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Extended Data Fig. 1 | Variable importance (increase in node purity) of random forests run with all predictors. (a) ammonium oxidation to nitrate. (b) nitrogen removal. (c) nitrogen fixation. (d) nitrate reduction to ammonium. (e) mineralization. (f) nitrogen retention index. Climate and soil properties are the most important variables for the AON, NR, NOA, M, NIRI process. Vegetation are the most important variables for the NF process.
[image: ]
Extended Data Fig. 2 | Variable selection using random forests. (a) ammonium oxidation to nitrate. (b) nitrogen removal. (c) nitrogen fixation. (d) nitrate reduction to ammonium. (e) mineralization. (f) nitrogen retention index.
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Extended Data Fig. 3 | Cross-validation of final random forest models (with the most important predictors). (a) Ammonium oxidation to nitrate. (b) Nitrogen removal. (c) Nitrogen fixation. (d) Nitrate reduction to ammonium. (e) Mineralization. (f) Nitrogen retention index.
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Extended Data Fig. 4 | Partial feature contributions (the marginal effect of a variable on response) of the most important variables for N-cycling process driven by genes. Variable importance (inc.node ) is the decrease in the residual sum of squares that results from splitting regression trees using the variable. The percentage increase in mean squared error (% inc.MSE) is the increase in model error as a result of randomly shuffling the order of values in the vector. (a) Ammonium oxidation to nitrate. (b) Nitrogen removal. (c) Nitrogen fixation. (d) Nitrate reduction to ammonium. (e) Mineralization. (f) Nitrogen retention index.
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Extended Data Fig. 5 | The relationship between nitrogen, NIRI, environmental factors.
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Extended Data Fig. 6 | (a) The relationship between NIRI and TN. (b) Box plot of the total nitrogen in different ecosystems. The upper and lower bounds of boxes correspond to the 25th and 75th percentiles, with a median line shown. Whiskers represent 1.5*IQR (interquartile range). Dots represent outliers. Significance was determined using Wilcoxon rank-sum test: *P < 0.05, **P < 0.005, ***P < 0.00005. NS is not significant.


Extended Data Table 1 | Comparison of random-forest models running with all 67 predictors (full model) and with the most important predictors (final model). AON (ammonium oxidation to nitrate), NR (N removal), NOA (nitrate reduction to ammonium), NF (N fixation), M (mineralization), nitrogen retention index (NIRI), soil total nitrogen (N).
	Nitrogen pathway
	Mean of squared residuals
	Variance explained (%)

	
	Full model 
	Final model 
	Full model 
	Final model

	AON
	1256.326
	1243.96
	69.92
	70.22

	NR
	13191.61
	12867.32
	67.35
	68.15

	NOA
	46791.37
	45777.64
	63.06
	63.85

	NF
	10554.67
	10216.42
	72.19
	73.08

	M
	38913.75
	38777.02
	73.63
	73.72

	NIRI
	38.94638
	37.48358
	28
	30.71

	NIRI/N
	848.9478
	671.9189
	66.32
	73.34



image3.jpeg
QOB error

OOB error

QOB error

1300 1350 1400 1450 1500 1550

1250

15000 17000 19000

13000

11500

11000

10500

predictive models

8
g
2
g
8
3
8
L ®
2 g
o g
g ¥
°§
¥
i
T T T T T T T T T T T T T T
80C ™waQ TDR rad RS TWEQ Isoth latitude RWTQ ATR ref TCQ EVimax TCM
predictive models e predictive models
2
= €
5 g
o 8
o 3
o
8
g
g
B
T T T T T r . : .
wa ToR 803 ot AMR 1cQ Tcm latitude RWTQ
predictive models f predictive models
g
1 g
2
13
=<}
4 Qs
3
T T T T T T T T ; ' . .
Nppmax ~ Gppmax Gppmean latitude RS PWQ ofv MAT ocd soc ret ocs

predictive models




image4.jpeg
74

72

Variance explained

70

68

Variance explained
66

o
R

T T T T
20 40 60 80

Bootstrap iteration

100

20 40 60 80
Bootstrap iteration

100

T T T T
20 40 60 80

Bootstrap iteration

100

Variance explained

Variance explained
62 64 66 68

Variance explained

30

72

70

60

79

78

o

76

75

74

60

50

40

20

T T T T T
20 40 60 80 100

Bootstrap iteration

T T T T T

20 40 60 80 100
Bootstrap iteration

T T T T T
20 40 60 80 100

Bootstrap iteration




image5.jpeg
Nitrogen fixation Nitrogen fixation Nitrogen removal Nitrogen removal Ammonium oxidation to nitrate Ammonium oxidation to nitrate

Nitrogen fixation

100 200 300 400 500

0

-100

100

[ 100 200

100

0 100 200

100

inc.node=1443015
%inc.MSE=16.26

inc.node=1315392
%inc.MSE=15.18

s0C

inc.node=1113916
%inc.MSE=13.91

inc.node=1130161
%inc.MSE=17.22

T™WQ
I
inc.node=11375396 | & - inc.node=11009430 g1 inc.node=10009851
b %inc. MSE=13.75 ER %inc.MSE=14.03 3z %inc.MSE=15.10
1 0° g4 8
e | ﬁ e , ﬁ o
o g o 2
L g g4
4 o 0 ]
T T T T T T T T T T T T T T T T T T
-1 0 1 2 o 1 2 3 4 5 6 ~y o 1 2 3 4 s
TDR TWQ soc
5 inc.node=9274857 ¥ inc.node=7757091
) %inc.MSE=14.16 g inc. MSE=16.19
- ﬁ <
s
s |
g 3
2 | 08 | 04 | G0 o2 18 -10 -08 0o os ta 1s
ref AMR
inc.node=9277520 g | inc.node=78993942 8 inc.node=6561540
%inc. MSE=9.99 " %inc.MSE=8.53 = %inc. MSE=8.32
g E
4 ° °
- g g
7 ]
T T T T T T T T T T T T
o szpla'nax‘ ° B Gp;;max ? B ° Gppn11ean ?
inc.node=4964918 - inc.node=4748520 - inc.node=4010082
7 %inc.MSE=9.52 87 %inc.MSE=12.15 L %inc. MSE=16.21
] 2 8
1 ° o4
! 5 vy
| g
o ]
°
T — T T T T T — T T
B 2 3 4 5 & -1 0 1 2 -10 -05 00 05 10 15
PWQ ofv RS
inc.node=3152602 & inc.node=2622124
7 %inc.MSE=10.91 &1 %inc. MSE=8.64
1 8 8 4
b 8|
— T T T T T T T
-0 -0 0 20 40 e 00 05 10
latitude MAT




image6.jpeg
o

Nitrate reduction
to ammonium

Nitrate reduction
to ammonium

to ammonium

Nitrate reduction

Nitrate reduction
to ammonium

@

Minerlization

Minerlization

nitrogen retention index

nitrogen retention index

g1 incnode=20860023 | % ncnode=16762639 © | inc node=16649879]
1 incMSE=13.31 1 inc,MSE=15.11 1 Shinc. MSE=13.75
g { g . o &
] ‘ "] el
7 £ #
1o -05 0005 10 15 o 12 2 1o 05 00 0s 10 1s 20
_ s N TWEQ R Isoth
27 inc.node=14866701 27 inc.node=14537032 B inc.node=12111205
1 9%inc.MSE=31:09 1 . %incMsEs1276 1 %inc.MSE=16.20
e 8] a2 .
o5 00 o5 10 15 40 - 2 06 -4 00 02
Tca ref
BN incnode=12036983 | & § g inc node=11204452
Y%inc.MSE=13 04 q Shinc. MSE=12.44

o 1s 20 25
Tem

05 00 05

2 o 1 1005 00 05 10 15 20
RWTQ EVimax
& TnG.node=9302506
1 %incMse=s90
g
2 % e 2
ATR
H H o
1
. "l o !
¥ ¥ -
inc.node=49031393
9%inc. MSE=53.79
§ §
B EEEEIE]
Iatitude
¢

inc.node=44059008
Shinc.MSE=46.02

inc.node=37862017
%inc.MSE=22.33

- r T T e
LR 5 00 o5 1o 15 20 25
RWTQ oM
s 2717.023 #7 inc.node=12701.1523
. 11.741 .| wincmse=5.1589
o
= - o
e o
I
o] g0 o] e 5
$ 3 i
= A\ -
foo
o o
7 7 S
A2 40 08 A6 o4 42 00 02 P A
ref

2

"

n

inc.node=11543.03

£ %inc. MSE=4.941

2

"





image7.png
&
nitrogen . .
NIRI EEE=En
biomass | [ - B .
bdod | BN
cec .
cfv B

-1 -08 -06 -04 -02 O 02 04 06 08 1




image8.jpeg
TN

o

Normalized of total nitrogen(cg/kg)

o

& eeo
R=0.1,p<0.001 ***

NIRI 100 150
NS
NS
L]
Wetland Agricultural land  Grassland Forest





image1.jpeg
Topographic
vegetative

process
soil

Bioclimatic
geographical

class I

fyund apou ui asealou|

0oL
uosess|
oy¥aL
Ssauyjou
WOL

oad

M

v
ueawddy
uouueys
ssewolq
o1

dv

Wad

02d

ud
Adonue
us

1VIN
uoneja1I00
ssaujses
poo

uml
ueswddg
xewddo
Xew|A3

SSauUaAS
Ryuepuissip
ueaw|Ag
popq
XeWw|AGN
uoneioders
ueaWIAGN
apmne|
D3Md
wnwixew
@dueLIRA
XTI
WMd
jsenuod
WML

ay

juLiojun

YAV
xewddy
yos|
$90
sy
wap
OMd
DIML
DAMY
pues
Aysusbowoy
pes
pis
98

ML

ejo
uosdwis
abues
uabonu
¥yaiL
208
"

6e+06

4e+06
2e+06

fund apou uy aseaiou|

2
3
s

1]
s

0oL
uoseas)
ueawddy
WOL

pis

oad
ueawddgy
oy¥aL
souelieA
abuel
ssewolq
LY

LYW
ssaujses

xewdds
Auejuiissip
UM
uonesodeas
ws

s20
uonejaLI0d

jsenuod
ueBWIAZ
Domd
uosduis
wos|
uoseasd
ssauyiou

uouueys
DIML
UBBWIAGN
WML
ay
jouaBowoy

apmne|
HNY
SSauuaAe

8e+06

6e+06
4e+06

Aund apou uj aseasou|

2e+06

0e+00

ps
abuels
Adonuo
uouueys
uoseas ]
poo

o¥aL

dv

@dueneA
uosduns
Jsenuod
uonejeLod
WMd
RiausBowoy
ssauuane
ssewolq
uoseasd
yios|
Auiopun
pes

ssaujsea
Aejwissip
oay

ueaWIAGN
uesw|A3
wap
0oL
LY
DAMY
LVIN
WOL
wnuxew
Dod
A
oad
Wad
ssauylou
popq
ML
uopeiodens
ool
uabosiu
AV
208
¥aL
Xew|Ag

LMY

)0

xewddn




image2.jpeg
Topographic
vegetative

process
soil

Bioclimatic
geographical

class =

fyund apou u; aseasou|

s
uouueys
N
wnwixew
xewddg
uosdwis
ssewolq
ueaw|A
Adonua’
ueawddy
xewddn
eouBLRA
abue,
Ayejwissip
Ajwsoyun
jsenuod
Wad

sSauuaAd
vyaL
uoseasy
vad

dv

0oL

WOL
ssauysea
wop
ssauypou
AyeuaBowoy
poo

WM\d

LVIN
DMy

pes

02d

982
uBSWIAGN
uoRe|a1I0d

uosess |
uonesoders
590

Ao

DWMY

Xew|Ag
uaboipu
Kepp

fyund apou ul aseaiou|

ssauyuou
uosdwis
N
uouueys
2ouBLIEA
Adonua
abues

s
ueaWw|Ag
Ryuuoyiun
uoRe|a1I0d
ssauuane

jsenuod
ssoujsea
dv

oad
wad
uoseas]

0d
Rishosowoy

Kyund apou uj aseasou|

8dueLeA

UORE21I00
Wad

AWML
uoseasq
uosdus
uosess)
dv
uonesodera

»«(s_
PEEST

ssaujsea
oad
ueboujiu
Ayeusbowoy
WMd
senuod

uesw|Az
obues
Ajuuojun
SSauUaAe
yos|
Xew|p3
xewddn
pe:
wnwixew
ueawddy

wap
ssauyuou
Adonua
OMd

s

280

$90

v

¥aL
ueawddg
xewddg
OIMY
pues

20s
uBAWIAGN
fepo

381

poo

DML
Popq




