media as an ameliorant material on pH
and growth of red chili Capsicum annuum.

Method

Place and time of research

This research was conducted at the Common Use Laboratory Gardens, Universitas Ivet,
Semarang, Central Java, from November 2022 to January 2023.

Materials

The tools used in this study included polybags measuring 25 x 25 cm, shovels, rulers,
stationery, a soil pH meter, and digital scales. The materials used include red chili seeds (C.
annuum) obtained from the farm store "Infarm.id", bottom ash waste obtained from PLTU
Tanjung Jati B Jepara, soil media ready for planting from the farm shop, and gloves.

Procedure

This experiment used a completely randomized design (CRD) with three replications
consisting of 4 treatment formulations, namely: BO= bottom ash (200g); B1= formulation
ratio 1:1 (100 g bottom ash: 100 g soil media); B2= formulation ratio 1:3 (50 g bottom ash:
150 g soil media), and B3= 3:1 formulation ratio (150 g bottom ash: 50 g soil media).

Observational variable

Data collection was carried out by measuring several parameters on red chili (C. annuum)
plants, including plant height (cm), number of leaves (strands), number of roots (pcs), root
length (cm), total Biomass (g), and pH. All parts of the chili plant obtained Total Biomass
were dried in an oven at 70°C for 1 hour, and pH was measured using a soil pH meter.

Data analysis

Data analysis used the SPSS 21 program. Observe data was tested with ANOVA at a rate of
5%, then Duncan's further test was carried out with a 5% confidence level to determine the
differences between treatments in each treatment.

Result and Discussion

Chemical characteristics of ameliorants from bottom ash formulations and compost soil
media

The chemical characteristics of amelioran formulation of basic ash and compost soil
media are presented in Figure 1.
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Figure 1. The pH Characteristics of The Bottom Ash Formulation and Compost Soil Media

The highest pH content in the coal waste was 7.5 in the formulation (B0), namely 200g
bottom ash coal waste, and the lowest pH in the B2 formulation, namely 1:3 bottom ash
waste and compost soil media. The addition of coal ash increases the negative charge of the
soil through the deprotonation mechanism of H+ ions in clay minerals (Priatmadi et al,,
2014). Hermawan, Sabaruddin, Marsi, Hayati, et al. (2014) state that coal flying waste can be
used as a neutralizing agent for soil pH and can potentially reduce the use of lime to reduce
soil acidity, due to the mineralogical characteristics of coal waste complex.

According to Noviardi (2013), coal waste has an alkaline pH, macro and micronutrients,
and sufficient size. Causes coal waste to increase nutrient content and improve the structure
and moisture capacity. Based on statistical tests with a significance level of 5%, the analysis
of pH measurements on the experimental formulations was significantly different, with a p-
value <0.05, meaning that the experimental formulations affected pH. However, Duncan's
test for the four formulations showed no significant difference.

pH conditions determine the success of C. annuum growth. If the soil is too acidic, it can
cause phosphate (P) deficiency. The availability of P decreases below pH 5.5 because it is
fixed by Al, Fe, hydroxide, and clay, while above pH 7.0, P is fixed by Ca and Mg (Jamilah &
Dwiputranto, 2016). According to Pokovai et al. (2020), the appropriate pH for chili plants
ranges from 5.5 to 6.8, with an optimum pH of 6.0 to 6.5. Bottom ash can increase the soil pH
value, positively correlated with plants, such as plant growth or weight (Musfira et al., 2021).
The results showed that formulation B2 was the best for C. annuum plant growth.

According to Agustini & Wahdaniyah (2017), coal bottom ash has the potential to be used
as an ameliorant that will not damage soil, plants, or the environment with organic matter
that can increase cation exchange capacity (CEC), increase nutrient availability, affect pH and
energy sources for microorganisms in the soil. This study is similar to that of Mashfufah &
Prasetya (2019), stated that treatment of the ground with the addition of compost from a
mixture of citronella leaf pulp and 15% fly ash (w/w) resulted in the pH of the planting
medium being stable in neutral conditions (Khasanah & Budiono, 2022).

Effect of Formulation on Plant Height

The results showed that the ameliorant bottom ash formulation with compost soil media
affected the increasing height of C. annuum plants. A summary of statistical analysis of the
effect of the application of ameliorant bottom ash formulation with compost soil media on
plant height of C. annuum is presented in Table 1.
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Table 1. Effect of Formulation on Plant Height

Treatment Plant Height (cm)
BO 3.30+0.33a
B1 583+044Db
B2 6.50+0.29b
B3 3.67 £0.67 a

Note: Numbers followed by the same letter in the same column are not significantly different from Duncan's test at the 5% level.

Based on observations, the height of red chili plants ranges from 3.30-6.50 cm. Physically,
plant height in the B2 formulation shows the highest plant. According to Jamilah &
Dwiputranto (2016), the P element found in compost soil affects the leaf surface's expansion
so that the plant photosynthesis rate can increase. At the same time, the BO formulation
showed the lowest plant effect. This indicates that adding nutrients by bottom ash at this
percentage has impacted the growth of C. annuum plants. Even though the treatment with
the ameliorant formulation did not have a significant effect, it is suspected that the heavy
metal content in coal can inhibit plant growth (Febriana et al., 2021).

The Effect of Formulation on The Number of Leaves
The results of the effect of basic ash and compost soil media on the number of leaves are

presented in Table 2.

Table 2. The Effect of Formulation of the Number of Leaves

Treatment Number of Leaves (Strands)
BO 2.78+0.112
B1 3.00 +£0.002
B2 3.89+0.11¢
B3 2.89+0.112

Note: Numbers followed by the same letter in the same column are not significantly different from Duncan's test at the 5% level.

Table 2. shows that increasing the dose of coal fly ash affected the decrease in the
number of leaves of the chili plant. Statistical analysis showed that the effect of giving bottom
ash formulation with compost soil media significantly impacted the number of leaves of C.
annuum plants. The results of Duncan's test of the impact of the treatment of adding bottom
ash and compost soil media to the number of leaves of C. annuum sunflower plant biomass
can be seen in Table 4 and Table 5. Duncan's test showed that formulation B2, namely a ratio
of 1:3, produced the most number of leaves and was significantly different from other
treatments.

According to Febriati & Rahayu (2019), the nitrogen (N) content found in compost affects
plant growth, including the number of leaves, because nitrogen is one of the elements
forming proteins, and nucleic acids play an essential role for plants. Khofiyya et al. (2021),
stated that bottom ash affects the soil's phosphorus content and the number of plant leaves.
Phosphorus plays a role in nucleic acid formation, energy transfer, and stimulation of
enzyme activity. This study's results differ from the research of Febriana et al. (2021) in that
the concentration of coal waste has no significant effect on the number of leaves.

Effect of Formulation to Total Biomass of C. annuum

The effect of adding coal and compost waste to the average Biomass (Table 3.). Table 3.
shows treatment B2 has the highest total Biomass, followed by B3. Meanwhile, treatment BO
showed the least amount of Biomass. Based on statistical tests with a significance level of
5%, the total biomass analysis of the experimental formulations was significantly different
with a p-value <0.05, which means that the experimental formulations affected total
Biomass. However, the B2 and B1 treatments did not show a significant difference in the
Duncan test. Likewise, the BO and B3 formulations did not show a significant difference.
These results are consistent with research conducted by Febriana et al. (2021); the cause of
the higher the fly ash from coal, the lower the dry weight of the plant.
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Table 3. Effect of Formulation to Total Biomass of C. annuum

Treatment Total Biomass (g)
BO 0.11+0.032
B1 0.14 £ 0.02°
B2 0.37 £0.12"
B3 0.32+0.242

Note: Numbers followed by the same letter in the same column are not significantly different from Duncan's test at the 5% level.

Coal waste contains micronutrients needed for plant growth; coal waste can improve the
soil's physical properties, moisture, and air circulation (Noviardi, 2013). Furthermore,
Nurindriana & Wicaksono (2022) revealed that compost could increase soil fertility, physical
properties, plant growth, and Biomass.

Effect of Formulation on the Length and Number of Roots of C. annuum

The result of adding coal waste and compost to root length can be seen in Table 4.

Table 4. Effect of Formulation on Root Length

Treatment Length root (cm)
BO 220+0.262
B1 3.56+£0.73b
B2 3.63+0.21b
B3 297+0.28b

Note: Numbers followed by the same letter in the same column are not significantly different from Duncan's test at the 5% level.

The results of data analysis through the application, coal feeding significantly affects the
length of the roots. Therefore this suggests that an increased dose of coal dust affects plants'
decreased root length. Duncan's test showed that the BO treatment significantly differed
from the other treatments. The root length of C. annuum plants decreased with the increase
in the number of doses of coal fly ash. The heavy metal content in coal bottom ash is
suspected of inhibiting root growth, so plant roots cannot absorb nutrients and grow
properly. The study's results Win et al. (2020), revealed that the heavy metal Cd content
caused a decrease in the germination ability of wheat plants.

On the other hand, according to a statement by Faoziah et al. (2022), humic compounds
from organic matter indirectly increase soil porosity by increasing the activity of
microorganisms which improves the physical condition of the soil to be able to hit the soil
structure to become loose so that the physical condition of the earth becomes better for root
growth.

The B2 treatment showed the highest root length results, presumably because the
composition of the compost soil media was taller so that the nutrients were sufficiently
available for the plants. According to Win et al. (2020), compost contains a variety of
microorganisms and plant nutrients. It is known that microorganisms in the soil and
rhizosphere assist in the growth of ferns and the absorption of heavy metals. Further,
according to Hariadi et al. (2016), The addition of ameliorant bottom ash adds P nutrients in
the form of phosphate ions, which are needed by plants for the formation of cells in the
tissues in the roots and can increase the number and size and weight of seeds. The effect of
adding coal waste and compost to several sources can be seen in Table 5.

The statistical analysis results showed that the results were not significantly different
(p=0.05) between the treatments given. These results indicate that the application of bottom
ash does not affect the number of roots. That can happen because roots are accumulators of
heavy metals found in waste. According to Nurindriana & Wicaksono (2022), plant roots can
be used as a phytoremediation agent, which can absorb rich metal content from the soil to be
transferred to all plant parts. Furthermore, Nirola et al. (2015). state that the bioavailability
of heavy metals can affect soil properties that plant roots can absorb more. In contrast to
research conducted by Febriana et al. (2021), which apPplied fly ash (fly ash) to affect the
kale plant's number of roots.
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Table 5. The Effect of Formulation on the Number of Roots

Treatment Number of Roots (pcs)
BO 3.67+0.33ns
B1 5.00 £ 0.57ns
B2 4.33+0.33ns
B3 4.67 £ 0.881s

Note: ns= not significant
Conclusions

Based on the study's results, the application of bottom ash with compost soil media
affected the pH and growth of C. annuum plants, especially in plant height, number of leaves,
total Biomass, and root length C. annuum plants. Treatment B2 was the best treatment, with
the formulation of 50 grams of bottom ash and 150 grams of soil medium.
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