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1 | PRISMA-flowchart of assessment of eligible studies 















2 | Supplementary Figures
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Figure S1 Distribution of nitrogen addition experiments in this meta-analysis (a). Density distribution of the response of cellulase (b, c) and ligninase (d, e) activities to nitrogen addition when studies were grouped by mycorrhiza and vegetation type. Ln R: the response ratios; ECM: ectomycorrhizal; AM: arbuscular mycorrhiza.
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Figure S2 Funnel plot display the statistical distribution of standard errors for the response ratios of cellulase and ligninase activities to mycorrhizal associations. ECM: ectomycorrhiza; AM: arbuscular mycorrhiza.
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Figure S3 Meta-analysis of the effect of nitrogen addition on soil recalcitrant organic carbon (ROC) when grouped by arbuscular mycorrhiza (AM) and ectomycorrhiza (ECM). Error bars represent bootstrap 95% confidence intervals (CIs); the effects of nitrogen addition are considered significant when the 95% CIs do not overlap with zero; the numbers above the error bar indicate sample sizes. The ROC is defined as the carbon content of soil fractions with density > 1.7 g cm-3, soil fractions with size < 53 μm, or the differences between the total carbon pool and the labile carbon pool. The labile carbon is defined as organic carbon readily oxidized by KMnO4, or evolved CO2 of soil slurries that are incubated at 25 °C on a rotary shaker for 30 days.
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Figure S4 Model selection analyses identified the response ratio (ln R) of ligninase activities as the most important predictor of the response ratio of soil organic carbon (SOC) to nitrogen addition (n = 82). The model-averaged importance of the predictors of the response of cellulase (a) and ligninase (b) activities to N addition. The importance is based on the sum of Akaike weights derived from model selection using AIC (Akaike’s Information Criteria). Cut-off is set at 0.8 (dashed line) to differentiate important from non-essential predictors. Ln R-ligninase: the response of ligninase activity; Ln R-cellulase: the response of cellulase activity; N: nitrogen; MAT: mean annual temperature; MAP: mean annual precipitation; BND: background nitrogen deposition rates; Rate: N fertilization rate; Frequency: N fertilization frequency; Duration: N fertilization duration.
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Figure S5 Meta-analysis of the effect of nitrogen addition on soil pH when grouped by arbuscular mycorrhiza (AM) and ectomycorrhiza (ECM). Error bars represent bootstrap 95% confidence intervals (CIs); the effects of N addition are considered significant when the 95% CIs do not overlap with zero; the numbers below the error bar indicate sample sizes. 
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Figure S6 Meta-analysis of the effects of nitrogen addition on cellulase and ligninase activities in forest soils. The model selection analyses identified that mycorrhiza type was the only important predictor in both responses of cellulase and ligninase activities to nitrogen addition (n = 119). (a, c) Error bars represent bootstrap 95% confidence interval (CIs); the effects of N addition are considered significant when the 95% CIs do not overlap with zero; the numbers below error bars indicate sample sizes; (b, d) the dashed line shows a cutoff to distinguish important predictors. N: nitrogen; MAT: mean annual temperature; MAP: mean annual precipitation; BND: background nitrogen deposition rates; Rate: N fertilization rate; Frequency: N fertilization frequency; Duration: N fertilization duration; ECM: ectomycorrhizal; AM: arbuscular mycorrhiza.
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Figure S7 Meta-analysis of the effect of nitrogen addition on percentage plant aboveground biomass (AGB) when grouped by arbuscular mycorrhiza (AM) and ectomycorrhiza (ECM). Error bars represent bootstrap 95% confidence intervals (CIs); the effects of nitrogen addition are considered significant when the 95% CIs do not overlap with zero; the numbers above the error bar indicate sample sizes. This result is based on the original dataset from Xu et al. (2019) after excluding the nitrogen addition studies with unnatural ecosystems or with inputs of other nutrients (e.g., P, K, Ca, compost or slurry additions) or other global change treatments (e.g., CO2, warming or precipitation change). The dominant mycorrhizal type of each study is derived from Luo et al. (2022) with an exclusion of those cannot be clearly identified. 
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Records identified through other sources�[Google Scholar, 2018~2022, using the same keywords as used in WOS, n = 45]





Records identified


through database search


[Web of Science (WOS), 2018~2022, based on the keywords from the method section, n = 71]








Records identified


through database search


[China National Knowledge Infrastructure (CNKI), 2018~2022, based on the keywords from the method section, n = 28]





Identification





Screening





Records excluded�(n = 138, 6 of these papers books and conference proceedings, and review articles are excluded)








Records identified through original database 


[Chen et al. (2018), 1980~2018, n = 61]





Records screened 


(n = 199)





Records after duplicates excluded�[n = 149, 61 from Chen et al. (2018), 58 from WOS, 16 from CNKI, 14 from Google Scholar]





Observations excluded, with reasons�(n = 152)


(1) Duplicate reports of the same studies 


(2) Measurements with soil sampling depth below 20 cm 


(3) N addition studies with other nutrients inputs or other treatments.





Eligibility





Full-text articles assessed for eligibility�(n = 59)


Eligibility requirements: (1) field experiments in natural grasslands and forest ecosystems; (2) simultaneously at least one kind of hydrolase and ligninase activities; (3) the dominant mycorrhizal type can be clearly identified in each experimental site; (4) details on N addition methods (fertilization rate, frequency, form, and duration) are provided





Studies included in qualitative synthesis�(n = 59)





Included





Studies included in meta-analysis�A total of 59 papers were included in this meta-analysis, including 84 independent field experiments of N addition, 152 observations.








