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Fig. S1 Funnel plot of CH4 emission for assessing publication bias in studies. Different point colors represent comparison pairs from different studies. The p-value indicates the significance of the Egger's test; it is generally considered that a p-value greater than 0.05 suggests no significant publication bias in the studies included. 
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Fig. S2 CH4 emission network Gelman-Rubin plot. Gelman–Rubin plots are used to track changes in the model convergence factor during iterations, with convergence considered achieved when the factor fell below 1.05.
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Fig. S3 Node-splitting analysis for initial CH4 emission network. ‘Network’, ‘Direct’, and ‘Indirect’ refer to the network estimate, direct estimate, and indirect estimate obtained from the BNMA, respectively. Node-splitting analysis showed no inconsistency, with p > 0.05 indicating that the differences were not significant and the model was overall consistent. 


The keyword search formula
‘TS = (straw return OR straw incorporation OR straw returning OR straw recycling OR straw retention OR organic fertilizer OR organic manure OR biochar OR biocarbon OR charcoal OR Charcoal-bio) AND TS = (carbon emission OR carbon release OR Carbon fluxes OR Carbon Discharge OR GHGs OR greenhouse gas OR methane OR nitrous oxide OR CH4 OR N2O OR Soil organic carbon OR SOC OR carbon sink OR carbon pools OR carbon footprint OR grain yield)’.

[bookmark: _Hlk178195655]Abbreviations for moderators
MAT: Mean annual average temperature
MAP: Mean annual precipitation
LAT: Latitude
TN: Soil total nitrogen 
SOC: Soil organic carbon
pH: Soil pH
SC:N: Soil carbon to nitrogen ratio
IBD: Initial Bulk density 
Sand: Content of sand 
Clay: Content of clay
Silt: Content of silt
Season: Number of planting seasons
WM: Water management 
ICN: mineral nitrogen input 
ITN: total nitrogen input
ION: nitrogen of organic materials
IOC: carbon of organic materials 
MC:N: carbon to nitrogen ratio of biochar
[bookmark: _Hlk207805971]I: application rate of biochar
BPT: pyrolysis temperature of biochar
BF: biochar feedstock

Formula
[bookmark: _Hlk169900968]MD calculated using the following formula:

where M1 and M2 represent the mean values of equivalent carbon dioxide emissions (methane) for the two treatments in the comparison pair. MD can indicate the magnitude and direction of a variable, reflecting the difference between the two treatments, with units, kg CO2-eq ha−1 d−1.
GWP 

where E represents the amount of the daily methane emission, and 25 was the global warming potentials of CH4, at a 100-year time horizon, without climate change feedback.

Greenhouse gas sampling and analysis
The static closed chamber method (70 × 50 × 50 cm) was used for gas sampling, with collections taken 24 h after fertilizer application. Following chamber closure, three gas samples were collected at 0, 10, 20, and 30 min using a 150 mL syringe. CH₄ concentrations were determined with a gas chromatograph (Agilent 7890A, Shanghai, China) (Wu et al., 2019b).
CH₄ flux was calculated using the following equation:
F = ρ × V/A × dc/dt × 273/(273 + T) × P/1013
where F is the gas flux; ρ is the density of CH₄; V is the volume of the static chamber (m³); A is the surface area covered by the fixed PVC frame (m²); dc/dt is the rate of change in gas concentration over time based on linear regression; T is the internal chamber temperature (°C); and P is the chamber pressure (hPa, assumed to be 1013). Data points were rejected unless the linear regression produced an R² > 0.7.
During the field measurements of CH₄ fluxes, soil samples were also collected from each plot. Approximately 50 g of soil (dry weight) was taken per sample and immediately placed into a 250 mL Erlenmeyer flask. A soil–water slurry was prepared by mixing the soil with deionized water (flushed with N₂) at a 1:1 ratio (w/v). Continuous N₂ was introduced into the flask to remove residual O₂ and CH₄. The flask was then sealed with a rubber stopper equipped with a silicon septum, allowing headspace gas sampling. All flasks containing the soil slurry were stored at 4 °C and transported back to the laboratory.
Under anaerobic incubation conditions, soil CH₄ production rates were determined. The headspace air of flasks containing soil slurries or rice root samples was evacuated and flushed six times with N₂ gas to remove any remaining CH₄ and O₂. The flasks were then incubated in the dark at the same temperature as measured in the field. Gas samples were taken at 1 h and 50 h using a syringe, and CH₄ concentrations were analyzed with a gas chromatograph (Agilent 7890A, Shanghai, China). CH₄ production rates were calculated by linear regression of CH₄ concentration increases over incubation time (Zhang et al., 2010).
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