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Text S1 Calculations
(1) Soil N2O flux:

Where FN2O is the average N2O production rate in 4 or 5 time points(μg N kg-1 d-1), ρ is the density of N2O under standard conditions (kg m-3), △C is the increased N2O concentration of the gas sample during the incubation (ppm), V is the headspace volume of vessel (m3), W is the weight of the oven-dried soil (kg), △t is the incubation time for gas sampling (h), and T is the incubation temperature (℃).
(2) Cumulative N2O emission:

[bookmark: OLE_LINK54][bookmark: OLE_LINK55]Where C is the cumulative N2O emission during the total incubation (μg N kg-1), FN2O is the average N2O production rate during each sampling period (μg N kg-1 d-1), n is the number of sampling times, Di is the incubation time (4 days), and 24 is the number of hours in a day.
(3) Soil N2O emission from each pathway:

Where N2Ox is the N2O emission rate from each pathway at a certain time point (μg N kg-1 d-1), x is the pathway of N2O emission, including fungal denitrification, bacterial denitrification, nitrifier denitrification, autotrophic nitrification and heterotrophic nitrification. FN2O is the average N2O production rate during each sampling period (μg N kg-1 d-1), and CN2O is the contribution of each pathway of N2O to the total N2O emission.
(4) Production rate of N2:

[bookmark: OLE_LINK56][bookmark: OLE_LINK58]Where FN2 is the production rate of N2 (μg N kg-1 d-1), FN2O is the average N2O production rate (μg N kg-1 d-1), rN2O is residual fraction of N2O in (N2O + N2).
(5) Residual fraction of N2OD in (N2OD+ FN2) in denitrification:

N2OfD, N2ObD, and N2OnD are N2O emission rates from fungal denitrification, bacterial denitrification, and nitrifier denitrification, respectively. FN2 is the production rate of N2 (μg N kg-1 d-1).
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Figure. S1 Matrix plots presenting detailed FRAME model outputs. The plots on the diagonal show histograms of the posterior probability distributions of rN2O and mixing fractions, the up-diagonal contour plot, and the below-diagonal R coefficients for these correlations: with red for positive correlations and blue for negative correlations with the size proportional to the R-value. 
[image: C:\Users\Chu Cheng\Desktop\实验结果\N2O产生途径分析\000同位素结果+FRAME模型结果12-21（有bD)\16- 模型运行相关性图汇总PS.tif]
Figure. S2 Matrix plots presenting detailed FRAME model outputs. The plots on the diagonal show histograms of the posterior probability distributions of rN2O and mixing fractions, the up-diagonal contour plot, and the below-diagonal R coefficients for these correlations: with red for positive correlations and blue for negative correlations with the size proportional to the R-value. 
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[bookmark: _Hlk215426417]Figure. S3 Isotopic signature of soil N2O after amendment in acidic red earth soils of different land-use types. Error bars indicate the standard deviations of the means (n = 3). BC, Biochar; CaO, lime; US, upland soil; PS, paddy soil.[image: ]Fig. S4. Correlation between the N2O production rate in bacterial denitrification (bD) and the relative abundance of denitrification gene (a, b), the N2O production rate in fungal denitrification (fD) and the relative abundance of denitrification fungi community (c, d). The triangle dots are the mean of the three repetitions and the gray-shaded area represents the 95% confidence interval of the regression line. BC, Biochar; CaO, lime; US, upland soil; PS, paddy soil.
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Figure. S5 Correlation between the N2O production rate in autotrophic nitrification (a-d)、nitrifier denitrification (e-h) and the relative abundance of amoA gene after amendment in acidic red earth soils of different land-use types. The black square dots are the mean of the three repetitions and the gray shaded area represents the 95% confidence interval of the regression line. BC, Biochar; CaO, lime; US, upland soil; PS, paddy soil.
[image: ]
Figure. S6 Correlation between N2O proportion in the denitrification product and the relative abundance of the denitrifying gene. The black square dots are the mean of the three repetitions and the gray shaded area represents the 95% confidence interval of the regression line. BC, Biochar; CaO, lime; US, upland soil; PS, paddy soil.

[bookmark: _Hlk215221346]Table S1 Isotopic endmember values range of the bD, fD, nD, hN, and Ni for N2O production pathway 
	Pathway
	Literature values (Lewicka-Szczebak et al., 2020)
	Substrate-correcting values

	
	δ15NSP_endmenber
	ε18O
	ε15N
	δ18OH2O
	δ18O_endmenber
	δ15Nsoil
	δ15N_endmenber

	bD
	-1.9±4.6
	19.0±2.1
	-45.8±4.7
	-7.7
	11.3±2.1
	0.4
	45.5±4.7

	fD
	33.6±2.5
	46.9±3.8
	-38.0±6.6
	-7.7
	39.2±3.8
	0.4
	37.7±6.6

	nD
	-5.9±6.5
	15.7±2.9
	-56.9±3.8
	-7.7
	8.1±2.9
	25.5
	31.4±3.8

	Ni
	35.0±2.9
	23.5±2.1
	-57.0±7.3
	
	23.5±2.1
	25.5
	31.5±7.3

	hN*
	26.2±5.8
	6.3±3.6
	-9.3±7.9
	
	23.5±2.1
	7.5
	-1.8±7.9

	Reduction
	-6.0±1.4
	-15.9±4.7
	-7.0±2.1
	
	
	
	


bD-bacterial denitrification, fD-fungal denitrification, nN-nitrifier denitrification, hN-heterotrophic nitrification, Ni-autotrophic nitrification. Each isotopic endmember value was corrected with the respective isotopic signature of the substrate: δ18O of water for bD, nD, and fD; δ15N of NO3⁻ for bD and fD; δ15N of NH4+ for Ni and nD. 
*: Isotopic endmember value of hN was corrected with both organic nitrogen (urea, peptone and β-alanine) and inorganic nitrogen ((NH4)2SO4) for δ15N and O2 for δ18O (Data from the technical team that not published). 
No substrate correction is needed for δ15NSP.

Table S2 Primers and PCR conditions used for real-time PCR
	Gene
	Primer pair
	(5'-3')
	Thermal cycle program
	Reference

	Bacteria 16S rRNA gene
	515F
	GTGCCAGCMGCCGCGGTAA
	3 min at 95 °C, followed by 40 cycles of 15 s at 95 °C, 20 s at 55 °C and 20 s at 72 °C
	Ye et al. (2016) Parada et al. (2016)

	
	926R
	CCGYCAATTYMTTTRAGTTT
	
	

	Fungi ITS
gene
	ITS1F
	CTTGGTCATTTAGAGGAAGTAA
	3 min at 95 °C, followed by 40 cycles of 15 s at 95 °C, 20 s at 54 °C and 20 s at 72 °C
	Jiang et al. (2017)

	
	ITS2R
	GCTGCGTTCTTCATCGATGC
	
	




Table S3 Soil nitrogen cycling functional genes and primers used in high-throughput quantitative assessment analysis (Zheng et al., 2018)
	Gene
	Sequence（5'-3'）

	amoA1
	STAATGGTCTGGCTTAGACG/GCGGCCATCCATCTGTATGT

	amoA2
	GGGGTTTCTACTGGTGGT/CCCCTCKGSAAAGCCTTCTT

	amoB
	TGGTAYGACATKAWATGG/RCGSGGCARGAACATSGG

	gdhA
	GCCATCGGYCCWTACAAGGG/ATGTCRCCNGCCGGAACGTC

	hao
	TGTCACATGGGTGTAGACCA/ACCTGGAACATACCCAT

	hzo
	AAGACNTGYCAYTGGGGWAAA/GACATACCCATACTKGTRTANACN
GT

	hzsA
	WTYGGKTATCARTATGTAG/AAABGGYGAATCATARTGGC

	hzsB
	ARGGHTGGGGHAGYTGGAAG/GTYCCHACRTCATGVGTCTG

	napA
	CTGGACIATGGGYTTIAACCA/CCTTCYTTYTCIACCCACAT

	narG
	TAYGTSGGGCAGGARAAACTG/CGTAGAAGAAGCTGGTGCTGT

	nasA
	CARCCNAAYGCNATGGG/ATNGTRTGCCAYTGRTC

	nifH
	AAAGGYGGWATCGGYAARTCCACCA
C/TGSGCYTTGTCYTCRCGGATBGGC
AT

	nirK1
	GGMATGGTKCCSTGGCA/GCCTCGATCAGRTTRTGGTT

	nirK2
	ATGGCGCCATCATGGTNYTNCC/TCGAAGGCCTCGATNARRTTRTG

	nirK3
	TGCACATCGCCAACGGNATGTWYGG/GGCGCGGAAGATGSHRTGRTCNAC

	nirS1
	GTSAACGTSAAGGARACSGG/GASTTCGGRTGSGTCTTGA

	nirS2
	ATCGTCAACGTCAARGARACVGG/TTCGGGTGCGTCTTSABGAASAG

	nirS3
	TGGAGAACGCCGGNCARGTNTGG/GATGATGTCCACGGCNACRTANGG

	nosZ1
	CGCRACGGCAASAAGGTSMSSGT/CAKRTGCAKSGCRTGGCAGAA

	nosZ2
	CGYTGTTCMTCGACAGCCAG/CGSACCTTSTTGCCSTYGCG

	nxrA
	CAGACCGACGTGTGCGAAAG/TCCACAAGGAACGGAAGGTC

	ureC
	AAGMTSCACGAGGACTGGGG/AGRTGGTGGCASACCATSAGCAT





Table S4 Abundance of fungal communities with N2O-producing ability in the two studied soils after BC, 
	Treatment
	Aspergillus
	Oidiodendron
	Chaetomium
	Mortierella
	Penicillium
	Trichoderma

	US
	Control
	3.207%
	0.0204%
	0.007%
	2.541%
	0.081%
	0.005%

	
	BC-1%
	1.564%
	0.0153%
	0.019%
	1.966%
	0.094%
	0.008%

	
	BC-3%
	1.872%
	0.0183%
	0.002%
	3.401%
	0.062%
	0.012%

	
	BC-5%
	2.308%
	0.0192%
	0.005%
	2.411%
	0.077%
	0.005%

	
	CaO-0.02%
	1.310%
	0.0221%
	0.010%
	2.372%
	0.065%
	0.015%

	
	CaO -0.05%
	0.844%
	0.0205%
	0.012%
	3.978%
	0.071%
	0.005%

	
	CaO -0.08%
	2.015%
	0.0264%
	0.006%
	2.216%
	0.286%
	0.011%

	PS
	Control
	0.027%
	0.0139%
	0.689%
	0.392%
	3.582%
	0.834%

	
	BC-1%
	0.016%
	0.0156%
	0.825%
	0.619%
	3.203%
	0.705%

	
	BC-3%
	0.040%
	0.0315%
	0.785%
	0.890%
	3.087%
	0.937%

	
	BC-5%
	0.014%
	0.0161%
	0.862%
	0.605%
	2.992%
	0.580%

	
	CaO-0.02%
	0.033%
	0.0105%
	0.835%
	0.455%
	2.546%
	0.481%

	
	CaO -0.05%
	0.023%
	0.0165%
	0.625%
	0.501%
	4.083%
	0.861%

	
	CaO -0.08%
	0.037%
	0.0198%
	0.599%
	0.581%
	4.129%
	0.817%


Biochar; CaO, lime; US, upland soil; PS, paddy soil.

Table S5 Correlation between the N2O production rate in heterotrophic (hN) and soil properities after amendment in acidic red earth soils of different land-use types
	Soil
	Dependent variable (y)
	Independent variable (x)
	BC+CaO

	
	
	
	P
	R

	US
	hN
	pH
	0.20
	0.51

	
	
	SOC
	0.01
	0.87

	
	
	TN
	0.01
	0.85

	
	
	C/N 
	0.01
	0.87

	PS
	hN
	pH
	0.04
	0.73

	
	
	SOC
	0.01
	0.87

	
	
	TN
	0.01
	0.85

	
	
	C/N
	0.00
	0.88
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