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Abstract
The environmental microbiome plays an important role in various ecosystems around the world, influencing nutrient cycling, 
disease dynamics and ecosystem stability. This bibliometric analysis provides a comprehensive overview of the current state and 
future directions of environmental microbiome research from a global perspective from 2009–2024. Through systematic 
examination of Scopus publications, 2154 documents were found. The results show a significant increase in the number of 
publications since 2017 and a peak in 2024. The most cited document was "The hidden world within plants: Ecological and 
evolutionary considerations for defining functioning of microbial endophytes" with 1887 citations and “Structure and function of 
the global ocean microbiome” with 1843 citations. The most productive countries in environmental microbiome research are the 
United States (n = 748), China (n = 533), India (n = 308), Germany (n = 172) and the United Kingdom (n = 157). Microbiome, 
microbial community, microfolora, microbiota, microbiology, bacteria, and bacterium are the most popular topics that will continue 
to develop in the future. Although the United States has published the highest total number of papers, more recent studies have 
predominantly been published from China, indicating shift in the centre of study from the United States to China. Insights gained 
from this analysis contribute to a deeper understanding of the environmental microbiome research landscape, guiding future 
research priorities and collaborations in the field.    
 
Keywords environmental microbiomes; global perspective; interdisciplinary approaches; research trends; sustainable management  

1. INTRODUCTION

The microbiome consists of diverse 

microorganisms, including bacteria, archaea, fungi, 

and viruses, that inhabit specific environments with 

unique physical and chemical characteristics [1]. 

These microorganisms interact with biotic and 

abiotic factors, influencing various ecosystem 

processes such as decomposition, bioremediation, 

biofuel production, biogeochemical cycling, and 

wastewater treatment [2]-[7]. Decomposition is the 

breakdown of organic matter with the help of 

microflora such as fungi, bacteria, actinomycetes, 

protozoa, and other microorganisms. In soil, 

decomposition produces humus, which can increase 

soil fertility and become a source of nutrients for 

soil organisms [8]. The decomposition of soil 

 
organic matter is influenced by both fungi and 

bacterial activity. Decomposition by fungi involved 

ectomycorrhizal (ECM) and saprotrophic fungi, 

which play distinct roles in nutrient cycling [9]. 

Bacteria such as Priestia aryabhattai, Trichoderma 

reesei, and Bacillus megaterium are also known to 

be involved in the decomposition of soil organic 

matter through their phosphate solubilization and 

cellulolytic activities [10]-[13]. In the aquatic 

environment, decomposition process plays a crucial 

role in nutrient cycling and maintenance of 

ecosystem balance by releasing essential nutrients 

into the water column and sediments. 

Microorganism such as heterotrophic bacteria and 

aquatic fungi, especially hyphomycete, play a key 

role in the decomposition process in this 

environment [14]. Both in terrestrial and aquatic 

environments, decomposition of organic matter 

occurs due to the enzymatic activity of 

microorganisms in breaking down proteins, lipids, 

cellulose, hemicellulose, chitin, and lignin [15][16].  

Bioremediation refers to the process of reducing 

or removing environmental contaminants through 

biological means, which can involve plants, fungi, 

bacteria, or other organisms. Some microorganisms 

that play a role in soil bioremediation include 

Achromobacter denitrificans, Klebsiella oxytoca, 

and Rhizobium radiobacter [17]. While 
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microorganisms such as Oceanobacillus profundus, 

Bacillus coagulans, Aspergillus flavus are capable 

of reducing heavy metals in the aquatic 

environment [18]. Microorganisms also contribute 

to biofuel production by fermenting lignocellulosic 

biomass [19]. They also play a crucial role in 

biogeochemical cycles, regulating the carbon, 

nitrogen, phosphorus, and sulfur cycles [20]. For 

example, Rhizobium leguminosarum, 

Bradyrhizobium japonicum, and Azirhizobium 

caulinodans are well-known nitrogen-fixing 

organisms that are symbiotic with plant roots [8]. 

Meanwhile, various members of SAR11 bacteria 

(Pelagibacterales), Chloroflexi, and Planctomycetes 

have been reported to play a major role in the 

nitrogen cycle in both ocean and freshwater 

ecosystems [21]. 

The utilization of microorganisms in overcoming 

various environmental problems is an interesting 

topic that will always be researched and developed. 

One promising approach is environmental 

microbiome engineering, which involves 

introducing microbial inoculants into natural 

microbial communities to enhance ecosystem 

 

 

 
Figure 1. The global trend of environmental microbiome publications. A steady increase since 2017 was 

observed, reaching a peak in 2024.  

 
 

 
Figure 2. Type of publications in environmental microbiome research.  
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functions, such as carbon stabilization and nitrogen 

fixation [22]. Therefore, a method is needed to 

analyze research trends related to the environmental 

microbiome over time. One method that can be 

used is bibliometric analysis, enabling quantitative 

analysis of publications and productivity of 

researchers and institutions for topics that are 

widely researched [23][24]. Bibliometric analysis 

has been widely used to analyze research trends 

globally, such as in organoids in regenerative 

medicine, the prevalence of chikungunya cases in 

ASEAN and South Asian countries, the prevalence 

of non-alcoholic fatty liver disease, Indonesian 

biodiversity identification through DNA barcoding, 

and the prevalence of monkeypox cases to snake 

venom research [23]-[28]. In this study, 

bibliometric analysis was used to determine the 

trend of environmental microbiome research 

globally from 2009 to 2024.

  

2. MATERIALS AND METHODS 

 

2.1. Materials 

Environmental microbiome publication trends 

were collected from the Scopus database between 

2009 and 2024. Data collection was conducted on 

March 10, 2025. The keywords used to filter the 

documents displayed were "environmental" and 

"microbes". Here, we define environmental 

microbiome research as studies focusing on all 

microorganisms (including bacteria, archaea, fungi, 

viruses, and other microbes) and their genomes, 

along with the surrounding environmental 

conditions that influence their activity and 

interactions. The definition extends to various 

environments, including soil, water, air, and even 

the built environment. To ensure alignment with the 

scope, we manually screened the initial 3588 

publications based on their titles and abstracts, 

excluding studies related to clinical research in 

human and animal systems, resulting in 2154 

relevant publications.  

 

2.2. Methods 

The bibliometric indicators used were 

publication year, citations, journal titles, 

institutions, countries, and keywords. The results 

were then analyzed to determine the pattern of 

environmental microbiome research. Bibliometric 

analysis was conducted with VOSviewer [27]. We 

included publications of all document types and 

languages to provide a comprehensive perspective.  

 

3. RESULTS AND DISCUSSIONS 

 

3.1. The Global Trend of Environmental 

Microbiome Publications 

The environmental microbiome has been a topic 

of growing interest from 2009 to 2024. Our analysis 

identified a total of 2154 documents, of which 2131 

(98.93%) were published in English and 23 (1.07%) 

in other languages. Starting in 2017, environmental 

microbiome publications have increased 

significantly, and the highest number of 

publications occurred in 2024 with 419 publications 

(Figure 1).  

The most frequent types of publications on 

environmental microbiome are research articles, 

reviews, and book chapters with 1404, 430, and 223 

documents, respectively (Figure 2).  

The top ten cited articles show publications that 

are widely referenced in environmental microbiome 

research. The article with the highest number of 

citations is "The hidden world within plants: 

Ecological and evolutionary considerations for 

defining functioning of microbial endophytes" with 

1887 citations published by Microbiology and 

Molecular Biology Reviews. The article titled 

 

 

 

Table 2. The institutions with the most publications. 

 
 

No. Institution Country Documents 

1 University of Chinese Academy of Sciences China 29 

2 Research Center for Eco-Environmental Sciences China 14 

3 University of Colorado United States 8 

4 Australian Institute of Marine Science Australia 7 

5 Harbin Institute of Technology China 5 



J. Multidiscip. Appl. Nat. Sci. 

607 

"Habitat degradation impacts black howler monkey 

(Alouatta pigra) gastrointestinal microbiomes" and 

"EMPeror: A tool for visualizing high-throughput 

microbial community data" published in 2013, are 

the oldest of the top ten cited articles (Table 1).  

The top five institutions with the highest 

publications are listed in Table 2. The Chinese 

Academy of Sciences is the institution with the 

highest number of publications at 29 documents, 

while the institution with the lowest number of 

documents within the top five is the State Key 

Laboratory of Urban Water Resource and 

Environment, Harbin Institute of Technology, with 

5 documents.  

The top ten journals with the highest number of 

publications are listed in Table 3. The Frontiers in 

Microbiology journal has the highest number of 

documents at 152, and the Applied and 

Environmental Microbiology Journal has the lowest 

number of documents within the top five at 27 

documents.  

The top ten countries contributing to 

environmental microbiome research are listed in 

Table 4. The country with the highest number of 

publications is the United States, with 748 

documents while collaborating with 43 countries. 

Within the top ten list, the Netherlands has the 

lowest number of publications, with 68 documents, 

and collaborated with 33 countries.  

Figure 3 illustrates six distinct collaboration 

clusters, each represented by a different color (red, 

green, blue, yellow, purple, and light blue). These 

colors indicate grouping within the network, where 

countries within the same-colored cluster tend to 

collaborate more frequently with each other. For 

instance, countries like China, Australia, New 

Zealand, Hong Kong, Singapore, Pakistan, and 

Malaysia form a cluster based on their collaboration 

records and are represented by yellow nodes. Figure 

3(b) maps research contributions based on 

publication year, where colors transition from 

purple (older publications) to yellow (newer 

publications), highlighting the shift in research 

focus over time (Figure 3). 

In 2020, countries such as Canada, France, 

Finland, Norway, and the United States were the 

primary contributors to environmental microbiome 

research. However, more recent studies have 

predominantly been conducted in China, New 

Zealand, Pakistan, Malaysia, and Egypt. Notably, 

China has emerged as the second-largest node after 

the United States, with a brighter yellow color in 

the visualization, indicating a shift in research 

dominance toward this country. This trend suggests 

that China will likely play an increasingly 

significant role in future research contributions and 

collaborations. Additionally, Table 4 shows that 

China has surpassed the United States in the 

number of published documents from 2020 to 2024, 

reinforcing the notion of China's growing influence 

in the field in recent years.  

Table 5 shows the top ten authors of 

environmental microbiome research. Knight, R. is 

the author with the highest number of publications 

with 23 documents, while the authors with the 

lowest number of publications within the top ten are 

 

 

Table 3. The top ten journals of environmental microbiome research. 

 
No. Journal Documents H-index 

1 Frontiers in Microbiology 152 233 

2 Science of The Total Environment 103 353 

3 Microbiome 57 143 

4 mSystems 41 76 

5 Environmental Pollution 33 301 

6 Microbial Ecology 32 150 

7 Journal of Hazardous Materials 31 352 

8 Scientific Reports 31 315 

9 FEMS Microbiology Ecology 31 183 

10 Applied and Environmental Microbiology 27 367 
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Jansson, J. K., Dinsdale, E. A., and Kohl, K. D. 

with 7 documents. Figure 4 shows the cluster of 

authors with a threshold of 5 documents per author. 

Five clusters of authors are observed, different 

colors of red, green, blue, yellow, and purple 

indicate the different clusters (Figure 4(a)). Figure 4

(b) shows the mapping of the year where the article

published by the top ten authors. There is a color

gradation from purple (year 2016) to yellow (year

2022), indicating old to new publications from the

top ten authors

3.2. Popular Topics in Environmental Microbiome 

Research  

The popular topics in environmental microbiome 

research are presented in Figure 5. The keywords 

representing popular topics in environmental 

microbiome research.  

Figure 5(a) shows keyword clusters with a 

threshold of 200 occurrences. The clusters formed 

are marked with different colors of red, green, blue, 

and yellow. (b) The maps of year when the article 

containing the keywords are published. There is a 

purple-to-yellow color gradation that indicates old 

to new publications. (c) The most used keywords, 

where the lighter the color, the more frequent the 

topic is researched. Some of the prominent topics 

related to environmental microbiome are 

microbiome, microbial community, microflora 

microbiota, microbiology, bacteria, and bacterium.  

Table 4. The top ten countries in the publication of environmental microbiome research. 

No. Country 
Documents 

Number of collaborating countries
(2009–2024) (2020–2024) 

1 United States 748 463 43 

2 China 533 475 41 

3 India 308 262 34 

4 Germany 172 121 39 

5 United Kingdom 157 105 40 

6 Canada 136 88 36 

7 Australia 126 90 38 

8 France 78 47 40 

9 Italy 69 55 33 

10 Netherlands 68 47 33 

Figure 3. Mapping of countries’ collaboration in environmental microbiome research. (a) Network 

visualization of international research collaborations, where node colors indicate different collaboration 

clusters based on co-authorship patterns. (b) The overlay visualization represents the temporal distribution 

of research contributions, where a color gradient from purple to yellow indicates older to more recent 

average publication years. The length of the connections between countries reflects the strength of their 

collaboration, with a minimum threshold of 10 documents per country.  
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3.3. Current Status 

The study of the environmental microbiome has 

experienced significant growth over the past 

decade, particularly from 2017 onward. This surge 

can be attributed to several key factors, including 

advancements in sequencing technologies, the 

increasing application of multi-omics approaches, 

and a heightened interest and awareness of the role 

of microbiomes in ecosystem functions. Next-

generation sequencing (NGS) and metagenomic 

techniques have revolutionized microbiome 

research, enabling high-throughput analysis of 

microbial communities with greater precision and 

depth at lower cost [39]. The integration of 

metatranscriptomics, metabolomics, and 

metaproteomics has further expanded our 

understanding of microbial interactions, functional 

capabilities, and responses to environmental 

changes [40]. The growing concern over climate 

change, pollution, and ecosystem degradation has 

also driven interest in studying environmental 

microbiomes [41]. Furthermore, international 

collaborations and large-scale microbiome 

initiatives, such as the Earth Microbiome Project 

and the Human Microbiome Project, have provided 

standardized methodologies and global datasets, 

fostering a more systematic exploration of 

environmental microbiomes [42]. 

The United States led environmental microbiome 

research with 748 publications and 43 international 

collaborations, followed by China (533, 41) and 

India (308, 34). Germany, the UK, Canada, and 

Australia also made significant contributions, 

highlighting strong global collaboration in this field 

(Table 4). The majority of publications were 

research articles (1404), followed by review papers 

(430) and book chapters (223), indicating a strong 

emphasis on original research and synthesis of 

existing knowledge in environmental microbiome 

studies (Figure 2). 

The most cited works in environmental 

microbiome research, such as "The hidden world 

within plants: Ecological and evolutionary 

considerations for defining functioning of microbial 

endophytes" (Hardoim et al. (2015) with 1887 

citations) [29] and "Structure and function of the 

global ocean microbiome" (Sunagawa et al. (2016) 

with 1843 citations) [30], underscore the pivotal 

role of microbial communities in shaping ecosystem 

functions and stability. These studies highlight how 

diverse microbial assemblages drive nutrient 

cycling, host-microbe interactions, and 

biogeochemical processes across terrestrial and 

aquatic environments. 

Recent research has expanded on these 

foundations, leveraging network-based 

approaches to unravel the complexity of microbial 

interactions, moving beyond reductionist methods 

to holistic frameworks that capture polymicrobial 

dynamics. As highlighted by Layeghifard et al. 

(2017) with 582 citations, microbial communities 

are not merely collections of independent species, 

 

 

 
 

Table 5. The top ten authors of environmental microbiome research. 

 
No. Author Documents Scopus IDb H-indexc 

1 Knight, R. 23 57202526255 221 

2 Gilbert, J. A. 14 7401452139 103 

3 Zhu, Y. G. 13 7406073704 143 

4 Wu, Wei-Min 10 57202196184 29 

5 Berg, G. 9 7201431307 89 

6 Voolstra, C. R. 8 25224158700 72 

7 Babalola, O. O. 8 36166570300 61 

8 Jansson, J. K. 7 7102590766 83 

9 Dinsdale, E. A. 7 6602355182 40 

10 Kohl, K. D. 7 26635408000 38 
bScopus ID or Scopus author identifier is a unique number that matches authorship to groups of documents. cH-index is an author-

level metric that measures both the productivity and citation impact of the publications.  
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but interconnected networks shaped by ecological 

and evolutionary processes. For instance, co-

occurrence networks constructed from soil, aquatic, 

and rhizosphere microbiomes have revealed 

keystone species and functional modules critical for 

ecosystem processes like carbon cycling and 

nitrogen fixation [38]. Additionally, innovations in 

DNA extraction and high-throughput sequencing 

(e.g., Walters et al. (2016) with 1474 citations) have 

enabled deeper exploration of microbial responses 

to pollution, habitat degradation, and climate 

change [32].  

The prominent research keywords include 

microbiome, microbial community, microflora, 

microbiota, microbiology, bacteria, and bacterium 

(Figure 5(c)). The frequent occurrence of terms 

such as microbiome, microbial community, 

microflora, and microbiota aligns with the 

widespread use of metagenomic methods to analyze 

microbial composition in specific environments. 

Advances in NGS technology have made such 

analyses more accessible and cost-effective, further 

driving their use in environmental microbiome 

research. Additionally, the higher prevalence of 

bacterial-related keywords compared to other 

microorganisms suggests a strong research focus on 

bacteria, this can be attributed to several factors, 

including methodological and ecological factors. 

Many laboratory and molecular protocols are 

optimized for bacterial works, compared to other 

microorganisms (e.g., fungi, archaea, viruses). For 

example, bacterial 16S rRNA gene sequencing is 

well-established, cost-effective, and supported by 

robust reference databases, while fungal (ITS) or 

viral sequencing is less standardized [32][43]. 

Ecologically, bacteria dominate microbial biomass 

in most environments (soil, water, rhizosphere) and 

drive key processes like nutrient cycling (e.g., 

nitrogen fixation, decomposition) [30][44].  Their 

metabolic versatility allows them to thrive in 

diverse conditions, making them focal points for 

bioremediation and climate studies [45].  

Additionally, bacterial communities are more 

frequently linked to host health (e.g., plant growth 

promotion, human and animal gut symbiosis) than 

other microbes in both environmental and clinical 

contexts  [29][45][46].   

 

3.4. Future Direction 

The global center of environmental microbiome 

research is poised to shift from the US to China in 

the coming decade, driven by China's rapidly 

expanding scientific output and substantial 

investments in research funding. By 2017, China 

ranked second globally in research output, 

contributing 19% of all Scopus-indexed papers, a 

significant rise from 10% in 2005. This growth is 

driven by substantial government funding, with 

R&D investment reaching 2.12% of GDP, (2.06% 

of GDP) but still trailing behind the USA (2.74%) 

[47][48]. Additionally, China's increasing 

international co-publications, particularly with the 

 

 

Figure 4. Mapping of authors’ collaboration in environmental microbiome research. (a) Network visualiza-

tion of research collaboration between authors, where node colors indicate different collaboration clusters 

based on co-authorship patterns. (b) The overlay visualization represents the temporal distribution of the 

collaboration, where a color gradient from blue to yellow indicates older to more recent collaboration. The 

length of the connections between authors reflects the strength of their collaboration, with a minimum of 5 

documents per author. 
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US and EU, have enhanced the global impact of its 

research. China's share of international co-

publications rose from 14% to 22%, with 

collaborations with leading scientific nations The 

country has also benefited from talent return 

programs, attracting scientists trained abroad to 

strengthen domestic research networks. With a 

strong focus on key scientific fields including 

microbiome applications for: soil remediation, 

circular agriculture, and carbon neutrality [47]-[49]. 

Chinese researchers are also highly prolific in paper 

writing, with many of them affiliated with 

institutions in the United States and European 

countries (Tables 2 and 4). Collaboration among 

researchers from different Chinese research 

institutions is extensive (Table 2), with scholars like 

Zhu and Wei-Min being the most prolific authors 

(Table 5). Additionally, researchers from other 

countries, such as Singh and Delgado, also tend to 

collaborate predominantly with Chinese researchers 

(Figure 4). 

Future research will increasingly focus on 

microbial contributions to environmental and 

climate feedback mechanisms, driving 

advancements in analytical technologies. Emerging 

innovations include (1) third-generation sequencing 

platforms, such as Oxford Nanopore's adaptive 

sampling, which enable the enrichment of low-

abundance species in metagenomic samples [50]; 

(2) high-throughput single-cell sequencing and 

phenotyping integration, allowing precise analysis 

of individual microbial cells within complex 

communities [51]; and (3) integrated multi-omics 

analysis, providing a comprehensive understanding 

of microbial functions, interactions, and ecosystem 

roles [52]. Additionally, molecular methods will 

continue to evolve with techniques such as 

microfluidic digital PCR for absolute quantification 

of keystone taxa [53] and CRISPR-based nucleic 

acid enrichment, enhancing the detection of low-

biomass samples [54]. These advancements will be 

further accelerated by AI-driven bioinformatics 

pipelines, integrating multi-omics data with remote 

sensing and environmental models for deeper 

ecological insights [55]. 

The field of microbiome research is expected to 

grow significantly following discoveries in various 

systems, including soil and plant microbiomes. 

Future studies will likely extend beyond 

characterization to explore microbial 

communication, molecular physiology, and its 

environmental impacts. Currently, microbial studies 

are largely focused on bacteria (Figure 5(c)), but 

future research is expected to expand to fungi, 

protists, and viruses, providing a more 

comprehensive understanding of microbial 

communities. This is essential, as interkingdom 

interactions can enhance our understanding of 

microbial community structure and assembly, 

emphasizing the complexity of microbial 

interactions across species and kingdoms [56]. 

Moreover, the increasing demand for new 

antibacterial and antifungal agents, driven by 

antibiotic resistance, will further accelerate the 

search for bioactive compounds within microbial 

ecosystems [57]. This growing interest is likely to 

stimulate greater collaboration among researchers 

and institutions, fostering advancements in 

 

 

Figure 5. Mapping of keywords in environmental microbiome research. (a) Network visualization of co-

occurrence between keywords, where node colors indicate different keyword clusters based on co-

occurrence patterns. (b) The overlay visualization represents the temporal distribution of the keywords co-

occurrence, where a color gradient from blue to yellow indicates older to more recent co-occurrence in 

publications. (c) Density cluster visualization.  
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environmental microbiome research. Collaborations 

across countries and disciplines will be essential in 

advancing our understanding of environmental 

microbiomes and addressing global ecological 

challenges. To make progress in the understanding 

of environmental microbiomes and solve global 

ecological problems, it is crucial to establish 

multicounty collaborations. This emergent 

landscape calls for more integrative research 

endeavors, integrating microbiome insights in other 

environmental studies towards achieving ecosystem 

resilience and sustainability.  

 

4. CONCLUSIONS 

 

Bibliometric analysis shows an increasing trend 

of environmental microbiome publications from 

2009 to 2024. This shows that the environmental 

microbiome is an interesting topic that continues to 

be researched by various renowned institutions. In 

addition, this study also provides an overview of the 

potential development of the utilization of 

environmental microbiomes in the future.     
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