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Abstract 
 

Aims: This research aims to determine the effect of applying oil palm empty fruit bunches (EFB) 
organic material and coal fly ash (CFA) application on soil pH, total N, and N availability in post-
coal mining soil.  
Study Design: The method used in this study was a completely randomized design (CRD) with 
two treatment factors in a greenhouse.  
Place and Duration of Study: This research was conducted in the greenhouse and Soil Science 
Laboratory, Faculty of Agriculture, Lambung Mangkurat University, Banjarbaru, Indonesia 70714, 
from August 2024 to May 2025  
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Methodology: The treatment factors were EFB (0, 4, 8 t ha-1) and CFA (0, 5,10 t ha-1) with three 
replicates for a total of 27 experimental units. The experimental units were 3.5 kg of soil sample in 
a plastic pot for two weeks of incubation.  400 mL of distilled water was added on the first day to 
make the soil reach the field capacity.  In the following days, the field capacity was maintained by 
adding distilled water equal to the loss of weight.  Distilled water and NPK fertilizer were added to 
guarantee any possible N mineralization. 
Results: The results showed that the application of EFB significantly improved soil properties in 
post-mining soil by increasing pH.  Among the treatments, the application of 8 t ha⁻¹ EFB was the 
most effective dose for improving soil pH, while other treatments (CFA) did not show any effects, 
including the interaction. 
Conclusion: The application of EFB increased the pH of post-mining soil, but it did not increase N 
availability, either N-NH4

- nor N-NO3
-. Similarly, the total-N content of the soil was not affected. The 

application of 8 t ha-1 of EFB was the best dose for increasing the pH of post-coal mining soil.  
However, a higher dose may be needed to increase N status.  
 

 
Keywords: EFB; coal fly ash; soil pH; N content. 
 

1. Introduction 
 
Indonesia is a country with abundant natural 
resources. One of these natural resources is 
non-renewable mining, namely coal mining. One 
region in Indonesia known for its coal production 
is South Kalimantan. According to data from the 
Geological Agency (Badan Geologi, 2023), coal 
mining production in South Kalimantan in 2023 
reached 13,347.72 million tons. Coal mining 
causes changes in landforms and soil quality 
from post-mining stockpiles, destroying the 
topsoil, where the topsoil mixes with the subsoil. 
The topsoil is replaced by less fertile subsoil. 
Similarly, the biological population in the upper 
layers of the soil is submerged, causing                    
damage and impaired function (Subowo,                     
2011). 
 
Post-mining land is land that has changed from 
its original form, including the landscape, 
physical, chemical, and biological properties of 
the soil. Excavations cause the loss of topsoil 
due to mixing with the subsoil and parent 
material. Mining activities reduce soil fertility. 
Post-mining land generally has the potential to 
become agricultural land with proper 
management. One crop that can be planted on 
post-mining land is corn. Corn is an annual crop 
with a relatively short life cycle and is tolerant of 
extreme conditions such as nutrient-poor soil. 
However, corn cultivation on post-mining land 
requires soil fertility management, particularly 
nutrient management, such as through the 
application of ameliorants and fertilization 
(Ramayana et al., 2021). Materials that can be 
utilized to improve nutrient levels in post-mining 
soil include empty oil palm bunches (EFB) and 
CFA (Subagio et al., 2018). 

Empty oil palm bunches are one of the main 
waste products generated by the palm oil 
processing industry (Radhitya, 2020). EFB, as a 
source of organic material, has the potential to 
be utilized due to its abundant availability and 
can be utilized as an organic fertilizer, which can 
improve the physical, chemical, and biological 
properties of the soil. Empty oil palm fruit 
bunches contain lignocellulose, the main 
components of which are cellulose (45.95%), 
hemicellulose (22.84%), lignin (1.23%), N 
(0.53%), and oil (2.41%) (Firmansyah, 2010).  
Furthermore, EFB not only improves soil 
properties but also has physiological effects on 
plant growth (Ariyanti et al., 2024; Hwong et al., 
2022; Purwanto et al., 2025). 
 
CFA is a solid residue from coal combustion that 
is carried along with exhaust gases and captured 
by air handling equipment. Generally, CFA 
contains various heavy metals. According to 
Government Regulation No. 85 of 1999, CFA is 
classified as hazardous and toxic waste (B3) due 
to its heavy metal content, including Cu, Pb, As, 
Cd, and others. These heavy metals are mobile 
and easily absorbed by plants, making them 
toxic. If CFA solid waste is not properly 
managed, it can cause environmental pollution, 
including water, air, and soil. However, 
optimizing the utilization of CFA waste can be 
developed and utilized in line with the issuance 
of Government Regulation of the Republic of 
Indonesia Number 22 of 2021, which classifies 
CFA as Non-B3 Waste.  Moreover, CFA also 
contains limited amounts of nutrients which may 
be beneficial for plant growth (Basu et al., 2009; 
Saidy et al., 2021; Singh & Kaur, 2020).  
Therefore, treatment of EFB, CFA, and their 
interaction may affect soil characteristics.  
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2. Materials and Methods 
 

This research was conducted from August 2024 
to May 2025 in the Soil Department Greenhouse 
and the Soil Chemistry and Physics Laboratory, 
Faculty of Agriculture, Lambung Mangkurat 
University. Soil samples were taken from the 
mining area of PT Arutmin Indonesia, Satui 
District, Tanah Bumbu Regency. 
 

This research was conducted in a greenhouse 
using a completely randomized design (CRD) 
with two factors using plastic buckets as soil 
containers. The first factor was EFB (0, 4, and 8 t 
ha-1), and the second factor was CFA (0, 5, and 
10 t ha-1). Each treatment was replicated three 
times, resulting in 27 experimental units. 
 

Soil samples were collected from the post-coal 
mining area of PT Arutmin Indonesia in Satui 
District, Tanah Bumbu Regency. Soil samples 
were taken at a depth of 0-20 cm. They were 
then air-dried, ground, sieved through a 2 mm 
sieve, and then composited. Next, 3.5 kg of soil 
was weighed and placed in a bucket, then 
incubated for two weeks. During the incubation 
process, the bucket was watered with 400 mL of 
water for each bucket on the first day. The 
second day, the bucket was weighed to 
determine field capacity. After the incubation 
process was complete, the soil was placed in a 
greenhouse. NPK fertilizer was applied at a dose 

of 0.2215 g bucket-1 soil (3.5 kg) as a base 
fertilization (200 kg NPK ha-1).  The incubation 
process was held to make sure that all physical, 
chemical, and biological processes were 
established as in nature. 

 
The experimental data were analyzed using 
Bartlett's homogeneity of variance test. If the 
data were homogeneous, analysis of variance 
(ANOVA) would be used. If not, data 
transformation was performed to achieve 
homogeneity.  If a significant effect was found, as 
indicated by the calculated F value > F table, 
multiple comparisons were then performed using 
Duncan's Multiple Range Test (DMRT)                 
at 95% confidence level or 5% alpha (Mahbub, 
2025). 

 
3. Results and Discussion 
 

3.1. Soil Acidity (pH) 
 
The results of the Bartlett homogeneity test 
indicated that the pH data were homogeneous. 
The analysis of variance results indicated that 
the application of EFB significantly affected the 
pH of post-mining soil. The increase in soil pH 
can be seen in Fig. 1, which shows that the 
application of 8 t ha-1 of EFB significantly 
increased soil pH and was the best treatment 
compared to the control and EFB 4. 

 

 
 

Fig. 1. The effect of oil palm empty fruit bunches application on soil pH 
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The results showed that the application of EFB 
increased pH in all treatments in line with the 
increasing dose. The 8 t ha-1 EFB treatment had 
the highest pH value with an average of 4.06. 
The control treatment had the lowest pH value 
with an average of 3.87. This is thought to be 
due to further decomposition, which releases 
base elements, which can raise the pH. The 
increasing trend in pH indicates that fresh EFB 
requires time to react, so prolonged application 
of EFB tends to increase the pH. This aligns with 
previous research by Hasibuan (2015), which 
stated that the decomposition process releases 
bases, thereby increasing soil pH. 
 

3.2 Total-N 
 
The results of the homogeneity of variance test 
for total-N data showed that the variance was 
homogeneous. However, the analysis of variance 
showed that CFA, EFB, and their interaction had 
no significant effect on total-N. Therefore, further 
tests such as the DMRT were not conducted 
because no significant effect was found between 
treatments.  However, the results showed a slight 
increase compared to the initial soil analysis 
results.  This was suspected to be due to soil N 
loss from several factors, including volatilization, 
immobilization by microorganisms, and leaching, 
in line with research (Setiawati et al., 2021). The 
analysis results showed that the overall total-N 
content in this study was classified as very low, 

at 0.09%.  The low total-N content in post-mining 
soil is generally caused by low organic-C 
content, lost due to leaching and evaporation.  
The addition of organic matter can increase the 
soil total-N, although the increase is not 
significant. This increase in soil total-N comes 
from the mineralization of applied organic matter. 
According to (Afandi et al., 2015; Hardjowigeno, 
2012; Salam, 2023), the process of N loss in the 
soil occurs because it is absorbed by plants, 
used by microorganisms, N is still in the form of 
NH4

+ bound by clay minerals so it cannot be 
used by plants, N is also still in the form of NO3

- 
which is easily washed away by rainwater and 
land conditions that are still flooded with poor 
drainage and poor air ventilation can also occur 
the process of denitrification and also 
volatilization in the form of NH3. 
 

3.3 Ammonium-N 
 
The results of the homogeneity of variance test 
for N-NH4

+ showed that the variance was 
homogeneous. The analysis of variance showed 
that the application of EFB affected the 
availability of N-NH4

+, while CFA had no 
significant effect on N-NH4

+. The results showed 
that the untreated control provided the highest N-
NH4

+ concentration with an average of 235 mg 
kg-1. Meanwhile, the 8 t ha-1 EFB treatment 
showed the lowest N-NH4

+ availability with an 
average of 149 mg kg-1, as can be seen in Fig. 2. 

 

 
 

Fig. 2. The effect of oil palm empty fruit bunches on ammonium (N-NH4
+) 

 

235,18 b 

182,23 ab

149 a

0

50

100

150

200

250

0 4 8

N
-N

H
4
-

(p
p

m
)

EFB (t ha-1)



 
 
 
 

Qamaliah et al.; Int. J. Plant Soil Sci., vol. 38, no. 1, pp. 36-42, 2026; Article no.IJPSS.150374 
 
 

 
40 

 

The results showed that the application of EFB 
and CFA in post-mining soils had not been able 
to increase N availability in the soil. The control 
treatment showed the highest availability value. 
The control treatment showed the highest N-
NH4

+ availability in this study, with an average of 
235 mg kg-1, and the lowest was applied with 80 t 
ha-1 EFB, with an average of 148 mg kg-1. In this 
phase, only EFB applications influenced N 
availability, although it did not increase it 
effectively. This is in line with previous research, 
which is suspected to be influenced by the rate of 
EFB decomposition. According to (Saidy et al., 
2021) and (Ariyanti et al., 2024), the increase in 
N availability for plants (organic-N mineralization) 
or the decrease in N availability (immobilization) 
in soil supplemented with organic matter is 
determined by the C/N ratio of the added organic 
matter. 
 

3.4. N-Nitrate 
 
The results of the homogeneity test for N-NO3

- 
showed that the variance was homogeneous. 
The analysis of variance results showed that the 
application of EFB affected the availability of N-
NO3

- and CFA had no significant effect on N-
NO3

- availability. The results showed that the 
control (without EFB and CFA) provided the 
highest N-NO3

- availability, with an average of 

372 mg kg-1. Meanwhile, the treatment with 8 t 
ha-1 of EFB showed the lowest N-NO3

- 
availability, with an average of 178 mg kg-1, as 
can be seen in Fig. 3. 
 
The results of the study indicate that the 
application of EFB and CFA could not increase 
N-availability in the soil. The control treatment 
showed the highest N-NO3

- availability in this 
study, with an average of 372 mg kg-1, and the 
lowest was applied with 80 t ha-1 of EFB, with an 
average of 178 mg kg-1. Similarly, the application 
of EFB affected N-NO3

- levels, although it was 
still not able to increase them effectively, as the 
control average value was still the highest. 
 
This aligns with research indicating that EFB and 
CFA cannot effectively increase N levels in the 
soil, primarily due to slow biological and chemical 
processes in the soil and the nature of these 
materials. This is related to soil pH, which affects 
nutrient availability for plant uptake. This is also 
in line with Hardjowigeno (2012) and Salam 
(2023), who stated that plants will be productive 
in soil with a pH range of 5.50-8.30, depending 
on the crop type. However, in this study, the soil 
pH ranged from 3.87-4.06, which was considered 
very acidic. Low pH in the soil will be followed by 
low availability of nutrients, especially 
macronutrients such as N, K, Ca, Mg, and S. 

 

 
 

Fig. 3. The effect of oil palm empty bunch application on nitrate (N-NO3
-) 
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4. Conclusion 
 
The application of EFB can increase the pH of 
post-mining soil, but it does not increase N 
availability. Similarly, the total-N content of the 
soil was affected. The application of 8 t ha-1 of 
EFB was the best dose for increasing the pH of 
post-coal mining soil.  However, higher doses 
may be needed to increase N status, either total-
N or N-availability. 
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