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[bookmark: _Hlk200479562]Fig. S1 δ15NSP versus δ18O-N2O dual isotopocule mapping (SP/O MAP) for soil-emitted N2O (a). A detailed summary and justification of endmember ranges for δ15Nbulk, δ15NSP, and δ18O for Ni, fD, bD, and nD are presented in previous studies (Lewicka-Szczebak et al., 2020). The δ18O values of bD, nD, and fD endmembers were corrected using δ18O-H2O. The solid green circles represent the mean end-member values used in the modeling scenarios. The red line indicates the theoretical N2O reduction (slope η15NSP red/η18O red ratio) based on earlier studies (Lewicka-Szczebak et al., 2020). The blue dotted arrow indicates the Scenario 1 (N2O from bD is partially reduced before mixing), while the cyan-green dotted arrow indicates the Scenario 2 (N2O from all pathways is mixed before reduction). The contributions of the Ni/fD group and the bD/nD group to N2O production, and the extent of N2O reduction to N2 under Scenario 1 and 2 at the three sites (b). Ni/fD: nitrification and fungal denitrification, both characterized by high δ15NSP and δ18O values were grouped together, bD/nD: bacterial denitrification and nitrifier denitrification, both associated with low δ15NSP and δ18O values, were classified into a separate group. Ni: nitrification; bD: bacterial denitrification; fD: fungal denitrification; nD: nitrifier denitrification; Fr: the ratio of N2O reduction. F: conventional N fertilizer; F+BC:conventional N fertilizer combined with biochar.
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Fig. S2 The contributions of heterotrophic nitrification, AOA- and AOB-driven nitrification to potential nitrification rate at the three sites. HN: heterotrophic nitrification; AN: autotrophic nitrification; AOAN: nitrification driven by ammonia-oxidizing archaea (AOA); AOBN: nitrification driven by ammonia-oxidizing bacteria (AOB). F and F+BC treatments as in Figure S1.
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[bookmark: OLE_LINK3]Fig. S3 The abundance of bacterial 16S rRNA gene at the three sites. Values represent means ± SE (n = 3). *P < 0.05, **P < 0.01, and ***P < 0.001. F and F+BC treatments as in Figure S1.
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Fig. S4 Soil bacterial community composition at the phylum level (top 10 phyla) at the three sites. “Other” includes all phyla except the top 10 in relative abundance. F and F+BC treatments as in Figure S1.
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[bookmark: OLE_LINK1]Fig. S5 Relative abundance of the main modules at the three sites. The tops and bottoms of boxes represent the 25th and 75th percentiles, vertical lines inside boxes indicate median values, and whiskers show the 5th to 95th percentiles. *P < 0.05, **P < 0.01, and ***P < 0.001. F and F+BC treatments as in Figure S1.
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Fig. S6 Spearman’s rank correlations between the genera that showed significant differences under F and F+BC treatments within the selected module and soil properties, N-cycling gene abundances, and N2O-related processes at the three sites. The color gradient represents Spearman’s correlation coefficients. *P < 0.05, **P < 0.01, and ***P < 0.001.

Table S1 Basic properties of the soil and biochar.
	
	S1
	
	S2
	
	S3

	
	Soil
	Biochar
	
	Soil
	Biochar
	
	Soil
	Biochar

	Sand (%)
	32
	—
	
	36.1
	—
	
	38.5
	—

	Silt (%)
	40
	—
	
	28
	—
	
	13.2
	—

	Clay (%)
	28
	—
	
	35.9
	—
	
	48.3
	—

	pH 
	4.2
	10.02
	
	4.72
	9.61
	
	4.61
	10.9

	TC (g kg−1)
	29.80 
	94.46
	
	17.3
	713
	
	21.4
	503.07

	TN (g kg−1)
	4.2
	2.26
	
	1.42
	6.3
	
	3.19
	9.37

	NH4+ (mg N kg−1) 
	1.93
	—
	
	55.3
	—
	
	20.7
	—

	NO3− (mg N kg−1) 
	11.28
	—
	
	27.2
	—
	
	94.7
	—





Table S2 Model parameters used in the 3DIM model and SP/O MAP. In this study, the substrate-corrected endmember values for δ18O were obtained through literature values of isotopic fractionation factors (ε15Nbulk and ε18O) plus the corresponding substrate values in the present study. Specifically, the δ18O endmember ranges for nitrifier denitrification, bacterial denitrification, and fungal denitrification depend on the δ18O of the soil water (δ18O-H2O). The substrate-corrected endmember values were then applied as inputs for δ15NSP, δ15Nbulk, and δ18O in the 3DIM model, while the SP/O MAP was applied to δ15NSP and δ18O.
	Site
	Pathway
	Literature valuesa
	　
	Substrate isotope valuesb
	　
	Substrate-corrected endmember values

	
	
	δ15NSP(‰)
	ε15Nbulk(‰)
	ε18O(‰)
	
	δ18O-H2O(‰)
	
	δ15NSP(‰)
	δ15Nbulk(‰)
	δ18O(‰)

	S1
	Nitrification
	34.6 ± 2.9
	–57 ± 7.3
	23.5 ± 2.1
	
	—
	
	34.6 ± 2.9
	–57 ± 7.3
	23.5 ± 2.1

	
	Nitrifier denitrification
	5.9 ± 6.5
	–56.9 ± 3.8
	15.7 ± 2.9
	
	–4.43
	
	−5.9 ± 6.5
	–56.9 ± 3.8
	11.27 ± 2.9

	
	Bacterial denitrification
	–1.9 ± 4.6
	–45.8 ± 4.7
	19.0 ± 2.1
	
	–4.43
	
	−1.9 ± 4.6
	–45.8 ± 4.7
	14.57 ± 2.1

	
	Fungal denitrification
	33.6 ± 2.5
	–38 ± 6.6
	46.9 ± 3.8
	
	–4.43
	
	33.6 ± 2.5
	–38 ± 6.6
	42.47 ± 3.8

	
	N2O reductionc 
	–6.0 ± 1.4
	–7.0 ± 2.1
	–15.9 ± 4.7
	
	—
	
	−6.0 ± 1.4
	–7.0 ± 2.1
	–15.9 ± 4.7

	
	
	
	
	
	
	
	
	
	
	

	S2
	Nitrification
	34.6 ± 2.9
	–57 ± 7.3
	23.5 ± 2.1
	
	—
	
	34.6 ± 2.9
	–57 ± 7.3
	23.5 ± 2.1

	
	Nitrifier denitrification
	–5.9 ± 6.5
	–56.9 ± 3.8
	15.7 ± 2.9
	
	–5.71
	
	–5.9 ± 6.5
	–56.9 ± 3.8
	9.99 ± 2.9

	
	Bacterial denitrification
	–1.9 ± 4.6
	–45.8 ± 4.7
	19.0 ± 2.1
	
	–5.71
	
	–1.9 ± 4.6
	–45.8 ± 4.7
	13.29 ± 2.1

	
	Fungal denitrification
	33.6 ± 2.5
	–38 ± 6.6
	46.9 ± 3.8
	
	–5.71
	
	33.6 ± 2.5
	–38 ± 6.6
	41.19 ± 3.8

	
	N2O reductionc
	–6.0 ± 1.4
	–7.0 ± 2.1
	–15.9 ± 4.7
	
	—
	
	–6.0 ± 1.4
	–7.0 ± 2.1
	–15.9 ± 4.7

	
	
	
	
	
	
	
	
	
	
	

	S3
	Nitrification
	34.6 ± 2.9
	–57 ± 7.3
	23.5 ± 2.1
	
	—
	
	34.6 ± 2.9
	–57 ± 7.3
	23.5 ± 2.1

	
	Nitrifier denitrification
	–5.9 ± 6.5
	–56.9 ± 3.8
	15.7 ± 2.9
	
	–5.66
	
	–5.9 ± 6.5
	–56.9 ± 3.8
	10.04 ± 2.9

	
	Bacterial denitrification
	–1.9 ± 4.6
	–45.8 ± 4.7
	19.0 ± 2.1
	
	–5.66
	
	–1.9 ± 4.6
	–45.8 ± 4.7
	13.34 ± 2.1

	
	Fungal denitrification
	33.6 ± 2.5
	–38 ± 6.6
	46.9 ± 3.8
	
	–5.66
	
	33.6 ± 2.5
	–38 ± 6.6
	41.24 ± 3.8

	
	N2O reductionc
	–6.0 ± 1.4
	–7.0 ± 2.1
	–15.9 ± 4.7
	　
	—　
	　
	–6.0 ± 1.4
	–7.0 ± 2.1
	–15.9 ± 4.7


athe literature values are obtained from Lewicka-Szczebak et al. (2020) , in which the values were summarized based on literature retrieval. bThe δ18O values of soil water at the S1, S2, and S3 sites. cthe N2O reduction fractionation effect. The dashed line indicates that no data are available for the item.
Table S3 The alpha diversity of bacterial community. 
	
	S1
	
	S2
	
	S3

	
	F
	F+BC
	
	F
	F+BC
	
	F
	F+BC

	Observed species
	873 ± 17
	894 ± 61
	
	864 ± 30
	822 ± 44
	
	823 ± 20
	895 ± 46

	Chao1
	873 ± 17
	895 ± 62
	
	867 ± 31
	823 ± 45
	
	824 ± 21
	897 ± 47

	Shannon
	6.20 ± 0.02
	6.16 ± 0.06
	
	5.97 ± 0.03
	6.01 ± 0.05
	
	6.10 ± 0.01
	6.21 ± 0.05


Values indicate mean ± SE (n = 3). F, conventional N fertilizer; F+BC, conventional N fertilizer combined with biochar.


Reference
Lewicka-Szczebak, D., Piotr Lewicki, M., Well, R., 2020. N2O isotope approaches for source partitioning of N2O production and estimation of N2O reduction-validation with the 15N gas-flux method in laboratory and field studies. Biogeosciences 17, 5513–5537. doi:10.5194/bg-17-5513-2020.

image2.tiff
S3

S2

$1

(%) uonnguuo)

F+BC F F+BC F  F+BC

F




image3.tiff
16S rRNA (copies g~' soil)

s1 s2 s3
*%
6e+09 - 6e+09 I 4e+09{ I
46409 4e+09
2+09
2e+09 2e+09
0e+001 0e+00 0e+00
F F+BC F F+BC F F+BC





image4.tiff
S3 4001020 30

o i, 0
S 0
o e 0
N o

P © &(" ®
T < 207GG0 & Oro0
Phylum Phylum Phylum
© Proteobacteria Myxococcota © Proteobacteria ® Gemmatimonadota © Proteobacteria Myxococcota
@ Firmicutes Bacteroidota ©® Actinobacteriota @ Verrucomicrobiota Chloroflexi ® Gemmatimonadota
© Actinobacteriota ® Verrucomicrobiota ® Acidobacteriota Myxococcota ® Actinobacteriota Bacteroidota
Chloroflexi ® Cyanobacteria Chloroflexi © WPS-2 © Acidobacteriota RCP2-54
® Acidobacteriota © Others ® Firmicutes © Others @ Firmicutes © Others

® Gemmatimonadota Bacteroidota © WPS-2




image5.tiff
Module 1

Module 2

Module 3

Module 4

Module 5

Module 6

$1 S2 83
EIF E3 F+BC
—{
- 1 [* | Modute 1 - oaue 1] I - [+
— - il 8-
Module 2 ‘** Module 2
all B 15—
=
i I [% | Module3 1 Module 3 —-
als i
— Module 4 =) Module 4 {ITD
m Module 5 I e
ﬂ} ooe {l} Module 5 ﬁ
- Module 6 F 2 3 3 7
l:[l Module abundance (z-score)
50 -25 00 25 50 Modul i
Module abundance (z-score) odule 7 ‘i]
=10 0 10

Module abundance (z-score)





image6.tiff
s1 Sporosarcina

Nitrolancea
Bacillus
Candidimonas
Chujaibacter
Rhodanobacter

Sphaerobacter

B EEEE
[ |

INETEEEEETE .
B e -
|
B BN NN B =S
ERCE " EEEREEEEN
[ ANEE [ EEEEEEEE.
fENT IeeEETEY .

S2
Gemmatimonas

HE BN  BENEN ENE

Mycobacterium ...... ..7.D..:‘.!..[...
Rhodococcus ...... ..—‘...—‘—‘. ..’7...
e [T EEE NN W - ENEN e
o [ENEEE HE H BN EoEE EEE
canaicatus Somvactol [l BRI 0 WL B 0 B OTE
% spningomonas | 5 N N 0 1 O |
#cererres | I IEE HEENEIEEEENSESEE |
Candidatus Solibacte ...... .............!.. .
conesivscer ] N HENERENESNNE NN .
sidsecer A HEE HEEEEEEEEEENNEEE |
sl | [ [ [T [T P[P P P [ |
B

Y O F O R T O L P AIFTRL OO
FEFR LTS <\‘{o¢0°“vo O ° °‘@x<\\{°

At
& &
N
A

||
w ANHEEE EENEEE EEEEEEE

Spearman’s r

1.0

05

0.0




image1.tiff
(@)

40

515N (%o)
- N
o (=]

-10

0 10 20 30 40 50
5'%0 (N,O/H,0) (%)

Scenario 1
F

Scenario 2

action

Fraction

¥ NifD
"] bD/nD
@ Fr




