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The diversity of bacterial communities in aquatic sediment of rainforest and oil
palm plantation at Sumatra was studied using pyrosequencing of 16S rRNA gene
and common biodiversity indices. Phylogenetic approach was used for revealing
the community shift of bacterial phyla and genera in both areas. Ecological
approach used soil pH, total Carbon (TC), total Nitrogen (TN), available
Phosphorus (AP) measurement and bacterial diversity with Shanon and Simpson
indices, and bacterial richness with Chaol-ACE indices and OTUs. Bacterial
diversity and richness in aquatic sediment of forest area was higher than that ones
in oil palm plantation area, although their pH, TC, and TN in both areas were
not different significantly. The majority of sequences related to Proteobacteria
(34.85%), Acidobacteria (32.67%), Nitrospirae (6.86%), Chloroflexi (4.31%), and
Actinobacteria (4.02%) were from forest; whereas those related to Acidobacteria
(46.10%), Proteobacteria (25.86%), Nitrospirae (9.20%), Chloroflexi (4.99%),
and Actinobacteria (2.34%) invented from oil palm plantation. The genera of
Alphaproteobacteria and Betaproteobacteria dominated in genera phylotype of
bacterial 16S rRNA phylogenetic revealed both aquatic sediment of forest and oil
palm plantation. The most genera in the phylogenetic tree from aquatic sediment
of both areas was Burkholderia. The bacterial community shift in aquatic sediment
of forest transformation indicated higher bacterial diversity index, richness index,
some of phyla and genera in aquatic sediment from forest than from oil palm
plantation.
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use of agrochemicals, such as fertilizers and pesticides,
might represent a potential risk for the sustainability
of aquatic ecosystem and hydrological functions when
agricultural practices are not optimized. In particular,
oil palm growers usually apply large amounts of
commercial fertilizer and thus are among the largest

1. Introduction

Oil palm (Elaeis guineensis) is one of the most
rapidly expanding crops in the tropics. Most of this
increase has taken place in Southeast Asia. Malaysia
and Indonesia account for almost 85% of the 46.5

million tons of crude oil palm produced in the world,
Indonesia being the top producer since 2007. Oil
palm plantation development in Southeast Asia
has been claimed as triggering deforestation and
loss of biodiversity, peat land degradation, and high
greenhouse gas (GHG) emissions (Comte et al. 2012).
One reason was the conversion of the huge forest zone
to oil palm plantations over the river basin which
caused modifications in the surface soil layer and
vegetation canopy. Land-use variation plays a vital role
in local water cycle changes, especially for the water
movement within the soil layer (Tan et al. 2012).The
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consumers of mineral fertilizers in Southeast Asia.
Hydrological processes within oil palm plantations
are still not fully understood, and few studies have
examined the impacts of agricultural practices on
terrestrial hydrological functions and water quality
in nearby aquatic ecosystems (Ah Tung et al. 2009;
Comte et al. 2012).

Sediment microbial communities are responsible
for a majority of the metabolic activity in river and
stream ecosystems. Understanding the dynamics in
community structure and function across freshwater
environments will help us to predict how these
ecosystems will change in response to human land-
use practices (Gibbons et al. 2014). High fertilizer
input is necessary to sustain high yields in oil palm
agroecosystems, but it may endanger neighboring



aquatic ecosystems when excess nutrients are
transported to waterways. The low nutrient
concentrations recorded in streams throughout
the landscape indicated that the mature oil palm
plantations did not contribute to eutrophication of
aquatic ecosystems. Soil type controlled dissolved
inorganic N and total P fluxes, with greater losses of N
and P from loamy-sand uplands than loamy lowlands
(Comte et al. 2015). The change of water nutrient
cause change of microbial community in the water
which is dominated in water sediment habitat.

Deforestation made decreasing in biodiversity,
include in bacterial diversity. This study described the
impact of forest transformation to oil palm plantation
in bacterial community shift based on ecological and
phylogenetically approach. The case study in small
river at the Bukit Duabelas rain forest and the oil palm
transformation nearby the forest will describe this
impact.

2. Materials and Methods

2.1. Samples Collection and Preparation

Samples used for this research were derived from
sediment in fresh water near these sites. Soils in the
Bukit Duabelas area are represented by clay Acrisols
and in the oil palm plantation are represented by
modified Acrisols (Guillaume et al. 2015). The forest
is located in Bukit Duabelas National Park, and the
oil palm plantation is near the forest in Sarolangun
District, Jambi Province, Indonesia. SBF1, SBF3, and
SBF4 were notation used on the aquatic sediment
sample from forest area, and SBO2, SBO3, and SBO4
for aquatic sediment of oil palm plantation area.
Both sediments were under interstitial pore water
and surface water. In each of these six sub areas,
small cores were collected in five replicates and
triplicates of each core (approximately 10 grams)
from surface sediment (approximately 5-20 cm
from the water surface, in depth about 5 cm from
sediment surface), using a small shovel and tube
(approximately 2 inches in diameter). The samples
have been maintained at + 30°C. Samples from the
same area were combined and mixed completely
to produce one homogeneous sample. This study
was done at Laboratory of Microbiology, Faculty of
Mathematic and Natural Science, Bogor Agricultural
University and Gottingen Genomics Laboratory,
George August University of Gottingen, Germany.

Acidity of soil and sediment was in situ measured
with a pH meter. All chemical parameters of soil
(acidity, Carbon, Nitrogen, available Phosphorus) were
determined according to ISRIC standards (Van Reeuwijk
2000) at the Soil Research Institute, Bogor, Indonesia.
All samples were kept on ice up to arrival at the
laboratory and then were stored at 4°C. Samples from
the same area were combined and mixed completely
to produce one homogeneous sample. These samples
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are SBF (aquatic sediment from lowland forest), and
SBO (aquatic sediment from oil palm plantation).

2.2. DNA Extraction

Total microbial community DNA was isolated from
10 g of soil or sediment per sample. For this purpose,
the Mo Bio Power Soil DNA extraction kit (Mo Bio
Laboratories, Carlsbad, CA) was used according to
the instructions of the manufacturer. The Power
Soil® DNA Isolation Kit from MO BIO Laboratories,
Inc., was applied according to the manufacturer’s
instructions. The kit contained a special inhibitor
removal solution for the removal of humic acids
and other disturbing substances. A special solution
was included which allows the removal of humic
substances, respectively brown color from even
the most difficult soil types (Ettenauer et al. 2012).

The concentration and quality of the DNA
preparations were estimated by a NanoDrop
spectrophotometer and by electrophoresis on 0.8%
agarose gels. Measurements were assessed using a
NanoDrop® ND-1000 spectrophotometer (peqlLab
Biotechnologie GmbH, Linz, Austria). The analyses
were performed according to the manufacturers’
protocol and the extracted DNA of all triplicate sample
amounts from the method was measured three times.
Mean values were calculated for each sample amount.
The purity of the extracted DNA was assessed by
measuring the A260/A280 absorbance ratio which
indicates the presence of impurities as protein,
phenol, humic acids or other contaminants that
strongly absorb at or near 280 nm. They were used
for the electrophoresis and for the PCR amplifications.

2.3. Pyrosequencing Preparation and Analysis

Bacterial 16S rRNA genes were amplified using the
forward primer 343F (5’-TACG-GRAGGCAGCAG-3’)and
the reverse primer 909R (5’- CCGTCAATTCMTTTGAGT
-3’) (Liu et al. 2007; Wang et al. 2007). Products
were confirmed by subjecting 2 pl of each sample
to electrophoresis on a 0.8% agarose gel. The PCRs
were carried out in triplicate with 50 ul of the reaction
mixture comprising 10 pl of 10-fold Phusion buffer,
1 ul of 10 mM dNTPs, 1 ul of each primer (1:10), 2-5
ul of diluted DNA sample, 0.5 pul of Phusion HS DNA
Polymerase (2U/ul), and approximately 10 ng of
DNA template by using the programmable thermo
cycler (M] Research PTC-200 Peltier Thermal Cycler,
M] Research, Inc., Malham, USA). The amplification
program consisted of an initial denaturation step at
98°C for 5 min, followed by 25 cycles of denaturation
at 98°C for 45 sec, annealing at 55-68°C for 45 sec, and
elongation at 72°C for 30 sec, with a final extension
step at 72°C for 5 min. The replicate PCR products
of the same soil treating group were assembled
within a PCR tube. The PCR products were visualized
on agarose gels (0.8% in TAE buffer) containing
ethidium bromide, and purified using a peqGOLD
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Gel Extraction Kit (PEQLAB Biotechnologie GmbH,
Erlangen, Germany). In general, gel extraction was
performed according to manufacturer’s instruction.
Quantification of the PCR products was performed by
using the Quant-iT dsDNA BR assay kit and a Qubit
fluorometer (Invitrogen GmbH, Karlsruhe, Germany)
as recommended by the manufacturer. The Goettingen
Genomics Laboratory determined the sequences of the
partial 16S rRNA genes by employing the Roche GS-
FLX 454 pyrosequencer (Roche, Mannheim, Germany)
and using picotiter sequencing plates subdivided
into 8 parts (1 part per sample). Amplicons were
sequenced as recommended in the instructions of the
manufacturer for amplicon sequencing (Will etal. 2010).

In the quality filtering, several filtering options can
be set, if sequences that were too short (less than 250
base pair) or too long (more than 1000 base pairs),
or have more than 8 bases of the same base in a row
had been filtered out of the total dataset. The Quality
filtering had also given the number of raw sequence
from the initial sequence dataset after sequencing (in
the first line of the table) and the number of sequences
after quality filtering. With this sequence number the
next steps of the analysis had been done. Furthermore,
the table explained the minimal, maximal and the
average sequence length for each of the samples.
The next step for processing the sequence data was
to cluster the sequences into Operational Taxonomic
Units (OTUs). That means that all sequences in all of
the samples had been compared to each other and
if there is similarity between the sequences, they
had been grouped into one OTU. The grouping was
based on a sequence similarity of 99%. So, if some
sequences were at least 99% similar to each other than
compared to other sequences in the dataset, they were
grouped together. After grouping the sequences into
OTUs, from each OTU one representative sequences
had been picked. With this representative sequence
from each OTU the taxonomic assignment had been
made. This means that the representative sequences
had been classified by their taxonomy. This taxonomic
assignment made by using a database which include
huge amount of already known 16S rRNA sequences.
The database used for the taxonomic assignment
is the SILVA SSURef NR 111 database (http://www.
arb-silva.de/) (Quast et al. 2012). After taxonomic
assignment, the number of sequences in this
particular OTU for each of the samples, and the
respective taxonomic classification, we calculated
rarefaction curves as well as the Shannon index
based on OTU picker data, by employing the RDP
pyrosequencing pipeline (Cole et al. 2009; Magurran
and McGill 2011). ACE and Chao1 indices (Chao and
Bunge 2002) were calculated using the RDP tools.

All the 16Sr RNA gene sequences were deposited
in the NCBI Sequence Read Archive (SRA) under the
Bioproject PRJNA288716. All the experimental research
that is reported in the manuscript has been appropriate

ethics committee. There was not experimental
research neither on humans nor on animals.

2.4. Phylogenetic Analysis

The Ribosomal Database Project and the BLASTN
2.0.6 algorithm of GenBank were employed to search
for close evolutionary relatives of the 16S rRNA gene
sequences of bacterial isolates. Alignments were
generated with ClustalW. The partial 16S rRNA genes
were sequenced at two different sites, forward, and
reverse, with an overlap between the sequences.
Therefore, it was possible to align both sequences
from the same isolate to get a longer fragment of the
16S rRNA region. Aligning the two sequences led to
a consensus sequence. Furthermore, false base pairs
could be edited and exchanged, or added, if there
were missing base pairs. The consensus sequence
was copied and compared with an NCBI database
sequences from isolates and reference sequences from
known strains, and sequences from the results of the
NCBI search were aligned with the Aligner program
from http://www.arb-silva.de/ (http://www.arb-silva.
de/aligner/). The phylogenetic tree was constructed
with the MEGA6 program by using Maximum
Likelihood methods. Bootstrapping (Felsenstein 1985)
was used to estimate the reliability of phylogenetic
reconstructions with 1000 replicates.

3. Results

The compositions of sediment bacterial
communities present in two different soil systems
derived from a forest site (site SBF) and an oil
palm plantation site (site SBO) were assessed and
compared using pyrosequencing-based analysis of
16S rRNA gene sequences. They could be influenced
by sediment chemical properties of samples from
different land use types, the forest and oil palm
plantation sites such as soil pH, Total Carbon (TC),
Total Nitrogen (TN), Available Phosphorus (AP), and
C/Nratio (Table 1). The t-test of two analyzed soil area
showed no significant differences in some sediment
parameters (pH, TC, TN, and C/N ratio), but significant
differences in available phosphorus (AP) and C/N/P
ratio. The available P content of the sediment of site
SBF (0.281%) was higher than that of site SBO (0.044%),
the C/N/P ratio of site SBO (0.273) was higher than
that of site SBF (0.049). Available phosphorus varied
significantly between forest and nonforest sites, while
soil pH, total carbon, total nitrogen, and C/N ratio did
not vary significantly across the landscape.

Pyrosequencing analysis of environmental samples can
obtain much more sequences and OTUs than conventional
cloning and sequencing methods. The higher Shannon
and OTUs indices of sediment bacteria in forest than in
oil palm plantation (Figure 1), observed in this study
demonstrated the usefulness of pyrosequencing analysis
in revealing the bacterial diversity and richness from
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Table 1. Mean values (tstandard deviation) of parameters for sediment samples from the forest site (SBF) and the oil palm

plantation site (SBO)

Sample sites pH (H,0) pH (KCI) TC (%) TN (%) AP (%) C/N ratio

SBF 4.500+0.557 3.900+0.361 3.540 £ 3,090 0.233+0.150 0.281+0.074  13.700 = 3480

SBO 48000100 3.967+0208  1725:0205  0145:0.005 0.044:0.005 11870 +1.000
12000 11323.967 12 11175 groups were those with a relative abundance of >2%.
10000 10236555 o [ el Figure 3 shows the phylum compositions of the two soil
8000 ]9 4.695—‘ o = groups. Site SBF was mainly composed of Proteobacteria
7033,78 SBF SBO (34.85%), Acidobacteria (32.67%), Nitrospirae (6.86%),
6000 § Chloroflexi(4.31%), Actinobacteria (4.02%), Spirochaetes
4000 3057.7 4 (3.38%), Chlorobi (3.36%), and Bacteroidetes (3.23%).
2000 ’_' 24284, 0999 0999  Site SBO mostly comprised Acidobacteria (46.10%),
0 0 T Proteobacteria (25.86%), Nitrospirae (9.20%), Chloroflexi
ACEIndex  Chaol ~ OTUs  Shannonindex  Shimson (4.99%), Spirochaetes (2.38%), and Actinobacteria

Richness-diversity estimates Index

1% dissimilarity

Figure 1. Bacterial richness indices of aggregates and whole
sediment at a genetic distance of 1%, expressed
as the number of observed unique OTUs, ACE,
Chao1, Shannon Index, and Simpson Index

4000
3000 .

2000

1000 e=Cm= SBF ==8==5BO

1000 2000 3000 4000 5000 6000
Number of sequences

Figure 2. Rarefaction curves showing the observed number
of operational taxonomic units (OTUs) at 1%
dissimilarity for samples from sites SBF and SBO

the tropical low land rainforest as nature area and the
oil palm plantation as deforestation area. Libraries of
sites SBF and SBO were composed of 2968 and 2186
OTUs, respectively. Rarefaction curves were generated
at 1% cutoff to make a comparison of species richness
between the two soil groups (Figure 2).

Based on ACE and Chaol1 indices of both bacterial
richness from site SBF displayed relatively higher species
richness than those from site SBO (Figure 1). When the
genetic distances were 0.01, the value of ACE, Chaol,
and OTU for samples from site SBF was 11323, 10236,
and 3057, whereas that for samples from site SBO was
7794,7033, and 2428 respectively. Both the Shannon
and Simpson diversity indices revealed similar trends,
with higher values observed for samples from site SBF
(11.175 and 0.999), when compared with those from
site SBO (10.537 and 0.999) relatively, but they were
not differences considerably. It was confirming the
similarity bacterial richness and diversity in both sites.

The 5154 classifiable sequences were affiliated with
23 phyla across the entire data set. The major phylum

(2.34%). Proteobacteria contributed to the majority of
bacterial communities in forest sediment, even though
Acidobacteria contributed to the majority of bacterial
composition of oil palm plantation sediment. Five
genera dominated in both two sites were included to
Acidobacteria phylum. The dominant bacterial phyla
from both of two areas were Acidobacteria.

The dissimilarities among the samples at the class
level of taxonomic classifications were found in this
study (Figure 4). Acidobacteria, Alphaproteobacteria,
Deltaproteobacteria, Betaproteobacteria, and Nitrospira
were the most dominant classes (> 5.00%) in site SBF,
accounting for 31.22%, 10.65%, 10.55%, 9.59%, and
6.86% of the total bacterial sequences, respectively.
In site SBO, several classes were dominant (>5.00%)
such as Acidobacteria, Nitrospira, Deltaproteobacteria,
Alphaproteobacteria, and Betaproteobacteria, accounting
for 42.94%, 9.20%, 8.65%, 7.35%, and 6.11% of the total
bacterial sequences, respectively. The two areas sediment
revealed obvious similarity in the abundances of the
class Acidobacteria of the most dominant phylum,
Acidobacteria, as like as in two areas soil.

Analyzing at the genus level showed an enrichment
trend of beneficial bacterial groups in the soil. The
relative abundance of any genus was <0.5% in each
sample, implying high bacterial diversity in the two
sample groups. Among the top 50 predominant
genera in the soils evaluated (Figure 4), the ten
greater bacterial genera were common in the SBF sites:
Acidobacteria DA052 uncultured bacterium (7.56%),
Acidobacteriales uncultured bacterium (7.42%), Bryobacter
(3.73%), Spirochaeta (3.03%), Gammaproteobacteria
Sinobacteraceae uncultured (3.02%), Acidobacteria DA023
uncultured bacterium (2.53%), Chlorobi Ignavibacteriales
BSV26 uncultured bacterium (2.46%), Acidobacteria
Candidatus Solibacter uncultured bacterium (2.42%), and
Nitrospirales 4-29 uncultured bacterium (2.13%). Ten
genera were dominant in the SBO sites : Acidobacteriales
uncultured bacterium (11.67%), Acidobacteria DA052
uncultured bacterium (10.39%), Bryobacter (3.83%),
Acidobacteria DA023 uncultured bacterium (3.77%),
Gammaproteobacteria Sinobacteraceae uncultured (3.22%),
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B No blast hit;Other;Other
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TAO6;uncultured candidate division AC1 bacterium
TAO6;uncultured bacterium SHA-114

B TAO06;uncultured bacterium
Synergistetes;Synergistia

B Spirochaetes;Spirochaetes

B SM2F1 1;uncultured bacterium

B Proteobacteria;TA18

® Proteobacteria;SK259
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B Proteobacteria;Deltaproteobacteria
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H Chlorobi;Chlorobia

B Candidate division WS3;uncultured soil bacterium PRR-12

B Candidate division WS3;uncultured soil bacterium PBS-II1-30

B Candidate division WS3;uncultured prokaryote

B Candidate division WS3;uncultured candidate division WS3 bacterium

B Candidate division WS3;uncultured bacterium
Candidate division TM7;uncultured bacterium
Candidate division OP3;uncultured bacterium

¥ Candidate division OD1;uncultured bacterium
Candidate division BRC1;uncultured soil bacterium PBS-III-18

¥ Candidate division BRC1;uncultured organism
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B Candidate division BRCI;uncultured bacterium

B Caldiserica;Caldisericia

B Bacteroidetes;vadinHA17

® Bacteroidetes; WCHB1-32
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Figure 4. 16S rRNA gene surveys revealed a clear distinction between the two bacterial class populations investigated.
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Nitrospirales 0319-6A21 uncultured bacterium (3.05%),
Acidobacteria Candidatus Solibacter uncultured bacterium
(2.83%), Chloroflexi Caldilineaceae uncultured (2.63%),
Nitrospirales 4-29 uncultured bacterium (2.40%), and
Acidobacteria Candidatus Koribacter (2.24%). However,
the compositions of the bacterial community and the
distributions of the dominant 50 genera were different
between samples from sites SBF and SBO. The respective

samples from the two sites were examined (Figure
5), there were seven genera in SBF and five genera in
SBO sites which more abundance than others genera
in both sites. Comparison of the overall distribution of
the selected 12 dominant genera (more than 5% of total
sequences) from 50 predominant genera within sites
SBF and/or SBO (Figure 6) showed that Acidobacteria
was the most dominant genera.

abundance of the 50 most represented genera in the

0
80% Thermotogae;GAL15
Spirochaetes;Spirochaetaceae uncultured
m Spirochaetes;Spirochaeta
® Gammaproteobacteria;Sinobacteraceae uncultured
® Deltaproteobacteria;Syntrophaceae uncultured
70% m Deltaproteobacteria;Sva0485 uncultured bacterium
0 m Deltaproteobacteria; Syntrophorhabdus
m Deltaproteobacteria;Polyangiaceae
Deltaproteobacteria;Haliangiaceae
B Deltaproteobacteria;Cystobacterineae uncultured
Deltaproteobacteria;Cystobacteraceae
Deltaproteobacteria;GR-WP33-30 uncultured bacterium
Betaproteobacteria;Nitrosomonadaceae uncultured
Betaproteobacteria;Sideroxydans
m Betaproteobacteria;Candidatus Nitrotoga
B Betaproteobacteria;Burkholderiales;Comamonadaceae uncultured
B Betaproteobacteria;Burkholderiales;Pseudorhodoferax
B Betaproteobacteria;Burkholderiales;Comamonas
B Betaproteobacteria;Burkholderiales;Burkholderia
B Betaproteobacteria;Burkholderiales; Alcaligenaceae uncultured
Alphaproteobacteria;Rhodospirillaceae uncultured
® Alphaproteobacteria;Rhodospirillales DA111uncultured bacterium
Alphaproteobacteria;Acetobacteraceae uncultured
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B Candidate division WS3 uncultured bacterium
B Actinobacteria;Acidothermus
B Actinobacteria;Acidimicrobiales TM214uncultured bacterium
® Acidobacteria;Holophagae SJA-36 uncultured bacterium
B Acidobacteria;Holophagae 32-20 uncultured bacterium
B Acidobacteria;Bryobacter
® Acidobacteria; JH-WHS99 uncultured bacterium
m Acidobacteria;DA052 uncultured bacterium
B Acidobacteria;DA023 uncultured bacterium
Acidobacteria;Candidatus Solibacter uncultured bacterium
Acidobacteria;BPC102 uncultured bacterium
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16S rRNA gene-based phylogeny showing
representatives of all bacterial phyla from tropical low
land secondary forest (Figure 7) and oil palm plantation
(Figure 8) soil derived sequences have been obtained.
The twenty phyla of bacteria were found in SBF site,
while fourteen phyla of bacteria were found in SBO
site. More phyla in SBF showed that bacterial diversity
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Proteobacteria was found as the highest phylum
abundance in sediment of forest and oil palm plantation
area. Alpha and Beta-proteobacteria were more
abundance than others class of Proteobacteria, Gamma
and Delta-proteobacteria. The fewest abundance among
classes of proteobacteria was Gammaproteobacteria
in both the forest and plantation areas.

in SBF was higher than those in SBO.
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Figure 7. 16S rRNAgene-based phylogeny showing representatives of all bacterial phyla in aquatic sediment from tropical
low land secondary forest derived sequences have been obtained. Molecular Phylogenetic analysis by Maximum
Likelihood method. The evolutionary history was inferred by using the Maximum Likelihood method based on
the Kimura 2-parameter model (Kimura 1980). The tree with the highest log likelihood (-40408.3728) is shown.
The percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial
tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and BioN] algorithms
to a matrix of pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach, and
then selecting the topology with superior log likelihood value. A discrete Gamma distribution was used to
model evolutionary rate differences among sites (5 categories (+G, parameter = 0.5578)). The rate variation
model allowed for some sites to be evolutionarily invariable ([+I], 12.1163% sites). The tree is drawn to scale,
with branch lengths measured in the number of substitutions per site. The analysis involved 412 nucleotide
sequences. All positions with less than 95% site coverage were eliminated. That is, fewer than 5% alignment
gaps, missing data, and ambiguous bases were allowed at any position. There were a total of 380 positions in
the final dataset. Evolutionary analyses were conducted in MEGAG6 (Tamura et al. 2013)
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The highest genera in phylogenetic tree (Figure 7and  freshwater sediment. In Burkholderiales (Figure 9),
8)is Burkholderia. Burkholderiais one genus of genera  there were seven genera which were found in both
of Betaproteobacteria, similar with in both soil areas.  areas, such as: Undibacterium, Curvibacter, Variovorax,
Burkholderia genera were found 8 phylotypes from Caenimonas, Pelomonas, Ideonella, Commamonadaceae
42 Burkolderiales in forest freshwater sedimentand4  uncultured bacterium, and Alcaligenaceae uncultured
phylotypes from 19 Burkholderiales in oil palm plantation ~ bacterium.
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Figure 8. 16S rRNA gene-based phylogeny showing representatives of all bacterial phyla in aquatic sediment from oil palm
plantation derived sequences have been obtained. Molecular Phylogenetic analysis by Maximum Likelihood
method. The evolutionary history was inferred by using the Maximum Likelihood method based on the General
Time Reversible model (Nei and Kumar 2000). The tree with the highest log likelihood (-29292.3205) is shown.
The percentage of trees in which the associated taxa clustered together is shown next to the branches. Initial
tree(s) for the heuristic search were obtained by applying the Neighbor-Joining method to a matrix of pairwise
distances estimated using the Maximum Composite Likelihood (MCL) approach. A discrete Gamma distribution
was used to model evolutionary rate differences among sites (5 categories (+G, parameter = 0.4661)). The rate
variation model allowed for some sites to be evolutionarily invariable ([+I], 0.0000% sites). The tree is drawn
to scale, with branch lengths measured in the number of substitutions per site. The analysis involved 266
nucleotide sequences. All positions with less than 95% site coverage were eliminated. That is, fewer than 5%
alignment gaps, missing data, and ambiguous bases were allowed at any position. There were a total of 427
positions in the final dataset. Evolutionary analyses were conducted in MEGAG6 (Tamura et al. 2013)
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Figure 9. 16S rRNA gene-based phylogeny showing representatives of Burkholderia (Dark grey), other Burkholderiales

(Grey) and out group Acd (Acidobacteria) (Light grey
and SBO areas. The evolutionary history was inferred
Tamura-Nei model (Tamura and Nei 1993). The tree
The percentage of trees in which the associated taxa
tree(s) for the heuristic search were obtained autom
to a matrix of pairwise distances estimated using th

) in soil derived sequences have been obtained from SBF
by using the Maximum Likelihood method based on the
with the highest log likelihood (-3884.9881) is shown.
clustered together is shown next to the branches. Initial
atically by applying Neighbor-Join and BioN] algorithms
e Maximum Composite Likelihood (MCL) approach, and

then selecting the topology with superior log likelihood value. A discrete Gamma distribution was used to

model evolutionary rate differences among sites (5

categories (+G, parameter = 0.2078)). The rate variation

model allowed for some sites to be evolutionarily invariable ([+/], 42.6432% sites). The tree is drawn to scale,
with branch lengths measured in the number of substitutions per site. The analysis involved 63 nucleotide
sequences. All positions with less than 95% site coverage were eliminated. That is, fewer than 5% alignment
gaps, missing data, and ambiguous bases were allowed at any position. There were a total of 372 positions in
the final dataset. Evolutionary analyses were conducted in MEGAG (Tamura et al. 2013)
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4. Discussions

Available phosphorus varied significantly
between forest and nonforest sites, while soil pH,
total carbon, total nitrogen, and C/N ratio did not
vary significantly across both sediments of the
landscape. Direct impacts on aquatic sediment
ecosystems from oil palm cultivation include
clearing of riparian vegetation for palm planting,
sediment run-off from cleared land, and degraded
water quality from pollutants (pesticides and
fertilizers), mill tailings, and village activities
around stream (Sheaves 2014). They can alter the
pH, lead to modify the C/N ratio and the content of
phosphorous in freshwater sediment. The sediment
condition was influenced by aquatic column
condition. Bacteria were related to Dissolved
Organic Carbon (DOC) in the lower aquatic sites,
but phosphorus in the upper aquatic. This is likely
due to the input of bioavailable carbon in the upper
aquatic leading bacteria to be P limited, which
changes downstream to carbon limitation as DOC
becomes more refractory (Hitchcock and Mitrovic
2015).

Although the carbon (DOC) and the nitrogen
were not significant (t- test) in both sites, but they
were used for nutrient of sediment bacteria, so they
influenced on bacterial abundance in both area.
The phosphorus in both sediment could be the
most influential on bacterial abundance, because it
was a limiting factor for bacterial growth. Bacterial
abundance had been considered by carbon and
phosphorus as limiting factors in their habitat
of aquatic environment, especially phosphorus
for bacterioplankton. Increasing of available
phosphorus, total carbon, and total nitrogen in
aquatic environment make increasing of bacterial
abundance.

Sediment pH in both area were no significant
differences, although soil pH of SBO sample was
higher than those of SBF sample relatively. This
condition could be considered by liming on the
plantation while receive the run off from oil
plantation soil.

Similarly in soil, total carbon and C:N ratio of
freshwater sediment were lower in oil palm soils
than in forest area, suggesting that in this case
other factors that impact on acid specific bacteria,
such as pH, had a strong role might have had on the
copiotropic bacteria, like as Proteobacteria (Lee-
Cruz et al. 2013). The plantation run off had been
run away with inorganic fertilizer (agricultural
lime and phosphorous fertilizer for agricultural

management) to downstream sediment. They
changed increasing soil pH even though no
significant differences between both areas.
Available P in both sites were high - excellent
range that reserve of available P in slightly acidic
to alkaline soils, possible adverse effects to water
quality from erosion of high P soils.

Phosphorus is the second important key element
after nitrogen as a mineral nutrient in terms of
quantitative primer productivity requirement.
Although abundant in water column, its availability
is restricted as it occurs mostly in insoluble forms.
A substantial number of bacterial species exhibit
P solubilization capacity. Available P in site SBF
increased nutrient quantity of sediment bacteria at
forest area. They impacted to increase on diversities
and abundances of soil bacteria in site SBF rather
than that in site SBO relatively.

A similar in the bacterial diversity was observed
between the two sites, SBF and SBO, suggesting
that these two soil systems are not different with
diverse soil properties. The data obtained clearly
demonstrated that the population of bacteria
isolated from sediment of site SBF had slight high
diversity, when compared with that from soils of
site SBO. The slight differences in the sediment
bacterial diversity might be explained by the slight
differences in the concentration of TC, TN, and AP.
Previous studies have shown that TC, TN, AP, pH,
and oxic condition are important regulators of
bacterial community composition and activities
in the tropical forest and their transformation as
oil palm plantation area (Tripathi et al. 2012), (Lee-
Cruz et al. 2013), (Tripathi et al. 2013), (Mishra et al.
2014). In this study, freshwater sediment in both
areas were included oxic and micro-oxic condition,
because of stream water and shallow creek.

The depth of sampling sediments was about
5 - 20 cm under water surfaces of stream river
in both areas. The sediments had been micro-
oxic condition, so the range of dissolved oxygen
(DO) concentration could be approach by level
concentration of DO in shallow stream river at
the low land area. The DO level in the low land
rivers as interstitial pore water were about 4 mg/L
(Krause et al. 2013). The values can be included in
low oxygen concentration in water column.

Availability of C, N, and P make microbiological
processes in sediment of forest and oil palm
plantation optimally. They acts as binding agent
for microbial biofilm and sediment aggregate (Wei
et al. 2011). Sediment pH considered the highest
diversity close to neutral pH values (Tripathi et al.



2012). Sediment pH in this study for both areas was
acidic (pH 4.5-4.9), so that impacted to increase
acidic bacteria composition.

The higher concentrations of inorganic nutrients
in freshwater sediment at forest area (Table 1) was
on the shifts in benthic microbial communities
caused by natural decomposition of organic matter
in aquatic sediment at the lowland forest. This
study also showed that decreased concentrations of
nitrogen total and available phosphorus associated
with plantation run off decline benthic bacterial
numbers (Figure 2). The toxic compounds may
also be present in the effluent, and these may have
inhibited bacterial populations. Toxic compounds
of pesticides in the effluent could contribute to
the reduction in bacterial diversity and species
richness at the downstream locations of oil palm
plantation area (Lu and Lu 2014). Moreover, rural
effluent caused an increase in carbon of the
sediment downstream of a rural creek in plantation
area. However, decreases in the population size
of sediment bacterial communities were also
found in the plantation area. This indicated that
toxic chemicals from effluents probably played
major roles in biotic homogenization of sediment
bacterial ecosystem (Lu and Lu 2014).

Five genera dominated in both two sites were
included to Acidobacteria phylum. The dominant
bacterial phyla from both of two areas were
Acidobacteria. Jones et al. (2009) suggested that a
strong influence of pH on microbial communities.
Sediment or soil pH is also a strong predictor
of acidobacterial abundance and community
composition in the habitat (Jones et al. 2009).
Similar with soil composition, in sediment, the
relative abundances of Gammaproteobacteria were
positively correlated with soil N and C content,
while acidobacterial relative abundance was
correlated with pH factors (Waldrop et al. 2000),
(Nemergut et al. 2010). Acidobacteria are also
strongly influenced by pH, favoring soils with pH
of 4 (Zavarzin et al. 1991; Wargner et al. 1993).
Secondary forest sediment had lower pH (4.50 +
0.56) than oil palm plantation soils (4.80 + 0.10),
probably promoting Acidobacterial abundance. But,
the Acidobacteria in oil palm plantation sediment
were more abundance than in forest sediment, in
contrast the Proteobacteria in forest sediment were
more abundance than in oil palm plantation. There
were influent from rural and oil palm plantation
to downstream. Bacterial community shift in the
oil palm plantation sediment were influenced by
the domestic and agrochemical pollutant. So, the
acidobacterial abundance increased while bacterial
diversity of plantation sediment decreased.
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Mechanisms by which water table influences
microbial communities are likely to be different in
a depth profile, depending on oxygen availability.
In the oxic-zones, low water-table sites undergo
more pronounced cycles of drying and wetting
compared to high-water-table sites. Drying and
wetting of peat leads to alternating aerobic and
anaerobic physiological responses of the microbes.
Thus, drying-wetting process selectively enriches
those resilient members of microbial communities
that can tolerate these changes both in physical
environment and physiological functions. Examples
of such successful resilient bacterial taxa are
Actinobacteria and Firmicutes that have a very
thick peptidoglycan layer to with stand changes
in the physical environment and adapt to a broad
range of oxygen availability (Mishra et al. 2014).

Proteobacteria might play an important role
in water self-purification. The implication is that
the a-, B-, and y -Proteobacteria differ in their
nutritional requirements, with the y —-Proteobacteria
favored where substrate concentrations are high
(Zavarzin et al. 1991; Wargner et al. 1993). Sites
of this study had low carbon and nitrogen content
(Table 1). Briee et al. (2007) showed that beta- and
alpha-Proteobacteria were much more abundant
in sediment than in plankton libraries, with the
alpha-Proteobacteria nearly absent from water
samples. Most delta-Proteobacteria are sulfate
reducers; they are abundant and play a cardinal
role in anoxic settings, including meromictic and
anoxic lakes (Briee et al. 2007). Sequencing the DNA
of the recovered clones revealed a high prevalence
of the Proteobacteria phylum (57% of analyzed
sequences) (Peixoto et al. 2011). In contrast
with Peixoto statement, Gamma-proteobacteria
being the fewest abundant group, followed by
Deltaproteobacteria, Betaproteobacteria and Alpha-
proteobacteria, because limited inorganic and
organic compound were in aquatic sediment at both
sites. Alpha-, Beta-proteobacteria and Cytophaga-
Flavobacteria were influenced by pH, conductivity
and temperature as well as by inorganic and
organic carbon compounds, whereas phosphorous
compounds and nitrate showed specific influence
on single bacterial groups. These results can be
used to predict future bacterial group shifts, and
potential ecosystem functioning, in the landscapes
under environmental transformation (Freimann et
al. 2014). Beta- and partly Alpha-proteobacteria are
often predominant in sediments in lower elevation
streams (Kloep et al. 2006; Brablcova et al. 2013).

Betaproteobacteria has been described as a
diverse group dominating freshwater systems
of different oligotrophic states and are highly
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competitive at the initial state of biofilm
development. Betaproteobacteria also have
been shown to be involved in the degradation
of pollutants, and thus may provide beneficial
ecosystem functions within the floodplains.
Indeed, precipitation driven pollutant inputs
may favor Betaproteobacteria. Biofilm bacterial
assemblages in urban rivers have been shown
to be dominated by Betaptoteobacteria and
Cytophaga-Flavobacteria, which may be linked to
their pollution load (Freimann et al. 2014). The
alpha-proteobacteria composition taxa was more
associated with phenanthrene. The phenanthrene,
16 PAH (polyaromatic hydrocarbon) and specific
anthracene PAH, were more associated with
the Actinobacteria group. These composition
data are important for guiding the choice of
potential groups for further bioremediation or for
approaches to monitoring each type of pollutant
in aquatic sediment ecosystems as similar
to mangrove ecosystem (Peixoto et al. 2011).
Alphaproteobacteria became more dominant at
acidic to intermediate pH (Griffiths et al. 2011)
in soil and aquatic sediment areas. This class
had more genera than others because of their
capability to survive in acidic soil and degrade
herbicide. Similar with oil palm plantation soil,
the freshwater sediment contained herbicide for
treating unwanted vegetation surrounding areas.

The highest genera in phylogenetic tree (Figure 7
and 8) is Burkholderia. Burkholderia is one genus of
genera of Betaproteobacteria, similar with in both
sediment areas. In study of culturable bacteria,
genera of Burkholderia were the most population
of bacterial isolates from both areas, forest and
oil palm plantation soil freshwater sediment
(Wijayanti et al. 2014). Suarez-Moreno et al. (2012)
found that the Burkholderia genus comprises 62
validly described species, and their taxonomy has
been continuously revised. Two main clusters may
be distinguished within the genus Burkholderia. One
cluster comprises the B. cepacia complex (BCC), the
“pseudomallei” group, and plant pathogens, as well
as endosymbiotic species from phytopathogenic
fungi. The second cluster contains non-pathogenic
Burkholderia species associated with plants and/
or the environment. The non-pathogenic plant-
associated species could, therefore, constitute a
single clade which contains closely related species
(Suarez-Moreno et al. 2012). Burkholderia from
this group are mostly associated beneficially with
plants, although some species may also survive
in sediments and bulk soil. Remarkably, several
species from this group can convert atmospheric

nitrogen to ammonia via biological nitrogen
fixation (BNF). In addition, most of them are
catabolically versatile enabling them to degrade
recalcitrant compounds, and thus to survive in
environments with limited nutrient availability.
They tolerate acidity and have a strategy involving
both tolerance to abiotic stress factors (Stopnisek et
al. 2013). Strains of the genus Burkholderia occupy
a wide range of ecological niches and have versatile
properties of bioremediation and biocontrol
(Coenye and Vandamme 2003). Bacterial sediment
of streamline at oil palm plantation area must be
more tolerance to ecological stress from pollutants
(pesticides and fertilizers), mill tailings, and village
activities around stream run off (Sheaves 2014).

There were seven genera which were found in
both areas, such as: Undibacterium, Curvibacter,
Variovorax, Caenimonas, Pelomonas, Ideonella,
Commamonadaceae  uncultured bacterium,
and Alcaligenaceae uncultured bacterium in
Burkholderiales. They play a crucial role in various
biogeochemical processes in aquatic. Undibacterium
is one genus of 13 genera which included in family
Oxalobacteraceae, order Burkholderiales, class
Betaproteobacteria. The members of the family
are heterotrophic and nonspore-forming gram-
negative bacteria. They are mesophilic with the
exception of some psychrophilic species. The cells
are characteristically Gram-staining-negative,
oxidase-positive, rod-shaped, motile by a single
polar flagellum and chemo-heterotrophic (Sheu
et al. 2014). The predominant habitat of the
Undibacterium genus is the water and soil (Kim
et al. 2014).

The genus Curvibacter was a Gram-negative,
heterotrophic, aerobic, curved rod-formed
bacteria. At present, genus Curvibacter comprises
three recognized species, the type species
Curvibacter gracilis, Curvibacter delicatus (formerly
[Aquaspirillum] delicatum), and Curvibacter
lanceolatus (formerly [Pseudomonas] lanceolata)
(Ding and Yokota 2010). The major characteristics
of the genus Curvibacter are the cell shape is
slightly curved rods, the flagella arrangement is
polar or none, they are aerobic or micro-aerobic,
the colony pigmentation is yellow-brown (Ding
and Yokota 2010). The genome of a Curvibacter
bacterial species that is stably associated with
Hydra magnipapillata and the Chlorella (Bosch
2012).

Cells of Variovorax are motile using flagella and
occur as single cells or in pairs. Variovorax is Gram-
negative and oxidase and catalase positive. The
genus is aerobic or facultative anaerobic, and cells



are generally able to store poly (3-hydroxybutyric
acid) as an intracellular carbon source for periods
in which extracellular carbon sources are scarcely
available (Satola et al. 2013). Caenimonas are
Gram-negative, strictly aerobic, non-motile rods
bacteria. Catalase- and oxidase-positive. Nitrate
is reduced to nitrite and thiosulfate is oxidized to
sulfate. No aerobic chemoautotrophic growth with
hydrogen as substrate. This genus was isolated from
activated sludge performing enhanced biological
phosphorus removal in a sequencing batch reactor
(Ryu et al. 2008). Pelomonas is betaproteobacteria
for anaerobic benzene biodegradation similar with
Pseudomonas, while aerobic bacteria for benzene
biodegradation include Pseudomonas, Comamonas,
Alcaligenes, Acinetobacter and Burkholderia spp.
(Liou et al. 2008). Freshwater sediment in forests
and their transformation, oil palm plantation, have
microaerophilic condition for bacterial growth.
They contain several anthrophogenic pollutant.
Microaerobic and anaerobic of benzene degrading
bacteria play a crucial role for biodegradation
process in water table and or water sediment.
Ideonella is the chlorate-respiring bacterium and
a facultative anaerobe bacteria that can use both
oxygen and chlorate as terminal electron acceptors.
Chlorate (CIO*") and perchlorate (CIO*) are toxic
compounds, mostly of anthropogenic origin, which
have been released into soils and waters (Lindqvist
et al. 2015). This condition almost occurred in
stream of forest and oil palm plantation area as
domestic run off.

In aquatic sediment of forest and oil palm
plantation area, the special genera of bacteria
were Burkholderia.  The Burkholderia genus
includes species whose ecological properties
can differ enormously from each other, and new
species colonizing amazingly different habitats
are continuously discovered (Paganin et al.
2011). The genus is one of cultivable bacteria
and important bacteria which multifunction for
human and environment welfare. Acidobacteria
and Proteobacteria were the most dominant phyla
in oil palm plantation and forest aquatic sediment
areas, respectively, because of anthropogenic
run off. The genera of alphaproteobacteria and
betaproteobacteria dominated in genera phylotype
of bacterial 16S rRNA genes phylogenetic revealed
both sediment of forest and oil palm plantation.
The bacterial community shift in aquatic sediment
of forest transformation indicated higher bacterial
diversity index, richness index, some of phyla and
genera in aquatic sediment from forest than from
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oil palm plantation. It was caused by plantation
management, such as agricultural lime, herbicide,
and others handling oil palm plantation.
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