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Abstract. Geraldi A, Fatimah, Ramadhan R, Ni’matuzahroh, Suwito H, Wijaya NH, Virdaus YZ, Fadhilah RH, Rahman A, Riyadi L. 

2025. Exploring the bacteriome of Etlingera balikpapanensis for potential biofertilizer development and conservation strategies. 

Biodiversitas 26: 2548-2555. Etlingera balikpapanensis, an endangered and endemic plant species from the rainforests of East 

Kalimantan, Indonesia, faces significant threats due to habitat loss and environmental changes. Conservation strategies for this species 

are limited, and there is an urgent need for innovative approaches to enhance its survival, particularly in ex-situ environments. One 

promising avenue is the development of biofertilizers derived from beneficial microbial communities. These Plant Growth-Promoting 

Bacteria (PGPB), which exist in both endophytic and rhizospheric environments, can improve nutrient uptake, enhance stress tolerance, 

and protect against pathogens. We used high-throughput 16S rRNA gene sequencing to characterize the endophytic and rhizospheric 

bacterial communities associated with E. balikpapanensis. We identified 1,183 Operational Taxonomic Units (OTUs) from plant tissues 

and soil samples. Among these, we found bacterial species known for their plant growth-promoting properties, including Pantoea 

dispersa and Kluyvera intermedia in plant tissues, as well as Burkholderia pyrrocinia, and Bradyrhizobium elkanii in soil samples. 

These potential microbes, with their proven plant growth-promoting properties, offer hope for the conservation of E. balikpapanensis. 

They can be used in biofertilizer formulation that could support the species' survival by improving its resilience to environmental 

stresses. The identification of such microbial communities offers a foundation for developing sustainable conservation practices that 

leverage natural symbiotic relationships. Future efforts should focus on isolating and characterizing these bacterial strains for 

experimental biofertilizer applications, aiming not only to enhance the growth of E. balikpapanensis, but also to aid the conservation of 

other endangered species within the Zingiberaceae family. 
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INTRODUCTION 

Etlingera balikpapanensis A.D. Poulsen, commonly 

known as Balikpapan ginger, is an endangered and 

endemic species of the Zingiberaceae family, native to the 

rainforests of East Kalimantan, Indonesia (Robiansyah et 

al. 2021). Like other members of the Etlingera genus, this 

plant holds significant ecological, medicinal, and cultural 

value. It is particularly known for its unique aromatic 

properties and has been utilized by local communities for 

traditional culinary and medicinal purposes (Manurung et 

al. 2019). This genus is rich in bioactive compounds, 

including flavonoids, phenolics, and terpenoids, which 

contribute to their anti-inflammatory, antioxidant, and 

antimicrobial activities (Al-Mansoub et al. 2021; Tan et al. 

2023; Koch et al. 2024). For instance, extracts from several 

Etlingera species have shown strong antimicrobial effects 

against common pathogens, highlighting their potential in 

pharmaceutical applications (Sahidin et al. 2022; Ferreira et 

al. 2025). Despite its ecological and medicinal importance, 

the distribution of E. balikpapanensis is limited to only two 

locations near Balikpapan, East Kalimantan, Indonesia 

(Robiansyah et al. 2021), making it prone to habitat 

destruction, deforestation, and climate change. This species 

is categorized as endangered; thus, conservation efforts are 

considered critical. 

The role of endophytic and rhizospheric bacteria in the 

conservation of endangered plants has increasingly gained 

recognition since it has shown the potential to increase 

plant growth, stress tolerance, and resilience (Rigg et al. 

2017; Dutta et al. 2021). Microbial communities contribute 

to plant health by promoting nutrient acquisition, producing 

phytohormones, and protecting against pathogens (Compant 

et al. 2019). For instance, endophytic bacteria increase 

plant growth by affecting crucial factors such as 

improvement in nitrogen fixation, hormone production, and 

phosphate solubilization (Santoyo et al. 2016). These 

microbial interactions are not only beneficial for plant 

growth but also contribute to the plant's ability to withstand 

environmental stresses such as drought, salinity, and heavy 
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metal contamination. Research on the endophytic bacterial 

communities of E. balikpapanensis remains limited. The 

only study conducted to date successfully isolated bacterial 

strains, including Micrococcus luteus and Bacillus cereus, 

which exhibited antibacterial activity against human 

pathogenic bacteria (Fatimah et al. 2024). However, other 

members of the family, such as Alpinia officinarum Hance, 

Amomum compactum Roem. & Schult., and Curcuma 

longa L., host diverse microbial communities, including 

Plant Growth-Promoting Bacteria (PGPB) like Bacillus, 

Methylobacterium, and Priestia. These bacteria enhance 

plant growth through mechanisms such as phosphate 

solubilization, nitrogen fixation, and production of 

phytohormones like Indole-3-Acetic Acid (IAA) 

(Gamalero and Glick 2019). For example, A. officinarum 

endophytes produce chitinase and β-glucanase, which aid 

in biocontrol, while A. compactum bacteria exhibit anti-

phytopathogenic activity (Li et al. 2015; Geraldi et al. 

2024). Co-inoculation of C. longa with Bacillus megaterium 

and arbuscular mycorrhizal fungi improves soil health and 

bacterial diversity, further supporting plant growth 

(Sarathambal et al. 2022). These findings highlight the 

potential of PGPB in Zingiberaceae species to enhance 

plant resilience and productivity, which is essential for 

endangered plants like E. balikpapanensis. 

A case study by Boanares et al. (2024) involving the 

threatened plant species from Amazon forest, Carajasia 

cangae R.M.Salas, E.L.Cabral & Dessein, demonstrated 

the potential of microbial communities in plant conservation. 

The research indicated that endophytic and rhizospheric 

bacteria, including Bacillus, Planococcus, and Lysinibacillus, 

contributed to a reduction in the germination time of this 

species, ultimately enhancing seedling yield. Similarly, the 

endangered Solanum fernandezianum Phil. showed increased 

seed germination rate through the symbiotic relationships 

with Serratia, Raoultella, and Pseudomonas (Carrasco-

Fernández et al. 2020). These findings align with other 

studies, such as those on Abies hickelii Flous & Gaussen 

and Abies religiosa (Kunth) Schltdl. & Cham., where 

biopriming with PGPB like Pseudomonas fluorescens and 

Bacillus subtilis improved germination rates up to 91% and 

68%, respectively, without compromising growth (Zulueta-

Rodríguez et al. 2015). Additionally, research on Pinus 

squamata X.W.Li emphasized the importance of soil 

properties and native microbial communities, such as 

Bradyrhizobium and Burkholderia-Caballeronia 

Paraburkholderia, in enhancing plant health and growth in 

both wild and conservation settings (Li et al. 2024). These 

examples collectively underscore the critical role of PGPB 

and microbial interactions in improving germination, 

growth, and resilience of threatened plant species, offering 

valuable strategies for conservation and sustainable 

propagation efforts. 

Given the critical conservation status of E. 

balikpapanensis and the lack of prior research on its 

associated bacterial communities, it is plausible that this 

plant hosts beneficial endophytic and rhizospheric bacteria 

that contribute to growth promotion and environmental 

adaptability. Understanding these bacterial communities is 

essential for developing innovative biofertilizer formulations 

that can support ex-situ conservation and improve the 

resilience of this endangered species. To explore this 

possibility, we employed high-throughput 16S rRNA gene 

sequencing to comprehensively characterize the bacterial 

communities associated with E. balikpapanensis. This 

approach enables the identification of Plant Growth-

Promoting Bacteria (PGPB) that may facilitate nutrient 

acquisition, stress tolerance, and pathogen resistance. By 

elucidating the composition and potential functions of these 

bacteriomes, our study aims to provide foundational 

knowledge that can inform sustainable conservation 

strategies, including the formulation of biofertilizers tailored 

to E. balikpapanensis. Ultimately, these efforts will not 

only contribute to the preservation of this endemic species 

but also enhance our broader understanding of plant-

microbe interactions within the Zingiberaceae family, 

paving the way for novel biofertilizer developments and 

sustainable agricultural practices (Fadiji and Babalola 

2020). 

MATERIALS AND METHODS 

Genomic DNA extraction 

Plant samples (whole leaf, aerial stem, and rhizome) of 

E. balikpapanensis, as well as the rhizospheric soil from a 

depth of 30 cm around the root zone of E. balikpapanensis 

were collected from 17 locations within the Balikpapan 

Botanical Garden, East Kalimantan, Indonesia (01°07.823'S 

to 01°07.960'S and 116°51.321'E to 116°51.515'E) in 

October 2019. Leaf, stem, and rhizome samples were 

subjected to surface sterilization using ethanol, followed by 

a mercury chloride (HgCl) solution (Boanares et al. 2024) 

to eliminate surface contaminants. Genomic DNA was then 

isolated from the sterilized plant tissues and the rhizospheric 

soil with the ZymoBIOMICS DNA Miniprep Kit (Zymo 

Research, Cambridge, UK). The concentration of the 

extracted DNA was quantified using a NanoDrop 

spectrophotometer and a Qubit fluorometer (Thermo Fisher 

Scientific, Waltham, MA, USA). DNA integrity and purity 

were confirmed through agarose gel electrophoresis, with 

the gel images captured using the Gel-Doc EZ imaging 

system (Bio-Rad, California, USA). 

16S rRNA gene amplicon sequencing 

The extracted genomic DNA was processed with 

dilution using sterile deionized water until it reached 1 

ng/μL concentration. The samples were sent to Novogene 

AIT Genomics, Singapore, for high-throughput amplicon 

sequencing targeting the V3-V4 hypervariable regions of 

the 16S rRNA gene. The V3-V4 region was amplified with 

PCR by utilizing the 341F forward primer (5’-

CCTAYGGGRBGCASCAG-3’) and the 806R reverse 

primer (5’-GGACTACNNGGGTATCTAAT-3’), along 

with Phusion® High-Fidelity PCR Master Mix (New 

England Biolabs) (15). The obtained PCR products were 

utilized to generate sequencing libraries according to the 

protocol set by the manufacturing company (Ion Plus 

Fragment Library Kit, Thermo Fisher Scientific). Next, the 

quality of the libraries was inspected using a Qubit® 2.0 
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Fluorometer (Thermo Fisher Scientific), and sequencing 

was done on an IonS5TM XL platform (Thermo Fisher 

Scientific). 

Bioinformatics analysis 

After sequencing, the paired-end reads were processed 

with demultiplexing according to sample-specific barcodes. 

The sequences containing the primer and barcode were 

trimmed. The resulting reads were merged using the 

FLASH software (v1.2.7) (Fadiji and Babalola 2020). The 

raw sequences were subjected to quality filtering using 

QIIME (v1.7.0) (Yang et al. 2023) to ensure high-quality 

data. Any potential chimeric sequences were identified and 

removed by comparing the data against the Gold reference 

database by the UCHIME algorithm (Singh et al. 2021). 

Further processing of clean sequences was done using the 

UPARSE pipeline (Singh et al. 2020), where Operational 

Taxonomic Units (OTUs) were clustered with a sequence 

similarity threshold of 97%. 

Taxonomic classification of representative sequences of 

each OTU was performed using the MOTHUR software 

package against the SILVA ribosomal RNA gene database 

(Lv et al. 2022; Ansari et al. 2024), with a confidence 

threshold of 0.8-1. Alignments were generated with the 

MUSCLE software (v3.8.31) to analyze phylogenetic 

relationships among OTUs (Çelik and Sevim 2022). Next, 

several alpha diversity metrics were calculated, i.e., Chao1, 

observed species, Abundance-Based Coverage Estimator 

(ACE), Shannon and Simpson index, using QIIME (v1.7.0) 

and visualized through R software.  

RESULTS AND DISCUSSION 

The identification results showed a total of 1,171 

Operational Taxonomic Units (OTUs) found in the soil 

samples, which was significantly higher compared to the 

OTUs found in plant tissue samples (396 in rhizomes, 371 

in stems, and 299 in leaves). All rarefaction curves showed 

a gradual saturation with increasing sequencing depth, 

covering the full diversity of the microbial community in 

all four samples. The rarefaction analysis indicated distinct 

OTU abundance patterns across the plant tissues and soil 

samples (Figure 1.A). The plant tissues shared 193 species 

out of a total of 466 species, while 89, 81, and 51 species 

were unique to rhizomes, stems, and leaves, respectively 

(Figure 1.B). Of the total bacterial species observed in the 

plant sample, 84.98% were present in rhizomes, 79.61% in 

stems, and 89.6% in leaves. 

The bacterial community diversity was expressed in 

Shannon and Simpson diversity indices that combine the 

number of species present with their relative abundance 

(Fang et al. 2015). Other indices (observed species, Chao1, 

and ACE) account for species richness. The bacterial 

community in rhizomes was the most diverse among the 

other samples, while leaves displayed the lowest values 

(Table 1). 
 

 

Table 1. Five alpha diversity indices of bacterial community 

found in rhizospheric soil and plant tissues (rhizome, stem, and 

leaves) of Etlingera balikpapanensis 
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Stem 371 3.489 0.845 437.750 444.982 

Leaves 299 2.541 0.675 358.304 374.302 

 

 

 

 
 

Figure 1. The result of operational taxonomic units analysis. A. Rarefaction curves of operational taxonomic units of rhizospheric soil 

and plant tissues (rhizome, stem, and leaves) of Etlingera balikpapanensis; B. Shared species among plant tissues in E. balikpapanensis 

A B 
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The most abundant bacterial phyla found in plant and 

soil samples are shown in Figure 2.A. Proteobacteria, a 

Gram-negative phylum, were the most dominant in all 

plant tissue (rhizome 96.46%, stem 93.37%, and leaf 

95.46%) and soil samples (47.51%). In addition to 

Proteobacteria, the soil samples contained relatively high 

proportions of Acidobacteria (29.72%) and Actinobacteria 

(9.91%). In the plant tissues, Firmicutes was the second 

most abundant phylum (2-3%), while other phyla were 

present in proportions below 1%. At the family level, the 

endophytic bacterial communities in plant tissues were 

dominated by Enterobacteriaceae, followed by 

Pseudomonadaceae (Figure 2.B). As expected, the soil 

samples exhibited higher bacterial family diversity, with 

Acidobacteriaceae and Burkholderiaceae being the most 

dominant. 
 

 

 

 
 

 
 

 
 

Figure 2. The relative abundance of bacterial: A. Phylum; B. 

Family; C. Genus in plant tissues (rhizome, stem, leaves) and 

rhizospheric soil samples of Etlingera balikpapanensis 

 

The dominant genera found in all plant tissue samples 

were relatively similar, although their relative abundance 

differed between plant tissues. The five most dominant 

genera in plant tissue samples were Pseudomonas, Pantoea, 

Lelliottia, Raoultella, and Stenotrophomonas (Figure 2.C). 

However, some specific genera were only found in specific 

tissue types, i.e., Comamonas and Paenibacillus were 

unique to rhizomes, Serratia and Lactococcus were 

dominant in stems, and Acinetobacter and Bacillus were 

specific to leaves (Figure 2.C). In soil samples, the most 

dominant genus was Burkholderia-Paraburkholderia 

(Figure 2.C). Besides that, Pseudomonas and Pantoea were 

also present in soil and plant tissues (Figure 2.C). 

Pantoea dispersa and Pantoea sp. At-9b were among 

the most dominant species in plant tissues and rhizosphere 

soil (Table 2). Unique dominant species in the rhizome 

included Comamonas testosteroni and Paenibacillus 

amylolyticus; in the stem, Serratia marcescens and 

Lactococcus lactis were dominant; Kluyvera intermedia 

was dominant in rhizome and stem samples; while in the 

leaf sample, S. marcescens, Acinetobacter sp., and Bacillus 

aerophilus were prevalent (Table 2). Dominant species in 

the soil included Bradyrhizobium elkanii, Burkholderia 

pyrrocinia, and Escherichia coli. These findings are consistent 

with previous culture-based studies that isolated endophytic 

bacteria from E. balikpapanensis, including Bacillus 

species from leaves (Fatimah et al. 2024). Moreover, some 

of the genera identified here have been reported as 

endophytes in other plants of the Zingiberaceae family. For 

instance, Pseudomonas species with anti-phytopathogenic 

activity have been isolated from C. longa, Zingiber officinale 

Roscoe, and Etlingera species (Rosli et al. 2024). Similarly, 

Pantoea, Kluyvera, and Stenotrophomonas have been 

reported as endophytes in Amomum species and Alpinia 

melichroa (Sulistiyani et al. 2021).  
 

 

Table 2. The five most dominant bacterial species in plant tissues 

(rhizome, stem, leaves) and rhizospheric soil samples of Etlingera 

balikpapanensis 

 

Sample Species 
Relative abundance 

(%) 

Rhizome Pantoea sp, At-9b 15.14 

Pantoea dispersa 4.53 

Comamonas testosteroni 2.99 

Kluyvera intermedia 2.16 

Paenibacillus amylolyticus 1.29 

Stem Pantoea sp, At-9b 26.69 

Pantoea dispersa 9.02 

Serratia marcescens 2.31 

Lactococcus lactis 1.67 

Kluyvera intermedia 1.64 

Leaves Pantoea dispersa 52.35 

Acinetobacter sp, NIPH_2171 6.03 

Pantoea sp, At-9b 3.11 

Bacillus aerophilus 0.90 

Serratia marcescens 0.72 

Soil Bradyrhizobium elkanii 4.12 

Burkholderia pyrrocinia 2.59 

Pantoea sp, At-9b 0.76 

Pantoea dispersa 0.69 

Escherichia coli 0.57 
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Discussion 

The bacterial communities identified within the tissue 

and rhizosphere of E. balikpapanensis exhibit multiple 

functional traits characteristic of Plant Growth-Promoting 

Bacteria (PGPB), highlighting their potential applications 

as biofertilizers. These bacteria contribute to plant health 

and growth through various mechanisms, including 

nitrogen fixation, phosphate solubilization, production of 

phytohormones such as Indole-3-Acetic Acid (IAA), and 

biocontrol activities against phytopathogens. Among the 

predominant taxa identified, Pseudomonas, Pantoea, 

Burkholderia, and Paenibacillus are renowned for their 

beneficial interactions with plants.  

Pseudomonas species are known for their ability to 

produce siderophores and antimicrobial compounds, 

enhancing nutrient availability and plant resistance to 

pathogens (Hariprasad et al. 2014; Sulochana et al. 2014). 

Pantoea spp. have been recognized for their role in 

biological nitrogen fixation and phytohormone synthesis 

(Singh et al. 2021; Lorenzi et al. 2022). Burkholderia spp., 

particularly those from the plant-associated beneficial 

clades, contribute to nutrient mobilization and plant defense 

responses (Mannaa et al. 2019; Elshafie and Camele 2021). 

Paenibacillus spp. are noted for their biocontrol properties 

and their ability to facilitate phosphorus solubilization, 

making them valuable candidates for biofertilizer 

development (Daud et al. 2019; Din et al. 2020). 

Among the identified bacterial communities, Pantoea 

species, particularly P. dispersa, stand out as a dominant 

endophytic and rhizospheric bacteria associated with E. 

balikpapanensis. This prevalence is noteworthy given the 

well-established roles of Pantoea in plant growth 

promotion through multiple mechanisms. Specifically, 

Pantoea is recognized for its capacity to fix atmospheric 

nitrogen, solubilize phosphate, and synthesize 

phytohormones, such as Indole-3-Acetic Acid (IAA), 

which collectively enhance root growth and overall plant 

development (Singh et al. 2021; Yang et al. 2023). These 

bacteria are often found in plant-associated environments, 

where they contribute to improved nutrient acquisition and 

trigger plant defense responses against phytopathogens via 

the production of antimicrobial compounds (Singh et al. 

2020). A Pantoea species, Pantoea agglomerans, a closely 

related species, has been successfully employed as a 

biofertilizer in diverse agricultural systems, demonstrating 

its ability to increase plant biomass and crop yield (Lv et al. 

2022; Ansari et al. 2024). The prominence of P. dispersa in 

the E. balikpapanensis bacteriome, coupled with the 

proven biofertilizer potential of other Pantoea species, 

underscores the potential for harnessing this bacterium to 

enhance the sustainable cultivation of E. balikpapanensis. 

Kluyvera intermedia, a dominant species identified in 

the rhizome and stem of E. balikpapanensis, plays a 

significant role in plant-microbe interactions, particularly 

in promoting plant health and enhancing soil fertility. This 

bacterial species is widely recognized for its ability to 

suppress fungal plant pathogens through the production of 

antimicrobial compounds, and exhibits insecticidal 

properties, further contributing to plant protection, making 

it a valuable biocontrol agent in natural and agricultural 

ecosystems (Çelik and Sevim 2022; Shrestha et al. 2023). 

Beyond its biocontrol potential, K. intermedia also plays a 

crucial role in plant growth promotion by facilitating 

nutrient acquisition. Its ability to fix atmospheric nitrogen 

and solubilize phosphate enhances soil nutrient availability, 

which is particularly beneficial in nutrient-deficient or 

degraded environments (Li et al. 2024). 

Serratia marcescens, a prevalent endophytic bacterium 

colonizing the stems and leaves of E. balikpapanensis. 

While it is known to act as an opportunistic pathogen in 

humans, particularly in immunocompromised individuals, 

it also exhibits significant Plant Growth-Promoting (PGP) 

properties that make it a valuable candidate for agricultural 

applications. Notably, S. marcescens actively solubilizes 

both phosphorus (P) and zinc (Zn) from insoluble forms in 

the plant tissues and surrounding environment, thereby 

significantly enhancing the bioavailability of these crucial 

nutrients, which are often limiting factors for plant growth 

(Matteoli et al. 2018). Furthermore, it synthesizes Indole-3-

Acetic Acid (IAA), a key phytohormone that plays a 

pivotal role in stimulating root development, cell 

elongation, and overall plant growth and architecture 

(Zhang et al. 2022). Iron (Fe) acquisition, essential for 

various plant metabolic processes, is facilitated by S. 

marcescens via the production of siderophores, high-

affinity iron-chelating compounds. In addition, this 

bacterium produces ACC deaminase, which reduces 

ethylene levels in plants under stress, thereby promoting 

stress tolerance (Selvakumar et al. 2008). These 

multifunctional PGP traits collectively highlight the 

potential of specific S. marcescens strains as promising 

bioinoculants for sustainable agricultural practices. 

However, before widespread application, rigorous research 

is imperative to fully characterize the specific strains 

inhabiting E. balikpapanensis, to assess their pathogenic 

risks to humans and other organisms comprehensively, and 

to develop appropriate mitigation strategies to ensure safe 

and effective utilization.  

Burkholderia pyrrocinia and B. elkanii, which are 

dominant species in the rhizosphere of E. balikpapanensis, 

also exhibit plant growth-promoting activities. B. pyrrocinia 

can enhance soil fertility by fixing atmospheric nitrogen 

into a form usable by plants, thus improving the nitrogen 

content of the soil (Madhaiyan et al. 2010). This bacterium 

also produces various growth-promoting compounds and 

siderophores, which chelate iron and make it available to 

plants, ensuring the iron needs in poor soil are fulfilled 

(Han et al. 2021). It also shows antifungal activity, helping 

build plant resistance against soil-borne pathogen attacks 

(Yu et al. 2023). B. elkanii is also a rhizobial species 

known for its beneficial effects on plant growth, such as 

facilitating nitrogen fixation (Lu et al. 2017; Leng et al. 

2023) producing exopolysaccharides that improve soil 

aggregation and moisture retention in arid and semi-arid 

environments (Bharti et al. 2023), also producing plant 

growth regulators (Nakei et al. 2022). Although this species 

is primarily associated with legumes, its ability to enhance 

nutrient uptake and improve soil structure can benefit 

various plants, including Zingiberaceae.  
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The bacterial communities identified through NGS 

analysis in E. balikpapanensis and its rhizosphere offer 

significant potential for biofertilizer development. The 

insights provided by the NGS data allow for a targeted 

approach to isolate and utilize PGPB. Genera such as 

Pantoea, Pseudomonas, Burkholderia, Paenibacillus, and 

Bradyrhizobium, which were dominant in the rhizosphere 

and plant tissues, are well-known for their beneficial 

effects on plant growth and resilience. The information 

provided by the NGS data allows for more efficient 

isolation of these bacteria and their use as biofertilizers, 

which will aid in the conservation of E. balikpapanensis. 

By leveraging the NGS data, selective isolation 

methods can be applied to obtain key PGPB. For example, 

B. elkanii and B. pyrrocinia identified in the bacterial 

community are important nitrogen fixers, and their 

isolation can be carried out using nitrogen-free culture 

media to select bacteria with nitrogen fixation capabilities 

(Geraldi et al. 2024). These targeted approaches increase 

the chances of isolating effective PGPB for biofertilizer 

applications. 

Functional screening of isolated bacteria can further 

validate their plant growth-promoting abilities. Isolation 

can be followed by screening of selected key traits such as 

phosphate solubilization, siderophore production, or 

phytohormone synthesis. For instance, P. dispersa, one of 

the dominant genera found in this study, is known to 

solubilize phosphate and produce IAA (Cui et al. 2023; 

Tariq et al. 2023). Similarly, K. intermedia, another species 

identified in the plant tissues, has been reported to improve 

nutrient uptake and enhance root growth (Saha et al. 2013). 

Screening these isolates for such traits will help identify the 

most effective PGPB candidates for biofertilizer formulation. 

Once key strains have been identified and screened, 

they can be tested for their efficacy as biofertilizers. Trials 

involving isolated strains like Pseudomonas, Pantoea, and 

Paenibacillus have demonstrated positive effects on plant 

growth in other species, including their ability to increase 

biomass and nutrient uptake (Glick 2012). In a similar 

approach, PGPB strains isolated through NGS data have 

been tested as biofertilizers for various plant species, 

showing significant improvements in plant yield and soil 

nutrient levels (Mokabel et al. 2022; Anbarasan et al. 

2024). For example, in sugar beet (Beta vulgaris), 16S 

rRNA metabarcoding guided the isolation of bacterial 

strains such as Acinetobacter calcoaceticus and Bacillus 

australimaris, which exhibited multiple plant-beneficial 

traits, including phosphate solubilization and biocontrol 

activity against pathogens like Fusarium oxysporum 

(Tomić et al. 2023). Studies on the model grass 

Brachypodium distachyon further illustrated how 

metabarcoding identifies core root microbiome members, 

such as Bacillus and Rhodococcus strains, which enhanced 

shoot biomass by up to 40% in gnotobiotic systems (Pille et 

al. 2024). 

Additionally, biofertilizers developed from indigenous 

bacterial communities hold significant promise for the 

conservation of E. balikpapanensis. Indigenous PGPBs, 

such as those identified in this study, are well adapted to 

the local environment and are more likely to thrive under 

the specific soil and climatic conditions of East 

Kalimantan. This local adaptation ensures better soil health 

and plant resilience, thereby supporting the long-term 

conservation of this endangered species (Kumar et al. 

2022). 

This study represents the first comprehensive 

characterization of the endophytic and rhizospheric 

bacterial communities associated with E. balikpapanensis 

using high-throughput 16S rRNA gene sequencing. We 

identified a diverse array of bacterial taxa, including key 

plant growth-promoting genera such as Pseudomonas, 

Pantoea, Burkholderia, and Paenibacillus, which have 

been widely reported to enhance nutrient uptake, stress 

tolerance, and pathogen resistance in various plant systems. 

The detection of these beneficial microbes in both plant 

tissues and surrounding soils underscores their potential for 

development into biofertilizer formulations specifically 

tailored to support the growth and conservation of this 

endangered species. Compared to related studies on other 

Zingiberaceae members, the microbial diversity observed 

here is notable, with over 1,100 Operational Taxonomic 

Units (OTUs) detected, highlighting the rich bacteriome 

that could be harnessed for sustainable conservation efforts. 

Importantly, leveraging these microbial communities in ex-

situ conservation programs could improve the resilience of 

E. balikpapanensis to environmental stresses, thereby 

enhancing survival rates outside its natural habitat. 

However, this study is limited by its reliance on amplicon 

sequencing, which provides taxonomic but limited 

functional resolution; thus, future work should prioritize 

isolating and experimentally characterizing the most 

promising bacterial strains to validate their plant growth-

promoting activities and biofertilizer efficacy. Additionally, 

environmental variability and seasonal dynamics were not 

addressed here, which may influence microbial community 

composition and function. Overall, our findings provide a 

foundational framework for integrating microbiome-based 

strategies into conservation and agricultural practices, not 

only for E. balikpapanensis but also for other endangered 

plant species, thereby contributing to biodiversity preservation 

and sustainable ecosystem management. 

ACKNOWLEDGEMENTS 

This research was funded by Universitas Airlangga, 

East Java, Indonesia, via the “Hibah Penelitian Riset Grup” 

(contract number 347/UN3.14/PT/2020). 

REFERENCES 

Al-Mansoub MA, Asif M, Revadigar V, Hammad MA, Chear NJ, 

Hamdan MR, Majid AM, Asmawi MZ, Murugaiyah V. 2021. 

Chemical composition, antiproliferative and antioxidant attributes of 
ethanolic extract of resinous sediment from Etlingera elatior (Jack.) 

inflorescence. Braz J Pharm Sci 57: 1-11. DOI: 10.1590/s2175-

97902020000418954. 
Anbarasan S, Sharma K, Waoo AA, Sachan K. 2024. Advancements in 

biofertilizers for pulse crops: From single-strain inoculants to 

microbiome-based technologies. Plant Sci Arc 9 (2): 23-25. DOI: 
10.51470/PSA.2024.9.2.23. 



 BIODIVERSITAS  26 (5): 2548-2555, May 2025 

 

2554 

Ansari FA, Ahmad I, Pichtel J, Husain FM. 2024. Pantoea agglomerans 

FAP10: A novel biofilm-producing PGPR strain improves wheat 

growth and soil resilience under salinity stress. Environ Exp Bot 222: 
105759. DOI: 10.1016/j.envexpbot.2024.105759. 

Bharti A, Maheshwari HS, Garg S, Anwar K, Pareek A, Satpute G, 

Prakash A, Sharma MP. 2023. Exploring potential soybean 
bradyrhizobia from high trehalose-accumulating soybean genotypes 

for improved symbiotic effectiveness in soybean. Intl Microbiol 26 

(4): 973-987. DOI: 10.1007/s10123-023-00351-3. 
Boanares D, Cardoso AF, Escobar DF, Costa KJ, Bitencourt JA, Costa 

PH, Ramos S, Gastauer M, Caldeira CF. 2024. The impact of 

rhizospheric and endophytic bacteria on the germination of Carajasia 
cangae: A threatened Rubiaceae of the Amazon Cangas. 

Microorganisms 12 (9): 1843. DOI: 10.3390/microorganisms12091843. 

Carrasco-Fernández J, Guerra M, Castro JF, Bustamante L, Barra-Bucarei 
L, Ceballos R, Fernández N, Edgington S, France A. 2020. Plant 

growth promoting rhizobacteria from Juan Fernández archipelago 

improve germination rate of endangered plant Solanum fernandezianum 
Phil. Chil J Agric Res 80 (1): 41-49. DOI: 10.4067/s0718-

58392020000100041. 

Çelik T, Sevim A. 2022. Bacterial pathogens from Diprion pini L. 
(Hymenoptera: Diprionidae) and their biocontrol potential. Biologia 

77: 3001-3013. DOI: 10.1007/s11756-022-01161-0. 

Compant S, Samad A, Faist H, Sessitsch A. 2019. A review on the plant 
microbiome: Ecology, functions, and emerging trends in microbial 

application. J Adv Res 19: 29-37. DOI: 10.1016/j.jare.2019.03.004. 

Cui Y, Zhao Y, Cai R, Zhou H, Chen J, Feng L, Guo C, Wang D. 2023. 
Isolation and identification of a phosphate-solubilizing Pantoea 

dispersa with a saline–alkali tolerance and analysis of its growth-

promoting effects on silage maize under saline–alkali field conditions. 
Curr Microbiol 80 (9): 291. DOI: 10.1007/s00284-023-03408-8. 

Daud NS, Din ARJM, Rosli MA, Azam ZM, Othman NZ, Sarmidi MR. 

2019. Paenibacillus polymyxa bioactive compounds for agricultural 
and biotechnological applications. Biocatal Agric Biotechnol 18: 

101092. DOI: 10.1016/j.bcab.2019.101092. 

Din ARJM, Rosli MA, Azam ZM, Othman NZ, Sarmidi MR. 2020. 

Paenibacillus polymyxa role involved in phosphate solubilization and 

growth promotion of Zea mays under abiotic stress condition. Proc 
Natl Acad Sci India Sect B Biol Sci 90: 63-71. DOI: 10.1007/s40011-

019-01081-1. 

Dutta S, Na CS, Lee YH. 2021. Features of bacterial microbiota in the 
wild habitat of Pulsatilla tongkangensis, the endangered “long-sepal 

donggang pasque-flower plant,” endemic to karst topography of 

Korea. Front Microbiol 12: 656105. DOI: 10.3389/fmicb.2021.656105. 
Elshafie HS, Camele I. 2021. An overview of metabolic activity, 

beneficial and pathogenic aspects of Burkholderia spp. Metabolites 

11 (5): 321. DOI: 10.3390/metabo11050321 
Fadiji AE, Babalola OO. 2020. Elucidating mechanisms of endophytes 

used in plant protection and other bioactivities with multifunctional 

prospects. Front Bioeng Biotechnol 8: 467. DOI: 
10.3389/fbioe.2020.00467. 

Fang RS, Dong YC, Chen F Chen QH. 2015. Bacterial diversity analysis 

during the fermentation processing of traditional chinese yellow rice 
wine revealed by 16S rDNA 454 pyrosequencing. J Food Sci 80: 

M2265-M2271. DOI: 10.1111/1750-3841.13018. 

Fatimah, Asritafriha L, Salsabila S, Dewi EK, Ni’matuzahroh, Geraldi A, 
Ramadhan R, Suwito H, Rahman A, Riyadi L. 2024. Potential of 

antimicrobial-producing endophytic bacteria from Balikpapan endemic 

ginger (Etlingera balikpapanensis A.D. Poulsen). Biodiversitas 25 
(9): 3005-3013. DOI: 10.13057/biodiv/d250922. 

Ferreira FS, Silva AC, Aguiar JC, Moura MC, Pimentel CS, Coelho LC, 

Paiva PM, Napoleão TH, Navarro DM. 2025. Antimicrobial and 
antibiofilm activities of the essential oil from the inflorescence of 

Etlingera elatior (Zingiberaceae) and its main constituents (dodecanal 

and 1-dodecanol). J Braz Chem Soc 36 (4): e-20240215. DOI: 
10.21577/0103-5053.20240215. 

Gamalero E, Glick BR. 2019. Plant growth-promoting bacteria in 

agricultural and stressed soils. In: van Elsas JD, Trevors JT, Rosado 
AS, Nannipieri P (eds). Modern Soil Microbiology, Third Edition. 

CRC Press, Boca Raton. DOI: 10.1201/9780429059186-22. 

Geraldi A, Clement C, Pertiwi MD, Lestari Y, Parinnata DH, Arsad RN, 
Sadikin RA, Luqman A, Santoso H, Kristanti AN, Manuhara YSW, 

Wibowo AT. 2024. Isolation and characterization of plant growth-

promoting bacteria from medicinal plants Java cardamom (Amomum 
compactum) and bitter ginger (Zingiber zerumbet). Biodiversitas 25 

(6): 2556-2564. DOI: 10.13057/biodiv/d250626. 

Glick BR. 2012. Plant growth-promoting bacteria: Mechanisms and 

applications. Scientifica (Cairo) 2012: 963401. DOI: 

10.6064/2012/963401. 
Han L, Zhang H, Xu Y, Li Y, Zhou J. 2021. Biological characteristics and 

salt-tolerant plant growth-promoting effects of an ACC deaminase-

producing Burkholderia pyrrocinia strain isolated from the tea 
rhizosphere. Arch Microbiol 203 (5): 2279-2290. DOI: 

10.1007/s00203-021-02204-x. 

Hariprasad P, Chandrashekar S, Singh SB Niranjana SR. 2014. 
Mechanisms of plant growth promotion and disease suppression 

by Pseudomonas aeruginosa strain 2apa. J. Basic Microbiol 54: 792-

801. DOI: 10.1002/jobm.201200491. 
Koch D, Sarkar A, Hajong B, Singh SD, Gogoi G, Sharma M, Bhat NA, 

Barman P, Roy K, Bharali P. 2024. A scientific overview of the genus 

Etlingera Giseke (aromatic ginger): Botanical, traditional, 
phytochemical and pharmacological aspects. S Afr J Bot 167: 130-

144. DOI: 10.1016/j.sajb.2024.01.063. 

Kumar A, Choudhury B, Dayanandan S, Khan ML. 2022. Molecular 
Genetics and Genomics Tools in Biodiversity Conservation. Springer, 

Singapore. DOI: 10.1007/978-981-16-6005-4. 

Leng P, Jin F, Li S, Huang Y, Zhang C, Shan Z, Yang Z, Chen L, Cao D, 
Hao Q, Guo W, Yang H, Chen S, Zhou X, Yuan S, Chen H. 2023. 

High efficient broad-spectrum Bradyrhizobium elkanii Y63-1. Oil 

Crop Sci 8 (4): 228-235. DOI: 10.1016/j.ocsci.2023.09.006. 
Li M, Li X, Xue D, Bao C, Zhang K, Chen L, Li Q, Guo R. 2024. 

Enhanced plant growth through composite inoculation of phosphate-

solubilizing bacteria: Insights from plate and soil experiments. 
Agronomy 14 (11): 2461. DOI: 10.3390/agronomy14112461. 

Li SB, Huang J, Zhou RC, Li Z, Xu S, Ruan T, Pang Q. 2015. Diversity 

and plant growth-promoting potential of bacterial endophytes of 
Alpinia officinarum Hance, a famous south-China medicinal plant. 

Acta Ecologica Sinica 35 (10): 3. DOI: 10.5846/stxb201312112929. 

Lorenzi AS, Bonatelli ML, Chia MA, Peressim L, Quecine MC. 2022. 
Opposite sides of Pantoea agglomerans and its associated 

commercial outlook. Microorganisms 10 (10): 2072. DOI: 

10.3390/microorganisms10102072. 

Lu J, Yang F, Wang S, Ma H, Liang J, Chen Y. 2017. Co-existence of 

rhizobia and diverse non-rhizobial bacteria in the rhizosphere and 
nodules of Dalbergia odorifera seedlings inoculated with 

Bradyrhizobium elkanii, Rhizobium multihospitium-Like and 

Burkholderia pyrrocinia-like strains. Front Microbiol 8: 2255. DOI: 
10.3389/fmicb.2017.02255. 

Lv L, Luo J, Ahmed T, Zaki HEM, Tian Y, Shahid MS, Chen J, Li B. 

2022. Beneficial effect and potential risk of Pantoea on rice 
production. Plants (Basel) 11 (19): 2608. DOI: 10.3390/plants11192608. 

Madhaiyan M, Poonguzhali S, Kang BG, Lee YJ, Chung JB, Sa TM. 

2010. Effect of co-inoculation of methylotrophic Methylobacterium 
oryzae with Azospirillum brasilense and Burkholderia pyrrocinia on 

the growth and nutrient uptake of tomato, red pepper and rice. Plant 

Soil 328: 71-82. DOI: 10.1007/s11104-009-0083-1. 
Mannaa M, Park I, Seo YS. 2019. Genomic features and insights into the 

taxonomy, virulence, and benevolence of plant-

associated Burkholderia species. Intl J Mol Sci 20 (1): 121. DOI: 
10.3390/ijms20010121. 

Manurung H, Aryani R, Nugroho RA, Sari YP, Chernovita R, Auliana. 

2019. Phytochemical analysis and antioxidant activity of leaves 
extracts of endemic plant Jahe Balikpapan (Etlingera balikpapanensis 

A.D. Poulsen). Intl J Sci Technol Res 8 (9): 308-313. 

Matteoli FP, Passarelli-Araujo H, Reis RJA, da Rocha LO, de Souza EM, 
Aravind L, Olivares FL, Venancio TM. 2018. Genome sequencing 

and assessment of plant growth-promoting properties of a Serratia 

marcescens strain isolated from vermicompost. BMC Genom 19: 750. 
DOI: 10.1186/s12864-018-5130-y. 

Mokabel S, Olama Z, Ali S, El-Dakak R. 2022. The role of plant growth 

promoting rhizosphere microbiome as alternative biofertilizer in 
boosting Solanum melongena L. adaptation to salinity stress. Plants 

(Basel) 11 (5): 659. DOI: 10.3390/plants11050659. 

Nakei MD, Venkataramana PB, Ndakidemi PA. 2022. Soybean-
nodulating rhizobia: Ecology, characterization, diversity, and growth 

promoting functions. Front Sustain Food Syst 6: 1-23. DOI: 

10.3389/fsufs.2022.824444. 
Pille CO, Islam ZF, Hayden HL, Colombi E, Chan LH, Roessner U, Chen 

D, Hu HW. 2024. Bacterial metabarcoding reveals plant growth 

promoting members of the core Brachypodium distachyon root-
associated microbiome overlooked by culture dependent techniques. 

https://doi.org/10.1016/j.bcab.2019.101092
https://doi.org/10.1111/1750-3841.13018
https://doi.org/10.1002/jobm.201200491


GERALDI et al. – Etlingera balikpapanensis bacteriome: Conservation and biofertilizer insights 

 

2555 

Plant Growth Regul 104: 1121-1132. DOI: 10.1007/s10725-024-

01221-2. 

Rigg JL, Offord CA, Zimmer H, Anderson IC, Singh BK, Powell JR. 
2017. Conservation by translocation: Establishment of Wollemi pine 

and associated microbial communities in novel environments. Plant 

Soil 411 (1-2): 209-225. DOI: 10.1007/s11104-016-3010-2. 
Robiansyah I, Pribadi DO, Helmanto H, Yuswandi AY. 2021. Population 

and conservation status reassessment of Etlingera balikpapanensis 

A.D. Poulsen, an endemic ginger in East Kalimantan. IOP Conf Ser: 
Earth Environ Sci 762: 012008. DOI: 10.1088/1755-1315/762/1/012008. 

Rosli NM, Ponari MH, Sundram TC, Zainuddin Z, Yunus MF. 2024. 

Exploring the beneficial endophytes of Zingiberaceae. J Microbiol 
Biotech Food Sci 13 (5): 2020-2025. DOI: 10.55251/jmbfs.9746. 

Saha R, Saha N, Donofrio RS, Bestervelt LL. 2013. Microbial 

siderophores: A mini review. J Basic Microbiol 53 (4): 303-317. DOI: 
10.1002/jobm.201100552. 

Sahidin I, Rahim AR, Arba M, Yodha AW, Rahmatika NS, Sabandar CW, 

Manggau MA, Khalid RM, Al Muqarrabun LM, Rosandy AR, 
Chahyadi A. 2022. Radical scavenging and antimicrobial activities of 

diarylheptanoids and steroids from Etlingera calophrys rhizome. 

Sustain Chem Pharm 29: 100767. DOI: 10.1016/j.scp.2022.100767. 
Santoyo G, Moreno-Hagelsieb G, Orozco-Mosqueda Mdel C, Glick BR. 

2016. Plant growth-promoting bacterial endophytes. Microbiol Res 

183: 92-99. DOI: 10.1016/j.micres.2015.11.008. 
Sarathambal C, Dinesh R, Srinivasan V, Sheeja TE, Jeeva V, Manzoor 

M. 2022. Changes in bacterial diversity and composition in response 

to co-inoculation of arbuscular mycorrhizae and zinc-solubilizing 
bacteria in turmeric rhizosphere. Curr Microbiol 79: 4. DOI: 

10.1007/s00284-021-02682-8. 

Selvakumar G, Mohan M, Kundu S, Gupta AD, Joshi P, Nazim S, Gupta 
HS. 2008. Cold tolerance and plant growth promotion potential 

of Serratia marcescens strain SRM (MTCC 8708) isolated from 

flowers of summer squash (Cucurbita pepo). Lett Appl Microbiol 46 
(2): 171-175. DOI: 10.1111/j.1472-765X.2007.02282.x. 

Shrestha A, Limay-Rios V, Brettingham DJL, Raizada MN. 2023. Maize 

pollen carry bacteria that suppress a fungal pathogen that enters 

through the male gamete fertilization route. Front Plant Sci 14: 

1286199. DOI: 10.3389/fpls.2023.1286199. 
Singh D, Yadav DK, Fatima F. 2020. Characterization and genetic 

diversity of Pantoea agglomerans isolates having dual potentiality to 

suppress growth of Ralstonia solanacearum and plant growth 
promoting ability. Indian Phytopathol 73: 643-653. DOI: 

10.1007/s42360-020-00268-1. 

Singh P, Singh RK, Li HB, Guo DJ, Sharma A, Lakshmanan P, Malviya 
MK, Song XP, Solanki MK, Verma KK, Yang LT, Li YR. 2021. 

Diazotrophic bacteria Pantoea dispersa and Enterobacter asburiae 

promote sugarcane growth by inducing nitrogen uptake and defense-

related gene expression. Front Microbiol 11: 600417. DOI: 
10.3389/fmicb.2020.600417. 

Sulistiyani TR, Purnaningsih I, Napitupulu TP, Budiyanto A, Kanti A, 

Sudiana IM. 2021. Endophytic bacteria diversity from Zingiberaceae 
and anticandidal characterization produced by Pseudomonas 

helmanticensis. Jurnal Teknologi 83: 7-17. DOI: 

10.11113/jurnalteknologi.v83.15014. 
Sulochana MB, Jayachandra SY, Kumar SKA, Dayanand A. 2014. 

Antifungal attributes of siderophore produced by the Pseudomonas 

aeruginosa JAS-25. J Basic Microbiol 54: 418-424. DOI: 
10.1002/jobm.201200770. 

Tan WN, Ali R, Tong WY, Leong CR, Khaw KY. 2023. Essential oils 

from traditional medicinal plants in Malaysia: A review on their 
traditional uses, bioactive constituents and therapeutic potential. 

Pharmaceutical Chem J 57 (5): 703-711. DOI: 10.1007/s11094-023-

02941-x. 
Tariq M, Hasnain N, Rasul I, Asad MA, Javed A, Rashid K, Shafique J, 

Iram W, Hameed A, Zafar M. 2023. Reconnoitering the capabilities 

of nodule endophytic Pantoea dispersa for improved nodulation and 
grain yield of chickpea (Cicer arietinum L.). World J Microbiol 

Biotechnol 39 (3): 85. DOI: 10.1007/s11274-023-03525-3. 

Tomić TK, Atanasković I, Nikolić I, Joković N, Stević T, Stanković S, 
Berić T, Lozo J. 2023. Culture-dependent and metabarcoding 

characterization of the sugar beet (Beta vulgaris L.) microbiome for 

high-yield isolation of bacteria with plant growth-promoting traits. 
Microorganisms 11 (6): 1538. DOI: 10.3390/microorganisms11061538. 

Yang WT, Yi YJ, Xia B. 2023. Unveiling the duality of Pantoea dispersa: 

A mini review. Sci Total Environ 873: 162320. DOI: 
10.1016/j.scitotenv.2023.162320. 

Yu M, Tang Y, Lu L, Kong W, Ye J. 2023. CysB Is a key regulator of the 

antifungal activity of Burkholderia pyrrocinia JK-SH007. Intl J Mol 
Sci 24 (9): 8067. DOI: 10.3390/ijms24098067. 

Zhang M, Gao C, Xu L, Niu H, Liu Q, Huang Y, Lv G, Yang H, Li M. 

2022. Melatonin and Indole-3-Acetic Acid synergistically regulate 

plant growth and stress resistance. Cells 11 (20): 3250. DOI: 

10.3390/cells11203250. 
Zulueta-Rodríguez R, Hernández-Montiel LG, Murillo-Amador B, Rueda-

Puente EO, Capistrán LL, Troyo-Diéguez E, Córdoba-Matson MV. 

2015. Effect of hydropriming and biopriming on seed germination 
and growth of two mexican fir tree species in danger of 

extinction. Forests 6 (9): 3109-3122. DOI: 10.3390/f6093109. 

 

https://doi.org/10.1111/j.1472-765X.2007.02282.x
https://doi.org/10.1002/jobm.201200770
https://doi.org/10.1002/jobm.201200770

