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Abstract. Rosariastuti R, Sutami, Nugraha S, Amanto BS. 2023. Bacterial diversity in the western slopes of Mount Lawu, Karanganyar,
Indonesia. Biodiversitas 24: 2125-2133. Bacteria are an essential ecosystem component that is critical in nutrient recycling. Mount
Lawu is an ecosystem with various habitats supporting bacterial growth. This region contains a diverse range of bacteria that has
received little attention. This study aimed to investigate the bacterial biodiversity on Mount Lawu's western slopes of Karanganyar
District, Central Java Province, Indonesia based on land use differences. There are five land uses including vegetable plantations, paddy
fields, residential, mixed land, and forests. This study is exploratory-descriptive; the survey method and exploration technique are
employed. Then, the Next Generation Sequencing (NGS) approach was administered to identify the type of bacteria. This research
revealed more than 10 phylum and 28 species of bacteria. The diversity index (H") value was 8.80 for Vegetable plantations, 8.50 for
paddy fields, 8.26 for mixed land, 8.10 for residential, and 7.66 for forests, with the highest bacterial diversity index in vegetable
plantations. The bacterial diversity incorporates the phylum Proteobacteria, Methylomirabillota, Firmicutes, Actinobacteria,
Verrucomicrobiota, Acidobacteriota, Bacteroidota, Myxococcota, Chloroflexi, and others. Phylum Proteobacteria was dominant in each
land use, followed by Phylum Actinobacteria. The bacterial diversity on Mount Lawu's western slope was high. This study's findings are

useful as a database (information) on microbial biodiversity in Central Java.
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INTRODUCTION

Biodiversity is a significant study as it is closely
associated with human life as a part of the living system
(Frac et al. 2018). In the study of biodiversity, Indonesia is
frequently incorporated in the country being discussed
since it is a country that is tremendously rich in biological
resources (Keong 2015). Indonesia is assumed as one of the
largest archipelagic countries; hence it has become a
significantly important country in terms of biodiversity in
the world (Duha and Saputro 2022). Indonesia possesses
the second highest biodiversity wealth after Brazil
(Rohman et al. 2019). Furthermore, Indonesia also owns
more than 38,000 species (Arifin and Nakagoshi 2011).

Regarding species diversity, Indonesia has the world's
most diverse palm species, with over 400 species of
Dipterocarpaceae wood (the entire commercial wood
species in Southeast Asia), approximately 25,000 flowering
plants, and various Indonesian fauna that ranks first in the
world. Mammal species richness (515 species, 36% of
which are endemic) and swiftlet butterfly species richness
(121 species, 44% of which are endemic) are among the
highest rank. In addition, the diversity of reptile species is
ranked third (more than 600 species). Indonesia is also
ranked fourth in bird species richness (1,519 species, 28%
of which are endemic), fifth in amphibian species richness
(over 270 species), and seventh in flowering flora (Keong
2015). Therefore, biodiversity information is required in

natural resource management to maintain the sustainability
of species use, explore biological potentials, monitor
species and their ecology, make policies, and develop
biotechnology innovations (Angelina et al. 2018).

Biodiversity is vital in  ecosystem stability,
encompassing humans as an ecosystem component.
Therefore, biological resources must be utilized wisely
(Tilman et al. 2014; Rosariastuti et al. 2022). The higher
the level of biodiversity, the more stable the ecosystem
was. However, the research on diversity is still deficient,
particularly in the diversity of microorganisms (especially
bacteria). Soil microorganisms play an essential role in
enhancing the chemical and biological conditions of the
soil, specifically soil structure and soil fertility in general,
as well as other processes supporting human life to provide
a better quality of life (Singh et al. 2011). The above-
mentioned functions, services, and products of biodiversity,
as well as the magnitude of the resulting economic value,
will not be acquired sustainably unless the resources
themselves are managed sustainably (Bennett et al. 2015).
For example, the natural forests surrounding Mount Lawu
have a low plant species diversity but a high density. This
condition causes the environment in that location to
become wet and humid, making it ideal for the growth of
various organisms, including bacteria.

A moist tropical forest is a place rich in a diversity of
bacteria and fungi. Therefore, the development of the
National Park at Mount Lawu must be enhanced by
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generating biodiversity conservation centers to become an
integrated biodiversity conservation area (Setyawan 2001).
In addition, this research is exploratory-descriptive
research. Therefore, the survey method is employed in this
study, along with technique exploration. This exploratory,
descriptive research type aims to collect specimens,
describe, identify, classify, and inventory the overall data
on bacterial diversity obtained in this study. The western
slope of Mount Lawu is divided into vegetable plantations,
paddy fields, mixed land, residential, and forests. Purposive
random sampling was employed in selecting sample points
for each land cover. Therefore, this study is a useful
database (information) of microbial biodiversity in the
Greater Solo Region.

MATERIALS AND METHODS

Sample collection

This exploratory, descriptive study was carried out in
2021. The survey method was implemented in this study,
along with the exploration technique. This survey focused
on five land uses on Mount Lawu's West Slope, located in
the Samin watershed of Karanganyar Regency, Central
Java Province, Indonesia (7° 39" 17,793 South Latitude and
111° 03" 31,149 East Longitude). Vegetable plantations,
paddy fields, mixed land, residential, and forests are the
study sites. Purposive random sampling was employed to
determine sample points for each land cover. This method
was utilized to identify sample points for each land use
based on an overlay of a map of soil type distribution, a
map of slopes, and a map of land use. Moreover, random
sampling was carried out during this study.

Sampling

Soil samples were collected on April 2021 and it was
conducted following the research sample point. After
cleaning the soil surface, a soil tester was used to measure
pH and moisture. Meanwhile, a soil drill was utilized to
collect soil samples from the rhizospheric soil at a depth of
20 cm. Soil samples were placed in sterile containers,
stirred with a spatula, and kept in a cooler place. The
samples were obtained under sanitary conditions and
brought to the laboratory.

Extraction of genome DNA

Total genome DNA from samples was extracted using
CTAB/SDS method. DNA concentration and its purity were
monitored on 1% agarose gel. Therefore, following the
concentration, DNA was diluted to Ing/puL using sterile water.

Amplicon generation

ITS genes of distinct regions (ITS1/ITS2, Arc V4) were
amplified using a specific primer with the barcode. All
PCR reactions were carried out with Phusion® High-
Fidelity PCR Master Mix (New England Biolabs).

PCR products quantification and qualification
Mix the same volume of 1X loading buffer (containing
SYB green) with PCR products and conduct

BIODIVERSITAS 24 (4): 2125-2133, April 2023

electrophoresis on 2% agarose gel for detection. Samples
with the bright main strip between 400-450bp were
selected for further experiments.

PCR products mixing and purification

PCR products were mixed in equidensity ratios. Then,
the mixture of PCR products was purified with Qiagen Gel
Extraction Kit (Qiagen, Germany).

Library preparation and sequencing

Sequencing libraries were generated using the
NEBNext Ultra DNA Library Pre ® Kit for Illumina,
following the manufacturer's recommendations and adding
the index codes. Next, the library quality was assessed on
the Qubit@ 2.0 Fluorometer (Thermo Scientific) and
Agilent Bioanalyzer 2100 system. At last, the library was
sequenced on an Illumina platform, and 250 bp paired-end
reads were generated.

Data analysis

The paired-end reading was performed based on its
unique barcode, and the barcode and primary sequence
were then cut. FLASH (V1.2.7) was utilized to perform
paired-end reads; this is an accurate analytical tool in
paired-end readings when multiple reads overlap with reads
resulting from opposite ends of DNA with the same
fragment, and the splicing sequences are identified as raw
tags. According to Qiime, quality screening of raw tags
was conducted under special screening conditions to obtain
high-quality clean tags (V1.7.0). Tags were compared to
the reference-based SILVA database to detect chimera
sequences using the UCHIME algorithm. The chimera
sequence was then removed, leaving only the effective tag.
The Uparse software was employed for sequence analysis
with all effective tags. If a sequence has 97% similarity, the
same OTU is assigned. Each OTU was subjected to
representative screening to obtain a more detailed
explanation. The Qiime in Mothur method was applied to
the SSUrRNA SILVA database for species annotations at
each taxonomic rank in regular series (kingdom, phylum,
class, order, family, genus, species). This method could
quickly compare multiple rows to obtain phylogenetic
relationships for all OTU representative sequences.
Operational Taxonomical Units (OTU) normalization was
conducted using a standard sequence  number
corresponding to the minor order sample. Furthermore,
alpha diversity was analyzed to determine the complexity
of biodiversity in the sample through the Shannon index.
The diversity index in the model was calculated by QIIME
(ver 1.7.0).

Bacterial diversity index

The species diversity index was calculated by the
Shannon of General Diversity formula (Odum 1993; Rahim
et al. 2023):

Species diversity index

(H) = - (ni N) log (ni N)

Where:

Ni = Significance index of type i

N = Total value of the significant index
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The amount of the species diversity index following
Shannon-Wiener was defined as follows (Fachrul 2007):
1. If H> 3 indicates a high level of bacterial diversity.
2. If 1 H 3 indicates a moderate level of bacterial diversity
3. If H< 1lindicates that the level of bacterial diversity is low

RESULTS AND DISCUSSION

Relative abundance of bacteria in various land layers

The relative abundance of soil bacteria in Mount Lawu
was studied on five land uses: vegetable plantation, paddy
fields, residential, mixed land, and forest, divided into
upper and lower slopes and upper and lower layers. Figure
1 depicts the relative abundance of soil bacteria in Mount
Lawu.

Diversity based on bacterial phylum revealed
differences in the number of phylum and the relative
abundance of each phylum in various land uses (Figure 1).
The diversity of bacterial phylum obtained from the results
of NGS analysis on the western slopes of Mount Lawu is
more than 10 phylum, including Proteobacteria,
Methylomirabilota, Firmicutes, Actinobacteria,
Verrucomicrobia, Acidobacteriota, Bacteroidota,
Myxococcota, Chloroflexi, and others. The top 9 genera
found were Streptomyces, Bacillus, Rokubacteriales,
Bradyrhizobium, Methylotenera, Massilia, Acinetobacter,
Lysobacter, and Candidatus Udaeobacter. The dominant
species were Bacillus funiculus, Bradyrhizobium elkanii,
and Lysobacter dokdonensis, with a relative abundance of
2.70%, 1.23%, and 0,66%, respectively. The proteobacteria
phylum has the highest relative density. Proteobacteria are
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bacteria that come in various shapes (Simek et al. 2005).
Proteobacteria are divided into chemoautotrophic purple
bacteria, chemoautotrophic Proteobacteria, and
chemoheterotrophic  Proteobacteria.  Chemoautotrophic
purple bacteria, as the name implies, are typically purple,
red, brown, or orange (Hanada 2003). Purple bacteria are
photoautotrophic  organisms  with  chlorophyll  and
carotenoids. Thus they can produce food through
photosynthesis (Mirkovic et al. 2017). Chemoautotroph
Proteobacteria are bacteria that can produce food using the
energy from chemical reactions. Some chemoheterotrophic
proteobacteria are anaerobic. They are also facultative
bacteria that can live in the absence or presence of oxygen.
Some of these bacteria are dangerous such as Salmonella is
an example of a harmful bacteria that can cause food
poisoning. Proteobacteria predominate in all land uses. The
population of Proteobacteria is substantially greater in the
surface layer of soils and gradually decreases with depth;
individual Proteobacteria strains can be discovered in all
soil layers. Proteobacteria are numerous, widespread in
soil, and abundant compared to bacteria. As a first
responder, Proteobacteria is expected to be sensitive to
environmental factors (Shin et al. 2015).

The most extensively administered index in
determining species diversity is the Shanon wiener index
(H". A better H’ value indicates a higher species diversity.
The Shanon wiener index value follows the number of
individuals in the bacterial species. Based on the diversity
index, the variety on the western slope of Mount Lawu is
classified as high. The diversity index is demonstrated in
Table 1.

Cthers
B Myxococcota
Bacteroidota
B Mathylomirabilota
Chlorcflex
Acidobacteriota
B Crenarchascta
Varrucomicrobiota
B Firmicutes
B Actinobacteriota
B Protacbacteria

PERRIIFFFOCITPIOIPFCF L
Sample Name

Figure 1. Relative density of soil bacteria in various land layers, (A) Vegetable plantation; (B) Paddy fields (C) Residential; (D) Mixed
land; (E) Forest; 1: Top slope, the top layer; 2: Top slope, the bottom layer; 3: Bottom slope, the top layer; 4: Bottom slope, the bottom

layer
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Table 1. The index diversity of soil bacteria in various land layers

Group Index diversity Category
Al 8.19 High
A2 8.95 High
A3 10.33 High
Ad 7.71 High
B1 9.59 High
B2 7.00 High
B3 9.74 High
B4 7.68 High
C1 7.98 High
C2 8.14 High
C3 8.29 High
C4 8.02 High
D1 7.90 High
D2 7.61 High
D3 9.67 High
D4 7.89 High
E1 7.77 High
E2 7.22 High
E3 8.91 High
E4 6.77 High

Notes: (A) Vegetable plantation; (B) Paddy fields (C) Residential;
(D) Mixed land; (E) Forest; 1: Top slope, the top layer; 2: Top
slope, the bottom layer; 3: Bottom slope, the top layer; 4: Bottom
slope, the bottom layer

The diversity of bacteria on the western slope of Mount
Lawu is illustrated in Table 1 by the H' value, which is in
the high category. The more valuable a variety, the more
types are produced, which is highly dependent on the total
value of the individuals of each type or genera. When all
individuals come from different genera or species, diversity
(H) has the highest value. In contrast, the value is the
smallest of all individuals from the same genus or species.
If the H' value is greater than 3.0, the sample has increased
diversity and very high productivity, indicating heavy
pressure, and the ecosystem is stable, according to Fachrul
(2007). The results of this study confirm that the
environmental conditions on the western slope of Mount
Lawu are tremendously stable.

Relative abundance of bacteria in various land uses

The diversity of phylum based on Phylum Taxa shows
differences in the number of phylum and the relative
abundance of each phylum at the five land uses. Figure 2
depicts the relative abundance of taxa within phylum.

Based on Figure 2, it can be seen that the diversity of
phylum in each land use is more than 10 phylum. For
example, the diversity of phylum in Vegetable plantation
(A) in the order of greatest to smallest relative abundance
includes  Proteobacteria  (0.330%), Actinobacteriota
(0.272%), Firmicutes (0.093%), Acidobacteriota (0.069%),
Chloroflexi (0.047%), Myxococcota (0.025%),
Bacteroidota (0.022%), Methylomirabilota (0.017%),
Verrucomicrobiota (0.004%), and others (0.026%). In
Paddy fields (B), including Proteobacteria (0.333%),
Actinobacteriota  (0.251%),  Firmicutes  (0.136%),
Acidobacteriota ~ (0.069%),  Chloroflexi  (0.051%),
Myxococcota (0.021%), Verrucomicrobiota (0.021%),
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Bacteroidota (0.015%), Methylomirabilota (0.009%), and
others (0.015%). Residential (C) includes Actinobacteriota
(0.307%), Proteobacteria (0.303%), Acidobacteriota
(0.076%), Chloroflexi (0.056%), Firmicutes (0.038%),
Methylomirabilota (0.034%), Myxococcota (0.013%),
Bacteroidota (0.006%), Verrucomicrobiota (0.001%), and

others (0.015%). In Mixed land (D), they include
Proteobacteria  (0.321%), Actinobacteriota (0.268%),
Acidobacteriota ~ (0.076%),  Chloroflexi  (0.044%),
Firmicutes  (0.031%), Methylomirabilota  (0.031%),
Myxococcota (0.022%), Bacteroidota ~ (0.009%),

Verrucomicrobiota (0.003%), and others (0.011%). In
Forest (B), include Proteobacteria  (0.436%),
Actinobacteriota (0.189%), Verrucomicrobiota (0.103%),
Acidobacteriota  (0.083%), Firmicutes  (0.040%),
Methylomirabilota (0.032%), Myxococcota (0.029%),
Chloroflexi (0.017%), Bacteroidota (0.003%), and others
(0.007%).

Moreover, the phylum Proteobacteria dominates in
every land use except Residential. Proteobacteria share the
trait of being Gram-negative bacteria with lipopoly-
saccharides in their outer membrane. Proteobacteria are the
most numerous phylum in the bacterial domain. Many
Proteobacteria use flagella to move, but some are immobile
or rely on bacterial glide (Cavalier-Smith 2006). The
phylum Proteobacteria was divided into six classes
(previously considered a subclass) based on phylogenetic
analysis of the 16S rRNA gene: Alphaproteobacteria,
Betaproteobacteria, Gammaproteobacteria, Deltaproteo-
bacteria, Epsilonproteobacteria, and Zetaproteobacteria.
Many common pathogens are discovered in the phylum
Proteobacteria: for example, the Brucella and Rickettsia
genera belong to the Alphaproteobacteria class, Bordetella
and Neisseria to the Betaproteobacteria class, Escherichia,
Shigella, Salmonella, and  Yersinia to the
Gammaproteobacteria class, and Helicobacter to the
Epsilobacteria class (Rizzatti et al. 2017). Based on Figure
3, Proteobacteria revealed on the western slopes of Mount
Lawu are the class Alphaproteobacteria with the genus
Bradyrhizobium as much as 1.23% and
Gammaproteobacteria 52.82% with the division of the
genus  Methylotenera  1.69%, Massilia  20.33%,
Acinetobacter 0.07%, Lysobacter 30.72%.

Actinobacteria is the most abundant in residential land
use and the second most in any land use. Most Gram-
positive bacteria belong to the Actinobacteria phylum.
They can be either terrestrial or aquatic in the world. They
are economically significant to humans because agriculture
and forests rely on their contribution to the soil system.
They help decompose dead organisms' organic matter in
the soil, allowing plants to retrieve molecules (Barka et al.
2016). Some soil actinobacteria (such as Frankia) live
symbiosis with plants whose roots seep into the soil. They
could bind nitrogen to plants instead of access to some
plant saccharides (Santi et al. 2013). Other Mycobacterium
species, like many others in the genus, are pathogens.
Many species of actinomycete bacteria exist, including
Streptomyces sp. and Kitasatospora sp. A Streptomyces
genus was revealed in this study; Rice growth and yield can
be increased by Streptomyces sp. These bacteria were
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found to have the hormone IAA, which promotes cell
extension or division (Abd-Alla et al. 2013). This bacterial
group can also produce antibiotic compounds such as
polyketides, PB-lactams, and peptides. These antibiotics
have antifungal, antitumor, and immunosuppressive
properties (Adeghoye and Babalola 2013). The antibiotic
Kasugamycin produced by Streptomyces kasugaensis
encompasses bactericidal and fungicidal (Gohain et al.
2020). In addition, Firmicutes is one of the edges in which
bacteria are classified. This phylum comprises three classes
(Bacilli, Clostridia, and Erysipelotrichia), 26 families, and
223 genera, making it the main bacterial phylum (Galperin
et al. 2022). These bacteria are classified in this phylum
due to sharing common evolutionary history. All possess
rigid cell walls, from which Firmicutes derives (in Latin,
Firmus means firm and skin see skin or cell wall). The
genus found in this phylum is Bacillus.

Based on its distribution Figure 4, Proteobacteria are
extensively dominated in paddy fields> mixed land > forest
> residential > vegetable plantations. Methylomirabilota is
discovered in mixed land > forest> residential > vegetable
plantations > paddy fields. Firmicutes are employed in
paddy fields > forests >vegetable plantations > residential>
mixed land. Actinobacteria have been utilized on mixed
land > vegetable plantations > forest > paddy fields.
Verrucomicrobiota is used for forest > paddy fields >
mixed land. Paddy fields are a focal environment in
which redox conditions are determined by the balance
between rice roots' reduction and oxidation capacity and
the production of C root compound compounds, which
provide an energy source for microbial growth (Wei et al.
2019). The inundation of paddy fields alters the microflora
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in the soil. In some countries, bacteria predominate in
inundated soils. At the same time, fungi and actinomycetes
predominate in dry land.

Shanon Weiner Diversity Index on various land uses

The results of the Shanon Weiner Diversity Index
research on the western slopes of Mount Lawu, conducted
on five land uses, encompassing Vegetable plantations,
Paddy fields, Residential, Mixed land, and Forest, are
demonstrated in Figure 5.

The diversity of bacteria on the western slope of Mount
Lawu is high. The Shannon-Wiener diversity index
analysis reveals that if bacterial species have a greater
number of individuals, with a total of all individuals
proportional to the number of individuals of each species,
the diversity value will be higher. The Shannon-wiener
diversity index (H') ranges between 7.66 - 8.80, classified
as high. The diversity index (H') value is 8.80 for vegetable
plantations, 8.50 for paddy fields, 8.26 for mixed land, 8.10
for residential, and 7.66 for the forest, with the vegetable
plantation having the highest bacterial diversity index
(Figure 5). The higher the diversity value of an area, the
more stable the community (Ouyang et al. 2021). The
diversity of a species can change rapidly in an ecosystem.
The high diversity of species shows the balance of the
ecosystem; conversely, low species diversity indicates that
the ecosystem is experiencing stress or pressure. This study
revealed it appears that there is a tendency that land use
that has undergone land use change to have decreased
diversity, especially in forest land use.

Cthers
B Myxococcota
Bacteroidota
B Mathylomirabilota
Chioraflex
Acidobactariota
B Crenarchasota
Varrucomicrobiota
M Firmicutes
W Actinobacteriota
B Protachacteria

Group Name

%

Figure 2. Histogram of the relative abundance of soil bacteria in various land uses, (A) Vegetable plantation; (B) Paddy fields (C)

Residential; (D) Mixed land; (E) Forest
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Figure 4. Taxonomy tree of the group, (A) Vegetable plantation; (B) Paddy fields (C) Residential; (D) Mixed land; (E) Forest
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Figure 5. The value of the Shannon-Wiener diversity index (H')
on various land uses, (A) Vegetable plantation; (B) Paddy fields
(C) Residential; (D) Mixed land; (E) Forest

In conclusion, the diversity of bacteria on Mount
Lawu's western slope is classified as high. The diversity
index value (H') for vegetable plantations was 8.80, 8.50
for paddy fields, 8.26 for mixed land, 8.10 for residential,
and 7.66 for forests, with vegetable plantations having the
highest bacterial diversity index. According to these
results, there are more than ten phylum and 28 species of
bacteria. Proteobacteria, Methylomirabillota, Firmicutes,
Actinobacteria, ~ Verrucomicrobiota,  Acidobacteriota,
Bacteroidota, Myxococcota, Chloroflexi, and other phylum
are among the bacteria. The phylum Proteobacteria was
dominant in each land use, followed by the phylum
Actinobacteria. The findings of this study may be utilized
to create a database (information) about microbial
biodiversity in the Solo area.

ACKNOWLEDGEMENTS

The author would like to thank P2M for PNBP funds
from Universitas Sebelas Maret, Surakarta, Indonesia

REFERENCES

Abd-Alla MH, El-Sayed ESA, Rasmey HM. 2013. Indole-3-acetic acid
(IAA) production by Streptomyces atrovirens isolated from
rhizospheric soil in Egypt. J Biol Earth Sci 3 (2): B182-B193.

Adegboye MF, Babalola OO. 2013. Actinomycetes: a yet inexhaustive
source of bioactive secondary metabolites. In: Méndez-Vilas A (eds.).
Microbial Pathogens and Strategies for Combating Them: Science,
Technology and Education.

Angelina WJ, Wati M, Tejawati A, Budiman E. 2018. Biodiversity
information system for management of medicinal plants data tropical
rainforest Borneo. Intl J Eng Technol 7 (4.44): 31. DOI:
10.14419/ijet.v7i4.44.26858.

Arifin HS, Nakagoshi N. 2011. Landscape ecology and urban biodiversity
in tropical Indonesian cities. Landsc Ecol Eng 7 (1): 33-43. DOI:
10.1007/s11355-010-0145-9.

Barka EA, Vatsa P, SanchezL, Gaveau-Vaillant N, Jacquard C, Meier-
Kolthoff JP, Klenk HP, Clément C, Ouhdouch Y, van Wezel GP.

BIODIVERSITAS 24 (4): 2125-2133, April 2023

2016. Taxonomy, physiology, and natural products of actinobacteria.
Microbiol Mol Biol Rev 80 (4): 1-43. DOI: 10.1128/MMBR.00019-
15.

Bennett EM, Cramer W, Begossi A, Cundill G, Diaz S, Egoh BN,
Geijzendorffer IR, Krug CB, Lavorel S, Lazos E, Lebel L, Martin-
Lépez B, Meyfroidt P, Mooney HA, Nel JL, Pascual U, Payet K,
Harguindeguy NP, Peterson GD, Woodward G. 2015. Linking
biodiversity, ecosystem services, and human well-being: three
challenges for designing research for sustainability. Curr Opin
Environ Sustain 14: 76-85. DOI: 10.1016/j.cosust.2015.03.007.

Cavalier-Smith T. 2006. Rooting the tree of life by transition analyses.
Biol Dir 1: 1-83. DOI: 10.1186/1745-6150-1-19.

Duha J, Saputro GE. 2022. Blue economy Indonesia to Increase National
Income through the Indian Ocean Rim Association (IORA) in the
order to empower the world maritime axis and strengthen state
defense. JMKSP (Jurnal Manajemen, Kepemimpinan, dan Supervisi
Pendidikan) 7 (2): 514. DOI: 10.31851/jmksp.v7i2.7915. [Indonesian]

Fachrul NF. 2007. Bioecological sampling method. Bumi aksara, Jakarta.
[Indonesian]

Frac M, Hannula SE, Belka M, Jedryczka M. 2018. Fungal biodiversity
and their role in soil health. Front Microbiol 9: 1-9. DOI:
10.3389/fmicb.2018.00707.

Galperin MY, Yutin N, Wolf YI, Vera Alvarez R, Koonin EV. 2022.
Conservation and evolution of the sporulation gene set in diverse
members of the Firmicutes. J Bacteriol 204 (6): e0007922. DOI:
10.1128/jb.00079-22.

Gohain A, Manpoong C, Saikia R, De Mandal S. 2020. Actinobacteria:
diversity and biotechnological applications. In: Recent Advancements
in Microbial Diversity. Elsevier Inc. DOIl: 10.1016/B978-0-12-
821265-3.00009-8.

Hanada S. 2003. Filamentous anoxygenic phototrophs in hot springs.
Microbes Environ 18 (2): 51-61. DOI: 10.1264/jsme2.18.51.

Keong CY. 2015. Sustainable resource management and ecological
conservation of mega-biodiversity: the southeast asian big-3 reality.
Intt J Environ Sci Dev 6 (11): 876-882. DOI:
10.7763/1JESD.2015.V6.715.

Mirkovic T, Ostroumov EE, Anna JM, Van Grondelle R, Govindjee
Scholes GD. 2017. Light absorption and energy transfer in the
antenna complexes of photosynthetic organisms. Chem Rev 117 (2):
249-293. DOI: 10.1021/acs.chemrev.6b00002.

Odum EP. 1998. Fundamentals of ecology, third edition, translation:
Tjahyono Samingan. Gadjah Mada University Press, Yogyakarta.
[Indonesian]

Ouyang S, Xiang W, Gou M, Chen L, Lei P, Xiao W, Deng X, Zeng L, Li
J, Zhang T, Peng C, Forrester DI. 2021. Stability in subtropical
forests: The role of tree species diversity, stand structure,
environmental and socio-economic conditions. Glob Ecol Biogeogr
30 (2): 500-513. DOI: 10.1111/geb.13235.

Rahim A, Soeprobowati TR, Putranto TT. 2023. Assessment of mangrove
biodiversity and community structure as a basis for sustainable
conservation and management plan in Tambakbulusan, Demak,
Central Java. AACL Bioflux 16 (2): 753-767.

Rizzatti G, Lopetuso LR, Gibiino G, Binda C, Gasharrini A. 2017.
Proteobacteria: A Common Factor in Human Diseases. BioMed Res
Intl 12 (1): 1-7. L DOI: 10.1155/2017/9351507.

Rohman F, Rahyu LS, Hari UD, Purwanto, Juma Y, Nur AS, Annisa Y.
2019. The utilization of plant diversity by Tengger tribe around
Bromo Tengger Semeru National Park, East Java, Indonesia. 10P
Conf Ser: Earth Environ Sci 276: 012042. DOl 10.1088/1755-
1315/276/1/012042.

Rosariastuti R, Sutami, Sumani, Hartati S. 2022. Analysis of bacterial
community from the rhizosphere of shallots (Allium ascalonicum L.)
in Brebes, Central Java, using Next Generation Sequencing (NGS)
approach. 0P Conf Ser: Earth Environ Sci 1114: 012065.

Santi C, Bogusz D, Franche C. 2013. Biological nitrogen fixation in non-
legume plants. Ann Bot 111 (5): 743-767. DOI: 10.1093/aob/mct048.

Setyawan AD. 2001. Review: Possibilities of Mount Lawu to be a
National ~ Park.  Biodiversitas 2 (2): 163-168. DOI:
10.13057/biodiv/d020207.

Shin NR, Whon TW, Bae JW. 2015. Proteobacteria: Microbial signature
of dysbiosis in gut microbiota. Trends Biotechnol 33 (9): 496-503.
DOI: 10.1016/j.tibtech.2015.06.011.

Simek K, Horfiak K, Jezbera J, Masin M, Nedoma J, Gasol JM, Schauer
M. 2005. Influence of top-down and bottom-up manipulations on the
R-BT065 subcluster of [B-proteobacteria, an abundant group in



ROSARIASTUTI et al. — Biodiversity of microorganisms 2133

bacterioplankton of a freshwater reservoir. Appl Environ Microbiol Tilman D, Isbell F, Cowles JM. 2014. Biodiversity and ecosystem

71 (5): 2381-2390. DOI: 10.1128/AEM.71.5.2381-2390.2005. functioning. Annu Rev Ecol Evol Syst 45: 471-493. DOI:
Singh JS, Pandey VC, Singh DP. 2011. Efficient soil microorganisms: A 10.1146/annurev-ecolsys-120213-091917.

new dimension for sustainable agriculture and environmental Wei X, Zhu Z, Wei L., Wu J, Ge T. 2019. Biogeochemical cycles of key

development. Agric Ecosyst Environ 140 (3-4): 339-353. DOI: elements in the paddy-rice rhizosphere: Microbial mechanisms and

10.1016/j.agee.2011.01.017. coupling processes. Rhizosphere 10: 100145. DOL:

10.1016/j.rhisph.2019.100145.



