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1 | Supplementary Materials and Methods
Preferred Reporting Items for Systematic Reviews and Meta-Analyses-flowchart of assessment of eligible studies
Records identified through database search 
(Studies from Web of Science (WOS, http://apps.webofknowledge.com/) and Google Scholar (http://scholar.google.com/), based on the keywords from our method section, n = 1436)
Additional records identified through other sources
(Studies from China National Knowledge Infrastructure (CNKI, www.cnki.net/), using the same keywords used in Web of Science, n = 282) and (Studies from Chen et al., 2018, n = 61)

n =  12)
Records after duplicates removed
(n = 1066, 961 from WOS and Google Scholar, 44 from CNKI, 61 from Chen et al., 2018)
[bookmark: OLE_LINK328][bookmark: OLE_LINK329][bookmark: _Hlk44034311]Records excluded
(n = 895, 891 of them do not belong to terrestrial N loading experiments, 4 of these papers are from conference proceedings)
Records screened
(n = 1066)

Identification





Screening




Full-text articles assessed for eligibility
(n = 171)
Eligibility requirements: (1) Articles must have an N addition treatment with a paired control; (2) Control and N addition treatments had to be conducted at the same experimental site; (3) Details on N addition methods had to be provided; (4) The activity of at least one C-targeting enzyme had to be measured.
Full-text articles excluded, with reasons
(n = 69; 20 of these papers are conducted in the lab or greenhouse with quite short experimental duration; 21 of these papers with unclear N loading methods; 14 of these papers without paired control and N addition treatments; 14 of these papers measured enzyme activities of plant rather than soil)



Eligibility




Studies included in qualitative synthesis
(n = 102)


Included

Studies included in meta-analysis
[bookmark: _Hlk44031386](102 papers were included in this meta-analysis, including 60 papers from forests, 25 papers from grasslands, 14 papers from farmlands and four papers from shrubland. One paper from both forests and grasslands)



[bookmark: _Hlk131599166][bookmark: OLE_LINK87]2 | Supplementary tables and figures
Table S1 A detailed overview of the enzymes included in our meta-analysis. EC: the enzyme commission number classification for that enzyme or class of enzymes. 
	Type
	Extracellular enzyme
	EC
	Target

	[bookmark: OLE_LINK327][bookmark: _Hlk132990206]Hydrolase 
	[bookmark: _Hlk87965986]β-1,4-Glucosidase (BG)
	3.2.1.21
	[bookmark: _Hlk104628095]Cellulose degradation products

	
	[bookmark: _Hlk88243270]β-1,4-Xylosidase (BX)
	3.2.1.37
	[bookmark: _Hlk104628111]Hemicellulose degradation products

	
	β-D-Cellobiosidase (CBH)
	3.2.1.91
	Cellulose degradation products

	Oxidase
	Peroxidase (PER)
	1.11.1.7
	Lignin and other complex compounds

	[bookmark: _Hlk85113616]
	Phenol oxidase (PO)
	1.10.3.2
	Lignin and other complex compounds

	
	Polyphenol oxidase (PPO)
	1.14.18.1
	Lignin and other complex compounds




[bookmark: OLE_LINK194][bookmark: OLE_LINK195]Table S2. Results for publication bias using Begg’s test and Egger’s test. BG, β-1,4-Glucosidase; BX, β-1,4-Xylosidase; CBH, β-D-Cellobiosidase; PER, Peroxidase; PO, Phenol oxidase; PPO, Polyphenol oxidase; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; Soil N, soil total nitrogen. The bold type indicated significance at P < 0.05 generated by the two individual tests. If Rosenthal’s fail-safe number (Nfs) were larger than 5n + 10 (n, number of observations), the results were robust regardless of potential publication bias.
	Variable
	n
	Begg’s test
	Egger’s test
	Nfs
	5n + 10

	[bookmark: OLE_LINK226]Hydrolytic C-degrading EEAs
	357
	0.029
	0.667
	
	

	[bookmark: OLE_LINK330]Oxidative C-degrading EEAs
	320
	0.171
	0.037
	
	

	Oxidative:hydrolytic C-degrading EEA ratio
	298
	0.493
	0.031
	
	

	BG
	312
	0.719
	0.524
	
	

	BX
	62
	0.603
	0.103
	
	

	CBH
	179
	0.043
	<0.001
	6531
	905

	PER
	206
	0.066
	0.648
	
	

	PO
	170
	0.425
	0.041
	
	

	PPO
	110
	0.646
	0.744
	
	

	Plant productivity
	77
	0.288
	0.107
	
	

	pH
	203
	0.808
	0.667
	
	

	SOC
	280
	<0.001
	0.690
	
	

	Recalcitrant SOC
	34
	0.532
	0.107
	
	

	Soil N
	221
	0.012
	0.904
	
	

	SOC:N
	229
	0.254
	0.457
	
	

	MBC
	107
	0.013
	0.692
	
	

	MBN
	84
	0.028
	0.025
	5375
	430

	MBC:MBN
	93
	0.001
	0.118
	
	

	Bacteria
	62
	<0.001
	<0.001
	405
	320

	Fungi
	62
	0.255
	0.023
	
	

	Fungi:Bacteria
	68
	0.100
	0.270
	
	



[bookmark: OLE_LINK324]
Table S3. Evaluation of model parameters used to explain soil C storage under N addition. Model parameters with significant correlation (P < 0.05) are indicated in bold. Clay, clay content in %; D.pH, the difference in soil pH between N addition and control treatments; Soil N, soil total nitrogen; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; MBC:MBN, microbial biomass C:microbial biomass N; F:B, fungal:bacterial abundance. 
	Types
	Variables
	df
	F
	R2
	Slope
	SE
	t
	P

	[bookmark: _Hlk131693692]Ambient conditions
	MAT
	278
	18.30
	0.062
	0.007
	0.002
	4.278
	<0.001

	
	MAP
	278
	0.004
	0.000
	0.000
	0.000
	-0.065
	0.949

	Soil 
properties
	Clay
	49
	1.487
	0.029
	-0.003
	0.003
	-1.219
	0.229

	
	Initial C:N
	278
	2.137
	0.008
	0.003
	0.002
	1.462
	0.145

	
	RR-pH
	195
	1.121
	0.006
	0.218
	0.206
	1.059
	0.291

	
	D.pH
	195
	1.993
	0.010
	0.055
	0.039
	1.412
	0.160

	
	Soil N
	219
	137.971
	0.387
	0.674
	0.057
	11.746
	<0.001

	Plant 
productivity
	RR-Plant productivity
	75
	0.456
	0.006
	-0.042
	0.062
	-0.675
	0.502

	Microbes
	RR-MBC
	103
	53.282
	0.341
	0.331
	0.045
	7.299
	<0.001

	
	RR-MBN
	82
	19.911
	0.195
	0.258
	0.058
	4.462
	<0.001

	
	RR-MBC:MBN
	91
	5.219
	0.054
	0.156
	0.068
	2.284
	0.025

	
	RR-Bacteria
	60
	0.004
	0.000
	-0.002
	0.028
	-0.062
	0.951

	
	RR-Fungi
	60
	2.230
	0.036
	0.072
	0.048
	1.493
	0.141

	
	RR-F:B
	66
	0.444
	0.007
	0.020
	0.031
	0.667
	0.507

	Enzyme activities
	RR-Hydrolytic C-degrading EEAs
	256
	10.307
	0.039
	0.130
	0.040
	3.210
	0.001

	
	
	RR-BG
	236
	6.569
	0.027
	0.097
	0.038
	2.563
	0.011

	
	
	RR-BX
	55
	5.966
	0.098
	0.276
	0.113
	2.443
	0.018

	
	
	RR-CBH
	122
	2.923
	0.023
	0.083
	0.049
	1.710
	0.090

	
	RR-Oxidative C-degrading EEAs
	219
	26.299
	0.107
	-0.19
	0.037
	-5.128
	<0.001

	
	
	RR-PER
	143
	0.012
	0.000
	-0.004
	0.04
	-0.108
	0.914

	
	
	RR-PO
	114
	22.400
	0.164
	-0.183
	0.039
	-4.733
	<0.001

	
	
	RR-PPO
	84
	48.903
	0.368
	-0.384
	0.055
	-6.993
	<0.001





Table S4. Evaluation of model parameters used to explain C-degrading EEAs under N addition. Model parameters with significant correlation (P < 0.05) are indicated in bold. Clay, clay content in %; D.pH, the difference in soil pH between N addition and control treatments; Soil N, soil total nitrogen; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; MBC:MBN, microbial biomass C:microbial biomass N; F:B, fungal:bacterial abundance.
	Enzyme
	Variables
	df
	F
	R2
	Slope
	SE
	t
	P

	Hydrolytic C-degrading EEAs 
	MAT
	355
	0.564
	0.002
	0.002
	0.003
	0.751
	0.453

	
	MAP
	355
	1.998
	0.006
	0.000
	0.000
	-1.414
	0.158

	
	Clay
	49
	10.222
	0.173
	-0.009
	0.003
	-3.197
	0.002

	
	Initial C:N
	355
	4.456
	0.012
	0.005
	0.003
	2.111
	0.035

	
	RR-pH
	189
	0.155
	0.001
	-0.156
	0.396
	-0.394
	0.694

	
	D.pH
	189
	0.049
	0.000
	-0.017
	0.076
	-0.221
	0.826

	
	RR-Soil N
	197
	8.715
	0.042
	0.367
	0.124
	2.952
	0.004

	
	RR-Plant productivity
	75
	0.917
	0.012
	0.086
	0.090
	0.958
	0.341

	
	RR-MBC
	100
	3.173
	0.031
	0.149
	0.084
	1.781
	0.078

	
	RR-MBN
	77
	0.219
	0.003
	0.048
	0.104
	0.468
	0.641

	
	RR-MBC:MBN
	86
	0.083
	0.001
	0.034
	0.117
	0.287
	0.774

	
	RR-Bacteria
	55
	0.733
	0.013
	0.146
	0.170
	0.856
	0.396

	
	RR-Fungi
	55
	3.382
	0.058
	0.229
	0.124
	1.839
	0.071

	
	RR-F:B
	61
	0.594
	0.010
	0.090
	0.117
	0.770
	0.444

	Oxidative C-degrading EEAs
	MAT
	318
	14.383
	0.043
	0.011
	0.003
	0.379
	<0.001

	
	MAP
	318
	2.998
	0.009
	0.000
	0.000
	1.731
	0.084

	
	Clay
	41
	3.388
	0.076
	0.007
	0.004
	1.841
	0.073

	
	Initial C:N
	318
	0.594
	0.002
	-0.002
	0.003
	-0.77
	0.442

	
	RR-pH
	152
	1.674
	0.011
	0.492
	0.380
	1.294
	0.198

	
	D.pH
	152
	2.752
	0.018
	0.120
	0.072
	1.659
	0.099

	
	RR-Soil N
	160
	0.363
	0.002
	-0.078
	0.13
	-0.602
	0.548

	
	RR-Plant productivity
	52
	5.527
	0.096
	0.115
	0.049
	2.351
	0.023

	
	RR-MBC
	61
	18.497
	0.233
	0.361
	0.084
	4.301
	<0.001

	
	RR-MBN
	44
	3.408
	0.072
	0.191
	0.103
	1.846
	0.072

	
	RR-MBC:MBN
	53
	2.969
	0.053
	0.165
	0.096
	1.723
	0.091

	
	RR-Bacteria
	52
	1.196
	0.022
	0.065
	0.060
	1.094
	0.279

	
	RR-Fungi
	52
	4.146
	0.031
	0.142
	0.111
	2.283
	0.045

	
	RR-F:B
	58
	0.238
	0.004
	-0.031
	0.064
	-0.488
	0.627


[image: ]
Figure S1. Global distribution of the sites selected in this meta-analysis. The numbers in parentheses are the number of observations for each ecosystem type.
[image: ]
[bookmark: _Hlk138162685][bookmark: OLE_LINK80][bookmark: OLE_LINK78][bookmark: OLE_LINK79]Figure S2.  The relationship between the initial soil organic carbon content and the response ratios (RR) of (A) SOC storage, (B) hydrolytic C-degrading EEAs, (C) oxidative C-degrading EEAs, and (D) oxidative:hydrolytic C-degrading EEA ratio to N addition. The regression line is based on a mixed-effects meta-regression model and a 95% confidence interval. Dots represent the individual experiments in the meta-analysis, with dot sizes proportional to model weights. The dotted lines represent 95% confidence intervals. The initial SOC represents soil background carbon stocks (g kg-1).
[image: ]
[bookmark: OLE_LINK214][bookmark: OLE_LINK221][bookmark: OLE_LINK335][bookmark: OLE_LINK336][bookmark: OLE_LINK227][bookmark: OLE_LINK228]Figure S3.  The relationship between N addition rate and the response ratios (RR) of (A) SOC storage, (B) hydrolytic C-degrading EEAs, (C) oxidative C-degrading EEAs, and (D) oxidative:hydrolytic C-degrading EEA ratio to N addition. The regression line is based on a mixed-effects meta-regression model and a 95% confidence interval. Dots represent the individual experiments in the meta-analysis, with dot sizes proportional to model weights. The dotted lines represent 95% confidence intervals.
[image: ]
Figure S4. Relationships between the response ratios of soil C storage and enzyme activities to N addition for studies categorized by (A, B) ecosystem type  and (C, D) soil type. Positive relationships between the response of hydrolytic C-degrading EEAs and soil C storage were found for forest (R2=0.11, P < 0.001, n =145) and Inceptisols (R2 = 25, P < 0.001, n = 88). The relationships between the response of hydrolytic C-degrading EEAs and soil C storage were insignificant for farmland (n = 40), grassland (n = 68), shrubland (n = 5), Alfisols (n = 54), Entisols (n = 26), Mollisols (n = 29), Spodosols (n = 46) and Ultisols (n = 6). The relationships were limited by the paucity of data for Aridisols (n = 1), Gelisols (n = 1), Histosols (n = 3), and Oxisols (n = 4). Negative relationships between the response of oxidative C-degrading EEAs and soil C storage were found for farmland (R2= 0.495, P < 0.001, n = 26), grassland (R2 = 0.129, P < 0.05, n = 46), Alfisols (R2 = 0.195, P < 0.001, n = 61), Entisols (R2 = 0.518, P < 0.001, n = 22), Spodosols (R2 = 0.194, P < 0.01, n = 46). The relationships between the response of oxidative C-degrading EEAs and soil C storage were non-significant for forest (n = 144), shrubland (n = 5), Inceptisols (n = 66), and Mollisols (n = 13). The relationships were limited by the paucity of data for Aridisols (n = 1), Gelisols (n = 1), Histosols (n = 3), Oxisols (n = 4), and Ultisols (n = 4).

[image: ]
Figure S5. Relationships between the response ratios of pH to N addition (RR-pH) and the difference in soil pH between N addition and control treatments (ΔpH).
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