
1 

 

A global database of soil microbial communities and associated climate, soil and 1 

vegetation factors 2 

Authors: Shutao Chen*, Qi Li, Zhenghua Hu 3 

School of Ecology and Applied Meteorology, Nanjing University of Information 4 

Science and Technology, Nanjing 210044, China 5 

 6 

 7 

 8 

 9 

 10 

 11 

* Corresponding author: Shutao Chen 12 

E-mail: chenstyf@aliyun.com 13 

Telephone: +86-25-58731539 14 

Fax: +86-25-58731539 15 

ORCID: 0000-0001-8513-1787 16 

 17 

 18 

 19 

 20 

Submitted to Earth System Science Data 21 

 22 

https://doi.org/10.5194/essd-2025-501
Preprint. Discussion started: 8 October 2025
c© Author(s) 2025. CC BY 4.0 License.



2 

 

Abstract. Few scholars have compiled databases of soil microbial communities and 23 

associated climate, soil and vegetation factors at the global scale. However, many 24 

studies involving high-throughput sequencing of soil bacteria and fungi have been 25 

published in the past decade. In this study, we constructed a global database of the soil 26 

microbial communities and the associated climate, soil and vegetation factors, with 27 

sites on each of the seven continents and eleven ecosystem types. There were 8490 sets 28 

of soil bacterial and fungal community data for the different treatments and study sites 29 

in the database. Soil bacterial and fungal diversities were highly variable across various 30 

ecosystems. There was a highly significant (R2 = 0.4037, P < 0.001) linear regression 31 

relationship between the fungal and bacterial Shannon indices. Proteobacteria and 32 

Ascomycota were the most species-rich bacterial and fungal phyla, respectively, in most 33 

ecosystems. The median relative abundances of Proteobacteria and Ascomycota were 34 

29.30 % and 57.49 %, respectively. The information (e.g., site names and ecosystem 35 

types) in the database enabled researchers to investigate where the most abundant 36 

bacterial or fungal phylum was located and whether the ecosystem type affected 37 

bacterial and fungal diversities and compositions at the global scale. We anticipated that 38 

this database could be further improved by adding more detailed information, such as 39 

bacterial and fungal compositions at the class, order, family, and genus levels. The 40 

database is available via Zenodo at https://doi.org/10.5281/zenodo.16195889 (Chen et 41 

al., 2025). 42 
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Short summary 45 

Soil microorganisms play important roles in carbon stock, nutrient cycling and 46 

vegetation production. We compiled a global database of soil microbial communities 47 

and potential driving factors, such as climate, soil and vegetation. Our database 48 

included soil bacterial and fungal diversity indices and compositions. Researchers can 49 

examine which ecosystems and locations have high bacterial and fungal diversities and 50 

where the dominant bacterial and fungal compositions exist. 51 
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1 Introduction 67 

Soil microorganisms play key roles in soil functions such as carbon stock (Hanson et 68 

al. 2008; Jones and Lennon, 2010), nutrient cycling (Classen et al., 2015; Delgado-69 

Baquerizo et al., 2020) and plant production (Bahram et al., 2018; Labouyrie et al., 70 

2023). Ecosystem functions may be altered by altering the soil microbial community. 71 

It is necessary to explore the global distribution patterns and community compositions 72 

of soil microorganisms and associated driving factors to determine the function of soil. 73 

Bacteria and fungi are the two main microbial taxa that dominate soil habitats. 74 

Numerous diversity indices and compositions at various levels (e.g., phylum, class and 75 

order) are used to characterize bacterial and fungal communities. 76 

Soil bacterial and fungal diversities and compositions are affected by a series of 77 

environmental driving factors, including climate (Bahram et al., 2018), soil (Lauber et 78 

al., 2008; Lu et al., 2023) and vegetation factors (van der Heijden et al., 2008; Delgado-79 

Baquerizo et al., 2016). Climate factors, soil properties and vegetation characteristics 80 

influence bacterial and fungal diversities and compositions through the regulation of 81 

soil microorganism assemblages. These factors are tightly linked to microbial 82 

metabolism and thus affect soil bacterial and fungal diversity and composition (Fierer 83 

and Jackson, 2006; Green et al., 2008; Banerjee and Heijden, 2022). However, the key 84 

environmental variables that control spatial and temporal variations in the global soil 85 

microbial community are still unresolved because of the lack of a database and the high 86 

variability of microorganisms. 87 

Moreover, scholars have rarely explained the relationship between fungal and 88 
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bacterial diversity at the global scale (Jiao et al., 2021; Zubek et al., 2024; Zhang et al., 89 

2025). We do not know what kind of relationship (e.g., linear, nonlinear, or no 90 

relationship) exists between fungal and bacterial diversity among different ecosystem 91 

types. In addition, we do not know whether such relationships exist among different 92 

diversity indices that shape the complexity of soil microorganisms. Addressing these 93 

themes may aid in understanding the microbial coexistence relationship between 94 

relatively inferior prokaryotes of bacteria and more advanced eukaryotes of fungi. 95 

In the past decade, high-throughput sequencing has been widely used to determine 96 

soil bacterial and fungal diversity and composition (Lozupone et al., 2011; Schmieder 97 

and Edwards, 2011). Second-generation sequencing has revolutionized genomics by 98 

overcoming the fundamental limitations of throughput, cost, and scalability inherent in 99 

first-generation sequencing, making large-scale genomic studies feasible and routine 100 

(Edgar, 2013; Rinke et al. 2013; Callahan et al., 2016). Although many studies have 101 

been published in the past decade on the high-throughput sequencing of soil bacteria 102 

and fungi, few researchers have compiled databases of soil microbial communities and 103 

associated climate, soil and vegetation factors at the global scale (Delgado-Baquerizo 104 

et al., 2018; Averill et al., 2019; Peng et al., 2024). 105 

In this study, we constructed a global database of soil microbial communities using 106 

second-generation high-throughput sequencing publications and associated climate, 107 

soil and vegetation factors. The database included soil bacterial and fungal diversity 108 

indices and compositions at the phylum, class and order levels. Researchers can 109 

examine which ecosystem and location have high bacterial and fungal diversities and 110 
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where the dominant bacterial and fungal compositions exist. The relationships between 111 

fungal and bacterial diversities can be explored using the available data. Researchers 112 

can use databases to investigate the effects of experimental treatments on soil bacterial 113 

and fungal diversity and composition. 114 

2 Materials and methods 115 

2.1 Data sources 116 

We searched the keywords “soil microbial community”, “soil bacterial community” and 117 

“soil fungal community” in the Web of Science from 2013 to 2024. The searched 118 

articles were subsequently found in the relevant literature databases, such as Elsevier 119 

ScienceDirect, Springer Link, Wiley Online Library, and Taylor and Francis. The 120 

literature featuring the second-generation high-throughput sequencing method (i.e., 121 

Illumina MiSeq, Illumina HiSeq and Illumina NovaSeq) was compiled, and 122 

manuscripts that used the first-generation sequencing method (e.g., Roche 454) were 123 

not included in the database. We found that no studies included a second-generation 124 

high-throughput sequencing method before 2016. Therefore, our earliest collection of 125 

target studies began in 2016. The spliced fasta sequences were clustered into 126 

operational taxonomic units (OTUs) with 97 % similarity (Edgar et al., 2013). The 127 

graphic digitizing software GetData Graph Digitizer 2.26 (GetData Inc., S. Federow, 128 

Moscow, Russia) was used to obtain data from figures if the data were unavailable in 129 

tables and text. 130 

2.2 Structure of the database 131 
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In the database, 8490 sets of soil bacterial and fungal community data were obtained 132 

for the different treatments and study sites. The database included geographic 133 

information, sampling date, bacterial and fungal diversity indices, experimental 134 

treatments, climate factors, soil properties, vegetation characteristics, bacterial and 135 

fungal compositions, and site information (Table S1). The geographic information 136 

included latitude, longitude, altitude and site name. The sampling date was the 15th of 137 

the sampling month for convenience if only the year and month were reported in the 138 

text. The bacterial and fungal diversity indices included α and β diversities, although β 139 

diversity was available in only a few studies. The bacterial and fungal α diversity 140 

indices consisted of bacterial sequences, good coverage, OTU richness, the Chao1 141 

index, the Shannon index, the Simpson index, the abundance-based coverage estimator 142 

(ACE) index, the PD whole-tree index, Pielou's evenness index, and 16S rRNA 143 

abundances. If one variable, such as the OTU richness, Chao1 index, Shannon index, 144 

Simpson index, ACE index, PD whole-tree index, Pielou's evenness index, or 16S 145 

rRNA abundance, appeared in an article, it was compiled in the database. The bacterial 146 

and fungal β diversity indices consisted of the Bray‒Curtis distance, weighted UniFrac 147 

distance and unweighted UniFrac distance. The experimental treatments in the database 148 

included fertilization (e.g., nitrogen, phosphorus, and potassium application), warming, 149 

precipitation manipulation, CO2 enrichment, manure, biochar, straw, and compost 150 

application, and drainage. The climate factors included precipitation, temperature, 151 

climate type, annual evaporation, and potential evapotranspiration. Many soil 152 

properties were collected in the database, as these properties concerning the soil 153 
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microbial community and potential soil drivers have been widely reported in the 154 

literature. The vegetation characteristics included vegetation biomass, tree 155 

physiological indicators, vegetation cover, plant diversity indices, and dominant 156 

vegetation type. The bacterial and fungal compositions were evaluated considering their 157 

relative abundances at the phylum, class and order levels. Eleven ecosystems were 158 

included in our collection. The abbreviations for the bacterial and fungal diversity 159 

indices, soil properties, vegetation characteristics and ecosystem types are shown in 160 

Table 1. 161 

 162 
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Table 1. Variable categories included in the dataset. 176 

 177 

 178 

Abbreviations Variables Abbreviations Variables 

MAP Mean annual precipitation AMN Soil ammonium nitrogen 

MAT Mean annual temperature NIN Soil nitrate nitrogen 

BAS Bacterial sequences STP Soil total phosphorus 

BGOC Bacterial good coverage SAP Soil available phosphorus 

BOTUr Bacterial OTU richness STK Soil total potassium 

BCHA Bacterial Chao1 index SAK Soil available potassium 

BSHA Bacterial Shannon index MBC Microbial biomass carbon 

BSIM Bacterial Simpson index MBN Microbial biomass nitrogen 

BACE Bacterial abundance-based coverage estimator index MBP Microbial biomass phosphorus 

BPDW Bacterial PD whole-tree index DOC Dissolved organic carbon 

BPIE Bacterial Pielou's evenness index DON Dissolved organic nitrogen 

BrRNA 16S rRNA abundance CEC Cation exchange capacity 

BBCD Bacterial Bray–Curtis distance AGB Above ground biomass 

BWUD Bacterial weighted UniFrac distance BGB Below ground biomass 

BUUD Bacterial unweighted UniFrac distance TOB Total biomass 

FUS Fungal sequences TRA Tree age 

FGOC Fungal good coverage PLD Plant (tree) density 

FOTUr Fungal OTU richness DBH Tree diameter at breast height 

FCHA Fungal Chao1 index TRH Tree height 

FSHA Fungal Shannon index VEC Vegetation cover 

FSIM Fungal Simpson index PSR Plant species richness 

FACE Fungal abundance-based coverage estimator index PSH Plant Shannon index 

FPDW Fungal PD whole-tree index PMA Plant Margalef index 

FPIE Fungal Pielou's evenness index PPIE Plant Pielou's evenness index 

FrRNA ITS rRNA abundance PSIM Plant Simpson index 

FBCD Fungal Bray–Curtis distance CRY Crop yield 

FWUD Fungal weighted UniFrac distance EVA Annual evaporation 

FUUD Fungal unweighted UniFrac distance PET Annual potential evapotranspiration 

STE Soil temperature BNMF Broad and needle-leaved mixed forest 

SMO Soil moisture CL Cropland 

pH Soil pH DBF Deciduous broad-leaved forest 

SEC Soil electric conductivity DNF Deciduous needle-leaved forest 

CLA Soil clay content DS Desert 

SAN Soil sand content EBF Evergreen broad-leaved forest 

SIL Soil silt content ENF Evergreen needle-leaved forest 

SBD Soil bulk density GL Grassland 

SOC Soil organic carbon SL Shrubland 

STN Soil total nitrogen TD Tundra 

AVN Soil available nitrogen WL Wetland 
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2.3 Data analysis 179 

The spatial distributions of the soil bacterial and fungal measurement sites were plotted 180 

with ArcGis 10.2 software (Environmental Systems Research Institute Inc., Redlands, 181 

California, USA). Violin plots made by GraphPad Prism 9 (GraphPad Inc., San Diego, 182 

California, USA) were used to examine the distributions of the bacterial diversity 183 

indices of BOTUr, BCHA, BSHA, BSIM, BACE, and BGOC and the fungal diversity 184 

indices of FOTUr, FCHA, FSHA, FSIM, FACE, and FGOC. Linear regression was used 185 

to explore the relationships between the bacterial diversity indices of BOTUr, BCHA, 186 

BSHA, BSIM, BACE, and BGOC and the fungal diversity indices of FOTUr, FCHA, 187 

FSHA, FSIM, FACE, and FGOC. Pearson’s correlations performed by SPSS Statistics 188 

26 (SPSS Inc., Chicago, Illinois, USA) were used to investigate the relationships 189 

between the bacterial and fungal diversities and climate, soil and vegetation factors. 190 

Redundancy analysis (RDA) was performed by using Canoco 5 (Biometris Inc., 191 

Wageningen, Gelderland, The Netherlands) to analyze the effects of soil properties on 192 

the relative abundances of bacterial (top ten) and fungal (top eight) compositions at the 193 

phylum level. 194 

3 Results 195 

3.1 Bacterial and fungal diversities 196 

The reviewed data points for the soil microbial community were distributed across each 197 

continent (Fig. 1). The northernmost and southernmost data points were located in Ny-198 

Ålesund, Sweden and McMurdo Dry Valleys, Antarctica, respectively. Each of the 199 

https://doi.org/10.5194/essd-2025-501
Preprint. Discussion started: 8 October 2025
c© Author(s) 2025. CC BY 4.0 License.



11 

 

ecosystem types had data points for BOTUr, BCHA and BSHA (Figs. 2a, b and c). No 200 

BSIM data in the TD, no BACE data in the DNF and TD and no BGOC data in the 201 

DNF were reported (Figs. 2c, d and e). The CL had the most measurement data points 202 

for BOTUr, whereas the DS had the fewest. BOTUr varied from 176 to 19454 no. 203 

copies g-1 across all of the ecosystems, with the lowest and highest values appearing in 204 

the CL (Piauí, Brazil) and DBF (Cape Jervis, Australia), respectively. The median 205 

BOTUr, BCHA, BSHA, and BACE values in the different ecosystems ranged from 206 

1348 to 3014 no. copies g-1, 2061.00 to 4276.75, 5.600 to 7.708, and 2014 to 3333, 207 

respectively. The data distribution patterns of BCHA, BSHA and BACE were similar 208 

to those of BOTUr. The BSIM varied from 0.6000 to 1.0000. The lowest BSIM (0.6000) 209 

appeared in the CL, and the highest (1.0000) appeared in the CL, DBF, DS, EBF, ENF, 210 

GL, and SL. The lowest BGOC (0.8251) appeared in the EBF, and the highest (1.0000) 211 

appeared in the GL and SL. 212 

 213 

 214 

 215 

 216 

 217 

 218 

 219 

 220 

 221 
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Figure 1. Spatial distributions of soil bacterial and fungal measurement sites. 229 
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 253 
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 255 

 256 

 257 

Figure 2. Violin plots of the distribution of bacterial diversity indices. Panels a, b, c, d, 258 

e, and f denote BOTUr, BCHA, BSHA, BSIM, BACE, and BGOC, respectively. 259 

 260 

The FOTUr ranged from 24 to 3433 no. copies g-1, with the lowest and highest 261 

values occurring in El Reno, USA, and Qingyuan, China, respectively. Most FOTUr 262 

data points were in the CL, with values ranging from 24 to 2719 no. copies g-1 (Fig. 3a). 263 

There were 788, 867, 1192, 178, 302, and 195 data points for FOTUr, FCHA, FSHA, 264 

FSIM, FACE, and FGOC, respectively, in the CL. The median FOTUr, FCHA, FSHA, 265 
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and FACE values across all of the ecosystems ranged from 206 to 639 no. copies g-1, 266 

215.90 to 835.50, 2.824 to 5.128 and 231.48 to 814.00, respectively (Figs. 3a, b, c, and 267 

e). Most of the FOTUr, FCHA, FSHA, and FACE data points were distributed close to 268 

the median values, whereas most of the FSIM and FGOC values were close to 1 (Figs. 269 

3d and f). The FOTUr and FACE in the DBF exhibited the greatest variations across all 270 

of the ecosystems, with ranges from 57 to 3433 no. copies g-1 and 98 to 5768 for FOTUr 271 

and FACE, respectively. 272 

 273 
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 301 

Figure 3. Violin plots of the distribution of fungal diversity indices. Panels a, b, c, d, e, 302 

and f denote FOTUr, FCHA, FSHA, FSIM, FACE, and FGOC, respectively. 303 

 304 

   There were fewer data points for the bacterial and fungal β diversities than for their 305 

α diversities (Table S1). The ranges of the BBCD and FBCD were from 0.050 to 0.600 306 

and from 0.072 to 0.908, respectively. The lowest and highest BBCD values appeared 307 

in the EBF and GL, respectively, whereas both the lowest and highest FBCD values 308 

appeared in the ENF. 309 
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   There was a significant linear regression relationship between FOTUr and BOTUr 310 

(Fig. 4a). The FOTUr in each of the ecosystems generally increased with increasing 311 

BOTUr. BOTUr explained 12.65 % (R2 = 0.1265) of the temporal and spatial variations 312 

in FOTUr. The relationship between the FCHA and BCHA could be explained by a 313 

linear regression function, with an R2 of 0.1805 and a P value less than 0.001 (Fig. 4b). 314 

There was a strong linear regression relationship between the FSHA and BSHA (R2 = 315 

0.4037; P < 0.001). BSHA explained 40.37 % of the variation in FSHA across all eleven 316 

ecosystems. In addition, the relationship between the FACE and BACE could be 317 

simulated by a linear regression model (R2 = 0.1294; P < 0.001; Fig. 4e). No regression 318 

relationships between the FSIM and BSIM or between the FGOC and BGOC were 319 

found (Fig. 4d and f). The results of the regression analysis revealed that fungal 320 

diversity generally increased with increasing bacterial diversity, indicating a 321 

synchronous change in the two microbial communities. 322 
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Figure 4. Regression relationships between the bacterial and fungal diversity indices. 350 

Panels a, b, c, d, e, and f denote the relationships between FOTUr and BOTUr, FCHA 351 

and BCHA, FSHA and BSHA, FSIM and BSIM, FACE and BACE, and FGOC and 352 

BGOC, respectively. 353 
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3.2 Bacterial and fungal compositions 354 

The top ten dominant bacterial phyla were Proteobacteria, Acidobacteriota, 355 

Actinobacteriota, Chloroflexota, Verrucomicrobiota, Bacteroidota, Planctomycetota, 356 

Gemmatimonadota, Firmicutes, and Nitrospirota (Table S1); the median relative 357 

abundances were 29.30 %, 15.88 %, 14.40 %, 7.6 %, and 3.00 %, respectively. 4.60 %, 358 

4.10 %, 3.70 %, 3.10 %, and 2.10 %, respectively. With respect to the simultaneously 359 

reported relative abundances of Proteobacteria and Acidobacteriota, 85.40 % of the data 360 

points presented higher relative abundances for the former. In addition to the ten 361 

dominant bacterial phyla, relatively few other phyla have been reported. The top eight 362 

dominant fungal phyla were Ascomycota, Basidiomycota, Mortierellomycota, 363 

Zygomycota, Mucoromycota, Rozellomycota, Chytridiomycota, and Glomeromycota 364 

(Table S1); the median relative abundances of the eight phyla were 57.49 %, 15.90 %, 365 

6.94 %, 6.87 %, 3.39 %, 1.37 %, 0.95 %, and 1.00 %, respectively. The reported 366 

abundances of the other phyla were significantly less than those of the eight phyla. 367 

Ascomycota was clearly the most species-rich phylum in most ecosystems. With 368 

respect to the reported relative abundances of both Ascomycota and Basidiomycota, 369 

however, the relative abundance of the latter was higher than that of the former in 19.62 % 370 

of the ecosystems. 371 

The classes (e.g., Alphaproteobacteria, Betaproteobacteria, Gammaproteobacteria, 372 

and Deltaproteobacteria) within the phylum Proteobacteria have been mostly reported 373 

in the literature. For instance, the reported relative abundance of Alphaproteobacteria 374 

varied from 2.13 % to 74.40 %. The classes (e.g., Acidobacteria_Gp1, 375 
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Acidobacteria_Gp2 and Acidobacteria_Gp3) within the phylum Acidobacteria have 376 

also been reported in the literature. The most reported fungal class was Agaricomycetes, 377 

whose relative abundance ranged from 0.30 to 95.70 %, with a median of 9.71 %. There 378 

were 88 bacterial orders (e.g., Gemmatimonadales) and 52 fungal orders (e.g., 379 

Agaricales) in the database. In addition, there were fewer reported bacterial and fungal 380 

orders than the number of reported phyla and classes. 381 

3.3 Relationships between the microbial community and potential driving factors 382 

Most of the bacterial and fungal diversity indices were significantly (P < 0.05) 383 

correlated with the climate factors MAP and MAT, although the correlation coefficients 384 

were relatively low (Table 2). The bacterial diversity indices of BOTUr, BCHA, BSHA, 385 

and BGOC were significantly (P < 0.001) positively correlated with STE, whereas only 386 

the fungal diversity index of FOTUr was significantly (P = 0.027) correlated with STE. 387 

BOTUr, BCHA, BACE, and BGOC were significantly (P < 0.001) negatively 388 

correlated with SMO. BOTUr was significantly (P < 0.01) correlated with numerous 389 

soil and vegetation variables, such as pH, SBD, STK, MBN, BGB, VEC, and PSH. The 390 

variables that were significantly correlated with BOTUr were similar to those that were 391 

significantly correlated with other bacterial diversity indices. For instance, the SBD was 392 

significantly correlated with BOTUr (P < 0.001), BCHA (P < 0.001), BSHA (P < 0.001), 393 

BSIM (P = 0.008), BACE (P < 0.001), and BGOC (P < 0.001). SBD and PSH were the 394 

key soil and vegetation variables, respectively, controlling the spatial and temporal 395 

variations in bacterial diversity. FOTUr was significantly correlated with numerous soil 396 

properties, such as AVN (P = 0.001), SAP (P < 0.001), SAK (P < 0.001), and MBN (P 397 
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= 0.003). The variables that were significantly correlated with FOTUr were similar to 398 

those that were significantly correlated with the other fungal diversity indices. 399 

 400 
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   Figs. 5a and b show the soil properties that drove the variations in the relative 423 

abundances of bacteria and fungi, respectively. Although the RDA values were 424 

generally low for axes 1 and 2, several relative abundances of bacteria (e.g., 425 

Proteobacteria) showed nearly the same trends as those of soil properties (e.g., SEC). 426 

Therefore, SEC was a key factor influencing the variations in the relative abundance of 427 

Proteobacteria. The same trend was observed for the relative abundances of 428 

Verrucomicrobiota and CEC. Additional linear regression analysis indicated that the 429 

relative abundance of Acidobacteriota was significantly (R2 = 0.1626, P < 0.001) 430 

negatively correlated with soil pH (Table S1), suggesting that low pH was more 431 

favorable for Acidobacteriota assemblage. As shown in Fig. 5b, the relative abundances 432 

of Ascomycota and Mortierellomycota were very close to those in the SBD, indicating 433 

that the SBD was a key soil property driving the variations in the relative abundances 434 

of Ascomycota and Mortierellomycota. In general, the directions of variation for all the 435 

relative abundances of bacteria and fungi were similar to the directions of variation for 436 

the soil properties. 437 

 438 

 439 

 440 

 441 

 442 

 443 

 444 
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 445 

 446 

 447 

 448 

 449 

 450 

 451 

Figure 5. RDA of the relative abundances of bacterial (top ten) and fungal (top eight) 452 

components and soil properties. Panels a and b denote bacteria and fungi, respectively. 453 

 454 

4 Discussion 455 

4.1 Bacterial and fungal diversities and compositions 456 

Our compilation of soil microbial community data enables researchers to analyze the 457 

effects of experimental treatments on the soil microbial community and its spatial and 458 

temporal variations. We listed various treatments, such as nitrogen application, 459 

warming, precipitation manipulation, and elevated CO2, in the database, which may 460 

increase the data complexity because the treatments may interact with the 461 

environmental variables. Treatment effects may induce substantial variations in soil 462 

microorganisms and, in some cases, may be greater than site and seasonality effects, 463 

which can reduce the correlation coefficients between the soil microbial community 464 

and climate, soil and vegetation factors. However, the inclusion of environmental 465 
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treatments enables researchers to perform meta-analyses concerning soil microbial 466 

diversity and composition under different treatments. We added information (e.g., site 467 

names and ecosystem types) to the database to enable researchers to investigate where 468 

the most abundant bacterial or fungal phylum was located and whether the ecosystem 469 

type affected bacterial and fungal diversities and compositions at the global scale. 470 

   Fewer microbial taxa were reported at the class and order levels in the database than 471 

at the phylum level, despite the former being more interesting to researchers with 472 

various backgrounds. Soil function (e.g., carbon and nitrogen cycling) may be induced 473 

by certain soil microorganisms at the class or order level. For instance, 474 

Gammaproteobacteria are involved in soil nitrogen fixation (Wang et al., 2024). 475 

Alphaproteobacteria and Gammaproteobacteria play important roles in soil carbon use 476 

efficiency (Allison et al., 2010; Butler et al., 2023; Ding et al., 2025). In the database, 477 

the highest and lowest relative abundances of Gammaproteobacteria appeared in the 478 

DBF at Sanming, China, and in the GL at Alborz mountains, Iran, respectively. With 479 

the future increase in the collected literature, more relative abundance data at the class 480 

and order levels can be added to the database and be more conveniently consulted. 481 

Much of the spatial and temporal variations in fungal diversity can be accounted for 482 

by bacterial diversity, indicating a tight link between the two microbial taxa. Previous 483 

studies have shown that interactions occur between bacteria and fungi at the site and 484 

regional scales (George et al. 2019; Baudy et al., 2021; Jiao et al., 2021; Pierce et al., 485 

2021; Zhang et al., 2025). Positive correlations between bacterial and fungal richness 486 

widely exist across diverse temperate soil ecosystems (George et al., 2019). Bacterial 487 
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richness plays important roles in fungal community assembly and functional 488 

complementarity (Baudy et al., 2021; Pierce et al., 2021). A recent study by Zhang et 489 

al. (2025) revealed positive coupling between bacterial and fungal Shannon diversity 490 

in global grassland regions. The positive relationships between bacterial and fungal 491 

diversities at the global scale indicate that the two microbial groups are closely 492 

connected across various ecosystems. The inferior prokaryotes of bacteria may 493 

determine the composition and assembly of more advanced eukaryotes of fungi, or 494 

vice versa. 495 

4.2 Drivers of the variations in bacterial and fungal communities 496 

Numerous scholars have investigated the effects of climate, soil and vegetation on 497 

microbial communities at the regional scale (Labouyrie et al., 2023; Domeignoz-Horta 498 

et al., 2020; Xue et al., 2024). Temperature and precipitation have been shown to be the 499 

dominant drivers of microbial diversity at the regional scale (Borowik and Wyszkowska, 500 

2016; Nottingham et al. 2018; Chen et al., 2020). Xue et al. (2024) reported that soil 501 

pH, clay content and organic carbon directly affect the microbial community. Acidic 502 

conditions (3.0–6.5 pH) are favorable for most Acidobacteria members to maintain 503 

optimum growth (Sait et al., 2006; Ward et al., 2009; Kalam et al., 2020). Nutrient (i.e., 504 

carbon, nitrogen, phosphorus and potassium) availability affects the microbial 505 

community by changing microbial growth and composition (Averill et al., 2019; Dai et 506 

al., 2020; Lauber et al., 2008). Labouyrie et al. (2023) reported that fungal α diversity 507 

across Europe is driven by vegetation covering the soil rather than by climate and soil 508 

properties. In this study, the spatial and temporal changes in bacterial and fungal 509 
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diversities and compositions tend to occur partially due to alterations in some climate, 510 

soil and vegetation variables, although the correlations between bacterial and fungal 511 

diversities and compositions and environmental predictors are weak (Table 2 and Fig. 512 

5). Compared with MAT, STE measured at sampling time explains more of the variation 513 

in soil bacterial diversity (Table 2), indicating that seasonality plays an important role 514 

in structuring bacterial communities. On the basis of our global data analyses, bulk 515 

density is a critical soil property that drives spatial and temporal changes in soil 516 

microbial communities, particularly for bacteria. In addition, there is a significant 517 

correlation between bacteria and vegetation characteristics (e.g., PSH), indicating a 518 

close connection between aboveground vegetation and belowground microorganisms. 519 

Our database provides evidence that the combination of climate, soil and vegetation 520 

variables is necessary for determining soil microbial communities at the global scale. 521 

Similar to the findings of previous studies, our findings demonstrate the complexity of 522 

the spatial and temporal variations in soil microbial communities. For instance, 523 

environmental predictors explain less of the variation in soil fungal diversity than in 524 

soil bacterial diversity (Table 2), increasing the difficulty in accurately simulating soil 525 

microbial communities. 526 

4.3 Future improvements 527 

Future improvements will concentrate on the following several aspects. 528 

First, our present version of the database does not include the microbial groups at 529 

the family and genus levels. The bacterial and fungal compositions at the family and 530 

genus levels in different ecosystems may be more interesting to researchers with varied 531 
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backgrounds. Including the microbial composition data at the family and genus levels 532 

in the database may considerably improve the data quality, and more published 533 

literature in the future may contribute to achieving this goal. 534 

Second, although numerous soil property data were collected in this study, soil 535 

enzyme data are not included in our database. The soil microbial community may be 536 

influenced by soil enzyme activity, particularly that of extracellular enzymes (Barbi et 537 

al., 2016; Dollete et al. 2024). In the future, more soil enzyme data associated with the 538 

soil microbial community should be collected. 539 

   Third, our present database includes literature in which the resulting high-quality 540 

sequences were clustered into OTUs at 97 % similarity. Studies (particularly in the year 541 

2024) involving amplicon sequence variant (ASV) methods are not included. 542 

Numerous studies that have used the ASV method have been published since 2023 (e.g., 543 

Rodríguez et al., 2024; Shulman et al., 2024), and these studies can be compiled to 544 

enrich and update our database. A subdatabase including ASV data may be affiliated 545 

with the present main database using OTU clustering. 546 

5 Data availability 547 

The database is available via Zenodo at https://doi.org/10.5281/zenodo.16195889 548 

(Chen et al., 2025). 549 

6 Conclusions 550 

We constructed a global database of soil microbial communities and potential 551 

influencing factors. The database included geographic information, sampling dates, 552 
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bacterial and fungal diversity indices, experimental treatments, climate factors, soil 553 

properties, vegetation characteristics, bacterial and fungal compositions, and site 554 

information. The database showed great variability in bacterial and fungal diversities 555 

and compositions, but consistent linear regression relationships among the bacterial and 556 

fungal diversity indices of OTU richness, Chao1, Shannon, and ACE existed. Potential 557 

researchers could use databases to characterize spatial and temporal variations in soil 558 

bacterial and fungal diversities and compositions and to analyze their key controlling 559 

factors and experimental treatment effects. 560 
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