Table S1. Summary of the quality assessment for this meta-analysis. 
	Quality criteria
	This study

	1. Has formal meta-analysis been conducted (i.e. combination of effect sizes using standard meta-analytical methodology) or is it simply a vote count?
	Yes, both formal meta-analysis and vote count were used. Formal meta-analysis with five meta-analysis methods were used at the global scale and only the method of weighted mean difference (WMD) weighted by inverse variance was used for all the other meta-analyses (e.g. in a region).

	2. Are details of bibliographic search (electronic data bases used, keyword combinations, years) reported in sufficient detail to allow replication?
	Yes, all electronic databases, search strings, data and reference list used in the study are provided. We utilized the Web of Science and CNKI (China National Knowledge Infrastructure) with specific keywords related to CO2, CH4, and N2O emissions under biochar amendment in agricultural ecosystems. The search details and PRISMA flow diagram are also provided.

	3. Are criteria for study inclusion/exclusion explicitly listed?
	Yes, all criteria are listed in the Method section. The selected studies met the following criteria: (a) experiments included a control treatment; (b) observations were conducted on agricultural ecosystems; (c) ancillary information was provided, including season, experiment duration, N addition levels, replication, control treatment, and soil layers.

	4. Have standard metrics of effect size been used or, if nonstandard metrics have been employed, is the distribution of these parameters known and have the authors explained why they calculated variances for each metrics?
	Yes, we used standard metrics of effect size, i.e., weighted mean difference (WMD) weighted by inverse variance. The response ratio (RR) was defined as the ratio of the N application level outcome compared to the control group (CK).

	5. Has the magnitude of effect sizes per study been included in the analysis, has potential interdependence of these estimates been taken into account?
	Yes, only one estimate was retained in each experiment. An experiment is a temporally and spatially distinct experiment with internally consistent controls. One publication can have more than one experiment.

	6. Have effect sizes been weighted by study precision or has the rationale for using unweighted approach been provided?
	Yes, effect sizes were weighted by the inverse variance.

	7. Have statistical model for meta-analysis and the software used been described?
	Yes, a random-effect model of meta-analysis was used with Metawin software version 2.1. The 95% confidence interval was estimated using bootstrapping with 999 iterations.

	8. Has heterogeneity of effect sizes between studies been quantified?
	Yes, confidence intervals were given in all meta-analyses.

	9. If so, the causes of existent heterogeneity in effect sizes been explored by meta-regression?
	Yes, temporal changes in effect size were explored by meta-regression. The causes of heterogeneity were also explored by grouping experiments and by using the model selection analysis which can deal with multiple interactive predictors and both continuous and category variables.

	10. If effects of multiple moderators have been tested, have potential non-independence of and interactions between moderators been taken into account?
	Yes, both potential non-independence of interactions between moderators were taken into account by the model selection analysis. Also, the old variable selection was before the analysis to avoid highly non-independence of moderators.

	11. Were the data extracted using appropriate software?
	Yes, the mean and SD data were extracted using GetData 2.20 software and Graph Grabber software version 2.0.2.

	12. Have tests for publication bias been conducted?
	Yes, funnel plots were plotted, Egger’s regression test of the point distribution was performed, and trim-and-fill analysis was run, as shown in Figure S8.

	13. If meta-analysis combines studies published over considerable time span, have possible temporal changes in effect size been tested?
	Yes, possible temporal changes in effect size were tested using a meta-regression method, as shown in Figure S7.

	14. Have sensitivity analysis been performed to test the robustness of results?
	Yes, sequential fail safe number were calculated to test the robustness of results, as shown in Figure S8.

	15. Have full bibliographic details of primary studies included in a meta-analysis been provided?
	Yes, as required by the journal, the full bibliographic details of primary studies are deposited in a public repository.

	16. Has the data set used for meta-analysis, including effect sizes and variances/sample sizes from individual primary studies and moderator variables, been provided in a electronic appendix?
	Yes, as required by the journal, all the data are deposited in a public repository.

	17. Were the data classified appropriately for analysis?
	Yes, data were classified based on N application levels, seasons, study durations, and soil depth layers.

	18. Were the data analyzed using appropriate statistical methods?
	Yes, a random-effect model of meta-analysis was used, and the 95% confidence interval was estimated using bootstrapping with 999 iterations.

	19. Were the results visualized using appropriate software?
	Yes, GraphPad Prism version 10.1.1 and OriginPro version 2021 software were used for visualization.

	20. Were the relationships between variables evaluated using appropriate statistical methods?
	Yes, Pearson’s correlation analysis, linear mixed-effects modeling, and structural equation modeling (SEM) were performed.

	21. Has the number of studies that were included and excluded been provided, as well as the reasons for exclusion?
	Yes, the number of studies that were included and excluded, as well as the reasons for exclusion, have been provided.

	22. Has a spreadsheet been constructed in which every step in the selection criteria is recorded?
	Yes, a spreadsheet has not been constructed in which every step in the selection criteria is recorded.

	23. Has a flow diagram describing the progression between the different steps been provided?
	Yes, a flow diagram describing the progression between the different steps has been provided1.

	24. Has the rationale for choosing the criteria been stated?
	Yes, the rationale for choosing the criteria has not been stated

	25. Have examples of exclusion criteria been provided?
	Yes, examples of exclusion criteria have been provided

	26. Has the method of data abstraction that were used by the authors been described in detail?
	Yes, the method of data abstraction that were used by the authors has not been described in detail1.

	27. Have the methods of data abstraction that were used by the authors been described in detail?
	Yes, the methods of data abstraction that were used by the authors have not been described in detail1.


Table S2. Statistical analysis of model coefficients and residual heterogeneity
	(a) Fixed and random effects

	
	Q
	df
	p

	Omnibus test of model coefficients
	659.759
	1
	< .001

	Test of residual heterogeneity
	21365.943
	263
	< .001

	Note.  p -values are approximate. 

	Note.  The model was estimated using Restricted ML method.


	(b) Coefficients

	
	Estimate
	SE
	z
	p

	Intercept
	0.453
	0.018
	25.686
	< .001

	Note.  Wald test. 


	(c) Residual heterogeneity estimates

	τ²
	0.074

	τ
	0.271

	I² (%)
	99.758

	H²
	413.487


Table S3. Correlation between CO2, CH4, and N2O emissions with their regulating factors and other variables.

	
	PLFA
	SM
	pH
	Ts
	Dura.
	Magn.
	BC process.
	BD
	Salinity
	MBC
	Agg. Sta.
	Base sat.
	CEC
	Poro.
	CO2
	N2O
	CH4

	PLFA
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SM
	-0.65*
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	pH
	0.63
	-0.56*
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Ts
	-0.80*
	0.91
	-0.68*
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	Duration
	-0.79*
	0.96
	-0.61*
	0.94
	1
	
	
	
	
	
	
	
	
	
	
	
	

	Magn.
	-0.79*
	0.88
	-0.60*
	0.93
	0.90
	1
	
	
	
	
	
	
	
	
	
	
	

	BC process.
	-0.77*
	0.80
	-0.53*
	0.86
	0.85
	0.82
	1
	
	
	
	
	
	
	
	
	
	

	BD
	-0.45*
	0.72
	-0.39*
	0.74
	0.70
	0.64
	0.80
	1
	
	
	
	
	
	
	
	
	

	Salinity
	-0.45*
	0.72
	-0.39*
	0.74
	0.70
	0.64
	0.80
	1.00
	1
	
	
	
	
	
	
	
	

	MBC
	-0.72*
	0.99
	-0.63*
	0.94
	0.97
	0.89
	0.85
	0.76
	0.76
	1
	
	
	
	
	
	
	

	Agg. Sta.
	0.76
	-0.83*
	0.73
	-0.89*
	-0.86*
	-0.80*
	-0.91*
	-0.82
	-0.82*
	-0.90*
	1
	
	
	
	
	
	

	Base sat.
	-0.44*
	0.44
	-0.28*
	0.58
	0.46
	0.65
	0.69
	0.65
	0.65
	0.48
	-0.61*
	1
	
	
	
	
	

	CEC
	0.42
	0.24
	0.27
	-0.07
	0.07
	-0.02*
	-0.27*
	-0.01
	-0.01*
	0.11
	0.27
	-0.32*
	1
	
	
	
	

	Porosity
	-0.10*
	0.51
	-0.34*
	0.30
	0.40
	0.24
	0.02
	0.08
	0.08
	0.46
	-0.17*
	-0.42*
	0.64
	1
	
	
	

	CO2
	0.48
	-0.96*
	0.56
	-0.82*
	-0.88*
	-0.74*
	-0.68*
	-0.71
	-0.71*
	-0.94*
	0.77
	-0.31*
	-0.37*
	-0.64*
	1
	
	

	N2O
	-0.54*
	0.36
	-0.42*
	0.48
	0.50
	-0.53
	0.36
	0.11
	0.11
	0.37
	-0.35*
	0.33
	-0.19*
	-0.09*
	-0.21*
	1
	

	CH4
	0.43
	-0.75*
	0.59
	-0.65*
	-0.72*
	-0.46*
	-0.57*
	-0.62*
	-0.62*
	-0.77*
	0.75
	-0.02
	-0.13*
	-0.61*
	0.84
	-0.05*
	1


*The correlation is significant at level 0.05. Phospholipid-derived fatty acids (PLFAs), soil moisture (SM), soil temperature (Ts), duration (Dura.), Magnitude (Magn.), biochar (BC), process, bulk density (BD), Microbial biomass carbon (MBC), Aggregate stability (Agg. Sta.), Base saturation (Base sat.), Cation exchange capacity (CEC), Porosity (Poro.).






Fig. S1. Flow diagram for inclusion and exclusion of studies.
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Fig. S2. Funnel plots showing the effects of biochar amendment on greenhouse gas emissions: (a) CO₂, (b) CH₄, and (c) N₂O were utilized to identify bias in meta-analysis models. The P-values from Egger's linear regression test were all greater than 0.05, indicating that the funnel shape was symmetrical and that the results were minimally influenced by publication bias.
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