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Abstract

The focus of this study on understanding the structure and dynamics of
rhizosphere bacteria in mangrove ecosystems is driven by the increasing
acknowledgment of the crucial roles these microorganisms play in ecosystem
functioning. Rhizophora mucronata, a key mangrove species, is known for its
ecological significance. Investigating the bacteria associated with its rhizosphere
offers valuable information about the symbiotic relationships between mangrove
vegetation and microbial communities. Bacteria are vital for decomposition
and nutrient availability in mangroves. This research examines sediment from
rehabilitated and natural areas to understand how human and natural factors
shape bacterial communities. The DNA sequence was analyzed using Next-
Generation Sequencing (NGS), which targeted the 16S bacterial region in the V3-
V4 rDNA. Additionally, environmental factors such as nitrate, phosphate, and
sulfur content were also analyzed. Kruskal-Wallis and T-test statistical analyses
were used to examine the abundance of bacteria and environmental parameters
between study sites. There are differences in the types of bacteria found in
Kuala Langsa and Telaga Tujuh. Approximately 7% of the rhizosphere bacterial
groups were exclusively detected in Telaga Tujuh, such as Fusobacteriia (Class).
Additionally, the abundance of bacteria at both locations differs significantly
(p < 0.05), as determined by Kruskal-Wallis. The results of the t-test indicate
that the observed environmental parameters do not differ significantly from each
other. The environmental parameters studied did not significantly impact the
types or abundance of detected rhizosphere bacteria.
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1. Introduction

Red mangroves (Rhizophora mucronata) are often
found in coastal areas, including Kuala Langsa and
Telaga Tujuh, East Aceh, Indonesia. The mangrove
ecosystem in these areas have different characteristics,
with Kuala Langsa being a rehabilitated area (Iswa-
hyudi ef al,, 2019), and Telaga Tujuh being natural
(Hanafi et al., 2021). The most common types of man-
groves found in these areas belong to the genera Rhi-
zophora and Avicennia (white mangrove). Rhizophora
has been widely studied for high adaptability, making
it a primary choice for rehabilitation activities (Putri
et al., 2015). One of the main characteristics of man-
groves is their habitat in tidal areas, which requires
adaptation to varying physicochemical conditions
(Andriyani et al., 2020; Imamsyah ef al., 2020). Envi-
ronmental variations including pH, salinity, and nutri-
ents significantly impact the high diversity and com-
position of bacteria found on the soil surface, roots,
leaves, and plant stems (Sari ef a/., 2016; Susilowati
et al., 2016). Furthermore, the success of mangrove
cultivation in an environment is related to the bacte-
rial communities known as the rhizosphere (Lund e?
al., 2022), which plays an essential role in converting
nutrients from dead mangrove into sources of nitro-
gen, phosphorus, and other nutrients (Susilowati ez a/.,
2016). The rhizosphere also provides shelter for the
bacteria, affecting the composition of the communities
(Lu et al., 2022). Bacterial communities are diverse
and play an essential role in the success of mangrove
growth. However, information regarding their com-
position is needed, especially in Indonesia. Gomes et
al. (2010) indicates the importance of understanding
the presence of bacteria as they support the success
of rehabilitation activities aimed at preventing further
forest degradation.

Studies on the mangrove rhizosphere can be car-
ried out using two methods, namely cultivation and
DNA metabarcoding. The cultivation method has
been widely used, specifically in Indonesia, for bac-
teria identification. Saputri ef al. (2021) observed
the characteristics of nitrogen-fixing bacteria using
Burk’s media from mangrove rhizosphere. The results
showed that two genera were identified, Nitrosococcus
and Bacillus. Another study focused on the Avicennia
species and identified five genera including Acineto-
bacter, Bacillus, Pseudomonas, Serratia, and Vibrio
(Islamiah et al,, 2017). Several studies have used
molecular identification based on isolation results, as
seen in studies conducted by Chrisnawati er al. (2023)
and Ntabo er a/. (2018). Previous investigation found
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that the low number obtained was due to the difficulty
in cultivating almost 98% of the bacteria (Sharma et
al., 2017). On the other hand, DNA metabarcoding is
an alternative that can provide high-resolution profile
images (Bulgarelli et /., 2013). This method has been
used in studies related to the distribution of bacteria
on the surface of mangrove sediments, as shown by
Jiang et al. (2013) and Basak er al. (2015), as well
as in aquatic microbiomes (Dhal er al, 2020). Mu-
wawa et al. (2021) investigated rhizosphere bacteria
communities from four different types of mangrove
plants, including Avicennia marina, Ceriops tagal,
Rhizophora mucronata, and Sonneratia alba, under
two different conditions. These included protected and
polluted conditions due to degradation by anthropo-
genic factors, such as plastic pollution, dirt, and the
presence of oil spill areas, using DNA metabarcoding.
In addition, this study also examined the correlation
with the depth of sediment collection. The results
showed that the bacteria communities detected were
influenced by the type of mangrove rather than the
depth of sediment. This raises important questions,
specifically about Rhizophora mucronata, and its po-
tential environmental influences on the distribution,
abundance, and dominance of bacteria. Furthermore,
Loganathachetti et a/. (2016) observed the communi-
ties in Avicennia marina mangrove type, differentiated
by season, and Wu ef a/. (2016) detected rhizosphere
based on three types namely Bruguiera gymnorhiza,
Kandelia candel, and Aegiceras corniculatum in the
Beliun Estuary. With advancements in technology and
science, it has become easier to detect species from
genetic traces found in the environment (Fernandez et
al., 2021). DNA metabarcoding was selected as a tool
for bacteria detection due to its effectiveness in moni-
toring the biodiversity in mangrove sediments (Vilaca
etal., 2020). To date, no previous studies have charac-
terized bacteria groups associated with R. mucronata,
specifically in Indonesia, despite its extensive use as
a rehabilitation plant. This information is important to
effectively support rehabilitation activities. Therefore,
this study was conducted as the first step in determin-
ing the characteristic bacteria of R. mucronata.

This study aims to determine the bacteria found in
Rhizophora mucronata mangrove sediments in Kuala
Langsa (rehabilitated areas) and Telaga Tujuh (intact
or natural areas). Additionally, the study evaluates bac-
teria communities at both low and high taxonomic lev-
els, as well as the environmental factors affecting their
distribution and abundance. The DNA metabarcoding
method chosen due to its effectiveness in identifying
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bacteria species compared to conventional techniques. 2. Materials and Methods

The target DNA fragments in this study are located

in the V3 and V4 regions of the 16S rDNA gene. The 2.1 Materials

results are expected to provide an overview of environ The material used in this study consist of

Table 1. Position of sediment sampling from mangrove ecosystem in Kuala Langsa and Telaga Tujuh, East Aceh

Site Stations Positions
Kuala Langsa KL.S1 N 4°31°14.40 “ and E 98°0°51.82
Kuala Langsa KL.S4 N 4°31°07.63 ““ and E 98°0°47.46
Telaga Tujuh T7.51 N 4°33°26.68 “ and E 98°3°32.35
Telaga Tujuh T7.54 N 4°33°25.81 “ and E 98°3°33.76 «

98°0'36.000"E 98°2'24.000"E 98°4'12.000"E

4°33'36.000"N
4°33'36.000"N

Kuala Langsa
KL.S4
°

Legend

4°31’48.000"N
4°31'48.000"N

® Site KLSL
Mainland
[ Sea
0 750 1,500 m Langsa City
1 1
98°0'36.000"E 98°2'24.000"E 98°4'12.000"E

Figure 1. Map of sediment sampling locations in Kuala Langsa and Telaga Tujuh mangrove
ecosystem areas, East Aceh

= RN,

Figure 2. MngrovéZre conditions (A) Mangroves resulting from rehabilitation activities
in Kuala Langsa and (B) natural in Telaga Tujuh Island, East Aceh

mental changes effecting the condition of R. mucronata sediment samples from mangrove ecosystem, and mo-
in both natural and rehabilitated mangrove vegetation. lecular analysis kit from Zymo Research Quick-DNA
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Fecal/Soil Microbe Miniprep Kit (USA, Catalog:
D6010), agarose gel containing GelRed stain (Bio-
tium, USA), TAE buffer 1x (Vivantis, Malaysia) and
16sDNA primer set from IDT Singapore (341F and
806R). Whilst equipment that were used in this study
including PVC core-pore (with a diameter of 5 cm and
a length of 10 c¢cm), Uv-Vis (UV-1900) spectropho-
tometer (Shimadzu Japan), a universal Wee32 PCR
machine (HIMEDIA, India), Mupid electrophoresis
machine (Taitec Corporatioon, Japan), and Gel Docu-
mentation mini-imager.

2.1.1 Ethical approval

This study does not require ethical ap-
proval because it does not use experimental
animals.

2.2 Study Site

Sediment samples were obtained from the
Kuala Langsa and Telaga Tujuh mangrove areas lo-
cated in the West Langsa District, Langsa City, East
Aceh, Indonesia (Table 1, Figure 1, Figure 2). Both ar-
eas have extensive mangrove ecosystems with various
species, including R. mucronata, but differ in terms
of environmental conditions. The Kuala Langsa man-
grove area has been rehabilitated since 2006 to address
land degradation caused by the decreasing mangrove
area, which has impacted water availability (Iswahy-
udi et al., 2019). Meanwhile, mangrove ecosystem on
Telaga Tujuh Island developed naturally and is esti-
mated to be centuries old. This finding was supported
by Hanafi er al. (2021), who observed a dominance
of tree stands compared to saplings and seedlings.
The mangroves in this region also fall into the climax
forest category, where plants have reached a stable
and undisturbed position, enabling adaptation to en-
vironmental conditions. In this study, environmental
parameters were analyzed at the Soil Science Labora-
tory, Bogor Agricultural University, Bogor. Bacterial
DNA isolation was conducted at the Genomics Build-
ing of the National Research and Innovation Agency
(BRIN), Cibinong, followed by subsequent molecular
processes such as Polymerase Chain Reaction (PCR)
and DNA electrophoresis, which were performed at
PT. Oceanogen Baruga, Bogor, Indonesia. Addition-
ally, DNA sequencing was carried out by sending the
samples for assessment to Novogene, Korea.

2.3 Collection of Samples

Sampling was conducted in August 2021,
and four sediment samples were collected from Kua-
la Langsa and Telaga Tujuh mangrove ecosystems.
This was achieved using a purposive methodology, in
which sediments were collected from areas closest to
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the R. mucronata root system, particularly at depths of
1-10 cm. Specimens were collected using polyvinyl
chloride (PVC) pipes with a diameter of 5 cm and a
length of 10 cm, following the method described by
Giannopoulos et al. (2019). Subsequently, the sedi-
ments were aseptically packaged and placed into 50
ml falcon containers, preserved on dry ice (room tem-
perature: 25°C) during transportation, and stored at
-20°C until further laboratory investigations.

2.4 Environmental Parameters

Various environmental parameters were con-
sidered, including acidity (pH), reduction potential
(Eh), sediment salinity based on conductivity (EC)
values, organic matter, sediment texture, and nutri-
ents. The analysis and measurement procedures for
pH, Eh, EC, organic matter, and sediment texture were
conducted following the methods describe by (Mays-
aroh et al., 2023). Other parameters, including nitrate,
were assessed using the titrimetric method (Siregar et
al., 2022), while the phosphate and sulfur values were
obtained from UV-Vis spectrophotometer measure-
ments at a wavelength of 693 nm (nitrate) and 480 nm
(phosphate and sulfur) (Huda er al., 2013).

2.5 Molecular Analysis
2.5.1 Extraction and amplification of DNA

The sediment was extracted using the Zymo
Research Quick-DNA Fecal/Soil Microbe Miniprep
Kit (USA, Catalog: D6010) to isolate bacteria DNA
following the manufacturer’s instructions. DNA qual-
ity was analyzed on a 1.5% agarose gel containing
GelRed stain (Biotium, USA). Meanwhile, amplifica-
tion of the target regions was performed with the 16S
primer set 341F (5’CCTAYGGGRBGCASCAG3’)
and 806R (5’GGACTACNNGGGTATCTAAT3’) to
optimize the detection of rhizosphere bacteria com-
munities by targeting the V3 and V4 regions at 478 bp
(Lund ef al., 2022; Muwawa et al., 2021). Vasileiadis
et al. (2012) mentioned that the V3 region provided
higher diversity information than other regions, while
V4 had a more conservative nature, useful for iden-
tifying evolutionary patterns and phylogenetic rela-
tionships with good accuracy. All PCR was performed
with 13 pL of 2x Mytaq, 1 uM of forward and reverse
primers, and 10 ng of template DNA. The thermal cy-
cle consisted of an initial denaturation at 98°C for one
minute, followed by 35 cycles at 95°C for 30 seconds,
annealing at 53°C for 30 seconds, elongation at 72°C
for 30 seconds (Lund ef al., 2022), and a final elonga-
tion at 72°C for 5 minutes. To check for contamina-
tion, a universal Wee32 PCR machine was used, with
anegative control (blank template). Furthermore, PCR
product quality was visualized by electrophoresis on a




1% agarose gel (100 uL TAE buffer and 1 g agarose).
The electrophoresis machine was run at 50 Volts for
60 minutes, and the results were visualized by UV flu-
orescence using a Gel Documentation mini-imager.

2.5.2 Library preparation and sequencing

Sequencing libraries were prepared using the
NEB Next® Ultra™ II FS DNA PCR-free Library
Preparation Kit (New England Biolabs, USA, Catalog:
E7430L) following the manufacturer’s recommenda-
tions, and indexes were added. Libraries were checked
with Qubit and real-time PCR for quantification, and a
bioanalyzer was used for size distribution detection.
Quantified libraries were collected and sequenced on
the [llumina platform according to the effective library
concentration and the amount of data required.

2.6 Bioinformatic and Data Analysis

Sequenced nucleotide bases were processed
using the bioinformatic pipeline QIIME 2 (Quantita-
tive Insights into Microbial Ecology 2, https://qiime2.
org/) (Bolyen et al., 2018). The raw data in the file
(fastq.gz) was demultiplexed using the program avail-
able in QIIME 2. Each DNA sequence was arranged
by cutting nucleotide bases (cut-adapt) in line with
the primer sequences used, and its quality was eval-
uated based on DNA score obtained. Sequences with
low quality or score values of <20 were removed (de-
noising) using the DADA2 feature. This step produced
high-quality sequence variants (ASVs) (Chiarello et
al., 2022). The final step in data processing was the
clustering of ASVs based on the level of similarity at a
certain threshold, usually 97-100%. This was achieved
using a de novo approach, where the ASVs were clus-
tered in line with the sequence similarity in the data,
without the use of a comparison reference (Margareta,
2023). The obtained groups were compared with the
SILVA database (http://www.arb-silva.de/, accessed
on April 30, 2023), specifically 16S rDNA (Quast et
al., 2013). Simultaneously, Operational Taxonomic
Units (OTUs) were analyzed with a Venn diagram to
obtain common and unique information among dif-
ferent samples or groups. The relative abundance was
visualized through the ggplot2 package (Wickham,
2009) in the R software (v4.30, http://r-projekt.org).
Furthermore, the Kruskal-Wallis H non-parametric
test (IBM SPSS Statistics 25 software) was used to
determine whether there was a significant difference
between several groups of bacteria based on ordinal
variables (Rozi ef al., 2022). A p-value of < a (alpha)
0.05 showed significant differences between the test-
ed groups. The post-hoc Mann—Whitney U test was
further used to determine which bacterial groups had
significant differences. The relationship between en-
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vironmental parameters and observation stations was
analyzed by principal component analysis (PCA) us-
ing the ggplot2 package (Wickham, 2009) in R soft-
ware (v4.30, http://r-projekt.org).

3. Results and Discussion

3.1 Site Differences in Physicochemical Param-
eters

This study complements the results of Maysa-
roh et al. (2023) by adding environmental parameters in
the form of nutrients, including nitrate, phosphate, and
sulfur, obtained from the analysis of the Kuala Langsa
and Telaga Tujuh sediments (Table 2). Maysaroh et al.
(2023) mentioned that Kuala Langsa and Telaga Tujuh
have high organic matter content (17-35) % and low
pH values (<7). The high organic matter content is re-
lated to an increased amount of organic acids resulting
from bacterial decomposition processes (Elungan er
al., 2022), which leads to the accumulation of organic
acids and subsequent decrease in sediment pH. The
sediment analysis conducted in this study revealed
that the nitrate content in Kuala Langsa was 105.95
+ 43.62 mg/L, while in Telaga Tujuh it was 124.10
+ 94.3 mg/L. According to the classification estab-
lished by Effendi (2003), the nitrate concentrations in
both research locations fall into the high category, ex-
ceeding 10 mg/L. Additionally, the phosphate content
in the sediment at both study sites was high, namely
722.67 £ 137.012 mg/L and 586.67 = 203.31 mg/L,
respectively. Effendi (2003) categorized phosphate
concentrations in sediment into four categories: very
low (<3 mg/L), low (3-7 mg/L), medium (7-20 mg/L),
and high (>20 mg/L). The high levels of nitrate and
phosphate can be attributed to the presence of Rhizo-
phora mucronata, which inhabits intertidal areas and
often receives inputs of organic or mineral materials,
including nitrate and phosphate, from both land and
sea (Sanders et al., 2014). Sanders et al. (2014) stated
that mangroves from the genus rhizophora, the main
focus of this study, have props roots, which can func-
tion as nutrient traps carried by seawater (Ulumuddin,
2019). Furthermore, rhizosphere bacteria activity in
mangrove sediment also plays a role in absorbing or-
ganic nitrogen, including nitrate (Wang ez a/., 2019),
resulting in high nitrate content in mangrove sediment.
Table 2 shows the sulfur content in Kuala Langsa and
Telaga Tujuh mangrove sediments, which are 2.05%
and 1.38%, respectively. According to Effendi (2003),
when the environmental pH decreases and reaches pH
5, sulfur tends to react with other elements and form
hydrogen sulfide compounds. Therefore, a decrease in
pH can increase the toxicity of hydrogen sulfide (H=S)
in the environment. The presence of sulfur in sedi-
ment is caused by seawater input into the mangrove

Copyright ©2024 Faculty of Fisheries and Marine Universitas Airlangga




Maysaroh et al. / JIPK, 16(2):364-376

environment, decomposition processes by sulfur-pro-
ducing bacteria, and the role of bacteria in oxidizing
sulfur compounds into more easily soluble forms.

Station KL.S1 was characterized by a high ni-
trate content and was dominated by dust with clay frac-
tions, while T7.S1 had a high Eh value with organic

Table 2. Environmental parameters and composition of rhizosphere bacteria in Kuala Langsa and Telaga

Tujuh, East Aceh

Environmental parameters Kuala Langsa Telaga Tujuh Reference
pH 5.25+0.31 4.96+0.38 Maysaroh et al. (2023)
Organic matter (%) 21.53+4.10 25.47+2.37 Maysaroh et al. (2023)
Eh (mV) 120.55+128.62 243.60+35.49 Maysaroh et al. (2023)
DHL/EC (mS/cm) 18.58+3.00 17.92+3.08 Maysaroh et al. (2023)
Nitrate (mg/L) 105.95+43.62 69.65+1.63 This study
Phospate (mg/L) 619.67+258.00 586.67+203.32 This study
Sulfur (%) 1.63£1.08 1.38+0.82 This study
Clay 22.1246.05 11.11+3.23 Maysaroh et al. (2023)
Silt 21.34+8.81 10.65+2.32 Maysaroh et al. (2023)
Sand 56.53+14.87 78.23+£5.56 Maysaroh et al. (2023)
Sediment texture Sandy loam Loamy sand Maysaroh et al. (2023)
Crenarchaeota (31%) Chloroflexi (18%)
Chloroflexi (26%) Proteobacteria (11%)
Acidobacteriota (10%) Acidobacteriota 10%)
Proteobacteria (7%) Firmicutes (10%)

Composition of rhizosphere
bacteria (High taxa/Phy-
lum)*

Composition of rhizosphere
bacteria (Low taxa/Family)*

Campylobacterota (5%)
Desulfobacterota (4%)
Firmicutes (3%)
Cyanobacteria (3%)
Calditrichota (2%)
Sulfurovaceae (18%)
Desulfatiglandaceae (11%)
Spirochaetaceae (8%)
Calditrichaceae (8%)
Anaerolineaceae (6%)
Psychromonadaceae (4%)
Rhodobacteraceae (4%)

Vibrionaceae (3%)

Pseudoalteromonadaceae (2%)

Enterobacteriaceae (2%)

Crenarchaeota (9%)
Nanoarchaeota (4%)
Bacteroidota (3%)
Desulfobacterota (3%)
Actinobacteriota (3%)
Calditrichaceae (4%)
Spirochaetaceae (4%)
Desulfatiglandaceae (3%)
Anaerolineaceae (3%)
Lachnospiraceae (2%)
Roseiflexaceae (2%)
Pedosphacraceae (2%)
Latescibacteraceae (2%)
Desulfosarcinaceae (2%)

Oscillospiraceae (2%)

This study

This study

* Top 10 rhizosphere bacterial groups
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PCA explained the distribution of environmen-
tal parameters obtained from R. mucronata sediments
in the study sites. PCA analysis accounted for 98.20%
variation in the total variables used, with Factors 1
and 2 (F1 and F2) explaining 61.10% and 37.90%, re-
spectively (Figure 3). The independent sample t-test
showed significance > 0.05 (Table 2) for pH (p =
0.493), organic matter (p = 0.361), Eh (p =0.322), EC
(p = 0.484), nitrate (p = 0.362), phosphate (p =0.761),
and sulfur (p = 0.442). In general, the environmental
parameters observed in Kuala Langsa and Telaga Tu-
juh were not significantly different from each other.
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matter and sand fraction (Figure 3). Station KL.S4
was distinguished by pH, DHL, phosphate, and sul-
fur values, while T7.S4 was not characterized by any
environmental parameters. Furthermore, station T7.S1
was dominated by the sand fraction, with the sand,
dust, and clay content reaching 75%, 12%, and 13%,
respectively. This occurred due to the direct exposure
of the location to the marine environment, leading to
the sedimentation process being influenced by ocean-
ographic factors, such as currents and waves. Suwoyo
et al. (2015) mentioned that current and wave speeds
determine the size of the carried sediment particles.
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Generally, areas with strong currents have sand-domi-
nant substrates (Nybakken, 1993). The current speed
around Telaga Tujuh Island ranged from 0.25 - 0.33
m/s (Purba et al., 2017). Mason (1981) divided the
current speed of water into very slow (<0.1 m/s),
slow (0.1 - 0.25 m/s), medium (0.25 - 0.5 m/s), fast
(0.5 - 1.0 m/s), and very fast (>1.0 m/s). The cur-
rent velocity in Telaga Tujuh was classified as mod-
erate, indicating the possibility of carried particles
having a larger size than the clay and dust fractions.

Variables - PCA

;
!

1.0 '
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|
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:

Sulfur

0.5
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3.2 Species Identification and Taxonomy Compo-
sition

A total of ~131,000 sequence reads or ~3,000
OTUs were successfully obtained from Kuala Langsa
and Telaga Tujuh mangrove sediments. Among these,
2,353 OTUs were found at both study sites, with 774
unique to Kuala Langsa and 777 exclusives to Telaga
Tujuh. The total number of OTUs obtained was 3,974,
of which 154 (4%) were identified as species taxa,

cos2

0.98

0.96

0.94

Sand

Site

@ Telaga Tujuh

-1.0 -0.5 0.5

0.0
F1(61.10)

1.0

Figure 3. Principal component analysis (PCA) between variables in

mangrove environments in Kuala Langsa and Telaga Tujuh

(a) Phylum (b) Class

O Kuala Langsa
O Telaga Tujuh 88

(c) Family (d) Genus

o Kuala Langsa
0o Telaga Tujuh

O Kuala Langsa
O Telaga Tujuh

o Kuala Langsa
O " Telaga Tujuh

Figure 4. Groups of rhizosphere bacteria at high (a,b) and low (c,d) taxa levels
from Kuala Langsa and Telaga Tujuh mangrove sediments based on Operational

Taxonomic Units (OTUs)
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Figure 5. Relative abundance of rhizosphere bacteria at (a) high and (b) low taxa levels based on sequence variant

sequences (ASVs)

while 3,750 OTUs (96%) were only identified at high-
er taxa, including phylum, class, and order. A total of
552 OTUs (14%) belonged to the kingdom Archaea,
and the unidentified ones could not be read based on
the SILVA database. Casas ef al. (2017) suggested that
unrecognized taxa in the database would be classi-
fied as unknown. This suggests the need to enrich the
genetic database (Lear ef ¢/, 2018) both in terms of
the taxonomy and geography of each species (Buck-
lin et al., 2016). Lear er al. (2018) also stated that
many OTUs were not defined down to species taxa
due to the limited information in the gene reference

lists used, considering the high genetic diversity of
bacteria in sedimentary environments (Lear ef al.,
2018). Bacteria have large genetic variations as a form
of self-adjustment to environmental factors, and the
changes that occur have not been fully identified (Lear
etal., 2018).

Based on the types of bacteria detected, the
Telaga Tujuh mangrove ecosystem harbors a greater
diversity of rhizosphere bacteria compared to Kuala
Langsa across all taxonomic levels (Figure 4). This
is attributed to the stability of the Telaga Tujuh eco-
system, which provides a consistent environment for
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bacteria to thrive and proliferate effectively (Hanafi
et al,, 2021). The bacteria groups found at the high
taxa level included 64 phyla and 88 classes, while
at the low taxa levels, 213 families and 317 genera
representing were recorded in both study areas. Ap-
proximately 93% of the rhizosphere bacteria groups
found in Kuala Langsa were also detected in Telaga
Tujuh. Meanwhile, Telaga Tujuh had some groups that
were not present in Kuala Langsa, such as Candida-
tus, Fusobacteriota, and Poribacteria at the phylum
level and Fusobacteriia at the class level. About 128
species were detected in the two study sites, with 14
only found in Telaga Tujuh. Additionally, the study
also reveals that the abundance of rhizosphere bacte-
ria found exhibits significant differences based on the
Kruskal-Wallis test results (p < 0.05). Post hoc Mann
Whitney U Test results also yielded p-values < a (al-
pha) = 0.05.

The 16S rDNA gene classification results
showed the abundance of bacteria groups, with high
taxa such as phylum and class (Figure 5a), along with
low taxa, represented by family and genus (Figure 5b).
This study visualized at least 10 bacteria groups, with
four phyla having the highest abundance based on se-
quence variant reads (ASVs), namely Crenarchaeota
(26%), Chloroflexi (22%), Acidobacteriota (9%), and
Proteobacteria (6%). Zhu et al. (2022) reported that the
phyla Proteobacteria, Chloroflexi, and Actinobacteria
were predominantly found in mangrove sediments.
Similarly, (Muwawa et a/., 2021) mentioned that the
phylum with the highest abundance found in Rhizo-
phora mucronata roots was Proteobacteria. Another
study mentioned that besides Proteobacteria, bacteria
groups from the Bacteroidetes, Actinobacteria, Cya-
nobacteria, and Verrucomicrobia phyla were also dis-
tributed in mangrove sediments (Lu ef a/., 2022). The
differences in the phylum and abundance found in this
study were caused by variations in environmental fac-
tors in the studied mangrove ecosystem (Kurniawan
et al., 2020).

The results showed that rhizosphere bacteria
communities found in mangrove sediments of R. mu-
cronata in Kuala Langsa and Telaga Tujuh were dom-
inated by the Crenarchaeota group from the kingdom
Archaea. Meanwhile, other studies cited by Zhu ef al.
(2022) and Lu et al. (2022) reported a dominance of
the phylum Proteobacteria. Lu ef a/. (2022) mentioned
that the abundance and distribution were influenced by
organic carbon, pH, temperature, sulfur, and nitrate.
The prevalence of the Crenarchaeota group was due to
the ability to perform metabolic functions, specifically
the carbon, nitrogen, and sulfur cycles (Zhang er al.,
2019). Baskaran et al. (2023) also reported that most
of the archaea communities found in China were from
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the phylum Crenarchaeota. This is because Rhizopho-
ra stands have a supporting root shape that facilitates
the accumulation of organic matter from the land or
sea (Ulumuddin, 2019). The higher the accumulation
of organic matter, the greater the decomposition pro-
cess carried out by bacteria and archaea, including sul-
fate reduction. According to Thatoi et al. (2013), the
sulfate-reducing microbial communities were more
abundant under the roots of Rhizophora due to the
higher level of sediment and organic matter accumu-
lation compared to the Avicennia mangrove. Chlorof-
lexi, a group of bacteria with the second highest order
after Crenarchaeota can photosynthesize under aero-
bic and anaerobic conditions. Anaerobic conditions
occur when mangrove substrate is inundated with wa-
ter, resulting in low oxygen levels. This uniqueness
provides a competitive advantage over other phyla (Is-
lam et al., 2019). Wu et al. (2021) also mentioned that
bacteria from Chlorofiexi played an important role in
decomposing organic matter. The organic matter con-
tent found in Kuala Langsa and Telaga Tujuh was in
the high category and dominated by the mud substrate
texture (Table 2). The ability to facilitate organic mat-
ter decomposition whether in water or mud, positions
the bacteria as contributors to nutrient cycling.

At the low taxa level, rhizosphere bacteria
communities in the two mangrove areas consisted
of at least 24 families and 28 genera found only in
Telaga Tujuh. The bacteria and archaeal communities
were detected at both study sites (Figure 5b). At the
family level, the highest abundance was observed for
the Desulfatiglandaceae and Sulfurovaceae groups,
while at the genus level, Desulfatiglans and Sulfur-
ovum were more abundant. Desulfatiglans is a genus
of Desulfatiglandaceae, and Sulfurovum belongs to the
Sulphurovaceae family. Both groups are widely found
in marine sediments and act as sulfate reducers (Li et
al., 2018). In addition, Sulfurimonas genera were also
found in Kuala Langsa and Telaga Tujuh. This bac-
teria is still in the same group as Sulfurimonadaceae
(Muwawa et al., 2021). In the study, bacteria members
of the genus were found in the roots of Rhizophora
mucronata in polluted and unpolluted areas. Sulfuri-
monas is a facultative anaerobic bacterium capable of
oxidizing sulfur compounds in mangrove sediments.
This process requires the use of oxygen as an electron
acceptor, facilitating a reduction in the concentration
of hydrogen sulfide, which can be toxic to some or-
ganisms (Sam and Maria, 2019). The presence of the
genera under various environmental conditions under-
lines the significance of characterizing the Rhizophora
mucronata ecosystem.

4. Conclusion

The diversity of rhizosphere bacteria detected
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in Telaga Tujuh is greater than that in Kuala Lang-
sa. Significant differences (p < 0.05) were observed
in bacterial abundance between the two locations at
all taxonomic levels. Environmental parameters did
not vary significantly between observation sites (p >
0.05). This indicates that there are other factors be-
yond those studied that influence bacterial abundance
and diversity. Information on vegetation age and cli-
matic conditions during sediment sampling can further
our understanding of rhizosphere bacterial communi-
ties and their impact on mangrove growth, aiding in
more effective conservation and rehabilitation efforts.
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