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Figure S1 (a, b) Shannon index and richness calculated at the genus level. Different
letters represent significant differences between land-use types (Kruskal-Wallis test, P
< 0.05). The red dot of the boxplot represents the mean value. (c, d) PCoA of Bray-
Curtis dissimilarities of the microbial communities at the genus level. The between
represent the difference of multiple land use types. Statistical significance was
evaluated using a PERMANOVA. The black line of the boxplot represents the mean
value. (e) Effects of land-use type on the community composition of the main

bacterial phyla.
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Figure S2 (a-e) Co-occurrence patterns of genera in the land-use types. Each node
represents a genus. (f) Weighted degree, modularity, clustering coefficient and

centrality of the co-occurrence networks.
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Figure S3 Core microbes at the class level in the land-use types. Core microbes with a core index >0.75 are shown in red.
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Figure S4 Sankey diagram
demonstrating the relationship
between the land-use type, 100 most
important biomarkers and SOC
concentration in China. The colors of
the lines indicate the level of the 100

most important biomarkers.
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Figure S5 Heatmap shows the relative abundance of functional genes annotated by

KEGG databases, and known genes linked to KEGG pathway level 2. The relative

abundances of all the functions selected were then normalized by z-score.
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Figure S6 Functional potential of all microorganisms associated with soil nutrient
cycling (top 10 abundant cycles) in different land uses. The functional analysis of
microorganisms associated with nutrient cycling was achieved using the FAPROTAX

(http://www.cloud.biomicroclass.com/CloudPlatform/SoftPage/FAP).
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Figure S7 Functional potential of 100 biomarkers (100 most important genera
calculated by random forest model and sorted by increase node purity) associated with
soil nutrient cycling in different land uses. The functional analysis of microorganisms
associated with nutrient cycling was achieved using the FAPROTAX

(http://www.cloud.biomicroclass.com/CloudPlatform/SoftPage/FAP).



Table S1 The 269 bioproject accession numbers of the high-throughput sequencing data from 218 studies.

Inde Sampl

X Bioproject e size Paper Title DOl
Climate change and human activities altered the diversity and composition of soil

1 PRINA316041 266 | microbial community in alpine grasslands of the Qinghai-Tibetan Plateau doi.org/10.1016/j.scitotenv.2016.03.221
The influence of soil properties on the size and structure of bacterial and fungal

2 PRINA310322 27 communities along a paddy soil chronosequence doi.org/10.1016/j.ejs0bi.2016.06.002
The influence of soil properties on the size and structure of bacterial and fungal

3 PRINA315177 27 communities along a paddy soil chronosequence doi.org/10.1016/j.ejs0bi.2016.06.002
Responsiveness of soil nitrogen fractions and bacterial communities to afforestation

5 PRINA279223 24 in the Loess Hilly Region (LHR) of China 10.1038/srep28469
Soil carbon content drives the biogeographical distribution of fungal communities in

6 PRINA245065 26 the black soil zone of northeast China doi.org/10.1016/j.s0ilbio.2015.01.009
High throughput sequencing analysis of biogeographical distribution of bacterial

7 PRINA213163 26 communities in the black soils of northeast China doi.org/10.1016/j.s0ilbio.2013.12.014
Diversity and distribution patterns of acidobacterial communities in the black soil

9 PRINA298379 26 zone of northeast China doi.org/10.1016/j.s0ilbio.2015.12.021
Long-term balanced fertilization increases the soilmicrobial functional diversity in a

10 PRINA253903 15 phosphorus-limitedpaddy soil 10.1111/mec.13010
Responses of Soil Bacterial Communities to Nitrogen Deposition and Precipitation

11 PRINA255542 44 Increment Are Closely Linked with Aboveground Community Variation 10.1007/s00248-016-0730-z
Drivers of bacterial beta diversity in two temperate forests; Soil bacterial
communities of different natural forest types in Northeast China; Aboveground- doi.org/10.1007/s11284-015-1313-z;
belowground biodiversity linkages differ in early and late successional temperate 10.1038/srep1223410.1007/s11104-014-2165-

12 PRIJNA210332 226 forests 2
Changes of soil microbial community under different degraded gradients of alpine

13 PRINA291544 100 | meadow doi.org/10.1016/j.agee.2016.02.020
Scale-dependent effects of climate and geographic distance on bacterial diversity

14 PRINA295634 136 | patterns across northern China’s grasslands 10.1093/femsec/fiv133

15 PRINA312997 115 Biogeographic Distribution Patterns of Bacteria in Typical Chinese Forest Soils doi.org/10.3389/fmich.2016.01106
Nitrogen fertilization directly affects soil bacterial diversity and indirectly affects

16 PRJEB8961 40 bacterial community composition doi.org/10.1016/j.s0ilbi0.2015.09.018




Rate-specific responses of prokaryotic diversity and structure to nitrogen deposition

17 PRJEB6148 42 in the Leymus chinensis steppe doi.org/10.1016/j.s0ilbio.2014.09.009
Diminished rhizosphere and bulk soil microbial abundance and diversity across

18 PRINA595442 24 succession stages in Karst area, southwest China doi.org/10.1016/j.aps0il.2020.103799
Diminished rhizosphere and bulk soil microbial abundance and diversity across

19 PRJIJNA598790 24 succession stages in Karst area, southwest China doi.org/10.1016/j.aps0il.2020.103799
Biogeographical patterns and mechanisms of microbial community assembly that

20 PRINA640847 200 | underlie successional biocrusts across northern China doi.org/10.1038/s41522-021-00188-6
Effects of growth-promoting rhizobacteria on maizegrowth and rhizosphere

21 PRINAG640833 20 microbial community underconservation tillage in Northeast China doi.org/10.1111/1751-7915.13693

22 PRINA450260 60 Microbial communities in rare earth mining soil after in-situ leaching mining doi.org/10.1016/j.scitotenv.2020.142521
The stronger impact of inorganic nitrogen fertilization on soil bacterial community

23 PRINA611054 135 | than organic fertilization in short-term condition doi.org/10.1016/j.geoderma.2020.114752
Biogeographic patterns and co-occurrence networks of diazotrophic and arbuscular

24 PRINA476847 52 mycorrhizal fungal communities in the acidic soil ecosystem of southern China doi.org/10.1016/j.aps0il.2020.103798
Comparison of soil microbial community between planted woodland and natural

25 PRINA506324 66 grass vegetation on the Loess Plateau doi.org/10.1016/j.foreco.2019.117817
Comparison of soil microbial community between planted woodland and natural

26 PRINA506313 33 grass vegetation on the Loess Plateau doi.org/10.1016/j.foreco.2019.117817
Salinity controls soil microbial community structure andfunction in coastal estuarine

27 PRINA422172 30 wetlands doi.org/10.1111/1462-2920.15281
Effects of disturbance to moss biocrusts on soil nutrients, enzyme activities, and

28 PRINA657738 24 microbial communities in degraded karst landscapes in southwest China doi.org/10.1016/j.s0ilbio.2020.108065
Changes in soil microbial community structure during long-term secondary

29 PRINA340057 20 succession doi.org/10.1002/1dr.3505
Changes in soil microbial community structure during long-term secondary

30 PRJIJNA340058 20 succession doi.org/10.1002/1dr.3505
Effects of long-term no-tillage with different straw mulching frequencies on soil

31 PRINA437231 144 microbial community and the abundances of two soil-borne pathogens doi.org/10.1016/j.aps0il.2019.103488
The diversity of microbial community and function varied in response to different

32 PRINA573412 18 agricultural residues composting doi.org/10.1016/j.scitotenv.2020.136983




Long term effects of management practice intensification on soil microbial

33 PRINA560408 36 community structure and co-occurrence network in a non-timber plantation doi.org/10.1016/j.foreco.2019.117805
Long-term no-tillage and different residue amounts alter soil microbial community

35 PRINA437336 144 | composition and increase the risk of maize root rot in northeast China doi.org/10.1016/j.still.2019.104452

36 PRINA592248 24 Characteristics of the soil microbial community in the forestland of Camellia oleifera | doi.org/10.7717/peerj.9117
Peat-vermiculite alters microbiota composition towards increased soil fertility and

37 PRINA640885 27 crop productivity doi.org/10.1007/s11104-021-04851-x
Tight coupling of fungal community composition with soilquality in a Chinese fir

38 PRINA429554 228 | plantation chronosequence doi.org/10.1002/Idr.3771
Fertilization regime has a greater effect on soil microbial community structure than

39 PRINA564116 72 crop rotation and growth stage in an agroecosystem doi.org/10.1016/j.aps0il.2020.103510
Fertilization regime has a greater effect on soil microbial community structure than

40 PRINA564154 72 crop rotation and growth stage in an agroecosystem doi.org/10.1016/j.aps0il.2020.103510
Profiling multiple heavy metal contamination and bacterial communities surrounding

41 PRINA637813 24 an iron tailing pond in Northwest China doi.org/10.1016/j.scitotenv.2020.141827
Interactions between biochar and nitrogen impact soil carbon mineralization and the

42 PRINA522864 27 microbial community doi.org/10.1016/j.still.2019.104437
Interactions between biochar and nitrogen impact soil carbon mineralization and the

43 PRINA522870 27 microbial community doi.org/10.1016/j.still.2019.104437
Fifteen-Year Application of Manure and Chemical Fertilizers Differently Impacts

44 PRJEB29291 18 Soil ARGs and Microbial Community Structure doi.org/10.3389/fmich.2020.00062
Seasonal Microbial Community Characteristic and Its Driving Factors in a Copper

45 PRJIJNA600330 18 Tailings Dam in the Chinese Loess Plateau doi.org/10.3389/fmich.2020.01574
Seasonal Microbial Community Characteristic and Its Driving Factors in a Copper

46 PRIJNA605500 18 Tailings Dam in the Chinese Loess Plateau doi.org/10.3389/fmich.2020.01574
Spatiotemporal vanadium distribution in soils with microbial community dynamics at

47 PRINA575814 72 vanadium smelting site doi.org/10.1016/j.envpol.2020.114782
Spatiotemporal vanadium distribution in soils with microbial community dynamics at

48 PRINA527630 33 vanadium smelting site doi.org/10.1016/j.envpol.2020.114782
Soil bacterial communities vary with grassland degradation in the Qinghai Lake

49 PRINA526110 41 watershed doi.org/10.1007/s11104-020-04823-7




Soil microbial communities and their relationships to soil properties at different
depths in an alpine meadow and desert grassland in the Qilian mountain range of

50 PRINA593866 32 China
Soil microbial communities and their relationships to soil properties at different
depths in an alpine meadow and desert grassland in the Qilian mountain range of

51 PRINA593869 32 China
Variations in the diversity of the soil microbial community andstructure under

52 PRINA661140 12 various categories of degraded wetland inSanjiang Plain, northeastern China doi.org/10.1002/1dr.3872
Crop rotation suppresses soil-borne Fusarium wilt of banana and alters microbial

53 PRINA578945 30 communities doi.org/10.1080/03650340.2020.1839058
Crop rotation suppresses soil-borne Fusarium wilt of banana and alters microbial

54 PRINA578172 30 communities doi.org/10.1080/03650340.2020.1839058
Dissecting the effect of continuous cropping of potato on soil bacterial communities

55 PRINA549054 12 as revealed by high-throughput sequencing doi.org/10.1371/journal.pone.0233356
The responses of soil bacterial communities and enzyme activities to the edaphic

56 PRINA588718 27 properties of coal mining areas in Central China doi.org/10.1371/journal.pone.0231198
Soil chemical properties and geographical distance exerted effects on arbuscular
mycorrhizal fungal community composition in pear orchards in Jiangsu Province,

57 PRINA507126 48 China 10.1016/j.aps0il.2019.05.017
Bacterial richness is negatively related to potential soil multifunctionality in a

58 PRINA647612 20 degraded alpine meadow doi.org/10.1016/j.ecolind.2020.106996
Bacterial richness is negatively related to potential soil multifunctionality in a

59 PRINA647603 20 degraded alpine meadow doi.org/10.1016/j.ecolind.2020.106996
Long- term nitrogen input alters plant and soil bacterial, but not fungal beta diversity

60 PRINA573484 32 in a semiarid grassland 10.1111/gch.15681
Long- term nitrogen input alters plant and soil bacterial, but not fungal beta diversity

61 PRINA573488 32 in a semiarid grassland 10.1111/gch.15681
Driving forces linking microbial community structure and functions to enhanced

62 PRINA507935 21 carbon stability in biochar-amended soil 10.1016/j.envint.2019.105211
A Rhizosphere-Derived Consortium of Bacillus subtilis and Trichoderma harzianum

63 PRINA512875 48 Suppresses Common Scab of Potato and Increases Yield 10.1016/j.csbj.2019.05.003
Microbial Community Responses to Vanadium Distributions in Mining Geological

64 PRIJNA319330 14 Environments and Bioremediation Assessment 10.1029/2018JG004670




Soil microbial community assemblage and its seasonal variability in alpine treeline

65 PRINA376077 18 ecotone on the eastern Qinghai-Tibet Plateau 10.1007/s42832-019-0006-x
Effect of Drought Stress and Developmental Stages on Microbial Community

66 PRINA532487 12 Structure and Diversity in Peanut Rhizosphere Soil 10.3390/ijms20092265
A plant growth-promoting bacterium alters the microbial community of continuous

67 PRINA397171 2 cropping poplar trees' rhizosphere 10.1111/jam.14194
The occurrence of potato common scab correlates with the community composition

68 PRINAA477767 39 and function of the geocaulosphere soil microbiome 10.1186/s40168-019-0629-2
Bacterial shifts during in-situ mineralization bio-treatment to nonferrous metal(loid)

69 PRINA552653 24 tailings 10.1016/j.envpol.2019.113165

70 PRINA503944 16 Microbial response to CaCO3 application in an acid soil in southern China 10.1016/j.jes.2018.12.007
Effects of soil properties, heavy metals, and PBDEs on microbial community of e-

71 PRINA419588 54 waste contaminated soil 10.1016/j.ecoenv.2019.05.027
Co-occurrence patterns of microbial communities affected by inoculants of plant
growth-promoting bacteria during phytoremediation of heavy metal-contaminated

72 PRINA530114 26 soils 10.1016/j.ecoenv.2019.109504

73 PRINA394928 24 Salinity is a key determinant for soil microbial communities in a desert ecosystem 10.1128/mSystems.00225-18
Variations in Soil Bacterial Composition and Diversity in Newly Formed Coastal

74 PRINA286946 1 Wetlands 10.3389/fmich.2018.03256
Response of freshwater sediment archaeal community to metal spill;
Pyrosequencing-based assessment of soil microbial community structure and analysis
of soil properties with vegetable planted at different years under greenhouse 10.1016/j.chemosphere.2018.11.054;

75 PRINA478705 31 conditions 10.1016/j.still.2018.11.008
Diversity and function of soil bacterial communities in response to long-term

76 PRINA487518 20 intensive management in a subtropical bamboo forest 10.1016/j.geoderma.2019.113894
Distinct Successions of Common and Rare Bacteria in Soil Under Humic Acid

77 PRJIJNA505996 8 Amendment - A Microcosm Study 10.3389/fmich.2019.02271
Distinct methanotrophic communities exist in habitats with different soil water

78 PRINA427384 50 contents 10.1016/j.s0ilbi0.2019.02.007
Differential responses of the acidobacterial community in the topsoil and subsoil to

79 PRINA486259 24 fire disturbance in Pinus tabulaeformis stands 10.7717/peerj.8047
Biofertilizers regulate the soil microbial community and enhance Panax ginseng

80 PRINA430782 84 yields 10.1186/s13020-019-0241-1




Changes in the soil microbial community are associated with the occurrence of Panax

81 PRINA494298 18 quinguefolius L. root rot diseases 10.1007/s11104-018-03928-4
The effect of Glomus intraradices on the physiological properties of Panax ginseng

82 PRINA397343 3 and on rhizospheric microbial diversity 10.1016/j.jgr.2017.08.005
Deterministic processes dominate soil microbial community assembly in subalpine

83 PRINA438424 37 coniferous forests on the Loess Plateau 10.7717/peerj.6746
The inhibitory effect of cadmium and/or mercury on soil enzyme activity, basal
respiration, and microbial community structure in coal mine—affected agricultural

84 PRINA307123 2 soil 10.1007/s13213-019-01478-3
Change of soil microbial community under long-term fertilization in a reclaimed

85 PRINA472201 24 sandy agricultural ecosystem 10.7717/peerj.6497
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Table S2 Most important genera (top 100) calculated by random forest model and sorted by increase node purity.

Serial Cultivated MeanDecreas
Taxonomy Forest Grassland Others Wasteland Wetland

Number land eAccuracy
d__Bacteria;p__Actinobacteriota;c__Rubrobacteria;o__Rubrob
acterales;f __Rubrobacteriaceae;g__Rubrobacter 1 0.008961239 | 0.009090817 | 0.079953322 | 0.004478344 | 0.033978963 | 0.004156524 | 0.014544481
d__Bacteria;p__Acidobacteriota;c__Acidobacteriae;o__Subgro
up_2;f _Subgroup_2;g_ Subgroup_2 2 0.005926833 | 0.025849396 | 0.013626461 | 0.008080628 | 0.011464045 | 0.006290101 | 0.011342108
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o B
urkholderiales;f__Nitrosomonadaceae;g_ MND1 3 0.00445257 | 0.022016363 | 0.011126246 | 0.005137393 | 0.009608946 | 0.008023897 | 0.009332947
d__Bacteria;p__Firmicutes;c__Clostridia;o__Clostridiales;f C
lostridiaceae;g__Clostridium_sensu_stricto_1 4 0.004289955 | 0.018406107 | 0.009308582 | 0.011487738 | 0.007524966 | 0.00737209 | 0.008509269
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhi
zobiales;f _ Xanthobacteraceae;g__uncultured 5 0.00680831 | 0.011033409 | 0.025553356 | 0.007999526 | 0.005348324 | 0.005495608 | 0.008291706
d__ Bacteria;p__ Actinobacteriota;c__Actinobacteria;o__Strepto
mycetales;f _Streptomycetaceae;g__ Streptomyces 6 0.004699758 | 0.017826394 | 0.002494626 | 0.008650039 | 0.006975047 | 0.008074734 | 0.008159867
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o B
urkholderiales;f__Comamonadaceae; 7 0.000900939 | 0.024132146 | 0.007016236 | 0.00819265 | 0.008426686 | 0.006973433 | 0.007940648
d__Bacteria;p__Verrucomicrobiota;c__Verrucomicrobiae;o_ C
hthoniobacterales;f _ Xiphinematobacteraceae;g_Candidatus_
Xiphinematobacter 8 0.006679475 | 0.012776168 | 0.002145172 | 0.008450766 | 0.007033907 | 0.006214893 | 0.007917995
d__Bacteria;p__Actinobacteriota;c__Actinobacteria;o__Microc
occales;f__Micrococcaceae;_ 9 0.001165805 | 0.020414548 | 0.00959428 | 0.003475802 | 0.016693807 | 0.004234876 | 0.007716531
d__Bacteria;p__Verrucomicrobiota;c__Verrucomicrobiae;o_ C
hthoniobacterales;f _Chthoniobacteraceae;g__Candidatus_Uda
eobacter 10 0.00556004 | 0.01412161 | 0.007302249 | 0.008261998 | 0.005726324 | 0.005618151 | 0.007620525
d__Bacteria;p__Chloroflexi;c__Anaerolineae;o__Anaerolineale
s;f__Anaerolineaceae;g__uncultured 11 0.003249987 | 0.016306343 0.003428 | 0.003490005 | 0.009951588 | 0.010169806 | 0.007256747
d__Bacteria;p__Actinobacteriota;c__Actinobacteria;o__Frankia
les;f__Acidothermaceae;g__Acidothermus 12 0.005242426 | 0.013306348 | 0.009273068 | 0.004961514 | 0.007088813 | 0.003709741 | 0.007204788
d__Bacteria;p__Actinobacteriota;c__Actinobacteria;o__Frankia
les;f__Geodermatophilaceae;g__Blastococcus 13 0.003152238 | 0.012391741 | 0.015278904 | 0.002699365 | 0.015128188 | 0.002268901 | 0.007196662
d__Bacteria;p__Chloroflexi;c__Anaerolineae;o_ RBG-13-54-
9;f RBG-13-54-9;9_ RBG-13-54-9 14 0.005486973 | 0.012104087 | 0.007117868 | 0.008052636 | 0.005165133 | 0.004410491 | 0.006984759




d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhi

zobiales;f__ Beijerinckiaceae;g__Microvirga 15 0.002004811 | 0.010239605 | 0.029976969 | 0.005365887 | 0.013168489 | 0.004372239 | 0.006835203
d__Bacteria;p__Nitrospirota;c__Thermodesulfovibrionia;o__un

cultured;f__uncultured;g__uncultured 16 0.005776985 | 0.009561457 | 0.006129871 | 0.005171982 | 0.006238527 | 0.005111584 | 0.006544509
d__Bacteria;p__Firmicutes;c__Bacilli;o__Bacillales;f__Bacilla

ceae;g__ Bacillus 17 0.001300833 | 0.015937484 | 0.016456137 | 0.005618989 | 0.009296586 | 0.004621009 | 0.00638529
d__ Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Sph

ingomonadales;f _Sphingomonadaceae;g__Sphingomonas 18 0.003936447 | 0.010670445 | 0.007465174 | 0.001281128 0.0104103 | 0.006579668 | 0.006294756
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhi

zobiales;f__Xanthobacteraceae;_ 19 0.00388504 | 0.006600347 | 0.013830069 | 0.005453684 | 0.013988422 | 0.00531095 | 0.006256043
d__ Bacteria;p__Bacteroidota;c__Kryptonia;o__Kryptoniales;f

_BSV26;9__BSV26 20 0.003485327 | 0.01143794 | 0.006335443 | 0.004980112 | 0.006209484 | 0.009005292 | 0.006064436
d__Bacteria;p__Actinobacteriota;c__Thermoleophilia;o__Solir

ubrobacterales;f__67-14;9_ 67-14 21 0.00266279 | 0.003443738 | 0.06440593 | 0.005303684 | 0.005758705 | 0.004898981 | 0.005882184
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o B

urkholderiales;f __Oxalobacteraceae;g_Massilia 22 0.001624043 | 0.016032957 | 0.000724422 | 0.003678325 | 0.008350874 0.0070852 | 0.005879519
d__ Bacteria;p__Nitrospirota;c__ 4-29-1;0 4-29-1;f 4-29-

1;,9_ 4-29-1 23 0.004346394 | 0.009209876 | 0.005652277 | 0.006093661 | 0.006533485 | 0.00192462 | 0.005697431
d__Bacteria;p__Desulfobacterota;c__Desulfuromonadia;o__Ge

obacterales;f __Geobacteraceae; 24 0.004028438 | 0.00811434 | 0.005763193 | 0.007958223 | 0.008055461 | 0.002512778 | 0.005567632
d__Bacteria;p__Chloroflexi;c__Anaerolineae;o__Anaerolineale

s;f__Anaerolineaceae;g__Anaerolinea 25 0.003472258 | 0.010579001 | 0.006796507 | 0.00492465 | 0.006395958 | 0.001730543 | 0.005480286
d__Bacteria;p__Chloroflexi;c__Chloroflexia;o__Thermomicrob -

iales;f_JG30-KF-CM45;g_ JG30-KF-CM45 26 0.002046697 | 0.012381585 | 0.002311723 | 0.003267707 | 0.012552208 | 0.001679134 | 0.005428292
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhi

zobiales;f__Devosiaceae;g__Devosia 27 0.003474539 | 0.011664211 | 0.006796359 0.0025936 | 0.004585236 | 0.000848536 | 0.005329546
d__Bacteria;p__Desulfobacterota;c__Syntrophorhabdia;o__Syn

trophorhabdales;f__Syntrophorhabdaceae;g__Syntrophorhabdus 28 0.003200562 | 0.009598053 | 0.006307325 | 0.004636264 | 0.006590467 | 0.006828515 | 0.005328694
d__Bacteria;p__Firmicutes;c__Bacilli;o__Bacillales; _; 29 0.001840852 | 0.014177049 | 0.002408449 | 0.005242703 | 0.005795192 | 0.003098777 | 0.005254241
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o B

urkholderiales;f __Methylophilaceae;g_Methylotenera 30 0.003111643 | 0.00354717 | 0.002198824 | 0.002399849 | 0.02173722 | 0.003186523 | 0.005204635




d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o B

urkholderiales;f __SC-1-84;g__SC-1-84 31 0.002739707 | 0.00921716 | 0.007560766 | 0.003395801 | 0.009980298 | 0.00098366 | 0.005134428
d__Bacteria;p__Myxococcota;c__Polyangia;o__Polyangiales;f
_Blrii4l;g_ Blrii4l 32 0.00112205 | 0.011254987 | 0.005594574 | 0.015098803 | 0.004702971 | 0.005593287 | 0.005040439
d__Bacteria;p__Bacteroidota;c__Bacteroidia;o__Chitinophagal
es;f__Chitinophagaceae;g__Ferruginibacter 33 0.004116784 | 0.003929986 | 0.009951498 | 0.01874146 | 0.002464837 | 0.001732422 | 0.005024367
d__Bacteria;p__Cyanaobacteria;c__Cyanobacteriia;o__Chloropl
ast;f__Chloroplast;g__Chloroplast 34 0.002151396 | 0.009255922 | 0.007592757 | 0.010778705 | 0.005005183 | 0.003869504 | 0.004928131
d__Bacteria;p__Actinobacteriota;c__Actinobacteria;o__Propion
ibacteriales;f _Nocardioidaceae;g_ Nocardioides 35 0.002008142 | 0.012688649 | 0.004705366 | 0.003768156 | 0.003443019 | 0.00452913 | 0.004921026
d__ Bacteria;p__Bacteroidota;c__Bacteroidia;o__Bacteroidales;
f__Bacteroidetes_vadinHA17;g__Bacteroidetes_vadinHA17 36 0.001980289 | 0.00778796 | 0.005266929 | 0.003678897 | 0.005098001 | 0.018139988 | 0.004820728
d__Bacteria;p__Chloroflexi;c__Ktedonobacteria;o__Ktedonoba
cterales;f__Ktedonobacteraceae;g_ HSB_OF53-F07 37 0.003294923 | 0.01011792 | 0.003747635 | 0.003702037 | 0.003309991 | 0.003177796 | 0.004782503
d__Bacteria;p__Verrucomicrobiota;c__Verrucomicrobiag;o_ O
pitutales;f _Opitutaceae;g__Opitutus 38 0.001877968 | 0.003109223 | 0.002575101 | 0.043354148 | 0.001807981 | 0.002172574 | 0.004590867
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o_ X
anthomonadales;f _ Xanthomonadaceae; 39 0.000967493 | 0.011505579 | 0.008926254 | 0.011283954 | 0.002953526 | 0.002301236 | 0.00447171
d__Bacteria;p__Acidobacteriota;c__Acidobacteriae;o__Acidob
acteriales;f__uncultured;g__uncultured 40 0.00271142 | 0.004669853 | 0.009919939 | 0.006479287 | 0.009196535 | 0.002557316 | 0.004447716
d__Bacteria;p__Myxococcota;c__Polyangia;o__Haliangiales;f
_Haliangiaceae;g__Haliangium 41 0.001116047 | 0.005881803 0.0078098 | 0.00487107 | 0.011446695 | 0.009173701 | 0.004400574
d__Bacteria;p__Myxococcota;c___Myxococcia;o___Myxococcal
es;f__Anaeromyxobacteraceae;g__Anaeromyxobacter 42 0.002350368 | 0.007093197 | 0.006014977 | 0.005151336 | 0.007722752 | 0.00188519 | 0.00433675
d__Bacteria;p__Actinobacteriota;c__Actinobacteria;o__Microc
occales;f__Intrasporangiaceae;__ 43 0.000428807 | 0.013314926 | 0.005454893 | 0.004739866 | 0.005452676 | 0.002355034 | 0.00432603
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Sph
ingomonadales;f__Sphingomonadaceae; 44 0.002091362 | 0.006174925 | 0.002349431 | 0.004345208 | 0.011092503 | 0.000770147 | 0.004325952
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Elst
erales;f__uncultured;g__uncultured 45 0.003174199 | 0.007176767 | 0.000387061 | 0.003510719 | 0.004276981 | 0.005999578 | 0.004239786
d__Bacteria;p__Methylomirabilota;c__Methylomirabilia;o_ M
ethylomirabilales;f___Methylomirabilaceae;g_ Sh765B-TzT-35 46 0.002574238 | 0.008338274 | 0.003693489 | 0.004897752 | 0.004503405 | 0.000894839 | 0.004107407




d__Bacteria;p__Acidobacteriota;c__Blastocatellia;o__Pyrinom

onadales;f__Pyrinomonadaceae;g_ RB41 47 0.003146508 | 0.003618593 | 0.000578867 | 0.002407414 | 0.010811332 | 0.003399012 | 0.003958888
d__Bacteria;p__Acidobacteriota;c__Acidobacteriae;o__Solibact

erales;f__Solibacteraceae;g__Candidatus_Solibacter 48 0.002172295 | 0.005440845 | 0.007329932 | 0.001850855 | 0.008722943 | 0.00378976 | 0.003943155
d__Bacteria;p__Chloroflexi;c__ AD3;0__ AD3;f _AD3;g_ AD

3 49 0.002630978 | 0.006612826 | 0.005711592 | 0.002908253 | 0.005036432 | 0.002894139 | 0.003942296
d__ Bacteria;p__Bacteroidota;c__Bacteroidia;o__Cytophagales;

f__Microscillaceae; 50 0.000899038 | 0.002620508 | 0.001625711 | 0.002332694 | 0.023329844 | 0.001280232 | 0.003807728
d__ Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__ Tist

rellales;f__Geminicoccaceae;g__uncultured 51 0.002188427 | 0.002637488 | 0.000281861 | 0.00328751 | 0.012539862 | 0.008468147 | 0.003763704
d__Bacteria;p__Acidobacteriota;c__Subgroup_25;0__ Subgroup

_25;f _Subgroup_25;g__Subgroup_25 52 0.002374594 0.0057593 | 0.00156581 | 0.006324059 | 0.004132827 | 0.00516481 | 0.003706201
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhi

zobiales;f__Xanthobacteraceae;g__Pseudolabrys 53 0.001648226 | 0.007888609 | 0.007930642 | 0.000396629 | 0.002904408 | 0.006292843 | 0.003559012
d__Bacteria;p__Chloroflexi;c__Anaerolineae;o__Anaerolineale

s;f__Anaerolineaceae;g_ UTCFX1 54 0.001186699 | 0.003234791 | 0.001649873 | 0.002151463 | 0.017030271 | 0.001989664 | 0.003477393
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o B

urkholderiales;f__ TRA3-20;g_ TRA3-20 55 0.001236581 | 0.007791633 | 0.003033595 | 0.003176198 | 0.006005715 | 0.00136091 | 0.003390736
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Ps

eudomonadales;f __Pseudomonadaceae;g__Pseudomonas 56 0.001240151 | 0.00417509 | 0.005216397 | 0.007021536 | 0.009919192 | 0.002126227 | 0.003360532
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Azo

spirillales;f__Azospirillaceae;g__Skermanella 57 0.001357248 | 0.004362715 | 0.002991193 | 0.001296911 | 0.009503527 | 0.003777145 | 0.003332829
d__Bacteria;p__Desulfobacterota;c__Desulfobaccia;o__Desulfo

baccales;f__Desulfobaccaceae;g__Desulfobacca 58 0.002614832 | 0.005193094 | 0.002528195 | 0.003115098 | 0.003851429 | 0.002438027 | 0.003310485
d__Bacteria;p__Bacteroidota;c__Bacteroidia;o__Cytophagales;

f__Microscillaceae;g__uncultured 59 0.001380307 | 0.004618021 | 0.004288036 0.0046316 | 0.008543184 | 0.001668788 | 0.00320888
d__Bacteria;p__Actinobacteriota;c__Actinobacteria;o__Euzeby

ales;f__Euzebyaceae;g__uncultured 60 0.002032264 | 0.001406288 | 0.001511238 | 0.001088949 | 0.006225317 | 0.015411565 | 0.003133271
d__Bacteria;p__Gemmatimonadota;c__Gemmatimonadetes;o__

Gemmatimonadales;f __Gemmatimonadaceae;g__Gemmatimon

as 61 0.00213433 | 0.003453278 | 0.005142059 | 0.005363647 | 0.006316612 | 0.001157041 | 0.003116243
d__ Bacteria;p_ WPS-2;c_ WPS-2;0_ WPS-2;f  WPS- -

2;0__WPS-2 62 0.002600723 | 0.004166416 | 0.006020905 | 0.000332694 | 0.004883005 | 0.00224382 | 0.003088243




d__Bacteria;p__ Actinobacteriota;c__Thermoleophilia;o__Solir

ubrobacterales;f__Solirubrobacteraceae;g__Solirubrobacter 63 0.001586294 | 0.004273298 | 0.015464113 | 0.001406681 | 0.004198395 | 0.001493295 | 0.003064698
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rho

dobacterales;f _Rhodobacteraceae;g__Rubellimicrobium 64 0.002244177 | 0.001494299 | 0.005513852 | 0.001052841 | 0.007923551 | 0.000823478 | 0.003022605
d__Bacteria;p__Firmicutes;c__Bacilli;o__Bacillales;f__Bacilla

ceae;g__uncultured 65 0.001341342 | 0.001268583 | 0.000354267 | 0.029985358 | 0.000988195 | 0.000776092 | 0.002873452
d__ Bacteria;p__Bacteroidota;c__Bacteroidia;o__Flavobacterial

es;f _Flavobacteriaceae;g__ Flavobacterium 66 0.00173922 | 0.001533754 | 0.002786379 | 0.004029495 | 0.010353733 | 0.002055859 | 0.002857827
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__ St

eroidobacterales;f _Steroidobacteraceae;g__uncultured 67 0.001498556 | 0.004180906 | 0.00283251 | 0.001191814 | 0.003208573 | 0.008282828 | 0.002749922
d__ Bacteria;p__Acidobacteriota;c__Vicinamibacteria;o__Vicin

amibacterales;f__Vicinamibacteraceae;g__Vicinamibacteraceae 68 0.001869972 | 0.00395762 | 0.002295938 | 0.001987706 | 0.005755022 | 0.001717961 | 0.00274474
d__Bacteria;p__Chloroflexi;c__Anaerolineae;_ ; ; 69 0.002008801 | 0.003747864 | 0.001119284 | 0.004316808 | 0.003763824 | 0.002713564 | 0.00273837
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhi

zobiales;f__Beijerinckiaceae;__ 70 0.001731827 | 0.003324955 | 0.002698446 | 0.001069238 | 0.004492264 | 0.004000076 | 0.002716875
d__Bacteria;p__Methylomirabilota;c__Methylomirabilia;o_ Ro

kubacteriales;f _Rokubacteriales;g_Rokubacteriales 71 0.00162789 | 0.005732209 | 0.003427228 | 0.00132409 | 0.002326316 | 0.002228834 | 0.002676037
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhi

zobiales;f__Beijerinckiaceae;g__uncultured 72 0.001726062 | 0.001283905 | 0.00165666 | 0.000949306 | 0.008743502 | 0.001009448 | 0.002622774
d__Bacteria;p__Chloroflexi;c__Anaerolineae;o__Anaerolineale

s;f__Anaerolineaceae;__ 73 0.00056167 | 0.005574327 | 0.003192872 | 0.004052085 | 0.002785529 | 0.005898508 | 0.002604032
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o B

urkholderiales;f__Nitrosomonadaceae;g__Ellin6067 74 0.001670266 | 0.002231926 | 0.004528524 | 0.001842987 | 0.007457012 | 0.001320355 | 0.002599613
d__Bacteria;p__Bacteroidota;c__Bacteroidia;o__Chitinophagal

es;f__Chitinophagaceae;g__Aurantisolimonas 75 0.001581737 | 0.001298857 | 0.001470691 | 0.022679653 | 0.000919804 | 0.00072711 | 0.002578211
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o__Ps

eudomonadales;f _Moraxellaceae;g__Acinetobacter 76 0.00088653 | 0.006458956 | 0.004059505 | 0.003840267 | 0.001849857 | 0.001646208 | 0.002551415
d__Bacteria;p__Chloroflexi;c__Anaerolineae;o__ SJA-

15;f SJA-15;g_ SJA-15 77 0.000955337 | 0.004287985 | 0.002374066 | 0.002840546 | 0.00256434 | 0.007602368 | 0.002466817
d__Bacteria;p__Bacteroidota;c__Bacteroidia;o__Chitinophagal

es;f__Chitinophagaceae;g__Flavisolibacter 78 0.000775614 | 0.007712463 | 0.00141442 | 0.002986896 | 0.000751266 | 0.001084847 | 0.002440449




d__Bacteria;p__Actinobacteriota;c__Actinobacteria;o__Coryne

bacteriales;f __Mycobacteriaceae;g__Mycobacterium 79 0.001079792 | 0.001766934 | 0.017751601 | 0.003744953 | 0.003396339 | 0.001025814 | 0.002287953
d__Bacteria;p__Chloroflexi;c__Ktedonobacteria;o_ C0119;f

C0119;g_ C0119 80 0.001074181 | 0.006259979 | 0.001183491 | 0.001197634 | 0.00116654 | 0.001521457 | 0.00228466
d__Bacteria;p__Chloroflexi;c_ OLB14;0 _OLB14;f OLB14;

g_OLB14 81 0.000913861 | 0.005597173 | 0.004125773 | 0.001558871 | 0.002250762 | 0.00121121 | 0.002271697
d__Bacteria;p__Gemmatimonadota;c__Gemmatimonadetes;o__

Gemmatimonadales;f _Gemmatimonadaceae;g__uncultured 82 0.002147652 | 0.002963082 | 0.002983322 | 0.003378182 | 0.001029827 | 0.00143474 | 0.002246594
d__Bacteria;p__ Actinobacteriota;c__Thermoleophilia;o__Gaiel

lales;f__uncultured;g__uncultured 83 0.000922078 | 0.003403667 | 0.012417953 | 0.001559465 | 0.002991897 | 0.001992247 | 0.002235921
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o G

ammaproteobacteria_Incertae_Sedis;f __Unknown_Family;g__

Acidibacter 84 0.001478907 | 0.001831935 | 0.001614385 | 0.001773931 | 0.006269603 | 0.003008543 | 0.002233545
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Don

giales;f _Dongiaceae;g__Dongia 85 0.000790537 | 0.004726752 | 0.004407673 | 0.00261567 | 0.002524951 | 0.001581474 | 0.002150781
d__Bacteria;p__Planctomycetota;c__Planctomycetes;o__ Pirellu

lales;f__Pirellulaceae;g__Pir4_lineage 86 0.000623371 | 0.000824664 | 0.002303225 | 0.000904563 | 0.013407895 | 0.00060307 | 0.002148938
d__Bacteria;p__Bacteroidota;c_ SJA-28;0_ SJA-28;f SJA-

28;0_ SJA-28 87 0.001297366 | 0.003332316 | 0.003699641 | 0.002919211 | 0.00318078 | 0.001565451 | 0.00214599
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Rhi

zobiales;f__Methyloligellaceae;g__Methyloligellaceae 88 0.000692388 | 0.00518132 | 0.002230313 | 0.003005168 | 0.002016948 | 0.002634525 | 0.002123641
d__Bacteria;p__Planctomycetota;c__Planctomycetes;o__Pirellu -7.86573E-

lales;f__Pirellulaceae;g__Pirellula 89 0.000934453 | 0.004757912 | 0.003666213 05 | 0.002599199 | 0.002432983 | 0.002084867
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o B -

urkholderiales;f __Comamonadaceae;g__Hydrogenophaga 90 0.000922799 | 0.001170081 | 0.001328419 | 0.000292745 | 0.010728714 | 0.002110323 | 0.00207504
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o B

urkholderiales;f__Nitrosomonadaceae;g__Nitrosospira 91 0.000448449 | 0.004698442 | 0.002633527 | 0.001481279 | 0.005392607 | 0.000998702 0.002055
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o_ O

ceanospirillales;f _Halomonadaceae;g__Halomonas 92 0.001480846 | 0.001407047 | 0.000987044 | 0.000173384 | 0.000777629 | 0.013545189 | 0.002047228
d__Bacteria;p__Acidobacteriota;c__Acidobacteriae;o__Bryoba

cterales;f__Bryobacteraceae;g__Bryobacter 93 0.001256726 | 0.001919732 | 0.001833786 | 0.002977398 | 0.004879644 | 0.002647336 | 0.002036971
d__Bacteria;p__Proteobacteria;c__Alphaproteobacteria;o__Sph

ingomonadales;f _Sphingomonadaceae;g__Sphingorhabdus 94 0.001506399 | 0.000907651 | 0.000777274 | 0.00034516 | 0.00834971 | 0.000635853 | 0.001994954




d__Bacteria;p__Sva0485;c__Sva0485;0__ Sva0485;f Sva0485

;0__Sva0485 95 0.000965871 | 0.003041022 | 0.002345028 | 0.001375689 | 0.002229384 | 0.006791387 | 0.001994801
d__Bacteria;p__Bacteroidota;c__Kapabacteria;o__Kapabacteria
les;f _Kapabacteriales;g__Kapabacteriales 96 0.0005167 | 0.003155451 | 0.001248898 | 0.00883721 | 0.002755377 | 0.002180001 | 0.001967802
d__Bacteria;p__Bacteroidota;c__Bacteroidia;o__Chitinophagal
es;f__Chitinophagaceae;g__Terrimonas 97 0.000391573 | 0.002936264 | 0.001043757 | 0.000705236 | 0.008568566 | 0.001204247 | 0.001963253
d__ Bacteria;p__Dadabacteria;c__Dadabacteriia;o__Dadabacteri
ales;f _Dadabacteriales;g__Dadabacteriales 98 0.000290068 | 0.001498522 | 0.001432247 | 0.001498611 | 0.011350318 | 0.000985201 | 0.001933949
d__Bacteria;p__Acidobacteriota;c__ Subgroup_18;0__ Subgroup
_18;f _Subgroup_18;g__ Subgroup_18 99 0.000987162 | 0.00387063 | 0.001450077 | 0.002544975 | 0.002173519 | 0.00166022 | 0.001912858
d__Bacteria;p__Proteobacteria;c__Gammaproteobacteria;o B
urkholderiales;f__Methylophilaceae; 100 0.000308195 | 0.000986782 | 0.001644802 | 5.62673E-05 | 0.012795423 | 0.00031694 | 0.001882829




Table S3 Standardized total effect from structural equation modeling.

TP TN TK pH Latitude  Land use Climate Shannon  Richness
Shannon 0.144 -0.101 -0.243 -0.223 0.171 -0.049 -0.385 0 0
Richness 0.079 -0.05 -0.217 0.067 0.173 -0.007 -0.213 0 0
socC -0.038 0.953 -0.07 0.123 -0.066 0.012 -0.009 -0.012 -0.011




Table S4 Detailed parameters of structural equation modeling for describing the negative and
positive effects of geographic conditions, microbial-community characteristics and soil

chemical properties on the SOC concentration.

Label R? P S.E. C.R.
Climate --->TP 0.015 0.582 0.004 0.55
Climate --->TN 0.145 faleie 0.02 5.501
Climate --->TK -0.39 faleied 0.084 -15.21
Climate --->pH -0.29 faleie 0.028 -11.16

Climate --->Shannon -0.28 kel 0.021 -9.317
Climate --->Richness -0.16 faleie 2.114 -5.33
Land use --->TP 0.159 faleled 0.003 7.296
Land use --->TN 0.451 faleied 0.014 21.793
Land use --->TK 0.223 faleied 0.06 11.055
Land use --->pH -0.04 0.087 0.02 -1.709
Land use --->Shannon -0.13 faleie 0.015 -5.447
Land use --->Richness -0.07 0.006 1.513 -2.773
Latitude --->TP 0.472 faleie 0.008 16.903
Latitude --->TN 0.309 faleied 0.045 11.611
Latitude --->TK 0.391 falalel 0.186 15.041
Latitude --->pH 0.479 faleied 0.061 17.963
Latitude --->Shannon 0.022 0.466 0.047 0.73
Latitude --->Richness 0.149 falekal 4.699 4.744
Climate --->SOC -0.02 0.087 0.105 -1.712
Latitude --->SOC -0.06 faleled 0.263 -5.577
Land use --->SOC 0.011 0.132 0.077 1.506
pH --->SOC 0.108 faleied 0.129 8.923
Shannon --->SOC -0.01 0.339 0.18 -0.956
Richness --->SOC -0.01 0.326 0.002 -0.983
TP --->SOC -0.04 faleied 0.672 -4.282
TN --->SOC 0.984 faleled 0.163 87.914
TK --->S0C -0.07 falaled 0.028 -8.419

*** means < 0.05



