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determine the effect of adding Pseudomonas taiwanensis bacteria on the
decomposition of peat fiber. This research is a laboratory experimental research.
The research sampling location was in Bereng Bengkel Village, Palangkaraya.
The parameters observed included fiber content, fiber size distribution, and peat
fiber decomposition speed following the Peat Testing Manual. The research
instrument was an observation sheet for fiber content, size distribution, and peat
fiber decomposition speed. Research data was analyzed using descriptive
statistical analysis. The results showed that adding 15% Pseudomonas
taiwanensis bacteria with a curing period of 28 days in fibrous peat resulted in the
highest reduction in fiber content, from the initial condition of 61.14% to 12.33%.
This variation also shows a decrease in coarse and medium fiber content and a
significant increase in fine fiber content. The decomposition rate for this variation
shows good consistency. The conclusion was that adding 15% Pseudomonas
taiwanensis bacteria with a curing period of 28 days showed optimal results in
accelerating the decomposition of peat fiber through the bioaugmentation method.

Keywords: Decomposition, fibrous peat, Pseudomonas taiwanensis

Publisher How to Cite

Biology Education Department Gulo, E. G. WD., Amalia, D., Mase, L. Z., Yulianto, F. E., Kusuma, Y., Juarti, E.

IKIP Budi Utomo, Malang, Indonesia ~ R., & Suyono, A. (2023). Bacteria Pseudomonas taiwanensis as a decomposing
agent of peat fiber. Edubiotik : Jurnal Pendidikan, Biologi Dan Terapan, 8(02), 89-
105. https://doi.org/10.33503/ebio.v8i02.3539

Copyright © 2023, Gulo et al.
This is an open-access article under the CC-BY-SA license

INTRODUCTION
Indonesia has the largest peatland area in the tropics, especially on the islands of Sumatra,
Kalimantan, and Papua (Palamba et al., 2018). Indonesia's peatland area is estimated at 21 million
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hectares, which covers 70% of the total peatland area in Southeast Asia and 50% of the total tropical
peatland area in the world (Bay et al., 2021). Peat is formed from plant remains such as leaves, twigs,
and roots that have not been completely decomposed in a flooded environment (Darma et al., 2022; Hu
et al., 2011). This long decomposition process is caused by the high water content in peat which creates
an anaerobic environment (without oxygen) so that the decomposition process by microbes is inhibited
(Takada et al., 2016). Therefore, peat has a high organic content as a result of plant decomposition (Santi
et al., 2022). Peat has a blackish-brown color in almost all soil layers as a result of organic matter
decomposition (Devangsari et al., 2022; Hikmatullah & Sukarman, 2014). Peat in Indonesia tends to have
a high fiber content (Mochtar & Yulianto, 2014). Therefore, peat in Indonesia is referred to as fibrous peat
(Lietal., 2022).

Fibrous peat is a problematic soil in the civil construction sector because it has a very high water
content that causes its compressibility index to be very high. A very high compressibility index harms
buildings built on fibrous peat as it is very sensitive to settlement which can cause damage (Wahab et al.,
2020; Zebua, 2022). Therefore, fibrous peat is considered disadvantageous in infrastructure construction
because it is not capable of supporting the infrastructure building foundation (Pradana & Rohmah, 2018).
Meanwhile, the need for residential land and transportation facilities is increasing with the times. However,
the availability of suitable land for infrastructure development is limited (Ramdhan, 2018). This situation
often occurs, especially on the islands of Sumatra, Kalimantan, and Papua, which have a significant
distribution of peatlands (Palamba et al., 2018). Therefore, infrastructure development on peatlands is
often unavoidable (Waruwu et al., 2020). In the past, construction work on peatlands was often done by
replacing the subgrade with sand or better-quality soil (Saida et al., 2023). However, natural resources
are limited to fulfill the replacement of subgrade in every infrastructure construction work on peatlands
(Ismail et al., 2017). Therefore, in overcoming the problem of fibrous peat in infrastructure construction in
Indonesia, an appropriate alternative is needed to improve the geotechnical properties of fibrous peat.

In general, fibrous peat has a very high water content (Kolay & Taib, 2018). The water content of
peat soil can reach 600%, which means that fibrous peat can absorb water 5-6 times its dry weight
(Stevani & Makarim, 2021). The high water content in fibrous peat is caused by the high fiber content in
the peat. Peat fibers cause peat to have two types of pores, which are micropores and macropores
(Mochtar & Yulianto, 2014). Macropores are the pores between the soil grains and peat fibers, while
micropores are the pores inside the peat fibers (Rismantojo & Ningsih, 2021). Both types of pores can
absorb and store large amounts of water so that fibrous peat is always in a saturated condition (Yulianto
et al., 2022). In addition, the overall peat fiber affects most of the behavior of fibrous peat, such as high
compressibility index and low shear strength values (Gofar & Sutejo, 2007; Johari et al., 2016). Therefore,
to improve the geotechnical properties of fibrous peat, it is necessary to accelerate the peat fiber
decomposition process to reduce the fiber content. Accelerating the peat fiber decomposition process is
intended to reduce the peat fiber content, which is the main cause of the high water content in fibrous
peat. Once the peat fibers are successfully decomposed, the fibrous peat will become denser and stiffer,
resulting in improved geotechnical properties (Ma'ruf et al., 2022).

Efforts to accelerate the decomposition process of peat fibers in Indonesia are still very limited.
Based on the results of the literature, it was found that there were only two related studies that accelerated
peat fiber decomposition through the bioaugmentation method (Prativi et al., 2018; Yogyanta et al., 2019).
Bioaugmentation is the process of adding microorganisms such as bacteria, fungi, or algae into an
environment to increase the degradation or decomposition of certain pollutants (Medaura et al., 2021).
However, in the research (Prativi et al., 2018; Yogyanta et al., 2019) there was a misconception that was
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thought to be the cause of the lack of maximum acceleration of the peat fiber decomposition process so
that the geotechnical properties of fibrous peat did not experience a significant increase. The
misconception is the addition of more than one species of microbial decomposer to the fibrous peat,
resulting in competition between microbial species for nutrients (Bauer et al., 2018; Hibbing et al., 2010).
This competition can lead to the death of certain microbial species, thus not optimizing expected biological
processes such as decomposition (Kumar et al., 2022). Therefore, in the practice of accelerating peat
fiber decomposition, it is better to use only one microbial species.

The bacteria that have the potential to decompose naturally can be isolated from the media itself
(Fidiastuti & Susantini, 2017). Previous research reported that there are several species of indigenous
lignocellulolytic bacteria found in fibrous peat that can decompose peat fibers (Zulaika et al., 2022). This
group of bacteria is known as indigenous lignocellulolytic bacteria because, in the metabolic process,
these bacteria produce cellulase enzymes that can break down cellulose compounds which are the main
constituents of plant tissues such as peat fibers. Of the several types of bacteria that have been isolated,
it is known that Pseudomonas taiwanensis has the highest decomposition ability compared to other
bacterial isolates. Pseudomonas taiwanensis is a rod-shaped, gram-negative, motile bacterium, with one
or three polar flagella, does not form spores, rounded rod ends, and has a size of about 2.7-2.2 um (Wang
et al., 2010). In addition, Pseudomonas taiwanensis bacteria can survive in very extreme environments
such as peat environments that have very high acidity and low oxygen (He et al., 2018). Thus, the use of
Pseudomonas taiwanensis bacteria as a bioaugmentation agent can optimize the acceleration of the peat
fiber decomposition process to improve the quality of fibrous peat geotechnically.

As mentioned earlier in previous studies the results of peat fiber decomposition obtained were not
too significant because it used more than one type of decomposer bacteria (Prativi et al., 2018; Yogyanta
et al., 2019), so in the current study only one type of bacteria was used to accelerate the process of peat
fiber decomposition through the bicaugmentation method, which is the bacterium Pseudomonas
taiwanensis proposed by Zulaika et al. (2022). This bacterium was chosen as the bioaugmentation agent
in this study because it has a very high decomposition ability (Zulaika et al., 2022), and can survive in a
very extreme peat environment (He et al., 2018). This study aims to investigate the effect of the addition
of Pseudomonas taiwanensis bacteria through the bioaugmentation method on the peat fiber
decomposition process in terms of fiber content, fiber size distribution, and peat fiber decomposition
velocity. The peat used in this study originated from Bereng Bengkel Village, Palangkaraya. This research
is the first experimental study in the laboratory that utilizes the potential of Pseudomonas taiwanensis
bacteria as a bioaugmentation agent to accelerate the peat fiber decomposition process. Thus, the
research objective is to determine the effectiveness of Pseudomonas taiwanensis bacteria in accelerating
the decomposition of peat fiber using the bioaugmentation method.

RESEARCH METHODS

This research is an experimental study in the laboratory that was conducted for 3 months from June
to August 2023 at the Soil Mechanics Laboratory of Politeknik Negeri Bandung. In practice, this research
consisted of 4 stages of implementation, namely; (1) fibrous peat sampling, (2) preliminary testing, (3)
bacterial culture, (4) the process of mixing bacteria and peat soil, and (5) final testing. The research began
with peat soil sampling in Bereng Bengkel Village, Palangkaraya, Central Kalimantan. The location of the
soil sampling is shown in Figure 1, located at coordinates 2°21'26 "S and 114°01'12"E taken from Google
Earth.
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Figure 1. Fibrous Peat Sampling Location
(Source: Google Earth, Bereng Bengkel Village, Palangkaraya, Central Kalimantan, 2023)

Before taking soil samples, observations or visual observations of peat soil based on ASTM D2488-
09a were carried out. Soil samples were taken by digging the soil at a depth of 0,5-1 meter, as shown in
Figure 2. Practically, there are two types of peat soil samples taken: undisturbed samples and disturbed
samples. Undisturbed samples refer to soil where the original structure is still preserved, while disturbed
samples refer to soil where part or all of the structure has been modified or damaged. However,
undisturbed sample collection for peat soils is very different than for other soil types. The reason is that
undisturbed sample collection for peat soil is unable to be performed with a Shelby tube because the
texture of peat soil is very soft, and also the acidity of peat soil can cause corrosiveness in the Shelby
tube. Therefore, undisturbed samples were taken using PVC (polyvinyl chloride) tubes measuring 4
inches in diameter and 20 cm long, as shown in Figure 3a. Meanwhile, disturbed samples were taken
using a 2-layer polybag which would then be put back into the sack, as shown in Figure 3b. This prevents
the disturbed samples from losing their water content. The collected soil samples were then sent to
Politeknik Negeri Bandung using cargo or expedition services. Once the peat soil samples were obtained,
preliminary tests were carried out on the undisturbed samples. The preliminary tests were meant to test
the fiber content, fiber size distribution, and decomposition velocity of the initial peat fibers.
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Figure 3. Soil Samples: (a) Undisturbed Sample, (b) Disturbed Sample

The fiber content and fiber size distribution were tested based on the Peat Testing Manual 1979.
Fiber content testing was carried out by soaking the peat sample in water in which sodium
hexametaphosphate (SHMP) had been dissolved at 5% of the total weight of the water in the hydrometer
tube for 24 hours, as shown in Figure 4.

Figure 4. Fiber Content Testing

After 24 hours, the peat sample in the hydrometer tube was poured into a sieve number 100 and
cleaned with water flowing from the tap. After cleaning, the peat samples were soaked in water to which
HCL had been added at 2% of the total weight of the soaking water for 10 minutes. Then, the samples
were dried in an oven for 24 hours. After 24 hours, the peat sample was weighed as the final result of
fiber content in the sample. Based on the fiber content, the decomposition velocity can be calculated using
using the following formula.

_ IFC—FFC

DV
CcpP

Information:

DV : Decomposition Velocity (%)
IFC : Initial Fiber Content (%)
FFC : Final Fiber Content (%)

CP : Curing Period (days)

Meanwhile, fiber size distribution testing was carried out by oven-drying a 100-gram sample for 24
hours. After 24 hours, the samples were then sieved using sieve number 8 and number 20 simultaneously.
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Samples retained on sieve number 8 were identified as crude fiber content, and samples retained on
sieve number 20 were identified as medium fiber content. Meanwhile, the sieving residue is identified as
fine fiber content. To calculate the percentage of fiber content can be seen in using the formula below.
The data obtained from the results of this test are then processed quantitatively and then the results of
data processing are analyzed using descriptive statistical analysis and discussed with a relevant literature
review approach (previous research). Descriptive statistical analysis is a type of statistics used to explain
data and summarize it to make it easier to understand without losing or changing information.

SRW
% CFC/MFC/FFC = —->x 100%

Information:

CFC : Crude Fiber Content (%)

MFC : Medium Fiber Content (%)

FFC : Fine Fiber Content (%)

SRW : Retained Sample Weight (gram)
SW : Sample Weight (gram)

Furthermore, the culture process of Pseudomonas taiwanensis bacteria was carried out at the
Bioprocess Laboratory of Politeknik Negeri Bandung. The isolate of Pseudomonas taiwanensis bacteria
was obtained from the agricultural agent seed of plant. The culture of bacteria carried out by conventional
bacterial culture or liquid culture with nutrient broth media. In general, bacterial culture with nutrient broth
media is carried out by planting 2-3 ose bacterial isolates in nutrient broth media that has been prepared
in an erlenmeyer. This bacterial culture process must be carried out on a sterile table, specifically laminar
air flow, as shown in Figure 5a. After bacterial cultivation is complete, the culture medium is then put into
a shaker incubator for 24 hours. The result of this bacterial culture is a solution of Pseudomonas
taiwanensis bacteria, as shown in Figure 5b.

N A 7 4
Figure 5. Bacteria Culture Process: (a) Laminar Air Flow, (b) Pseudomonas taiwanensis Bacteria Solution

After the bacterial solution has been obtained, the process of mixing bacteria with fibrous peat is
carried out. In this study, 5 samples were made consisting of fibrous peat from disturbed samples with a
weight of 4000 grams each, put into a plastic box. Following the accelerated decomposition method used,
namely bioaugmentation, the samples that had been made were then added with a solution of
Pseudomonas taiwanensis bacteria by hand stirring, as shown in Figure 6. The variation in the addition
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of bacteria to the samples can be seen in Table 1. The determination of the variation of bacteria addition
is based on the results of a literature review in previous studies (Prativi et al., 2018; Yogyanta et al., 2019).
The samples were then observed and tested every 7, 14, and 28 days to see the effect of the addition of
Pseudomonas taiwanensis bacteria on the decomposition of peat fibers at various curing times. The final
tests carried out included testing the fiber content and fiber size distribution based on the Peat Testing
Manual 1979 whose test methods have been previously presented. The data obtained from these tests
was then processed quantitatively. The results of the data processing were then analyzed using
descriptive statistical analysis and discussed using a review approach based on relevant literature.

|2

Figure 6. The Process of Mixing Bacteria with Peat

Table 1. Variation of Sample

Variation of Addition of Bacteria
(by weight of peat sample)
Fibrous Peat + 5% Pseudomonas taiwanensis
Fibrous Peat + 10% PseudomonasTaiwanensis
Fibrous Peat + 15% Pseudomonas taiwanensis 4000 gram 7,14 & 28 days
Fibrous Peat + 20% Pseudomonas taiwanensis
Fibrous Peat + 25% Pseudomonas taiwanensis

Sample Weight of Soil Sample Curing Periods

(&2 B S S S

FINDING AND DISCUSSION

The test results of fiber content and fiber size distribution of the initial peat can be seen in Table 2.
Based on the test results, it is known that the peat of Bereng Bengkel Village, Palangkaraya has a very
high fiber content reaching 61,14%. According to ASTM D-4427-07, peat with a fiber content of 61,14%
is classified as " moderate fibrous peat" or "hemic peat". This is in line with the results of previous studies
which state that the peat of Bereng Bengkel Village, Palangkaraya is classified as moderate fiber peat or
hemic peat (Ma'ruf et al., 2022; Prativi et al., 2018; Yogyanta et al., 2019; Yulianto et al., 2022). This can
also be proven based on visual soil observations, where the soil has clearly visible fibers, a soft and moist
texture, and a blackish brown color, as shown in Figure 7. According to ASTM D2488-09a, these are
characteristics of fibrous peat.

The high fiber content in the peat of Bereng Bengkel Village, Palangkaraya is caused by the
anaerobic or low oxygen condition of the peat environment (Chen et al., 2021). This condition inhibits the
activity of decomposer microorganisms to break down organic materials such as leaves, twigs, and roots
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completely (Takada et al., 2016). As a result, the fiber content of peat becomes high because the
continuous addition of organic matter surpasses its decomposition velocity (Masganti et al., 2017). In
addition, in terms of the fiber size distribution of the initial peat, the crude fiber content is higher than the
medium and fine fiber content. This is in line with the results of previous research, where crude fiber
content tends to be higher than medium fiber content and fine fiber content (Mochtar & Yulianto, 2018).
This indicates that the peat of Bereng Bengkel Village, Palangkaraya has not been fully decomposed.
Therefore, the peat of Bereng Bengkel Village, Palangkaraya is qualified to be used as a sample in the
experimental study of accelerating peat fiber decomposition using the bioaugmentation method by
Pseudomonas taiwanensis bacteria.

Figure 7. Visual of Fibrous Peat in Bereng Bengkel Village, Palangkaraya

Table 2. Initial Fiber Content of Fibrous Peat

Parameters Unit Value Value from Previous Studies
Fiber Content % 61,14 39,5-61,33
Crude Fiber Content % 45,08 35,35-49,69
Medium Fiber Content % 31,69 31,94-35,84
Fine Fiber Content % 23,23 18,37-29,00

In this study, samples that had been treated with the addition of Pseudomonas taiwanensis bacteria
were observed and tested every 7, 14, and 28 days, as shown in Figure 8. This was done to examine the
effect of the addition of Pseudomonas taiwanensis bacteria at various curing times (Prativi et al., 2018;
Yogyanta et al., 2019). The observation results of the samples on days 7, 14, and 28 are described in
Table 3. Based on the observations, it is known that the samples added with the Pseudomonas
taiwanensis bacterial solution became very soft and watery after the 7-day curing period, as shown in
Figure 9. This is due to the addition of bacteria in the form of a solution, causing an increase in the water
content of the peat soil, which initially already had a very high water content. This phenomenon also
occurred in research (Prativi et al., 2018) where in peat samples that had been added to a solution of
anaerobic decomposer bacterial consortium, there was an increase in water content which made the
samples increasingly soft-textured.

In addition, all samples added with Pseudomonas taiwanensis bacteria released a strong foul odor
during the 7 and 14 days of curing. This indicates that the aeration process is inhibited during the
decomposition process, producing foul-smelling compounds such as organic acids, ammonia, and H2S
(Ngapiyatun et al., 2020). The aeration process or oxygen exchange process in peat samples is inhibited
because the samples have anaerobic conditions due to increased water content (Prativi et al., 2018). This
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condition made the results in previous studies not optimal, because the anaerobic condition of the sample
caused inhibition of activity and even death of the aerobic decomposer consortium bacteria used as
bioaugmentation agents (Prativi et al., 2018; Yogyanta et al., 2019). However, after reaching the 14 and
28 day curing period, the condition of the samples in this study slowly became denser and had a dark
brown color, as shown in Figure 9. This indicates that the aeration process has started properly and the
decomposition process is ongoing. This is different from the results of research (Prativi et al., 2018), where
in the results of their research the samples remained soft in texture even in the 56-day curing period due
to the high water content so that the samples remained in a saturated condition. As a result, the samples
in the study remained in a condition without oxygen, thus inhibiting the activity of the aerobic decomposer
bacterial consortium that had been added.

Figure 8. Sample Observation

Although the condition of the sample became anaerobic at 7 days, in fact the decomposition
process has been ongoing in samples that have been added with Pseudomonas taiwanensis bacteria.
This can be seen in Figure 10, where a significant decrease in fiber content has been achieved at only 7
days of curing. In the 7 days, there was a significant decrease in fiber content in the variation of adding
10% Pseudomonas taiwanensis bacteria, from the initial condition of 61,14% to 35,18%. This can occur
because even though the sample conditions become anaerobic during the 7-day curing period,
Pseudomonas taiwanensis bacteria are still able to carry out the decomposition process. After all, these
bacteria can survive in very extreme environments even in anaerobic or unoxic environments (He et al.,
2018). This differs from the results of research (Prativi et al., 2018; Yogyanta et al., 2019), where in the
study, the bioaugmentation agent used was a consortium of various types of aerobic decomposer
bacteria. As a result, the decomposition process in the study was not maximized because the consortium
of aerobic decomposer bacteria was unable to survive when the sample was in anaerobic conditions.

Based on Figure 10, it can be seen that the highest decrease in fiber content occurred in the
variation of 15% addition of Pseudomonas taiwanensis bacteria in the 28-day curing period, from the initial
condition of 61,14% to 12,33%. Meanwhile, the lowest decrease in fiber content occurred in the variation
of 5% addition of Pseudomonas taiwanensis bacteria in the 7-day curing period, from the initial condition
of 61,14% to 43,14%. This significant decrease in fiber content strengthens the statement (Zulaika et al.,
2022), that Pseudomonas taiwanensis bacteria have the potential to accelerate the decomposition of peat
fiber. This phenomenon is influenced by the curing period of the sample, where the longer the curing
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period, the more the biological process is expected to run optimally. This can occur because scientifically,
bacteria need time in the metabolic process, so the longer the curing period, the more optimal the results
obtained. This is following the results of previous studies (Prativi et al., 2018; Yogyanta et al., 2019),
where fiber content decreases with the increase of the curing period.
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Table 3. Characteristics of Samples after 7, 14, and 28-Days Curing Period

Samole Color Day- Texture Day- Smell Day-
P 7 14 28 7 14 28 7 14 28
Fibrous Peat + 5% Solid Dark  Dark  Slightly Slightly Very No
. ) Dense Foul
Pseudomonas taiwanensis black brown brown soft dense foul smell
Fibrous Peat + 10% Solid Dark  Dark Slightly ~ Slightly ~ Very No
. . Soft Foul
Pseudomonas taiwanensis black brown brown soft dense foul smell
Fibrous Peat + 15% Solid Dark  Dark Very Soft Slightly ~ Very Foul No
Pseudomonas taiwanensis black brown brown soft soft foul smell
Fibrous Peat + 20% Solid Dark  Dark Very Soft Slightly ~ Very Foul No
Pseudomonas taiwanensis black brown brown soft soft foul smell
Fibrous Peat + 25% Solid Dark  Dark Very Soft Slightly ~ Very Foul No
Pseudomonas taiwanensis black brown brown soft soft foul smell

In the study Yogyanta et al. (2019), the highest decrease in fiber content occurred in the variation
of adding a 10% solution of aerobic decomposer bacterial consortium with a 28-day curing period.
However, the decrease in fiber content obtained only reached 36,67% from the initial condition of 50%.
When compared to the results in the current study, the decrease in fiber content obtained was 2 times
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greater than in the previous study (Yogyanta et al., 2019). This is because the bacteria used in the current
study are indigenous bacteria from the fibrous peat of Bereng Bengkel Village, Palangkaraya which has
a high level of decomposition and can survive in extreme environments such as anaerobic conditions and
high acidity, so that the expected decomposition process can be maximized (Zulaika et al., 2022). In
contrast to previous studies that used many types of aerobic decomposer bacteria, so that the
decomposition process was less than optimal because the sample conditions would turn anaerobic due
to the addition of bacteria in the solution (Prativi et al., 2018; Yogyanta et al., 2019).

62
}_
Z 52
=
o 42
(@]
D 32
o
< 22
12 R
0 7 14 28
CURING PERIODS (DAYS)
——5% 10%  =—>=15% 20% 25%

Figure 10. The Effect of Adding Pseudomonas taiwanensis Bacteria on Fiber Content

From the value of fiber content that has been obtained in each sample, the decomposition velocity
of each sample can be determined using equation (1). The results of the calculation of the decomposition
velocity are presented in the form of a graph which can be seen in Figure 11. Based on Figure 11, it can
be seen that the highest decomposition velocity occurred in the variation of the addition of 10%
Pseudomonas taiwanensis bacteria in the 7-day curing period, which amounted to 3,71% per day. Then
it gradually decreased along with the increase in the curing period. This is due to the decreasing
availability of the substrate which causes the activity of Pseudomonas taiwanensis bacteria to decrease
(Sari et al., 2021). This substrate is a source of nutrients for Pseudomonas taiwanensis bacteria, which is
cellulose, a component of plant tissue including fibers in peat. The reduction of this substrate is the result
of the decomposition process that causes the fiber to decrease in peat. This is in line with the results of
research (Prativi et al., 2018; Yogyanta et al., 2019), where the increasing period of curing, the velocity
of decomposition in peat that has been added with a solution of aerobic decomposer bacteria consortium
also decreases.
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Figure 11. The Effect of Adding Pseudomonas taiwanensis Bacteria on Decomposition Velocity
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In this study, fiber size distribution test was also conducted to determine the levels of crude fiber,
medium fiber, and fine fiber in the samples. Figure 12 shows that there was a consistent decrease in
crude fiber content and medium fiber content in the variation of the addition of Pseudomonas taiwanensis
bacteria by 5% and 10% in the 7-day curing period. While in the variation of the addition of 15%, 20%,
and 25% of Pseudomonas taiwanensis bacteria in the 7-day curing period, there was a tendency to
decrease the crude fiber content and decrease the medium fiber content which was less when compared
to the variation of the addition of Pseudomonas taiwanensis bacteria by 10% and 5% in the 7-day curing
period. This occurs because the variation of the addition of 5% and 10% of Pseudomonas taiwanensis
bacteria in the 7-day curing period contributes less water to the sample so that the aeration process takes
place earlier than in samples with variations of the addition of 15%, 20%, and 25% of Pseudomonas
taiwanensis bacteria in the 7-day curing period (Ngapiyatun et al., 2020).

This is different from the results of research (Prativi et al., 2018), where the crude fiber content
increased. This happened because, in practice, the aerobic decomposer bacteria consortium solution was
combined with the addition of CaCO3 to increase peat stiffness. In fact, the addition of CaCO3 at the
same time as the aerobic decomposer bacteria consortium solution will only make the CaCO3 harden
first without binding the soil particles in the peat so it becomes chunks that are stuck on sieve number 8
during the fiber size distribution test (Prativi et al., 2018). Therefore, in the practice of accelerating the
decomposition process of peat fibers with bacterial solution, other materials should not be added to the
combination. In addition, it is also known that there was an increase in the highest fine fiber content in the
variation of adding 10% Pseudomonas taiwanensis bacteria in the 7-day curing period, from the initial
condition of 23,23% to 68,64%. This indicates that there has been a significant process of peat fiber
decomposition. Meanwhile, the lowest increase in fine fiber content in the 7-day curing period occurred in
the variation of 5% addition of Pseudomonas taiwanensis bacteria, from the initial condition of 23,23% to
58,94%. This occurred due to the addition of less bacteria than in other samples. Although the aeration
process took place earlier in this sample, the amount of bacteria added still affected the expected
decomposition process (Sari et al., 2021).
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Figure 12. Fiber Size Distribution in the 7-Days Curing Period

Figure 13 shows the fiber size distribution in samples that have been added with Pseudomonas
taiwanensis bacteria in the 14-day curing period. Based on Figure 13, it is known that the fine fiber content
is increasing when compared to the 7-day curing period (Figure 12). Especially in the variation of adding
25% Pseudomonas taiwanensis bacteria in the 14-day curing period, the highest increase in fine fiber
content occurred, from the initial condition of 23,23% to 68%. This indicates that the samples with the
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addition of significant amounts of Pseudomonas taiwanensis bacteria (15%, 20% and 25%) only
experienced the maximum decomposition process during the 14-day curing period. This phenomenon is
associated with the sustainability of the aeration process described earlier. In addition, at 14-day curing
period, the crude fiber content gradually decreased significantly compared to the crude fiber content at 7-
day curing period (Figure 12). This is in line with the results of research (Yogyanta et al., 2019), where in
the 14-day curing period, crude fiber content decreased significantly.
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Figure 13. Fiber Size Distribution in the 14-Days Curing Period

The fiber size distribution during the 28-day curing period can be seen in Figure 14. Based on
Figure 14, it can be seen that the increase in fine fiber content has decreased when compared to the 14-
day curing period in Figure 13. This is influenced by the decreasing availability of substrates in peat so
that the activity of Pseudomonas taiwanensis bacteria has decreased (Sari et al., 2021). At 28-day curing
period, the highest increase in fine fiber content occurred in the variation of adding 15% Pseudomonas
taiwanensis bacteria, from the initial condition of 23,23% to 62,30%. This makes the variation of 15%
Pseudomonas taiwanensis bacteria the most consistent variation in increasing the fine fiber content,
indicating that the decomposition process is going optimally in this variation. Meanwhile, the lowest
increase in fine fiber content was found in the variation of 25% addition of Pseudomonas taiwanensis
bacteria in the 28-day curing period, from the initial condition of 23,23% to 55,68%. This indicates that in
the variation of 5% addition of Pseudomonas taiwanensis bacteria, the level of decomposition is smaller
when compared to other samples. This can be seen in the results of fiber content in Figure 10, where at
the end of the 28-day curing period, the lowest decrease in fiber content was found in the variation of
adding 5% Pseudomonas taiwanensis bacteria when compared to other variations.
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Figure 14. Fiber Size Distribution in the 28-Days Curing Period
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Based on the description of the research results above, it can be concluded that the optimum
percentage of addition of Pseudomonas taiwanensis bacteria to accelerate the decomposition process of
peat fiber is in the variation of adding 15% Pseudomonas taiwanensis bacteria with a 28-day curing period
because it experiences the highest decrease in fiber content, the highest increase in fine fiber content,
and has a consistent decomposition velocity. In research (Prativi et al., 2018), the optimum percentage
of the addition of aerobic decomposer bacterial consortium solution was at a percentage of 10% with a
14-day curing period. However, in that study, the decrease in fiber content was not so significant, from
the initial condition of 33% to 28%. When compared to the findings of the current study, the decrease in
fiber content was very significant, which was in the variation of adding 15% Pseudomonas taiwanensis
bacteria with a 28-day curing period, there was a decrease in fiber content from the initial condition of
61,14% to 12,33%. Therefore, Pseudomonas taiwanensis bacteria can be used as an advanced
bioaugmentation agent in optimizing the acceleration of the peat fiber decomposition process.

This finding suggests that Pseudomonas taiwanensis bacteria can be used as an alternative to
improve the properties of fibrous peat through the bioaugmentation method for the benefit of the
infrastructure construction sector. This is based on the results of research previously presented, where
the addition of 15% Pseudomonas taiwanensis bacteria with a 28-day curing period can accelerate the
decomposition process of peat fibers. Based on the literature, decomposed peat tends to have better
geotechnical properties than undecomposed peat. After fibrous peat is decomposed, the void ratio
becomes smaller, the bulk density value increases, the water content gets lower, the shear strength value
increases, and the compressibility index gets smaller (Hikmatullah & Sukarman, 2014; Prativi et al., 2018;
Yogyanta et al., 2019; Zulaika et al., 2022). Therefore, efforts to improve fibrous peat for the benefit of
future infrastructure construction can take advantage of the potential of the bacterium Pseudomonas
taiwanensis in decomposing peat fibers to improve its geotechnical properties.

CONCLUSION

The addition of 15% Pseudomonas taiwanensis bacteria to the fibrous peat resulted in the highest
fiber content reduction of 12,33%. In this variation, there was also a decrease in crude fiber content and
medium fiber content, and a very significant increase in fine fiber content. The velocity of decomposition
in the 15% addition of Pseudomonas taiwanensis was also very consistent. Meanwhile, the variation of
5% addition of Pseudomonas taiwanensis bacteria with a 7-day curing period showed the lowest decrease
in fiber content among other samples, from the initial condition of 61,14% to 43,14%. Therefore, the
variation of adding 15% Pseudomonas taiwanensis bacteria with a 28-day curing period is the most
optimal percentage to accelerate the decomposition of peat fiber through the bioaugmentation method.
In future research, it is recommended to continue research on the effect of the addition of Pseudomonas
taiwanensis bacteria on changes in the geotechnical properties of fibrous peat. Further research could
involve variables such as water content, pH value, ash content, organic content, shear strength, and
consolidation.
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