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Table S1 Slopes of time-decay relationships for various functional and phylogenetic groups under control or long-term fertilization in archived soils.

	
	Control
	
	Fertilization
	
	T test*

	　
	slope
	r2
	p
	
	slope
	r2
	p
	
	t
	P

	Functional groups
	
	
	　
	
	
	
	　
	
	
	

	[bookmark: _Hlk526067503]C degradation
	0.029
	0.294
	0.016
	
	0.017
	0.405
	<0.001
	
	29.3
	<0.0001

	C fixation
	0.028
	0.287
	0.019
	
	0.015
	0.397
	<0.001
	
	31.67
	<0.0001

	N fixation
	0.026
	0.287
	0.019
	
	0.014
	0.341
	0.005
	
	30.22
	<0.0001

	Assimilatory N reduction
	0.025
	0.277
	0.024
	
	0.023
	0.368
	0.002
	
	4.95
	<0.0001

	Dissimilatory N reduction
	0.038
	0.333
	0.006
	
	0.021
	0.3
	0.014
	
	32.1
	<0.0001

	Ammonification
	0.023
	0.231
	0.061
	
	0.01
	0.308
	0.012
	
	
	

	Nitrification
	0.034
	0.162
	0.192
	
	0.024
	0.146
	0.241
	
	
	

	Denitrification
	0.028
	0.271
	0.028
	
	0.012
	0.316
	0.01
	
	73.1
	<0.0001

	Phosphorus
	0.024
	0.0216
	0.082
	
	0.016
	0.351
	0.004
	
	
	

	Sulfur
	0.032
	0.264
	0.032
	
	0.025
	0.523
	<0.001
	
	13.94
	<0.0001

	Phylogenetic groups
	
	
	　
	
	
	
	　
	
	
	

	Archaea
	0.032
	0.304
	0.013
	
	0.023
	0.438
	<0.001
	
	19.57
	<0.0001

	Fungi
	0.032
	0.342
	0.005
	
	0.018
	0.391
	0.001
	
	33.24
	<0.0001

	Bacteria
	0.027
	0.261
	0.034
	
	0.016
	0.431
	<0.001
	
	25.30
	<0.0001

	  G+
	0.026
	0.265
	0.031
	
	0.015
	0.434
	<0.001
	
	25.70
	<0.0001

	  G-
	0.027
	0.258
	0.036
	
	0.016
	0.428
	<0.001
	
	25.75
	<0.0001



Significant slopes of the linear regression between microbial dissimilarity (Bray-Curtis distance) and log transformed time were bolded. * The right-most columns test whether the slopes between control and fertilization were significantly different. 
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	[bookmark: _Hlk51446795]Taxonomic group
	Ecosystem
	Regions
	NO. sites
	NO. samples
	Time periods
	Treatment types
	Sequencing platform
	Cluster methods
	[bookmark: OLE_LINK3]Total no. community observation
	Rarefied sequencing depth
	References

	Bacteria
	Soil
	Single location, Yulin City, China
	5
	-
	100 days
	(1) Phenanthrene (PHE);
(2) n-octadecane (C18);
(3) Phenanthrene + n-octadecane (PC);
(4) Phenanthrene + n-octadecane + CdCl2 (PCC)
	Illumina MiSeq (16S)
	uclust in R (97% similarity)
	C18 = 601;
PHE = 562;
PC = 553; 
PCC = 487
	-
	Jiao, S. et al. 20171

	Bacteria
	Marine
	Single location, San Pedro Channel
	1
	-
	10 years
	water column five depths (5 m, DCM, 150 m, 500m and 890 m)
	ARISA*
	BLAST (97% similarity)
	332
	-
	Cram, A.J. et al. 20142

	Bacteria
	Marine
	Interstate scale,
Bermuda, Hawaii, Southern California, Western English Channel and Northwestern Mediterranean Sea
	5
	-
	80 days, 10 years
	Bermuda, Hawaii, Southern California, Western English Channel, Northwestern Mediterranean Sea
	ARISA*, 16S
	BLAST (97% similarity)
	-
	-
	Fuhrman, A.J. et al. 20153

	Bacteria, eukaryote
	Sediment
	Single location, Guan River, Changzhou, China
	5
	55
	1 year
	Bacteria, Eukaryotes, Benthos
	Illumina MiSeq (16S, 18S)
	UPARSE (97% similarity)
	-
	6,139,308 reads for bacteria and
2,899,731 reads for eukaryotes
	Zhang, N. et al. 20174

	Bacteria
	Shrimp ponds
	Single location, Zhanqi, Ningbo, China
	6
	36
	42 days
	35, 45, 55, 63, 69 and 77 days after shrimp inoculation
	Roche FLX 454 pyrosequencing machine (16S)
	uclust in R (97% similarity)
	-
	195,640
	Xiong, J. et al. 20145

	Bacteria
	Soil
	Continental scale, Northwestern of China
	2
	80
	100 days
	(1) Phenanthrene (PHE);
(2) n-octadecane (C18); 
(3) Phenanthrene + n-octadecane (PC);
(4) Phenanthrene + n-octadecane + CdCl2 (PCC)
	Illumina MiSeq (16S)
	uclust in R (97% similarity)
	41,354
	3,281,843
	Jiao, S. et al. 20176

	Bacteria
	Desert
	Single location, Central Namib Desert
	8
	128
	1 year
	Rainfall event; all sampling points
	16S
	uclust in R (97% similarity)
	328
	Rainfall event = 348,687; All sampling = 124,597
	Armstrong, A. et al. 20167

	Bacteria
	Human
	Hospital, Southampton and South West Hampshire Research Ethics Committee
	14
	168
	1 year
	Different patients
	 IR2 automated DNA sequencer (16S)
	-
	-
	-
	Stressmann, F.A. et al. 20128

	Bacteria and Archaea
	Air, plant, lake, stream, marine, human, soil, wastewater
	State scale, Wisconsin, USA
	76
	3431
	1 week to 6 years
	Air, plant, lake, stream, marine, human, soil, wastewater
	Illumina MiSeq (16S), 454
	Greengenes reference database (97% similarity)
	-
	-
	Shade, A. et al. 20139

	Bacteria
	Marine
	Trans-regional,
San Pedro Basin; English Channel
	3
	SPB = 128;
EC = 73
	Seasonal to 8 years
	English Channel 5 m (EC5); San Pedro Basin 5 m (SPB5); San Pedro Basin 890 m (SPB890)
	ARISA*, 16S
	97% similarity
	EC5 = 7614;
SPB5 = 391;
SPB890 = 367
	752,028
	Hatosy, S.M. et al. 201310

	Bacteria
	Soil
	Trans-regional, (1) Hailun station, Heilongjiang, Province of northern China
(2) Fengqiu station, Henan, Province of central China 
(3) Yingtan station, Jiangxi, Province of southern China.
	3
	63
	6 years
	Central Fengqiu site, classified as Cambisol soil, were transported northward to the Hailun site and southward to the Yingtan site.
	Illumina MiSeq (16S)
	uclust in R (97% similarity)
	In situ = 30,109;
Northward = 30,870; 
Southward = 29,343
	10,947
	Liang, Y. et al. 201511

	Bacteria and fungi
	Tall-grass prairie
	Single location, KAEFS, Oklahoma, USA
	8
	48
	6 years
	Warming and control conditions
	Illumina MiSeq (16S, ITS)
	UPARSE (97% similarity)
	-
	Bacteria = 30,000; Fungi = 10,000

	Guo, X. et al. 201812


*ARISA, Automated Ribosomal Intergenic Spacer Analysis
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Table S3 Multiple models to fit the relationship between temporal turnovers (w) and time scale (Ts).

	Model
	Equation
	SEE
	χa
	ρ
	R2
	p
	RSS
	AIC

	Rational
	
	0.0889
	0.798
	0.429
	0.177
	0.0005
	0.585
	-146.17

	Logarithmic
	
	0.0897
	0.695
	0.405
	0.164
	0.0005
	0.595
	-146.93

	Pow law
	
	0.0898
	0.665
	0.402
	0.161
	0.001
	0.597
	-146.68

	Reciprocal
	
	0.0946
	0.491
	0.263
	0.069
	0.022
	0.662
	-138.76

	Quadratic
	
	0.0947
	0.486
	0.259
	0.067
	0.0735
	0.664
	-136.62

	Cubic
	
	0.0935
	0.551
	0.300
	0.090
	0.089
	0.647
	-136.51

	Linear
	
	0.0958
	0.551
	0.300
	0.045
	0.058
	0.680
	-136.80



Bold numbers indicate the best fit in the compared models. SEE, standard error of the estimate16; χa and ρ are proposed as components in concordance correlation coefficient (ρc) to evaluate accuracy and precision, respectively; R2, coefficient of determination; p values were calculated by permutational test; RSS, residual sum of squares; AIC, Akaike information criterion. Equations are as below.
	
	Eq. S1

	
	Eq. S2

	
	Eq. S3

	
	Eq. S4

	
	Eq. S5


wi	Observed w value.
	Estimated (model predicted) w value.
n	Number of data points.
	Mean of observed w values
	Mean of estimated w values
	Variance of observed w values
	Variance of estimated w values
	Covariance of observed and estimated w.




Table S4 Cohen’s d values to evaluate the effect of long-term fertilization on stochastic assembly of microbial functional groups.
	Functional processes
	Functional genes
	d
	Effect size

	C fixation
	pcc, CODH, rubisco, aclB
	-1.23
	Large

	Recalcitrant C degradation 
	lignin, chitin, aromatics
	-0.90
	Large

	Labile C degradation
	starch, hemicellulose, cellulose
	-1.00
	Large

	N mineralization
	ureC, gdh
	-0.60
	Medium

	Nitrification
	hao
	-0.40
	Small

	N fixation
	nifH
	-1.46
	Large

	Assimilatory/dissimilatory N reduction
	napA, nasA, nirA, nirB, nrfA
	-0.62
	Medium

	Denitrification
	narG, nirS, nirK, norB, nosZ
	-1.34
	Large
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