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Supplementary text 

Data calculations 

The global warming potential (GWP) was calculated as CO2-equivalents, based on 

radiative forcing of greenhouse gases at 100-year time scale, and the GWP is calculated 

as follow (IPCC, 2013): 

GWP = 25 × CH4 + 265 × N2O 

The net GWP indicated a balance of CO2-equivalents between GWP and SOC 

sequestration. Here, the SOC sequestration was normalized to the top 20 cm depth. The 

NGWPI was net GWP intensity, and calculated as net GWP per Mg grain yield (Mosier 

et al., 2006).  

Net GWP = GWP – 44/12 × SOC sequestration 

NGWPI = Net GWP/grain yield 

Random Forest Model 

Random forest model (RF) is a machine learning algorithm, and has built-in variable 

importance assessment and error monitoring while it is not rigorous in distributional 

assumptions for data. The RF consisted classification or regression trees that are created 

via recursive partitioning of the data space, wherein each partition was fit with a simple 

prediction. Each tree was constructed using a bootstrap sample, and the split at each 

node was selected from a random dataset as independent trees (Breiman, 2001). In 

general, approximately one-third of instances were left out in each tree and they were 

the ‘out-of-bag’ (OOB) data. The OOB data were used to estimate the mean squared 

error (MSE). 
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Supplementary table 

Table S1 The Variance Inflation Factor (VIF) of explanatory variables for rice 

yield, CH4 emission, N2O emission and SOC in the meta-analysis. 

 

Management Target 

variable 

Categorical 

variables 

VIF Numeric variables VIF 

SN Rice yield Organic N ratio 1.44 MAT 3.51 

  Organic N source 1.28 MAP 2.88 

  Cropping system 1.21 Soil clay content 1.20 

  Duration 1.26 Soil pH 2.08 

    Initial SOC concentration 2.13 

    C:N ratio in organic N 

source 

2.98 

    Organic C input 3.34 

    Organic N input 3.49 

    Synthetic N input 1.80 

 CH4 emission Organic N ratio 1.44 MAT 6.76 

  Organic N source 1.28 MAP 3.14 

  Cropping system 1.21 Soil clay content 1.11 

  Duration 1.26 Soil pH 2.23 

    Initial SOC concentration 3.16 

    C:N ratio in organic N 

source 

3.02 

    Organic C input 5.13 

    Organic N input 6.88 

    Synthetic N input 2.30 

 N2O emission Organic N ratio 1.72 MAT 5.25 

  Organic N source 1.55 MAP 4.42 

  Cropping system 1.56 Soil clay content 1.35 

  Duration 1.53 Soil pH 1.79 

    Initial SOC concentration 3.26 

    C:N ratio in organic N 

source 

2.60 

    Organic C input 3.62 

    Organic N input 4.90 

    Synthetic N input 2.32 

 SOC Organic N ratio 1.71 MAT 5.63 

  Organic N source 1.36 MAP 2.81 

  Cropping system 2.15 Soil clay content 1.81 

  Duration 2.15 Soil pH 1.99 

    Initial SOC concentration 2.11 

    C:N ratio in organic N 

source 

3.24 
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    Organic C input 6.06 

    Organic N input 9.22 

    Synthetic N input 2.76 

AN Rice yield Organic N ratio 2.11 MAT 1.85 

  Organic N source 1.58 MAP 1.27 

  Cropping system 1.87 Soil clay content 1.60 

  Duration 1.22 Soil pH 1.43 

    Initial SOC concentration 1.64 

    C:N ratio in organic N 

source 

2.27 

    Organic C input 2.50 

    Organic N input 2.61 

    Synthetic N input 1.41 

 CH4 emission Organic N ratio 2.11 MAT 2.81 

  Organic N source 1.58 MAP 3.07 

  Cropping system 1.87 Soil clay content 1.81 

  Duration 1.22 Soil pH 2.03 

    Initial SOC concentration 1.33 

    C:N ratio in organic N 

source 

2.09 

    Organic C input 2.23 

    Organic N input 2.57 

    Synthetic N input 1.58 

 N2O emission Organic N ratio 1.87 MAT 3.80 

  Organic N source 2.51 MAP 3.60 

  Cropping system 2.10 Soil clay content 1.74 

  Duration 1.40 Soil pH 2.16 

    Initial SOC concentration 1.58 

    C:N ratio in organic N 

source 

2.48 

    Organic C input 2.24 

    Organic N input 2.88 

    Synthetic N input 2.48 

 SOC Organic N ratio 1.58 MAT 4.30 

  Organic N source 1.79 MAP / 

  Cropping system 1.66 Soil clay content 1.42 

  Duration 1.35 Soil pH 1.49 

    Initial SOC concentration 6.90 

    C:N ratio in organic N 

source 

2.60 

    Organic C input 3.67 

    Organic N input 4.33 

    Synthetic N input 3.66 
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Supplementary figure 

Fig. S1 Distribution of study sites and main rice production regions on the globe. 

The abbreviation SN stands for substitution of synthetic N with organic N source and 

AN represents addition of extra organic N source to synthetic N. The reference 

represents synthetic N fertilization alone. 
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Fig. S2 The relative importance of variables to effect sizes of rice yield (a, e), CH4 emission (b, f), N2O emission (c, g), SOC (d, h) for 

different organic N fertilization managements, respectively. a-d, AN; e-h, SN. The abbreviation SN (orange) stands for substitution of synthetic 

N with organic N source and AN (blue) represents addition of extra organic N source to synthetic N. MAT, mean annual temperature; MAP, mean 

annual precipitation; SOC, soil organic carbon. 
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Fig. S3 The relative importance of variables to rice yield (a, e, i), CH4 emission (b, f, j), N2O emission (c, g, k), SOC (d, h, l) for different 

fertilization and water managements, respectively. a-d, BAU; e-h, CF; i-l, IF. BAU, business as usual; CF, conventional flooding; IF, intermittent 

flooding. MAT, mean annual temperature; MAP, mean annual precipitation; SOC sequestration, soil organic carbon sequestration rate. 
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